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Supplementation and monensin effects on digesta kinetics 
I. Cattle grazing summer range 
MICHAEL C. WARD, DON C. ADAMS, JOE D. WALLACE, M.L. GALYEAN, AND BRADFORD W. KNAPP 

AbShCt 
Sixteen ruminally cannulatcd beef steers grazing native summer 

range in the Northern Great PIains were assigned to Qtreatments in 
a 2 X 2 factorial arrangement. Main effects were barley grain and 
monensin. Rolled barley (RB) containing 7.5% molasses was fed at 
0 and 1.36 kg l head”* day”. Steers received no monensin (M) or 
M released at 101 mg/d via a ruminal deiivery device. Forage 
intake and digestibiIity, ruminal fermentation, and ruminal pas- 
sage rate were measured during trials in: (1) June, (2) July, and (3) 
August. Diet samples were collected from esophogeally fistuIated 
steers during each Mol. Dietary crude protein was greater (KO.05) 
during trials 1(15.2%)and 3 (14.3%) than in trial 2 (10.2%). In vivo 
organic matter (OM) digestibiiity, ruminal fluid passage rate, and 
fermentation variables varied by trial (PCO.01). Forage OM intake 
was reduced (P<O.lO) by RB, but was not influenced (-0.10) by 
M or the M and RB combination. In vivo OM digestibility was 
increased (PCO.05) by M, while RB had no effect. Particulate 
passage was not affected by M or RB but gastrointestimd tract fill 
was reduced by monensin (P<O.OS). Ruminal fluid passage rate 
was affected by the RB X M X Trial interaction (PCO.05). Within 
June and July, fluid passage rate was similar among treatments 
and ranged from 14.0 to 11.3 %/h, respectively. During trial 3, a 
RB X M interaction (PCO.05) increased fluid passage rate. Rumi- 
nai ammonia-N concentration was simiiar among treatments. Bar- 
ley lowered (P<O.OS) ruminal pH and increased (PCO.10) totai 
volatile fatty acids. A RB X M X Trial interaction (P<O.OS) was 
noted for molar proportions of acetate, propionate, and butyrate. 
Within trials, RB, M, and their combination affected (P<O.Ol to 
PCO.10) acetate, propionafe, and butyrate. We conclude that bar- 
ley, monensin, and forage quality infiuence ruminal fermentation, 
passage rate, and intake traits of steers grazing summer range. 

Key Words: particulate passage, fluid passage, digestibility, rumen 
fermentation, intake, forage, barley grain 

Advancing maturity of range plants during the spring-summer is 
associated with lower nutrient density in the forage (Adams and 
Short 1987) and changes in ruminal function (i.e., digesta kinetics 
and ruminal fermentation) in the animal (Adams et al. 1987). The 
economic impact of forage maturity is low rate of live weight gain 
or live weight loss in steers (Currie et al. 1989) and lactating cows 
(Adams et al. 1989). Supplemental grain and(or) monensin could 
potentially improve live weight gain on immature range forages 
and alleviate or lessen effects of advancing forage maturity on live 
weight gain (Goodrich et al. 1984, Wagner et al. 1984, Adams 
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1985), by modifying energy balance (Adams 1985) and ruminal 
function in the animal (Schelling 1984). Although much is known 
about the effect of monensin on ruminal fermentation (Schelling 
1984), effects of monensin on cattle consuming range forages are 
not well defined. Moreover, grain supplementation studies on 
rangeland have generally involved cattle grazing dormant or win- 
ter forage rather than summer rangeland. 

Our study evaluated the effects of supplemental grain, monen- 
sin, and their interaction on ruminal function and forage intake in 
steers grazing native range in the early, mid, and late summer. 
Supplemental grain and monensin were hypothesized to favorably 
influence forage intake and ruminal function, with an additional 
benefit from the combined use of energy and monensin. 

Materials and Methods 

Sixteen Angus X Hereford ruminally cannulated steers, with an 
average initial live weight of 292 kg, grazed native range from 16 
May 1987 to 5 September 1987. The rangeland was moderately 
level, with deep, well-drained soils formed from alluvial sediments 
located on the USDA-ARS Fort Keogh Livestock and Range 
Research Laboratory, Miles City, Montana. Soils were primarily 
Borollic Camborthids of the Kobar series. Major forage species 
were western wheatgrass (Puscopyrum smirhii[Rydb.] L&e), blue 
grama (Bouteloua grucilis [H.B.K.] Lag. ex Griffiths), Sandberg 
bluegrass (Poa sandbergii vasey), cheatgrass (Bromus tectorum 
L.), needle-and-thread grass (Stipa comata Trin. and Rupr.), green 
needlegrass (Stipa viridulu Trin.), and silver sagebrush (Artemisiu 
cunu Pursh). Perennial forbs were rare. The majority of grass 
growth generally occurs by early June and ceases in early July 
(Reed and Peterson 1961). A more detailed description of this 
range and its production characteristics is given by Holscher and 
Woolfolk (1953) and Reed and Peterson (1961). The January 
through August precipitation was 312 mm compared with the 
30-year average of 308 mm. 

Steers were assigned randomly to 4 treatments (4 steers/treat- 
ment) in a 2 X 2 factorial arrangement. Main effects were barley 
and monensin. Steam-rolled barley containing 7.5% molasses (RB) 
was fed at either 0 or 1.36 kg l head-’ l day-‘. Barley contained 
15.1% crude protein on a dry matter (DM) basis. Monensin (M) 
was released via a ruminal delivery device’ (MRDD) as described 
by Parrott et al. (1986). Barley was fed to individual steers at 1300 
daily to minimize disruption of grazing behavior (Adams 1985). 
The MRDD were weighed at the beginning and end of the study, 
and were determined by bolus weight change to have released an 
average of 10 1 mg of monensin/ day. Steers received monensin and 
barley continuously from 15 May to 5 September. 

Ruminal fermentation variables, fluid passage rates, particulate 
digesta kinetics, organic matter (OM) intake, and in vivo OM 
digestibility were measured during 3 trials while steers grazed a 
single 21.4-ha pasture. Trials were conducted from: (1) 1 to 6 June, 
(2) 13 to 18 July, and (3) 31 August to 5 September. To maintain a 
common forage supply for all trials, steers were moved to an 

IMonsensin ruminal delivery devices were supplied by Lilly Research Laboratories, 
Greenfield, Indiana 46104. 
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adjacent 40.5ha pasture of similar botanical composition at the 
end of each trial. Stocking rate was considered light for this range 
(Reed and Peterson 1961), and forage was abundant during the 
early fall study period. Steers grazed in the study pasture 15 cl 
before each trial began. 

Seven days before the start of each trial, 16 mature crossbred 
esophageally fstulated steers were turned into the study pasture. 
When not grazing the study pasture, esophageally fistulated steers 
grazed the adjacent pasture occupied by ruminally cannulated 
steers between trials. At 0700, after a 1-d pasture adaptation, a 
mass esophageal extrusa sample was collected. Extrusa samples 
were cornposited across steers and labeled with Yb (Teeter et al. 
1984) for use as a particulate phase marker. At 0700 (0 h) on day 1 
of each trial, particulate passage rate and gastrointestinal DM fill 
were estimated by giving each ruminally cannulated steer an intra- 
ruminal pulse dose of 250 g DM of Yb-labeled forage containing an 
average of 4.1 g Yb (Cochran et al. 1986a). Ruminal fluid dilution 
rate and volume were estimated by a subsequent intraruminal dose 
of 1,045 mg of cobalt in a Cobaltethylenediaminetetraacetate 
solution (EDTA; Uden et al. 1980). 

Before dosing (0 h) with Yb-labeled forage and Co EDTA, and 
again at 4,8,12,16,20,24, and 36 h after dosing, IOO-ml samples of 
whole ruminal contents were withdrawn from the ventral sac of the 
rumen of each steer. The pH was determined immediately with a 
combination electrode, samples were then strained through four 
layers of cheesecloth, acidified with 2 ml of .25N HzS04 and frozen 
for later analysis. Fecal grab samples were taken from each steer at 
0,4,8, 12, 16,20,24,28,32,36,42,48,54,60,72,84,96, 108, and 
120 h after dosing, dried at 45O C, and ground to pass a l-mm 
screen. 

Ruminal fluid samples were thawed at room temperature and 
centrifuged at 10,000 X g for 15 min. Supematant fluid was ana- 
lyzed for ammonia-N (Broderick and Kang 1980) and for Co by 
atomic absorption spectrophotometry with an air-acetylene flame. 
After addition of 2ethylbutyric acid as an internal standard, fluid 
was recentrifuged at 10,000 X g for 10 min and volatile fatty acid 
(VFA) concentrations were determined by gas chromatography 
(Supelco 1975). Ruminal fluid passage rates and fluid volume were 
calculated by regressing the natural logarithm of Co concentration 
on time after dosing. Fluid dilution rate is the slope of the regres- 
sion line and volume is calculated by dividing the estimated con- 
centration of Co at 0 h into the original dose. 

Ytterbium was extracted from fecal samples with .05 M EDTA 
(Hart and Polan 1984), and Yb concentration determined by 
atomic absorption spectrophotometry with a nitrous oxide/acety- 
lene flame. Fecal Yb concentrations were fitted to a one-compart- 
ment model (Pond et al. 1982) to estimate particulate passage rate 
and gastrointestinal DM till. Fecal OM output was calculated by 
dividing the original dose amount of Yb by the K, parameter of the 
one-compartment model (Krysl et al. 1988). Intake was determined 
by dividing fecal OM output by forage in vivo OM indigestibility. 
In vivo OM digestibility was determined using the indigestible 
neutral detergent fiber technique described by Co&an et al. (1986b). 
Intake and digestibility estimates of steers receiving RB were 
adjusted for contribution of the supplement as described by 
Kartchner (1980). 

Diet samples were collected by 5 mature crossbred esophageally 
fistulated steers from the study pasture during the third d of each 
6-d trial. Esophageally tistulated steers had grazed the study pas- 
ture 2 d before each sample collection. Collections began about 
0700 and lasted for 30 to 45 min. Fistula diet samples were oven 
dried at 45’ C and ground to pass a l-mm screen. Fistula samples 
were analyzed for crude protein. DM, and ash by standard 
methods (AOAC 1980). Neutral detergent fiber, acid detergent 
fiber, and acid detergent lignin were determined by the non- 

sequential procedures of Goering and Van Soest (1970). Indigesti- 
ble neutral detergent fiber of,fecal and fistula forage samples were 
determined as described by Co&ran et al. (1986b). 

Ruminal fermentation measurements, ruminal fluid volume, 
and fluid flow rates, along with intake, particulate passage and in 
vivo digestibility were analyzed by split-plot analysis of variance 
with the 4 treatments arranged in a 2 X 2 factorial as the main-plot 
and trial as the sub-plot (Gill and Hafs 1971) using the General 
Linear Models procedure of SAS (1985). Steer within treatment 
was the error term to test the main-plot and the residual was the 
error term to test the sub-plot. Ruminal fermentation variables 
were averaged across samples taken at 0,4,8,12,16, and 20 h and a 
mean was analyzed. Main effects were evaluated on a within-trial 
basis when RB X M X Trial interactions occurred. chemical com- 
position of fistula diet samples was analyzed as a split plot with no 
main plot and trial as the subplot (repeated measurements). When 
significant (PCO. lo), means were separated using the Least Signif- 
icant Difference technique and, except where noted, significant 
differences are reported at the PCO. 10 level. 

Results and Discussion 
Nutrient Composition 

Chemical composition of esophageal masticate samples during 
the 3 trial periods are presented in Table 1. Plants were green and 

Table 1. Chemical composition of range forage consumed by esophageal- 
fistuhted steers. 

Chemical component 
Trial 

I 2 3 EMS’ 

Organic matter 
-----%ofdrymatter----- 

87.3b 88.Eb 79.4’ 16.4 
----%oforganicmatter---- 

Crude protein 
Neutral detergent fiber 
Acid detergent fiber 
Acid detergent lignin 

’ EMS = Error mean squares. 

15.2b 10.ZC 14.3b 3.7 
81.gb 84.gbL 89.3’ 10.9 
52.6b 50.3b 61.1’ 23.4 
7.3b” 6.4b 10.lC 4.3 

bC Row means without a common letter in their superscript differ (PCO.05). 

growing actively during trial 1. Between trials 1 and 2, plants 
completed normal spring growth and cured. Approximately 76 
mm of precipitation was received between trials 2 and 3, resulting 
in an abundant amount of new growth during trial 3. Crude protein 
content of esophageal masticate was greater (P<O.O5) during trials 
1 and 3 than in trial 2. Neutral detergent fiber, acid detergent fiber, 
and acid detergent lignin were greatest (P<O.OS) during trial 3. 

Intake and Passage Rate 
Forage OM intake (kg/ 100 kg body weight; Table 2) was not 

influenced by M or any significant interactions; hence, values were 
analyzed over trials. Overall intake values in this study were similar 
to those reported by Adams et al. (1987) for this study area. Forage 
OM intake was decreased by RB, but total OM intake (forage + 
barley) was similar among treatments. In contrast, Horn and 
McCollum (1987) reported that concentrates could be fed in 
amounts up to 30 g/kg metabolic body weight without affecting 
forage intake. Monensin did not increase forage OM intake as 
suggested by Ellis et al. (1983), even though forage OM digestibility 
was less than 65%; however, M increased (P<O.O5) forage OM 
digestibility (Table 2). Organic matter digestibility was not affected 
by RB, although ruminal pH values (Table 4) were below those 
suggested for optimal fiber digestion (Mertens 1979). With regard 
to OM digestibility our results agree with those of Horn and 
McCollum (1987), who suggested that barley could be fed at levels 
up to 30 g/kg metabolic weight without affecting OM digestibility. 
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Table 2. Intake, digeste pessege, fill, end digretiblity - infhwnced by 
suppkmentel energy 8nd monensin in steers gre2ing netivc range. 

Treatment’ 
Item NR NR+RB NR+M NR+RB+M EMSb 

Forage organic matter 
intake, 
kg l day-’ l 100 kg 
body WC’ 2.0” 1.7 2.2 1.8 .147 

Total organic matter 
intake, 
kg l day’ l 100 kg 
body wt-’ 2.0 2.1 2.2 2.2 .163 

Gastrointestinal tract 
fill, kg dry matter 3.8d 3.6 3.1 3.2 .675 

Particulate passage 
rate, %I h 3.7 3.9 3.8 4.2 .338 

Gastrointestinal mean 
retention time, h 50.3’ 42.8 48.6 42.7 72.0 

Forage organic matter 
digestibility, % 60.4d 58.6 62.2 61.7 12.7 

t NR = native range, RB = rolled barley, M = monensin. 
EMS = Error mean squares. 

: Barley effect sigoiticant (P<O.Ol). 
Monensin effect signilicant (PC 0.05). 

%arley effect significant (IKO.05). 

Gastrointestinal tract DM fill (Table 2) was decreased (P<O.O5) 
by M. Particulate passage rate tended to increase (P = 0.13) and 
gastrointestinal mean retention time decreased (PCO.05) when RB 
was fed but neither were affected by M. Forage and total OM 
intake, gastrointestinal tract fill, particulate passage rate and gas- 
trointestinal mean retention time, and OM digestibility all varied 
(P<O.Ol) by trial; but treatment X trial interactions were non- 
significant. 

Ruminal fluid dilution rate and turnover time (Table 3) were 
3 21.0 20.6 19.3 18.6 19.9 

Table 3. Ruminal fluid flow and volume es influenced by supplemental Mean 12.1 12.8 11.5 11.3 (16.2)d 

energy end monensin in steers grezing netive range. ’ NR = native range, RB = rolled barley, M = monensin. 
’ Trial difference for pH and ammonia-N (P<O.Ol). 
; Barley effect significant (KO.05). 

Treatment” 
Error mean squares for treatment. 

NR+ by Branine (1987) in which grain supplementation of steers grazing 
Trial NR NR+RB NR+M RB+M Mean EMSb summer blue grama rangeland had no effect on ruminal pH. Steers 

in our study consumed 36% more grain/day than those in Bram- 
1 ine’s study which may explain the difference in pH response to 
2 
3” 

grain. Further, Branine (1987) fed corn rather than barley grain, 

Meand 
which further complicates comparison of results. Barley starch 
typically has a greater extent of digestion in the rumen than corn 
(Theurer 1986). Adams et al. (1987) reported slightly greater pH 
values than those observed in the present study for steers grazing a 
comparable range. L 

3c 
Meand 

--_----_ ____ &idPasagemte,%/h ___________ _ 

14.0 14.0 14.3 14.5 14.2 1.42 
11.3 11.6 12.0 13.0 12.0 2.10 
12.5 10.4 11.2 12.8 11.7 1.62 
12.7 12.0 12.5 13.4 

--- ---__________ T~~overtime,b______________ 
7.2 7.2 7.0 6.9 7.1 .361 
8.9 8.6 8.5 7.8 8.4 1.15 
8.0 9.6 9.1 7.9 8.7 .954 
8.0 8.5 8.2 7.5 

__-_-_ ________ Flowmte,li~er/b’______________ 
3.8 3.3 2.8 3.8 3.4 
4.3 5.0 5.6 4.6 4.8 
2.8 3.2 4.0 4.3 3.6 
3.6 3.8 4.2 4.2 5.02 

_----__ _________ Volume,li~e&_______ _________ 
27.9 23.5 19.3 26.7 24.4 
36.2 43.9 47.4 36.0 40.9 
22.9 30.7 36.9 34.9 31.3 
29.0 32.7 34.6 32.5 411.7 

analyzed with trial because of a RB X M X Trial interaction 
(P<O.O5). During trials 1 and 2, no treatment differences were 
detected for fluid passage rate or turnover time. During trial 3, a 
RB X M interaction (P<O.O5) was detected for fluid passage rate 
and turnover time, with barley producing an added effect when 
combined with M. Fluid passage rate and turnover time were 
greater and less, respectively, for steers receiving RB + M than for 
steers fed RB alone. Fluid passage rate and turnover time values 
are comparable to values reported by Adams et al. (1987) on a 
similar range. Fluid passage rate and turnover time values reported 
in a New Mexico study (Branine 1987) were less and slower, 
respectively, than values reported here. Ruminal fluid volume and 
flow rate were similar for all treatments but varied (P<O.O5) by 
trial. Adams et al. (1987) reported greater ruminal fluid volumes 
and flow rates on a similar range. Reported decreases (Lemenager 
et al. 1978) in fluid passage rate and volume as a result of feeding 
monensin with a low quality forage were not observed in the 
present study. 

Ruminal Fermentation 
Ruminal pH was decreased (KO.05) by RB and varied 

(P<O.Ol) by trial (Table 4). This finding contrasts work reported 

Table 4. Ruminal pH and ammonia-N concentretion as influenced by 
supplemental energy end monensin in steers grazing native range. 

Trial NR 
Treatment’ 

NR+RB NR+M NR+RB+M Meanb 

1 __~;_______‘______pH__________________ 6.0 6.1 6.1 6.1 
2 6:s 6.1 6.4 6.3 6.3 

3 Mean’ 5.9 5.8 6.0 5.9 (O.‘ds3d 6.1 6.0 6.2 6.1 
__ _______ ---Ammon~-Nmg/1()Oml_ ________ ___ 

1 12.2 14.1 12.6 11.5 12.6 
2 3.1 3.8 2.5 3.7 3.3 

1 
2 
3 
Mean 

1 
2 
3 
Mean 

’ NR = native range, RB = rolled barley, M = monensin. 
b EMS= Error mean souares. 
f Barlev X monensin bkeraction (P<O.OS). 
~ Barley X monensin X trial interaction (P<O.OS), therefore analyzed within trial. 

Trial differences (JKO.05). 

Ruminal ammonia-N was similar for all treatments, but varied 
(P<O.Ol) by trial (Table 4). Dinius et al. (1976) also found no 
significant effect of M on ruminal ammonia-N concentration. If 
monensin altered ruminal degradation of dietary protein as 
reported in other studies (Chalupa 1980) it was not reflected in 
ruminal ammonia concentration. Greater concentrations of am- 
monia-N in trials 1 and 3 reflect the greater concentration of 
protein in the diet (Roffler and Satter 1975). Low concentrations of 
ammonia-N in trial 2 also may have been influenced by increased 
ruminal fluid volume. Concentrations of ammonia-N observed 
during trial 2approached what may be the lower limit for optimum 
microbial protein synthesis (Slyter et al. 1979). 

Total ruminal VFA concentration (Table 5) was greatest for 
steers receiving RB and varied (P<O.Ol) by trial. This result con- 
trasts work by Branine (1987) in which supplemental grain had no 
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Tabk 5. Ruminal conccntrstlon of total voktfk fatty acids (VFA) and 
mokr proportions of indlvldual VFA as influenced by supplemental 
energy ad monemiin ln steers gmzlng n&h-e range. 

Treatment’ 
Trial NR NR+RB NR+M NR+RB+M Mean EMSb 

-________----_ To~lVFA,mMC______________ 
1 65.6 71.4 64.1 83.1 71.3 
2 76.5 79.0 63.6 74.1 73.5 
3 83.6 84.5 72.4 84.7 81.5 
Meand 75.3 78.8 66.9 80.9 59.6 

____ _--_______Ac~te,mol/l~mol__________--_- 
1’ 48.4 47.0 42.0 62.1 49.8 60.7 
2’= 74.1 71.3 73.3 69.1 72.0 1.47 
3 72.2 71.1 72.4 70.6 71.5 3.04 
Meanh 64.8 62.9 62.8 67.2 

_-_- _________ Propionate,mol/100mol_ ___________ 
1’ 29.8 30.0 35.5 22.9 29.6 33.1 
2dJ 15.7 16.5 16.8 19.3 17.1 1.91 
3’ 16.7 16.9 17.5 18.2 17.3 1.33 
Meanh 20.8 21.3 23.1 20.1 

___________ ___B~ty~a~,mol/l~mol__-__-__--_-- 

1’ 16.0 17.4 16.5 11.1 15.2 3.65 
$4 f 8.0 8.0 9.8 8.9 7.5 7.3 9.1 8.4 8.6 8.1 .394 .883 

Meanh 10.7 12.1 10.3 9.5 
______ ____ ____ __Vale~te,mol/l@)mol____-_-_- ------- 

1’ 1.65 1.80 1.77 1.22 1.61 .075 
2’ .67 .82 HI .93 .75 .013 
3 .83 .98 .76 .92 987 ,025 
Mead 1.05 1.21 1.03 1.02 

-___-___ ______ Isov&~te,mol/l~mol_____________ 
1 2.27 1.99 2.34 1.43 2.00 
2 .71 .84 .72 .79 .76 
3 1.33 1.23 1.20 1.12 1.22 
Mean 1.44 1.37 1.39 1.11 .16 

____________ __I~obuty~ate,mol/l~mol”_____________ 

1 1.97 1.81 1.98 1.33 1.77 
2 .79 .78 .97 .84 .84 
3 .97 .84 .89 .84 .88 
Mean 1.25 1.15 1.26 1.00 .040 

6 NR = native range, RB = rolled barley, M q  monensin. 
EMS =, Error mean squares. 

; Trial dlffennce (P<O.Ol). 
Barley effect significant (P<O. 10). 

I Barley X monensin interaction (P<O.OS). 
Barley effect significant (P<O.O I). 
: Monensin effect significant (P<O.OS). 

Barley X monensin X trial interaction (P<O.OS), therefore analyzed within trial. 
f Monensin effect significant (P<O. 10). 
' Barley X monensin X trial interaction (P<O.Ol), therefore analyzed within trial. 

effect on total ruminal VFA concentration. As noted earlier, Bra- 
nine (1987) fed lesser amounts, and a different type of grain, than 
was fed in the present study. Total ruminal VFA concentration 
may have increased for steers receiving RB because of the readily 
fermentable carbohydrate from the grain (Van Soest 1982). 
Monensin had no effect on total VFA with concentrations being 
similar to those reported by Dinius et al. (1976). 

Ruminal acetate, propionate, butyrate, and valerate were ana- 
lyzed within trial because of a RB X M X Trial interaction 
(P<O.O5). During trial 1, a RB X M interaction (PCO.05) occurred 
for the molar proportion of ruminal acetate, and residual errors 
appeared to be unevenly distributed. Ruminal acetate was greater 
when RB was combined with M than when RB was fed alone. 
During trial 2, both RB and M decreased (P<O.O5) ruminal ace- 
tate. No treatment differences were observed for ruminal acetate 
during trial 3. Higher acetate levels observed in trials 2 and 3 may 
have been associated with declining forage quality because acetate 
is often reflective of cell wall fermentation (Van Soest 1982); there- 

fore, an increase in acetate level as the forage matured between 
trials 1 and 2 and 3 was expected. However, the low levels of acetate 
in trial 1 were much less than expected. It is doubtful that a smaller 
amount of cell wall fermentation would explain the large difference 
in acetate levels between trial 1 and trials 2 and 3, but a further 
explanation is not apparent. Except trial 1, ruminal acetate levels 
are comparable to those reported by Adams et al. (1987). 

A RB X M interaction (P<O.OS) occurred for the molar propor- 
tion of ruminal propionate during trial 1 and residual errors 
appeared to be unevenly distributed. In trial 1, ruminal propionate 
was less when RB was combined with M than when RB was alone. 
During trial 2, both RB and M increased ruminal propionate. 
Branine (1987) reported no difference in ruminal propionate result- 
ing from the addition of a lower amount of corn grain than fed in 
the present study. Ruminal propionate proportions would be 
expected to increase with addition of supplemental grain because 
of the direct association propionate has with readily fermentable 
carbohydrate fermentation (Van Soest 1982). Ruminal propionate 
was increased by M during trial 3. In general, propionate levels, 
especially in trial 1, were greater than previously reported in 
research from this range type (Adams et al. 1987). 

A RB X M interaction (PCO.05) occurred for the molar propor- 
tion of ruminal butyrate during trial 1. In trial 1, ruminal butyrate 
was less when RB was combined with M than when RB was alone. 
During trials 2 and 3, RB increased (P<O.Ol) ruminal butyrate. 
Branine (1987) observed no effect on ruminal butyrate from 
smaller amounts of supplemental corn grain. Monensin also 
decreased ruminal butyrate during trial 3. High butyrate propor- 
tions observed in trial 1 are typically associated with steers grazing 
actively growing forage (McCollum et al. 1985, Krysl et al. 1987). 

Minor VFA are presented in Table 5. A RB X M interaction 
(P<O.O5) occurred for the molar proportion of ruminal valerate 
during trial 1. Ruminal valerate was less when RB was combined 
with M than when RB was fed alone. During trial 2, RB increased 
(PCO.01) ruminal valerate. Molar proportions of ruminal isoval- 
erate and isobutyrate showed no differences as a result of treat- 
ment, but varied (P<O.Ol) by trial. Increased proportions of 
branched-chained fatty acids observed during trials 1 and 3 proba- 
bly resulted from greater forage protein content because branched- 
chain acids are derived primarily from degradation of dietary 
protein (Orskov 1982). 

Conclusions 

Supplemental energy and monensin, either separately or in 
combination, had varying effects on intake, particulate digesta, 
and ruminal fluid flow kinetics, and ruminal fermentation varia- 
bles. Forage maturity affected intake, digestibility, passage of par- 
ticulate, and fluid passage and ruminal fermentation. Forage 
maturity also interacted with barley and(or) monensin for some of 
these same variables. We conclude that monensin and grain sup- 
plementation may be viable methods to improve and sustain per- 
formance of cattle grazing summer range. A primary benefit from 
supplemental grain and M would be increased molar proportions 
of propionate and reduced proportions of acetate that would have 
favorable effects on protein and energy metabolism by the grazing 
animal. Monensin may provide an additional energetic benefit 
from enhanced forage digestibility. 
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Supplementation and monensin effects on digesta kinetics 
II. Cattle grazing winter range 
MICHAEL G. WARD, DON C. ADAMS, JOE D. WALLACE, M.L. GALYEAN, AND JERRY D. VOLESKY 

AbSWlCt 

Sixteen ruminally C8MUlrtCd steers grazing Northern Great 
Plains native winter range were assigned to 4 treatments in a 2 X 2 
factorial arrangement. Main effects were protein and monensht. A 
soybean meal-barley pellet (P; 26% crude protein) was fed at 0 and 
.8 kg l head-’ l b’. Steers either received no monensin (M) or M 
was released at 101 ml/day via a rumhtal delivery device. Forage 
intake, rmninal fermentation, in vivo organic matter (OM) digesti- 
bility, and ruminal fluid passage and particulate digesta Linetics 
were measured during trials in November and January. Esopha- 
geally fistulated steers were used to collect diet samples during each 
trial. Dietary crude protein was greater (P<O.Ol) in November 
(8.3%) than January (4.9%). Forage OM intake was not (IVO.10) 
influenced by either P or M. In vivo OM digestibility was increased 
(PCO.05) by P (60.6 vs 57.4%) and not affected (-0.10) by M. 
Particulate passage rate increased (P<O.OS) when P was combined 
with M. Ruminal fluid flow characteristics, fluid volume and pH 
were not affected (-0.10) by either P or M. Ruminal ammonia-N 
was increased (PCO.01) by P (2.9 vs .6 mg/lOO ml) and not affected 
(mO.10) by M. Total ruminal volatile fatty acid concentrations, 
along with molar proportions of ruminal propionate and butyrate, 
were not affected (IQO.10) by P or M. Ruminal acetate was 
decreased (PCO.10) by P and not hrfhtenced (mO.10) by M. We 
conclude that supplemental protein, through rumhral modifica- 
tions, has beneficial effects on OM digestibility, and can thereby 
provide cattle grazing winter range with additional energy at a time 
when it is most crucial. 

Key Words: particulate passage, fluid passage, digestibility, in- 
take, rumen fermentation, forage, protein 

Livestock grazing dormant winter range are often unable to 
consume sufficient quantities of forage to meet their energy and 
protein requirements. Supplemental protein and (or) monensin 
might enable cattle to meet their winter nutrient requirements. 
Supplemental protein has often increased forage and energy intake 
(Cook and Harris 1968, Kartchner 1980); however, data are incon- 
clusive. Rittenhouse et al. (1970) and Judkins et al. (1987) reported 
no effect on forage intake as a result of protein supplementation. 
Monensin can increase nitrogen digestibility, decrease dietary pro- 
tein requirements, and reduce degradation of dietary protein 
within the rumen, thereby eliciting a protein sparing effect (Schel- 
ling 1984, Bergen and Bates 1984). Clanton et al. (1981) reported 
that wintering range cows fed monensin had heavier weight calves 
than unsupplemented cows. The objective of this study was to 
quantify the effects of supplemental protein, monensin, and their 
interaction on intake, ruminal fermentation and ruminal fluid, and 
particulate digesta kinetics in beef steers grazing Northern Great 
Plains native winter range. Singularly and in combination, sup- 
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plemental protein and monensin were hypothesized to beneficially 
alter ruminal fermentation, fluid flow, digesta kinetics, and intake. 

Materials and Methods 

Sixteen crossbred ruminally cannulated steers with an average 
initial weight of 390 kg grazed freely on a 48.6ha, broken upland 
native range site from 29 October 1987 to 22 January 1988. The 
stocking rate was considered to be light to moderate for this range 
(Holscher and Woolfolk 1953) and forage was readily available 
throughout the study. The range site was located on the Fort 
Keogh Livestock and Range Research Laboratory, Miles City, 
Montana. Major forage species were western wheatgrass (Purco- 
pyrum smithii [Rydb.] Love); blue grama (Bouteloua gracilis 
[H.B.K.] Lag. ex. Griftiths); needle-and-thread grass (Stipa comata 
Trin. and Rupr.); buffalograss (Buchloe dactyloides [Nutt.] 
Engelm.); and threadleaf sedge (Carex filifolia Nutt.). Browse 
species available included greasewood (Sarcobatus vermiculatus 
[Hook.] Emory.); shadscale (Artiplex confertvolia [Torr. and 
Frem.] S. Wats.); Gardner’s salt bush (Atriplexgardneri[Moa.] D. 
Dietr.); winterfat (Ceratoides Ianata [Pursh] J.T. Howell); big 
sagebrush (Artemesia tridentata Nutt.); and silver sagebrush 
(Artemesia cana Pursh). Perennial forbs were rare. 

Steers were assigned randomly to 4 supplementation treatments 
(4 steers/treatment) in a 2 X 2 factorial arrangement with main 
effects of protein (P) and monensin (M). A soybean meal-barley 
pellet (40% soybean meal, 55% rolled barley, and 5% molasses) 
containing 26.3% crude protein on dry matter (DM) basis was fed 
at either 0 or .8 kg l head-’ l d-r. Monensin was either not dosed or 
was released at 101 mg/day via a ruminal delivery device’ 
(MRDD) as described by Parrott et al. (1986). Protein was fed to 
individual steers, at approximately 0800 daily because this time 
was considered to be least disruptive to winter grazing behavior 
(Adams et al. 1986). Each MRDD was weighed at the beginning 
and end of the study and determined to have released an an average 
of 101 mg of monensin/ day. Ruminal fermentation variables, fluid 
passage rates, particulate digesta kinetics, organic matter (OM) 
intake, and in vivo OM digestibility were measured during 2 trials 
conducted from: (1) 15 to 20 November, and (2) 17 to 22 January. 

Seven days before starting each trial, a mass esophageal extrusa 
sample was collected from the study pasture from 16 mature eso- 
phageally fistulated steers, cornposited across steers, and labeled 
with Yb for use as a particulate phase marker. To estimate particu- 
late passage rate and gastrointestinal dry matter (DM) fill, each 
ruminally cannulated steer received an intraruminal pulse dose 
(180 g DM in trial 1; 250 g DM in trial 2) of Yb-labeled forage (3.39 
g Yb in trial 1; 4.44 g Yb in trial 2) via the rumen cannula at 1800 on 
day 1 of each trial. To estimate ruminal fluid passage rate and 
volume, each steer received an intraruminal dose of 1,045 mg of 
cobalt in a Coethylenediaminetetraacetate solution (EDTA, Uden 
et al. 1980) 12 h after (0600, day 2) Yb-labeled forage was dosed. 
Procedures for labeling esophageal extrusa with Yb and introduc- 
tion of Yb labeled forage and Co-EDTA into the rumen were the 
same as those described by Ward et al. (1990). 

Just before dosing with Co-EDTA, and again at 4,8,12,16,20, 

‘Monensin ruminal delivery devices were supplied by Lilly Research Laboratories, 
Grecnileld, Indiana 46104. 
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24, and 36 h after dosing, lOO-ml samples of ruminal fluid were 
withdrawn from the ventral sac of the rumen of each steer. The pH 
was determined immediately with a combination electrode, after 
which samples were strained through 4 layers of cheesecloth, acidi- 
fied with 2 ml .25N H&04, and frozen for later analysis. Fecal grab 
sampks were taken from each steer at 0,12,16,20,24,28,32,36, 
42,48, 54, 60, 72, 84,%, 108, and 120 h after dosing with Yb- 
labeled forage, dried at 4S’ C, and ground to pass a l-mm screen. 
Adams et al. (1986) reported minimal grazing activity during non- 
daylight hours for cattle grazing winter native range. Hence, to 
facilitate ease of sample collection during trials, steers were 
gathered at dusk and penned in a large corral facility and released 
to graze at sunrise. 

Laboratory procedures for determining ammonia-N, volatile 
fatty acid (VFA) and Co concentration of ruminal fluid samples 
and Yb concentration of fecal samples and mathematical proce- 
dures for determining particulate passage, fluid passage, forage 
intake, and digestibility have been described by Ward et al. (1990). 

Five esophageally fist&ted steers collected diet samples from 
the study pasture on the third day of each 6-d trial. They had grazed 
the study pasture 2-d before each sample collection. Esophageal 
collections began at about 0700 and lasted for 30 to 45 min. 
Between trials, the steers grazed an adjacent pasture with similar 
plant composition. Esophageal steers were not supplemented dur- 
ing the study period. Esophageal samples were dried at 4Y C and 
ground to pass a l-mm screen. Esophageal samples were analyzed 
for crude protein, DM, and ash by standard methods (AOAC 
1980). Neutral detergent fiber, acid detergent fiber, and acid deter- 
gent lignin of esophageal samples were determined by the non- 
sequential procedures of Goering and Van Soest (1970). 

Ruminal fermentation measurements, ruminal fluid volume and 
fluid flow rates, along with intake, particulate passage, and in vivo 
digestibility, were analyzed by split-plot analysis of variance with 
the 4 treatments arranged in a 2 X 2 factorial as the main-plot and 
trial as the sub-plot (Gill and Hafs 1971) using the General Linear 
Models procedure of SAS (1985). Ruminal fermentation variables 
were averaged across samples taken at 0,4,8,12,16, and 20 h, and 
the mean was analyzed. Chemical composition of esophageal sam- 
ples was analyzed as a split plot with no main plot and trial as the 
subplot (repeated measurements). Except where noted, significant 
differences are reported at the P<O. 10 level. 

Results and Discussion 

The treatment by trial interaction was not significant for any of 
the variables tested in this study. Significant (x0.01) trial effects 
were noted only for intake and digestibility estimates. 

Nutrient Composition 
Chemical composition of fiitulacollected forage samples during 

the 2 trial periods is presented in Table 1. Dietary crude protein was 

Tabk 1. Chendul composition of dkta of esophageal-fistukted steers. 

Chemical component 

organic matter 

Crude protein 
Neutral detergent fiber 
Acid detergent fiber 
Acid detergent lignin 

1 2 EMS’ 

---%ofDryMatter--- 
84.7a2 89.4b 3.57 

- - % of Organic Matter - - 
8.3a 4.9b .25 

84.8a 84.8a 2.94 
54.6a 54.2s 3.73 
5.9a 5.3a .607 

IEMS = Error mean squares. 
ZMeans in a row followed by different letters arc signikantly different at PCO.05. 

greater (x0.01) and OM was less (P<O.OS) in trial 1 than trial 2, 
reflecting nutrient losses that occur from range forages with sea- 
sonal progression (Hogan 1984), and potential changes in diet 
selection. Neutral detergent fiber, acid detergent fiber, and acid 
detergent lignin did not vary by trial. 

Intake and Passage Rate 
Forage and total OM intake (Table 2) were not affected by P or 

Table 2. Intake, gastrointeatin81 tract, fill, partkukte passage and diges- 
tibility as influenced by supplemental protein and monensln ia Steen 
grazing mtive range. 

Item 

Treatment 
NR NR+M NR+P NR+P+M EMSb 

Forage organic matter 1.6 1.5 1.5 1.4 .032 
intake, 
kg l d-’ l 100 kg body wt-’ 

Total o~nic matter intake, 1.6 1.5 1.7 1.6 .032 
kg. d- . 100 kg body wt-’ 

Gastrointestinal tract till, 5.1’ 5.7 4.4 4.2 .440 
kg dry matter 

Particulate passage 2.ad 2.4 2.8 3.1 .OSO 
rate, % l h“ 

Total mean retention time, h 66.5” 67.0 59.4 53.6 83.3 
Forage Organic matter 57.3’ 57.5 60.7 60.6 6.88 
digestibility, % 

l NR=native range. P=protcin pellet, M=monensin. 
bEMS=Error mean squares. 
‘Protein etkt signifiint (PCO.05). 
dProtein X Monensin interaction (KO.05). 

M. Forage and total intake (forage plus supplement) estimates 
were greater than those reported by Judkins et al. (1987) for steers 
grazing blue grama winter range in New Mexico. Protein supple- 
mentation effects on forage intake have been variable, and expla- 
nations regarding variability are not defined clearly in the litera- 
ture (Cook and Harris 1968, Rittenhouse et al. 1970, Kartchner 
1980). Lack of an intake response to protein supplementation in 
the present study may have resulted from relatively mild weather 
conditions. The mean minimum daily temperature was -4.8O C in 
trial 1 and -13.00 C in trial 2. As temperatures decline, grazing time 
and forage intake decrease (Adams 1987). Consequently, a greater 
effect of supplemental protein may be elicited during colder winter 
conditions when intake is expected to be lower. This concept 
concurs with Kartchner (1980), where supplemental protein had no 
effect on forage intake during mild winters and a substantial effect 
during harsh winters. A suppression in intake because of monensin 
as reported by Lemenager et al. (1978a) for cows grazing winter 
range contrasts results from the present study. Variation between 
studies may be the result of nonuniformity in range forage species 
(i.e., cool vs warm-season), environmental conditions, method of 
M delivery, and differences in animal type. 

Forage OM digestibility was increased (P<O.OS) by P, but not 
affected by M. Protein supplementation would be expected to 
positively influence OM digestibility because ruminal ammonia-N 
conc&trations (Table 3) of nonsupplemented steers were well 
below levels suggested (Slyter et al. 1979) as optimal for microbial 
growth. Improved forage digestibility increases total energy avail- 
able to the animal and can lead to improved performance of cattle 
consuming mature winter forage (Kartchner 1980, Ward and Ward 
1987). Other researchers (Dinius et al. 1976, Lemenager et al. 
1978b) also reported no effects of M on digestibility of winter range 
grass. 

Gastrointestinal tract dry matter fill and mean retention time 
were decreased (P<O.O5) by P while a P X M interaction (P<O.O5) 
occurred for particulate passage rate. Protein combined with M 
produced an additional increase in particulate passage rate. above 
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Tebk 3. Ruminel fluid flow and volume, nuucn pH aud rumen ammonia- 
N concentration se influenced by wppkmentel protein end monenein in 
steers gmzhg nettve rsnge. 

Treatment’ 
Rem NR NR+M NR+P NR+F’+M EMSb 

Fluid rate, passage s/h 10.0 9.8 11.7 10.6 3.14 
Turnover time, h 10.2 10.7 8.8 9.9‘ 3.10 
Flow rate, liters/h 3.7 5.9 3::: 5.9 14.2 
Volume. liters 37.4 56.6 51.1 887.5 
PH 6.54 6.56 6.40 6.41 .080 
Ammonia-N, mg/ 100 ml .6T .58 2.62 3.25 2.70 

important for growth. Furthermore, ruminal bacterial growth is 
also influenced by amino acids and peptides (Argyle and Baldwin 
1989). 

Total concentration of ruminal VFA (Table 4) was not affected 
by P or M, which concurs with findings of McCollum and Galyean 
(1985). The effects of protein supplementation on molar propor- 
tions of VFA are conflicting and inconclusive. Results from the 

Table 4. Rumhl concentratiom of totet voktik fatty acida (VFA) end 
mokr proportiona of r&ate, propionate, butyrete, vakrate, kovekrete 
end kobutynte es influenced by suppkmental protein end mooemiu in 
steers grezing netive range. 

%IR=native range, P:protein pellet, M=monensin. 
bEMS=Error mean squares. 
‘Protein effect significant (PCO.01). 

that of P alone. Cattle consuming mature winter forage have 
particulate digesta kinetics regulated by complex intra-ruminal 
relationships among intake, digestion, and rate of passage (Ward 
and Ward 1987). For animals consuming mature forage, feed 
intake is limited by ruminal distension (Montgomery and Baum- 
gardt 1965), which is partially alleviated by rumination and 
microbial digestion of ingested feedstuffs, allowing passage through 
the gastrointestinal tract (Waldo et al. 1972). Increased digestion of 
mature forages can facilitate faster rates of passage, which could 
eventually lead to increased feed intake (Faulkner et al. 1985). 
Gastrointestinal tract fill and gastrointestinal mean retention time 
were not affected by M, which contrasts reported decreases in 
particulate turnover rate when feeding monensin (Lemenager et al. 
1978b). 

Ruminal fluid flow characteristics and volume (Table 3) were 
not affected by P or M. Judkins et al. (1987) also found no changes 
in fluid flow characteristics or fluid volume when steers grazing 
winter native range were supplemented with protein. Lemenager et 
al. (1978b) reported decreased ruminal fluid passage rate and 
volume when monensin was fed to steers consuming winter range 
grass, contradicting results in the present study. However, amounts 
of monensin given and experimental conditions differed between 
studies. Total OM intake did not increase as a result of P or M 
supplementation; therefore, corresponding increases in ruminal 
fluid passage rate and volume would not be expected (Grovum and 
Hecker 1973). 

Ruminal Femwntation 
Ruminal pH was not influenced by P or M (Table 3), which is 

consistent with other data regarding P and M (Dinius et al. 1976, 
McCollum and Galyean 1985, Judkins et al. 1987). Ruminal 
ammonia-N was increased (KO.01) by P, but not influenced by M 
(Table 3). McCollum and Galyean (1985) reported increased rumi- 
nal ammonia-N concentrations when steers receiving lowquality 
prairie hay were fed supplemental protein. Dinius et al. (1976) and 
Lemenager et al. (1978b) also reported no difference in ruminal 
ammonia-N concentrations resulting from monensin supplemen- 
tation. Supplemental P increased ammonia-N to concentrations 
generally considered optimal for microbial growth. Controversy 
surrounds ruminal ammonia-N levels regarding actual require- 
ments of ruminal microbes. Slyter et al. (1979) recommend 2.2 mg 
ammonia-N/ 100 ml of ruminal fluid. Qkskov (1982) suggested that 
ruminal levels of 2 mg ammonia-N/ 100 ml is sufficient for maxi- 
mum microbial growth, while Stanton et al. (1983) indicated a 
range of 2.7 to 4.5 mg rumen ammonia-N/ 100 ml is sufficient for 
maintaining beef cows grazing winter range. Hespell and Bryant 
(1979) proposed rumen ammonia-N levels of. 1 to .2 mg/ 100 ml as 
the concentration at which microbial growth becomes limited and 
that ruminal ammonia-N concentration does not necessarily relate 
to ruminal bacteria intracellular concentrations, which is most 

Item 
Treatment” 

NR NR+M NR+P NR+P+M EMSb 
~~~~~~-~~mM~~~-~----- 

Total VFA 55.2 55.6 67.5 64.4 94.2 
______ mol/]m mol______ 

Acetate 75.2’ 74.3 72.9 71.8 2.24 
Propionate 17.3 18.7 18.2 18.8 2.82 
Butyrate 6.9 6.4 6.9 7.4 903 
Isobutyrate .19 .19 .63 .67 0.62 
Valerate .2v .19 .71 .53 .023 
ISOValCrate .16d .20 .59 .76 .042 

fi%ative range, P=protein pellet, M=monensin. 
%vlS=Error mean squares. 
‘Protein effect significant (KO. IO). 
dProtcin effect significant (KO.05). 

present study showed that molar proportions of ruminal acetate 
were decreased by P and not affected by M. Moreoever, molar 
concentrations of propionate and butyrate were not affected by 
either P or M. McCollum and Galyean (1985) also reported 
decreases in molar proportions of ruminal acetate resulting from 
protein supplementation, while Wagner et al. (1983) found no 
differences in molar proportions of VFA in protein-supplemented 
cattle grazing rangelands. Results from the present experiment 
concerning monensin contrast those of Lemenager et al. (1978b), in 
which monensin decreased molar proportions of ruminal acetate 
and increased molar proportions of ruminal propionate in steers 
fed harvested winter range grass. Monensin levels fed by Leme- 
nager et al. (1978b) were twice those of the present study and steers 
were fed in drylot, which may explain why results varied between 
studies. In addition, Lemenager et al. (1978b) fed monensin as a 
pulse dose, as opposed to a continuous release as in the present 
study. Valerate and isovalerate were increased by P (PCO. 10 and 
PCO.05, respectively) and not affected by M. Isobutyrate was not 
affected by either P or M. On protein deficient diets, minor acids 
would be expected to increase as a result of protein supplementa- 
tion because branched-chain acids are primarily derived from deg- 
radation of dietary protein (Grskov 1982). 

Rumi~l ammonia-N concentrations were increased by supple- 
mental protein, which led to a concomitant increase in organic 
matter digestibility. While forage intake was not increased by 
protein supplementation, gastrointestinal tract dry matter till and 
particulate mean retention time were reduced. When supplemental 
protein was combined with monensin, an additional increase in 
particulate passage rate occurred. Increased forage digestibility 
and particulate passage rate, along with reduced gastrointestinal 
mean retention time, could combine to provide cattle grazing 
winter range additional energy at a time when it is most critical to 
meet nutrient requirements. 
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Sheep grazing behavior as affected by supplementation 
PATRICK G. HATFIELD, GARY B. DONART, TIMOTHY T. ROSS, AND MICHAEL L. GALYEAN 

Kehaviorai characteristics of supplemented (S; 23% crude pro- 
tein, 3.41 mcai DE/kg) and nonsupplemented (N) ewes grazing 
native New Mexico rangebmd were monitored from December 
1983 to August 1984. Four marked ewes were observed per treat- 
ment group. Kehavioral data wera collected by simuhaneous 
observations of both treatment groups by 2 observers starting 0.5 
hour before sunrise, and continuing until 0.5 hour after sunset. 
Trials were conducted during the winter breeding season while 
ewes grazed dormant forage, during spring iambing that coincided 
with the onset of active forage growth, sutd during summer iacta- 
tion, during both a quiescent period and active forage growth. 
Supplement was not fed during the summer. Total grazing (min/- 
day) was less (PO.01) in winter, equal in spring, and greater 
(PO.01) in summer for S than N ewes. Mean daily periods of 
loafing for S ewes ~8s greater (P=O.Ol) in winter; equivalent in 
spring, and less (PO.01) in summer than for N ewes. Daily travel 
time did not differ between S and N ewes during the winter; 
however, S ewes traveled more (P=O.O2) in spring and less (P=O.Ol) 
in summer than N ewes. Supplemented ewes tended (eO.06) to 
weigh less after the winter breeding season, and weaned similar, 
but slightly heavier, iambs (PO.14) than N ewes. There were no 
differences (B-0.22) in ewe live weights during the remainder of 
the study. Mean fleece weights were not different (PO.52) between 
S and N ewes. Supplemental feeding of range ewes, under the 
conditions of this study, did not appear to improve overall produc- 
tion by S ewes. Slower weight gains for S ewes during breeding may 
have resulted from reduced grazing time noted for this period. 

Key Words: rnnge ewes, iambs, supplementation, activities 

Behavior is the animal’s response to its total environment. 
Therefore, management can alter behavior by altering the envi- 
ronment of a grazing animal. One alteration tactic is supplemental 
feeding. For example, protein supplementation can improve crude 
protein digestion (Coleman and Wyatt 1982) and increase forage 
intake (Cook and Harris 1968, Leibhoiz and Keiiaway 1984). 
Whereas energy supplementation can reduce forage intake (Clan- 
ton et al. 1971). Effects of supplemental feeding on grazing time 
also may be influenced by social interactions within the herd 
(Holder 1962). Hence, supplemental feeding may effect behavioral 
as well as nutritional characteristics. The present study was con- 
ducted to determine the effects of a supplemental feed on grazing 
behavior of range sheep. 

Methods 
Study Area 

Trials were conducted at the Fort Stanton Experimental Ranch, 
which is located at an elevation between 1,950 and 2,250 m in the 
foothills between Sierra Bianca and the Capitan Mountains of 
southcentral New Mexico. Long-term (80 years) mean annual 
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ambient air temperature is I 1.1’ C, with a minimum of -6.7O C in 
January and a maximum of 28.8’ C in July (Pieper et al. 1978). The 
IO-year (mean) annual precipitation is 347.8 mm (U.S. Weather 
Bureau 1970), with about 60% of the precipitation falling between 
June and September. The major forage species at Fort Stanton is 
blue grama (BouteIouu gmcilis [H.B.K.] Lag), which is either the 
dominant or co-dominant species on ail sites. Other important 
grasses are woiftail (Lycunrs phleoides H.B.K.), sideoats grama 
(Bouteloua curtipendula [Michx.] Torr.), muhiy grasses (Muhlen- 
bergia spp.), and gaiieta (Hilariajamesii[Torr.] Benth.). Common 
forbs include carruth sagewort (Artemesia carruthii Carruth.) and 
globemallow (Sphaerulcea coccinea [Pursh.] Rydb.). Walking- 
stick cholla (Opuntiu imbricata [Haw.] D.C.) and winterfat (Cera- 
toides lanata [Penh.] Rog.) are scattered on many of the open 
areas (Pieper et al. 1978). 

The study area was a 140-ha pasture divided into 2 equal 70-ha 
pastures, enclosed by a seven-wire electric fence. Before collection 
of behavioral data, the study area was mapped and 3 major vegeta- 
tion/ topographic sectors were defined. These sectors included a 
south aspect open grassland, pinyon-juniper (Juniperus spp.; 
Pinur adalis Eng. elm.) dominated upland, and a north aspect open 
grassland. 

Feed bunks for the supplement (S) ewes were placed in the corral 
located on the division fence between the 2 pastures in the north 
aspect grassland. The 2 pastures were very similar in quantity of 
area defined as 1 of the 3 vegetation/ topographic sectors. Analysis 
of plant frequency data, obtained before collection of behavioral 
data, and subsequent herbage availability data, collected during 
the spring and summer, indicated that the pastures were very 
similar in plant composition and availability (Hatfield 1985). By 
placing S and nonsupplemented (N) ewes in separate pastures, 
treatment and pasture were confounded. However, by separating S 
and N ewes, the effect of supplemental feeding on grazing, loafing, 
and traveling times would be more distinct, rather than becoming 
over-whelmed by the gregarious grazing behavior of sheep. 

Treatments and Data Collection 
Behavioral data were collected in 1983 and 1984 by recording 

activities of 4 marked ewes in each of the 2 treatment groups 
containing 16 ewes. Activities were evaluated during 3 seasons, 
beginning with winter breeding (9 December to 4 January), foi- 
lowed by spring lambing (16 May to 24 June), and ending with 
summer lactation (18 July to 3 August). During winter and s_pring, 
S ewes were group fed in the morning 200 g l head-’ l d of a 
pelleted supplement containing 23% crude protein (CP) and 3.41 
meal/ kg digestible energy. The supplement consisted of 40% corn, 
32%cottonseed meal, 1% soybean meal, 9% alfalfa, 5% molasses, 
3% dicalcium phosphate, and I % trace mineral salt. Supplemented 
ewes were not driven to the corral area where the supplement was 
fed. The supplement was placed in the bunk either the preceding 
night or before sunrise. Hence, supplemented ewes traveled to the 
corral area and consumed the supplement at their leisure. 

Four ewes were selected randomly from each treatment group 
and branded individually with different colors of paint. Simui- 
taneous observation of activities were recorded by 1 observer for 
each treatment group. Periodic night observations, and observa- 
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Table 1. Time (min) spenl by ~ppkmented (S) and non-suppkmented (N) ewes grazing, loafing, and travel& dm winter, spring, and summer. 

Activity 

Grazing 
Morning 
Afternoon 
Total 

S 

101 
141 
242 

Season 
Winter Spring Summer 

N SE P Value’ S N SE PVahle s N SE P Value 

160 0.4 0.01 171 186 7.0 0.23 183 164 11.6 0.35 
149 1.2 0.02 218 1% 10.2 0.23 235 120 1.8 0.01 

309 1.1 0.01 389 382 16.0 0.77 418 284 10.0 0.01 

Loafing 
Morning 188 131 1.2 0.01 162 156 7.9 0.60 199 197 2.4 0.61 
Afternoon 183 173 1.1 0.01 178 210 9.7 0.10 276 323 10.3 0.01 
Total 371 304 2.1 0.02 340 366 16.4 0.34 475 570 8.4 0.01 

Traveling 
Morning 44 41 0.8 0.10 26 21 1.9 0.15 11 21 0.9 0.01 
Afternoon 16 19 0.7 0.08 22 4 1.9 0.01 3 3 0.7 0.66 
Total 60 60 1.4 0.89 48 25 3.7 0.02 14 24 1.3 0.01 

HP value for hypothesis of no difference between treatment means. 

tions of the location of sheep in the morning following the previous 
evening observations, supported conclusions of Rogers (1980) and 
Squires (198 1) that sheep exhibit minimal grazing activity between 
sunset and sunrise, thereby supporting our observations for graz- 
ing activity only during daylight. 

Observations started 0.5 hour before sunrise and continued until 
0.5 hour after sunset. Observed behaviors were recorded every 10 
minutes. This frequency was based on Nelson and Furr’s (1966) 
findings that observations at IS-min intervals or longer failed to 
give reliable estimates of animal activities. 

During winter breeding, there were 6, two-day periods of obser- 
vations: 9-10 December, 14-15 December, 20-21 December, 
26-27 December, 30-31 December, and 3-4 January. During 
spring lambing, there were 3 periods of observations: 1618 May, 
1-5 June, and 21-24 June. During summer lactation, when the S 
ewes were no longer supplemented because of higher forage avail- 
ability and lower nutritional demands by the ewes, there were only 
7 days of behavioral observations: 18-21 July and l-3 August. 

morning, afternoon, and on a daily basis than for N ewes during 
winter breeding (Table 1). Although N ewes grazed slightly more in 
the morning than afternoon (160 and 149 min, respectively), S ewes 
had a definite preference for afternoon grazing (141 min) com- 
pared with morning grazing (101 min). No differences (-0.23) 
between S and N ewes were noted for mean daily, morning or 
afternoon grazing times during the spring (Table 1). Supplemented 
ewes continued to show a preference for afternoon vs morning 
grazing (218 and 171 min, respectively), while N ewes grazed 
slightly more in the afternoon than the morning (186 and 196 min, 
respectively). 

Supplement was not fed to ewes during summer lactation. Daily 
mean grazing time for S ewes was 134 min greater (P=O.Ol) than for 
N ewes during summer lactation (Table 1). Further, supplemented 
ewes grazed 115 min longer (P=O.Ol) than N ewes during the 
afternoon. Morning grazing time of S and N ewes did not differ 
(P=O.35) during summer lactation (Table 1). 

LoafLng 
Data Analysis 

Behavioral data collected included grazing, loafing, and travel- 
ing times analyzed as morning, afternoon, and day events. Grazing 
was defined as the amount of time involved in selection of herbage, 
its prehension, mastication, and swallowing. Loafing included idle 
and rumination time. Travel was defined as motion without 
grazing. 

Supplemented ewes loafed more than they grazed, and loafed 
more (P<O.O2) than N ewes (morning, afternoon, and daily) dur- 
ing the winter (Table 1). Observations during winter breeding 
indicate that S ewes interrupted their morning grazing period to 
consume supplement, and loafed immediately thereafter. 

Effects of supplemental feed were tested within each period by 
analysis of variance, using marked animals within pasture as the 
error term. &cause pasture could not be replicated, ewes were 
considered the experimental unit, althrough it is recognized that 
sheep react more as a group than as individuals. 

During spring, there was no difference (PX. 10) in loafing time 
between S and N ewes (Table 1). However, mean daily and after- 
noon loafing time of S ewes was less (P=O.O 1) than that of N ewes 
during the summer. 

Traveling 

Ewe bodyweights, lamb weaning weights, and fleece weights also 
were recorded. Ewe bodyweights were taken at the beginnii of 
breeding (11 November 1983), end of breeding (6 January 1984), 
beginning of lambing (12 April 1984), end of lambing (3 June 
1984), and lamb weaning (14 August 1984). Sheep were weighed 
after an overnight shrink without feed or water. Lambs were 
weighed at weaning (4 August 1984), and ewe fleece weights were 
taken at shearing ( 12 April 1984). All weights were compared using 
analysis of variance techniques (SAS 1985). 

Because of the small pastures used in our study, S and N ewes 
usually incorporated movement to water and feed bunks with 
grazing. During winter breeding (Table l), both S and N ewes 
traveled an average of 60 min daily. 

During the spring, mean daily travel time (48 min) for S ewes was 
greater (P=O.O2) than for N ewes (25 min; Table 1). There was no 
difference (p=O. 15) between S and N ewes for mean morning travel 
time; however, S ewes had a mean afternoon travel time of 22 min, 
which was greater (eO.01) than for N ewes (4 min). 

Results 
G=@f 

Mean grazing time @in) for S ewes was less (<0.02) in the 

During summer lactation, mean daily travel time of N ewes (24 
min) and mean morning travel time (21 min) were greater (P=O.Ol) 
than mean daily and morning travel times of 14 and 11 min, 
respectively, for S ewes. Roth S and N ewes traveled a mean of 3 
min in the afternoon during summer lactation. 
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Aniial Performaoce 
Supplemented ewes tended (P=O.O6) to weigh less at the end of 

the breeding season, and wean similar, but slightly heavier lambs 
(P=O. 14) than N ewes (Table 2). There were no differences 
(130.22) in ewe live weights during the remainder of the study. 
Mean fleece weights were not different (P=O.52) between S and N 
ewes. 

Table 2. Bodyweight 01 ena and hrnbn and fleece weigbta (kg/head) for 
selected dates throughout the tidy. 

Ewe Weights 
Animal- Supple- Non-Sup- 
activity (Date) mented plemented SE P value’ 

Ewes 
Breeding 

Beginning (1 l-l l-83) 49.9 ’ 51.8 1.12 0.22 
End (01%-84) 51.8 54.9 1.21 0.06 

Lambing 
Beginning (04-I 2-84) 59.4 57.2 1.27 0.22 
End (06-03-84) 60.1 58.2 1.55 0.39 

Weaning 
End of (08-M-84) 55.5 55.7 1.67 0.92 
study 

Lambs 
weaning (08-M-84) 

Fleece 

30.2 28.1 1.07 0.14 

(04-12-84) 6.6 6.8 0.18 

‘P value for hypothesis of no diermce between treatment tncans. 

0.52 

Discussion 

Cook and Harris (1968), Rittenhouse et al. (1970), Clanton et al. 
(197 I), and Huston (1983) concluded that high energy supplements 
decreased forage intake. Assuming grazing time was indicative of 
forage intake, results from winter observations confirm these find- 
ings. In addition, N ewes gained more weight in thii period than S 
ewes, indicating that any advantage from supplemental feeding 
was diminished by reduced grazing time. 

Supplemented ewes grazed about the same amount of time as 
did N ewes during the spring, which is not consistent with the 
theory that energy supplements reduce forage intake. In addition, 
S ewes spent more time traveling than N ewes during the spring. 
Travel may have been directed to vegetation site selection, result- 
ing in a higher quality diet for S ewes during the spring. In a 
companion study (Hatfield 1985), esophageally f=tulated ewes 
that received supplement selected a diet greater in crude protein 
(CP) and available nitrogen (AN) during this period than nonsup- 
plemented esophageally fistulated ewes. The greater contents of 
CP and AN in diets of supplemented esophageally fstulated ewes 
during lambing might have had a positive effect on forage intake, 
thereby overriding possible negative effects of energy supplements. 
Research conducted by Elliott (1967) tends to support such a 
theory, in that intake of hay containing 3.4% CP increased when 
digestible protein was increased from 1.3 g/kg.” to 2.6 g/kg.” of 
bodyweight. 

Although S ewes grazed more than N ewes during summer 
lactation, S ewes grazed only 29 min more than they grazed during 
the spring, while N ewes grazed 98 min less during the summer 
compared with their mean grazing time in the spring. Increased 
grazing time by S ewes was possibly a compensatory activity to 
offset the absence of supplement. Neither the increase in S nor the 
decrease in N mean grazing time appeared to influence ewe body- 
weights (Table 2). 

Both groups of ewes followed a bimodal activity routine similar 
to that shown by Rogers (1980) and Squires (198 1). During winter, 
spring, and summer, the major midday loafing period was pre- 
ceded by early morning grazing and followed by late afternoon 
grazing. Midday loafing was longer during spring and summer 
than winter because of day length and greater ambient air tempera- 
ture. Bowns (1971) indicated that gut fill was perhaps the most 
important factor controlling the relation of loafing to grazing time. 
However, S ewes typically began their morning loafing imme- 
diately after consuming the supplement; thus gut fill may not have 
been a primary factor influencing the relation of loafing to grazing 
time. Possibly, short-term chemostatic regulatory factors caused 
by ingesting a high energy feed caused a suspension of forage 
intake. 

Literature Cited 

Bowns, J.E. 1971. Behavior under unherded conditions on mountain 
summer ranges. J. Range Manage. 24105109. 

Clanton, D.C., R.L. Hildebrand, and L.E. Jones. 1971. Supplements for 
yearling cattle on summer range, p. 7-9. In: Nebraska Beef Cattle. Rep. 
EC71-218. 

Coleman, S.W., and R.D. Wyatt. 1982. Cottonseed meal or small grain 
forages as protein supplements fed at different intervals. J. Anim. Sci. 
55:1 I-17. 

Cook, C.W., and L.E. Harris. 1968. Effects of supplementation on intake 
and digestibility of range forage. Utah Agr. Exp. Sta. Bull. 475. 

EllIott, R.C. 1967. Voluntary intake of low-protein diets by ruminants. 1. 
Intake of food by cattle. J. Agr. Sci. (Camb.) 59:375-380. 

Hatfield, P.G. 1985. Influence of supplementation on sheep grazing behav- 
ior and diet selection. MS Thesis. New Mexico State Univ., Las Cruces. 

Holder, J.M. 1962. Supplementary feeding of grazing sheep-its effect on 
pasture intake, p. 154-159. In: Proc. Aust. Sot. Anim. Prod. 4. 

Huston, J.E. 1983. Production of tine-wool ewes on yearlong rangeland in 
West Texas. I. Effects of season, stage of production and supplemental 
feed on intake. J. Anim. Sci. 561269-1276. 

Leibhotr, J., and R.C. KeBaway. 1984. The utilization of lowquality 
roughages. I. The role of nitrogen and energy supplements. Australian 
Meat Res. Comm. Rev. 48. 

Nelson, A.B., and R.D. Furr. 1966. Interval of observation of grazing 
habits of range beef cows. J. Range Manage. 1926-29. 

Pleper, R.D., G.B. Donart, E. Parker, and J.D. Wallace. 1978. Livestock 
and vegetational response to continuous and 4-pasture. l-herd grazing 
systems in New Mexico, p. 560-564. In: Proc. 1st Int. Kangeland Congr. 
(ed. D.N. Hyder). Sot. Range Manage. Denver, Colo. 

Rittenhouse, L.R., D.C. Clnnton, and C.L. Stneter. 1970. Intake and 
digestibility of winter-range forage by cattle with and without supple- 
ments. J. Anim. Sci. 31:1215-1221. 

Rogers, J.D. 1988. Activities of domestic sheep on central Utah ranges. 
Ph.D. Diss. Utah State Univ., Logan. 

SAS lnatitute. 1985. SAS user’s guide: Statistics, Version 5 ed. SAS Insti- 
tute Inc., Cary, N.C. 

Squires, V.R. 19111. Livestock Management in the arid zone. Inkata Press, 
Melbourne, Australia. 

U.S. Weather Bureau. 1970.19561969 Climatological data, New Mexico 
section. Summaries and annual reports, Albuquerque, New Mexico. 

JOURNAL OF RANGE MANAGEMENT 43(5). September 1990 359 



Timahdit sheep production and behavior at three stocking 
rates in the Moyen Atlas of Morocco 
A. EL AICH, L.R. RITTENHOUSE, S. EL KHAMKHAMI, AND T. AIT MHAND 

Abstract 

Liveweight (LW) changes and behavior of growing rams were 
measured in 1981,1982,1985, and 1986 at the Timahdit Experi- 
ment Station in the Middle Atlas, Morocco, at stocking rates of 
2.78,4.17, and 6.67 rams/ha during the growing season. Maximum 
animai production would have occurred at a stocking rate greater 
than any imposed in the study in all years except 1982. Increased 
variable costs should drive stocking rates down while increased 
selhng price would provide an incentive to increase stocking rates. 
Mean grazing time of animals stocked at tight, moderate, and 
heavy rntes was 410,436, and 504minutes/day, respectively. Mean 
resting time was 206, 174, and 106 minutes/day, respectively. 
Rams under light, moderate, and heavy stocking rates walked 2.1, 
2.4, and 3.1 km/day, respectively. Diet IVDMD was highest early 
in the grazing season and lowest in the nongrowing season, and was 
not affected by stocking rates. Early in the spring, diet diversity was 
low, increased during active growth, and then deciined as the 
season advanced. Selectivity was lowest when forage was abund- 
ant. Dry matter intake varied with season in 1985 but not 1986. 
There was less opportmdty to be adaptive under heavy than under 
iight stocking, resuiting in a stocking rate by season interaction in 
1986. Under heavy stocking, forage intake (G/kg LW/min) was 61 
and 83% of intake under light and moderate stocking, respectively, 
and forage intake per km walked was 71 and &I%, respectively. 

Key Words: economics 

Indigenous tribes of different factions and subfactions use Mor- 
occan rangelands in the Moyen (Middle) Atlas for spring, summer, 
and fall grazing and depend on forage from this region to balance 
year-long forage supplies. Animals are still a place to store wealth 
as a liquid asset. As a result, animals are not necessarily sold when 
selling price is high. Animals are bartered at the souk (market 
place) to purchase supplies. A myriad of factors drive stocking 
decisions in the Middle Atlas. Until recently the cost of producing 
meat in the Middle Atlas was very low. Livestock production in the 
Middle Atlas is moving toward a market economy. Optimal pro- 
duction of meat and fiber for market should be a concern. 

Although records are lacking, production of rangeland forage 
and animals in the Middle Atlas Region of Morocco is probably 
far below potential. As an example, forage production inside the 
Timahdit Experiment Station has far exceeded that outside the 
Station since 1977 (El Aich et al. 1981). Many factors contribute to 
the present status of the marginal lands (rangelands). High animal 
density and frequency of use over extended periods of time are 
major causes of low rangeland productivity. 

The relationship between animal performance and stocking rate 
is accepted by present day range managers (Hart 1978) and has 
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been known since antiquity (Gudmondsson 1986). Since the early 
works of Harlan (1958) and Petersen et al. (1965), animal perfor- 
mance has been explained as a function of stocking rate. The 
relationship integrates plant and animal factors expressed as 
animal response over a specified period of time. 

We wanted to know what levels of production could be expected 
from different stocking rates during the growing season and how 
young rams changed behavior to cope with diminishing forage 
resources. The specific objectives of this study were: (1) to measure 
sheep performance under 3 stocking rates, (2) to analyze the effect 
of costs and selling prices on optimal stocking decisions, and (3) to 
study sheep behavior in response to grazing pressure. 

Methods and Materials 

Study Area 
Studies were conducted at the Timahdit Experiment Station 

located I8 km southeast of Azrou and 12 km northwest of Timah- 
dit in the Middle Atlas Physiographic Province of Morocco (33O 
3O’N and 5” IO’W). Elevation is about 1,900 m above sea level. 
Meteorological data from the Ain Kahla weather station (13 km 
SW of the Timahdit Station and at the same elevation) approxi- 
mates the conditions at the Timahdit Station. Average annual 
precipitation at Ain Kahla is 800 mm. Most precipitation occurs 
between December and May. Precipitation from December through 
March comes mostly as snow. Winters are cold with January mean 
minimum and mean maximum air temperatures of -2.5” C and 
9.8O C, respectively. The hottest month is August with a mean 
minimum and mean maximum air temperature of l3.6O C and 3 lo 
C, respectively. 

The landscape of the Timahdit Station is rolling and originated 
from Jurassic terrain covered by Quatemary bands of basalt. The 
tall shrubs (0.25 to 0.75 m) Adenocarpus boudry Batt & Maire and 
Genista pseudopilosa Coss. and the low shrubs (0.10 to 0.25 m) 
Helianthemum croceum (Desf.) Pers. and Thymw algeriensis B. & 
R. dominate the Region. Herbaceous associations include grasses, 
such as, Poa bulbosa L., Koeleria splendens C. Presl., Festuca 
rubra L., F. ovina L., Phleum phleoides (L.) Karsten, Dactyhs 
glomerata L., Stipa Zagascae Roem & Schult, Bromus tectorum L. 
and Carex divisea Huds.; and forbs such as, Alyssum montanum 
L., Ranunculus orientalis L. and Vicia lathyroides L. By chance, 
the amount of browse on the study area is less than that on the 
remainder of the Station or in the Region. 

Handling of Anhnals 
Growing rams approximately 12 months of age were allotted at 

random to the 6 paddocks. Initial liveweight was 25-30 kg. Rams 
grazed the pastures from about 0700 until about 1800 hr daily. 
Rams were penned and housed at night, at which time they were 
given water. Paddocks are approximately I km from pens. 

Experimental Design 
The 3 stocking treatments were each replicated once within a 

randomized block design. Five rams were randomly assigned to 
each of the 3 paddocks in each of 2 blocks. Data wefe analyzed as a 
3 X 2 X P factorial, i.e., 3 stocking rates, 2 blocks and (P) months. 
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Fig. 1. Liveweight cbaoge 01 yearling rama throughout the 1981,1982, and 1986 grazing neuon at the Thubdit Station, Morocco, under U&t, moderate, 
8d kavy stocking r&s. 

Years were analyzed separately and mean separations were 
accomplished with Student-Newman-Keul’ multiple range test. 

Differences in stocking rate were accomplished by varying pad- 
dock size, i.e., 1.80 ha for light, l.2 hafor moderate, and 0.75’ha for 
heavy. Three yearling rams had been placed in each paddock, 
1977-1980. Five rams were placed in each paddock during our 
study, resulting in stocking rates of 2.78 (light), 4.17 (moderate), 
and 6.67 (heavy) rams/ ha. 

Response variables included: (1) liveweight change, (2) graxing 
and resting time, (3) qualitative ingestion, including diet diversity 
and selectivity and in vitro dry matter disappearance (IVDMD), 

and (4) quantitative ingestion expressed as grams/ram/ kg live- 
weight (LW)/day. 

Sheep Production Measurements and Analyses 
The dependant variable, cumulative liveweight change per ha 

(GPH), was calculated as the product of gain/animal and animals/ 
ha. Analyses of the effect of stocking rate on ram production were 
based on the average of the last 2 weigh dates that represented the 
maximum yield/ha from the heavy stocking rate (Fig. 1). The 
empirical-quadratic fit of animal/ ha vs GPH had a positive con- 
stant, a biological impossibility. Therefore, the quadratic was 
forced through zero. The assumption was that stage I of the tradi- 

JOURNAL OF RANGE MANAGEMENT 43(s), September 1990 391 



tional production function (Workman 1986) was absent or not 
important. The assumption is reasonable since only data for the 
active growing season were included. This is consistent with the 
model of Hart (1978). The authors recognize the statistical limita- 
tions of fitting the quadratic to 3 data points (even if forced 
through zero). 

Estimates of stocking rate that maximized net return at the end 
of the active growing season were determined for the years 1981, 
1982, and 1986. Since actual costs and returns were not available, 
we evaluated the potential effect of changes in marginal costs (the 
cost of adding 1 more ram/ha) and selling price on net return at 
different stocking rates. The value of the marginal product (VMP) 
was the product of the marginal physical product (the increase in 
gain/ ha from adding 1 more ram) and selling price, DH/ kg. Fixed 
costs were not included, because changes in fixed costs influence 
only the level of return and not optimal stocking levels (Workman 
1986). Marginal costs were set at 0, 40, and 80 DH/ha (the 
exchange rate in 1986 was about 9.00 DH/ US dollar). The value of 
sheep was set at 5,10, or 20 DH/ kg liveweight. To simplify calcula- 
tions, we assumed animals of different liveweights (i.e., from dif- 
ferent stocking rates) had the same value/kg. Most animals are 
sold by the head. In reality, sale price takes into consideration age, 
sex, size, and body condition. The above costs and selling prices 
were only intended to cover the range of potential costs and selling 
prices. 

Behavior Measurements and Analyses 
Various measurements have been taken since 1981 to provide 

evidence of adaptive behavior of Timahdit sheep. Unfortunately, it 
was not possible to take all measurements in all years. Neverthe- 
less, the system has been monitored nearly continuously since the 
grazing study was established. 

Grazing and Resting lITme 
Total time in paddocks was partitioned between grazing and 

resting by continuous observation during the day. Observations 
included 7 or 8 consecutive days’observation on 3 focal animals in 
each paddock approximately monthly during 1985 and 1986. 
Animals were penned and housed each night. Animals were moved 
to the paddocks from the pens as a group. 

Distance Walked 
Three animals in each paddock were fitted with digital pedome- 

ters in 1985 and 1986 and distance walked was recorded over 7 or 8 
consecutive days each month. Pedometers were calibrated at the 
beginning of each trial. Recordings were corrected for distance to 
and from pens. Distance was expressed as km/day. 

Ingestion 
Diet Selectivity and Diversity 

Extrusa was collected from 3 esophageally fistulated rams in 
each replicate for 4 consecutive days during each sampling period. 
Botanical composition of extrusa collected at 198 1 and 1982 served 
as the basis for calculation of diet diversity and selectivity. Diet 
diversity was described as the inverse of the Simpson diversity 
index (Simpson 1949). Selectivity of diets was calculated from the 
method of Horn (1966). 

In Vitro Dry Matter Digestibility of the Diet 

Simulated diets were cornposited from hand-plucked material 
similar to that ingested by the animal based on bite count informa- 
tion in 1985 and 1986. In vitro dry matter disappearance (Tilley 
and Terry 1963) was determined on the simulated diet. 

Quantktive Ingestion 

Total voluntary intake of dry matter was determined using the 
fecal excretion/ indigestibility ratio technique. Excretion was mea- 

sured using total collection bags. Digestibility was estimated from 
simulated diets using IVDMD. Quantitative intake was deter- 
mined in 1985 and 1986 and included different segments of the 
grazing season. 

Ratios of ingestion to grazing time (g/ kg LW/ min) and distance 
walked (g/kg LW/ km) were calculated. These ratios were used as 
an index of the efficiency with which animals were able to ingest 
food. 

Results and Discussion 

Sheep Performance end Economic Optima 
In all years animals gained weight during the active growing 

season, but performance declined rapidly as the grazing season 
progressed. The mean date when animals started to lose weight was 
negatively related to stocking rate (&SD), i.e., July 10 f 17, July 7 
f 10, and June 26 f 16 days for light, moderate, and heavy, 
respectively. Animals in heavily stocked paddocks lost more 
(P<O.O5) weight than animals in lightly stocked paddocks (Fig. 1). 
The amount of accumulated weight/ ha was less (PCO.05) from 
heavily than from moderately or lightly stocked pastures after 
about September. After that date, progressively less cumulative 
liveweight gain remained on the moderately and heavily stocked 
paddocks. Forage availability decreased following cessation of 
growth (Oumekloul 1980, Chergaoui 1981, Chryaa 1982 and Ait 
Mhand 1987). 

Calculated maximum liveweight gain/ ha was some point beyond 
the highest stocking rate imposed in all years, except 1982. The 
stocking rate to give maximum liveweight gain/ ha was calculated 
from the first derivative (b1/2bs) of the quadratic set to zero. This is 
represented graphically in Figure 2 by the number of rams/ ha at 
which the cost lines converge to the zero-animal value line. Chacon 
and Stobbs (1976) and others have shown that biting rate increases, 
bite size decreases, grazing time increases and resting/ rumination 
time decreases as resources become limiting. As long as the net 
effect of adaptive behavior can provide adequate nutrition, some 
positive response from animals is expected. Liveweight gain/ ha 
changes little with changes in stocking rate near the optimal biolog- 
ical stocking rate. The ecological significance is that livestock 
numbers could have been reduced by 24,22, and 22% in 198 1,1982, 
and 1986, respectively, while reducing biological production only 
5%. 

The stocking rate that gives maximum net return is always less 
than the stocking rate that gives maximum biological output (Fig. 
2), because marginal return decreases with each animal added. 
Optimal stocking rate for different costs and selling prices is the 
intersection of cost and value lines. 

An increase in variable costs shifts optimal stocking rate to a 
lower level (Fig. 2). Higher livestock prices encourage heavier 
stocking. It is not intuitively obvious that a decrease in stocking 
levels would optimize net return, probably because it is more 
obvious that reductions in animal numbers reduce total gross 
return. 

Anhnal Behavior 
Grazing and Resting Time 

Grazing and resting time were affected (KO.05) by stocking 
rates (Table 1). In 1985 average grazing time of animals stocked at 
light, moderate, and heavy rates was 403,430, and 477 minutes/ 
day, respectively (Table 1). Concurrently, resting time declined 
(P<O.O5), i.e., 195, 163, and 105 minutes/day, respectively. In 
1986, grazing time (resting time) averaged 417 (228), 442 (197), and 
53 1 (110) minutes/ day for the respective stocking rates (P<O.O5). 
Total grazing time ranged from 523 minutes in July 1985 to 345 
minutes in December 1985. Grazing times were comparable to 
those reported by Arnold and Dudzinski (1978) and El Aich 
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Fig. 2. The effect of 3 Icv& of the margbd cost (MC)of adding 1 more ram (0,40, or 80 DH, solid lines) and the value of tbe marginsI product (VMP) at 3 
selling prices ($10, or 20 DH/ kg; broken lines) on stocking d=isions. Intersection of a VMP and an MC line occurs at the optid economic stocking 
rate for that cost-selling price combination. Some values were extrapolnted beyond tke range of stocking rates imposed (2.78 to 6.67 rams/ha). 
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Table 1. Mean grazing and rest@ time (min) of sheep during selected 
months in 1985 and 19116. 

1985 1986 
Grazing Resting Grazing Resting 

category time time time time 

May 420 a 144a 
June 465c 139b 
July 524d 202 c 507b 213 b 
August 458 c 210 c 
September 436 c 161 b 
November 392 b 89a 
December 345 a 76 a 

Stocking rates 
Light 403a 184C 417 a 228b 
Moderate 430 b 151 b 422 a 197 b 
Heavy 477 c 103 a 531 b 1lOa 

MKei5within a category and year followed by the same letter an not different at 
. . 

(1986). Resting time was also highest in July-August and lowest in 
November-December. Most rumination probably occurred at 
night and did not compete with grazing time. Rumination, as well 
as other activities, were included in resting time. Resting in our 
study tended to be lower than that reported by Arnold and Dud- 
zinski (1978) or Squires (1981). Grazing and resting times were 
recorded only during daylight, because animals were penned at 
night. This experimental protocol limited any possibility of night- 
time grazing. 

Distance Walked 
Sheep walked an average of 2.55 km/day in 1985 and 1986. 

There were no differences (p>o. 10) among seasons in the distance 
walked, probably because of the small paddock size. Rams under 
light, moderate, and heavy stocking rates walked 2.1,2.4, and 3.1 
km/day (KO.05). Response was the same across all seasons 
(p>O.lO). Distances recorded in this study were about one-half of 
those recorded by other authors in larger sized pastures (Arnold 
and Dudzinski 1978, Squires 198 1, El Aich and Rittenhouse 1988). 

Ingestion 
Qualitative 

Early in the spring diet diversity was low; it increased during the 
active growth phase and then declined as the season advanced 
(Table 2). The more abundant and the higher the quality of the 

Table 2. Diversity of sheep diets and selectivity of sheep in 1981 and 1982 
under 3 levels of stockhg tbrougkout the grazing season at the Timahdit 
Station, Morocco. Diversity and selectivity were based on percentage 
grass, grasslikes, f&s, 8nd ShNbS. 

Year/ 
Month 

Stocking rate 
Light Moderate Heavy Light Moderate Heavy 

1981 
June 
July 
August 
October 
November 

1982 
April 
May 

Diversity Selectivity 

4.03 3.46 3.30 .% .76 .58 
3.72 3.94 4.07 .53 .68 .63 
2.62 2.54 2.46 .68 .85 .59 
3.21 2.72 2.62 
3.20 2.81 3.70 .87 .88 .95 

1.98 2.09 2.25 .84 .89 .79 
2.58 2.23 2.04 .85 .85 .62 

resource, the more plant categories were included in the diet, i.e., 
diversity increased. Mean diet diversity over years tended to be 
lower with increased grazing pressure, i.e., 3.05, 2.82, and 2.92 
under light, moderate, and heavy stocking, respectively. Similar 
estimates of diversity were reported by El Aich (1986) and 
Schwartz and Ellis (1981). 

The effect of stocking rate on diet composition was reported by 
Chergaoui (198 1) and Chyraa (1982). In their studies grasses com- 
posed more than 50% of the diet at any time of the year. Differences 
in ingestion of grasses during the growing season among the 3 
treatments were usually small. Forbs increased in diets as they 
became available, but declined with advance in season (Chryaa 
1982). Percentage of forbs in the diet ranged from 25 to 5%. With 
advance in season, diets included more shrubs, regardless of graz- 
ing pressure (Chyraa 1982). Although the inclusion of more browse 
in the diet is well documented at the Timahdit Station (El Aich 
1979, Chyraa 1982), the reason for including browse in the diet is 
unclear. Timahdit sheep are mostly grazers and prefer the herbace- 
ous layer. Harkousse (1982) reported that animals did not change 
the ingestion of plant parts as grazing pressure increased (-0. lo), 
but leaves and inflorescences declined (P<O.OS) in the diet as the 
season progressed. 

Animals were most selective under heavy stocking rates during 
the summer (Table 2). This suggests that sheep in heavily stocked 
paddocks were able to compensate for changes in forage availabil- 
ity and maintain high quality diets. The ability to shift diet has 
potential adaptive significance. 

Although animals included different mixes of plants in their 
diets, diet quality was driven by season and availability. Other 
studies on this area have shown that as herbaceous plants approach 
maturity, quality declines rapidly. Harkousse (1982) found that 
between May and June 1981 crude protein declined 28% and in 
1982,1%. In 198 1 crude fiber (CF) increased by 35% between May 
and June. In 1982 CF increased 3490 but changes occurred earlier, 
i.e., sometime between March and May. This was reflected in 
cessation of ram growth and subsequent loss of liveweight (Fig. 1). 

Ram diets in the current study were highest in IVDMD in the 
early grazing season and lowest in the nongrowing season 

Table 3. Percent in vitro dry matter digestibility (IVDMD) of simulated 
sheep diets during 1985-86 at the Timahdit Station, Morocco. 

Category Digestibility (IVDMD) 

Months 
1985 
June 
July 
August 
September 
November 
December 

% 
56.92 c 
57.07 c 
49.18 b 
57.05 c 
53.08 c 
44.77 a 

1986 

May 
July 

Stocking rates 

1985 
Light 51.57 a 
Moderate 52.25 a 
Heavy 55.21 b 

1986 
Light 57.lOa 
Moderate 56.60 a 
Heavy 57.19 a 

Means followed by the same letter within the sane year do not differ at PX.05. 

58.15 b 
55.78 a 
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(P<O.OS) (Table 3). The IVDMD was affected (DO.05) by stock- 
ing rates in 1985, but not in 1986. Diet quality at any time is 
dependent on phenological stage of plant growth and environmen- 
tal growing conditions (Van Soest 1982). Animals have the oppor- 
tunity to include more browse in the diet with advance in season (El 
Aich et al. 1980) which enhances diet protein content (Harkousse 
1982), but the energy content of browse is low as reflected in 
IVDMD (Table 3). 

Quantitative 

In 1985, the interaction of season by stocking rates was signifi- 
cant (PCO.05) on daily ingestion expressed as g/kg LW/day. 
Sheep were able to ingest proportionately more dry matter under 
all conditions at the light than at other stocking rates. Animals had 
less opportunity to respond to varying conditions at the heavy 
stocking rate. Ingestion varied (KO.05) among months in 1986 
and averaged 37.6 and 27.4 g/kg LW/day for May and July, 
respectively. These findings are similar to Harkousse (1982) and El 
Aich (1986). The amount of herbaceous material on offer, espe- 
cially grasses, ultimately may limit intake. Ingestion is less con- 
strained on high than on low quality pastures. 

Table 4. Ingestion rate of sheep stocked at 3 rates during 1985 and 1986 at 
the Tbnahdit Station. Intake wascrpressed as g/kg iiveweight (LW)/day. 

Month 

1985 
June 
July 
August 
September 
November 
December 

1986 

Light Moderate Heavy 
_____________g/kgLW/day_ ______ ______ 

43.08 c 26.91 a 22.07 a 
31.08 ab 23.42 a 25.13 a 
22.92 a 2259 a 22.50 a 
41.70 bc 38.90 bc 35.60 abc 
24.90 a 25.07 a 28.41 a 
24.24 a 23.81 a 24.09 a 

May 
July 

37.52 a 39.03 a 36.23 a 
29.66 a 26.96 a 25.66 a 

Means within each year followed by the same letter are not different at KO.05. 

Indices of Optimal Use 
Dry matter ingested per minute of grazing time in 1985 varied 

(P<O.O5) with grazing pressure and averaged .079, .063, and .053 
g/kg LW/min of grazing time for light, moderate, and heavy 
stocking rates, respectively (Table 5). However, ingestion rate of 
rams in 1986 was similar (DO.05). 

Table 5. Ratio of ingestion of sheep at the Tbnahdit Station per kg iive- 
weight per day and grazing time (min) or distanee waiked (km). Animals 
were stoeked at 3 rates. Ratios were determined for 6 dates in 1985 and 2 
dates in 1986. 

Month Liaht 
Stocking rates 

Moderate Heavv 

In 1985, ingestion rate/kg LW/km walked (Table 5) under 
heavy stocking was 55% of the ingestion rate by sheep under light 
stocking. During spring of 1986, the magnitude of differences 
among stocking rates was similar and not significant (Table 5). 
Since grams ingestion/ meter walked declined linearly from light to 
heavy stocking rates, we assume the lightest stocking rate may also 
have limited rate of ingestion. 

Conclusion 

Ultimately, one must conclude that economics probably have 
little to do with stocking decisions in the Middle Atlas. In most 
years adding animals, at least up till early summer, resulted in a 
nearly additive increment of additional gain/ ha. However, by fall 
animal liveweight change becomes negative. The light stocking rate 
produced the most liveweight by late fall. The influence of stocking 
rate on yearling lamb performance may be greater than on that of 
nursing lambs, because nursing lambs would draw on the ewes’ 
reserves through her milk production. Another problem is that 
these rangelands are used from late February to late November. 
Therefore, stocking rates would need to be much lower to ensure 
available resources, regardless of quality. 

The impact of changes in variable cost and selling price had some 
influence on level of return, but differences were probably not large 
enough to influence stocking decisions. The only variable with 
management implications was the time during the growing season 
when animals started to lose weight and yield/ ha started to decline. 

The implication is that stocking decisions in this area of 
Morocco should be based more on sustainability of the resource 
(i.e., maintaining or improving the vegetation diversity and pro- 
ductivity and preventing soil erosion) than on animal yield or 
profitability. Where animals are grazed in common, many varia- 
bles other than economic factors determine the livestock operators 
response to risk. Not all variables and their impact are known. 

This study was based on growing rams. This presents a problem 
in extrapolation of the data to actual pastoralist activities in the 
region. Extension of this data must be done with caution, since the 
statistical model is a fixed model. These persons often own mixes 
of different kinds and classes of animals. In order to use these 
results for initial “best estimates” of optimal stocking the operator 
should compare such things as rangeland productivity, exchange 
ratios of animals of different classes or production states, efficiency 
of spatial use, herder motivation, etc. Suitable exchange ratios 
between growing rams and females producing singles or twins, 
growing ewes, or empty females have not been determined. Forero 
et al. (1989) showed that steers could be substituted for cow-calf 
pairs on a weight:weight basis. A similar ratio may apply to pro- 
ducing sheep. 

1985 
zLW/km 15.90 b il.59 ab 8.68 a 
g/kgLW/min 0.079 b 0.063 a 0.057 a 

1986 
g/kgLW/km 14.60 a 13.66 a 9.88 a 
g/ kgLW/min 0.085 a 0.075 a 0.060 a 

Means within each row and followed by the same letter do not differ at P<O.OS. 
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Utilization of linear prediction procedures to evaluate animal 
response to grazing systems 
J.A. WINDER AND R.F. BECK 

Abstract 

Best linear unbiased prediction (BLUP) procedures were used to 
separate genetic merit from environment8i effects on 205&y 
weight (205-d wt) of calves produced by cows grazing 2 pasture 
systems. Phenotypic measures of 205-d wt were statistically parti- 
tioned into genetic effects (breeding value) and environmental 
effects. Means were regressed on year of birth of c?lf. Analysis of 
covariance was used to test difference in slope and elevation 
(means) of the regression lines. The continuously grazed pasture 
(CC) produced higher 205-d wt than did the rotationally grazed 
pastures (RG) (P<.lO). Rate of change in 205-d wt was similar in 
the 2 grazing systems. Genetic merit was similar among the animals 
in the 2 grazing systems. The rate of change per year in genetic 
merit (genetic trend) was also similar. Means tended to vary 
sharply from year to year, indicating inequality of genetic merit 
should be taken into account in this type of data. Mean environ- 
mental effects resulted in greater (PC.10) 205-d weight in CG than 
in RG. Rate of change of environmental quality was similar in the 2 
systems. These results indicate, from the animals perspective, the 
RG system did not improve productivity when compared to CG. 
The CG system was of higher nutritional quality, but the rate of 
change was similar to that of the RG system. 

Key words: grazing systems, animal performance 
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Grazing systems are usually developed for range improvement. 
In general, increased livestock or wildlife production are not major 
reasons for implementation (Pieper 1980). Effects of grazing sys- 
tems on livestock performance are important considerations when 
economic feasibility of initiating a program is considered. The 
incentive to livestock producers to begin grazing management 
programs may result from potential increases, or at least a guaran- 
tee of maintenance, of animal performance while improving range 
quality. 

Cow-calf production systems are the major users of the range 
resource in many areas of the United States. Thus, it is appropriate 
to evaluate grazing systems in these areas using cow-calf pairs as 
the mechanism for forage removal. Use of cow-calf pairs, however, 
creates potential problems in interpretation of experimental data. 
Generally, cows are randomly or uniformly assigned to pasture 
systems. This generally occurs at the onset of study. In this case, the 
researcher must assume genetic potential is equally distributed 
across pasture systems. He must also assume average genetic merit 
and genetic variation do not diverge over time. Both of these 
assumptions are probably invalid. 

Mixed model prediction procedures have been developed to 
estimate the genetic merit of livestock. These procedures provide 
possible means to remove the biases caused by differences in 
genetic makeup of study animals. 

The best linear unbiased prediction (BLUP) procedures des- 
cribed by Quaas and Pollack (1980) provide a mechanism to separ- 
ate measurable phenotypic values of animals into 3 discrete causal 
categories. These are (1) the breeding value of the animal, (2) 
environmental effects, and (3) random error. The BLUP proce- 
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Fig. 1. Mean 205d w-t of Brangus heifer calvea by year of birth in continuously and rotationally grazed pastures. 

dures are most widely used to estimate the breeding values of 
individuals; the breeding value is the measure of an animal’s value 
as a genetic parent. This can be thought of as the genktic merit that 
can be passed from parent to offspring. The ability to separate and 
measure certain environmental effects also has tremendous value 
as a research tool. Environmental effects can be isolated by design- 
ing management groups or contemporary groups. These groups 
are usually designated on the basis of sex, year, and management 
group. In this particular study, pasture system (rotational or con- 
tinuous) was part of this contemporary group designation. This 
allowed measurement of the effects of these range management 
practices on the performance of grazing beef cattle. 

grazing treatment. This process should have assured adequate 
genetic connectedness between grazing treatment groups. Pre- 
weaning growth measurements were made on progeny produced in 
the 2 grazing systems from 1972 through 1988. Weaning weights 
were adjusted to 205 days of age, in accordance with Beef 
Improvement Federation (1986) guidelines. 

Study Area 

The objectives of this study were (1) to evaluate potential basis in 
animal response data from grazing system reseach caused by dif- 
ferent genetic potentials across treatment groups, and (2) to evalu- 
ate a mechanism for eliminating the potential bias. 

The area is semidesert with an annual precipitation of approxi- 
mately 225 mm. Common perennial grasses on these pastures are 
black grama (Bouleloua eriopoda), dropseeds (Sporoboh spp.), 
and three-awns (Aristida spp.). There are many other perennial 
and annual grasses on the pastures. Mesquite (Prosopb glandu- 
losa) is the most common shrub. 

Materials and Methods 

Experimental Animals 
The cattle involved in this study were purebred Brangus at the 

College Ranch operated by the New Mexico Agricultural Experi- 
ment Station. These data are based on measurement of preweaning 
growth of heifer progeny produced by cows grazing 2 pasture 
systems. Data on male calves are excluded during the study period 
because some males were castrated. 

Stocking rates in the 2 pasture systems were maintained at 
similar levels throughout the study period. Average stocking rate 
was approximately .02 AUY per ha. The continuously grazed (CG) 
pasture was stocked without interruption from 1972 through 1988. 
Rotation of grazing in the RG system was based upon seasonal 
suitability, i.e., cattle were rotated to pastures on the basis of forage 
availability and season of the year. 

Analyses 

Two potential problems existed in the male calf data. First, all 
males were castrated in the early years of the study, but in the latter 
years, all males were left intact. Thus, neither intact male data nor 
castrate data spanned the entire study period. Second, if male data 
were pooled, the assumption would be that intact and castrated 
males respond equally to their environment. This assumption is 
probably flawed. In 1972, a Brangus herd was randomly assigned 
to 2 pasture management systems. One was a continuously grazed 
pasture (CG), the other was a system of 3 rotationally grazed 
pastures (RG). All replacement heifers were selected from within 
the overall herd. The heifers were then randomly assigned to 

Adjusted 205-d weaning weights (205-d wt) were analyzed using 
the best linear unbiased prediction (BLUP) procedures in a single 
trait reduced animal model (RAM). These procedures were 
initially discussed by Henderson (1949) and have evolved with 
computer capability. Henderson and Quaas (1976) and Quaas and 
Pollock (1980) have described multiple trait models designed for 
the purpose of estimating genetic merit of livestock. The single trait 
model used in this study estimates genetic and environmental 
effects of each trait independently. This differs from a multiple trait 
model which utilizes relationships among traits as an additional 
means of predicting genetic values. The model for calculation is 
listed below in a matrix notation. 
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Y = XB+ZU+e 
Where: Y = Vector of phenotypic performance records. 

B q  Vector of fixed effects. 
X = Known incidence matrix relating performance re- 

cords to fixed effects. 
U = Random effects vector representing direct breeding 

values or maternal breeding values. 
Z = Known incidence matrix for performance records to 

elements of U. 
e = Random vector, representing environmental pecul- 

iar to each performance record. 

Contemporary groups were designated on the basis of sex of calf, 
year of birth of calf, and pasture systems. Estimates of population 
parameters are necessary to predict genetic and environmental 
values by this technique. These components were provided by the 
Department of Animal Science, the University of Georgia, Athens, 
and were derived from analysis of performance and pedigree data 
provided by the International Brangus Breeders Association, San 
Antonio, Texas. Estimated parameters were as follows: genetic 
variance for 205-d weight = 164 kg2, additive maternal variance for 
205-d weight = 116 kg2 and environmental variance for 205-d 
weight q  322 kg2. Year means for genetic values and environmental 
values were used to evaluate genetic and environmental trend, 
respectively. Genetic values are expressed in units of measure (kg) 
as a deviation from a population base. The population base is the 
average genetic value of those individuals without identifiable 
parents. Environmental values are least squares means generated 
by the BLUP procedures. These are independent of the effects of 
genetic values. In this study, these are least squares means for sex X 
year X pasture system subgroups. 

Trend Analyses 
Phenotypic, genetic, and environmental trends were evaluated 

both graphically and by analysis of covariance techniques. Pheno- 
typic trend was defined as the change in 205-d wt per year. 

Genetic trend was evaluated graphically by plotting mean 
genetic values on year of birth, This allowed gross evaluation of 
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change in genetic merit over time. The designation of contempo- 
rary group by sex, year of birth, and pasture system allowed a 
similar evaluation of environmental trend. Graphic representation 
of environmental trend was accomplished by plotting mean envi- 
ronmental values for heifers on year of birth, Separate plotting of 
environmental values associated with each pasture system permit- 
ted comparison of environmental trend of the 2 grazing systems. 

Mean 205-d wt, genetic values, and environmental values were 
regressed on year of birth. Differences in slope (regression coeffi- 
cients) and elevation of fitted lines between pasture treatment 
groups were tested using analysis of covariance techniques des- 
cribed by Snedecor and Cochran (1978). 

Results and Discussion 

Results will be discussed in 3 sections. The first of these will 
include an analysis of phenotypic trend by pasture system. This 
might be thought of as a more traditional approach to examining 
the effects of grazing system on the animal component. The second 
section will examine a possible bias in the evaluation of phenotypic 
values. Bias is caused by change in the average genetic merit of the 
animals allocated to each grazing system. In this experiment, single 
sire mating schemes were used within grazing system. It is doubtful 
the rate of change in genetic merit would be parallel in the 2 herds. 
The third section will analyze the effect of environmental factors 
on the performance of the 2 herds. The environmental trend should 
provide the best estimate of the effect of the grazing system on 
animal performance. 

Phenotypic Trend 
Mean 205-d weights are listed by year and pasture system in 

Table 1. Year means are considered to be individual observations 
in terms of phenotypic trend analyses. The means of these observa- 
tions were 217.2 f 4.3 kg and 224.9 f 3.2 kg for the rotational and 
continuous systems, respectively. The regression of mean pheno- 
typic values on year of birth is presented in Figure 1. Average 205-d 
weights changed at an average annual rate of -.02 f 1.0 and .81 f 
.7 1 kg per year in the rotationally and continuously grazed systems, 
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Table 1. Dietribution of heifers, mean 205-d weights, mean genetic vahu 
and mean environmental valuea by year of birth and pasture @em. 

treatment group at the onset of the experiment (1972), but this does 
not assure constant genetic potentials over time. Average values 
for heifer calves reared in each pasture system are listed by year of 
birth in Table 1. Genetic trend is plotted as is the regression of 
mean genetic values on year of biih (Fig. 2). Mean breeding values 
increased at a rate of .22 f .28 and .48 f .12 kg per year in the 
rotational and continuous grazed systems, respectively. Although 
this is a potential error in the evaluation of animal response, 
analysis of covariance (Table 2) indicates genetic trend (rate of 
change in mean genetic values) did not differ (D.25) between 
animals by grazing system. The elevation of the regression lines 
was also similar (JP.25). These results indicate average genetic 
merit and average change in genetic merit were similar in both 
pasture systems. It should be noted, genetic merit was quite varia- 
ble from year to year. In shorter term studies, this variation in 
genetic merit may introduce bias to grazing system studies. This 
indicates a potential problem, although it is not a major bias in this 
study. Another point of interest is the effect that genetic merit of 
sire may have on the average genetic merit of the progeny. In 1982 
and 1983, a high percentage of the calves in the rotationally grazed 
system were sired by 1 bull. This bull was deficient in genetic merit 
insofar as 205-d weight is concerned. His genetic value was -15.4 
kg. The result was a rather extreme difference in the estimated 
genetic merits of calves reared in the 2 systems during these 2 years. 
Sampling error of this type can be a major source of experimental 
error in animal performance data. 

Environmental Trend 
The most accurate appraisal of the effect of grazing system on 

animal performance should result from an analysis of least squares 
means for contemporary groups or environmental values. The 
potential bias associated with differences in genetic merit no longer 
contaminates this assessment of animal performance. Mean envi- 
ronmental values are presented in Table 1. The regression of these 
least squares means on year of birth allows evaluation of environ- 
mental trend, i.e., the effect of change in environmental quality on 
the performance of the calf (Fig. 3). Environmental quality 
declined by .26 f .81 kg per year in the rotationally grazed system 
while environmental quality improved .33 f .8 kg per year in the 
continuously grazed system (Table 2). Results of analysis of covar- 
iance (regression of mean environmental values on year of birth) 
are presented in Table 2. Environmental trend was generally sim- 
ilar to phenotypic trend, indicating little difference in genetic trend. 
Rate of change in environmental quality was similar (D.25) 
between the pasture systems. The continuously grazed pasture 
system was higher in quality (P<.lO) than was the rotationally 
grazed system. The lack of difference in rate of change in environ- 
mental quality indicates that pasture grazing treatment had no 
effect on animal performance during 16 years of observation. The 
continuously grazed system was possibly of higher quality initially, 
and continued to be more desirable from the animal perspective. 
This difference was most likely due to location effect or differences 
in pasture quality independent of the grazing system. If differences 
existed due to grazing system, some improvement should be noted 
in animal performance over time. 

Discussion 

Estimation of genetic values is a widely used tool in the field of 
animal evaluation. When probably used, these procedures not only 
allow estimation of genetic values, but also provide a mechanism to 
estimate the effects of environmental factors on animal perfor- 
mance. In grazing systems studies, simple evaluation of animal 
weights may not be an adequate means to evaluate animal response 
to the grazing system treatment. These phenotypic observations 
result from 1) the genetic potential of the study animals and 2) the 

YlXr Number 
of of heifers Mean 205 Mean Mean environ. 
birth weaned dwt. genetic value value’ 

RGb CG’ RGb CG’ RGb CG’ RGb CG’ 

1972 3 4 
1973 12 5 
1974 12 9 
1975 9 9 
1976 7 12 
1977 9 8 
1978 12 16 
1979 11 8 
1980 13 13 
1981 16 7 

220 220 
220 227 

1.9 -3.9 
.6 3.6 

3.1 -1.8 
.7 2.3 

7.0 8 
-2.0 3:6 

.9 3.0 

221 
223 
199 
210 
212 
217 
223 

220 
226 
213 
230 
217 

200 
232 
213 
215 

209 
227 
214 
231 
230 

226 
230 
240 
222 
213 
180 
215 
235 

222 
222 239 3.1 1.8 223 
210 223 0.0 2.7 210 
224 
164 
193 
235 

217 9.3 4.4 214 
1982 15 8 
1983 10 10 

190 -9.7 5.8 170 
228 -3.2 7.0 194 

1984 10 5 235 9.6 2.7 225 
1985 9 16 236 245 10.3 5.9 226 241 
1986 12 12 217 226 3.5 2.6 213 224 
1987 13 18 220 237 4.6 8.2 216 234 
Meansd 10.8 10.0 217.2 224.9 2.5 3.0 224.9 223.0 
S.E.” 4.3 3.2 1.3 .8 3.5 3.5 

‘Kg. 
bRotationally grazed system. 
cContinuously grazed system. 
%ieans of year means. 
Standard error of the mean. 

respectively (Table 2). Results of analysis of covariance are listed in 
Table 2. Rate of change 205d weights did not significantly differ in 
the 2 pasture systems. However, the continuously grazed system 
was more productive (P<. 10) than the rotationally grazed system. 
This indicates either pasture conditions or genetic merit of study 
animals may be superior in the continuously grazed system. 
Because rate of change was determined to be nonsignificant 
(p>.25), this indicates a possible sampling bias at the beginning of 
experimentation. 
Genetic Trend 

A possible bias may be introduced in this type of data by change 
in genetic merit over time. Animals were randomly assigned to 

Table 2. Intercepts and regression coefficients for the regression of 205-d 
wt, genetic value and environmental value on year. 

Intercept1 
Regression 
coefficient2 

205-d wt 
Pooled 

Rotational 
Continuous 
Difference’ 

Genetic value 

-553 
265 

-1,370 
1,635t 

.39 (.62) 
-.02 (1.0) 

.81 (.71) 
-.83 

Pooled 
Rotational 
Continuous 
Difference3 

Environmental value 
Pooled 

Rotational 
Continuous 
Difference3 

-692 .35 (.15)’ 
433 .22 (.28) 
-950 .48 (. 12)** 
-517 -.26 

145 .04 (.59) 
719 -.26 (.8 1) 

-429 .33 (.81) 
1,148t -.58 

‘Kg. 
*Regmssion of 205-d wt, genetic value or environmental value on year (kg/year). 
Standard error in parentheses. 
3Rotational- Continuous. 
tp<.10. 
l p<.o5. 
**P<.OI. 
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Fig. 3. Mean environmenfd value of Braogle heifer calves by year of birth in cootinuousiy nod robtionatly grazed pastores. 

quality of the environment. The latter is the major point of concern 
in grazing systems studies. 

In this study, change in genetic merit was similar in the 2 pasture 
systems. Genetic merit was also fairly evenly distributed between 
pasture systems. Although this is a potential bias in grazing system 
experimentation, it does not appear to be an important source of 
error in this evaluation. It should be noted that genetic merit and 
environmental effects are not estimated without error. The degree 
of potential error is determined by the amount of information 
available on each animal. Accurate use of these procedures 
requires relatively complete pedigree records as well as several 
generations of performance data. The omission of data on male 
calves in this study was necessary in order to avoid a bias due to 
castration. If males could have been utilized, the sensitivity of the 
analyses may have been improved. Males tend to be more suscepti- 
ble to their environment, thus differences in treatment effects 
should be more detectable. The extreme variation in genetic merit 
between pasture systems, however, indicates the potential for 
biases, particularly in shorter-duration studies. Although isolation 

of environmental trend was not necessary in this study, use of the 
procedures described herein may be warranted in future grazing 
system experimentation. When properly used, these techniques 
should largely eliminate biases associated with allocation of 
genetic merit to study groups. 
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Effects of herbage allowance on defoliation 
grass prairie 

patterns of tall- 

HOLCER P. JENSEN, ROBERT L. GILLEN, AND F. TED MCCOLLUM 

Few studies have dealt with measuring individual plant defolia- 
tions in the context of intensive grazing management. In May, 
July, and August of 1987, grazing trials were conducted to quantify 
the effects of herbage allowance on defoliation patterns of big 
bluestem [An&opogon gem&i Vitmanl, hrdiangrass [Sorgh- 
trum nutons(L.) Nash], and little bluestem [ScEza&yr~ scqnr- 
rium (Michx.) Nash]. Herbage allowancea of 10, 20,30, and 40 kg 
AUD” were replicated twice per trial. Tiller height, relative leaf 
area removed, and lrequency of defoliation were measured every 2 
days over loday trials. Indiangrass was the most preferred species 
in all trials. The rate of leaf area removal increased as herbage 
allowance decreased. Current guidelines which call for rest periods 
of 3040 days would result in light to moderate intensity defolia- 
tion for indiangrass at all herbage allowances. The maximum 
percentage of tillers grazed only once per trial ranged from 20 to 
9g%1 depending on herbage allowance, species, and trial. Selectivity 
between species was reduced by decreasing herbage allowance hut 
this effect was not large until herbage allowance was below 20-25 
kg AUD” and selectivity was never completely removed. Grazing 
all tillers only once in a grazing period, even within a species, is 
unlikely in a tallgrass prairie community. Leaf area removal was 
moderate the first time a tiller was defoliated and severe for later 
defoliations. The goal of grazing any individual tiller at no greater 
than moderate intensity within a grazing period would he roughly 
equivalent to grazing any tiller no more than once. However such a 
goal would require many tillers to go ungrazed. 

Key Words: defoliation frequency, defoliation intensity, rotation 
grazing 

Grazing management research has focused much attention on 
short duration grazing during the last 10 years. Most of this 
research has involved comparisons between grazing systems from a 
vegetation production and animal performance aspect (Denny and 
Barnes 1977; Hart and Balla 1982; Ralphs et al. 1986; Heitschmidt 
et al. 1987a, 1987b). Studies of this nature have clearly illustrated 
the complexity of plant-animal interactions. However, few studies 
have addressed the more basic aspects of the impact of short 
duration grazing management on individual plant defoliations, the 
level at which any vegetation change will be initiated. 

Defoliation patterns can be partially characterized by the fre- 
quency and intensity of individual plant defoliation. Researchers 
in Africa and Europe have found defoliation patterns are depend- 
ent on factors such as herbage allowance, season of use, tiller 
morphology and phenology, species selection, and length of the 
grazing period (Hodgson and Ollerenshaw 1969, Gammon and 
Roberts 1980, Curll and Wilkins 1982, Barthram and Grant 1984, 
Tallowin et al. 1986). These studies were conducted with cattle or 
sheep on native grass or improved pastures. In the U.S. similar 
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studies have been conducted on rangelands in Wyoming, Utah, 
Texas, and Washington (Briske and Stuth 1982, Hart and Balla 
1982, Norton and Johnson 1983, Brown and Stuth 1984, Pierson 
and Scamecchia 1987). 

The objective of this study was to relate defoliation patterns by 
beef cattle to herbage allowance on native tallgrass prairie during 
the growing season. The major underlying question was the extent 
to which frequency and intensity of defoliation on individual tillers 
and selectivity between plant species could actually be altered 
within short grazing periods by manipulating herbage allowance. 

Study Area 

The research was conducted in north central Oklahoma, 3 km 
northwest of Oklahoma State University, Stillwater. The average 
annual precipitation is 84 cm with 75% falling during the April to 
October growing season. This region of Oklahoma has a temperate 
climate with moderately cold winters and hot, relatively dry 
summers. 

The study site was located on a Renfrow silt loam soil with a 3 to 
5% west-facing slope. Renfrow silt loam soil is a line, mixed, 
thermic Udertic Paleustoll with a clay subsoil at 30-40 cm and is 
classified as a Claypan Prairie range site. 

Vegetation composition of the study site during the summer of 
1987 consisted of 35% big bluestem (Andropogon gerardii Vit- 
man), 22% little bluestem (Schizachyrium scoparium Michx.) 
Nash), 22% indiangrass (Sorghastrum nufans (L.) Nash), 10% 
switchgrass (Panicum virgatum L.), and 11% other perennial 
grasses, annual grasses and forbs. For several years before the 
study began, the vegetation was harvested for hay in early July. Six 
weeks before the study began, the site was burned to ensure a 
uniform level of spring growth. 

Materials and Methods 

Three grazing trials, each lasting 10 days, were conducted during 
the 1987 growing season on the following dates: 15-25 May (Trial 
I), 2-12 July (Trial 2), 12-22 August (Trial 3). Four herbage 
allowances, IO, 20,30, and 40 kg AUD-‘, were replicated twice for a 
total of 8 pastures per trial. These herbage allowances are similar to 
those used by Allison et al. (1982), who concluded that decreases in 
herbage allowance improved forage harvest efficiency and may be 
linked to the claimed successes realized from short duration graz- 
ing systems. At the conclusion of Trial I all pastures were mowed 
to a height of 10 cm and allowed to regrow until August when the 
same area was used for Trial 3. Trial 2 was conducted on an area 
immediately adjacent to Trial I. 

Herbage allowances were calculated based on standing crop 
before the trial started. Fifty O.l-m2 plots were clipped at random 
over the entire study area allotted to a trial and samples were oven 
dried to a constant weight and averaged. Pasture size was calcu- 
lated based on forage demand for 3 steers of similar weight for 10 
days of grazing, divided by the initial standing crop (Hodgson 
1979). Target herbage allowances for Trial 2 were the same as the 
other trials, but miscalculations of initial standing crop caused the 
actual pressures to be adjusted downward to 8,16,24, and 32 kg 

401 



Table 1. Mean pre-trial and post-Ma1 stsodlag crop (kg DM ba-*) for 3 
grazlngtrl8lsln1987. 

Month Prc-grazing 
Post-grazing Standing Crop 

of standing Herbage Allowance (kg AUD-‘) 

Trial Crop 10 20 30 40 

Mav 1083 498b1 102V 1076’ 1146’ 
July2 2929 586’ 981” 2038’ 1 693’b 
August 4094 947b 2190ab 2547’ 3077’ 

*Values with the same supcmcript within a row arc not signiticantly different from 
each other, P = 0.05. 
*H&age ailowanccs for Trial 2 were 8, 16.24, and 32 kg AUD-‘. 

AUD-‘. Pasture sizes wete 0.20-0.80,0.06-0.24, and 0.15-6.24 ha 
for Trials 1,2, and 3. A minimum pasture size of 0.15 ha was set for 
Trial 3 so that tiller sampling transects could be oriented similarly 
in all pastures. If the calculated pasture size was less than 0.15 ha, 
additional animals were added to achieve the target herbage allow- 
ance. Pastures were constructed using temporary electric fencing 
materials. Average steer weights were 295, 305, and 350 kg for 
Trials 1, 2, and 3. At the end of each trial, standing crop was 
estimated using 15 0.1 mr plots per pasture. Samples were oven 
dried, weighed and averaged for each pasture. Species composition 
was measured across the entire study area (all trials) in August 
using the dry-weight-rank method with 50,O. 1 mr plots. 

Tiller measurements were taken every 2 days during each trial. 
Three permanent 30 m transects were located in each pasture and 
10 tillers of little bluestem, big bluestem, and indiangrass per 
transect were marked using color-coded wire rings (Gammon and 
Roberts 1978). Tiller height and the proportion of leaf area 
removed were used as relative measures of defoliation intensity. 
Tiller height was measured from the ground to the highest point on 
a tiller as it was extended upright. A numerical defoliation intensity 
code, based on a visual estimate of leaf area removed, was recorded 
with the following scale: (0) no evidence of defoliation; (1) tiller 
lightly defoliated, majority of leaf area intact; (2) tiller moderately 
defoliated, about half of leaf area removed; (3) tiller severely 
defoliated, little or no leaf area left. A high level of consistency was 
obtained among observers with a short period of training before 
each trial (i.e., variation was low). The frequency of tiller defolia- 
tion was monitored by marking the cut edges of defoliated tillers 
with latex paint on each day of measurement. 

Pastures were arranged in a randomized complete block design 
with trial and herbage allowance as whole plots and repeated 
measures on species, day, and trial. Statistical analysis included 
standard analysis of variance procedures for intensity of defolia- 
tion. Because numerous significant interactions were found between 
experimental factors, regression models were subsequently deve- 
loped to predict grazing intensity using herbage allowance and day 

of grazing as independent variables. The initial models were addi- 
tive polynomial regression equations consisting of linear and 
quadratic terms for each independent variable plus all interactions 
between variables. Reduced models were then fit by dropping 
terms based on the criteria of size of t-statistics for individual terms 
and effect on mean square error of the model. Models were deve- 
loped for each species and trial separately. These methods were 
then used to predict the time within a grazing period when the 
average defoliation intensity within a species would be moderate. 

Chi-square analysis was used for defoliation frequency distribu- 
tions. As with the intensity analyses, many significant interactions 
were found. To simplify data presentation and discussion, atten- 
tion was focused on the percentage of tillers grazed once within a 
trial. Prediction models were developed for this variable with the 
same methods used for defoliation intensity. These models were 
then used to predict the maximum percentage of tillers that could 
be grazed once and the time within a grazing period when this 
maximum would occur. 

Analysis of variance was used to analyze the combined effects of 
intensity and frequency of defoliation. Defoliation intensity at the 
first, second, and third time a tiller was defoliated was contrasted 
by herbage allowance, species, and trial. 

Results and Discussion 
Standing Crop 

Post-grazing standing crop was least affected by herbage allow- 
ance in the spring except at the 10 kg AUD-’ herbage allowance 
(Table 1). This was likely a result of the rapid growth rate of tillers 
in May. Post-grazing standing crop decreased as herbage allow- 
ance increased during July and August. Reece (1986) reported 
similar results in Nebraska. 

Intensity of Defoliation 
Coefficients of determination for the polynomial regression 

equations predicting grazing intensity were high (Table 2) and 
evaluation of the regression statistics and plots of observed versus 
predicted values indicated the polynomial models were representa- 
tive of the field data. The general form of the relationship between 
herbage allowance and grazing intensity is expressed by indian- 
grass in Trial 1 (Fig. 1). Grazing intensity was generally curvilinear 
over time, especially at the higher herbage allowances. The curves 
were well separated between herbage allowances. Across all species 
and trials, a major separation tended to occur between 20 and 30 kg 
AUD-’ herbage allowance. 

As herbage allowance decreased the time required to reach 
moderate defoliation decreased for all species during all trials (Fig. 
2). Indiangrass was moderately defoliated before the other 2 spe- 
cies in all trials. Big bluestem was only slightly less preferred than 
indiangrass. Little bluestem was clearly the least preferred of the 3 
species. Defoliation intensity was lower during Trial 1 than the 

Table 2. Coeffkicnts of polynomial regression equations for defoliation lnteoslty described as leaf area removal, N = sample slr& R1 = coefflclent of 
ddermbutlon, Sy, s = standard error of the e&mate, H = herbage allowance, D = day of q&g. AU n-don t-s 4-ati 8t KO.O!L 

Spies Trial N R2 S Ys 
(F) 

(y;; baD 
;07 

bsHXD bsHXD2 hH2XD ba;WXYS 
(lo-‘) (10-Y (lo-? 

Big bluestem : 40 0.97 0.31 -0.08’ 0.74 -0.37 -0.16 0.11 
36 0.99 0.25 0.35 0.91 -0.60 -0.24 0.19 

3 38 0.99 0.20 0.35’ -0.97’ 1.45 -1.22 -0.84 0.82 1.49 -1.44 

Indiangrass : 40 0.94 0.48 0.24 -1.08’ 0.52 -0.20 -0.10 
36 0.99 0.30 1.00’ -2.86’ 1.38 -1.17 -0.94 0.93 2.13 -2.04 

3 38 0.99 0.22 0.44’ 4.97’ 1.80 -0.16 -1.09 1.10 1.87 -1.86 

Little bluestem : 40 0.98 0.20 -0.09 -0.07 0.64 -0.10 -0.24 0.32 
36 0.95 0.36 4.26’ 0.60 -0.22 -0.06 

3 38 0.97 0.28 0.26’ -0.82’ 0.59 -0.25 0.37 

‘Not significant at PCO.05, included boxuse higher order interactions were significant. 
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Fig. 1. Defoliation intcneity for indiaagrsse as effected by berbage allow- 
ance end day ef grazing. Intensity scale: 0 = ondefoliated, 1 = light, 2 q  a 
moderate, 3 = severe. Trial 1, May, 1987. 

other 2 trials with no species receiving moderate defoliation within 
the IO-day trial at herbage allowances above 30 kg AUD-‘. For all 3 r 6 
trials, little bluestem never reached moderate defoliation at her- 
bage allowances greater than 25 kg AUD-‘. Convergence of the 

z 
4 

species curves at lower herbage allowances supports the hypothesis 
of Holmes (1980) that grazing selectivity declines as herbage allow- 
ance decreases. However, defoliation intensity of little bluestem 2 
lagged 1 to 2 days behind the other species even at the lowest 
herbage allowances. 

Tiller height was inversely related to intensity of defoliation 
0 

based on the proportion of leaf area removed. Relationships 
among species, herbage allowances, and trials, relative to tiller 
height, were similar to those for leaf area removal. 

Herbage allowance is greater under continuous grazing com- 
pared to multi-pasture grazing systems (Table 3). Moderate stock- 
ing for this range site is 1.4 ha per yearling steer (0.7 AU) for 150 

Table 3. Herbage allowancea(kg AUD”) within 10 day grazing periods ae 
affected by number of pastures. Based on experimental conditions in 
1987 and a stocking rate of 1.4 ha/yearling steer/l50 days (0.7 
AU/steer). 

May 
JOY 
August 

1 

214 
562 
709 

Number of Pssturcs 
8 16 

21 
:: 70 

89 44 

32 

I 

E 

days. The range of herbage allowance included in this study is 
applicable to 16-32 pasture systems at moderate stocking rates, but 
would also apply to 8 pasture systems if stocking rates were sub- 
stantially increased. 

The regression models and data in Tables 2 and 3 were used to 
calculate theoretical grazing and resting periods under rotation 
grazing that would result in moderate utilization of indiangrass, 
the most palatable species, during each trial period (Table 4). 
Grazing periods would not change with season in systems with 
greater numbers of pastures (Table 4). Moderate utilization would 
not usually be achieved within 10 days with 8 or fewer pastures. 
Rest periods based on these grazing periods are all greater than 49 
days, over two-thirds of the periods are greater than 68 days (Table 
4). Rest periods in the 8 and 16 pasture systems are within the range 
of rests recommended for intensive grazing management (Savory 
1988). Rest periods at the 32 pasture level are longer than the 
maximum recommended rest periods. Grazing cycles could be 
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Fig. 2. Time at which moderate utiliution was l cbleved witbin a trial for 3 
grass species. 

shortened, especially early in the growing season when plant 
growth is rapid, which would benefit animal performance (Hart 
1989). If grazing periods are based on target rest periods instead of 
vice versa (Savory 1988) defoliation intensity within the grazing 
periods would generally be light to moderate. 

Frquency of Defoliation 
The general pattern of distribution of tillers among defoliation 

classes (not grazed, grazed once, grazed twice, . ..) is illustrated by 
big bluestem at the 20 kg AUD-’ herbage allowance during Trial 1 
(Fig. 3). As the trial progressed, the proportion of tillers not grazed 
or grazed once declined while the proportion grazed twice or more 
increased. Tillers were not concentrated into a single frequency 
class. At least 20% of the tillers were present in 2 or more frequency 
classes. Gammon (1984) also concluded some tillers receive multi- 



Table 4. Grazing and rest periods to produce moderate intensity defoiia- 
Han on indiangraa ae affected by number of pastures. Raeed on erperi- 
mental conditions in 19(17 end 8 stocking rate of 1.4 be/ yearling steer (0.7 
AU). 

Month 

Days of Grazing Days of Rest 
Number of Pastures Number of Pastures 
8 16 32 8 16 32 

May 7 4.5 4.5 49 68 140 
July >lO 4.0 >70 109 
August >I0 4.5 >70 202 

ple defoliitions even at low herbage allowances. 
Coeffkients of determination for the polynomial regression 

equations predicting the percentage of tillers grazed once ranged 
from 0.59 to 0.88 with only 1 coefficient below0.72 (Table 5). These 
values are lower than those from the grazing intensity models. 
Evaluation of plots of observed versus predicted values indicated 
that much of the variation not accounted for by the models was 
attributable to variation between replications. The polynomial 
models adequately represented the relationships between herbage 
allowance and percentage of tillers grazed once. 

60 
t II Numbr of Tlmos Grazed 

0 Nono m One B Two D Three 0 Four 

n 50 
23 

40 
i!! 

=” 30 
._ 
I- 20 

Fig. 3. Defoliation frequeuey dietributlone for big bluestem at a herbage 
allowance of 20 kg Al@. Trial 3, August, 1987. 

A common objective of short duration grazing is to defoliate all 
tillers in a pasture once during a grazing period. Thii objective was 
clearly impossible to achieve during May (Trial 1) because no more 
than 60% of the tillers were in the grazed once frequency class on 
any day regardless of herbage allowance or species (Fig. 4). The 
maximum percentage of tillers that were grazed once did increase 
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Fi8.4. Maximum percentage of tillers grazed once within a trial for 3 grass 
epcekr. 

Table 5. Coefficienta of polynomial regression equations for percentage of tillers grazed once, N = sample size, R* = coefficient of detemdnation, Sy, I q  
standard error of the estimate, H q  berbage allowance, D = day of grazing trial. All regression terms significant et KO.05. 

Species Trial N R2 S IC bo brD2 bsHXD beHXD2 b/H*XD br,H*XW 
(10-Q (10“) (lo-‘) 

Bi8 bluestem 1 40 0.85 8.42 209 -1.64 2.76 -5.14 2.62 5.65 -3.39 -1.06 6.78 
2 34 0.87 12.37 177 -3.34 1.69 
3 38 0.77 9.32 150 -0.63 0.84 -1.58 -0.68 1.25 a.16 

Indiangrass 1 40 0.59 14.05 24 0.31 -0.97 0.58’ -1.05 0.60 
2 36 0.88 12.00 187 -3.81 2.07 
3 38 0.86 9.45 275 -1.24 1.66 -8.89 6.70 5.61 -4.72 -0.81 7.23 

Little 1 37 0.72 9.23 62 -0.36 0.38’ 0.87 -1.68 0.88 -1.42 
bluestem 2 37 0.86 7.94 :; -0.69 -5.95 3.17 2.09 -1.23 

3 37 0.78 9.75 -1.26 1.78 -5.41 3.15’ 4.86 -3.44 -0.80 6.26 

‘Not significant at KO.05, included because higher order interactions were significant. 
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Fig. 5. Time 8t which m8ximum percent8ge of tillers gmzed once within 8 
trklw8s 8chkved for 3 grass specks. 

slightly as herbage allowance decreased. Herbage allowance did 
not affect the maximum percentage grazed once for indiangrass 
and big bluestem in July (Trial 2). This outcome is likely a sampling 
artifact. Heavy rainfall prevented sampling of the marked tillers 
until Day 3 of Trial 2 compared to the normally planned sampling 
on Day 2. Some regrazing had probably occurred by Day 3, 
especially at the lower herbage allowances, so the percentage of 
tillers in the grazed once class probably included some tillers 
grazed twice. The maximum percentage of tillers grazed once was 
only sensitive to herbage allowance below 20-25 kg AUD-’ in 
August (Trial 3). 

Grazing selectivity within plant species was reduced as the sea- 
son progressed. On average, the maximum percentage of tillers 
grazed once increased in July and August compared to May (Fig. 
4). Plant growth was most rapid during May. Regrowth may have 

been occurring rapidly enough to attract the cattle back to pn- 
viously grazed tillers. In the later trials, tillers were growing more 
slowly so the livestock had to seek greater numbers of tillers. 

The maximum percentage of tillers grazed once was reached 
more rapidly as herbage allowance declined (Fig. 5). The major 
exception to this pattern occurred for indiingrass and big bluestem 
in July (Trial 2) when the maximum was reached on Day 3 for all 
herbage allowances. As previously discussed, Day 3 was the first 
day of sampling during Trial 2 and regrazing had probably already 
taken place by that time. 

These data indicate livestock should be moved more rapidly as 
herbage allowance decreases because the point at which the percen- 
tage of tillers grazed once is maximized occurs earlier. However, 
this percentage will seldom reach the theoretical goal of 100%. A 
range of 60-80% may be all that is practically attainable. Selectiv- 
ity for tillers within species will still occur. Selectivity among 
species will also be present because the maximum percentage of 
tillers grazed once did not occur on the same day for all species. 
Little convergence of the species curves occurred until herbage 
allowance was reduced below 20-30 kg AUD-‘. 

Intensity and Frequency 01 DefoIiation 
The intensity of defoliation, in terms of proportion of leaf area 

removed, increased with each defoliation (Fig. 6). Intensity was 
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Fig. 6. Defoli8tion intensity 8ver8ged 8crom species 8t tbe fir&second, or 
third defoliation of individtml tillera 8s 8ffected by berb8ge 8Uow8nce. 
Intensity sale: 0 = undefolkted, 1= light, 2 = mode&e, 3 = severe. All 
regressions were signifk8nt (PCO.05). For the first defolktion, linea for 
Trkk 18nd 2 were st8tktlully equhlent to ecrch other but different 
from Tri8l3. There w8s no trid X herbage tiowance inter&ion for the 
second 8nd third defoli8tion. 

moderate for the first defoliation; moderate to severe for the 
second defoliation; and severe for the third defoliation. Intensity 

Table 6. Defotktion intensity b8sed on k8f 8re8 removal for 3 specks for 
the tirst, secolld, or third gr8zing of indIvidu8l tillers. 

Species 

First defoliation 
Trial 

Second’ Third’ 
defolia- defolia- 

1 2 3 tion tion 

Little bluestem 2.0a b 1 6b 2 2b 2 7b 
Big bluestem 2.1’ ;‘;. 1’9’ 2’6. ze8.b 

Indiangrass 2.0’ 2:r 1:9a 2:r 2:v 

‘Trial X s~cies interaction not significant (130.05) for second and third dcfoliition. 
%‘alucs wth the same superscript within columns are not signifiintly diiercnt from 
each other, P = 0.05. 
Ykfoliation intensity; 0 = undefoliitcd, 1 = light, 2 = moderate, 3 = scvcrc. 
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tended to increase as herbage allowance decreased for each defolia- 
tion. Little bluestem was usually grazed less intensely than indian- 
grass or big bluestem (Table 6) but therewas no species X herbage 
allowance interaction ( p>o.OS). The goal of grazing any individual 
tiller at no greater than moderate intensity within a grazing period 
would be roughly equivalent to grazing any tiller no more than 
once. However, such a goal would require many tillers to go 
ungrazed. 

Conclusions 

The intensity and frequency of defoliation of individual grass 
tillers in tallgrass prairie increased as herbage allowance decreased 
or the time of livestock presence increased. Such results are not 
surprising and have been reported from several previous studies 
(Briske and Stuth 1982, Curl1 and Wilkins 1982, Hart and Balla 
1982, Brown and Stuth 1984). These relationships gain practical 
significance when compared among species and viewed within the 
context of specific grazing management schemes. 

Grazing systems with 8 or more pastures would most closely 
approximate the range of variables used in this study. For such 
systems, defoliation intensity within individual grazing periods 
would be moderate on the most palatable species when current 
guidelines for rest periods under short duration grazing are fol- 
lowed (Savory 1988). Selectivity among forage species would be 
little effected until herbage allowance was reduced below 25 kg 
AUD-‘. Thirty-two pastures would be required to maintain her- 
bage allowance within this range for the entire growing season 
under the conditions of this study. Selectivity between highly pal- 
atable species (indiangrass and big bluestem) and moderately pal- 
atable species (little bluestem) would still be noticeable even if 
herbage allowance was reduced to 10 kg AUD“. 

It would not appear possible to defoliate all tillers of a given 
species a single time within a grazing period. The maximum per- 
centage of tillers defoliated once was 50-80% in most cases. 
Regrazing had also begun to occur by the time this peak was 
reached. If all tillers within a species cannot be defoliated a single 
time, it is clear that all tillers within the plant community cannot be 
defoliated a single time. 

The concept of a single defoliation within a grazing period still 
has merit because that single defoliation would result in a moderate 
amount of leaf area removal for the defoliated tiller. This would 
presumably favor rapid recovery from the defoliation. The goal of 
grazing any individual tiller no more than once is probably achiev- 
able and would be similar to a goal of no greater than moderate 
intensity utilization on any individual tiller. This would not be 
equivalent to grazing all tillers once. Many tillers would remain 
ungrazed but few or none would be severely grazed. Such a situa- 
tion would, in essence, be the high performance grazing (HPG) 
system discussed by Booysen and Tainton (1978). 
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Genetic variability for elements associated with grass t&any 
in Russian wildrye 
K.H. ASAY AND H.F. MAYLAND 

Abstract 

Grass tetany (hypomagnesemia) may be an important factor Forage that promotes grass tetany has low concentrations of 
limiting productivity of anbnah grazing Russian wildrye [psatlty- Mg, Ca, carbohydrates, and dry matter. Such forage also contains 
ro&z&yys juncea (Fiscb.) Nevski]. Tbis malady is associated with high concentrations of K, nonprotein N, fatty acids, and organic 
relatively low concentrrtioas in the forage of Mg and Ca, and bigb acids along with a relatively high K/(Mg+Ca) ratio (Mayland 
vah~es for K and K/(Ca+Mg). We studied the genetic variablity in a 1988). Grass tetany occurs predominately in animals grazing C-3 
Russian wildrye breeding population for mineral elements that grasses and only rarely with legume-grass mixtures. Low Mg and 
relate to grass tetany in ruminants. Forty-five progeny lines, estab- high K and N concentrations in the forage are the most prominent 
lished as spaced plants in a randomized complete block, were factors in the etiology of the ailment. Potassium interferes with 
sampled at tbe pre-boot and boot stages in each of 2 years and translocation of Mg from the roots to other parts of the plant 
analyzed for Mg, Ca, K, and P. Aitbougb seasonal variation was (Ohno and Grunes 1985). 
evident, K/(Ca+Mg) of the progeny lines ranged from 3.2 to 4.6, Rogler and Lorenz (1970) found that although beef production 
well above the 2.2 level at wbicb a 5% incidence of grass tetany has was similar for yearling steers consuming Russian wiidrye and 
been found in dairy cattle. With few exceptions, progenies differed crested wheatgrass [Agropyron deserrotwn (Fisch. ex Link)], 
for alI traits evaluated. Differences among progenies were reia- apparent metabolic disorders were observed in animals grazing 
tiveiy consistent over harvests for all traits. A reduced tetany Russian wildrye. The symptoms, which consisted of scouring, 
potential (RTP) was computed as the sum of normalized Mg and frequent urination, and reduced weight gains, were observed in the 
reciprocal of K/(Ca+Mg) vab~es, providing an estimate of the grass steers during the spring or early summer when grass tetany usually 
tetany risk for individual progeny lines. Tbe variation among occurs. Later work (Kam et al. 1983) did not conclusively identify 
progenies, and the magnitude of broad-sense be&ability estimates the cause of the malady, although they found low forage Ca and P 
for RTP (0.48) and K/(Ca+Mg) vplues (0.31), indicate that mineral during both years of their study and low Mg during 1 year. Potas- 
ion composition of tbis breeding population can be altered tbrougb sium levels in the forage may have been high enough to interfere 
breeding. Tbe bigb K/(Ca+Mg) vab~es in the population suggest with Mg absorption. The K/(Ca+Mg) ratios were generally higher 
that it may be helpful to introduce genetic factors conditiotig than 2.2, a level previously reported to be associated with the 
lower grass tetany potential from otber sources. Intercbaracter incidence of grass tetany (Kemp and t’Hart 1957). High levels of K 
correlations suggest that breeding for bigber levels of Mg will be have been measured in Russian wildrye in Mayland (unpublished). 
accompanied by increased Ca and, to a lesser extent, increased K. Lawrence et al. (1982) reported Russian wildrye had higher 

Key Words: Psathyrostachys jmcea, bypomapesemia, broad- K/(Mg+Ca) values than crested wheatgrass. They concluded that, 

sense be&ability, grass brctding, Mg, Ca, K, P particularly under heavy fertilization, supplementation of diets 

Russian wildrye [( Psurhyrosruchys junceu (Fiih.) Nevslci] is a 
with Mg and/or Ca might be required to prevent grass tetany and 

valuable cool-season perennial grass for improvement of rangc- 
assure good performance. The potential of inducing grass tetany in 

lands in western North America. Established plants of this C-3 
grazing animals would substantially reduce the value of Russian 

caespitose grass are resistant to drought and have moderate salin- 
wildrye on semiarid rangeland. 

ity tolerance (Rauser and Crowle 1963). Because Russian wildrye 
Based on the magnitude of genetic variation and narrow-sense 

retains its nutritive value better than most other range grasses 
heritability values in a breeding population of tall fescue (Fesrrcca 

during later stages of maturity, it is regarded as an excellent source 
urundinuceu Schreb.), Sleper et al. (1977) concluded that substan- 

of forage during late summer and fall (Knipfel and Heimichs 1978, 
tial progress should be possible in breeding for low hypomagnese- 

Heinrichs and Carson 1956, Lawrence and Troelsen 1964, May- 
mia potential in this species. This conclusion was later confirmed 

land 1988, Smoliak and Slen 1975). 
by Sleper and Mayland (Unpublished). Hides and Thomas (1981) 

Grass tetany (hypomagnesemia) is a deficiency of available Mf 
increased the level of Mg in a breeding population of Italian 

in grazing ruminants. Clinical deficiencies (<I8 mg Mg liter 
ryegrass. The derived high-Mg line resulted in greater dry matter 

blood plasma) may result in reduced weight gain, milk production, 
intake by sheep and increased Mg availability (Moseley and Grif- 

and conception (Vogel et al., Unpublished; Stuedemann et al. 
fiths 1984). 

1983). Severe ddiciencies produce tetanic convulsions, coma, and 
Our objectives were to evaluate the grass tetany potential and 

death of affected animals. Tetany occurs most often in early- 
extent of genetic variation for mineral elements associated with 

lactating cows because of large secretory losses of Mg in milk. 
this disorder in a Russian wildrye breeding population. 

Because body reserves of Mg in soft tissue generally have a half-life Materials and Methods 

of 24 to 30 hours, Mg must be replaced on a daily basis. Plant materials consisted of 45 open pollinated (OP) progeny 

Authors arc research geneticist and maearch soil scientist, USDA-A ‘cultural 
lines selected from 2 closely related synthetic strains of diploid (2n 

Research Service, Logan, Utah 84322-6300 and Kimberly. Idaho 8 341-9710. $ = 14) Russian wildrye. The population was originally derived from 
_. 

of USDA-Agricultural Research Service and the Utah 
named cultivars and plant introductions; 38% from an introduc- 

Agricultural Experiment Station, Logan, Utah 84322. Approved as Journal Paper tion from the USSR, PI 440627 (Asay et al. 1985). Although the 
3876. The authors acknowledge the technical assistance provided by W.T. Hansen, 
A.R. Florence, S.E. Hansen, and G.E. Shewmaker. 

parentage had been subjected to selection for characters associated 

Manuscript accepted 8 February 1990. with forage and seed yield potential, seedling vigor, and resistance 
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to environmental stress and plant pests, no selection pressure had 
been applied for mineral ion uptake of Mg, Ca, K, and P. 

The progeny lines were established during April 1986 as spaced 
plants on l-m centers. Plots consisted of a single row of 10 plants 
each and were arranged in a randomized complete block design 
with 4 replications. The experimental area was about 2 km south of 
Logan, Utah, on the Utah State University Evans Research Farm 
(4145’N, 11148’W, 1,350 m a.s.1.). The soil was a Nibley silty clay 
loam series that is classified as a fine mixed mesic aquic Argiustoll. 
The area was fertilized with 50 kg N ha-’ in mid-September of the 
establishment year (1986) and in 1987. No supplemental water was 
applied during the course of the experiment. 

Table 1. Summary of date for elemental traits for eecb year combined over 
harvesta and combined over years and harvests for 45 RosaIan w&ye 
b&sib fimilies. 

Traits’ cs Ma K P K/(Ca+Mg) RTP 

1987: 

Forage from the first 2 plants in each plot were sampled for 
analyses at pm-boot and boot growth stages during 1987 and 1988. 
Samples were taken at a 5cm stubble height at the pre-boot stage 
on 27 April 1987 and 4 May 1988 and at the boot stage on 5 May 
1987 and 13 May 1988. The samples were dried in forced draft 
ovens at 600 C for 48 hours. Dried samples were ground to pass 
through a 40-mesh Wiley screen. Subsamples of the forage were 
digested in 3: 1 nitricperchloric acid and diluted with I g La 1-i as 
L.aC&. Analyses for Mg and Ca were made by atomic absorption 
and K by flame emission. Phosphorus was determined colorimetri- 
tally using the Vanadomolybdate procedure. Green weights were 
measured at the post-anthesis stage (22 June) in 1988. 

Range 
Min. 
Max. 

Mean 

s,E % 
Rb’ 

2.91 
3.94 
3.47 
0.21 
0.02 
0.35 

1.61 31.01 ---- 2.36 8.05 
2.01 36.37 ---- 3.13 12.09 
1.80 33.31 ---- 2.70 10.00 
0.08 1.18 ---- 0.13 0.64 
0.01 0.71 ---- 0.01 0.19 
0.34 0.34 ---- 0.30 0.32 

1988 
Range 

Min. 
Max. 

Mean 

s,E =P 
Rb 

1.74 
2.84 
2.29 
0.19 
0.04 
0.55 

1.03 25.20 2.61 3.87 7.20 I 
1.47 31.60 3.19 6.25 12.73 
1.23 28.91 2.94 4.74 10.00 
0.06 0.99 0.10 0.31 0.72 
0.01 1.15 0.01 0.17 0.78 
0.62 0.54 0.49 0.64 0.60 

An in-house alfalfa sample was analyzed with the grass series to 
typify the analytical precision. This sample was analyzed to con- 
tain3.4f0.3mgMgg~‘,14.5f0.8mgCag~’,23.5f1.0mgKg~‘. 
The K/(Ca+Mg) ratio was computed on an equivalent basis. Data 
from mineral analyses were expressed on a dry matter basis. 

A reduced tetany potential index (RTP) was computed accord- 
ing to Mayland and Asay (1989) as follows: 

1987-88 
Range 

Min. 
Max. 

Mean 

s,E 
UP 

Hb 

‘Traits expressed in mg g-’ except I& which is a ratio. 
%i = Variance component among progeny meana. 
JHb = heritability in the broad sense on a mean bask 

2.44 1.37 28.58 ---- 3.19 8.34 
3.32 1.69 33.79 ---- 4.55 11.77 
2.88 1.52 31.11 ---- 3.72 10.00 
0.17 0.05 0.90 ---- 0.18 0.53 
0.02 0.01 0.75 ---- 0.03 0.33 
0.43 0.44 0.46 ---- 0.31 0.48 

a+Mg _ Ca+Mg 

RTPu = Mgi-Mgp + K .i K P 

S MisP SCa+Mg 

K P 

The subscript ‘i’is the value for the individual plant, the subscript 
‘p’ is the mean value for the population, and ‘s’denotes the square 
root of the error mean square in the analysis of variance for the 
appropriate trait at a given harvest date. The RTP, value as 
calculated above is a normalized function with a mean of 0 for a 
given harvest date. To avoid negative numbers in the statistical 
analyses, RTP, values were adjusted to RTP, + 10. 

1987, K/(Ca+Mg) ratios for the progenies (averaged over harvests) 
ranged from 2.36 to 3.13 with a mean of 2.70. The apparent danger 
was greater in 1988, with ratios ranging from 3.87 to 6.25 and 
averaging 4.74. The corresponding values for the data combined 
over years were 3.19 to 4.55 and 3.72 for the range and mean, 
respectively. 

Data were subjected to standard regression and analysis of 
variance procedures. Variance components and F tests were com- 
puted with progeny lines and years considered as random variables 
and harvests as fixed. Percent 

% 
enetic variability was computed on 

a mean basis as the ratio a,/&, where ai is the variance 
component among the progeny lines or total genetic variance, and 
o&, is the variance of a progeny mean or phenotypic variance 
among progeny lines (Comstock and Robinson 1952). This ratio 
provides an estimate of heritability in the broad sense (Hb). 

In 1987, concentrations of Ca and Mg were significantly higher 
at the earlier stage of development (harvest 1) than later at harvest 
2 (Table 2). The K/(Ca+Mg) ratio was higher at harvest 2, even 
though levels of K were significantly higher at harvest 1 (35.8 vs 
30.9). Although the trend was reversed for Ca and Mg in 1988, 
levels of K and the K/(Ca+Mg) ratio were significantly higher at 
harvest 2. This inconsistency is reflected by a year X harvest 
interaction for Ca, Mg, K, and the K/ (Ca+Mg) ratio in the analyses 
combined over years (Table 3). The magnitude of K/(Ca+Mg) 
ratios suggests, however, that the potential for grass tetany 
increases during the week from the pre-boot to the boot stage in 
this population of Russian wildrye. This is in accordance with 
previous findings in crested wheatgrass (Mayland and Asay 1989. 
ans. 
3Hb = heritability in the broad sense on a mean basis. 

Correlations between forage yield and P and other measured 
variables were made to determine if selection for grass tetany 
potential could be done independently of forage yield potential and 
P concentration in this Russian wildrye breeding population. 

Table 2. C&ium, Mg, and K concentretionsaod the K/(CA+Mg) ratio in 
45 Russian wildrye progeny linea at 2 harvest dates and during 2 years, 
end concentrations of P at 2 harvest dates for 1 year. 

Harvest Year ca Mg K P K/(a+Mg) 
Results and Discussion 

Based on observed K/ (Ca+Mg) ratios, a high potential for grass 
tetany outbreaks is evident in this breeding population of Russian 
wildrye. Mean K/(Ca+Mg) ratios for each of the 45 progeny lines 
were well above the 2.2 level, established by Kemp and t’Hart 
(1957) to be associated with incidence of grass tetany (Table 1). In 

__________mgg’__________ 

1 1987 3.83 1.95 35.8 ---- 1988 2.24 1.20 29.3 2.94 z 
Mean 3.03 1.58 32.5 ---- 3:15 

2 1987 3.11 1.65 30.9 ---- 2.75 
1988 2.34 1.26 28.5 2.93 5.83 

Mean 2.72 1.45 29.7 ---- 4.29 
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Table 3. Mean quuea froa~ uulyees of variance of elemental traita for each year combined over barveste and combined over years and buvests for 45 
Rueden dldrye belf-db femltlea. 

SOUrcC DF Mean sauanx 

ca 
19%7 

Rep 
fiogw (PI 
Error a 

3 1.032 
44 1.092’ 

132 0.707 

Harvest(H) 1 94.178.. 
PXH 44 0.102 
Error b 135 0.128 

1988 

Rep 
Progeny(P) 
Error a 

3 
44 

132 

0.4371 
1.2461++ 
0.5562 

1.7900.’ 
0.1694 
0.1511 

141.05*+ 0.0456 231 5.630 
34.02.. 0.3362** 4.25** 20.729** 
15.56 0.1722 1.54 8.227 

Harvest(H) 
PXH 
Error b 

1 
44 

135 

0.1821* 
0.1433*+ 
0.0552 

0.6361’. 
0.0186 
0.0146 

113.05+* 0.0458 844.87*+ 0.000 
5.51 0.1253 I .42++ 5.007+* 
5.80 0.0931 0.47 2.105 

1987-88 

Rep 
Progeny (P) 
Error a 

3 0.43 0.37+* 74.7+ 
44 1.81’ 0.21’ 51.7. 

132 0.89 0.10 26.1 

Year I 498.08** 116.22+* 6979.3’. 
PXY 44 0.52 0.07 15.9 
Error b 135 0.39 0.05 14.2 

Harvest (H) 1 35.00 5.37 2916.1 
PXH 44 0.12 0.02 9.9 
YXH 1 60.97.. 11.86** 1518.2.’ 
PXHXY 44 0.15 0.02 6.8 
Error c 270 0.14 0.17 8.1 

W 

0.407*+ 
0.137* 
0.090 

16.592.. 
0.016 
0.020 

K P K/(Ca+W 

56.4 
33.6. 
22.3 

4321.3.. 
11.2 
10.3 

0.1408 
0.3713 
0.2584 

2.4140*+ 
0.0676 
0.0755 

:d 
1:o 

____ 
____ 
____ 

--a_ 

____ 

1505.5*+ 0.000 
1.7.4 8.345 
0.8 5.907 

--w_ 

____ 

468.8 0.000 
0.7 3.120 

378.5.. O.ooO 
0.8.. 3.495.. 
0.3 1.908 

RTP 

11.629 
9.524. 
6.484 

0.000 
1.607 
1.711 

9.466 
21.908++ 

8.846 

l *+SigniCcant at 0.05 and 0.01 probabiity levds, fe~pectkely. 

The RTP index values were normalized within each harvest; con- 
sequently mean squares were 0 and means were 10 for harvests and 
years for this trait. 

The 45 progeny lines differed significantly (P<O.O5 or 0.01) for 
all traits evaluated except for the K/(Ca+Mg) ratio in 1987 and in 
the analysis combined over years (Table 3). Differences among the 
45 progeny lines were relatively consistent at the 2 harvest dates as 
indicated by the nonsignificant progeny X harvest interaction in 
the analyses for all traits in 1987 and in the analysis combined over 
years. The tetany X harvest interaction was significant (P<O.Ol) 
only for the K/(Ca+Mg) ratio and RTP index in 1988. 

Consistency among the progeny lines at the 2 harvests was 
verified by signiticant (P<O.Ol) correlation coeffkients (r) between 
harvests (Table 4), which ranged from 0.56 to 0.84 in 1987, from 

Table 4. Correlations (r) between barveeta end between yeam for Ce, Mg, 
K, P, K/(Ce+Mg), and RTP index based on 45 Ruselen wlldrye progeny 
mean ~811~3. 

Harv 1 vs. Harv 2 1987 vs. 1988 

1987 1988 1987-88 Harv 1 Harv2 Harv 1-2 

~----~~~~~-~~~~~~~~~r-_~~~~~~~~~~~~~~~~~~~~ 

ca 0.84+* 0.79++ 0.89** 0.47’. 0.50** 0.55’. 
Mg 0.80** 0.80,. 0.87*+ 0.37’ 0.47” 0.47.’ 
K 0.56*+ 0.721’ 0.69** 0.39.. 0.61** 0.531. 
P -m-w 0.48++ me__ ____ ____ ____ 
K/(Ca+Mg) 0.70.. 0.58++ 0.68’. 0.40++ 0.34* 0.47** 
RTP 0.71++ 0.62** 0.76** 0.43.’ 0.35* 0.48** 

Wegrecs of freedom q  43 
l **r values significantly greater than 0 at 0.05 and 0.01 probability levels, 
rcqcctivcly. 
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0.48 to 0.80 in 1988, and from 0.68 to 0.89 when the data were 
combined over years. The entry X year interactions were generally 
nonsignificant, although the correlations among entry means 
between years were of a lesser magnitude than the corresponding 
correlations between harvests. 

Variation among progeny lines was subtantially greater in 1988 
than in 1987 (Table 3), possibly because plants were better estab- 
lished in 1988. The range among progeny lines for the K/(Ca+Mg) 
ratio was 29% and 50?$ of the mean in 1987 and 1988, respectively. 
When data were combined over years, the range in mean values for 
the K/(Ca+Mg) ratio was 37% of the mean. The magnitude of the 
variation is also demonstrated by the variance component among 
progeny lines (us). This component, which provides an estimate of 
the total genetic variance among the progeny lines, was substan- 
tially larger in 1988 than in 1987 in all but 1 instance. For example, 
the genetic variance for the K/(Ca+Mg) ratio was 0.01 in 1987 
compared to 0.17 in 1988. 

A similar range of variation was observed for the RTP index. 
This index, which provides an estimate of the grass tetany produc- 
ing potential of an individual progeny line, comprises information 
involving the interactions of Mg, Ca, and K (Mayland and Asay 
1989, Mayland and Grunes 1979, Kemp and t’Hart 1957). The 
index gives additional weight to the Mg concentration in the forage 
and should be particularly useful in evaluating the progress in 
breeding programs to reduce the grass tetany hazard. The ranges in 
RTP values were 40,55, and 34% of the mean in 1987,1988, and 
1987-88, respectively. 

Broad-sense heritability values (Hb) also indicated that oppor- 
tunities were available in the population for selection. Heritabili- 
ties for the K/(Ca+Mg) ratio were 0.30, 0.64, and 0.31 for the 
individual year and the analysis combined over years, respectively. 



The corresponding values for the RTP index were 0.32,0.60, and 
0.48. 

The variability among progenies for K/(Ca+Mg) and RTP 
values along with the magnitude of the heritability values suggests 
that the grass tetany potential of this breeding population can be 
altered through breeding. However, because the lowest mean 
K/ (Ca+Mg) ratios were above the 2.2 threshold level, it would be 
appropriate to infuse genetic diversity from other sources. A logi- 
cal procedure would be to assemble as much Russian wildrye 
germplasm as possible through plant exploration, from the 
National Plant Germplasm System, and from seed inventories in 
breeding programs. These plant materials would then be screened 
to establish a base from which the necessary genetic factors could 
be obtained. 

Progeny means combined over years were used to compute a 
correlation matrix among the 6 traits within and combined over 
harvests (Table 5). Magnesium was significantly and positively 

T8ble 5. Correl8tions (r) rmong C8, Mg, K, P, K(C8 + Mg), 8nd RTP 
index b88ed on 45 Rus8i8n wildrye progeny me8n wlues combined over 
two ye8rs.l 

Harvest Ca Mg K I’ K/O+W 

Mg 

K 

P 

_________~~_~~~~~~~~~~~~__~ 
1 0.73.’ 
2 0.62+* 

Combined 0.69*+ 
1 0.25 0.31* 
2 0.29* 0.32; 

Combined 0.27 0.34* 
1 0.10 0.31* -0.07 
2 -0.11 0.26 0.08 

Combined 0.04 0.31’ -0.03 
K/(Ca+Mg) 1 -0.78** -0.66*+ 0.32’ -0.25 

2 -0.52++ -0.41** 0.34, 0.12 
Combined -0 . 66** -0 55++ 0.35* -0.10 

RTP 1 0.82++ 0:88** -0.07 0.34* -0.92** 
Index 2 0.68** 0.82** -0.01 0.07 -0.84+* 

Combined 0.78** 0.88** -0.02 0.25 -0.87** 

~Degrees of freedom = 43; P values from 1988 only. 
+a* r values significantly greater than 0 at the 0.05 and 0.01 probability levels, 

respectively. 

correlated with Ca within each harvest and combined over harvests 
(r = 0.62*+ to 0.73**). A weaker positive relationship existed 
between Mg and K (r = 0.3 1* to 0.34,) and Ca and K (r q  0.29* for 
harvest 2). As expected, Mg and Ca were negatively correlated 
(P<O.Ol) with the K/(Ca+Mg) ratio and positively correlated with 
the RTP index. Although K was positively correlated with the 
K/(Ca+Mg) ratio (r q  0.32* to 0.35*), no relationship was detected 
between K and the RTP index. A strong negative association was 
found between the K/(Ca+Mg) ratio and the RTP index (r = 
-0.84*+ to -0.92+*). 

Stepwise regression analyses showed that Mg accounted for 77% 
of the variation among the RTP index of the progeny lines. The 
second variable added was K, which along with Mg accounted for 
8% of the variation. When Mg, K, and Ca were all included in the 
regression analysis, 95% of the variation was accounted for. This 
confirms that selection based on RTP places more emphasis on Mg 
than on Ca and K, as was initially reported by Mayland and Asay 
(1989). 

A weak relationship was found between green weights of the 
progeny lines and K concentration (r = 0.28 to 0.37*) and between 
green weight and the K/(Ca+Mg) ratio (rz0.23 to0.41*). All other 
correlations involving green weight were low and nonsignificant. 
Although green weight was determined for only 1 year, the trends 
suggest that it should be possible to select Russian wildrye germ- 

plasm with high forage yield and low tetany potential. 

Conclusions 

Although seasonal variation was evident, chemical analyses 
indicate that cultivars developed from this breeding population of 
Russian wildrye would pose a high risk of producing grass tetany in 
grazing ruminants. Ratios were consistently above the previously 
established danger level of 2.2. Genetic progress could not be 
realistically predicted without parent-progeny data; however, the 
level of Hb values for the K/(Ca+Mg) ratio and the RTP index 
along with the variability observed among the progeny lines for all 
traits measured suggests that selection to reduce the grass tetany 
potential would be effective. Breeding to increase Mg levels would 
probably be accompanied by increases in the concentration of Ca 
and to a lesser extent increased K. Because of the relatively weak 
relationship found between Mg and Ca and K, it should be feasible 
to concurrently select for higher levels of Mg and Ca and lower 
levels K. Because of the relatively high K/ (Ca+Mg) ratios found in 
this population, it would be advisable to identify other germplasm 
with attributes associated with low grass tetany potential (higher 
levels of Mg and Ca and lower concentrations of K). This would 
provide a germplasm pool from which genetic factors that condi- 
tion low tetany potential could be transferred to this and other 
populations that possess the desirable attributes of Russian wild- 
rye. Preliminary results from our studies suggest that reduced grass 
tetany potential may be accompanied by reductions in forage yield, 
unless selection for high yield potential is done concurrently. The 
relationship between grass tetany potential and forage yield and 
other important attributes in Russian wildrye merits additional 
study. 
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Components of seed yield in ‘Pierre’ sideoats grama 
A. BOE AND J.L. GELLNER 

Abstract 
Sideoats gmma [Boutefoue curtipendu~a (Michx.) Torr.] is an 

important component of grass mixtures planted for conservation 
and forage throughout the Great Plains. Relationships between 
seed yield and its components were determined for ‘Pierre’sideoats 
grama for 2 years in a field nursery at Brooklngs, South Dakota. 
Analyses of variance indicated highly sign&ant (PCO.01) dlffer- 
cnces between years for seed yield, number of splkes/cuhn, number 
of splkelets/spike, seed set, and seed size but not number of rcpro- 
ductive culms. Significant (P<O.OS) positive correlations were 
found between seed yield and number of reproductive culms and 
seed yield and seed set in both years. The largest direct path 
coefficients were between number of reproductive culms and seed 
yield (0.62 and 0.68 in 1985 and 1986, respectfvely) and seed set and 
seed yield (0.56 and 0.47 in 1985 and 1986, respectively). Selection 
for increased number of reproductive culms, which can be easily 
determined visually, and seed set should result in improved seed 
yield in this germplasm. 

Key Words: Bouteloua curtipe& (Michx.) Ton., caryopsis 
weight, path coefficient analysis, seed set 

Sideoats grama [Boutelouu curtipendula (Michx.) Torr.], a 
native, warm-season bunchgrass widely distributed in native grass- 
lands of the Great Plains (Newell et al. 1962), is regarded as good to 
excellent forage for livestock and wildlife (Stubbendieck et al. 
1982). It grows well in combinations with other warm-season 
grasses and is an important component of grass mixtures planted 
for conservation and summer forage on fine-textured upland soils 
(Newell et al. 1962). 

Improved cultivars of native grasses adapted to a diversity of 
soil, climate, and management practices are needed throughout the 
Great Plains. These cultivars must be capable of producing sub- 
stantial yields of high quality seed to be accepted and planted by 
seed pro&cers. Smika and Newell (1965) studied seed yield com- 
ponent responses of 2 sideoats grama cultivars adapted to the 
Central Plains to fertilizer and irrigation treatments, but did not 
determine the interrelationships between seed yield components. 
Dewey and Lu (1959) were the first to apply the method of path 
coefficients (Wright 1921) to genetic improvement of seed yield 
components in forage grasses, but few studies using this method 
have been conducted on native grasses (Boe and Ross 1983, Wilson 
et al. 1981). 
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The objective of this study was to determine the interrelation- 
ships among seed size, seed set, reproductive culm number, and 
other seed production components and seed yield in ‘Pierre’ side- 
oats grama, a cultivar adapted to the northern Great Plains. 

Materials and Methods 

In May, 1984,70 randomly selected seedlings of Pierre sideoats 
grama were transplanted from the greenhouse to a field nursery on 
a Vienna loam [fine-loamy, mixed Udic Haploborall] at Brook- 
ings, S. Dak. The nursery design was I4 rows of 5 plants with 1 m 
inter-and intrarow spacings. When caryopses reached hard dough 
in 1985 and 1986, all inflorescences of individual plants were 
hand-harvested, placed in paper bags, and air-dried. Data obtained 
for individual plants in 1985 and 1986 were: (I) number of repro- 
ductive culms, (2) total weight of all spikes stripped from rachises, 
(3) weights of 2 random 25spike samples, (4) number of spike- 
lets/ spike from 2 random lo-spike samples, (5) seed set or number 
of caryopses/spikelet from each IO-spike sample, (6) number of 
spikes/ reproductive culm (calculated from number of reproduc- 
tive culms, total weight of spikes, and weights of 2 25-spike sam- 
ples), (7) seed yield (total caryopses weight obtained by threshing 
spikes on a rub-board and separating caryopses from spikelet 
bracts with a seed blower), and (8) weights of 2 random IOO- 
caryopses samples (seed size). Due to mortality over the 2-year 
study, data for both years were obtained for 58 of the 70 original 
transplants. 

Analyses of variance were used to partition the variation in seed 
yield and its components into year, plant, and year by plant inter- 
action effects. The year by plant interaction effect was the error 
term and used to test significance of the year and plant effects. 
Simple linear correlation coefficients for all possible comparisons 
were also calculated for each year. Path coefficients (Dewey and 
Lu 1959) were computed from partial regression coefficients (Li 
1975) for components of seed yield per plant. Path coefficients 
quantify direct and indirect effects of interrelated components of 
seed yield. 

Results and Discussion 

Highly significant (PCO.01) differences were found between 
years for seed yield and all components other than number of 
reproductive cuhns (Table 1). These data demonstrated, as was 
found for blue grama [ Boutelouugrucilis (H.B.K.) Log. ex Steud.] 
(Wilson et al. 1981), the strong influence of environmental differ- 
ences between years on seed yield components in sideoats grama. 

Highly significant (P<O.Ol) positive simple linear correlations 
were found between number of reproductive cuhns and seed yield 
in 1985 and 1986 (r = 0.80 and 0.83, respectively) (Table 2). Smika 
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Table 1. Ammel red ykld end component meam for ‘Pierre’ &&oats 
grenu qmc~plenta evahmted at Brook&, South Dakota. 

Culms/ Spikes/ Spikelets/ Seed Seed seed 
Year plant culm spike Size set yield 

__________no.__________ -mg- -46 -g- 
1985 176.1 21.0 82.9 32.0 8.3 
1986 187.1 25.9 f:4 85.7 25.0 6.4 
Sign. 

Level NS l * ** ** ** l * 

NS, *+ Annual muons not significant or significantly different at the 0.01 level, 
rcspcctively. 

and Newell (1965) found inflorescence number per meter of row 
strongIy correlated with seed yields of ‘Butte’and ‘Trailway’side- 
oats grama at 2 Nebraska locations over a 3-year period. 

Significant (P<O.OS) positive correlations were also found 
between seed set and seed yield in 1985 and 1986 (Table 2). 
Numbers of spikes/cuhn and spikeletslspike were significantly 
(P<O.O5) correlated with seed yield in 1 of the 2 years. The only 
significant negative correlations found in this study were between 
number of spikes/culm and seed size in 1985 and 1986 and number 
of spikes/cuhn and seed set in 1985 and 1986. 

Path coefficient analysis indicated that number of reproductive 
culms had the strongest direct effect on seed yield (Table 2). Similar 
results have been reported for crested wheatgrass (Agropyron 
crisfurum L.) (Dewey and Lu 1959) and big bluestem (Andropogon 
gerurdii Vitman) (Boe and ROSS 1983). Small positive indirect 

Table 2. Correlation and path coefficient analyses of seed yield compo- 
nents in a spree-plant n&wry of ‘Pierre’ sideoats ma. 

Pathways of Association 
Coefficients 

1985 1986 

Seed yield vs. reproductive culms 
Direct effect 
Indirect effect via spikes/culm 
Indirect effect via spikelets/spike 
Indirect effect via seed set 
Indirect effect via seed size 

Seed yield vs. spikes/culm 
Direct effect 
Indirect effect via reproductive culms 
Indirect effect via sikeletsl soike 
Indirect effect via s&d set ’ 
Indirect effect via seed size 

Seed yield vs. spikelets/spike 
Direct effect 
Indirect effect via reproductive culms 
Indirect effect via spikes/culms 
Indirect effect via seed set 
Indirect effect via seed size 

Seed yield vs. seed set 
Direct effect 
Indirect effect via reproductive culms 
Indirect effect via spikes/culm 
Indirect effect via spikelets/spike 
Indirect effect via seed size 

Seed yield vs. seed size 
Direct effect 
Indirect effect via reproductive culms 
Indirect effect via spikes/culm 
Indirect effect via spikelets/spike 
Indirect effect via seed set 

r = 0.80** 
0.62 
0.06 
0.07 
0.03 
0.02 

0.83;. 
0.68 

:: 
0:04 
0.02 

r= 0.23 0.32’ 
0.39 0.43 
0.10 0.10 

-0.04 0.04 
-0.18 -0.20 
0.04 -0.04 

r = 0.24 
0.27 
0.16 

-0.05 
-0.11 
-0.03 

r = 0.47** 
0.56 
0.03 

-0.12 
-0.05 
0.06 

0.32* 
0.20 
0.14 
0.08 

-0.09 
-0.01 

r q  0.27 
0.17 

0.33* 
0.47 
0.05 

-0.18 
-0.04 
0.03 
0.21 
0.15 
0.09 

-0.12 
-0.01 
0.10 

2% 
-0.04 
0.18 

Boe, A., and J.G. Ross. 1983. Path coefficient analysis of seed yield in big 
bluestem. J. Range Manage. 36~652-653. 

Dewey, D.R., and K.H. Lu. 1959. A correlation and path-coefficient 
analysis of components of crested wheatgrass seed production. Agron. J. 
51:515-518. 

Harlan, J.R. 1950. The breeding behavior of sideoats grama in partially 
isolated populations. Agron. J. 4220-24. 

Kneebone, W.R., and C.L. Cremer. 1955. The relationship of seed size to 
seedling vigor in some native grass species. Agron. J. 47~472-477. 

Li, C.C. 1975. Path analysis: A primer. Boxwood Press. Pacific Grove, 
Calif. 

Newell,L.C.,R.D. Staten,E.B. Jackson,endE.C. Conard. 1962.Sideoats 
grama in the central Great Plains. Nebr. Agr. Exp. Sta. Res. Bull. 207. 
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Exp. Sta. Res. Bull. 218. 
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Coefficient of determination’ O.% 0.95 
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influences of the 4 other components contributed to the large total 
correlations between seed yield and reproductive culms in both 
years. 

Although significant (P<O.O5) total correlations were found 
between seed yield and seed set in both years, indirect negative 
effects of numbers of spikes/culm and spikelets/spike masked the 
direct influence of seed set on seed yield (Table 2). Similarly, when 
calculated on a per culm basis, Wilson et al. (1981) reported strong 
negative correlations between numbers of spikes and spikelets per 
spike and fertility (seed set) in blue grama in Colorado. 

The direct effect of number of spikes/cuhn was larger than the 
direct effects of number of spikelets/spike and seed size (Table 2). 
Although linear correlations between these 3 components and seed 
yield were similar, the stronger negative indirect influence of seed 
set on spikes/culm masked its relatively stronger direct effect. 
Positive indirect effects that contributed to total correlations 
between number of spikelets/ spike and seed yield and seed size and 
seed yield were number of reproductive cuhns and seed set, 
respectively. 

Encouraging findings of this study, elucidated by path coeff- 
cient analysis, were absences of negative correlations between seed 
size, number of reproductive cuims, and seed set. This indicates 
that selection for seed yield in this germplasm would not adversely 
affect seed size, which is the primary factor influencing seedling 
vigor in forage grasses (Kneebone and Cremer 1955). Wilson et al. 
(1981) found no correlation between reproductive culms/ plant and 
seed size and a small negative correlation between fertility and seed 
size in blue grama. They suggested that in grasses that produce 
small caryopses, seed development may not be limited by the 
amount of photosynthetic products even when fertility percentage 
is high. In crested wheatgrass, fertility was strongly negatively 
associated with seed size (Dewey and Lu 1959). However, fertility 
in their study was determined as seeds per spikelet with no indica- 
tion that the actual number of florets per spikelet was determined. 

This study suggests that number of reproductive culms and seed 
set had strong direct influences on seed yield and should be given 
primary attention in a breeding program aimed at increasing seed 
yield. Harlan (1950) found fixation for numerous reproductive 
culms much easier to achieve than fixation for abundant leaf 
production in sideoats grama germplasm from the southern Great 
Plains. Number of reproductive culms can be quickly evaluated 
visually in a space-plant nursery, thus large populations could be 
screened for this trait in a short period of time. Seed set would be 
difficult to assess in the field and thus would be more efficiently 
evaluated after selection for number of reproductive culms. 
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Overstory-understory relations in pinyon-juniper woodlands 
in New Mexico 
REX D. PIEPER 

Abstract 

Herbage biomass for blue grama (Boutdoua grdlis [H.B.K. 
Lag& pinyon ricegrass (Pfph&tu&un jimbriatum [H.B.K.] 
Hit&c.), New Mexico muhly (Muhihkgfa pcsrciflorcl Buckl.), 
other grasseq and forbs was estimated on 25 pinyon-juniper stands 
of varying overstory cover on the Fort Stanton Experimental 
Ranch insouthcentral New Mexico. Negative 2”d degree polynom- 
ial curvea best expressed the relationshipa between total understory 
and blue grama biomass and overstory canopy cover. Positive 
polynomial relationships were shown for cool-season graazs, New 
Mexico muhly, and pinyon ricegrass. Reducing pinyon-juniper 
canopy cover would likely increase blue grama production and 
reduce production of New Mexico mubly and pinyon ricegraas. 

Key Words: canopy cover, Phus e&is, Jun@erus monosperma, 
standing crop, herbage production 

Pinyon-juniper woodlands represent important resources in the 
Southwest. Although they are used for many purposes (Everett 
1988, Hurst 1975, Johnson 1975, Schreyer and Royer 1975, and 
Springfield 1976), livestock grazing remains one of the dominant 
uses. There is considerable evidence that density of pinyon and 
jumper trees has increased during the past 150 years in many of 
these woodlands (Johnsen 1962, Pieper 1977, Springfield 1976, 
West and Van Pelt 1987, and West et al. 1975). Increased tree 
density typically reduces forage available for grazing herbivores. 

Canopy cover is one of the primary factors influencing under- 
story vegetation in forest and woodland vegetation (Bartlett and 
Betters 1983). Basic relationships between canopy cover and 
understory biomass have been determined for pinyon-juniper 
woodlands in Arizona (Arnold et al. 1964, Clary 197 1, Clary et al. 
1974, Jameson 1967, Pieper 1983) and in western New Mexico 
(Short et al. 1977) and Nevada (Everett et al. 1985, Tausch and 
Tueller 1977). These relationships are curvilinear with polynomial 
or exponential equations describing the infhrence of canopy cover 
on understory production. Such studies have elucidated some of 
the basic ecological relationships among the species involved and 
have served as a guide to expected increase in herbaceous biomass 
following reductions of tree canopy. 

Schott and Pieper (1985) described the influence of oneseed 
juniper (Juniperus monosperma [Engelm.]) canopy on basal cover 
of understory species, and Armentrout and Pieper (1988) described 
vegetational zonation patterns associated with individual trees of 
both oneseed juniper and Rocky Mountain pinyon (Pinus edulis 
[Engelm.]). However, little additional work has been done on 
overstory-understory relationships in pinyon-juniper stands in 
central New Mexico. Consequently, the objective of this study was 
to determine the relationship between overstory cover and her- 
baceous biomass. 

Materials and Methods 

The study was conducted on the Fort Stanton Experimental 

Author is professor of range science, New Mexico State University, J_as Cmces 
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Ranch in the foothills of the Sacramento Mountains of south- 
central New Mexico, about 6.5 km east of Cap&an, N.Mex. The 
area is characterized by cool, dry winters, and warm, moist 
summers with cool nights (Pieper et al. 1971). Long-term annual 
precipitation is about 348 mm (Rippel et al 1983), of which about 
65% occurs between July and September. Average annual precipi- 
tation for 7 rain gauges on the study area was 451 mm in 1984 and 
390 mm in 1985. 

The vegetational mosaic of the area is represented by pinyon- 
juniper woodland on the slopes and areas of rough terrain and 
grassland on the undulating mesa tops. Dominant overstory trees 
are oneseed juniper, Rocky Mountain pinyon, and scattered alliga- 
tor juniper (Juniper deppeuna [Steud.]). The understory is 
represented by several species of grasses and forbs (Lebgue and 
Allred 1985). 

Areas supporting pinyon-juniper woodlands with no or light 
grazing by cattle shown on aerial photographs were overlain by a 
dot grid, and 25 locations were selected at random from this grid. 
Each area was located in the field as accurately as possible. At each 
location, a 15 X 25-m macro plot was established and the long and 
short diameter of each tree in the plot was measured. Canopy cover 
was calculated using the formula for a circle, since the shape of 
canopy of these trees was more circular than elliptical. Three 
transects were randomly located across the length of the plot, and 
all rooted plants within five 2 X 5 dm plots per transect were 
clipped, separated into blue grama (Boureloua grucifis [H.B.K.] 
Lag.), pinyon ricegrass (Piptochaetium fimbriutum [H.B.K.] 
Hitchc.), New Mexico muhly (Muhlenbergiu puuczjloru Buckl.), 
other grass, and forbs, and weighed. All field sampling was com- 
pleted in late August and early September. Quadrat locations were 
randomized each year to avoid sampling the same spot the second 
year. 

Simple linear, logarithmic, exponential, and quadratic regres- 
sion analyses were conducted using Stat View 5 12+ software on a 
Macintosh II computer. Total tree canopy cover was considered 
the independent variable, and total, blue grama, pinyon ricegrass, 
New Mexico muhly, other grass, and forb biomass were the 
dependent variables. The best tit curves were selected based on 
high coefficients of determination, low standard errors, and level 
of significance of the model. Plots of the residuals were used to 
evaluate the curves selected. 

Tree overstory was determined only in 1984, understory biomass 
was determined both in 1984 and 1985. Biomass data collected in 
1984 were used to develop the basic regression equations, and 1985 
data were used to validate the models since precipitation patterns 
were similar for both years. Validation was accomplished by sim- 
ple linear regression analysis of actual versus predicted values 
developed from the equations. 

Results and Discussion 
Overstory-Understory Relations 

A 2”d degree polynomial best described the relationship between 
pinyon-juniper canopy and total biomass and blue grama biomass. 
Tree canopy cover and total herbaceous understory biomass was 
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Fig. 1. Relationship between canopy cover and total herbage biomess. 

highly significantly inversely related (p>o.OOOl, r* q  0.93). Reduc- 
tions in canopy cover between 85 and 60% resulted in relatively 
small increases in understory biomass (Fig. 1). The curve is much 
steeper in understory biomass response between 0 and 40% canopy 
cover. Blue grama biomass was also highly negatively related to 
canopy cover (P<0.0001, r* = 0.91) (Fig. 2). These curves were 
flatter than those reported for sites in Arizona (Clary et al. 1974, 
Jameson 1967) and western New Mexico (Short et al. 1977), but 
the shapes were similar. Apparently, reducing the canopy at high 
levels was more effective in increasing both total and blue grama 
herbage weight in central New Mexico than in areas farther west. 
Differences in both overstory and understory species may account 
for these slightly different curves. Reduced light intensity at higher 
canopy levels, competitive interactions for water and nutrients, 
and litter accumulation (Harper 1977, Walker et al. 1986) are likely 
factors responsible for the reduction in understory biomass, 
although measurement of light intensities and other interactions 
have not been made (Armentrout and Pieper 1988). Similar 
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Fig. 2. Relationship between cenoy cover and blue gramr biomees. 
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Fig. 3. Relationship between canopy cover end pinyon-ricegrese biomese. 

responses have been revealed for other woodlands and forests in 
western U.S. (Bartlett and Betters 1983). 

Reductions of blue grama biomass from open stands to dense 
stands agrees with data reported by Armentrout and Pieper (1988) 
and Schott and Pieper (1987). Schott and Pieper (1987) found blue 
grama cover was much higher near the edge of oneseed juniper 
canopy than near the center of the canopy. Apparently, blue grama 
is relatively intolerant of shade or other competitive interactions. 

Biomass of 2 cool-season grass species-pinyon ricegrass and 
New Mexico muhly-was positively related to tree canopy cover 
(Figs. 3 and 4). However, biomass of these 2 species was much less 
than that for blue grama. The data for these species exhibited 
higher variability than that for blue grama (r* q  0.52 for pinyon 
ricegrass and 12 = 0.64 for New Mexico muhly). Apparently, these 
cool-season grass species have relatively high tolerance for low 
light intensities and other changes in environmental conditions 
associated with increases in pinyon-juniper cover. These data agree 
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80 - 

60- l 

40 - 

0 I 1 I I 
0 20 40 60 80 100 

canopy cover (%) 

Fig. 4. Relationship between canopy cover and New Mexico muhly 
biomees. 

JOURNAL OF RANGE MANAGEMENT 43(5). September 1990 



with those of Clary and Morrison (1973), who found that alligator 
juniper benefited cool-season grasses in Arizona. The direct rela- 
tionship between biomass of New Mexico muhly and pinyon rice- 
grass and overstory cover helps explain the better relationship 
between overstory cover and blue grama biomass than that for 
total biomass, which includes both cool and warm season grass 
species. 

Biomass of other grass and forb species was not strongly related 
to overstory canopy cover. A simple linear regression showed that 
overstory canopy cover explained only 16.5% of the variation of 
other grass biomass and about 14% of the variation in forb bio- 
mass. Obviously, these groups include species that are reacting 
differently to the tree canopy. 

Blue grama biomass was negatively related to both New Mexico 
muhly and pinyon ricegrass biomass. A 2”d degree polynomial 
appeared to describe these relationships best. Such a relationship is 
to be expected because these species reacted in an opposite manner 
to tree overstory. On the other hand, biomass of New Mexico 
muhly and pinyon ricegrass showed a positive linear relationship. 
Bach percent increase of 1 kg/ ha biomass of pinyon ricegrass 
corresponded to an increase of 0.68 kg/ ha biomass of New Mexico 
muhly. Additional research is needed to gain a better understand- 
ing of the competitive relationships among these understory 
species. 

Validation 
The highest r* value for the relationship between actual vs. 

predicted biomass values was that for blue grama (r* = 0.91, Fig. 5), 
followed by total biomass (r* = 0.76), New Mexico muhly (r* = 0.26) 
and pinyon ricegrass (r* q  0.24). Apparently, blue grama is sensitive 
to tree canopy overstory, and the relationship is fairly stable from 
year to year when precipitation is comparable. 
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Fig. 5. Coefficients of determination for actual vs. predicted biomass for 
varioos vegetational components. Bogr = Bouteloua gradis, Mupa = 
Muhkwbergiapa@fkm, PUi = Piptochaetwnfimbriatum. 

Management Implications 

These data suggest that decreasing overstory canopy of pinyon- 
juniper woodlands in central New Mexico will tend to increase blue 
grama biomass, but decrease biomass of cool-season grasses such 
as New Mexico muhly and pinyon ricegrass. If the latter species are 
important as a grazing resource, some mosaic pattern of tree 
control may benefit grazing values as well as aesthetic values 
(Williamson and Currier 1971). 

These data provide some indication of herbage production 
potentials under different levels of canopy cover of pinyon-juniper 
trees. Increases in herbage production are relatively small unless 
canopy cover can be reduced substantially. These data can be used 
in planning modifications of pinyon-juniper woodlands. 
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A viewpoint on Indian ricegrass research: Its present status 
and future prospects 
T.A. JONES 

Abstract 

Indian ricegrass (Oryzopsis hyutenoid~ (Roem. & !Sclmit.) 
Ricker) is adapted to sandy arid areas of much of the western USA 
and is a highly desirable species on winter range sites. sad is 
typicaily highly dormant. Mechanical dormancy has been reduced 
by mechanical and sulfuric acid scarification, and physiological 
dormancy has been reduced with stratification, giberelk acid, and 
kinetiu A better understanding of the relationship between 
mechanical and physiological dormancy may lead to a practical 
procedure for breaking dormancy in harvested seed. Alternatively, 
a better understanding of enviromuental factors on seed produc- 
tion may lead to productioo of already low dormancy seed. Estab- 
lishment success will aiso depend on development of appropriate 
seedbed management practices for various soils. Reduction of the 
currently large shattering losses would have a favorable impact on 
the economics of Indian ricegrass seed production. An interdisci- 
plinary approach htcluding seed physiology, seedbed ecology, seed 
technology, and plant breeding can potentially solve these prob- 
lems. The potential of seeding Indian ricegrass for improving 
rangelands can only be realised after low dormancy seed becomee 
available, appropriste seedbed management practices are devc 
loped, and seed shattering losses are reduced. 

Key Words: Oryzopsis hywaenoidks, seed dormancy, seed reten- 
tion, St& hymmoides, winter range. 

Biology and Variation 
The distribution of Indian ricegrass (Oryzopsis hymenoides 

(Roem. & Schult.) Ricker (Cronquist et al. 1977) = St&a hyme- 
noides Roem. & Schult. (Welsh et al. 1987)) extends from the 
Nebraska sandhills west to the eastern slopes of the Cascade and 
Sierra-Nevada ranges and from Mexico to Canada at elevations up 
to 3,000 m (Booth et al. 1980). It is the dominant perennial grass 
species of the low-elevation salt desert range of the sagebrush 
vegetation zone (Young and Evans 1984). Indian ricegrass is a 
cool-season grass found on soils that are neutral to mildly alkaline, 
low in water-holding capacity, low in clay content, high in bulk 
density, and with few rock fragments (Platou et al. 1986). Sites 
occupied by Indian ricegrass are warmer and drier than sites occu- 
pied by bluebunch wheatgrass (Pseudoroegneria spicata (Pursh) 
A. Love) or Idaho fescue (Festuca idahoensis Elmer). Indian rice- 
grass sites receiving at least 200 mm average annual precipitation 
are more clayey and less rocky than drier Indian ricegrass sites. In 
the Kaiparowits Basin of southern Utah, Indian ricegrass was 
found on soils averaging 75% sand (Jaynes and Harper 1978). 
Indian ricegrass was most often found on minimal slopes and in 
deep soils having a relatively low pH and clay content compared to 
other species on the site. Indian ricegrass is the dominant and often 
the only perennial grass found on areas of sand at low elevations in 
arid environments, but it is also the first perennial grass to invade 
clay soils infested with medusahead (Taeniatherum asperum 
(Simonkai) Nevski) (personal communication, J.A. Young). 

Author is research geneticist, USDA-ARS Foragcand Ran Research Labora- 
tory, Utah State University, Logan 843226300. Contributiono P Utah Agr. Exp. Sta., 
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Accessions have been collected by the USDA-ARS Native Grass 
Project (Logan, Utah) from loamy sands (20), sandy loams (19), 
sands (12), loams (lo), clays (5), silt loams (2), sandy clay loams (2), 
and clay loams (2). Collections were made from clay soils in the 
vicinities of Winnemucca, Nevada (T-443); Dinosaur, Colorado 
(T-451); Nine Mile Gap, Colorado (T-453); Penrose, Colorado 
(T-469); and Moab, Utah(T-556). The soil pH at 72 collection sites 
ranged from 7.2 to 8.8. Electrical conductivity ranged from 0.2 to 
3.1 mmho/cm. 

Indian ricegrass is a member of the Stipeae, considered by 
Barkworth and Everett (1987) as a tribe in the subfamily Amndi- 
noideae. They consider current generic concepts in the tribe artifi- 
cial and have reorganized the tribe based primarily on lemma 
epidermal patterns, but also on palea, leaf, and other characters. 
Indian ricegrass was allied with Stipa arida M.E. Jones, S. coro- 
nataThurber, S. lettermaniivasey, S. nevadensis B.L. Johnson, S. 
occidentalis Thurber, S. pinetorum M.E. Jones, S. scribneri Vasey, 
S. speciosa Trin. & Rupr., S. thurberiana Piper, S. webberi 
(Thurber) B.L. Johnson and others in the Achnathemm species- 
group. Such species as 0. asperifolia Michx., 0. canadensis (Poir.) 
Torr., 0. exigua Thurber, 0. micrantha (Trin. & Rupr.) Thurber, 
0. miliaceum (L.) Aschers. & Schweinf. (= Piptatherum milia- 
ceum), 0. pungens (Torr.) Hitchc., 0. racemosa (J.E. Smith) 
Ricker, S. comata Trin. & Rupr., S. leucotricha Trin. & Rupr., S. 
neomexicana (Thurber) Scribn., S. pulchra Hitchc., S. spartea 
Trin., and S. viridula Trin. were placed in other species-groups. 
Various authors have considered Indian ricegrass as a member of 
Stipa, Eriocoma, and Milium as well as Oryzopsis (Cronquist et al. 
1977). 

Physiology, Ecology, and Utilization 
Growth of established Indian ricegrass plants begins when soil 

temperatures at a 15-cm depth remain at 4O C for 3 to 4 days 
(Pearson 1979). Plant height was positively and negatively corre- 
lated with soil temperature in the vegetative growth stages’ early 
phase and late phase, respectively. Indian ricegrass adjusts to 
shifting sands by elongating basal internodes and producing 
adventitious roots at these nodes (Stoddart and Wilkinson 1938). 
Fungal hyphae are intimately associated with the root system of 
this species (Robertson 1976), and a rhizosheath is visible only a 
few days after germination. Nitrogen fmtion is associated with the 
rhizosheath (Wullstein 1980). An ecotype from Chaco Canyon, 
New Mexico, had 2 and 3 times the root biomass of Nezpar and 
Paloma, respectively Orodho and Trlica (1990) Indian ricegrass 
has been reported to accumulate selenium (Hamilton and Beath 
1963). 

Indian ricegrass is well adapted to desert environments, flowers 
prolifically, and sets seed quickly. Unlike most other cool-season 
grasses, vernalization (exposure to cold) is not required for flower- 
ing. New panicles may continue to appear after the first panicles of 
the year are removed, though their abundance is highly genotype- 
dependent. Flowering may continue late into the fall if environ- 
mental conditions are favorable. If conditions are less than favora- 
ble, seed can be produced within 10 to 11 weeks following the 
initiation of spring growth (Everett et al. 1980). Panicle appearance 
and flowering within each panicle is highly indeterminate. This 
allows the seeds to ripen over a lengthy time period and provides 
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greater opportunity for successful seed production. Though collec- 
tions have little variation in maturity date, considerable variation 
is present for panicle production in initial growth and in regrowth 
after clipping. Anthesis was delayed by soil temperatures above 
100 C in the late vegetative growth phase, but not affected by soil 
temperatures in the early vegetative growth phase (Pearson 1979). 
Precipitation after 15 June increased growth but was too late to 
affect phenology. Moisture earlier in the season delayed anthesis. 

Indian ricegrass is highly preferred by livestock and cures well 
for winter utilization (Cook et al. 1962, Robertson 1976, Booth et 
al. 1980), but its forage quality is not well documented. Palatability 
to sheep is not consistently high (Shewmaker et al. 1989). Gver- 
grazing has greatly reduced the incidence of this species on native 
sites (Rogler 1960). Moderate (60% herbage removed) 1 January 
clipping over a 3-year period was not deleterious, but both moder- 
ate and heavy (90% herbage removed) clipping 1 April and 1 May 
decreased live crown cover the following year (Cook and Child 
1971). Even in the absence of grazing, this short-lived perennial 
usually begins declining by the fifth year (Robertson 1976), though 
West (1979) reported 33-year-old plants. In Chaco Canyon, 
New Mexico, 50 years of protection from heavy grazing did not 
result in genetic selection for herbivory tolerance Orodho and 
Trlica (1990). 

Most attempts to establish Indian ricegrass have been unsuccess- 
ful because of high seed dormancy (Rogler 1960). Most successes 
have been in sites averaging greater than 300 mm precipitation 
annually (Plummer and Frischknecht 1952). Indian ricegrass is 
considered an excellent species for revegetation of mine spoils 
(Zemetra et al. 1983) and dunes (Young et al. 1983). Kinsinger 
(1962) reported a positive correlation between depth of seed (19 to 
141 mm) and height of foliage (70 to 361 mm). Plants arising from 
shallow seeds produced more and thicker tillers. Soil moisture was 
not the only factor involved because the positive correlation was 
also measured in a well-watered greenhouse environment. Smi- 
gelski (1968) reported that seedlings in sand dunes germinate from 
seeds located at the top of a subsurface soil layer with moisture at 
field capacity. This layer exhibits stable temperatures and is insu- 
lated by an overlying layer of sand below permanent wilting point. 
The lower layer is moistened by winter precipitation and is covered 
in the spring by a dry upper layer deposited by wind. Most germi- 
nating seeds were found at the interface of the 2 layers, with roots 
being confined to the lower moist layer. 

Heteromyid rodents were observed to cache Indian ricegrass 
seed in the Carson Desert of Nevada (McAdoo et al. 1983). Indian 
ricegrass seed was preferred when available. Nearly half of the 
cached seeds were naked, the lemmas and paleas being removed by 
the rodents. The caches were later excavated and consumed or the 
clump of germinating seedlings was grazed by the rodents. What 
appeared to be individual plants often were several plants which 
had germinated from a single cache. McAdoo et al. (1983) con- 
cluded that germination from these caches was the primary estab- 
lishment method at this site. 

Breeding System, Varieties, and Hybridization 
Indian ricegrass does not demonstrate self-incompatibility and 

is probably highly self-fertilized (Jones and Nielson 1989). Because 
plants within collections are variable, they are probably mixtures 
of moderately to highly homozygous lines. Under mesic condi- 
tions, anthers may be exserted, permitting cross-pollination. But 
under hot, stressful conditions, pollination occurs before the 
flower opens; such behavior is termed ecological cleistogamy. 
Populations are mostly site-specific ecotypes (Robertson 1977, 
Booth et al. 1980). Chromosome number is 2n q  48 (Johnson and 
Rogler 1943), plus supernumerary chromosomes which may be 
present (Johnson 1963). Indian ricegrass seeds may be long-lived, 
as evidenced by 38% germination of Z&year-old seed held in 

uncontrolled storage (Hull 1973). However, Rogler (1960) reported 
germination below 10% after 12 years of storage. 

Two varieties, Paloma and Nezpar, have been released by the 
United States Department of Agriculture Soil Conservation Ser- 
vice. Paloma was collected in 1957 at Florence, Colorado, and was 
released cooperatively in 1974 with the New Mexico state highway 
department and agricultural experiment stations in New Mexico, 
Colorado, and Arizona for its superior seed and forage produc- 
tion, establishment, and seedling vigor (Anonymous 1974). Nezpar 
was collected in 1935 at Whitebird, Idaho, and was released coop 
eratively in 1978 with the Idaho Agricultural Experiment Station 
for favorable stand establishment (Booth et al. 1980). 

Hybrids with 10 Szipa species have been reported (Johnson 
1962). Nielsen and Rogler (1952) reported a spontaneously chromo- 
some-doubled hybrid of S. viridula X 0. hymetwides, which they 
named Mandan ricegrass. The amphiploid was meiotically regular 
with 65 bivalents, fertile, and true breeding. Seed dormancy 
appeared to be lower in the amphiploid than in either parent 
species. A single plant of a hybrid with S. neomexicano near 
Boulder, Colorado, (Weber 1957) has given rise to a fertile coloniz- 
ing population of several dozen plants. 

Seed Dormancy 
Huntamer (1934) described 2 seed dormancy mechanisms oper- 

ating in Indian ricegrass, a mechanical dormancy and a physiologi- 
cal (or embryo) dormancy. The mechanical dormancy is consi- 
dered persistent over time (McDonald 1976) and is a result of the 
indurate lemma and palea, which prevent the penetration of 02 
required for germination (Toole 1940, Fendall 1966). These 
workers have shown that the lemma and palea, however, do not 
inhibit water uptake. In contrast, physiological dormancy is 
known to decrease over time, but storage at low humidity and 
temperature slows the process (Robertson 1976, McDonald and 
Khan 1977). Stoddart and Wilkinson (1938) considered mechani- 
cal dormancy more important than physiological dormancy, but 
this may not be true in recently harvested seed (Jones et al. 1988). 
By comparing germination of intact (lemma and palea present) 
seed and naked (lemma and palea absent) seed within 6 accessions, 
these workers suggested a negative correlation between physiolog- 
ical and mechanical dormancy among accessions. Huntamer 
(1934) found accession with greater dormancy originated from 
drier sites, but Plummer and Frischknecht (1952) reported the 
reverse. 

Mechanical dormancy can be virtually eliminated when the 
lemma and palea are removed from the seed because the pericarp is 
then easily ruptured (Stoddart and Wilkinson 1938, Young and 
Evans 1984). Freezing (-200 C) and thawing (43” C), boiling, 
enzyme, and peroxide treatments were ineffective in breaking 
mechanical dormancy (Stoddart and Wilkinson 1938, McDonald 
and Khan 1977). Scarification may be accomplished mechanically 
(Griffith and Booth 1988) or with acid, but the literature on the 
latter method is much more extensive. Both methods have the 
disadvantage of damaging the seed. 

Scarification with sulfuric acid can greatly improve germina- 
tion, despite greatly reduced protein synthesis in the treated seed 
(McDonald and Khan 1983). They reported 67% germination of 
2-year-old seed after 40 minutes of soaking in 67% sulfuric acid 
compared to a 5% germination control. Young et al. (1983) found 
that acid scaritication was unacceptably imprecise and rendered 
seed susceptible to pathogens. McDonald (1976) recommended a 
procedure that included grading the seeds according to size, acid- 
scarifying each grade for an optimum length of time, applying 
gibberellic acid (GAS) via acetone, and coating with 40% manga- 
nese ethylenebisdithiocarbamate (maneb) fungicide. Five acces- 
sions ranged from 36 to 91% germination after this treatment. 
Zemetra et al. (1983) applied this procedure without grading seed 
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according to size in greenhouse and fall seeding experiments. 
Greenhouse germination of 6-month-old, l-year-old, and 2-year- 
old seed increased from 8.4% 28.0%, and 50.2% to 50.2%, 30.9% 
and 66.8%, respectively, after this treatment. The treatment, how- 
ever, reduced emergence of 1 and 2-year-old seed in the fall-seeded 
field trial. The authors concluded that this treatment weakened the 
seed’s ability to overwinter and did not recommend it for fall 
seeding. Toole (1940) believed acid scarification reduced physio- 
logical dormancy as well as mechanical dormancy because some 
scarified lots exhibited enhanced germination despite lemmas and 
paleas persisting following scarification. 

Zemetra and Cuany (1984) investigated lemma thickness for 
determination of the appropriate duration of acid treatment. Mean 
lemma thickness among accessions ranged from 42 to 76 urn. Most 
accessions with thinner lemmas came from the northern part of the 
species’ distribution, but lemma thickness was unrelated to seed 
weight. Paloma’s lemma was thicker than Nezpar’s (Zemetra and 
Cuany 1984) and took longer to acid-scarify (Young et al. 1983). 
Lemma thickness was similar in seed produced at 2 Colorado 
locations. 

Kinetin or GA3 in an acetone solution overcame physiological 
dormancy and increased germination of l-year-old acid-scarified 
seed from 31% to 54% or 65%, respectively (McDonald and Khan 
1977). Hormones had no effect on unscarified seed. Stratification 
of 6-month-old seed gave germination ranging from 5 to 85% in 6 
accessions (Rogler 1960), presumably by increasing endogenous 
gibberellins. Stratification also reduced the germination-inhibiting 
effect of light and had a much greater effect on mechanically 
scarified seed than unscaritied seed (Shaw 1976). Fendall (1966) 
noted that fall plantings are generally much more successful than 
spring plantings. Booth et al. (1980) recommended fall-planting 
seed aged 4 to 6 years, but noted older seed could not emerge from 
depths as great as younger seed. Griffith and Booth (1988) sug- 
gested storage required for loss of physiological dormancy could 
be reduced if seed was scarified before storage. Treatment of seed 
with KNOs does not improve germination (Huntamer 1934, Toole 
1940). 

Rogler (1960) rejected seed treatment procedures on the grounds 
that they would not find acceptance in the seed industry. He 
considered the development of a low-dormancy variety the only 
acceptable solution. Stoddart and Wilkinson (1938) argued that 
grading before sulfuric acid treatment was desirable but impracti- 
cal for large quantities of seed. 

Seed dormancy is considered the most important cause of the 
poor stand establishment which has limited the use of this species. 
Factors believed to influence seed dormancy are age of seed, seed 
polymorphism, seed production environment, and genotype. Older 
seeds require less acid scarification than recently harvested seeds 
(McDonald and Khan 1977, Young et al. 1983). This seems to 
imply that mechanical dormancy is not as persistent as once 
believed. Zemetra and Cuany (1984) found that 12 accessions 
ranged from 0.2 to 8.0% germination at 9 months of age, but 
increased to 44.0 to 74.5% at 42 months of age. Fifty strains of 
Indian ricegrass germinated 2.8% in year 1 and 47.4% in year 6 
(Rogler 1960). After germination peaked, the rate of germination 
decline was approximately the same as the rate of germination 
increase before peak germination. A large strain X production year 
interaction for age of seed at peak germination was present. 

Seed polymorphism is another factor associated with seed dor- 
mancy. Huntamer (1934) described big black (height greater than 
2/ 3 of length) and small black (height less than l/ 3 of length) seed 
polymorphisms. Big black seeds matured earlier and shattered 
more readily than small black seeds. Paloma is predominantly big 
black, while Nezpar has similar numbers of both types (Young and 
Evans 1984). Toole (1940) and Young and Evans (1984) found that 

small black seeds exhibited lower dormancy than big black seeds. 
Huntamer (1934), Stoddart and Wilkinson (1938), and Toole 
(1940) reported that, within an accession, small seeds required less 
acid scarification for germination than large seeds. However, 
Plummer and Frischknecht (1952) found that the correlation did 
not hold across 106 accessions. They concluded that the differences 
in seed size were heritable. Big black seeds are most common in the 
southern portion of the species’range, while small black are most 
common in the northern portion. 

Seed production environment and genotype also affect dor- 
mancy. Seed low in mechanical dormancy has been produced at 
North Logan, Utah, (Jones et al. 1990). This suggests that the seed 
production environment has a large impact on dormancy. This 
effect, however, was genotype-dependent. Two accessions col- 
lected by the USDA-ARS Native Grass Project, T-26, 8 km 
southwest of Montello, Nevada, and T-43,63 km north northwest 
of Eureka, Nevada, appear to have relatively low seed dormancy. 

Germination Testing 
Clark and Bass (1970) attempted to identify a method to maxim- 

ize germination of Indian ricegrass. They recommended planting 
in sterile greenhouse potting soil (I/ 3 field soil + 1/ 3 peat moss + 
1 / 3 sand) moistened with 100 ppm G&. This test consists of a 
4-week 5O C prechilling period followed by a 3-week S/ 15” C 
alternating-temperature germination period conducted in the 
dark. One experiment showed no improvement of germination due 
to prechilling or removal of lemma and palea when planting in 
potting soil, though improvement was present when planting on or 
between blotter paper. This would suggest that physiological and 
mechanical dormancy are artifacts of the use of blotter paper, but 
in a second experiment prechilling improved germination in pot- 
ting soil. This discrepancy is probably related to the use of different 
seed lots in the 2 experiments, indicating that the magnitude and 
relative importance of physiological and mechanical dormancy 
can vary greatly among seed lots. A major difficulty in much of the 
published work is that seed lots typically are not identified and 
their age is not specified. This greatly complicates interpretation of 
research results. 

Ebener (1988) compared tetrazolium viability to viability deter- 
mined by the method of the Association of Official Seed Analysts 
(AOSA), which is the sum of seed germinating in the Clark and 
Bass (1970) procedure plus nongerminating seed staining with 
tetrazolium. Viability determined by tetrazolium without the ger- 
mination test averaged more than 13% greater than by the AOSA 
method. Ebener suggested that the discrepancy was due to embryo 
mortality during the germination test and proposed the use of the 
discrepancy as a measure of seed vigor of the seed lot, a large 
discrepancy indicating low vigor and a small discrepancy indicat- 
ing high vigor. 

Seed Retention 
Because of its harsh native environment, much of the “seed” 

produced by Indian ricegrass is empty (Stoddart and Wilkinson 
1938). Because this empty seed is much more persistent on the plant 
than heavy seed, it appears that Indian ricegrass holds its seed well; 
however, the reverse is actually true (Robertson 1977). Empty 
seeds are hollow and consist only of the lemma and palea. They are 
lighter in color than heavy seeds, and remain attached to the upper 
glume long after the glumes open. Heavy seeds will quickly abscise 
and are held midway between the glumes until shattered. Selection 
for genotypes with smaller glume pair angles can potentially reduce 
shattering (Whalley et al. 1990). This could result in more seeds on 
the plant at any one time and permit increased harvestable seed 
yield. 

Future Prospects 
Research topics for Indian ricegrass that merit attention include 
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soil adaptation, persistence, seeding practices, environmental, and 
developmental factors affecting seed dormancy, and mechanisms 
of seed retention. While Indian ricegrass is primarily considered 
adapted to sandy soils, it may also be found on heavier soils. The 
importance of genotype X soil type interaction is unclear. If Indian 
ricegrass is highly ecotypic, one would expect large genotype X 
environment interactions. However, a variety of accessions have 
not been evaluated over a variety of sites, so the importance of this 
interaction is open to speculation. An understanding of the geno- 
type X soil environment interaction would be of particular interest. 

the disciplines of seed physiology, seedbed ecology, seed technol- 
ogy, and plant breeding is required to address these problems. In 
summary, before Indian ricegrass assumes an important place in 
range revegetation efforts, 3 conditions must be fulfilled: dependa- 
ble sources of low dormancy seed must be available, seedbed 
management practices appropriate for various soils must be deve- 
loped, and a plant material/ management practice package must be 
implemented which minimizes seed shattering losses. 
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Warm-season grass establishment as affected by post- 
planting atrazine application 
C.C. BAHLER, L.E. MOSER, T.S. GRIFFIN, AND K.P. VOGEL 

AbShrCt 

Atrazine [6-ehloro-N-etayl-N’-(l-metbyktbyl)-1J,S2, 
4-diamine] provides effective weed control during big bluestem 
(An&opogon gem&i Vitman) and switchgrass (Paniaun virga- 
turn L.) establishment. However, most @her desirable warm- 
season grasses are susceptible to atrazine injury at establishment. 
The objective of this study was to determine if atrazine application 
after seeding would affect susceptible warm-season grass estab- 
lishment. Big bluestem, switchgrass, indiangrass [Sorgti 
nutwts(L.)Nash~shieoatsgrama[Boutekuurcu@en&&(Michx.) 
Torr.1, and little bluestem [Sch&achyrium scopuriurn (Michx.) 
Nash] were seeded into greenhouse flats or field plots and 2.2 kg a.i. 
atrazine/ha applied at 0 (atrazine control), 7,14, or 21 days after 
planting. An untreated control was used also. In greenhouse exper- 
iments, indlangrass and sideoats gramr plant survival increased 
when l trazlne applications were delayed. Switchgrass, big blue 
stem, and little bluestem plant survival was not affected by atrazine 
application. Field studies were conducted in 1983,1985, and 1986 
using the same soil type, grass species, and application periods as 

the greenhouse study. Delaying atrazine application 7 or more 
days after planting generally favored survival of lndlangrass and 
sldeoats grama. Big bluestem, switchgrass, and little bluestem were 
not affected by atrazine treatment. Delaying the applkation of 
rtrazine may favor the survival of atrazine sensitive species. How- 
ever, further research needs to be conducted on various soil types 
and environmental conditions before this can be a recommended 
practice. 

Key Words: 6-ch1oro-N-ethyl-N’-(I-methylethyl)-l,3,S4riazlne- 
2,4diamlne, Andropogon gem&i Vitmm, Pa&am vir@tum L., 
Sorghastrun~ nutaus (L.) Nash, Bouteloua mdpukda (Michx.) 
Torr., Schizachyrium scopadum (Mkhx.) Nash 

Atrazine, [6-chloro-Nethyl-N’-(I-methylethyl)-l,3,5,-triazine-2, 
4diamine], controls annual broadleaf and grassy weeds in switch- 
grass (Panicum virgatum L.) and big bluestem (Andropogon ger- 
ardii Vitman) seedings because these grasses are atrazine tolerant 
(Bahler et al. 1984, McCarty 1976, Kern 1976, Martin et al. 1982). 
Samson and Moser (1982) established sod-seeded switchgrass in 
eastern Nebraska pastures dominated by Kentucky bluegrass (Poa 
pratensis L.) with applications of atrazine and paraqnat (1, I’dirne- 
thyl_4,4’bipyridinium ion). 

Establishment of other desirable warm-season grass seedlings 
with atrazine has been a problem because of susceptibility to 
atrazine injury. Indiangrass [ Sorghaztrum nutans (L.) Nash] stand 
and yield were reduced; sand lovegrass [Eragrostis trichodes 
(Nutt.) Wood] and sideoats grama [ Bouteloua curtipendula (Michx.) 
Torr.] seedlings were killed by atrazine (Martin et al. 1982, Bahler 
et al. 1984). Delaying the atrazine application until sorghum 
[Sorghum bicolor (L.) Moench] was 15 cm tall controlled weeds 
without injury to the plant (Wiese and Rea 1%2). 
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The objective of thii study was to determine whether delaying 
atrazine application to after seeding would decrease the amount of 
injury sustained by susceptible warm-season grass species such as 
indiangrass, sideoats grama, and little bluestem [ Schizachyrium 
scoparium (Michx.) Nash] sufficiently for adequate stand es- 
tablishment. 

Materials aud Methods 

Greenhouse Study 
One-year-old seedlots of ‘Pawnee’ big bluestem, ‘Pathfinder’ 

switchgrass, ‘Oto’indiangrass, ‘Butte’sideoats grama, and Camper’ 
little bluestem were used. Seeds were planted in0.6 by0.3 by .08-m 
flats containing 15 kg of a 2: 1 soil-sand mixture. The soil was a 
Sharpsburg silty clay loam (Typic Argiudoll). The seed were 
planted in single rows 0.5 m in length at a rate of 131 pure live seeds 
(PLS) per meter of row. The flat were subirrigated the day before 
planting. Watering after planting occurred from the top to ensure 
atrazine presence in the rooting zone and to simulate field 
conditions. 

The flats were sprayed with an atrazinedistilled water solution 
containing 6.06 mg/L atrazine to obtain a 2 mg/ kg (2.2 kg/ha) 
concentration of atrazine in the soil. Single applications of atrazine 
solution were made to whole flats 0 (atrazine control), 7, 14, or 21 
days after planting. In addition, an untreated control receiving no 
atrazine was also included. Air temperature was approximately 
27O C during the day and approximately 15” C at night during the 
study. Additional fluorescent lighting was provided producing a 
1 ahour day length. 

A split-plot treatment arrangement with 4 replications was used 
with time of atrazine application as the whole plot and species as 
the subplot. The study was repeated. An analysis of variance was 
performed on the number of plants present 49 days after planting. 
Separate analyses were performed on the 2 runs and Bartlett’s test 
was used to determine whether the variances from the 2 runs were 
homogeneous (Steele and Torrie 1980). Bartlett’s test was nonsig- 
nificant, indicating no evidence for nonhomogeneity, and the anal- 
ysis of variance was performed on the combined data sets. Means 
were separated using Fisher’s Protected L.S.D. (Steele and Torrie 
1980). 

Field Studies 
The field plots were located at the University of Nebraska 

Research and Development Center near Mead, Nebr., on a 
Sharpsburg silty clay loam (Typic Argiudoll). A conventional 
seedbed was prepared by both discing and harrowing the soil 
before fumigation. Plots were fumigated with methyl bromide to 
reduce the weed seed viability in the soil. The plots were fumigated 
for 64 hours before removal of the plastic and then allowed to 
equilibrate for 12 days to ensure complete methyl bromide 
dissipation. 

‘Pawnee’ big bluestem, ‘PathEnder’ switchgrass, ‘Oto’ indian- 
grass, ‘Butte’ sideoats grama, and ‘Camper’ little bluestem were 
planted on 25 May 1983 (day 145) at a rate of 13 1 PLS per meter of 
row in single 6.1-m rows. The rows were spa& 0.6 m apart. 
Atrazine was applied at 2.2 kg a.i. atrazine/ha at 0 (day of plant- 
ing), 7,14, or 26 days after planting. An untreated control also was 
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included. A surfactant was not used in order to minimize foliar 
uptake by any emerged seedlings. 

Tiller frequency was recorded 60 days after planting (34 days 
after the last application date). The number of 5cm intervals of a l- 
m rod occupied by at least 1 seedling was recorded. Measurements 
were taken at 3 random locations within the row after excluding0.3 
m from each end. The 3 measurements were averaged and percent 
frequency calculated. Rainfall was measured during the growing 
period. 

The experiment was arranged in a split-plot design. The whole 
plot was time of atrazine application, and the subplot was species. 
The study had 4 replications with the analysis of variance being 
conducted on the percent frequency data. Means were separated 
using Fisher’s Protected L.S.D. 

Similar studies were conducted in 1985 and 1986 using different 
seedlots of the same species and cultivars. Methyl bromide was not 
used to kill weed seed in the soil. Similar application intervals were 
used. The experimental design each year was a split-plot with 4 
replications. The whole plot was the time of atrazine application, 
and the subplot was species. 

Seeds were planted 28 May 1985 and 14 May 1986 into a conven- 
tionally prepared seedbed. Atrazine was applied 2,9,16, or 28 days 
after planting in 1985 and 0,7,14, or 21 days after planting in 1986. 
Stand frequency data were collected 56 and 71 days after planting 
(28 and 50 days after the last application date) for 1985 and 1986, 
respectively. Weed yields were determined on 28 July 1986, by 
cutting a 0.6 X 5.5-m area in each plot to a height of 2.5 cm. 
Subsamples were oven dried and dry matter yields calculated. An 
analysis of variance was performed on the percent frequency in 
1985 and on the percent frequency and weed yields in 1986. Means 
were separated with a Fisher’s Protected L.S.D. 

Results and Discussion 
Greenhouse Study 

All species emerged 5 to 10 days after planting. There was a 
significant interaction among the atrazine application dates and 
species. The number of big bluestem, little bluestem, and switch- 
grass plants per 0.5 m of row was not affected by atrazine applica- 
tion at any date (Table 1), although little bluestem had fewer plants 

Table 1. Tbe effect of applying atrazine 0,7,14, or 21 days after pianting on 
the number of piants in 0.5 m of row 49 days after pianting under 
greenhouse conditions. 

Atrazine Big Little Switch- Indian- Sideoats 
application bluestem biuestem grass grass grama 

__----__ _____ plantnumber _____________ 
Untreated control 54a+ 19a 54a 43a 29a 
Atrazine control 54a 9a 53a 25b 6b 

7 days 53a 22a 54a 37ab i6ab 
14 days 54a i9a 49a 33ab 27a 
21 days 51a i2a 49a 33ab 25a 

Wean with the same letter are not significantly different at the 5% level using Fish&s 
protected L.S.D. 

in all treatments than big bluestem or switchgrass. 
Indiangrass and sideoats grama had a lower plant number in the 

atrazine treated flats at seeding compared to untreated plots (Table 
1). When atrazine was applied 7,14, and 21 days after planting, the 
number of plants did not differ from the untreated control for 
indiangrass and were not significantly higher than that from flats 
where atrazine was applied at seeding. Sideoats grama had an 
increase in plant numbers in the flats treated on 14 or 21 days after 
planting compared to fiats where atrazine was applied at seeding 
and the number of plants present were similar to those in the 
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untreated control (Table 1). Plant numbers in the flats treated 7 
days after planting were not different from either the untreated 
flats or flats receiving.atrazine at seeding. 

Field Studies 
In 1983, grasses did emerge until after the 7day treatment. At 

the 14-day application, grasses were just beginning to emerge after 
the 2.4 cm rainfall on day 11. At the last application date, 26 days 
after planting, the grasses were all emerged and some had several 
leaves. In 1983, there was a significant interaction among applica- 
tion dates and species. Switchgrass, big bluestem, and little blue- 
stem all had no significant differences between the untreated con- 
trol and the 4 atrazine application dates (Fig. 1). There was a 
decrease in stand frequency in indiangrass and sideoats grama 

II II, I 
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iz z 60 
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Fig. 1. Rainfall (1983A) and the effect of atrazine application date on the 
percent frequency (1983B) within big biuestem (BB), indiangrass (IN), 
little biuestem (LB), sideoats grama (SG), and switchgrass (SW) during 
1983. 

where atrazine was applied at seeding (Fig. 1) and indiangrass and 
sideoats grama frequencies were significantly greater at the 7-, 14-, 
and 26-day application times compared to plots where atrazine was 
applied at planting. Stands of both indiangrass and sideoats grama 
with the 26-day treatment were equivalent to those of the untreated 
control. Stands were considered good where the frequency is 30% 
or more (Samson and Moser 1982). The stands for big bluestem, 
little bluestem, and switchgrass were excellent with 50 to 95% 
frequency. Only sideoats grama stands where atrazine was applied 
1 day after seeding were unsatisfactory. 

In 1985, over 1 cm of rain fell in the 2 days following seeding 
before the first (atrazine control) application could be made. The 
seed and surrounding soil were thoroughly wet so imbibition began 
before any atrazine was present. The grasses began to emerge by 
the second application date (9 days after planting) and switchgrass 
had the greatest amount of emergence. At the 16day application, 
all grasses were emerged but there was little leaf area. By the 28day 
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application, many grasses of all the species had developed several 
collared leaves. In 1985 there was no significant interaction among 
the atrazine application dates and species. Since the first applica- 
tion was delayed by 2 days due to rain, plant frequency in atrazine 
susceptible species was not depressed as it was when atrazine was 
applied immediately after planting (Figs. 1 and 2). Imbibition of 
the seed occurred before atrazine was present. When sufficient 
water is present, rapidly imbibing water will bring atrazine with it 
(Davis et al. 1965, Hocombe 1968). In the 1983 field study and in 

7 
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L.S.D. (0.05) 1985 B 
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Fig. 2. Rainfall (1985A) and the effect of atrazine application date on the 
percent frequency (1985B) within big bluestem (BB), indiangrass (IN), 
little bluestem (LB), sideoats gnma (SC), and switchgrass (SW) during 
1985. 

the 2 greenhouse studies, atrazine susceptible species had emer- 
gence equal to untreated soil after imbibition, seed coat cracking, 
and initial atrazine uptake had occurred. 

In 1986, the first application was made immediately after plant- 
ing. Two days after planting there was over a 3.0 cm rainfall event 
which initiated imbibition. Most grasses were not emerged until 
the 14-day application date. By the 21day application data, several 
small rains had occurred. Most grasses were emerged but were 
mostly at the 1 to 2 leaf stage. In 1986, there was a significant 
interaction between atrazine application date and species. Low 
emergence of indiangrass and little bluestem was attributed to low 
seed vigor or dormancy of the seedlots used since emergence from 
control plots was low (Fig. 3). Switchgrass and big bluestem were 
not significantly affected by the application date and excellent 
stands resulted. Atrazine at all application dates significantly 
lowered sideoats grama frequency compared to untreated plots. 
The only satisfactory stand of sideoats grama was on the untreated 
control plots, although with 2 1 days of delay there was a significant 
increase in seedling frequency compared to the atrazine control 
and the ‘I-day treatment. 

In 1986, all atrazine applications reduced weed growth (Table 2) 
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Fig. 3. Rainfall (1986A) and the effect of atrazine application date on the 
percent frequency (1986B) wlthin big bluestem (BB), indiangrass (IN), 
little bluestem (LB), sideoats gram8 (SG), and switchgrass (SW) during 
1986. 

although there was a trend towards higher weed yields as atrazine 
applications were delayed. The competitive ability of the weed 
population as measured by weed yields was reduced even with a 
21day delay in atrazine application. Pigweed (Amaranthus retro- 
flexus L.), Lambsquarters (Chenopodium album L.), green foxtail 
[ Setaria viridis (L.) Beauv], and seedling smartweed (Polygonum 
pensylvanicum L.) were the major weed species. All species were 

Table 2. The effect of atrazlne application date on weed dry matter yields 
28 July 1986. 

Atrazine application date 

Untreated control 
At Planting (0 days) 

7 days 
14 days 
21 days 

Weed yield 

kg dry wt/ ha 
1509a* 
269b 
204b 
348b 
614b 

*Means with the same letter are not significantly different at the 5% level using Fisher’s 
protected LAD. 

reduced by the atrazine applications. Green foxtail was present 
only on the plots that were not treated with atrazine. Atrazine did 
not increase competition from grass weeds as would be the situa- 
tion with 2,4-D. 

Based on both field and greenhouse studies, post-emergence 
atrazine application from 1 to 3 weeks after seeding shows poten- 
tial for producing satisfactory stands of atrazine sensitive warm- 
season grasses on tine textured soils with high organic matter. 
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Little bluestem appears to have a moderately high level of atrazine 
tolerance when atrazine is applied at seeding time, which confirms 
work by Bahler et al. (1984). Even with a species very sensitive to 
atrazine like sideoats grama, improved stands occurred when atra- 
zine was not present in early stages of imbibition and germination. 
Since complete weed control is not necessary, delaying application 
of atrazine in warm-season grass establishment may allow grasses 
with marginal atrazine tolerance to be established. 
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Atrazine and burning in tallgrass prairie infested with 
prairie threeawn 
DAVID M. ENCLE, TERRENCE G. BIDWELL, JIMMY F. STRITZKE, AND DALE ROLLINS 

Abstract 

Prairie threeawn (An?rtUa o&a&a Micbx.) is an indicator of 
deteriorated range and is unpalatable and mechanicaiiy injurious 
to livestock. The effects of date of burning (November, February, 
or April) and atrazine [2-chioro-4-@thyiamino)-6+sopropyiamino)- 
S-triazine] applied in March at 0 or 1.12 kg/ha were evaiuated in 
northcentral Oklahoma on tallgrass prairie hay meadows h&&d 
with prairie threeawn. Atrazine provided consistent control of 
prairie threeawn and increased yield of desirable species in 2 of the 
3 studies. Bunring in April reduced prairie threeawn in 1 of 3 
studies, but burning in February or November did not reduce 
p&e threeawn in any of the studies. Combining ame and 
burning controiled prairie threeawn no better than atrazine alone 
when burning was sevti months before or after application of 
atrazine. However, burning just 1 month before application of 
atrazine decreased the activity of atrazine on prairie threeawn. 
Burning alone or burning combined with atrazine did not increase 
production of desirable species. 

Key Words: Aristi& oligantha Michx., native hay meadow, 
Oklahoma, range hnprovement 

Prairie threeawn (Aristida oligantha Michx.), also called old- 
field threeawn or wire grass, is a G annual grass that occurs on dry, 
low fertility sites throughout the eastern one-half of the United 
States (Hitchcock 1950). The plant is commonly found on aban- 
doned cropland and overgrazed upland range sites (Rice 1968). 
Prairie threeawn is capable of colonizing bare soil and maintaining 
dominance for many years because of low nutrient requirements, 
production of allelochemicals, and low palatability (Rice et al. 
1960, Rice 1968, Rice 1971). 

Prairie threeawn lowers forage quality where it occurs on 
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degraded tallgrass prairie hay meadows and pastures (Booth 1941, 
Owensby and Launchbaugh 1977) and contains low levels of nitro- 
gen, phosphorus, and calcium during all of its growth stages 
(Harper et al. 1933). Many tallgrass prairie hay meadows are so 
heavily infested with prairie threeawn they are not harvested. High 
silica content of prairie threeawn dulls swathing equipment and 
impedes hay harvest. The awned seeds of this grass can damage the 
mouth and entangle the hair of cattle and sheep (Kingsbury 1964, 
Burrows et al. 1987). 

Owensby and Launchbaugh (1977) found that burning before 
early December in Kansas reduced the number of prairie threeawn 
seedlings the following growing season. On areas with a residual of 
perennial plants, reducing prairie threcawn by fall burning increased 
production of perennial grasses. Cool-season grasses and forbs 
have been the primary targets of manipulation of herbaceous 
vegetation in tallgrass prairie through use of both atrazine [2- 
chloro-4-(ethylamino)-6-(isopropylamino)-S-triazineJ and late 
spring burning (Anderson et al. 1970, Baker and Powell 1978, 
Wailer and Schmidt 1983, Towne and Owensby 1984, Gillen et al. 
1987). No research has been conducted on atrazine or combina- 
tions of dormant season burning and atrazine for manipulating 
tallgrass prairie infested with prairie threeawn. The objectives of 
these studies were to determine the effects of atrazine, a dormant 
season bum, and atrazine and burning in combination on yield of 
prairie thrceawn and desirable forage in tallgrass prairie hay 
meadows. 

Study Area and Methods 

Three studies were conducted on 2 tallgrass prairie hay meadows 
infested with prairie threeawn. Studies 1 and 2 were conducted 10 
km north of Stillwater, Okla., on a Mulhall loam (fine-loamy, 
siliceous, thermic, Udic Paleustoll) on 3 to 5% slopes, classified as a 
Loamy Prairie range site. Study 3 was conducted 5 km south of 
Stillwater, Okla., on a Grainola (fine, mixed, thermic Vertic 
Haplustalf)-Lucien (loamy, mixed, thermic, shallow Typic Haplus- 
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Table 1. Data of treatments and l rtivation of l trazine and years of data coil&ion for the 3 ~I&s. 

Estimated 
Burning dates Atrazine activation Yield data 

Nov Feb April treatments of atrazi& 86 87 88 

Study 1 -- **/20; 2/2/86 419186 3/21/86 413186 X X 
study 2 213187 418187 3/11/87 3/ 17187 X 
study 3 1 l/200/86 213187 4/8/87 3111187 3117187 x x 
‘Date on whiih precipitation in * single event exceeded 2.5 cm. 
Wo burn in November in study 1. 

toll) complex with l-5% slopes, classified as a Shallow Prairie 
range site (USDA Soil Conservation Service 1987). The potential 
grassland community on both range sites would be dominated by 
big bluestem (Andropogon gerurdii Vitman), little bluestem 
(Schizachyrium scoparium Michx.), switchgrass (Panicum virga- 
turn L.), and indiangrass [Sorghustrum nutuns (L.) Nash]. Hay 
had been harvested annually from both locations in years previous 
to initiation of these studies. Herbage was cut for hay on both 
locations in mid-July each year during the studies. 

Each study was designed as a randomized complete block with a 
factorial arrangement of treatments having 4 replications per 
treatment (Table 1). Factors were burning date and atrazine (no 
atrazine or atrazine at 1.12 kg/ ha). Burning dates and dates of 
atrazine application are listed in Table 1, Plots in all studies were 10 
X 10 m. November bums were conducted shortly after warm- 
season tallgrasses became dormant in the fall, February bums were 
in late winter before tallgrasses began growth, and April burns 
coincided with renewed growth of tallgrasses (new tillers 2 to 5 cm 
in height) in late spring. Plots were burned with headfires ignited at 
plot boundaries with a drip torch. Weather and fuel conditions for 
each bum date and study are listed in Table 2. 

The response of prairie threeawn and other herbage components 
to treatments was determined by clipping in mid-summer (late 
June or early July). In addition, the residual treatment effects in 
studies 1 and 3 were assessed by clipping herbage in mid-summer 
the second year (Table 1). Herbage was clipped to ground level in 5, 
0.5 X 0.2-m quadrats within each plot and separated into current 
year’s herbage and old herbage (litter and mulch). Current year’s 
herbage was separated into tallgrasses, little bluestem, other per- 
ennial grasses, prairie threeawn, and forbs. Herbage was dried at 
6Y’ C for 72 hr and weighed. For data analysis all current year’s 
herbage components, other than prairie threeawn, were combined 
into 1 category which we term desirable hay species. Forbs com- 
posed 2 to 14% by weight of the total herbage composition in the 3 
studies. Repeated measurements in studies 1 and 3 were random- 
ized with restriction to prevent sampling of areas that were clipped 
the previous year. 

Analysis was as suggested by Carmer et al. (1989) for factorial, 
split-plot designs except that years, as the split-plots, were nested 
within studies. Main factors were treatments and studies. Because 
of the unbalanced design we used the Type I sum of squares in the 
SAS PROC GLM (SAS 1985). The least significant difference test 
protected by a significant (P<O.OS) F-test was used to test differen- 
ces among means (Steele and Torrie 1960). 

Results and Discussion 
Monthly and cumulative precipitation up to clipping (vegetation- 

year-precipitation) varied during the study, but vegetation-year 
precipitation was near average in the first and third years of the 
study and above average in the second year of the study (Table 3). 

Table 3. Vegetation-year (November to June) precipitation (mm) up to 
time of imy buvest in tallgrass prairie and long-term average precipita- 
tion at Stillwater, Okhbaau. 

Year Long-term 
Month 1985-86 198687 

November 72 107 
December 45 37 
January 0 64 
February 20 137 
March 27 86 
April 141 16 
May 128 172 
June 88 175 
Total 521 794 

1987-88 

67 
97 
36 
9 

139 
104 
69 

5E 

average 

52 
34 
28 
32 
56 
85 

123 
102 
512 

Large monthly differences among years occurred in May and June, 
the period of peak precipitation as well as the period of most rapid 
herbage growth rate in tallgrass prairie (Gillen and McNew 1987). 
Precipitation was below average during May and June 1988. 

Prairie Threeawn 
The interaction of atrazine, bum, and year with study was 

significant (P<O.Ol). Further analysis within studies showed the 
atrazine X bum X year interaction was significant in study 1 
(P<O.Ol), which we attribute to less standing crop of prairie 
threeawn in the check plots (no atrazine and no bum) in 1987 
(3,010 kg/ ha in 1986 compared to 340 kg/ ha in 1987). Theatrazine 
X bum X year interaction was not significant (ZQO.56) in study 3. 
Production of prairie threeawn fluctuated greatly from year to 
year. Standing crop of prairie threeawn on untreated plots in the 
first year of the studies varied from 520 kg/ha (study 2) to 3,010 
kg/ ha (study 1). 

Atrazine reduced prairie threeawn in all studies. Atrazine with- 
out burning and atrazine with an April bum reduced prairie 
threeawn in the first year of study 1 (Table 4). However, plots 
treated with atrazine following a February bum produced more 
prairie threeawn (Table 4), which we attribute to carbon inactiva- 
tion of atrazine in the ash (Jordon and Smith 1971). Atrazine- 

Table 2. Fuel and weather conditions associated with burning treatments. Fuel measurements are means and standard errors (n = 10). 

study 1 Study 2 study 3 
Feb April Nov Feb April Nov Feb April 

Air temperature (O c) 24 18 17 26 18 25 
Relative humidity (%) 53 33 26 20 33 

:t 
21 

Windspeed (km/h) 10 18 10 10 10 Fuel loading (kg/ha) 26001: 300 153of360 2700 f 150 25oof3oo 1770 f 340 2990f200 3ow:550 2240%80 
Fuel moisture (%) 12f 1 45 f 3 33 f 1 52 f 6 28 f 2 34fl 6of 12 22 f 2 
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Table 4. Shnding crop (kg/h8) of pmirie threeawn on hllgrrss pmiries 
following burning 8nd atr8ainc tre8tments in tbe first ye8r of Study 1. 

Bum date 

None February 
April 

Atrazine (kg/ha) 

0 1.1 

3010 2800 :: 
660 110 

OSL = 0.01’ 
LSDnm = 360 

treated plots in the second year of study 1 had less (P<O.O5) prairie 
threeawn than plots not treated with atrazine (330 verses 620 
kg/ha). Atrazine-treated plots also had less (PCO.04) prairie 
threeawn than plots not treated with atrazine in studies 2 and 3 (140 
kg/ ha compared to 370 kg/ ha averaged over burning date in study 
2 and 230 kg/ ha compared to 430 kg/ ha averaged over years and 
burning date in study 3). 

On plots not treated with atrazine, prairie threeawn standing 
crop was less in plots burned in April than in either unburned plots 
or plots burned in February in the first year of study 1 (Table 4). 
Burning at any date did not reduce standing crop of prairie 
threeawn below that in the unburned plots in the second year of 
study 1 and in studies 2 and 3 (Table 5). Prairie threeawn standing 
crop was greater on the plots burned in February compared to 
plots burned in April in the second year of study 1 and in study 3 
(Table 5). 

T8ble 5. Shndinp crop (kg/b8) of pmirie threerwn on t8Ugr8ss prririea 
following burning tmtments in the second ye8r of study 18nd in study 2, 
aver8ged over 8tnzine trettments, 8nd in study 3, averaged over 8tr8aine 
tre8tments 8nd yeus. 

Bum date 

Study I 

Year 2 Studv 2 

Study 3 

YearslBiZ 

None 340 300 380 
November __I 180 250 
February 840 440 590 
April 240 120 120 

OSL = 0.012 OSL q  0.08 OSL = 0.01 
LSD0.m = 350 LSDom = 330 

INo November bum in study 1. 
20bserved significance level. 

Owensby and Launchbaugh (1977) found that prairie threeawn 
was reduced by fall burning but not by spring burning. We found 
no difference in prairie threeawn standing crop between November 
and April burning treatments (Table 5). Fires on these 2 burning 
dates were conducted under similar fuel and weather conditions 
(Table 2), and fiie behavior appeared to differ little among the 
bums, so we believe the direct effects of the fires on prairie 
threeawn were also similar. The reduction of prairie threeawn after 
fall burning was attributed by Owensby and Launchbaugh (1977) 
to mulch removal. We believe that because the seedbank of cool- 
season annual grasses is reduced by September burning (Ewing 
and Engle 1988), it is possible that November burning may reduce 
the prairie threeawn seedbank if inflorescences are intact or seed 
rest in a dry mulch layer and are consumed by the fire. Bums that 
occur later in the dormant season may not reduce seedbanks if seed 
are buried after falling to the ground or if seed escape damage from 
the fire by residing in a moist mulch layer. This may be the reason 
prairie threeawn was not reduced by burning in February. The 
difference in prairie threeawn response to spring burning between 
Owensby and Launchbugh’s study and our study may be that our 

spring bums were applied at a later phenological stage of prairie 
threeawn, possibly after more prairie threeawn seedlings had 
emerged. Discrepancies among studies on the effects of fire within 
the same season on species composition in tallgrass prairie are 
likely the result of differences in time of burning of only a few 
weeks (Towne and Owensby 1984). 

Desirable Hay Species 
The interaction of atrazine, bum, and year with study was 

significant (P<O.O2). Further analysis within studies showed the 
atrazine X bum X year interaction was significant in study 1 
(PCO.02) but not in study 3 (DO.41). Atrazine and burning did 
not interact (-0.05) in any of the 3 studies. Standing crop of 
desirable hay species was greater (P<O.Ol) in plots treated with 
atrazine in the first year of study 1 and in the second year of study 3 

T8bie 6. Strnding crop (kg/hP) of desinble b8y specks on trllgmss pnxir- 
ies following 8tmzine treatments. Vllluca are averaged over burning 
tre8tments. 

Study 

1 

2 

3 

Atrazine (kg/ha) 

Y-r 0 1.1 

1 1870 3040 
OSL = 0.01’ 
LSDom = 290 

2 2020 2270 
OSL q  0.81 

1 1650 1740 
OSL = 0.22 

1 1440 1630 
OSL = 0.56 

2 1610 1940 
OSL = 0.01 
LSDom = 180 

*Observed significance level. 

(Table 6). Similar increases in yields of warm-season grasses fol- 
lowing application of atrazine to control forbs and cool-season 
annual grasses have been previously reported (Baker and Powell 
1978, Waller and Schmidt 1983, Rehm 1984, Gillen et al. 1987). We 
attribute lack of response of desirable hay species after application 
of atrazine in the first year of study 3 and in study 2 to a combina- 
tion of an overall decrease in standing crop of prairie threeawn and 
an overall decrease in total standing crop in 1987. 

Late-spring burning generally favors tallgrasses, and increased 
herbage production from late spring burning may also occur on 
sites with excessive mulch accumulation (Graves and McMurphy 
1969, Anderson et al. 1970, Powell et al. 1979, Towne and Owensy 
1984). Burning in seasons other than late spring may actually 
decrease herbage and tallgrass yields (Towne and Owensby 1984). 
In our studies, yield of desirable hay species were not increased 
with any burning treatment (Table 7). This agrees with the results 
of Gillen et al. (1987), who found burning or burning combined 
with atrazine did not increase herbage yield in low-seral communities. 

Fall burning has been shown to increase the yield of tallgrasses 
the following growing season on a site heavily infested with prairie 
threeawn (Owensby and Launchbaugh 1977). Graves and McMur- 
phy (1969) also found that yield of desirable grasses increased in a 
pasture infested with prairie threeawn after 2 successive burns with 
a backfire in early April and 2 l/ 2 years of rest from grazing. This 
suggests that burning treatments could both increase production of 
desirable species and decrease production of prairie threeawn. 
None of our burning treatments, however, resulted in any signifi- 
cant increase in production of desirable hay species. 
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Table 7. Standing crop (kg/ha) of desirable bay species on tallgrass prair- 
ies following burn treatments. Values are averaged over atnshte 
tratments. 

Study 

I 

2 

3 

Year 

I 

2 

1 

Bum date 
None November February April 

2760 --I 2220 2390 
OSL = 0.012 
LSD0.m = 235 

2260 -- 1990 2180 
OSL = 0.14 

2060 1650 1500 1590 
OSL = 0.01 
LSD0.m = 145 

1680 1820 1470 1780 
OSL q  0.493 

INo November burn in study 1. 
ZObscrved significance level. 
sBum X year was not significant for study 3 (DO. 10) so values are averages of year I 
and 2. 

Management Implications 
Atrazine effectively controlled prairie threeawn and sometimes 

increased desirable hay species on tallgrass prairie hay meadows. 
Hay meadows that are annually harvested usually have little litter 
to reduce forage quality, so burning or combining burning with 
atrazine to control prairie threeawn offers little advantage over 
atrazine alone applied in March. Burning preceding application of 
atrazine should be discouraged because herbicide activity may be 
reduced with carbon deactivation of atrazine. 

Managers could use November or April burning as an alterna- 
tive for reducing prairie threeawn if the objective is to simply 
reduce prairie threeawn to a level under which harvest is possible. 
However, repeated April burning as demonstrated by Graves and 
McMurphy (1969) would be required to provide long-term control 
of prairie threeawn. 
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Survival and growth of globemallow [Sphaeralcea] species 
in dry land spaced-plant nurseries 
BRUCE M. PENDERY AND MELVIN D. RUMBAUCH 

Abstract 

Globemallows (Sphuerukea spp.) have potential in rangeland 
seedings. Thirty-seven accessions of globemallow were grown at 2 
sites in northern Utah and southern Idaho to quantify their agro- 
nomic attributes. Data for transplant survival, standing crop, and 
seed yield were collected in 1987 and 1988. Total globemallow 
survival (mean = 92%) and seed weights (mean q  0.8 g/plant) 
differed significantly (EO.05) among locations. Plant weight 
(mean = 102 g/plint) differed significantly (pIO.05) among loca- 
tioos, species (S. gros~oli& s. cooeinco, s. J%wvgoE4& s. 
munroana, and interspecific hybrids), and years. In a second study, 
5 globemallow accessions of 2 species and ‘Spredor 2’ alfnlfa 
@h&ago sativa) were grown with ‘Hycrest’ crested wheatgrass 
(Agropyron ahrtorum X A. cristatum) to determine forage yields 
from 1985-1988. Globemallows produced significantly (pIO.05) 
less forage (62 g/ml) than alfalfa (389 g/m2). Forage yield of S. 
munrounu(76 g/m2) did not differ significantly (IQO.05) from that 
of S. grossu~olia (48 g/m2). Forage yield of crested wheatgrass 
(mean = 101 g/m’) did not differ significantly (IQO.05) when 
grown with globemallow versus alfalfa. Plant breeding and selec- 
tion could probably improve these agronomic attributes for 
globemallows seeded on rangelands. 

Key Words: globemallow, Sphaerakea, Malvaceae, forage yield, 
plant breeding, range seeding 

Globemallows (Malvaceae: Sphuerulceu) are native forbs found 
in the western U.S.A. They are cool-season perennials that are best 
adapted to open or disturbed habitats in areas that receive 200 to 
350 mm precipitation annually (Wasser 1982, Stevens et al. 1985). 
The taxonomy, reproduction, and possible evolution of globemal- 
lows have been described by Kearney (1935), Jefferies (1972), 
Welsh et al. (1987), and Rumba@ et al. (19g9). Interspecific 
hybridization and self-sterility are common. Other ecological, 
nutritional and management factors were discussed by Pendery 
and Rumbaugh (1986) and Horton (1989). 

Globemallows have fair to good palatability for big game and 
sheep and may be useful for mined land reclamation (Wasser 1982, 
Stevens et al. 1985, Uresk and Yamamoto 1986). Therefore, 
globemallows have potential as a forb component in rangeland 
seedings. Plant breeding and selection, however, could probably 
improve agronomic attributes of seeded globemallows. Unfortu- 
nately, baseline information on which to develop a selection pro- 
gram is not available. 

The objectives of this study were to: (1) characterize agronomic 
attributes of 37 accessions of glohemallow, and (2) to quantify 
forage yield of 5 accessions of globemallow grown with ‘Hycrest’ 
crested wheatgrass (Agropyron desertorum Fisch. ex (Link) 
Schult. X A. cristutum (L.) Gaertn.). 

Authoa an range scientist and rcacarch geneticist, USDA-ARS, Forage and Range 
Laboratory, Utah State University, Logan 843224300. 

The march is a contribution from the USDA-ARS and Utah Agricultural Expcr- 
imcnt Station, Logan. Journal paper 3848. 

We thank Mario Figucroa, Uta Rosenburger, Hosein Moazami, and John Letter 
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Materials and Methods 

Study Sites 
The studies were conducted in Cache Valley near Logan, Utah 

(41” 45’ N, 11 lo 48’ W, 1,389 m) and Curlew Valley near Stone, 
Idaho (41” 57’N, I I20 42’W, I,41 1 m). Average precipitation and 
temperature based on 28 years of records are 471 mm and 7.4O C in 
Cache Valley. Average precipitation and temperature for 26 years 
are 321 mm and 7.4’ C in Curlew Valley. Soil at the Cache Valley 
site is a Nibley silt clay loam (Aquic Argiustoll), and at the Curlew 
Valley site soil is a Hansel silt loam (Xerollic Haplargid). 

Agronomic Attributes Study 
Seeds of 37 accessions of globemallow were obtained in 1985 or 

1986 from Arizona (I), California (l), Colorado (1), Idaho (2), 
Nevada (2), Utah (26), and Wyoming (4). The accessions repres- 
ented 3 interspecific hybrids (S. purvifoliu X S. grossuluriifoliu) 
and 4 species: S. munrounu (Do@.) Spach in Gray (7); S. grossu- 
luriijbliu (H.&A.) Rydb. (6); S. purvifoliu A. Nels. (17); and S. 
coccineu (Nutt.) Rydb. (4). Nomenclature follows Welsh et al. 
(1987). 

Seeds were scarified with sandpaper to enhance germination 
(Sabo et al. 1979, Roth et al. 1987). Plants were grown in 150 cm’ 
cones (soil was 4 parts sand:2 peat moss:1 vermiculite) in the 
greenhouse during fall and winter 1986-1987. Entries were trans- 
planted into clean-tilled dry land nurseries in Curlew Valley and 
Cache Valley on 12 April 1987 and 23 April 1987, respectively. A 
IO-replicate randomized complete block experimental design was 
used at each location. Plots contained 2 plants of an accession 
spaced 0.5 m apart with I.5 m between block rows. Data were 
collected in 1987 and 1988. 

Survival was scored in the spring and fall each year. Plants were 
considered alive if they had green leaves and stems and dead if there 
was not green foliage. Percent survival was then calculated from 
the scores for 4 time periods: summer 1987, winter 1987-1988, 
summer 1988 and study-long. 

Standing crop attributes that we measured were number of 
primary basal stems, maximum stem length, subjective leafiness 
scores, and season-long plant weights. Primary basal stems were 
defined as the large stems originating from the crown, most of 
which developed an inflorescence. Maximum stem length was 
measured for the longest primary basal stem on a plant. Leafiness 
scores consisted of 2 components, leaf size and number, that were 
rated low, moderate or high. Thus, there were 9 possible leafiness 
scores, ranging from plants with few small leaves to those with 
many large leaves. Plants were harvested individually on 12 dates 
from 3 1 July to 18 September 1987. Individual plant sampling was 
done to maximize seed and forage yields among these pbenologi- 
tally asynchronous entries. Only I harvest per plot was possible in 
1987. Two harvests per plot were possible in 1988: the first 
occurred on 6 dates from 28 June to 25 July, the second was done 
19 September to 22 September. Plant samples were dried in green- 
houses at about 32“ C. Season-long plant weights were calculated 
as the sum of the individual harvest dry-weights. 

Seed yield and phenology attributes that we measured were day 
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Table 1. Mean (min.-mas) survival of globemallows (S@ae&xu) at 2 butions in northern Utah and southem him. Minhnllm and ausimum duea 
represent the ram of8CCasioll meam. 

Survival’ 
Source summer 1987 Winter 1987-1988 Summer 1988 Total 

Location ----_-_-____~~~_____~~~~~~~~~~~~~~~~~~~~~~~~~~ __~~~_______~~~_____~~~~~~~~~~~~~~~~~~~~~~~~~~ % 
Cache Valley, Utah 96a2(60-loo) 9sa(60-loo) 96a(82-100) 89a(4&100) 
Curlew Valley, Idaho 99b (93-100) 96474-100) 99q88-loo) 94q93-100) 

Specie5 
S. coccinea 97a (96-100) 89a(81-100) 98a(95-100) 86tt(78-100) 
S. parvifolia 99a (93-100) 95q78-100) 98a(95-100) 92a(71-loo) 
s. nlmroona 98a (94-100) 99q96-loo) 978(93-100) 95a(87-100) 
s. grossuklri~olia 97s (87-100) 97b(92-100) 99a(94-100) 94a(8o-lOfB 
Hybrid 97a (94-100) 98q93-100) 98a(96-100) 92486- 97) 

lSummor 1987smvival: 23Aprill987 to 17September 1987 inCacheValleyand I2 April 1987 to I8 September 1987inCurlewVaUcy. Winter 1987-1988smvival: I8 September 
1987 to 10 May 1988 in Cache Valley and 19 September 1987 to I I May 1988 in Curlew Valley. Summer 1988 survival: 1 I May 1988 to 20 September 1988 in Cache Valley and 12 
May 1988 to 28 September 1988 in Curlew Valley. 
*Within a survival class and source of variation, means with different letters differ significantly (LSD-). 

of year on which the first flower opened fully, estimated percent of 
schizocarps (the fruit or “globe’? ripe when a plant was harvested 
and seed weights. Date of first flower was determined 3. times 
weekly, May-September. Estimates of the percent of schizocarps 
ripe were made for the 1987 and first 1988 harvests, but not the 
second 1988 harvest because a second seed crop had not matured 
by that time. Air-dried plant samples were threshed by hand and 
seed weights obtained. 

in Cache Valley than in Curlew Valley. Survival did not differ 
significantly among species either summer. The species were well 
adapted to the dry summer conditions that prevail at the study sites 
(Table 2). 

T8ble 2. TOW 8~tml predp$tation aal 8ver8ge 8nmd temper8tum 8t 
the recOrdln~ atationll ne8rest the study dtes. 

Residual herbicide (Simazine) from a previous study affected 
growth of 10% of the plants in Cache Valley. Entries were affected 
randomly in portions of 9 blocks. Herbicide-affected plants 
(obvious because of their chlorotic leaves) were dropped from 
analyses and the data were analyzed as a completely random design 
with a random effects model (Winer 1962). 

Forage Yield Study 

Year 

1985 
1986 
1987 
1988 

Cache Valley curlew valley 

Precipitation Temperature Precipitation Temperature 

_--mm___ ___o C___ _--mm--- ---O C--- 
490 5.3 379 6.4 
718 8.3 313 8.1 
426 7.7 367 8.5 
288 7.7 192 7.4 

Two S. munroana and 3 S. grossulariifolia accessions included 
in the above study were seeded individually with ‘Hycrest’crested 
wheatgrass at the same locations to measure forage yield. Plots 
were not irrigated. ‘Spredor 2’ alfalfa (Medicago sativa L.) was 
seeded with the grass as a control treatment. Globemallow and 
alfalfa seeds were scarified with sandpaper and alfalfa seeds were 
dusted with a commercial Rhizobium inoculant. 

Clean-tilled plots were seeded with a 3:l grass:forb mixture 
(weight/ weight basis) at a rate of 5.6 kg/ ha pure live seed. Plots 
were seeded on 18 April 1985 and 23 April 1985 at Curlew Valley 
and Cache Valley, respectively. Plots were 8 m by 1 m with 4 rows 
per plot. Rows in plots were 25-cm apart. Crested wheatgrass 
borders were seeded on the periphery of the experiments. A 3- 
replicate randomized complete block experimental design was 
used at each location. Data were collected 1985 to 1988. 

Winter survival did not differ significantly among locations but 
differences among species were significant (Table 1). S. coccinea 
had significantly lower survival than the average survival of the 
other species. S. coccinea is morphologically distinct from the 
other species that were studied: it is often rhiiomatous and its 
inflorescence is racernose whereas the other species have a thrysoid 
inflorescence (Jefferies 1972, Welsh et al. 1987). S. coccinea may 
also have physiological differences from the other species that 
affect winter survival. An entry of S. parvifolia from southern Utah 
had the lowest individual entry winter survival, 78%. This could 
have been due to poorer adaptation to colder climatic conditions in 
northern Utah. 

Six meters of the inner 2 rows of each plot were clipped 3 times 
annually to S-cm height when about one-tenth of the globemallows 
were blooming. Forb (globemallow or alfalfa) and grass compo- 
nents were sampled separately and dried in a forced-air oven at 600 
C. Season-long forage yields are reported. The number of 15-cm 
gaps in the stands were measured and used as a covariate to adjust 
for unequal stand establishment (Kramer and Davis 1949). Linear 
contrasts and the least significant difference test (LSD) were used 
to determine which means differed significantly (a = 0.05). 

Total survival was significantly lower in Cache Valley than in 
Curlew Valley, but was high at both locations (Table 1). The range 
among accession means for total survival was greater in Cache 
Valley than in Curlew Valley. Total survival did not differ signiti- 
cantly among species. The accession of S. parvifolia from southern 
Utah mentioned above also had the lowest individual entry total 
survival, 7 1%. 

Results and Discussion 
Agronomic Attributes Study 
Tkansplant Survival 

Survival of naturally occurring S. grossulariifolia cohorts in 
western Utah averaged 47% during the first 2 years of a previous 
study but was 2% after 34 years (West 1979). Howe and Wright 
(1986) found 24.5% mortality after 1 year for S. ambigua in the 
Mojave Desert in California. We believe high survival in our study 
relative to studies done under natural conditions was due to estab- 
lishment by transplanting rather than by direct seeding. Of course, 
most rangeland plantings are established by seeding. 

Survival was significantly lower in Cache Valley than in Curlew 
Valley both summers but was still high at both locations (Table 1). 
The range among accession means for summer survival was greater 

Standing Crop 
Plant weights differed significantly among locations, species, 

and years (Table 3). Plants produced 9.8 times more biomass in 
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T8blc 3. lb&811 (min.-mrx.)shnding crop 8ml seed yield of globem8llows (Sphatdceu) at 2 loc8tionsin northern Ut8b 8ndeoutbernId8bo, 1987 to 1988. 
Minimum 8nd m8ximum v8hm repnscnt the r8nge of recession merns. 

Source Plant weight 

Standing Crop 
Maximum stem 

Stems length Leafiness First flower 

Seed Yield 
Schizocarps 

ripe Weight 

-g/plant- -no.- --cm-- - score’ - -dayofyear- ---%--- - g/plant - 
Location 

Cache Valley, Utah 205a2(26-376) 27a( 16-38) 59a (17-80) 3.6a(2.1-4.3) 16Oa(152-170) 42a(22-59) 1.4a(O.l-3.2) 
Curlew Valley, Idaho 21b ( 4- 41) 8b( 3-13) 26b ( 7-42) 1.4b(l.O-1.8) 178b(166197) 28a( 3-50) 0.2b(O -0.6) 

Species 
S. coccinea 33a (14- 42) 13a(lO-17) 19a (12-23) 1.9a(1.5-2.1) 174a(171-178) lSa( 9-19) O.la(O -0.1) 
S. parvifolia 114b (82-139) 17a(lO-23) 47bc(12-55) 2.4b( 1.5-2.7) 169a(162-181) 39b(32-53) 0.9a(0.61.5) 
S. munroana 102b (83-138) 18a(16-19) 35b (2544) 2.4b(2.1-2.8) 169a(164174) 33b(29-40) 0.6a(O.4-1.0) 
S. grossulari~olia 109b (64-188) 17a(l5-22) 39bc(33-46) 2.5b(2.1-2.8) 17Oa(166-173) 32b(28-39) 0.7a(0.2-1.1) 
Hybrid 113b (92-144) 15a(ll-18) 5oC (42-58) 2.6b(2.2-2.9) 168a(166172) 38b(32-47) l.la(0.8-1.5) 

Year 
1987 54a (12-114) 5a( 3-8) 37a ( 9-58) 2.la(l.5-2.8) 195a( 178-214) 36a( 11-59) 0.6a(O.l-1.1) 
1988 142b (16-257) 26h(15-36) 44b (14-58) 2.6b(l.6-3.2) 148b(142-156) 32a( 6-50) 0.9a(O -2.2) 

’ I = few, small leaves. 
2 = few leaves of moderate size, or moderate number of small leaves. 
3 = moderate number and sized leaves. 
4 = many moderate sized laaves, or moderate number of large leaves. 
5 = many, large leaves. 

2Within an attribute and source of variation, means with different lctten differ significantly (LSD& 

Cache Valley than in Curlew Valley. The range among accession 
means was also greater in Cache Valley than in Curlew Valley. 
Higher values of most attributes that we measured in Cache Valley 
than in Curlew Valley may have been due to less competition since 
survival was lower in Cache Valley. However, higher attribute 
values in Cache Valley were most likely due to greater precipitation 
(Table 2). S. coccinea plants weighed significantly less than the 
average of the other species. One accession of S. coccinea at the 
Cache Valley site spread by rhizomes, a desirable trait for range- 
land seeding and reclamation. S. grossulariifolia had the greatest 
range among accession means for plant weight. An entry of S. 
grossulariifolia collected within 10 km of the Cache Valley site had 
the greatest average weight, 188 g/plant. Globemallows produced 
2.6 times more biomass in 1988 than in 1987 despite less precipita- 
tion in 1988 (Tables 2 and 3). Apparently, at least 2 years are 
required for globemallows to reach full size. The range among 
accession means for plant weights was greater in 1988 than in 1987. 

ability and nutritional value of these accessions need to be 
evaluated. 

Seed Yield and Phenology 
The day of year on which the first flower on a plant was fully 

open differed significantly among locations and years but not 
among species (Table 3). Plants flowered 18 days earlier in Cache 
Valley than in Curlew Valley (9 June versus 27 June). The range 
among accession means for date of first flower was greater in 
Curlew Valley than in Cache Valley. An accession of S. parvifolia 
collected in southern Utah had the earliest date of first flower, 11 
June. Plants flowered 1.5 months earlier in 1988 than in 1987 
(about 1 June versus 15 July). Plants could invest resources in 
reproduction earlier in 1988 than in 1987 since the plants were well 
established in 1988. Drier conditions in 1988 also could have 
caused earlier flowering. 

Stem number differed significantly among locations and years 
but not among species (Table 3). Maximum stem length differed 
significantly among locations, species, and years. The range among 
accession means for stem number and length were also greater in 
Cache Valley than in Curlew Valley, S. coccinea had significantly 
shorter stems than the mean of the other species. S. parvifolia had 
the greatest range in accession means for primary stem number and 
length. Two accessions of S. purvifoliu, one from southern Utah 
and the other from Nevada, had the greatest average number of 
stems, 23. A hybrid collected in southern Utah had the longest 
stems on average, 58 cm. Plants had 5.2 times as many stems in 
1988 as in 1987. Stem length was 16% greater in 1988 than in 1987. 

Hewitt (1980) found that naturally occurring S. coccineu near 
Billings, Mont., flowered 20 May 1977 and 8 June 1978. Ackerman 
et al. (1980) reported that S. umbiguaflowered from late April to 1 
May in the Mojave Desert and in transitional areas from the 
Mojave to the Great Basin. They believed that phenological events 
were primarily triggered by rainfall and temperature, and secon- 
darily by photoperiod. 

Plants in Cache Valley were significantly leafier than in Curlew 
Valley (Table 3). The range among accession means for leafiness 
was also greater in Cache Valley than in Curlew Valley. Species 
also differed significantly in leafiness scores. S. coccinea had signif- 
icantly fewer, smaller leaves than the mean of the other species. S. 
parvifolia had the greatest range among accession means for leafi- 
ness scores. A hybrid from southern Utah had the highest average 
leafiness score, 2.9. Plants were significantly leafier in 1988 than in 
1987. The range among accession means for leafiness was greater in 
1988 than in 1987. Some accessions of globemallow are quite leafy 
and large and have potential as forage plants. However, the palat- 

The estimated percent of schizocarps ripe at harvest differed 
significantly among species but not among locations or years 
(Table 3). S. coccineu had a significantly lower percentage of 
schizocarps ripe at harvest than the average of the other species. 
The flowers on S. coccineu often failed to develop a globe, or the 
globes dropped off a plant before they ripened. S. parvifolia had 
the greatest range among accession means for percent of schizo- 
carps ripe. The accession of S.parvifolia mentioned above that had 
the earliest date of first flower also had the greatest percent of 
schizocarps ripe at harvest, 53%. 

Plants produced one-seventh as much seed in Curlew Valley as 
they did in Cache Valley, probably due to lower precipitation in 
Curlew Valley (Tables 2 and 3). The range among accession means 
for seed weights was greater in Cache Valley than in Curlew Valley. 
Seed weights did not differ significantly among species. Obviously 
these data were highly variable. Two accessions of S. parvifolia and 
a hybrid had the greatest seed yields, 1.5 g/plant. Seed weights also 
did not differ significantly among years. While plants were larger in 
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1988 than in 1987, and flowered earlier in 1988 than in 1987, there 
was not a concomitant increase in seed weights, or in seed ripeness 
as judged by the percent of schizocarps ripe. 

Indeterminant flowering and seed set are barriers to commercial 
production of globemallow seed (Stevens et al. 1985, Roth et al. 
1987). However, there appears to be sufficient variation in these 
traits that selection could improve seed yield. Also, our observa- 
tions and the data of Gautier and Everett (1979) indicate that it 
should be possible to get 2 seed harvests annually from globe- 
mallows. 

Forage Yield Study 
Except for a few S. grossulariifolia plants, the seedings at Curlew 

Valley did not establish and are not considered below. Possible 
reasons for the lack of stand development were insufficient mois- 
ture, competition from annual weeds, and soil crusting. These 
results support the recommendations of Wasser (1982), Stevens et 
al. (1985), and Horton (1989) to seed globemallows during fall or 
winter to take advantage of soil moisture early in the growing 
season. 

Forb and total forage yields in Cache Valley differed signifi- 
cantly among the 6 treatments, but grass weights did not (Table 4). 

Table 4. Seaeon-long forage yields of ‘Hycrest’ crested wbeetgnss-forb’ 
mixtures in Ca&e Valley, Utxb, 1985 to 1988. 

source 

Mixture component 
Forb Grass Total 

Mean SE Mean SE Mean SE 

Treatment __________--g/mZ------------ 
SPMU-accession 1 76a2 21 89a 20 165a 20 
SPMU-accession 2 76a 17 96a 22 172a 17 
Mean of SPMUr Accessions 76 12 93 15 169 13 

SPGR-accession 3 62a 
SPGR-accession 4 38a 
SPGR-accession 5 43a 
Mean of SPGR Accessions 48 

MESA-accession 6 389b 
Year 

1985 116ab 
1986 86a 
1987 1Ola 
1988 14Ob 

16 

2; 
9 

63 

14 lla 
36 107b 
38 197c 
49 89b 

98a 21 160a 
88a 19 126a 

112a 18 155a 
99 11 147 

125a 31 494b 

2 127a 14 
8 193b 39 

15 298~ 48 
6 229b 50 

23 
17 
12 
10 
83 

IForbs were the globemallow (Sphaeralcea) or alfalfa (Medicago) component of a 
mixture. 
*Within a mixture component and source of variation, means with different letters 
differ significantly (LSD-). 
CSPMU=S. munroa~; SPGR=S. grossulariifolio; MESA=M. sativa. 

Forb and total forage yields were greater in the alfalfa than in the 
globemallow treatments. Average forb, grass, and total forage 
yield of the S. munroana treatments did not differ significantly 
from S. grossulariifolia treatments. Moreover, differences were 
not significant among the accessions within each of the globemal- 
low species. 

In terms of forage yield, our data indicate that there would be no 
advantage to using S. munroana over S. grossulariifolia in seed- 
ings. Alfalfa clearly produced more forage than globemallows. Our 
results also showed that crested wheatgrass does not respond dif- 
ferently to alfalfa versus globemallows. 

Observations indicated that globemallows established more 
quickly in 1985 than either alfalfa or crested wheatgrass, but their 
density dropped dramatically in the ensuing years. Plots contain- 
ing S. mwzroana had more relatively small plants, while plots 
containing S. grossulariifolia had fewer relatively large plants. 

Year effects were significant for all mixture components (Table 
4). Significantly less grass and total forage were produced in the 

m GRASS 
a GLOBEMALLOW I =?ix 

I300 5l ALFALFA 

1985 1986 1987 1988 
YEAR 

Fig. 1. Annual total forage yields of alfalfa and globemallow seeded with 
crested wheatpass in Cache Valley, Utah. 

establishment year (1985) than the average in the ensuing 3 years. 
However, forb forage yields did not differ when 1985 was con- 
trasted with the average of the other 3 years. As discussed below, 
this was due to the different responses of globemallow and alfalfa. 
Second-year (1986) forage yields were significantly less than the 
average of the third (1987) and fourth (1988) year forage yields for 
the forb and total forage mixture components. We conclude that at 
least 2 years were required for these mixtures to fully establish. 
Forb forage yields in the wettest year (1986) were significantly less 
than in the driest year (1988). Grass and total forage yields did not 
differ when the wettest and driest years were contrasted. Possibly 
the forbs, which have taproots, were utilizing deep soil moisture in 
1988 so they did not respond to lower rainfall with lower forage 
yields. When the establishment year was dropped from analyses 
the year effect remained significant for all mixture components. 
Significant forage treatment by year interactions for forb and total 
forage yields were probably caused by the relatively rapid devel- 
opment of the globemallows in the year of establishment versus the 
greater forage yield of the alfalfa in the more mature stand years 
(Fig. 1). 
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Seedling growth rate of 3 subspecies of big sagebrush 
GORDON D. BOOTH, BRUCE L. WELCH, AND TRACY L.C. JACOBSON 

AbStMCt 
Differences in growth rate among 3 subspecies of big sagebrush 

(basin big sagebrush, mountain big sagebrush, and Wyoming big 
sagebrush) for mature plants have been reported by a number of 
workers. Little has been reported on comparisons of seedling 
growth rate among these 3 subspecies. Results of this study huh- 
cated that (1) over an extended period and in a non-water-limiting 
environment, the rate of seedling growth In Wyoming big sage- 
brush approached zero and was less than that of seedlings of basin 
and mountain big sagebrusht (2) basin and mountain big sagebrush 
continued to have nonnegligible growth rates even at the end of the 
study; and (3) Wyoming big sagebrush reached its point of maxi- 
mum growth rate approximately 2 weeks earlier than did the other 
2 subspecies. It appears that Wyoming big sagebrush has evolved, 
placing 2 important growth characteristics under genetic control: 
(1) the maximum growth rate is attained earlier (when more water 
is available to sustain such growth) than in the other 2 subspecies, 
possibly enhancing its ability to survive on xeric sites during the 
early stages of growth; and (2) top growth produces smaller above- 
ground parts, enhancing survival after the early stages. 

Key Words: ArtemMa tridentutu, water potential 

Differences in growth rate among 3 subspecies of big sagebrush 
(Artemisia tridentata ssp. tridentata-basin big sagebrush; A.t. ssp. 
vaseyana-mountain big sagebrush, A.t. ssp. wyomingensi+Wyo- 
ming big sagebrush) have been reported by a number of workers 
(McArthur and Welch 1982, Barker and McKelll983, Barker et al. 
1983, Welch and McArthur 1986). These studies were conducted 
using mature plants either growing in uniform gardens or in wild- 
land situations. Little has been reported on comparing seedling 
growth rate among these 3 subspecies. Hamiss and McDonough 
(1975), reported no seedling growth differences among the 3 sub- 
species when grown for 10 weeks under controlled-temperature 
regimens. This was in contrast with the results in mature plants. 

The smaller Wyoming big sagebrush grows in drier habitats than 
the other subspecies (West et al. 1978, Barker and McKell 1983, 
Winward 1983). 
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Evolutionary pressures in a drier habitat would tend to select for 
big sagebrush subspecies that either conserve water or utilize water 
early in the season before it becomes a limiting factor in survival. 
Water could be conserved by limiting aboveground growth in 
favor of root development. This is in agreement with data gener- 
ated from studies of mature big sagebrush plants (Barker et al. 
1983, Welch and McArthur 1986). However, this appeared not to 
be the case with seedlings (Harniss and McDonough 1975). Plants 
that quickly reach the time of most rapid growth (i.e., the highest 
growth rate) earlier in the year would have more water available at 
this critical point in their development. 

We conducted this study to determine whether (1) over an 
extended period and in a non-water-limiting environment, the 
seedling growth rate in Wyoming big sagebrush is less than that of 
basin and mountain big sagebrush, (2) whether growth of all 3 
subspecies approach zero at the end of 24 weeks (approximately 1 
growing season), and (3) whether all 3 subspecies reach their peri- 
ods of most rapid growth at the same time. 

Materials and Methods 

This study was conducted in a greenhouse. Plant material con- 
sisted of seed collected from 14 big sagebrush sites. The plant 
material collected from a single site is referred to in this paper as an 
accession. Basin big sagebrush was represented by 5 accessions, 
mountain big sagebrush by 5, and Wyoming big sagebrush by 4. 
Table 1 lists the acquisition sites of the lrlaccessions. In all statisti- 
cal analyses, the accessions of a given subspecies were treated as if 
they constituted a random sample from that subspecies. 

The growth medium was prepared by dry-mixing 4 parts of 
screened (6 by 6 mm) peat moss, 3 parts of expanded horticultural 
vermiculite, 3 parts of a dry fine sandy loam soil, and 2 parts 
number 3 silica sandblasting grit. Added to each 0.9 mr of mixture 
was a fertilizer supplement consisting of 600 g of dolomite lime- 
stone, 600 g of agricultural limestone (rock dust), 340 g of agricul- 
tural gypsum, 110 g of calcium nitrate, 110 g of osmocote, 90 g of 
triphosphate, 15 g of frittered trace elements, and 5 g of sesques- 
trene iron-138. The growing medium was mixed in a concrete 
mixer. Enough water was added during the mixing so the medium 
would remain in a ball after being squeezed by hand. After mixing, 
the medium was heated to 76.7’ C for 30 minutes with aerated 
steam. This treatment eliminates most soil-borne plant pathogens 
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Subspecies Accessions County and state 

Basin 

Mountain 

Gordon Creek 
Clear Creek Canyon 
Loa 
Dove Creek 
Kenunerer 

sulnmit 
Hobbk Creek 
Pinto Canyon 
Clear Creek Canyon 
Sardine Canyon 

Carbon, Utah 
Sevier. Utah 
Wayne, Utah 
Dolores, Colorado 
Lincoln, Wyoming 

Iron. Utah 
Utah, Utah 
Washington, Utah 
Scvier. Utah 
Cache, Utah 

Wyoming Trot@ Springs 
Kemmerer 
Gordon Creek 
Maytiekl 

Humboldt, Nevada 
Liiln, Wyoming 
Carbon, Utah 
Slurp&e, Utah 

yet leaves most of the beneficial microorganisms (Nelson 1984). 
Next, the growing medium was placed in containers constructed of 
9 mm plywood impregnated with copper-napthenate (Nelson 
1984) and with drainage holes in the bottom. The container size 
was 45.7 by 45.7 by 125.0 cm, resulting in a total volume of 0.261 

ma-larger than the 3-liter containers used in the Hamiss and 
McDonough (1975) study. Thermocouple psychrometers, placed 
at 25.4 and 50.8 cm depth, were used to measure water potential on 
a weekly basis (Brown and Bartos 1982). Growth medium was 
placed within 1 .O cm of the top of the containers. Each container 
was sown 5 January 1983 with 5 seeds from a single accession, and 
the seeds were covered about 2 mm deep with number 3 silica 
sandblasting grit. Each accession was represented by 5 containers 
randomly placed in the greenhouse. Surface moisture was main- 
tained by using a fogger until 3 or 4 seeds had germinated, after 
which no water was provided. After 20 days, all plants but 1 were 
removed from each container. The plant closest to the center of the 
container surface was kept. Greenhouse day temperature (12 
hours) was 200 C. Night temperature (12 hours) was 10” C. Natural 
day length was extended by means of artificial light (Sylvania 
Grolux) to 12-hours. 

During the 24 weeks, height was measured from the surface of 
the growing medium to the end of the terminal leaves. This mea- 
surement was recorded each week starting with the 7th week until 
the crowns of the plants were detached from the roots at the surface 
of the growing medium. 

To describe and study growth patterns, we chose to fit a logistic 
function to the data. Because a plot of the data revealed an obvious 
increase in variance as the seedlings became larger, a logarithmic 
transformation was applied to the seedling heights before further 

Weeks After Sowing 

Fig. 1. The height of seedlings of 3 subspecks of big sagebrush (Artemf.v&z trldartoto ssp. tridcnlot-Bruin big sagebrue A.& ssp. vpwyonc-mountain big 
s8gebrusb,A.t. ssp. wyomkgeti-Wyoming big sagebrush). The curves are the fitted logistic growth functions d&bed in Table 2. The mum of all 
acceradono are represented by solid dots, and the error bus (based on one-standard error of the mean) are plotted vertically. 
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analysis. This necessitated fitting the following model to the trans- 
formed data in order to obtain a logistic relationship in the original 
scale: 

ln(Height) = In@) - ln( 1 + Q exp(8 week)). 

Because this model is nonlinear in the parameters (Y, 8, and 6, a 
nonlinear least-squares fit was obtained. This method produces 
unbiased estimates of the parameters and asymptotic estimates of 
their variances. The estimates are then substituted into the logistic 
growth function: 

Height = 6 / (1 + o exp (p week)) (I) 
Because the logistic function (1) reaches a maximum at its 

asymptote, 6, this value-representing long-term height-is of 
interest. Furthermore, the first derivative of the logistic function 
(l), with respect to week, is a dynamic representation of growth 
rate. It will be referred to as the growth rate function and should 
not be confused with the growth function (1). The growth rate 
function is given by: 

Rate = (-a fl6 exp (B week)) (2) 
(1 + a exp(8 week))2 

The time, corresponding to the highest point on a plot of the 
growth rate function (2), represents the time of most rapid growth. 
It is important that sufficient growth resources, such as water, be 
available at this time. The time of most rapid growth is given by: 

Time of Most Rapid Growth = (1 /fi) In( 1 /a) . (3) 

Water potential was analyzed by computing a regression on 
weeks to determine whether a change occurred during the test 
period. The magnitude of the slope is a measure of the rate at which 
water potential is changing. 

Results 

Sagebrush plants were allowed to grow for 24 weeks. At the end 
of that period, the Wyoming big sagebrush had practically stopped 
growing, and the growth of both the mountain and basin big 
sagebrush had slowed considerably. The growing medium was 
starting to dry to the point where moisture could start to become 
limiting. Also, we did not want roots to grow in contact with the 
bottom of the containers. 

The fitted logistic functions for seedling height of the 3 subspe- 
cies are plotted in Figure 1 along with the means and error bars of 
the data. The fit is good, is evidenced by the clean separation of the 
means in Figure 1 and by the small standard errors of the parame- 
ter estimates as presented in Table 2. 

By week 7, the start of data collection, basin big sagebrush was 
taller than both the mountain and Wyoming subspecies (Fig. 1). 
This greater height continued throughout the study. Soon after 
week 7, mountain big sagebrush began to produce taller seedlings 
than the Wyoming subspecies, but it did not achieve the height of 
the basin subspecies. 

The growth rate functions (rates in cm/week), plotted against 
time (weeks after sowing), are presented in Figure 2. These func- 
tions are derived from the logistic functions that were fitted to the 

Weeks After Sowing 

Fig. 2. The growth rate plotted against weeks since sowing for, seedlings of 3 subspecies of big sagebrush (Artemicr tridentata asp. trkfentata-basin big 
sagebrush; A.t. ssp. vaveyanu-mountain big sagebrush; At. ssp. wyomingensis-Wyoming big sagebrush). Each curve is the first derivative 
of the logistic function presented in Figure 1, end the points represent successive first differences es estimates of the inst8nt8neous slope. 
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Table 2. Estimated logistic growth functfons for 3 subspecies of big sage- 
brush (Artemisia Iride&rta) grown in a greenhouse environment for a 
period of 24 weeks 8fter seeds were son. 

sub- Estimatea SE’ 
B 8 

species Estimate SE Estimate SE 

Basin 29.64 1.07 -0.29 0.005 56.36 
Mountain 27.08 0.52 -0.29 0.002 40.20 :z 
Wyoming 11.28 0.25 -0.26 0.003 24.11 0:09 
Form of logistic function: 6/ (l+a exp(8 * Week)) 

lAsymptotic standard error as computed from nonlinear least-squares. 

data. Basin and mountain big sagebrush are similar in growth 
pattern except that the basin subspecies grows at a uniformly 
higher rate (Fig. 2 and Table 3). Both achieved their maximum 
growth rates at about the same time, during the 12th week. Basin 
big sagebrush attained a maximum growth rate of slightly more 
than 4 cm per week (at 11.9 weeks) while mountain big sagebrush 
reached a rate of only slightly more than 3 cm per week (at 11.4 
weeks). On the other hand, Wyoming big sagebrush has a different 
growth pattern, reaching its fastest growth rate of only 1.7 cm per 
week approximately 2 weeks earlier (9.5 weeks) than the other 2 
subspecies reached their fastest growth rates. Confidence intervals 
on the time required to reach the highest growth rate are presented 
in Table 3. 

Table 3. Times of highest growth rates of 3 subspecies of big sagebrush 
(Artemisia tridentato) grown in II greenhouse for 24 weeks after seeds 
were sown. 

Subspecies 

Basin 
Mountain 
Wyoming 

Time of 
maximum 

growth 
rate’ 

weeks 
11.87 
11.40 
9.47 

Lower 
limit2 

weeks 
11.74 
11.32 
9.40 

Upper 
limit 

weeks 
12.00 
11.48 
9.53 

Maximum 
rater 

cm/ week 
4.02 
3.01 
1.70 

*The 
*Co s 

oint of iatlection of the logistic height function. 
ldence intervals (95%). obtained by error propagation, using the asymptotic 

variances and covariances from nonlinear least-s uares. 
3The height of the growth function at the point o 8. . mflectron. 

Growth rates for all 3 subspecies had decreased markedly by 
week 24 (Fig. 2). Moreover, by that time, the growth rate of the 
Wyoming subspecies was only about 0.2 cm/ week. 

Water potential measurements indicate none of the 3 subspecies 
was in a water-limiting environment (Table 4). Although there was 
a significant slope on the regression of water potential on time 
(when using the water potential measurement nearest the surface), 
the magnitude of the slope is small for each of the 3 subspecies. We 
concluded that, even under the most severe conditions encountered 

In a companion study, Welch and Jacobson (1988) reported that 
for the first 10 days after germination the rate of root growth of 
Wyoming big sagebrush significantly exceeded that of basin and 
mountain big sagebrush. Part of this faster root growth was attrib- 
uted to a faster germination rate for Wyoming big sagebrush. At 20 
and 30 days, the rate of root growth of Wyoming and basin big 
sagebrush was not significantly different, but both significantly 
exceeded mountain big sagebrush. At 40 days, the rate of root 
growth of basin big sagebrush significantly exceeded that of 
Wyoming big sagebrush, which significantly exceeded that of 
mountain big sagebrush. At 174 days, basin and Wyoming big 
sagebrush root lengths were significantly longer than mountain big 
sagebrush, but were not different from each other. Thus, it appears 
that Wyoming big sagebrush has evolved to achieve maximum 
growth rate early in the growing season and to limit aboveground 
growth. These characteristics appear to be under genetic control 
because they remained consistent in a controlled environment. 
Limiting aboveground parts would allow the plant to assign energy 
to rapid and long root growth. These characteristics, and probably 
others, allow Wyoming big sagebrush to survive on xeric sites 
where basin and mountain big sagebrush cannot. 
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Teble 4. Water potential for 3 subspecies of big sagebrush (Artemida 
triifentutu) grown in a greenhouse environment for a period of 24 weeks 

Brown, R.W., and D.L. Bartos. 1982. A calibration model forscreen-caged 

after seeds were sown. 
Peltier thermocouple psychrometer. USDA Forest Serv. Res. Pap. 
INT-293. 

stlb- 
species Min 

Top’ 
Max Slope 

Bottom* 
Min Max Slope 

Basin -3.1 
bars 
-9.5 a.17 -1.4 

bars 
-7.1 NS’ 

Mountain -2.4 -6.5 -0.10 -2.5 -5.3 NS 
Wyoming -2.1 -3.7 -0.05 -2.2 -5.1 NS 

‘Buried 25.4 cm below surface. 
*Buried 50.8 cm below surface. 
‘Not statistically significant (DO.25). 

during the study, water was not sufficiently limited to retard seed- 
ling growth. 

Discussion 
Results presented in Figures 1 and 2 support our hypothesis that, 

over an extended period and in a non-water-limiting environment, 
the seedling growth rate of aboveground parts in Wyoming big 
sagebrush approaches zero and over the period is less than that of 
seedlings of basin and mountain big sagebrush. Water potential 
measurements remained in a non-water-limiting range over the 
entire study period (Table 4). Therefore, we conclude that water 
availability was not the factor that caused the Wyoming seedlings 
to stop growing. Perhaps the drier habitats-both in terms of lower 
precipitation and shallower soils-that Wyoming big sagebrush 
occupies in relation to the other subspecies exerted evolutionary 
pressure. This would cause Wyoming big sagebrush to evolve so 
that genetic control of growth would force it to reach its highest 
growth rate early and produce smaller aboveground parts. 

Our study disagrees with the Hamiss and McDonough (1975) 
report, They were unable in a IO-week study to differentiate the 
rate of growth of seedlings among the 3 subspecies. In our study, 
we detected obvious differences (Fig. 2) among the growth rate 
curves. Perhaps if their data had been subjected to the same logistic 
function analysis as ours, the results may have been in agreement. 
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Water relations of honey mesquite following severing of 
lateral roots: influence of location and amount of subsurface 
water 
R.J. ANSLEY, P.W. JACOBY, AND GJ. CUOMO 

Abstract 

Location and amount of subsurface water may ifiuenee the 
degree of dependence of honey mesquite (Prosopis giimdulom 
Torr.) on &allow lateral roots to supply water. The objeetive of 
this study was to determine lnflucnce of lateral roots on water 
relations of honey mesquite on 2 sites which differed in location 
and amount of subsurface water. Lateral roots were severed with 
barriers placed to 1.5 m deptb and completely surrounding indi- 
vidual trees In February 1985, during mesquite winter dormancy. 
Stomatal conductance and predawn leaf water potential were sig- 
nlficantly reduced in root-severed trees during the following grow- 
ing season (May-September) at both sites, but reduction was 
greater on tbe site witb less subsurface water. Daytime leaf water 
potential was bigber in root-severed than control trees on tbe site 
witb less subsurface water, but not on tbe other site. By mid- 
summer 1986, no difference in stomata1 conductance between 
treatments were detected at either site, yet daytime leaf water 
potential rem&cd higher in root-severed tban control trees at the 
site with less subsurface water. Predawn leaf water potential was 
greater in root-severed than control trees in 1986, which was a 
reversal of 1985 trends. Leaf abscission was not observed in either 
treatment during either growing season. These results suggest tbat: 
(1) when less subsurface water was available, trees were more 
dependent on lateral roots to supply water, (2) treatment effects 
were minimized by tbe second growing season following root 
severing, possibly from new root growth within or below the root 
barrier region, and (3) the lateral root system may play a significant 
role in regulating leaf water relations on sites with limited subsur- 
face water. 

Key Words: stomata1 conductance, leaf water potential, transpi- 
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In many arid and semiarid regions of the southwestern USA, 
honey mesquite (Prosopis glandulosa Torr.) have deep tap roots 
which enable the plant to avoid drought (Phillips 1963, Mooney et 
al. 1977, Nilsen et al. 1983). These plants are able to maintain 
stomata1 conductance and continue carbon fmation during summer 
drought (Felker 1979). Under such conditions mesquites have been 
described as phreatophytes or facultative phreatophytes (Thomas 
and Sosebee 1978, Nilson et al. 1984). 

Mesquite occur throughout the Rolling Plains resource region 
of north central Texas and encounter conditions characterized by 
limited subsurface water and intermittently available surface mois- 
ture. Summer rainfall from convective storms seldom penetrates 
below 30 cm into the soil profile on medium to heavy textured soils 
and is rapidly depleted by evapotranspiration. Mesquite in this 
area often have lateral roots which extend well beyond the canopy 
perimeter (Fisher et al. 1959, Ludwig 1977, Heitschmidt et al. 
1988). We hypothesized that differences in location and amount of 
subsurface water would influence the degree of dependence of this 
species on shallow lateral roots for water acquisition. The objective 
of this study was to determine the relative importance of shallow 
lateral roots to mesquite on sites which vary in amount and loca- 
tion of subsurface water. 

Methods and Materials 

Site Description and Preparrtion 
Research was conducted on 2 sites, Cottonwood and Ninemile, 

located on the W.T. Waggoner Estate, south of Vernon in the 
northern Rolling Plains ecological area of Texas (Cottonwood: 
33” 52’N, 99’ 17’W, elev. 375 m; Ninemile: 33’ Sl’N, 990 26W, elev. 
381 m). The sites are 15 km apart and subject to similar climatic 
conditions. Mean annual rainfall is 665 mm with a bimodal distri- 
bution. Peak rainfall months are May (119 mm) and September (77 
mm). Mean monthly air temperatures range from a maximum of 
36” C in July to a minimum of -2.5’ C in January. Both study sites 
are dominated by a mesquite and lotebush (Ziziphus obtusifolia 
[T. and G.] Gray var. obtusifolia) overstory. Understory species 
include C4 grasses buffalograss (Buchloe dactyloides [Nutt.] 
Engelm.) and sideoats grama (Bouteloua curtipendula [Michx.] 

JOURNAL OF RANGE MANAGEMENT 43(5). September 1990 



Torr.), and the C3 Texas wintergrass (Sfipa leucotricha Trin. and 
Rupr.). 

Soils at Cottonwood are fine, mixed thermic Typic Paleustalfs 
of the Kamay series. These soils are residual in formation and are 
characterized by clay loam textures to about 1 m depth, underlain 
by calcareous sandstone/shale parent material (termed “Permian 
redbed”). Soils at Ninemile are fine, mixed, thermic Typic Paleus- 
tolls of the Tilhnan series. These soils are also clay loams but are 
more alluvial in nature than soils at Cottonwood. Parent material 
does not occur until 3 to 4 m depth at Ninemile. Due to these 
factors, permeability below 1 m depth is less, but potential for 
saturation of surface horizons is greater at Cottonwood than at 
Ninemile. 

Four multistemmed mesquite trees of similar size were selected 
for study at each site. The trees averaged 2.9 m (~2 = .I) in height and 
4.1 m (s* = .2) in canopy diameter. In December 1984, aerial 
portions of all woody vegetation including nonexperimental mes- 
quite occurring within a 15-m radius of each experimental tree 
were removed with a chainsaw, and potential for resprouting was 
eliminated by treating stumps with diesel oil. In February and 
March 1985, prior to mesquite budbreak, lateral roots of 2 experi- 
mental trees on each site were severed by placing a sheet metal 
barrier vertically to 1.5 m depth around each tree. The remaining 2 
experimental trees at each site were identified as control trees. 
Descriptions of root severing techniques are published elsewhere 
(Ansley et al. 1988). 

Data Collection 
Stomata1 conductance (g.) of abaxial leaflet surfaces was mea- 

sured using a LICOR LI-1600 autoporometer from May to Sep- 
tember at both sites during each year. Measurements were made on 
leaves located between 1.25 and 1.75 m above ground, and oriented 
to face the sun. Two leaves per tree were measured during each 
diurnal sample period which occurred at 2-hour intervals during 
daylight hours, beginning at 1 hour post sunrise (HPS). Only 
leaves on the perimeter of the canopy were sampled. All measure- 
ments were made on predominantly clear, cloud free days and at 
least 5 days following precipitation. 

Leaf petiole xylem water potential (leaf Y) was measured using a 
Scholander pressure bomb prior to sunrise (predawn leaf Y) and 
concurrently with porometer readings (daytime leaf Y) on each 
sample day, as outlined by Turner (1981). At predawn, 2 leaves 
were removed from the center of the canopy, and, during the day, 
duplicate leaves were excised from the sun exposed aspect of each 
canopy for leaf Y measurement. Photosynthetic photon flux den- 
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Fig. 1. Monthly precipitation during tbc duration of the study. A filled 
circle indicates the Z-year average for cacb month. m.g.s. = mesquite 
growing seeson. 

sity (PPFD) (400 to 700 run) was determined concurrently with g, 
measurements using a quantum sensor which was mounted to the 
porometer. Air temperature and relative humidity were recorded 
with a psychrometer located within 20 m of the trees at each site. 
Vapor pressure deficit was calculated from these values. Precipita- 
tion was recorded at each site. 

Volumetric soil moisture (13) was measured using the neutron 
attenuation device (Graecen 1981). Four aluminum access tubes 
were inserted to a 1.7 m depth and located laterally at 2 m distance 
from each tree. In root-severed trees, the tubes were located within 
(tree-side) the root barrier. Measurements were made at 30 cm 
depth increments to I50 cm roughly once every 2’weeks. Soil water 
retention curves were determined at each site and soil depth using a 
ceramic pressure plate apparatus (Richards l%S). Soil matric 
potential (soilYy,) was calculated from 0 using retention curve 
equations. In 1988, 2 additional access tubes were inserted to a 
depth of 7 m near control trees at each site to provide further 
information regarding subsurface water content. 

An analysis of variance design was established with 2 treatments 
(control and root-severed) and 2 replicates per treatment to assess 
significant differences in g,, leaf Y, 0, and soil Y,,, within a particu- 
lar sample date, diurnal HPS (for plant variables), depth (for soil 
variables), and site (SAS 1982). 

Results 
Climatic Variables 

Monthly precipitation patterns did not vary significantly between 
sites and data were pooled. Precipitation was near or above normal 
during both growing seasons (April to October), with the excep 
tion that May was very dry in 1985 (Fig. 1). Vapor pressure deficit 
increased seasonally across both sites and years from lowest values 
in May to highest values in late August or early September (Fig. 2). 
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Fig. 2. Diurnal vapor pressure deficits on eecb of the 4 sample dates rt 
Cottonwood (top) end Ninemk (bottom) in 1985 end 1986. 
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Vapor pressure deficit was similar between years on comparable Soil Moisture 
dates, except at Cottonwood in May, when it was greater in 1985 Soil matric potential (soil q,,,) near control trees at Cottonwood 
than 1986. Diurnal patterns of PPFD were similar for all samnle remained above -0.5 MPa at 30 and 60 cm depths, but declined 
days (data not shown). progressively to below -1 MPa at lower depths during the 1985 

growing season (Fig. 3). In contrast, soil Ym remained near or 
above -1 MPa at all depths measured near control trees at Nine- 
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Fig. 5. Subsurface soil metric potential at Cottonwood and Ninemik on 2 
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sites within a particular date and depth. 

mile during 1985. Soil q,,, at 30 cm depth declined more rapidly 
within root barriers than at a similar distance from control trees at 
Cottonwood during 1985. This trend between treatments was also 
apparent, although to a lesser degree, at 60-120 cm depths at 
Cottonwood, and at 30 and 90 cm depths at Ninemile. 

During the 1986 growing season, soil Vy, at 60-150 cm depths 
near control trees was generally lower than during 1985 at both 
sites (Figs. 3 and 4). This trend was not observed at 30 cm depth 
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except during August at Ninemile. Differences in soil Yy, between 
years may have been caused by precipitation during nongrowing 
months (November-March), which was above normal prior to the 
1985, but below normal prior to the 1986 growing season (Fig. 1). 

Similar to 1985, soil T,,, at 30 and 60 cm depths declined more 
rapidly within root barriers than near control trees during 1986 at 
Cottonwood (Fig. 4). However, differences between treatments 
were less at the 30 cm depth and greater at the 60 cm depth in 1986 
than 1985. At Ninemile, relative responses to treatments were 
similar between years. In both years, differences between treat- 
ments were not as pronounced at this site as at Cottonwood. 

Deep moisture measurements after a summer drought (in 1988) 
and a winter recharge (in 1988/89) indicated that from 1.5 to 3 m 
depth, soil Yy, was consistently and significantly greater at Nine- 
mile than at Cottonwood (Fig. 5). Similar differences between sites 
were revealed at 120 and 150 cm depths (Figs. 3 and 4). 

Mesquite Phenology and Leaf Area 
Mesquite budbreak occurred in mid-April during both years. 

Leaves were retained without noticeable abscision in both control 
and root-severed trees until late October on both sites and during 
both years (visual observation). 

Stomata1 Conductance 
Stomata1 conductance (g,) of control trees declined seasonally 

from May to September, 1985 at both sites (Fig. 6). Diurnally, g, 
tended to decline from morning maximum values on each sample 
day. 

Conductance was significantly greater in control than root- 
severed trees during 10 of the 17 HPS measurement periods at 
Cottonwood in 1985. Root severing reduced g. more frequently 
and to a greater degree at Cottonwood than Ninemile during 1985. 
During 1986, there were no consistent differences in g. between 
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Fig. 6. Stomatal conductance (q,) of leaves control and root-severed trees at Cottonwood and Ninemik OII reveal dates in 1985 and 1986. An asterisk 
indicates a dgniflcant differences (plO.05) between treatments at a partkukr HPS. Vertical bars indicate f S.E. 
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treatments at either site, although g. of root-severed trees fre- 
quently exceeded values of control trees, especially at Ninemile. 

Predawn and Daytime Water Potential 
Predawn leaf Y was significantly lower in root-severed than 
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control trees during June 1985 at Cottonwood, and June and 
September 1985 at Ninemile (Fig. 7). In 1986, a reversal of trends 
occurred in which predawn leaf Y was higher in root-severed than 
control trees after May at Cottonwood, and in May and August at 
Ninemile. At both sites, predawn leaf Y of control trees followed 
similar trends in each year, and it was responses of root-severed 
trees that varied. 

Minimum daytime leafy of control trees occurred earlier in the 
day as the growing season progressed at both sites and during both 
years (Fig. 8). Moreover, following reduction to minimum daily 
values, daytime leaf Y remained low for a shorter period of time as 
each growing season progressed. This was probably due to stomata 
closing earlier in the day in response to seasonally increasing vapor 
pressure deficit and decreasing soil moisture. 

Daytime leaf Y was significantly higher in root-severed than 
control trees at Cottonwood in June and September 1985, and 
during June and August 1986. In contrast, daytime leaf Y was 
similar between treatments at Ninemile during both years. 

Discussion 

The results suggest mesquite at both sites were dependent on 
water extraction from lateral roots because stomata1 activity was 
retarded in root-severed trees in 1985. Soil moisture was utilized 
more rapidly within the root barrier than at the same distance from 
control trees and apparently became limiting by late June 1985. 
Reduced g, may also have been the result of an inability of root- 
severed trees, with a limited root system, to fully exploit rains 
which occurred in early June 1985 (Sala and Lauenroth 1982). 
Root severing did not cause leaf abscission during the growing 
season of either year but reduction in g, during June, when demand 
for water during carbon fixation and growth was seasonally at 
maximum, created a potential loss to photosynthetic capacity 
(Wilson et al. 1974, Hanson and Dye 1980, Nilsen et al. 1984). 
Lower predawn leaf Y than control trees during 1985 at both sites 
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was an indication of a reduced ability of root-severed trees to 
nocturnally recharge aboveground tissue, probably due to reduced 
root absorption area. Higher daytime leaf Y in root-severed than 
control trees at Cottonwood in 1985 was an indication of tissue 
recharge following mid-morning stomata1 closure. A lower day- 
time leaf Y indicated more, not less, water flux through the soil- 
plant-atmosphere continuum. 

These results concur partially with Crombie et al. (1987), who in 
an Australian study reported root-pruned jarrah (Eircalyptus mar- 
ginato Donn ex Smith) had reduced g, but predawn leaf Y was 
unaffected. Geisler and Ferree (1984) found decreased transpira- 
tion following root pruning of apple (A4alu.v domestica) seedlings. 
They also observed leaf wilting and decreased daytime leaf Y in 
root-pruned plants, which we did not. However, our root pruning 
occurred prior to budbreak whereas apple Malus was in full leaf 
when pruned. Severing taproots did not significantly reduce g. in 
irrigated honey mesquite near Lubbock, Texas (Thomas and 
Sosebee 1978), supporting the generalization that sufficient lateral 
roots existed to absorb water when available. 

Equalization of g. between treatments at both sites in 1986 
suggests root-severed trees had recovered from injury. Responses 
were apparently soil related since vapor pressure deficits were 
similar between years on comparable mid- to late summer dates. 
Since leaf area was not reduced in comparison to control trees, 
root-severed trees may have improved their ability to exploit a 
limited soil volume through increased root growth. Root-pruned 
apple seedlings had an increased density of small roots close to the 
stem (Geisler and Ferree 1984). Other studies have found that 
following root pruning, assimilates were redistributed to the roots, 
presumably to facilitate new root growth (Richards and Rowe 
1977, Ruff et al. 1987). 

Greater predawn leaf Y in root-severed than control trees in 
1986 implies that nocturnal recharge potential was enhanced in 
root-severed trees by the second growing season. Since soil mois- 
ture was actually less within root containers in 1986 than 1985, this 
suggests root-severed trees accessed moisture below the bottom of 
the container wall. 

Differences Between Sites 
Since both sites experienced similar ambient conditions during 

1985 and 1986, differences between sites with respect to plant 
responses may be attributed to differences in root/ soil water rela- 
tions between sites. The observation that virtually all leaf and soil 
variables measured were affected by root severing to a greater 
degree at Cottonwood than at Ninemile suggests trees at Cotton- 
wood were more dependent on lateral roots than trees at Ninemile. 

Trees at the Cottonwood site encountered an extremely dry layer 
of soil from about 1 to 2 m depth. Edaphic conditions for root 
growth were favorable above this layer, given frequent soil mois- 
ture recharge. Results from this study and root distribution data 
from Heitschmidt et al. (1988) suggest that under natural condi- 
tions, these trees preferentially grew extensive, shallow lateral 
roots instead of tap roots to supply water demands. Since subsur- 
face water was more abundant at Ninemile than at Cottonwood, 
trees at Ninemile may naturally have had a greater development of 
a subcanopy roots into deeper soil regions than trees at Cotton- 
wood, and may thus have been able to tolerate pruning of lateral 
roots more than trees at Cottonwood. A more pronounced differ- 
ence in predawn leaf Y between treatments at Cottonwood than 
Ninemile during 1986 suggests belowground recovery from root 
severing via new root growth was greater for trees at Cottonwood 
than at Ninemile. 

Eeologieal Implications 
The literature has demonstrated that root sensing of soil drought 

directly influences leaf water relations through abscisic acid pro- 

duced in the roots (Comish and Zeevaart 1985, Davies et al. 1987, 
Zhang et al. 1987). Since responses to root severing were more 
apparent at Cottonwood than Ninemile, this suggests that on sites 
with more limiting subsurface water, regulation of leaf water rela- 
tions may be related more to soil moisture conditions in interspaces 
between trees than beneath the tree canopy. 

It would be advantageous for trees on sites that had less subsur- 
face water, such as at Cottonwood, to have lateral roots in inter- 
spaces which could sense soil drought and regulate stomata, there- 
by conserving utilization of subcanopy moisture. This would be 
especially effective should soils of interspaces dehydrate at a more 
rapid rate than soils beneath the tree canopy. Conversely, where 
deep water was more available, such as at Ninemile, regulation of 
stomata may be controlled to a greater degree by subcanopy roots, 
since no consistent differences in daytime leaf Y or gB between 
control and root-severed trees were observed at this site. Subtle 
differences in water uptake strategies, based on differences in 
location and amount of subsurface water, could explain why mes- 
quite persists on a variety of sites. 
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Picloram release fkom leafy spurge roots 
MICHAEL V. HICKMAN, CALVIN G. MESSERSMITH, AND RODNEY G. LYM 

Abstract 
Picloram (4amino_3,5,6_trichloro_2pyridineearboxy~c acid) re 

lease from leafy spurge (Er&orbirr err& L.) roots was not affected 
by application rate, root system temperature, or addition of 2,4-D, 
[(2&dichlorophenoxy)acetic acid]. Release of 14C from leafy 
spurge roots was detected 12 hours after “C-picloram foliar appli- 
cation and increased linearly over a 120-hour period. Over all 
experiments, 72% of the recovered r4C remained unabsorbed on 
the treated leaf and 22% remained in the leaves and stems. Less 
than 7% of the recovered *4C was in the root zone (roots ,plus 
nutrient solution), but over 60% of this portion was in the nutrient 
solution. Adding 2,4-D at rates up to 1.1 kg/ha to 14C-picloram at 
0.14 kg/ha did not affect 1.C release from leafy spurge roots. The 
experimentally determined temperature coefficient (Qts) for 14C- 
picloram release from leafy spurge roots was 1.3 f 0.8. A linear 
rate of picloram release with time and a Qrs of 1.3 support the 
hypothesis of passive release of picloram from leafy spurge roots. 
Key Words: Euphorbia esula, herbicide exudation, Qrs, r4C- 
picloram, temperature coefficient 

Leafy spurge (Euphorbiu esulu L.) is an introduced perennial 
weed that infests nearly 350,000 ha in North Dakota (Messersmith 
and Lym 1983) and over 1 million ha in North America (Dunn 
1979). Leafy spurge is very competitive and displaces desirable 
forage species, resulting in reduced pasture and range productivity. 

Leafy spurge is controlled most successfully with herbicides. 
Several herbicides are available for leafy spurge control including 
picloram, (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid), 
2,4,-D [(2,4dichlorophenoxy)acetic acid], dicamba (3,6dichloro- 
2-methoxybenzoic acid), and glyphosate [N-(phosphonomethyl) 
glycine]. Although long-term control on grassland is best with 
picloram, the dose needed often is not economically feasible. Mix- 
tures of low rates of picloram plus 24-D applied annually have 
been shown to be economical (Lym and Messersmith 1985). 

The release of herbicides from plant roots following foliar appli- 
cation has been documented (Bybee 1979, Changand VanderBom 
1968, Fite_s, et ~1.1964, Weidermyer and Nalewaja 1969). Picloram 
was released from ‘Black Valentine’ bean (Phuseolus vulgaris L.) 
roots following foliar applications (Hurtt and Foy 1965). Bybee 
(1979) measured up to 7% of foliar-applied I%-picloram in the 
nutrient solution following release by leafy spurge roots. Picloram 
was detected to a depth of 39 cm within 3 weeks after treatment in 
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the field but 86% was in the upper I3 cm (Hickman et al. 1989). The 
nature of this exudation process is not well understood. Reducing 
picloram release from leafy spurge roots may improve herbicide 
efficacy and reduce monetary and environmental costs associated 
with picloram use. 

The ratio of the reaction rate after a IO0 C temperature increase 
to the reaction rate for the original temperature is expressed as the 
temperature coefficient (Qro) (Salisbury and Ross 1978). The Q~o 
may be used as an indicator of metabolic involvement in biological 
processes. The Qro for most enzymatically controlled reactions is ti 
least 2.0, while the Qro for diffusion or other physical reactions 
ranges from I. 1 to 1.4. 

This research was conducted to determine the rate of picloram 
release from leafy spurge roots following foliar applications, and 
the effect of root temperature, addition of 2,4-D, and picloram 
application rate on picloram release from roots. An overview of the 
fate of foliar-applied picloram also was developed by combining 
the data from several experiments that had been conducted using 
similar techniques. 

Materials and Methods 

General Procedure 
A single leafy spurge biotype (79-MN-008) collected near 

Detroit Lakes, Minn., was used in experiments to evaluate the root 
release of picloram. Cuttings with a minimum of 5 axillary buds 
were taken from the stem tips of vegetative leafy spurge plants. The 
lower leaves were removed and the stems dipped in a commercial 
mixture of 0.2% NAA (I-naphthaleneacetic acid) rooting com- 
pound* and were planted in a mixture of peat moss, perlite, and 
vermiculite. Cuttings were grown for 6 to 8 weeks in the greenhouse 
at about 25O C under natural light supplemented to maintain a 
photoperiod of 16 hours light and 8 hours dark. 

Two days before treatment, the plants were removed from the 
rooting medium and the roots were washed in water. Each plant 
was transferred into a 450-ml aluminum-foil-covered glass bottle 
containing aerated nutrient solution (Hoagland and Amon 1950). 

r4C-picloram (specific activity 623 MBq/ mmol) dissolved in 
ethanol was applied with a micropipet to fully expanded leaves 
near the middle of the stem in IO-p1 aliquots containing the desired 
dose. Bach application was preceded and followed by 5 ~1 of a 0.1% 
(v/v) nonionic surfactantr in water. The unlabeled herbicides in the 
picloram rate and 24-D experiments were applied with a moving- 
nozzle pot sprayer delivering I60 L/ha at 210 kPa. 

At harvest, the treated leaves were removed and surface washed 
‘Rootone Brand F Rooting Hormone, Rhone-Poulenc Ag. Company, Research 
Triangle Park, North Carolina 27709. 
5urfactant WK, trimethylnonyl polyethoxyethanol, E.I. DuPont de Nemours, Wil- 
mington, Del. 19898. 



by dipping 10 times in liquid scintillation (LS) fluid “A” ([toluene 
and ethanol (1: 1, v/v)] plus 5 g/L PPO (2,Miphenyloxazole) and 
0.5 g/l dimethyl-POPOP [ 1,4-bis-2-(4-methyl-5phenyloxazolyl) 
benzene]} to remove the unabsorbed r4Gpicloram. The 14C activity 
of unabsorbed picloram was quantified by LS spectrometry. The 
plants were sectioned into the treated leaf, stem plus leaves above 
the treated leaf, stem plus leaves below the treated leaf, and root. 
Sections were oven dried at 60° C, weighed, and ground in a Wiley 
mill (No. 10 mesh). The treated leaf and subsamples of at least lo%, 
by weight, of other plant sections were combusted in a biological 
tissue oxidizer. The *%Os was collected in LS fluid “B” [toluene, 
2-methoxyethanol, and ethanolamine (10:7:3, v/v/v), plus 5 g/L 
PPO and 0.5 g/L dimethyl-POPOP] and was quantified by LS 
spectrometry. 

Nutrient solution was diluted with distilled water to a final, 
volume of 500 ml. Three lOO-ml samples were transferred into 
150-ml plastic cups, frozen, and lyophilized. The cups were washed’ 
3 times with 1.5 ml of 60% ethanol and once with 15 ml of LS fluid 
“A”. The washings were combined in LS vials and r4C activity was 
quantified by LS spectrometry. 

Data for trials of each experiment were subjected to Bartlett’s 
Chi-square test for homogeneity of variance (Gomez and Gomez 
1984), and data from trials were combined where appropriate. 
Analysis of variance or regression analysis was performed, and 
treatment means compared using a protected LSD test. 

TIME AFTER TREATMENT (h) 

Exudation Rate 
An experiment was conducted to determine the rate of picloram 

release from roots of picloram-treated leafy spurge and to deter- 
mine the effect of frequent nutrient solution changes upon the, 
release rate. The experiment was arranged in a completely random 
design with 2 treatments, either no solution change for 120 hours or 
complete solution change at 12,24,48,72,96, and 120 hours after 
I%-picloram was applied. An average of 1,180 Bq 14Gpicloram 
plus nonionic surfactant was applied to 3 leaves to give a total dose 
of 3,540 Bq per plant. All solutions were collected and plants were 
harvested 120 hours after treatment. Seven individual plants 
(replications) per treatment were used and the experiment was 
conducted 5 times. 

Fig. 1. ‘WY activity released by leafy spurge roots into nutrient solution at 
various intervals after foliar application. Five experimental trials were 
conducted and trials with similar variance were combined. 

Picloram Rate 

Temperature 
An experiment was conducted to determine the effect of root 

temperature on release of picloram from leafy spurge roots. Plant 
roots were maintained at 14, 19, or 32O C in a water bath that 
surrounded the nutrient-solution-containing bottles, while the 
shoots remained at air temperature of about 23” C. An average of 
1,310 Bq r4C-picloram plus surfactant solution was applied to 1 
leaf of each plant. The plants were maintained under lights (16 
hours light/ 8 hours dark, 450pE l me2 l s-l) in the greenhouse and 
were harvested 48 hours after treatment. The experiment was 
conducted 5 times using 7 replications (individual plants) per 
treatment in trials 1 and 2, 5 replications per treatment in trials 3 
and 5, and 6 replications per treatment in trial 4. 

Qro values were calculated for all temperature ranges (14 to 19, 
14 to 32, and 19 to 32” C) using the formula: 

QIO = (kz/ kr)‘“‘r~-Tr 
where kr = exudation rate at lower temperature 

ka = exudation rate at higher temperature 
Tl = lower temperatun 
TZ = higher temperature (Salisbury and Ross 1978). 

An experiment was conducted to determine the effect of piclo- 
ram rate on the amount of picloram released from leafy spurge 
roots. The plants were oversprayed with unlabeled picloram to 
approximate field rates of 0 (r4C-picloram only), 0.02,0.04,0.07, 
0.14, and 0.28 kg/ ha, followed immediately by 1,170 Bq r4C- 
picloram plus surfactant applied to 1 leaf per plant. The bottles 
were covered to prevent picloram from contaminating the nutrient 
solutions during spraying. Plants were maintained for 48 hours in 
the greenhouse in a completely random design before harvest. The 
experiment consisted of 3 trials with 5 replications per treatment. 

Picloram Plus 2,4,-D 
An experiment was conducted to determine the effect of 24-D 

plus picloram combinations on the release of picloram from leafy 
spurge roots. The plants were sprayed with unlabeled picloram 
plus 2,4-D, followed immediately by 870 Bq I%-picloram plus 
surfactant applied to 1 leaf per plant. Spray treatments were com- 
binations of picloram plus 24-D (alkanolamine salt) to give 
approximate field rates of 0 plus 0,O. 14 plus 0,O plus 0.28,O. 14 plus 
0.28,O. 14 plus 0.56, and 0.14 plus 1.1 kg/ ha. Bottles were covered 
when the herbicides were applied to prevent nutrient solution 
contamination. Plants were returned to the greenhouse tables in a 
completely random design for 48 hours before harvest. Four repli- 
cations per treatment were used, and the experiment was con- 
ducted 3 times. 

Uptake and Translocation 
The variances from several similar experiments were homo- 

geneous according to Bartlett’s Chi-square test, so the data from 
204 plants in I1 experimental trials were combined to produce an 
overview of the uptake and distribution of picloram in leafy spurge 
following foliar application. Previous studies indicated that exudation was a linear function 

over the first 120 hours after treatment so exudation rates (kr+ks) 
were calculated by dividing the total r4C-picloram released by the 
time after treatment. K values were calculated for each trial and 
used only to calculate the QIO for that trial. 

Results and Discussion 

Exudation Rate 
The release of r4C-picloram from leafy spurge roots was linear 

with time (Fig. 1). Picloram was detected in the nutrient solution 
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within 12 hours after application and the exudation generally 
continued at a nearly constant rate over 120 hours. Periodic chang- 
ing of the nutrient solution did not affect the total amount of 
herbicide released into the nutrient solution or the total recovered 
from the leaf wash, plant or nutrient solution (data not shown). 

The exudation rate was linear over time for all trials of the 
experiment, but large differences in the total quantity of herbicide 
released occurred between trials (Fig. 1). Large differences in piclo- 
ram release between experimental trials reflect the high variability 
associated with the leafy spurge accession selected for these studies. 
Other researchers have found leafy spurge populations to be highly 
variable. Ebke and McCarty (1983) reported large variations in 
taxonomic factors within the leafy spurge population, not only 
between accessions but among stems of the same plant. Lym and 
Messersmith (1987) measured large variations in total nonstructu- 
ral carbohydrates occurring over short time periods in an estab- 
lished stand of leafy spurge. 

Temperature 
The total *4C-picloram recovered was not affected by the root 

system temperature within trials, although the total recovery was 
lower in trials 2 and 4 than in trials 1,3, and 5 (Table 1). Differences 

Table 1. Recovery 01 %I-picloram from nutrient soiutio~~~ and total rcc- 
every from phnta grown at root temperatures of 14,19,8nd 320 C for 48 
boars lollowing herbicide application. 

Trial’ Temperature 
W-picloram recovered 
Totalb Nutrient solution 

1 -----Y-- 
----;:%ofapplied)------ 

1.3 
19 93 
32 97 E 

LSD (0.05) NS 2:2 
2and4 14 56 0.6 

:s 
60 1.3 
63 1.9 

LSD (0.05) NS 0.9 
3andS 14 78 0.3 

19 85 0.5 
32 82 0.7 

LSD (0.05) NS NS 
‘Data were combined for analysis when variancea were homogeneous. 
%otal recovered is ‘42 from leaf wash, plant, and nutrient solution. 

in the percentage of applied riC-picloram recovered from the nut- 
rient solutions of trials 1, and 3 and 5 did not correlate directly with 
the root system temperatures (Table 1). The greatest recovery in 
trial 1 was from plants maintained at 190 C while recovery for trials 
2 and 4 was greater from plants maintained at 32’ C than at 14O C. 
Picloram exudation tended to be greatest from plants maintained 
at 320 C in trials 2 and 4, and 3 and 5. Although total recovered 
r4Gpicloram was highest in trial 1 and lowest in trials 2 and 4, 
exudation was not affected consistently by temperature within 
these trials. 

Qro values were calculated for r4C-picloram exudation using all 
temperature differences in all trials. The Qro averaged 1.3 f 0.8 and 
ranged from 0.3 to 2.3. The average QIO of 1.3, which is similar to 
the QIO for diffusion of a solute in water, and the lack of a consist- 
ent effect of temperature on exudation suggests that exudation 
occurs passively and is not mediated by plant metabolic activity. 

Picloram Rate 
W-picloram release, measured as a percentage of herbicide 

applied, was not affected by increasing picloram rates (Table 2). 
However, the absolute quantity of picloram released, with a con- 
stant release rate., tended to increase as the amount applied 

Table 2. Recovery of W-picloram from nutrient solution and total recov- 
ery 48 bourn 8th treetment with picloram at several ratea. 

Trial’ 

land2 

LSD (0.05) 

3 

LSD (0.05) 

Broadcast W-picloram recovered 
Treatmcntb Total’ Nutrient solution 

----(kg/ha)---- - - - - (% of applied) - - - - . 

0 61 0.02 64 z 
0.04 65 418 
0.07 72 3.4 
0.14 78 4.9 
0.28 81 

NS N6: 

0 85 4.0 
0.02 t: 6.4 
0.04 11.2 
0.07 78 5.5 
0.14 86 8.1 
0.28 96 11.9 

NS NS 

‘Data were combined for analysis when variances were homogeneous. 
bW-piclofam was applied to a singk fully expanded kaf immediitely following 
broadcast application of piclomm to provide the desired mte. 
Total recovery is 14C from leaf wash, plant, and nutrient solutions. 

increased. In field studies picloram release was correlated with 
application rate averaging 490, 820, and 1,420 pbbw in the soil 
when applied at 30,60, and 120 g/L, respectively (Hickman et al. 
1989). 

A hypothesis of passive release through diffusion suggests that 
increasing the amount of picloram applied would result in a linear 
increase in the total quantity of picloram released, but a constant 
rate of release when expressed as a percentage of herbicide applied. 
At picloram concentrations below the saturation level for active 
carriers, active and passive exudation systems would be indistin- 
guishable. Results of the picloram rate trials and a QIO of 1.3, 
support a hypothesis of passive picloram release from leafy spurge 
roots. 

Picloram Plus 2,4-D 
Combinations of picloram plus 24-D have been synergistic for 

leafy spurge control which is at least partly due to more unmetabol- 
ized 14C translocated to the roots when applied with r*C-24-D than 
when applied alone (Lym and Moxness 1989). 

r4C-picloram recovered from nutrient solutions was similar for 
plants treated with picloram alone and with picloram + 24-D 
(Table 3). This suggests that the synergistic action of picloram plus 
2,4-D on leafy spurge is not due to reduced release of picloram 
from roots. The synergistic response of picloram plus 2,4-D for 
leafy spurge control could be due to an effect of picloram on 2,4-D 
leakage, but these experiments were not designed to test this 
hypothesis. 

Uptake and Translocation 
An average of 75% of the r4C-picloram applied was recovered 

from the 204 treated leafy spurge plants and the recovery ranged 
from 63 to 97% (Table 4). The leaf wash accounted for 54% of the 
applied or 72% of the recovered r4C. Picloram removed by the 
washing procedure remained either on the leaf surface or in the 
cuticle and would be of minimal value for weed control. Picloram 
is subject to photolytic degradation (Hall et al. 1968) and that 
remaining on the leaf surface could be readily degraded by 
sunlight. 

Absorbed picloram is translocated primarily in the symplast 
although some apoplastic transport also occurs (Sharma et al. 
1971, Sharma and Vanden Born 1970 and 1973). The distribution 
of W in leafy spurge is consistent with symplastic movement in 
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Table 3. Recovery of l~-piclonm from nutrient solutions mul total rec- 
overy 48 hours after broadcast treatment with picloram plus 2,4-D at 
several r&s. 

Trial’ 

1 

LSD (0.05) 
2and3 

LSD (0.05) 

iGpicloram recovered 
Picloram + 2,4-Db Total= Nutrient solution 

-----(%ofapplied)------ 
-----~$l)---- 88 5.8 

0.14+0 77 4.8 
0 +o 77 6.2 

0.14 + 0.28 80 
0.14 + 0.56 80 ::: 
0.14 + 1.12 78 2.3 

8 NS 
0 +o 82 1.5 

0.14+0 74 1.2 
0 + 0.28 86 I.4 

0.14 + 0.28 85 0.8 
0.14 + 0.56 88 1.0 
0.14+ 1.12 86 1.6 

NS NS 

:Data yere combined for analysis when variances were homogeneous. 
W-psloram was applied to a single fully expanded 

broadcast application of picloram plus 2.4-D. 
leaf immediately following 

Total recovery is % from leaf wash, plant, and nutrient solution. 

vegetative plants since most of the herbicide moved to the actively 
growing stern and leaf tissues above the treated leaf (data not 
shown). The leaves and stems of the treated plants contained 1% 
of the applied herbicide, which accounted for nearly 22% of the i4C 
recovered (Table 4). The treated leaf contained over 38% of the 14C 
that was recovered from the topgrowth. 

Control of leafy spurge and other perennial weeds depends upon 
killing of the root system. Less than 7% of the herbicide recovered 
was detected in the root zone of leafy spurge, and over 60% of this 
portion was recovered in the nutrient solution (Table 4). Piclomm 
did not translocate readily from topgrowth into leafy spurge roots. 
Similarly, Lingle and Suttle (1985) found that only 10 to 30% ofthe 
2,4-D applied to leafy spurge leaves was translocated into the root 
zone and 80% of that was released from the roots into the nutrient 
solution. 

Table 4. 1.C recovery from plant tissue and nutrient solution following 
fofiar applkatioo of “C-pkloram plus surfactant. 

Location 

Leaf wash 
Stem 

Treated leaf 
Other leaves and 

stems 
Stem total 

Root zone 
Roots 
Nutrient solution 
Root zone total 

Total recovery 

w rccovc$ 
Mean f SD Rangeb Mean 

- ;;; \F of applied) - - - - - (% of recovered) 
39 - 69 72 

6 f 2.4 3.1 - 10.2 8 

10 f 6.6 2.7 - 25.0 13 
16 21 

2.0 f 1.2 0.3 .- 3.8 3 
3.0 f 4.3 0.5 - 19.3 4 
5.0 7 
75 f 10 63-97 100 

l l4C recovery based on an average IT-picloram application of 1,250 Bq on 204 plants 
of 1 I experimental trials. 

Summary 

The mechanism of picloram release is not known. Lack of 
change in picloram release due to increasing temperature and 
herbicide rate, compiled with a Qlo value of 1.3, suggest that 
picloram release by leafy spurge is a passive process. Therefore, 
increased picloram efficiency for leafy spurge control must come 
from increasing the amount of picloram translocated into plant 
roots. 

Spray additives that enhance picloram uptake by increasing 
cuticular penetration or by prolonging the drying time may 
improve leafy spurge control. Increased absorption in response to 
surfactant additives has been reported in several perennial weeds 
(Sharma et al. 1971, Sharma and Vanden Born 1970, Wilson and 
Nishimoto 1975). Timing of spraying applications to take advan- 
tage of periods of highest relative humidity to improve picloram 
absorption (Moxness and Lym 1989) or optimum plant growth 
stage to reduce exudation (Hickman et al. 1989) also may be 
advantageous. 
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Root length, leaf area, and biomass of crested wheatgrass 
and cheatgrass seedlings 
TONYSVFJCAR 

Abstract 

Cheatgrass (Bromus tectorum L.) dominates large tracts of 
rangeland in the western United States. Previous research has 
demonstrated the competitive nature of this species; however, the 
mechanisms contributing to its dominance have not been well 
elucidated. It is often suggested that cheatgrass outcompetes per- 
ennial seedlings because it germinates and grows at lower soil 
temperatures. However, even hr studies where temperatures are 
not limiting, cheatgrass outcompetes perennial seedlhrgs. There- 
fore, I conducted a study to compare accumulation of root length, 
leaf area, and biomass of cheatgrass and crested wheatgrass 
(Agropyron descrtonrn (Fisch. ex Lhtk) Schult. cv. Nordm) seed- 
iings under non-limiting conditions. Seedlings were grown in pots 
in the greenhouse for 60 days post-sowing. There were 4 seedlhtgs 
per pot, and sampling was conducted weekly at 24-60 days after 
sowing. Maximum and minimum temperatures were 280 C and 4” 
C, respectively, and piants were watered twice a week. Cheatgrass 
had greater root length density and leaf area than created wheat- 
grnss, especially during the later samplings. For the last 2 sam- 
plings, cheatgrass averaged about 12% more root mass and 56% 
more shoot mass, yet bad more than twice the root length and leaf 
area of crested wheatgrass. Cheatgrass was more efficient (per unit 
of biomass) in producing leaf area and root length, which helps 
explain its ability to quickly become established and exploit soil 
nutrient and moisture reserves. 

Key Words: Agropyron dkstvtorum, Bromus tectorum, competi- 
tion, root length density, root: shoot ratio 

Cheatgrass (hornus rectorurn L.) is a dominant or co-dominant 
species in much of the Intermountain area of the western United 
States. In fact, there are situations where rangeland previously 
classified as sagebrush/ bunchgrass is now virtually cheatgrass 
annual grassland (Young et al. 1987). Many mechanisms may 
account for the success of cheatgrass. Young et al. (1969) showed 
that cheatgrass has a flexible reproductive strategy, which allows it 
to take advantage of the highly variable climate typical of the 
Intermountain area. Cheatgrass also consistently outcompetes 
seedlings of perennial species (Evans 1961, Hull 1963, Harris 1967). 
Among the factors that might account for the competitive ability of 
cheatgrass relative to perennial seedlings are (1) more rapid germi- 
nation and growth rate (Hull 1963, Harris 1967); (2) maintenance 
of root growth at low soil temperatures (Harris 1967); and (3) a 
root system that is structurally more efficient at exploiting soil 
moisture (Evans 1961, Harris 1967). Based on morphological and 
anatomical attributes, Harris (1977) estimated that cheatgrass may 
produce 3 to 4 times more root length per unit of root mass than 
bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. & 
Smith). However, I am not aware of any studies that actually 
quantify the efficiency of the cheatgrass growth habit relative to 
that of a perennial grass seedling. The objective of this study was to 
compare growth patterns of cheatgrass and crested wheatgrass 
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(Agropyron deserrorum (Fisch. ex Link) Schult. cv. Nordan) seed- 
lings in terms of leaf area, root length, and biomass accumulations. 

Materials and Methods 
Seeds of cheatgrass and crested wheatgrass were planted in 10 by 

10 by 10 cm pots in the greenhouse. The pots were filled with native 
soil (sandy loam, mesic Durixerollic Haplargids). Seeds were sown 
on 11 April 1988 and after germination, plants were thinned to 4 
per pot. Pots were arranged in a randomized complete block design 
with 6 blocks and 5 pots of each species per block. Ambient 
temperatures were maintained at about 28” C during the day and 
4O C at night. Pots were watered regularly to keep soil moisture 
near field capacity. Sampling was conducted 24 (4 May), 30 (10 
May), 37 (17 May), 44 (24 May), and 60 (10 June) days after 
sowing. 

Sampling involved manually washing soil from roots and then 
separating roots from shoots. Roots from each pot were then 
analyzed for length using a root length scanner (Comair Corp., 
Melbourne, Australia)‘, dried at 6S’ C for 48 hr and weighed. Leaf 
lamina were separated from other shoot material, scanned for area 
(LI-3000 with conveyer belt, LI-COR, Inc., Lincoln, Nebraska), 
dried at 65’ C for 48 h, and weighed. Remaining shoot material 
was also dried at 65’ C for 48 h and weighed, and added to leaf 
lamina weight to give total shoot weight. Data were analyzed using 
the analysis of variance procedures found in the Statistical Analy- 
sis System (SAS). A Hartley’s test for homogeneity of variance 
(Neter and Wasserman 1974) was conducted on root/ shoot ratio 
data. With no transformation the results could be interpreted at 
KO.01, and with a square root transformation, results could be 
interpreted at pIO.05. 

Results and Discussion 
Cheatgrass accumulated root length at a much faster rate than 

did crested wheatgrass (Fig. 1 A), and with one exception (day 30), 
cheatgrass had produced more root length per unit root mass (Fig. 
1B). These results are in agreement with the observation of Evans 
(1961) and Hull (1963). Although these authors were not able to 
measure root length, they both concluded that cheatgrass had finer 
roots than crested wheatgrass. By 2 months post-planting, cheat- 
grass produced twice as much root length as did crested wheatgrass 
(Fig. IA). Based on examination of root diameter and structure, 
Harris (1967) estimated that cheatgrass could produce 34 times as 
much length per unit weight as bluebunch wheatgrass. Roots of 
crested wheatgrass have about 50% more length per unit weight 
than those of bluebunch wheatgrass (Caldwell and Richards 1986), 
so Harris’ estimate was probably very close to correct. 

Cheatgrass also had more leaf area than did crested wheatgrass 
(Fig. 2A). As with root length density, cheatgrass accumulated leaf 
area at a much faster rate than did crested wheatgrass, which 
resulted in a significant species by sampling date interaction. There 
was a decline in leaf area of cheatgrass between the fourth and fifth 
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sampling dates; presumably the decline was a result of senescence 
of lower leaves as the long days of June induced a shift from the 
vegetative to reproductive growth habit. Leaf area of cheatgrass 
declined even though shoot weight increased from the fourth to 
fifth sampling (Fig. 3). Cheatgrass generally produced more leaf 
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area per unit mass than did crested wheatgrass (Fig. 2B). Using 
shoot weight and shoot area from Bumarret al. (1988), I calculated 
specific leaf areas of about 142 and 115 cm* g-l for cheatgrass and 
crested wheatgrass, respectively. These values, which are for 6- 
week-old seedlings, are similar to the results obtained on the fourth 
sampling date in this study (Fig. 2B). It appears that cheatgrass is 
generally more efficient in producing both leaf area and root 
length. For example, on the last 2 sampling dates cheatgrass aver- 
aged about 12% more root mass and 56% more shoot mass than 
crested wheatgrass; however, cheatgrass had more than twice the 
root length and leaf area of crested wheatgrass. 

Concepts relating to comparative root and shoot growth have 
changed over the past several decades. vanNoordwiyk and deWil- 
ligen (1987) indicate that thinking has progressed from a mor- 
phogenetic equilibrium (the more roots the better shoot growth) to 
a functional equilibrium which places emphasis on nutrient and 
water uptake of roots and not just the size of the root system. 
Emphasis is placed on the interdependence of the functional 
attributes of root and shoot systems. Generally, root/shoot rela- 
tionships are best expressed in terms of root and shoot surface 
areas (Brouwer 1983, Kummerow 1980) or shoot area and root 
length (Khmer and Renhardt 1987). In the present study, I found 
that root/ shoot biomass ratios tended to have high variability and 
the species comparisons were inconsistent (Fig. 4A). When values 
were expressed as root length per leaf area, the variability was low 
during the first 4 sampling dates, and the 2 species exhibited nearly 
identical trends (Fig. 4b). There are few published reports of root 
length/leaf area ratios with which to compare my results. Svejcar 
and Christiansen (1987) measured root length/ leaf area ratios of 60 

447 



0.04 
20 

I 
30 40 50 60 

DAY!3 FROM PLANTING 

E ot 
20 30 40 50 60 

DAYS FROM PLANTING 

Fig. 4. Root-to-hoot ratio (A) and root length per leaf area (B) for 

standard error of the mean. Probability values for diys from &nting, 
species, and the inters&ion of tbe 2 were 0.0004,0.08, and 0.08, respec- 
tively, for root/shoot ratio (using a square root traneformation) and 
<O.OOOl, O.g4, and 0.73, respectively, for root length per leaf area. 

to 80 cm cm? for lightly grazed caucasian bluestem (Borhriochloa 
caucasica (Trin.) C.E. Hubb.) in late spring; Khmer and Renhardt 
(1987) obtained values ranging from 0.0056 to 87.09 cm cme2 for 
samples of 49 species in 2 contrasting elevational positions; and 
Kummerow (1980) measured values of 23.5 to 234.5 cm cme2 for 4 
southern California chaparral shrubs. Root length/ leaf area ratios 
were calculated from data presented by Svejcar and Christiansen 
(1987) and Kummerow (1980). Certainly root length/leaf area 
ratios will be influenced by plant species, phenology, and environ- 
mental conditons; however, it appears that 60-80 cm cmm2 might be 
expected for fibrous rooted grasses during active growth. More 

research, however, will be necessary to evaluate this relationship. 
To conclude, cheatgrass was more efficient (per unit of biomass) 

than crested wheatgrass in production of both root length and leaf 
area. The efficiency of cheatgrass is probably one of the factors 
contributing to the competitive advantage of this species over 
seedlings of perennial bunchgrasses. Thus, cheatgrass enjoys a 
growth advantage over and above its ability to germinate (Young 
and Evans 1985) and grow roots (Harris 1967) at lower soil 
temperatures than can bunchgrasses. Studies examining competi- 
tive relations based on biomass production alone may miss the 
more functional responses. The efficient annual growth form of 
cheatgrass allows it to establish and quickly use available soil 
moisture and nutrients. 
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Role of irrigation and fertilization in revegetation of cold 
desert mined lands 
K.B. POWELL, R.B. VINCENT, E.J. DEPUIT, J.L. SMITH, AND F.E. PARADY 

AbStrrCt 

This study determined responses of vegetation and soils to dif- 
ferent rates and seasonal schedules of ffrst-year irrigation in com- 
bination with varied N-P fertilization on cold desert mined lands. 
Certain irrigation treatments increased soil water content initially, 
but had no appreciable effects on soil salinity or fertility. Specific 
rates and schedules of irrigation temporarily benefited total stand 
and dominant peremdal grass establishment and productivity, but 
treatment effects diminished or reversed over time. Subdominant 
shrubs and perennial forbe were more persistently enhanced by 
specific irrigation treatments. Fertilization did not modify plant 
response to irrigation regimes. Although annual species were posi- 
tively influenced by fertilization with heavier rates of irrigation, 
such stimulation proved ephemeral and perennial species never 
responded to fertilization under any irrigation regime. 

Key Words: irrigation, fertilization, revegetation, reclamation, 
mined lands 

Water is a major limiting factor for revegetation of mined lands 
in the semiarid/arid western United States (May 1975, National 
Academy of Sciences 1974). In addition, low inherent fertility of 
minesoils can often hamper revegetation efforts. Irrigation and 
fertilization frequently have been proposed as direct approaches to 
alleviate water and nutrient deficiencies. Past reclamation research 
has demonstrated that both of these cultural practices can signifi- 
cantly influence establishment, productivity and/ or composition 
of vegetation (Ries and Day 1978, Bauer et al. 1978). Despite this, 
major questions remain on the necessity, modes of application, and 
effects of irrigation and fertilization on western mined lands 
(DePuit 1988). 

The National Academy of Sciences (1974) suggested that irriga- 
tion may be essential to revegetate areas receiving less than 250 mm 
annual precipitation, but the universality of this premise frequently 
has been questioned (Grogan 1987, Ferraiuolo and Bokich 1982). 
Mined land studies in the arid Southwest usually have indicated 
the benefits (e.g., Bengson 1977, Day and Ludeke 1986, Gould et 
al. 1975, Ferraiuolo and Bokich 1982) and sometimes the necessity 
(e.g., Aldon 1978, Day et al. 1983) of irrigation for rapid, reliable, 
and effective revegetation. Research in the semiarid Northern 
Great Plains (DePuit et al. 1982, Ries et al. 1977, Rennick and 
Munshower 1985) also has shown irrigation to influence mined 
land revegetation, while perhaps not being as important to overall 
success as in drier regions. Unfortunately, the role of irrigation for 
plant establishment on northern cold desert mined lands has 
received little scientific attention. 

Plant responses to fertilization have frequently been marginal to 
nil on arid mined lands (e.g., Gould et al. 1975, Aldon and Spring- 
field 1977), presumably due to an overriding limitation of the water 
upon which plant fertilizer response is dependent. Relief of water 
deficiency through irrigation could allow fertilization to play a 
more influential role in revegetation (Righetti 1982). Conversely, it 
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is also possible that fertilization might accentuate the effects of 
irrigation on plant growth. 

This study evaluated the short-term (i.e., through the first 4 years 
of reclamation) effects of temporary irrigation on revegetation and 
fertilization efficacy on cold-desert mined lands. Research was 
designed to consider 5 working null hypotheses: 

Hl-Temporary irrigation is not essential for acceptable plant 
establishment and productivity over the short term. 

H2-Temporary irrigation will not accelerate plant establish- 
ment and growth. 

H3-Variations in temporary irrigation or fertilization will not 
modify growth form composition of vegetation over the 
short term. 

H4-Initial effects of irrigation or fertilization on revegetation 
will not persist over the short term. 

HS-Temporary irrigation will not increase plant response to 
N-P fertilization, nor will N-P fertilization accentuate plant 
response to irrigation. 

Primary research objectives were to determine plant establish- 
ment, productivity, and composition responses to irrigation and 
fertilization treatments, while secondary objectives related to 
treatment effects on minesoils. 

Methods and Procedures 

Study Area 
The study was conducted at the Jim Bridger surface coal mine, 

45 km northeast of Rock Springs in southwestern Wyoming. The 
environment is high (2,070-2,163 m elevation), cool (-7 to 20” C 
mean monthly temperature range), and arid (194 mm mean annual 
precipitation). Native soils are predominately coarse-textured 
entisols or aridisols, and are generally moderately saline and alka- 
line (Parady 1985). Native rangeland vegetation is dominated by 
xerophytic or halophytic shrubs in association with subdominant 
cool-season perennial grasses (Vincent 1987, Powell 1988). 

Study plots were located on a l&ha minesite following spoil 
grading to uniform, nearly level topography. Spoils were ripped to 
75 cm and covered with 25 cm of subsoil and 15 cm of topsoil direct 
(i.e., immediately) applied after salvage. Spoil material was classi- 
fied as a loam, and subsoil and topsoil were sandy loams. All 
materials were mildly alkaline (pH = 7.8) but not sodic, and subsoil 
and spoil were mildly saline (EC = 4.7 and 4.3 dS/ m, respectively). 
Macronutrient concentrations were relatively low, with available 
N (NOs + NH,) ranging from 1.9 to 3.7 ug/g, available P ranging 
from 4 to 6 ug/ g, and extractable K ranging from 68 to 156 ug/ g. 

After chisel plowing and roller harrowing, the site was drill 
seeded with 11 cool-season perennial grasses (Agropyron dasysta- 
chyum, A. inerme, A. riparium, A. spicatum, A. trachycaulum, 
Festuca ovina. Oryzopsis hymenoides, Poa compressa, P. sand- 
bergii. Sitanion hystrix, and Stipa comata); 3 forbs (Astragalus 
cicer, Linum lewisii and Penstemon strictus); and 5 shrubs/half- 
shrubs (Artemisia tridentata subsp. wyomingensis, Atriplexgard- 
neri, Ceratoides lanata, Chrysothamnus nauseosus, and Eriogo- 
num umbellatum)at a total mixture seeding rate of 27 kg PLS/ ha. 
Individual species seeding rates (Powell 1988) yielded an average of 
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155,75, and 38 live seeds/m2 for each of the 11 grass, 3 forb, and 5 
shrub species, respectively. After seeding, the site was mulched 
with crimped wheat straw at 2,240 kg/ ha. Within treatments 
designated for N-P fertilization, ammonium nitrate and treble 
superphosphate fertilizers were jointly broadcast at rates to yield 
40 kg N/ha and 57 kg P/ha. Seeding, mulching, and fertilizing 
were accomplished in early April, 1984. 

Experimental Design 
Irrigation treatments included: 

1) No-Zrrigution (control) 
and 2)First Year Sprinkler Irrigation, with all combinations of: 

a) l%ree Irrigation Rates (5.1, 7.6, and 10.2 cm of sup- 
plemental water per month of irrigation) 

b) Five Seasonal Schedules of Irrigation 
-Season-long (15 May-l 5 Sept., 4 mos.) 
-Spring-early summer (15 May-15 Aug., 3 mos.) 
-Spring ( 15 May-l 5 July, 2 mos.) 
-Early spring (15 May-15 June, 1 mo.) 
-Summer (15 July-l 5 Sept., 2 mos.) 

All 16 of the above treatment combinations were fertilized with N 
and P at rates previously described, and comprised the irrigation 
main study. An irrigation-fertilization substudy was established by 
creating 4 additional treatments without fertilizer application: 
nonirrigated, and first-year irrigated (with the season-long sche- 
dule) at each of the 3 irrigation rates described above. These 4 
unfertilized treatments were considered in concert with their 4 
fertilized but otherwise similarly treated counterparts in a separate 
analysis. 

Each of the 20 specific treatment combinations was randomly 
applied to 1 of an array of 12.2 by 12.2-m subplots, with the 
irrigated treatment subplots arranged in a strip plot experimental 
design (Cochran and Cox 1957). All treatment combinations were 
replicated in 3 blocks, yielding a total of 60 subplots (Vincent 1987, 
Powell 1988). 

Irrigation rate and schedule treatments were applied the first 
(1984) growing season only, using a solid-set sprinkler system. 
Water was obtained from a nearby power plant surge pond, and 
analysis (Vincent 1987) indicated water quality to be suitable for 
irrigation (EC = 0.5 dS/ m, SAR = 1.2). Irrigation commenced in 
mid-May, 1984, and was continued (depending on schedule treat- 
ment) through mid-September. Water was applied during three 
2-to-3 day irrigation events per month, within which irrigation was 
conducted only during windless periods in early morning to minim- 
ize spray drift among plots. Irrigation events were separated by 
7-to 8day drying cycles. 

Sampling 
Vegetation data were collected during the year of seeding, irriga- 

tion, and fertilization (1984) and during the second, third, and 
fourth growing seasons (1985,1986, and 1987). Canopy cover (by 
growth form and species) and density (by growth form) were 
estimated from 4 permanent 0.25-m* quadrats located in a 
stratified-random manner within each 12.2 by 12.2 m subplot. 
Canopy cover was estimated ocularly according to the general 
procedures of Daubenmire (1959). Density was estimated by 
counting plants rooted within each quadrat. In 1986 and 1987, 
plant density for more widely distributed shrubs and forbs was also 
estimated by counting all plants rooted within two-3.05 m* belt 
transects in each subplot. Aboveground biomass was estimated (by 
growth form) each year by hand harvesting, oven-drying, and 
weighing all plant material within 4 quadrats per subplot. Clipping 
quadrat size was 0.25 m* in 1984 and 1985, and was increased to 
0.50 m* in 1986 and 1987 to reduce sample variability. Time of 
vegetation sampling corresponded to estimated peak standing crop 
and density each year. 

Soils were sampled for pretreatment characteristics in May, 
1984, and for post-treatment characteristics in April, 1985, and 
May, 1987. At each date, samples of topsoil (O-15 cm), subsoil 
(15-41 cm) and spoil (41-76 cm) were collected separately. Soil 
analyses included total N, available N (NOs and NHd), available P, 
extractable K, sodium adsorption ratio (SAR), electrical conduc- 
tivity (EC), pH and organic matter content (Vincent 1987, Powell 
1988). Soil water content was gravimetrically determined at 3 
depths (O-15, 15-41, and 41-76 cm) in each subplot at specified 
intervals during all growing seasons. 

Data Analysis 
Data were subjected to analyses of variance for a strip plot 

design (Cochran and Cox 1959, Milliken and Johnson 1984). For 
the irrigation main study, one analysis was conducted on irrigated 
treatments to determine whether irrigation rate or schedule main 
effects or rate-schedule interactions occurred within years. A 
second, multiple set of analyses was performed to compare non- 
irrigated control plot data to irrigation rate, schedule, or rate- 
schedule combination means within years. This was necessary 
because of lack of varied treatment “levels” for control plots cor- 
responding to those of irrigation treatments. 

Separate analyses of variance were conducted for the irrigation- 
fertilization substudy to determine significant main effects of fertil- 
ization and irrigation, or fertilization-irrigation interactions within 
years. 

If significant effects were indicated in any of the above within- 
year analyses, either Scheffe’s or Tukey’s methods of pairwise 
comparison were used to detect differences among treatments 
(Montgomery 1984). Analysis of variance of repeated measures 
with Tukey’s mean separation was used to compare data within a 
treatment among years. A 90% level of probability (P<O. 10) was 
considered indicative of ecologically significant differences among 
means throughout statistical analysis. 

Results and Discussion 

Winter-spring (i.e., October through June) precipitation is most 
critical to forage production in cold-desert plant communities of 
central Wyoming (Hanson et al. 1984). Winter through spring 
precipitation at the study site (Table 1) was far below average in the 

Table 1. Precipitation (mm) at the study site from January, 1984 to !3ep 
temba, 197 in comparison to long-term average for area. 

Period 

January-March 
April-June 
July-September 
October-December 
Total 

Long-term Year of study 
Average’ 1984 1985 1986 1987 

36 9 3: 16 19 
66 28 122 43 
52 67 55 40 37 
40 18 26 13 

i&i iZ 123 Gi 

‘From N.O.A.A. weather stations in Wamsutter and Rock Springs, Wyoming. 

first (1984), second (1985), and fourth (1987) years of the study, 
and above-average only during the April-June quarter of the third 
(1986) year. 

Soil Responses to Irrigation and Fertilization 
Soil water content in 1984 generally increased with moderate 

and high irrigation rates and with irrigation schedules longer than 
2 months (Vincent 1987). This relationship was most pronounced 
in the topsoil (O-15 cm), and became less evident deeper in the 
profile. Differences in topsoil moisture among treatments disap- 
peared following termination of irrigation, although some residual 
increment of deeper (subsoil and spoil) soil water remained in more 
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Irrigated 

5.1 7.6 102 

Irrigation Rate (cm/ma) 

Fig. 1. Responses of total vegetation and perennial grass aboveground 
biomass to non-irrigation and 3 rates of first-year irrigation in the first 
(1984), second (1985), third (1986), and fourth (1987) growing seasons. 
Irrigation rate data are means among 5 irrigation schedules. For each 
growth form, means within years with same letter are not significantly 
different (P<O.lO); the inscribed line represents the minimum significant 
difference (P<O.lO) for means among years among all treatments. 

heavily or longer irrigated plots early in 1985 (Vincent 1987). By 
the end of the third (1986) and during the fourth (1987) growing 
seasons, no differences in soil moisture among treatments re- 
mained at any depth (Powell 1988). 

Significant effects of irrigation treatments on soil salt and nut- 
rient content were very limited in 1985 and 1987, and the magni- 
tude of the few differences that did emerge was so small that their 
biological importance was doubtful (Vincent 1987, Powell 1988). 

Fertilization increased available P in the topsoil horizon from a 
pretreatment concentration of 6 ug/g in 1984 to 20 ug/g in 1985; 
the latter concentration proved significantly higher than the 6 ug/ g 
of P in nonfertilized topsoil in 1985. Although topsoil P content 
declined in fertilized plots from 1985 to 1987, concentrations in 
1987 (8 ug/g) were still significantly greater than those in non- 
fertilized plots (4 ug/g). Surface application of P fertilizer never 
significantly affected P content of deeper subsoil and spoil 
horizons. 

Available N (NOs + NH4) increased substantially throughout the 
minesoil profile from 1984 (pre-treatment, 3 ug/g) to 1985 (15 
ug/g) irrespective of fertilization regime. This increase may reflect 
enhanced N mineralization induced by the soil disturbances of 
grading, topsoiling, and cultivation. However, no significant dif- 
ferences in available N existed between fertilized and nonfertilized 
treatments at any depth in 1985, nor were any differences apparent 
in 1987 by which time available N had again declined to low levels 

(1 ug/ g) at all soil depths in both treatments. This indicates that the 
N added to fertilized plots in 1984 was either utilized by plants or 
microbes, or lost from the system before soil sampling in 1985. 

Carryover N in reclaimed minesoils is often minimal in years 
following fertilization (Righetti 1982). Conversely, P is a relatively 
immobile soil nutrient (Bauer et al. 1978) for which more persistent 
fertilization enrichment can occur in minesoils (Righetti 1982). The 
maintained higher P concentration in fertilized topsoil may have 
been of little benefit to vegetation in the latter years of this study, 
however, since plants sometimes may not fully respond to increased 
soil P when N is deficient (Brady 1974). 

Plant Responses to Irrigation 

Irrigation Rate Effects 
Total vegetation and perennial grass aboveground productivi- 

ties were minimal in the nonirrigated treatment in 1984, and were 
increased significantly by irrigation at all rates (Fig. 1). Differences 
among irrigation rates were not significant. Irrigated treatments 
were dominated by nonseeded annual species (chiefly volunteer 
wheat from the mulch and various chenopod forbs), with an under- 
story of perennial grass seedlings and very limited growth of shrubs 
and perennial forbs (Vincent 1987). 

Annual species declined from 1984 to 1985 in irrigated treat- 
ments (Vincent 1987), and were minor components of the plant 
community in all treatments thereafter as perennial grasses 
attained dominance. Therefore, the initial stimulation of annual 
species by irrigation, which has been noted elsewhere on disturbed 
lands (Gould et al. 1975), did not persist after the first growing 
season at this study site. 

All seeded perennial grass species ultimately became established 
on the site. Agropyron dasystachyum and A. trachycaulum were 
dominant, followed by Festuca ovina, Sitanion hystrix and Ory- 
zopsis hymenoides. Perennial grass biomass increased from 1984 
to 1985 within the moderate and high irrigation rate treatments, 
resulting in significantly higher perennial grass and total biomass 
in these treatments than in the nonirrigated control during 1985 
(Fig. 1). This response in the unusually dry 1985 growing season 
(Table 1) may have been caused by the higher early season soil 
moisture deeper in the profile carried over from previous year 
irrigation at the highest 2 rates (Vincent 1987). 

Total plant community and perennial grass biomass increased 
significantly from 1985 to 1986 in all treatments (Fig. 1), in 
response to high April-June precipitation. The most conspicuous 
1985- 1986 increment occurred in nonirrigated plots, which resulted 
in a disappearance of productivity differences among treatments in 
1986. 

Perennial grass biomass continued to increase in the non- 
irrigated treatment from 1986 to 1987; in contrast, grass biomass in 
irrigated treatments remained statistically constant over this time 
interval (Fig. 1). These relationships resulted in progressive 
declines in perennial grass biomass from the nonirrigated to low/- 
moderately irrigated to heavily irrigated treatments in 1987, a near 
reversal of the treatment responses observed in 1984 and 1985 (Fig. 
1). The depressive effect of increasing irrigation rates on grass 
productivity in 1987 may have been caused, in part, by a corres- 
ponding increase in grass density-dependent competition. Vincent 
(1987) noted that initial grass densities progressively increased with 
irrigation rate, a pattern that may have eventually accentuated the 
intensity of grass competition and, thereby, reduced individual 
plant vigor in the abnormally dry year of 1987. Grass productivity 
also may have been depressed by increased shrub or perennial forb 
competition at higher irrigation rates by 1987. 

Despite slow initial establishment and limited distribution, 
growth of shrubs/ half-shrubs (chiefly Atriplexgardneri, Atriplex 
canescens and, secondarily, Ceratoides lanata) and perennial forbs 
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Table 2. Reeponaee of canopy cover, den&y, and biomaee of ebrube/balf- 
sbrube and perennial forbs; biomass componition of all growth forms; 
and growth form diver&y fodkee to non&rig&ion and 3 ratea of fht- 
year irrigation during tbc fourth (1987) growing season.* 

Non- Irrigation rate (cm/ mo) 
Plant attribute/growth form irrigated 5.1 7.6 10.2 

A. CANOPY COVER (%): 
Shrubs/half-shrubs . -’ 
Perennial forbs <:bb 

B. DENSITY (no./m*): 
Shrubs/half-shrubs O.lb 
Perennial forbs 0.7c 

C. BIOMASS (g/mr): 
Shrubs/ half-shrubs 2a 
Perennial forbs lc 

D. BIOMASS COMPOSI- 
TION (%): 

Perennial grasses 97.la 
Shrubs/half-shrubs 0.9b 
Perennial forbs 1.3c 
Annual species 0.7a 

E. GROWTH FORM 
DIVERSITY INDEX (H’)J 6.07 

3b 3b 8a 
6a 7a 9a 

0.3ab OSa OSa 
2.6bc 4Sab 6.la 

35a 32a 59a 
1Oab 15a 9b 

82.Ob 79.2b 76.3b 
12&b 12.8ab 19Sa 
4.6ab 74 3.9bc 
0.8a 0.6a 0.3a 

0.26 0.29 0.29 

1Means within plant attributes and growth forms followed by same Ietter are not 
significantly diierent (X0. I). 
Shannon-Wiener Function (Shannon and Weaver 1963), based upon biomass com- 
position data. 

(chiefly Astragalus cicer and, secondarily, Penstemon strictus) 
increased considerably in 1986 and 1987. Shrub/ half-shrub density 
was greater in the moderate and high irrigation rate treatments 
than in the nonirrigated control in 1987, the final year of study 
(Table 2). Shrub canopy cover was greatest at the highest irrigation 
rate in 1987, although high data variability precluded detection of a 
similar statistical relationship for shrub biomass. Perennial forb 
densities were also increased at the 2 highest irrigation rates in 1987 
(Table 2). All irrigation rates produced significantly higher forb 
biomass and canopy cover than that with nonirrigation, and forb 
biomass was highest in the moderate rate treatment. 

Fourth year (1987) growth form composition was still domi- 
nated by perennial grasses in all treatments (Table 2), but perennial 
grass composition was significantly lower in all irrigation rate 
treatments than with nonirrigation. The reduction in grass and 
stimulation of shrub and/or forb composition by irrigation rate 
treatments resulted in greater indices of growth form diversity (H’, 
Shannon and Weaver 1963) than that with non-irrigation. 

Irrigation Schedule Effects 
All irrigation schedules were not fully applied until 15 Sep- 

tember 1984,2 months after first year vegetation sampling. There- 
fore, only second (1985), third (1986), and fourth (1987) year data 
are indicative of plant responses to the complete array of irrigation 
schedules. 

In 1985, the year after irrigation ceased, total vegetation and 
dominant perennial grass productivities were significantly higher 
under season-long, spring-early summer and summer irrigation 
schedules than with no irrigation (Fig. 2). Among the 5 schedules, 
biomass tended to progressively decline_from the longest (4 month) 
season-long schedule through the shortest (1 month) early spring 
schedule. These relationships suggest little benefit of 1 to 2 months 
of early-season irrigation for initial establishment of perennial 
grasses. They also are consistent with soil water relationships in 
1984 and early 1985 (Vincent 1987), when only longer/later irriga- 
tion schedules increased soil water content above that in the 
control. 

240 1 PERENNIAL GRASSES Min. Sian. -r I 

Ye;: 00 00 87 

Non- 
Irrigated 

05 00 07 05 00 07 a 00 07 0.5 86 07 05 86 07 
-P--P 

Season- Spring- Spring Early Summer 
Long Erly. Swm. SprinQ 
(4 mos.) (3 mos.) (2 mos.) (1 mo.) (2 mos.) 

Irrigation Schedule 

Fig. 2. Responses of total vegetation and perennial grass nboveground 
biomass to nonirrigation and 5 schedules of first-year irrigation in the 
second (1985), third (1986), and fourth (1987) growing seasons. Irrigr- 
tion schedule data are means among 3 irrigation rates. For each growth 
form, means within years with same letter are not significantly different 
(P<O.lO); the inscribed line represents the minimum significant differ- 
ence (P<O.lO) for means among years among all treatments. 

Relationships among treatments changed considerably during 
1986 and 1987 (Fig. 2). Total vegetation and perennial grass bio- 
mass increased from 1985 to the unusually wet 1986 in all treat- 
ments, and differences among treatments diminished. Biomass 
continued to increase from 1986 to the abnormally dry 1987 only in 
the nonirrigated treatment. No differences in total biomass 
remained among treatments in 1987, and perennial grass biomass 
was higher in the nonirrigated treatment than that in 3 of the 5 
irrigation schedules (i.e., season-long, spring, and early spring). 
These relationships indicate that the initial benefits of the longer/ - 
later irrigation schedules to overall revegetation were short-term, 
and that certain irrigation schedules eventually proved detrimental 
to dominant perennial grasses. As discussed earlier for irrigation 
rates, the eventually suppressed growth of grasses in specific irriga- 
tion schedule treatments may have been related to increased 
expression of grass-forb-shrub competition effects under those 
schedules. 

Differences in shrub/ half-shrub and perennial forb canopy 
cover among irrigation schedule and nonirrigation treatments 
were not statistically significant in any year. However, perennial 
forb (primarily Astragalus cicer) densities were higher with the 
spring-early summer schedule than with no irrigation in 1985 and 
1986 (Powell 1988), a relationship that persisted into 1987 (Table 
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Table 3. Responses of density and biomass of shrubs/half-shrubs and perennial forbs, biomass composition of all growth forms, and growth form 
diversity indices to non-irrigation and 5 schedules of first-year irrigation during the fourth (1987) growing season? 

Plant attribute/growth form 
Non- Season- 
Irrigated long 

Treatments 
Irrigation schedule 

Spring- Early 
early Summer Spring Spring Summer 

A. DENSITY (no/mz) 
Shrubs/ half-shrubs O.lb 
Perennial forbs 0.7b 

B. BIOMASS (g/m2) 
Shrubs/half-shrubs 2a 
Perennial forbs lb 

C. BIOMASS COMPOSITION (%): 
Perennial Grasses 97.la 
Shrubs/ half-shrubs 0.9a 
Perennial forbs 1.3h 
Annual species 0.7a 

D. GROWTH FORM 
DIVERISTY 
INDEX (H’)2 0.07 

0.4ab 
S.lab 

27a 
22a 

80.5a 
8.4a 

10.7a 
0.4a 

0.28 

0.6a 
8.0a 

68a 
I5ab 

72.6a 
20.6a 
6.3ab 
0.5a 

0.33 

0.4ab 
3.9ab 

28a 
9ab 

85.2a 
9.4a 
4.5ab 
0.9a 

0.23 

0.6ab 
2.6ab 

54a 
6ab 

72.3a 
24.0a 

3.0ab 
0.7a 

0.31 

0.2ab 
2.0ab 

32a 
4ab 

85.4a 
12.5a 

1.8b 
0.3a 

0.21 

IMeans within plant attributes and growth forms followed by same letter are not significantly different (P<O. 1). 
2Shannon-Wiene.r Function (Shannon and Weaver 1963), based upon biomass composition data. 

3). This schedule also yielded maximum forb biomass in 1986 
(Powell 1988), but by 1987 the season-long schedule produced 
highest forb biomass and percent biomass composition (Table 3). 
This increase in perennial forb growth may have suppressed peren- 
nial grasses within the season-long treatment in 1987. 

ANNUAL GRASSES -1 

Shrub/ half-shrub densities were statistically similar among 
treatments in 1985, but by 1986 (Powell 1988) and 1987 (Table 3) 
became highest in the spring-early summer and, secondarily, early 
spring schedules. The magnitude of shrub biomass and biomass 
composition differences with the nonirrigated control suggested a 
similar stimulation of shrub productivity by these 2 irrigation 
schedules (Table 3), but high data variability and consequent lack 
of statistical significance preclude accepting this relationship. 

Statistically significant differences in perennial grass, shrub and 
perennial forb biomass composition among treatments were rare 
in 1987 (Table 3). The equity of composition among these growth 
forms, however, was somewhat higher with irrigation. Conse- 
quently, growth form diversity index values were substantially 
higher for irrigation schedule treatments than for nonirrigation. 

Plant Responses to Fertilization 

Perennial species did not respond to N-P fertilization in 1984 
under any irrigation rate regime, presumably because of limited 
first year growth. Biomass of initially dominant annual species was 
reduced in 1984 by an accidental, partial grazing of vegetation by 
feral horses, whose preferential foraging on annuals (Vincent 1987) 
may have precluded detection of fertilization responses. Despite 
the reduction of standing crop by grazing, however, significant 
fertilization-irrigation rate interactions emerged for canoy cover of 
annual species in 1984 (Fig. 3). 

0 
NF F NF F NF F NF F 

- - 
Non- 5.1 7.6 10.2 
irrigated lrrigation Rate (cm/ma) 

Fig. 3. Interactive effects of fertilization (F) vs. nonfertilization (NF) and 
nonirrigation vs. 3 rates of season long first year irrigation on canopy 
cover of annual grasses and annual forhs during the first (1984) growing 
season. Within each growth form, means with the same letter are not 
significantly different at PCO.10. 

Canopy cover of annual grasses (primarily wheat volunteering 
from straw mulch) was similar between fertilized and non-fertilized 
treatments with no irrigation and light to moderate irrigation rates, 
but became higher in fertilized plots under the heaviest rate of 
irrigation (Fig. 3). Thus, fertilizer responsiveness of annual grasses 
was expressed only under highest water availability. Irrigation rate 
response was also enhanced by fertilization, since annual grass 
cover increased from moderate to heavy irrigation rates only in the 
fertilized treatment. 

irrigation. This suggests that increased water provided by the 
moderate irrigation rate allowed annual forbs to respond to added 
fertilizer. The latter relationship, however, disappeared with the 
heavy irrigation rate, where cover again became similar between 
fertilization treatments. The unexpected elimination of annual 
forb fertilizer response under heaviest irrigation may have been 
caused by increased competitive pressure to forbs from annual 
grasses in that treatment. 

A different canopy cover response was apparent for annual forbs 
in 1984 (Fig. 3). No difference in cover existed between the fertil- 
ized and nonfertilized treatments with no or light rate irrigation, 
but cover was greater in fertilized plots with the moderate rate of 

All interactive effects of fertilization and irrigation on annual 
species disappeared in the second and subsequent growing seasons, 
as annuals declined to be replaced by perennial species. Perennial 
grasses, forbs and shrubs were not significantly influenced by 
fertilization or any interaction of fertilization and irrigation regime 
in any year. 
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Findings favor accepting our first null hypothesis that tempor- 
ary irrigation was not essential for eventual revegetation of the arid 
minesite. Productivity of desirable, dominant perennial grasses in 
non-irrigated plots either equaled or exceeded that under specific 
irrigation rates and schedules by the fourth growing season, despite 
the fact that precipitation was unusually low during 3 of the first 4 
years of study. 

Although irrigation may not be essential, the fact that certain 
irrigation treatments significantly improved plant establishment 
and productivity during the first 2 years of the study is evidence for 
an acceleration (albeit temporary) of revegetation by irrigation. 
This forces rejection of our second null hypothesis, and concurs 
with findings of previous irrigation studies (Doerr and Redente 
1983). 

Our third working hypothesis was that irrigation or fertilization 
treatments would not modify growth form composition of vegeta- 
tion over the short term. This hypothesis can be accepted for 
fertilization, but must be rejected for irrigation. Specific irrigation 
rates and schedules were beneficial to perennial grasses and annual 
species initially, determined to perennial grasses ultimately, and 
eventually beneficial to shrubs and perennial forbs. Growth form 
diversity appeared to be enhanced by certain irrigation treatments 
by the fourth year. These findings support the contention (e.g., 
DePuit et al. 1982, Ries 1980) that varied irrigation may be a means 
of manipulating plant composition and diversity on mined lands, 
at least over the short-term. 

The stimulation of shrubs by proper rates and schedules of 
irrigation is of particular importance. Shrubs are well-adapted, 
dominant components of area rangelands, and have historically 
proven more difficult to re-establish on mined lands than other 
growth forms (DePuit 1988). Competition from grasses often has 
been suggested as a major detriment to shrub establishment (Fer- 
guson and Frischknecht 1981, Kiger et al. 1987). It is therefore 
surprising that both the high rate and springearly summer sche- 
dule of irrigation proved beneficial to shrubs, since these treat- 
ments also initially enhanced grass productivity. This suggests that 
germination-related difficulties, such as low moisture in the year of 
establishment, may be major obstacles to shrub ecesis in the arid 
environment of the study site, with competition relatively less 
important. 

Research on semiarid disturbed lands by Doerr and Redente 
(1983) indicated that improvements in plant productivity from 
temporary irrigation and fertilization disappeared within 4 years, 
and the fourth null hypothesis of our study stated that initial effects 
of irrigation or fertilization on aridland revegetation would prove 
similarly ephemeral. This hypothesis can be accepted for fertiliza- 
tion, since the limited stimulation of annual species by N-P fertili- 
zation in irrigated plots was not maintained after the first growing 
season. However, results allow neither complete acceptance nor 
complete rejection of this hypothesis for irrigation. Certain early 
benefits of irrigation to shrubs and forbs (Vincent 1987) did persist 
oer the short-term (i.e., through year 4). However, other initial 
effects of irrigation either disappeared (e.g., early stimulation of 
total vegetation and annual species of productivity) or changed 
(e.g., ultimate reversal of perennial grass responses) by the fourth 
growth season. 

The eventual reduction of dominant perennial grasses under 
certain irrigation regimes was a somewhat anticipated response. 
Klages and Ryerson (1965) recognized the risk of vegetation retro- 
gression on previously irrigated rangelands when exposed to 
ambient precipitation. Berg (1975) and Ries and Day (1978) pre- 
dicted that overly dense or productive vegetation produced by 
initial irrigation of reclaimed lands could be expected to decline 
later in adjustment to arid/ semiarid climate. Doerr and Redente 

(1983) noted biomass of seeded perennial grasses to decline over 
the first 4 growing seasons in previously irrigated plots while 
increasing in non-irrigated plots on a semiarid site, a pattern 
identical to that on our arid site. 

Fertilizer responsiveness of plants usually increases with increas- 
ing water availability and, conversely, higher nutrient availability 
often increases water use efficiency of plants (Tisdale and Nelson 
1975, Smika et al. 1965). Our final null hypothesis, however, 
challenged these relationships by stating that irrigation would not 
increase plant response to N-P fertilization, nor would N-P fertili- 
zation enhance plant response to irrigation on the arid study site. 
Results proved inconclusive in terms of this hypothesis. First year 
(1984) canopy cover data indicated that fertilizer stimulated either 
annual grasses or forbs only at moderate to heavy rates of irriga- 
tion, suggesting that increased water was essential for fertilization 
response. by these initially dominant species. However, these rela- 
tionships disappeared after the first growing season, were not 
exhibited in productivity data, and were never expressed for ulti- 
mately dominant perennial species. 

First year canopy cover data also indicated enhanced irrigation 
rate response of annual grasses under fertilized conditions, which 
would suggest that fertilization increased irrigation effectiveness. 
This relationship was apparent only for annual grasses in the first 
growing season, however. Other plant growth forms responded 
similarly to irrigation rates each year under both fertilized and 
nonfertilized treatments. 

Several explanations are possible for the paucity of fertilization 
effects on perennial species in this study. In 1984, when fertilization 
effects were most likely due to increased water availability in 
irrigated treatments, perennial species may not have responded 
because the then-dominant annual species may have more effi- 
ciently sequestered added nutrients. Lack of fertilizer response by 
perennials in the second (1985) growing season may have been due 
to limited carryover fertilizer N in the soil, or to a masking of any 
residual fertilizer N by the apparently high degree of post-soil 
disturbance N mineralization evident in both fertilized and unfer- 
tilized treatments. The most likely explanation for lack of plant 
fertilizer response from the second through fourth growing sea- 
sons, however, is that water may have again become an overriding 
limitation under ambient, arid climatic conditions. Plant response 
to elevated soil P in fertilized plots in the abnormally dry second 
(1985) growing season did not occur even though soil N was 
relatively abundant. In 1987, plant response to higher residual P in 
fertilized plots may have been precluded by both low moisture and 
low soil N. 

Conclusions 
Certain rates and schedules of temporary irrigation were benefi- 

cial but not essential for establishing a productive plant commun- 
ity on cold desert mined lands. Benefits of irrigation included an 
acceleration of overall revegetation and a persistant enhancement 
of shrubs and perennial forbs. The stimulation of total plant pro- 
ductivity by irrigation was temporary, however, and productivity 
of dominant perennial grasses was eventually depressed under 
certain irrigation regimes. 

The differences that existed among irrigation rates and sche- 
dules indicated the importance of properly designing irrigation 
programs for achievement of revegetation goals. With study site 
goals of rapid soil stabilization, vegetation productivity and 
growth form diversity in mind, 3 months of spring-early summer 
irrigation at a rate of 10 cm/month can be recommended as the 
optimum combination of the treatments imposed. Both the rate 
and schedule of this treatment combination improved early estab- 
lishment of dominant perennial grasses, leading to more rapid soil 
stabilization. This was the optimum treatment combination for 
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for enhancing shrubs (the dominant growth form of native plant 
communities of the area), and also increased perennial forb 
establishment-factors that maximized fourth year growth form 
diversity with no concommitant reduction in total stand pro- 
ductivity. 

Initial N-P fertilization had no influence on establishment, early 
growth and composition of perennial plant species even when 
first-year water availability was improved through temporary irri- 
gation. Irrigation did induce a fertilizer response of volunteer 
annual species the first growing season, but this stimulation was 
ephemeral. These findings cast doubt upon the short-term effec- 
tiveness of fertilization as a reclamation practice on topsoiled, arid 
minesites, regardless of irrigation regime. 
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Effect of grazing and cultivation on some chemical proper- 
ties of soils in the mixed prairie 
JOHAN F. DORMAAR AND WALTER D. WILLMS 

AlBtlYlCt 

Components of the organic matter were studied in soil under 3 
MixedPrahktypea:grassbmddomhmted by needknd-thread/blue 
grama (St&a comata Trin. and Rupr.~Boute~ouagrmilis (HBK.) 
Lag. ex Steud.) in good range condition; grassland significantly 
modified by grazing, domimted by blue grama and in poor range 
condition; and grassland, dominated by needle-and-thread/blue 
grama in good range condition, but converted to crophmd and 
under continuous wheat for 4 years. The soils were sampled on 13 
April 1988. Concentrations of total organic carbon in the upper 2 
cm were 1.39, 2.70, and 1.87%, respectively. The higher organic 
carbon under blue gramr was caused by an active, ramified, fine 
rootmass which gave rise to most of the monosaccharides being of 
microbial origin. The monosaccharides in tbe lower Ap horizon in 
the crophmd were generally of plant origin from incorporated 
straw. 

The Ah horizons of the needleand-thread/blue grama and blue 
grama sites and the Ap horizon of the cultivated site yielded 244, 
696, and 370 pg l g” organic adds in the aUulinoaoluble fraction 
of the soil, respectively. Although most of the organic compounds 
identlfied were present in all 3 soils, the quantitative patterns were 
quite different. Differences exist due to inputs by different species, 
and 4 years of cropping also made significant soil chemical 
changes. This study demonstrated the importance of recognizing 
the history of the soils studled when describing soil quality. 

Key Words: Chemozemic, soil quality, soil transformations, 
comparison standards 

The quality of soil organic matter is sensitive not only to changes 
in parent material and plant cover, but also to management of the 
vegetation (Russell 1961). The long-term effects of grazing by 
sheep on Stipa-Bouteloua prairie in Alberta (Smoliak et al. 1972) 
were a decrease in pH and percentage basal area of needleand- 
thread (Stipa comata Trin. and Rupr.), and an increase in total C, 
solvent-extractable C, alkaline-soluble C, polysaccharides, and 
percentage basal area of blue grama (Bouteloua grads (HBK.) 
Lag. ex Steud) and little club-moss (Selagenella densa Rydb.). An 
assessment of the recovery of the vegetative cover on abandoned 
farmland and concomitant soil characteristics under semiarid cli- 
matic conditions indicated that, under moderate grazing by live- 
stock, more than 55 years were required for soil to return to native 
range standards (Dormaar and Smoliak 1985). 

Since the sheep grazing experiment was terminated in 1969, 
most of the area has been plowed up and reseeded. However, the 
reseeding was unsuccessful and the field was abandoned to allow 
for the recovery of the native vegetation. One part of the field was 
spared this fate to allow various other studies (Dormaar et al. 1977, 
Dormaar et al. 198 1). The pure stands of blue grama have persisted 
over the years. 

The purpose of this study was to examine the organic composi- 
tion of soil under a Stipa-Bouteloua faciation in an exclosure, as 
compared to the enduring effect on the soil of a Bouteloua dis- 
climax, and the effect of recent cultivation on the soil. Blue grama 
seems to maintain itself as a disclimax dominant by resisting the 

Authors are scientist and range ecologist, respectively, Agriculture Canada, 
Research Station, Lethbridge, Alberta TIJ 4B1. Contribution No. 3878918. 

Technicians R.R. James and T. Connolly assisted with the laboratory analyses. 
Manuscript accepted 8 February 1990. 

456 

establishment of the other species. The soil organic matter of 
semiarid regions is sensitive to anthropogenic pressure (Dormaar 
et al. 1977). 

Materials and Methods 

Sampling Sites 
Three sites geographically separated by several kilometers but 

still within the Mixed Prairie (Coupland 1961) and with similar 
parent material were sampled 13 April 1988. Site 1 represented 
vegetation typical of the Stipa-Bouteloua faciation of the Mixed 
Prairie Association in an ungrazed exclosure. Site 2 represented a 
Mixed Prairie area that had been overgrazed by sheep for I9 years, 
and where blue grama and little club-moss had increased to being 
the dominant species. Presently, Site 2 is being moderately grazed 
by cattle. Site 3 represented a field broken out of Mixed Prairie in 
1984 and under continuous wheat since that time with a biennial 
application of between 22 and 56 kg of N, and 0 and 17 kg PzOs per 
hectare, as recommended (Alberta Agriculture 1984) for the area. 

Soils 
The soils of all 3 sites are members of the Orthic Brown Sub- 

group of the Chernozemic Order (Aridic Ustochrept) on till with 
loam texture. The climate is semiarid with an average annual 
precipitation of 3 10 mm. At each site, the A horizon from 0 to 2 cm 
(Ah1 or API) and from 2 cm to the bottom of the A horizon (Ah2 or 
AP2) and the whole Bm horizon were sampled within 3 subplots in 
each of the 3 sampling plots. The latter were about 100 m apart. 
The subplot samples were combined, mixed, hand-sieved through 
a 20-mm sieve, and stored in sealed, double polyethylene bags at 4’ 
C. At the time of sieving, roots and other debris were removed from 
the soil and discarded. Moisture content of the soils was 
determined by drying a small portion overnight at 105” C. After 
the mineralizable N and dehydrogenase activity analyses were 
carried out, the soils were dried and ground to pass a OS-mm sieve. 

Analyses 
Soil pH was measured in 0.01 M C&12 (solution: soil ratio of 

2: 1). Total C and N were determined by dry combustion in a Carlo 
Erba NA 1500 Analyzer, carbonates were eliminated with HCl 
prior to the analysis. The biological index of N availability (miner- 
alizable N) was determined as outlined by MacKay and Carefoot 
(1981); the chemical index of N availability (autoclaveable N) was 
determined as outlined by Keeney (1982). Exchangeable NOa-N 
and NH+N were determined by steam distillation as outlined by 
Keeney and Nelson (1982). NaHCOs-soluble P was determined as 
per Olsen et al. (1954). 

Within 24 h after the soils were sampled, dehydrogenase activity 
of the fresh, moist soil was determined at pH 7.6 by measuring the 
triphenylformazan (forrnazan) produced by reduction of 2,3,5,-tri- 
phenyltetrazolium chloride when soil was incubated with 2-amino- 
2-(hydroxymethyl)propane-1:3 diol buffer (0.5M) at 30” C for 5 h 
(Ross 1971). Carbohydrates were determined by the phenol- 
sulfuric acid method of Dubois et al. (1956) as modified by Doutre 
et al. (1978). The monosaccharide distribution in hydrolysates of 
the soil samples was assessed as outlined by Dormaar (1984,1987). 
The quantitative analyses of the alditol acetates were done with a 
Hewlett Packard GC 5840A. 
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Table 1. Some chemical characteristics of soil from needle-and-tbreadlblue grama range, blue grama range, and cropland (average of 3 samples). 

Needle-and-thread/ Blue grama 
AL= Ahz Bm 

PH 6.7a’ 6.9aA4 7.la 
C, % 1.39c 0.98ac 0.69a 
N, % 0.15b O.llaB 0.08a 
C/N 9.6a 8.8bB 8.3b 
Mineralizable N &g l g-l) 

Biological index 27.4b 6.7bB 2.Ob 
Chemical index 49.Oc 26.4bC 17.5b 

Exchangeable N bg l g-l) 
NH&N 0.97c 1.17bc 1.9Oa 
NHj-N 2.89b I .62bB 1.02b 

Available P kg l g-l) 7.8~ 4.6cC 3.8c 
Dehydrogenase activity* 35.2b 13.9bB 2.3a 
Carbohydrates 

(g ’ kg-‘) 3.21~ 1.86c.B 1.37b 

Ahr 

6.3b 
2.7Oa 
0.26a 

10.6a 

64.9a 
77.3a 

2.58b 
1.33b 

ll.lb 
29.7b 

6.25a 

Blue grama Cropland 

Ahs Bm API Ap Bm 

65bB 7.3a 6.lb 6.3bB 6.lb 
1.34aA 0.82a 1.57b 1.3OaB 0.76a 
0.13aA 0.08a 0.17b 0.13aB 0.08a 

10.6aAB 10.2a ll.la 11 .OaA 10.4a 

13&A 8.2a 27.Ob 12.7aB 7.3a 
40&A 23.7a 61.9b 38.0aB 26.7a 

0.81cB 1.24b 10.52a 2.52aA 1.14b 
1.2&C 1.08b 29.43a 18.04aA 11.55a 
8.7bB 5.9b 24.la 14.5aA 9.Oa 
4.9cc 0.6b 43.3a 19.8aA O.oC 

3.29bA 1.5Ob 5.50b 4.04aA 1.99a 

‘Formazan released, nmol l g-’ dry soil per hour. 
‘Ah,/ API-U 
k-c Means P 

per 2 em of A horizon; Ahs/Aps-remainder of A horizon. 
ollowed by the same letter within a horizon, e.g., Ab vs. Aht vs. Apt, are not signikantly different (k70.05). 

‘A-C Means followed by the same letter within the Ah, + AL and Apl + Aps honzons are not significantly different (J90.05). 

To obtain alkaline-soluble organic acids (Morita 1965, Vance et 
al. 1985, Whitehead et al. 1975), 10 g of soil was hydrolyzed under 
Nz with 100 mL OSM NaOH by shaking for 18 h, after which the 
mixture was centrifuged and the supematant decanted. Another 
100 mL of 1 .OM NaOH was added to the soil, heated under Nz in a 
90” C waterbath for 4 h, cooled, centrifuged, and the supernatant 
decanted. Finally, the soil was twice washed with 50 mL distilled 
water. The 2 supernatants and 2 washings were combined, acidified 
to pH 2.0 with 2M HCl, and centrifuged. The supernatant was 
treated with a 40-mL suspension of freshly precipitated ZnzFe(CN)s 
(15 mL/ 100 mL extract) to precipitate lipid material (Hamence 
1944). 

The treated supematant was readjusted to pH 2.0, centrifuged to 
remove a brown precipitate, and filtered by vacuum through a 
Buchner funnel (Whatman #5). The filtrate was centrifuged and 
filtered once more after which the filtrate was extracted 3 times 
with ethyl acetate in a separatory funnel. The combined ethyl 
acetate extract was dried over anhydrous NarSO4 before being 
partitioned by washing 4 times with equal volumes of 8% NaHCOs 
solution. This procedure was designed to transfer the organic acids 
to the aqueous phase (Jalal and Read 1983). The NaHCOa solution 

was acidified to pH 2.0 and re-extracted 4 times with 15% ethyl 
acetate. The combined organic phase was reduced to 5 mL on a 
rotary evaporator (48” C, 20 kPa). 

The solution was transferred into a small vial, evaporated to 
dryness with a stream of Nz, 200 PL of pyridine, containing 3- 
methoxybenzoic acid at a concentration of 0.5 pg per ~.IL to serve as 
internal standard, added and mixed. To obtain silylation (Jalal and 
Read 1983; Pierce Chemical Company 1985), 200 PL N,G-bis(tri- 
methylsilyl)trifluoroacetamide (BSTFA) were added and mixed. 
To ensure complete derivatization, the sample mixture was heated 
at 60” C in the closed vial for 10 min. 

The quantitative analyses were carried out with a Hewlett Pack- 
ard GC 584OA, using a 30-m long capillary column wall-coated 
with 5% diphenyl/ 95% dimethyl polysiloxane (DB-5). The qualita- 
tive analyses were carried out with a Hewlett Packard 5985B. 
Tentative identifications were based on the search of the GC-MS 
data system and, where possible, authentic samples. 

Each chemical constituent was analyzed across site for each 
sampling depth using analysis of variance with 2 and 6 df for site 
and error terms, respectively. The plot variation was assumed to 
represent the experimental error since true replication was not 

Table 2. Monosaccharide (as acetates) composition (mg l kg-l) of hydrolysates of soil from needleand-thread/blue yama range, blue grama range, and 
cropland (average of 3 s&samples). 

Needle-and-thread/ Blue grama Blue grama 
Ahl’ Ahs Bm AhI Ahs Bm API 

1. Rhamnosc 98a2 24a~3 8a 64b 19aB 5b 69b 
2. Fucose 62a 26aA 6a 26c 8bC 3b 51b 
3. Ribose 19a 8aA la 12b 5aB la 15ab 
4. Arabinose 228b 48aB 7a 414a 1lbA 3b 172~ 
5. Xylose 119b 9bC lb 288a 9bA 2a 137c 
6. Mannosc 58a 1lbA lb 17c 3cC lb 42b 
7. Galactose 188a 29aA 3a 165a 33aA 2a 179a 
8. Glucose 41b 14bB 3a 54b 3cB lb 72a 

Deoxyhexoses (1+2) 160 50 14 90 27 8 120 
Pentoses (3+4+5) 366 65 9 714 25 6 324 
Hexoscs (6+7+8) 287 54 7 236 39 4 293 
Total 813 169 30 1040 91 18 737 
(7+6):(4+5) 0.72a 0.70bB 0.5Ob 0.26b 1.80aA 0.6Ob 0.72a 

IAhlj Apl-u per 2 cm of A horizon; Ahs/Aprremainder of A horizon. 
‘a-c Means allowed by the same letter within a horizon, e.g., Ah1 vs. Ah? vs. Apl are not significantly different (p>O.OS). f 
‘A-C Means followed by the same letter within the Ah, + Ahs and API + Apa horizons are not significantly different (P>O.OS). 

Cropland 

Apa Bm 

18aB lc 
8bB 2b 
6aAB 2a 

1lbC lc 
l&B 3a 
17aB 4a 
38aA 2a 
27aA 3a 
26 3 
35 6 
82 9 

143 18 
19OaA 1.5Oa 
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Table 3. Tentatively identitied organic adds in the NaOH-eoluble fraction 
from Cbemozemic Ab, Ap, and Bm borizooa as determined by W-MS. 

Peak no. Comnound 

1. Benzoic acid’ 
2. Succinic acid (butanedioic acid2) 
3. Fumaric acid (butenedioic acid) 
4. Glutaric acid (pentanedioic acid) 
5. Hydroeinnamic acid (benzenepropanoic acid) 
6. p-Hydroxybenzoic acid 
7. Phtbalic acid (1,2-benzenedicarboxylic acid) 
8. Atrolaetic acid (a-hydroxy-2-methylbenzeneaeetic acid) 
9. Vanillic acid (4hydroxy-3-methoxybenxoic acid) 

10. Azelaic acid (nonanedioic acid) 
11. Protocatechuic acid (3Jdihydroxybenxoic acid) 
12. Syringic acid 
13. p-Coumaric acid (3-(4-hydroxyphenyl)-2-propenoic acid) 
14. Fatty acid 160 (hexadecanoate) 
15. Ferulic acid (3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid) 
16. Fatty acid 2&O (eiocosanoate) 
17. Bis(2-ethylhexyl)phthalate (1,2-benzenedicarboxylic acid 

bis(2-ethylhexyl)ester) 
18. Unknown 

Title as listed by Windholz et al. (1983). 
‘Name corresponding to that wed by Chemical Abstracts Service. 

possible. Specific comparisons were made using Scheffe’s test 
(Steel and Torrie 1980). 

Repeated samplings of a single plot will reduce variance attribu- 
table to analytical or sampling errors and do not constitute a 
replication of an applied treatment. It is also recognized that 
chemical and vegetational changes that may occur within and on 
the soil are undoubtedly affected by a host of environmental effects 
that vary with years. Ideally, the most accurate assessment of such 
changes would be made from repeated analyses of samples taken 
periodically from replicated treatements over many years. Although 
replication is undeniably desirable and useful, valid information 
and data can still be gained from early established, unreplicated 
field experiments, including long-term grazing trials, by virtue of 
their antiquity (Ridley and Hedlin 1968, Dormaar and Pittman 
1980). Finally, it has been shown (Dormaar 1964, Dormaar and 
Smoliak 1985) that samples taken from Chemozemic soils in south- 
eastern Alberta with similar parent material and vegetation within 
a Soil Zone, were statistically similar. Any differences between 
Sites 1,2, and 3 are thus assumed to be due to treatment and not to 
random variability. 

Results 
Chemical Characteristics 

When comparing the needle-and-thread/ blue grama, blue grama, 
and cropland soils, i.e., under either grassland or cropland cover 
(Table l), all Ahi vs. Ahi vs. Api and Ahz vs. Ahs vs. Aps compari- 
sons differed significantly (PCO.0 1) except for one C and one C/N 
ratio comparison which were not significant (E30.05). However, 
when the Ahi + Ah2 vs. Ahi + Ahs vs. Api + Apz were analyzed 
together, the C and C/N ratio comparisons became significant 
(P<O.O5) as well. Only total C and N did not differ significantly 
(ZQO.05) among sites in the Bm horizon. The blue grama and 
cropland sites should really be compared individually, rather than 
collectively, with the needle-and-thread/ blue grama site. The 
change from needle-and-thread/ blue grama to cropland increased 
the C content, the chemical index, dehydrogenase activity, and 
carbohydrate content of the A horizon (Table 1). In comparison 
with the Ahi of the needle-and-thread/blue grama site, the C 
content almost doubled under blue grama. This increase was due to 
the root mass distribution of the blue grama (Smoliak et al. 1972; 

Table 2). The exchangeable N and available P values were highest 
in the cropland soil because of the fertilizers used, whereas mineral- 
izable N was generally highest in the blue grama soil. Dehydroge- 
nase activity was highest in the Ahi and Ah2 horizons of the 
cropland soil but lowest, i.e., nonmeasurable, in its BM soil. 

Monosaccharides 
The 8 monosaccharides detected were present at each site but 

often in significantly (KO.05) different proportions (Table 2). The 
3 dominant sugars were arabinose, xylose, and galactose. The Ahi 
of the needle-and-thread/ blue grama soil had the most deoxyhex- 
oses (rhamnose + fucose), the Ahi of the blue grama soil had the 
most pentoses (ribose + arabinose + xylose), and the Ahi of the 
cropland and needle-and-thread/ blue grama soils were highest in 
hexoses (mannose + galactose + glucose). The levels of all mono- 
saccharides decreased rapidly below 2 cm (Ahs). Most of the 
differences between the same horizons were significant. 

Another way to present the data was to calculate the ratio of 
galactose + mannose to arabinose + xylose. This ratio was close to 
2.0 for the Ahs horizons of the blue grama and cropland soils and 
the Bm of the cropland soil. The other horizons had values less 
than 1 .O; Ahi of the blue grama soil was only 0.26. 

Organic Acids 
Seventeen acids were tentatively identified (Table 3). One acid, 

although prominent particularly in the cropland Ahi and Ahs 
horizons, was not identified. Although there are many individual 
differences, the Ah1 horizon of the blue grama soil contained a 
total of 542 pg of organic acids l g-i of soil compared with 251 and 
163 pg l g-l of soil for the cropland and needle-and-thread/ blue 
grama soils, respectively (Table 4). Several acids, such as hydro- 
cinnamic acid (peak 5) and atrolactic acid (peak 8) in the Ahi of the 
blue grama soil, were prominent in all Ahi horizons. Other promi- 
nent acids were benzic acid (peak l), azelaic acid (peak lo), p- 
coumaric acid (peak 13), fatty acid 2&O (peak 16), and bis(Z 
ethylhexyl)phthalate (peak 17). 

Discussion 

The change from needle-and-thread/blue grama prairie to a 
grass cover predominantly consisting of blue grama took 19 years 
to establish at site 2 (Smoliak et al. 1972). The blue grama has 
endured since grazing ceased. Although long-term cultivation is 
known to change many soil chemical properties (Russell 1961), as 
little as 4 years of cropping can also initiate such changes. 
Although part of these latter changes will be caused by the mixing 
effects of cultivation, the lower sugar levels in the cropland soil are 
not surprising because there was no root exudate input into the 
system for part of the year. Further, the equilibrium under which 
soil organic matter of the needle-and-thread/ blue grama exists is 
easily altered (Doughty 1948, Smoliak et al. 1972). 

Practically all the N in surface soils is organically combined 
(Keemey 1982). A significant amount of this soil organic N is 
mineralized during a growing season. Laboratory indices of N 
availability allow not only a measure of the soil’s ability to release 
N for plant growth, but also insight into N-organic matter relation- 
ships. Even though the biological indices of the cropland and 
needle-and-thread/blue grama sites were similar, the different 
chemical indices suggested that the organic matter quality is no 
doubt different. That is, the organic matter of the needle-and- 
thread/ blue grama soil was probably in a more stable humified 
stage than the organic matter from the cropland soil, particularly 
in the Ahi of the blue grama is certainly of different quality. Since 
the chemical index is faster and easier to carry out than the biologi- 
cal index, it may be a good analysis to separate different types of 
organic matter on the basis of mineralizability of the organically 
bound N. 
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The carbohydrates in the soil are, for the most part, derived from 
plant polysaccharides in roots and plant debris with the remainder 
being derived from mucilages associated with roots and microor- 
ganisms. Polysaccharides containing substantial quantities of 
arabinose and xylose are considered to be of plant origin and those 
containing galactose and mannose to be predominantly of microb- 
ial origin (Oades 1984), and thus the ratio galactose + mannose/a- 
rabinose + xylose will be low (<0.5) for plant polysaccharides and 
high (>2.0) for microbial polysaccharides. The AhI of the blue 
grama soil does, therefore, seem to have more polysaccharidesof 
microbial origin than any of the other horizons under either 
needle-and-thread/ blue grama or cropland. This is in keeping with 
the organic C level (Table l), derived mainly from root mass and 
root exudates as shown by growth chamber-grown blue grama 
(Dormaar 1988). While the ramified, active, tine root mass of blue 
grama in the Ahr horizon has created a potential for the production 
of diffusible energy-rich compounds (Dormaar and Sauerbeck 
1983), the Ahs contains the more mature root mass, therefore 
leading to more polysaccharides of plant origin. Similarly, the Ah2 
and Bm horizons of the cropland would represent straw worked 
into the soil (Doughty 1948), again leading to more polysaccha- 
rides of plant origin. 

are an example of allelopathy being a factor in ecological process 
(Muller 1969). pCoumaric and ferulic .acids. .also have been 
reported to affect plant-water relationships (Einhellig et al. 1985). 
At this point it is not possible to state if these acids came from the 
blue grama or from little club-moss. Nevertheless, little else grows 
when these 2 species are present. Both increased in prominence 
because of excessive grazing pressures (Coupland 196 1, Smoliak et 
al. 1972), yet this community still exists in spite of being only 
moderately grazed at present. Water extracts of roots of blue 
grama, simulating water through-flow, also inhibit the oxidation 
of ammonia to nitrate (Neal 1%9). Ferulic acid is a unit compound 
in the synthesis of lignin, and its increased presence in the cropland 
soil thus may be due to the incorporation of the straw into the soil. 

In range ecology, it is often generalized that given the right 
conditions, such as stocking rate or rest rotation, plant succession 
will automatically follow. If the allelopathic effect is valid under 
blue grams/little club-moss by preventing plant succession, this 
may then present a challenge to the range manager. On the whole, 
range recovery, particularly under semiarid climatic conditions, is 
poorly understood and defined: 

Simple phenols, benzoic acid, and derivatives are the most 
commonly identified allelopathic compounds produced by higher 
plants that may inhibit plant growth and nutrient uptake (Rice 
1984). Phenolic acids also have been reported to either suppress 
indole3acetic acid (IAA) or to stimulate IAA oxidase (Lee et al. 
1982). To take this one step further, Lee (1977) has shown that 
aliphatic and aromatic carboxylic acids may cause the loss, 
through changes in the root permeability, of ions such as K+, Ca++, 
and N03-N, and ultravialet;ahsorbing materials into the sur- 
rounding solution. 

Of course, the organic acids identifiedlwere obtained via the 
more drastic NaOH-extraction. Nevertheless, the suite of acids 
tentatively identified do give an indication of the presence of these 
compounds in the soil organic matter and thus, the potential for 
their effect in the overall biochemical processes in the soil. From a 
range management point of view, the higher amounts of acids 
identified in the blue grama Ah horizons may further exacerbate 
this potential. At this point it is not possible to say if this is for 
better or for worse. 

Since, among others, hydrocinnamic acid (peak S), p-hydro- 
xybenzoic acid (peak 6), syringic acid (peak 12), p-coumaric acid 
(peak 13), and ferulic:acid (peak 15) are all phytotoxic towards 
germination with even stronger effects on the growth of seedlings 
(Hennequin and Juste 1%7), it may be hypothesized that the 
significantly greater quantities of these and others in the blue 
grama soil compared with- the needle-and-thread/ blue grama soil 

Most identified acids were present in all horizons. Since the 
quantitative fingerprints were different from horizon to horizon 
and soil to soil, it does demonstrate complex and interrelated 
effects among soil horizons, plant species, and management. 
Although the selection of the blue grama soil may indeed be 
extreme when used in paired comparison with cultivated soil, it 
does emphasize the dilemma of selecting baseline soils for man- 
agement comparisons, particularly since exclosure soils represent 
another extreme in relation to pre-range management times. 
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Table 4. Organic acids&g l g-t) in tbe aikaiine-soluble fraction of soil from needle-and-thread/blue grama, blue grama range, and crophnd (wenge of 3 
s8mples). 

Needle-and-thread/ blue grama Blue grama 

Peak No. Ait,2 Ahz Bm AhI Ahz Bm Ah1 

1’ 10.6a 6.2bA’ 26.4a 10.5a 9.3aA 5.4b 5.2b 
2 6.5b 4.7bB 8.5a 3.3c 2.6cc 2.lb 8.9a 
3 2.4a 1.4bB 2.9a 2.9a 13.1aA 2.8a 
4 Ob OaB 3.2a 2.3a OaA 2 i.9a 
5 15.5c occ oc 208.9a 45.iaA 2.7b 53Sb 
6 5.7c 3.8bc 1.9c 10.2a 8.9aA 4.7a 7.6b 
7 2.2b 1.8bB 1.5b 9.5a 4.2aA Oc 9.2.a 
8 41.ib 4. IcB 7.7a 183.3a 30.8aA 3.3b 28.3~ 
9 5.la 2.2bB 8.la 5.5a 4.1aA 2.6b 5.6a 

10 15.2~ 4.6bC 5.ia 20.5b 10.5aB 3.2b 25.9a 
ii 1.8b OaB i.3b 2.4a OaA 7.1a oc 
12 2.3b 2.7aA 4.4a 3.9a ObB Oc 3.2ab 
13 10.8c 5.7cc 2.ib 28.ia 9.4bA 4.9a 19.6b 
14 3.9a 2.3cA 5.5a 2.8b 2.8bA 5.ia 2.5b 
15 2.5~ 7.2bB 1.6b 4.2b OCC oc 15.5a 
16 18.2b 14.iaB 3.8a 12.2c 2.6bC Ob 38.6a 
17 16.lb 20.1aB 7.4a 28.9a 10.4bA 4.4b 10.3c 
18 3.ib ObB Oa 2.6b ObB Oa 12.4a 
Total 163.0 80.9 91.4 542.0 153.,8 45.5 251.0 

ICompounds as tentatively identified in Table 3. 
2Ahl/Ap,-u 

P 
per 2 cm of A horizon; Ahs/Aprremainder of A horizon. 

38-c Means allowed by the same letter withm a horizon, e.g., AhI vs. AhI vs. Apt, are not sig@antlyWerent (DO.05). 
‘A-C Means followed by the same letter within the AhI + Ahs and API + Aps honzons are not significantly different (J90.05. 

Cropiand 

Ahz Bm 

6.ibB 1Sk 
6.0aA 3.5b 
2.4bB 0.9b 
OaA 0.4b 

25.ibB 5.8a 
5.4bB 3.4b 
5.2aA 2.7a 
6.5bC 2.5~ 
3.9aA 2.4b 

11.3aA 5.5a 
OaC 0.3b 

2.6aA 0.9b 
12.0aB 4.5a 
3.5aA 0.4b 

11.8aA 4.8a 
3.2bA 3.2a 
7.Occ 3.ib 
6.5aA Oa 

118.5 45.3 
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Ermelo weeping lovegrass response to clipping, fertiliza- 
tion, and watering 
ROBERT A. MASTERS AND CARLTON M. BRITTON 

Abstract 

A management strategy using short-duration grazing and fertili- 
zation was simulated in a study with individual ‘Ermelo’ weeping 
lovegrass [Erugrostis curvulcr (Shmd.) Nees] plants. Influence of 2 
levels of clipping [unclipped during the growing season and clipped 
(C) to M-cm stubble height each thne regowth reached 40 cm]; 
fertilizer [unfertilized and 70-34-44 kg N-P-K/ha (F)]; and water- 
ing frequency [irrigated to field capacity at 7- (WET) and 16 
(DRY) day intervals] on cumulative herbage dry matter yield, 
crude protein yield, and water-use efficiency, and root mass of 
individual weeping lovegrass plants grown in soil contained in 
polyethylene tubes was determined. Clipping combined with fertil- 
ization improved herbage dry matter yield and water-use effi- 
ciency. Fertilized plants yielded at least 5.4 g crude protein/tube as 
compared to less than 2.0 g crude protein/tube produced by unfer- 
tilized plants. Between 1 June and 15 September 1983 WET-F- 
treated plants provided sufficient regrowth for 5 harvest events 
with an average of 24-day intervals between harvests. In contrast, 
regrowth of WET-, DRY-F, and DRY-treated plants was harv- 
ested 3 times with intervals between harvests averaging between 32 
and 35 days. Clipping had no effect on root mass of WET-, DRY- 
F-, and DRY-treated plants, but reduced root mass of WET-F- 
treated plants by 44%. Based on this simulation of a fomge man- 
agement strategy, periodii harvest of weeping lovegrass combined 
with fertilization improved herbage dry matter yield and water-use 
efficiency without adversely affecting root mass when interval 
between harvest events avenged 32 to 35 days. 
Key Words: Erugrostis curvulu (Shrad.) Nees, root mass, water- 
use efficiency, crude protein 

Weeping lovegrass [Eragrosris curvulu (Shrad.) Nees] is a per- 
ennial, warm-season grass, native to south and central Africa. In 
Africa, this species occupies a niche in an intermediate seral stage 
where stands are maintained by disturbance (i.e., burning and 
heavy grazing) (Leigh 196 1). Weeping lovegrass was introduced to 
the southwestern United States in the 1920’s to control erosion of 
sandy soils. With development of appropriate management strate- 
gies, weeping lovegrass is now recognized as an excellent soil 
conservation species and a valuable source of forage. However, 
weeping lovegrass will become unproductive and unpalatable if 
improperly managed. 

A management strategy that has been developed to enhance 
weeping lovegrass yield and quality and improve livestock perfor- 
mance consists of fertilization coupled with frequent, short periods 
of intense grazing (Dahl and Cotter 1984). Cotter et al. (1983) 
found that cattle gains increased by more than 250 kg/ ha on 
rotationally grazed weeping lovegrass. Performance increased 
when cattle were stocked at a rate that ensured all plants were 
grazed to a IO-cm stubble height within 2 to 5 days. Shoop et al. 
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(1976) considered a pasture ready for grazing when weeping love- 
grass regrowth was between 30 and 40 cm tall and recommended 
that pasture rest periods not exceed 40 days. 

Evaluation of this forage management strategy has focused on 
animal weight gains and herbage yield and quality. Information on 
the influence of clipping, fertilization, and variations in water 
availability on root mass and water-use efficiency is needed to 
more completely assess management efficacy. Therefore, the 
objective of this study was to determine how clipping, fertilization, 
and frequency of watering influence herbage dry matter yield, 
crude protein yield, water-use efficiency, and root mass of individ- 
ual ‘Ermelo’ weeping lovegrass plants. 

Methods 

This experiment was designed to simulate the short duration 
grazing strategy outlined by Dahl and Cotter (1984) to improve 
weeping lovegrass quantity, quality, and utilization by livestock. 
To assess root mass response to clipping, fertilization, and water- 
ing, treatments were imposed on containerized weeping lovegrass 
growing in a field environment. Clipping was deemed an approp- 
riate method to simulate the rapid removal of forage by livestock in 
a short duration grazing program. 

During the fall of 198 I, 342 polyethylene tubes (25 cm diam X 60 
cm length) were sealed at one end and filled with 40 kg of Amarillo 
fine sandy loam soil (fine, loamy, mixed thermic Aridic Paleustalf). 
The tubes were buried, with open ends exposed, in holes (60 cm 
deep and 35 cm diam) excavated in a native shortgrass prairie 
located in Lubbock, Texas. On 4 June 1982, about 25 caryopses of 
Ermelo weeping lovegrass were planted in each tube. At the Cleaf 
growth stage, weeping lovegrass seedlings were thinned to 4 per 
tube. Plants were uniformly watered every I4 days throughout the 
summer and early fall of 1982. 

On 28 April 1983 all plants were clipped to a IO-cm stubble 
height. At this time, 20 tubes were excavated to determine above- 
ground and belowground plant mass before treatment. Plants were 
removed from the tubes, placed on a 0.5 mm mesh screen, and the 
soil was washed from the roots. Washed plants were oven-dried, 
stubble and roots were separated, and weighed. On 29 April 1983, 
168 randomly selected tubes were each fertilized (F) with 3.8 g 
NH4NOs and 3.0 g KHzPQ, comparable to a broadcast fertilizer 
application of 70-34-44 kg N-P-K/ ha. 

Watering treatments started on 12 May 1983 and ended 22 
October 1983. Ninety-eight of the fertilized tubes and 84 unfertil- 
ized tubes were watered to field capacity (-0.01 MPa) every 7 days 
(WET) while remaining tubes were watered to field capacity at 
14day intervals (DRY). Soil samples were collected from 4 tubes 
per treatment combination 24 hr before each watering event, oven 
dried at 105’ C, and weighed. Volume of water to be applied was 
determined by comparing the average water content of the soil 
within the tubes with a water retention curve developed from the 
soil. To lessen disturbance caused by soil removal, only 2 cores 
(25-cm length X l9-mm diam) were taken from any tube during the 
experiment. Soil removed during sampling was replaced with oven 
dried loamy sand that had been passed through a 0.5 mm mesh 
screen. 
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Fig. 1. Monthly precipitation occurring at the Lubbock study site from 
1982 through 1984. 

Clipping treatments occurred between 29 April and 15 Sep- 
tember 1983. Half the weeping lovegrass within each fertilization 
by watering frequency treatment combination were clipped (C) to a 
IO-cm stubble height when regrowth height reached 40 cm. At each 
herbage harvest, 7 tubes containing clipped plants were randomly 
selected and excavated. Another 7 tubes containing similarly fertil- 
ized and watered plants that had not been clipped were randomly 
selected, herbage removed to a IO-cm stubble height, and exca- 
vated. Excavated plants were washed and prepared as indicated 
above. The herbage (aboveground plant portion less the stubble) 
was oven dried at 60’ C for 48 hr, and weighed. Herbage samples 
were ground in a Wiley mill and analyzed for crude protein content 
(CP) using the microkjeldahl procedure to determine nitrogen (N) 
content (CP=%N X 6.25) (Anonymous 1960). In anticipation that 
WET-F- and WET-treated plants would grow more rapidly and be 
harvested more frequently than DRY-F- or DRY-treated plants, 
more tubes were allocated to the WET-F and WET treatments to 
ensure that a sufficient number were available for excavation at 
each harvest date. 

The experiment was arranged as a 23 factorial (2 levels of each of 
the 3 factors: clipping, fertilization, and watering frequency) in a 
completely random design. A final harvest and excavation of 
plants within 7 tubes per treatment combination occurred at the 
end of the experiment on 15 March 1984. Therefore, analysis of 
variance procedure for a factorial experiment was used to evaluate 
cumulative herbage dry matter yield, crude protein yield, and 
water-use efficiency over the period of the experiment and root 
mass present at the end of the experiment. Treatment means were 
compared at the 0.05 level of probability using Tukey’s w- 
procedure (Ott 1977). 

Cumulative herbage dry matter yield was obtained for clipped 
plants by summing amount of harvested herbage obtained at each 
sampling date and for unclipped plants by summing the net 
increase in yield across consecutive herbage harvest events. 
Cumulative crude protein yield was calculated by multiplying the 
crude protein content of the herbage by the herbage dry matter 
yield at each sampling date and summed across sampling dates. 
Cumulative water-use efficiency of the herbage was calculated by 
dividing the cumulative herbage dry matter yield by volume of 
water added during the growing season less the volume of water 
remaining in the soil at the end of the growing season (22 October 
1983). Volume of water added to the tubes was determined by 
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Table 1. Mean cumulative herbage dry matter yield, crude protein yield, 
and water-use efficiency (WUE) and root mess of individuel ‘Ermelo’ 
weeping lovegrass plrnts growing in an experiment conducted from 28 
April 1983 to 15 March 1984 in Lubbock, Texee.1 

Treatment* 

WET 

Dry Crude 
matter protein Root 

---___-___ g/tube _____ _____ 
WUE 

-g DM/ I’- - 

F-C 79.0 7.8 19.1 0.8 
F 43.9 34.4 0.4 
C 41.0 2 

114 
20.2 0.4 

0 44.7 26.7 0.4 

DRY 
F-C 55.9 6.2 18.7 0.7 
F 32. I 4.7 21.2 0.4 
C 35.6 1.6 19.4 0.5 
0 28.2 1.5 25.4 0.4 

Tukey (0.05)4 14.4 NS 9.4 NS 
Analyses of Variance 

Source df F-Test Probabilities 
Fertilize (F) 1 0.01 0.01 0.77 0.01 
Water(W) I 0.01 0.01 0.01 0.18 
Clip(C) I 0.01 0.01 0.01 0.01 
FXW I 0.16 0.01 0.06 0.05 
FXC 1 0.01 0.01 0.38 0.01 
wxc I 0.97 0.37 0.03 0.83 
FXWXC 1 0.02 0.10 0.04 0.17 

Sums of Squares 
Error 48 3415 11.4 1462 0.22 

‘Herbage dry matter yield, crude protein yield, and water-use efficiency are cumula- 
tive values obtained over the period of 28 April 1983 to I5 March 1984 and root mass 
values were obtained on I5 March 1984. 
‘Treatments are; F = fertilized (equivalent to broadcast application of 70-34-44 kg 
N-P-K/ha), WET q  watered every 7 days, DRY q  watered every 14 days, and C = 
herbage clipped to a IO-cm stubble height when regrowth reached 40 cm, and 0 = no 
fertilizer or clipping treatment. 
3Wateruseeffc~encyisexpressedasgrams(g) ofdrymatter(DM)perliter(l)ofwater 
applied. 
‘Critical values for comparison of treatment means obtained using Tukey’s w- 
Procedure where PZO.05 and df = 40. 

summing the volumes added during watering and naturally occur- 
ring precipitation events (Fig. 1). 

Comparisons of cumulative aboveground weight (stubble and 
herbage combined) and root mass at each sampling date during the 
growing season were made between clipped and unclipped plants 
within fertilization and watering treatment combinations using 
Student’s t-test (Ott 1977). Cumulative aboveground weight was 
obtained by combining cumulative herbage and stubble dry matter 
yield estimates at each harvest date. Cumulative stubble yield was 
determined for plants by summing the net increase in stubble yield 
from 1 harvest event to the next. 

Results and Discussion 

Weeping lovegrass herbage and aboveground yield were en- 
hanced by clipping, fertilization, and frequent watering. Within 
watering treatments, herbage yield of fertilized and clipped plants 
was greater than that of other plants (Table 1). From May to 
September 1983, WET-F-treated plants produced sufficient re- 
growth for 6 herbage harvest events while remaining plants were 
only harvested 4 times (Fig. 2). Clipping enhanced cumulative 
aboveground yield of WET-F-treated weeping lovegrass. At every 
sampling date after 1 June 1983, cumulative yield of clipped WET- 
F-treated plants exceeded that of unclipped WET-F-treated plants. 

The positive response of weeping lovegrass to clipping, fertilixa- 
tion, and irrigation was expected. Clipping at the proper intensity 
and frequency can improve warm-season grass productivity (Younger 
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1972, Crider 1955). Jameson (1963) reported that defoliation 
improved grass yields by increasing tiller number and replacing 
mature leaves with younger, more photosynthetically efficient 
leaves. Fertilization and irrigation increased forage yields by alk- 
viating nutrient and water deficiencies that limited growth (Power 
1983, Wight and Black 1979). 

Fertilization increased cumulative crude protein yield of weep- 
ing lovegrass herbage (Table 1). Whether averaged across clipping 
or watering regimes, fertilized plants yielded at least 5.4 g crude 
protein/tube as compared to less than 2.0 g crude protein/tube 
produced by unfertilized plants. The crude protein yield values 
represent both herbage dry matter yield and crude protein content. 
Therefore, the increase in crude protein yield caused by fertiliza- 
tion coupled with either clipping or frequent watering reflects the 
positive response of herbage dry matter yield to these treatments. 

Based on samples obtained at the end of the experiment (15 
March 1984), root mass of WET-, DRY-F-, and DRY-treated 
plants was not adversely affected by clipping (Table 1). In contrast, 
root mass of WET-F-treated weeping lovegrass was significantly 
reduced by 44% following frequent clipping during the growing 
season. Potential consequences of such a root mass decline include 
reduced plant productivity and survival. Reduction of root mass 
caused by clipping was found to decrease grass tolerance to 
drought (Weaver and Albertson 1943, Crider 1955) and competi- 
tive ability (Weaver 1930). 

Frequency of herbage harvest and average time interval between 
harvests may explain the observed decline in root mass of WET-F- 
treated weeping lovegrass as compared to WET-, DRY-F-, and 
DRY-treated plants (Fig. 2). The time interval between clipping 
events occurring after 1 June was relatively short (average of 24 
days) and may not have been of sufficient length for plants to 
recuperate from clipping. In contrast, WET-, DRY-F, and DRY- 
treated plants were only harvested 3 times and average clipping 
intervals after 1 June were 32,32, and 35 days, respectively. This 
supports Younger (1972), who reported root mass reduction of 
selected grasses increased with defoliation frequency. 

The WET-F treatment simulates optimum growing conditions, 
when nutrients and water are available throughout the growing 
season, which rarely occur on sandy pastures in the southern Great 
Plains. Under typical pasture conditions it is unlikely that weeping 
lovegrass would provide sufficient regrowth for 6 harvests during a 
single growing season. In contrast, the DRY treatment, where 
water was provided less frequently, probably approximates field 
conditions more closely than the WET treatment. 

Decreases in root mass of WET-F-C-treated plants during early 
to mid-summer may result from root death caused by defoliation 
(Fig. 2). In this study, root mortality was not quantified because of 
the difficulty in separating live and dead roots. However, loss of 
dead and decomposing roots during washing procedures could 
account for observed reductions in root mass. Others have deter- 
mined that root mortality increased following frequent and severe 
defoliation (Harradine and Whalley 198 1, Hodgkinson and Baas 
Becking 1977). 

Weeping lovegrass root and shoot growth occurred concurrently 
from May through early June, regardless of clipping (Fig. 2). 
However, depending on treatment, root growth slowed or root 
mass actually declined during July and increased through late 
August into September. Despite confinement of weeping lovegrass 
roots in a relatively small volume (about 30 liters), the pattern of 
root growth generally agreed with root studies conducted by 
Shoop (1977) in a rhizotron containing a much larger soil volume. 
Additional comparisons regarding weeping lovegrass response to 
defoliation between this and Shoop’s (1977) experiments are diffi- 
cult to make because of differences in clipping heights and frequen- 

ties and methods used to measure root growth. 
Clipped and fertilized weeping lovegrass were about twice as 

water-use efficient as unclipped or unfertilized plants (Table 1). 
This improvement in water-use efficiency may result from mainte- 
nance of young leaf tissue by clipping and alleviation of nutrient 
deficiencies by fertilization. Clipping reduced the proportion of old 
to young leaves and improved water-use efficiency by removing 
less efficient old leaves and replacing them with young regrowth 
&archer 1980). Power (1983) indicated that fertilization affected 
water-use efficiency by correcting nutrient deficiencies that res- 
tricted plant growth and yield. 

Clipping influenced 2 factors that affected plant water-use efti- 
ciency; leaf age and leaf surface area. With advanced age, weeping 
lovegrass leaves were probably less water-use efficient because of a 
diminished capacity to adjust stomata1 openings to control water 
loss. Water-stressed corn and sorghum at the vegetative stage of 
growth were able to close stomates, while stomates remained open 
when the same stress was applied to more mature plants at the 
reproductive stage of growth (Ackerson and Krieg 1977). 

Reduction in leaf surface area following clipping could have 
enhanced weeping lovegrass water status. In other studies, top- 
growth removal improved plant water potential by reducing trans- 
piring leaf surface of selected grasses (Wolf and Parish 1982, 
Svejcar and Christiansen 1987). These authors indicated that 
reducing transpiring surface area enabled plants to maintain a 
positive water balance and overcome limitations to growth caused 
by an inadequate root system or low soil water availability. 

Summary 
This study was conducted to determine the response of individ- 

ual weeping lovegrass plants to a management strategy developed 
to improve plant yield and quality. The treatments had a positive 
effect on herbage yield and water-use efficiency. Clipping at the 
frequency and intensity specified by Dahl and Cotter (1984) 
reduced root mass of WET-F-treated plants. The WET-F treat- 
ment simulates conditions which rarely occur in the southern Great 
Plains. Based on this simulation of a forage management strategy 
periodic harvest of weeping lovegrass combined with fertilization 
improved forage quality and quantity without adversely affecting 
root mass if the intervals between harvest events averaged 32 to 35 
days. 
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Technical Notes 
Germination of 2 legumes in leachate from introduced 
grasses 
NURDIN AND TIMOTHY E. FULBRIGHT 

AbSbNt 
Kleberg bluestem [Dichmthium annuktum (Forsk.) StaprJ and 

buffelgrass (Cmeluus ciIiur& L.) may produce pbytotoxic cbemi- 
cals that inbibit germbtation and growth of legumes planted in 
s&g mixtures with grasses. We determined the effects of lea- 
cbate from these introduced grasses on seed germination of Illinois 
bundleflower [Desmanthusilifuoens&(Michx.) MacM.] and part- 
ridge pea (Carsia~arciculoro Michx.). Percent germination of Illi- 
nois bundleflower seeds on substrata moistened with Kleberg 
bluestem root or buffelgrass leaf leacbate was lower than that of 
seeds placed on substrata moistened with distilled water. Buffel- 
grass root Ieacbate reduced germination of partridge pea more 
than did root leacbate from Kleberg bluestem or leafleacbate from 
Kleberg bluestem or buffelgrass. Results of these laboratory exper- 
iments bulicate that field studies are warranted to determine the 
effects of buffelgrass on establishment of partridge pea and Illinois 
bundleflower in order to help land managers select the optimum 
combination of species for rangeland seeding. 
Key Words: buffelgrass, Cenchrus c&r& Kleberg bluestem, 
Dichanthium annulatum, Illinois bundleflower, Desmanthus illi- 
noiensh, partridge pea, Car&r fascicukta, allelopatby 

Kleberg bluestem [Dichanthium annulutum (Forsk.) Stspfl and 
buffelgrass (Cenchrus ciliuris L.) are exotic forage grasses com- 
monly planted on Texas rangelands. Both may produce toxic 
chemicals that inhibit germination and growth of other plant spe- 
cies (Akhtar et al. 1978, Dirvi and Hussain 1979, Hussain et al. 
1982). 

Native legumes in seeding mixtures with grasses enhance the 
value of the plantings for wildlife and livestock and provide an 
economical source of nitrogen (Call 1985). Illinois bundleflower 
[ Desmanthus illinoensis (Michx.) MacM.] and partridge pea (Cas- 
sia fasciculufu Michx.) are native legumes currently used in range 
seeding in Texas (Eve&t and Gausman 1984, Everitt and Heizer 
1984). Our objective was to determine the effects of leachate from 
Kleberg bluestem and buffelgrass on seed germination of Illinois 
bundleflower and partridge pea. 

Materials and Methods 
Fresh roots and leaves of buffelgrass and Kleberg bluestem were 

randomly collected in August and September 1985 from improved 
pastures 4 km north of Kingsville, Texas. Soil was rinsed from the 
roots and leaves of both species with tap water, and then 200 g of 
each sample was soaked in 2 L of distilled water for 48 hours at 22’ 
C (Bokhari 1978). Leachate and plant parts of each species were 
filtered through 4 layers of cheese cloth and then vacuum filtered 
through Whatman No. 541 filter paper. The filtrate was stored in a 
refrigerator at 2-4O C for 24 hours before use. 

Water potential of leachate samples was measured before each 
experiment with a freezing point depression osmometer. Water 
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potential of Kleberg bluestem leaf and root, and buffelgrass leaf 
and root leacbates averaged -0.08 and -0.10, and -0.13 and -0.10 
MPa, respectively. The pH of distilled water, Kleberg bluestem leaf 
and root, and buffelgrass leaf and root leachates averaged 6.01, 
5.48, 55.1,4.98, and 5.01, respectively. 

Partridge pea (accession PI-43061) and Illinois bundleflwer 
(accession PI-43401) seeds were obtained from the USDA Soil 
Conservation Service Plant Materials Center at Knox City, Texas. 
Seeds were individually scarified before use in each experiment. 
Fifty seeds each of partridge pea and Illinois bundleflower were 
germinated on substrata moistened with 100 ml of either distilled 
water or leachate. The substrata consisted of 2 layers of 11 cm 
diameter filter paper on a layer of creped cellulose placed in 13 by 
14 by 5 cm plastic boxes. The boxes were placed in sealed plastic 
bags to minimize evaporation. For each species and treatment, 4 
plastic boxes were arranged in a randomized complete block 
design within a controlled environment chamber set at alternating 
temperatures of 15’ C for 12 hours (with darkness) and 25O C for 
12 hours (with fluorescent l$hts); Photosynthetic photon flux 
density averaged 25 umol l m l S . Experiments were repeated 3 
times using a separate collection and extraction each time. The 
number of germinated seeds was recorded every 3 days for 15 days. 
This period was selected because germination peaked in 3 days and 
few seeds germinated after 9 days. 

The germination rate index (GRI) was calculated as the summa- 
tion of the germination percentage at each count divided by the 
total number of days for germination (Maguire 1962). The cor- 
rected germination rate index (CGRI) was obtained by dividing 
GRI by the final germination percentage and then multiplying by 
100 (Evetts and Bumside 1972, Hsu et al. 1985). Seeds were consi- 
dered germinated when the root was more than 5 mm long and at 
least part of 1 cotyledon was visible. Radicle lengths of 3 randomly 
selected seedlings in each box were determined at the end of each 
experiment. 

Percent germination data were arcsine transformed for analysis. 
Values presented in the text are untransformed means. Analysis of 
variance for a randomized block design and 3 replications in time 
and Tukey’s HSD test were used to compare the effect of treat- 
ments on seed germination, radicle length, and corrected germina- 
tion rate index (Walpole and Meyers 1978). 

Results and Discussion 

Germination of Illinois bundleflower seeds on substrata mois- 
tened with Kleberg bluestem root or buffelgrass leaf leachate was 
lower than that of seeds on substrata moistened with distilled water 
(Table 1). Radicles of seedlings on substrata moistened with Kle- 
berg bluestem leaf or root and buffelgrass leaf leachate were shor- 
ter than those of seedlings on substrata moistened with distilled 
water. The corrected germination rate index did not differ signifi- 
cantly (mO.05) among treatments and between treatments and 
the control. 

Germination of partridge pea seeds on substrata moistened with 
root or leaf leachate of both species was lower than that of seeds on 
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Table 1. Effects of Kieberg blues&m and buffeigraes ieacbate on mean 
percent germhtion, radick iengtb (cm), and corrected germination mte 
index (CGRI) of Iiiinois bundleflower and partridge pea at 15-250 C (12 
boura witb darkness, 12 hours witb ii@). 

Leachate treatment 
Species and Control 
germination (Distilled 
parameter water) 

Illoinis bundleflower 
% germinationi 9i.3a2 
Radicle length 2.6a 
CGRI 31.7a 

Patridge pea 
% germination 89.3a 
Radicle length 2.3a 
CGRI 30.6a 

Eleberg bluestem 
Leaf Root 

85.2ab 79.8bc 69.7~ 
1.8b 1.7b 0.9c 

29.2.a 30.3a 30.8a 

81.0b 
2.3a 

28.0b 

77Sb 8O.Ob 67.2~ 
1.9a 0.8b 0.9b 

29.lab 28.lb 27.7b 

Buffelgrass 
Leaf Root 

82.6ab 
2.2ab 

30.5a 

lPerccnt germination data were arcsin transformed for analysis. 
%eans in the same row followed by the same letter arc similar (E-0.05) according to 
Tukey’s HSD test. 

substrata moistened with distilled water (Table 1). Buffelgrass root 
leachate reduced germination of partridge pea more than did the 
other leachates. Kleberg bluestem leaf and root leachate did not 
affect radicie lengths of partridge pea seedlings, but buffelgrass leaf 
and root leachate did. The corrected germination rate index of 
seeds placed on substrata moistened with Kleberg bluestem leaf 
and buffelgrass leaf and root leachate was less than that of seeds 
placed on substrata moistened with distilled water. 

Effects of Kleberg bluestem and buffelgrass leachate on germi- 
nation of Illinois bundleflower and partridge pea were possibly 
confounded with the osmotic potential of the leachate solutions. 
Bell (1974) stated that results of tests for allelopathy with leachate 
solutions that have concentrations exceeding 50 milliosmoles 
(about -0.11 MPa) should be interpreted with care because plant 
growth may have been reduced by osmotic effects rather than by 
phytotoxins. Germination of Illinois bundleflower seeds is reduced 
by -0.2 MPa osmotic potentials imposed by polyethylene glycol 
solutions (Everitt and Gausman 1984). Percent germination of 
partridge pea seeds in -0.1 and -0.2 MPa polyethylene glycol 
solutions is similar to percent germination in distilled water (0 
MPA) (Eve&t and Heizer 1984). 

The clearest evidence of phytotoxicity was the effect of buffel- 

grass roots on partridge pea germination. Germination of par- 
tridge pea seeds on substrata moistened with buffelgrass root 
leachate was lower than that of seeds on buffelgrass leaf leachate, 
which had a more negative osmotic potential, and was lower than 
that of seeds on Kleberg bluestem root leachate, which had a 
similar osmotic potential (Table I). Root growth was also less on 
buffelgrass root leachate than on Kleberg bluestem root leachate. 

Concentrations of leachates used in this study were similar to 
those used by other investigators (Rice 1972, Bokhari 1978) but 
concentrations of phytotoxins leached from Kleberg bluestem and 
buffelgrass in the field are unknown. Because our laboratory stu- 
dies provided evidence of phytotoxity, greenhouse and field studies 
to determine the effects of buffelgrass on establishment of par- 
tridge pea and Illinois bundleflower are warranted. 
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A time saving tandem method for grinding dried forage 
samples to a small particle size 
N.H. SUTTIIL AND G.L. LEES 

A tandem arrangement of 3 grinding mills was devised to 
decrease the time required in grinding dried forage herbage to the 
uniform small particle size suitable for near infrared analysis. The 
grinding time was reduced to 38% and 40% for dried alfalfa and 
barley herbagerespectively over the two-step method used previously. 

Uniform small particle size is essential for accurate near infrared 
(NIR) analysis of forage samples (Winch and Major 1981). Our 
laboratory has previously used a two-step method where dried 
herbage samples are first ground through a Thomas Wiley model 
Ed-5 mill followed by a final processing with a Tecator ‘Cyclotec’ 
model 1093 grinding mill. The Cyclotec grinding mill and other 
mills with a I-mm screen will give the desired result when used 
alone, but the process is very time-consuming since the low capac- 
ity and slow feeding rate for large samples (50 g or more) is 
restrictive and the collector bottle is small. The separate prelimi- 
nary grinding step with the particle sire screen in a Wiley mill does 
not give the uniformity of particle size required, but is used to allow 
the sample to be put through the Cyclotec more quickly. This does, 
however, add extra time for grinding, collecting, and transferring 
ground samples from one mill to another. The tandem arrange- 
ment reported here eliminates the two-step process and the tinal 
grindings are dispensed into a large bottle which can be labelled 
and stored. 

Procedure 

To connect the 2 mills, an adapter was made using a 76 mm 
diameter plastic bottle with a 19 mm I.D. neck (500 mL chemical 
buffer solution container). The plastic bottle was cut in two and the 
wide opening of the half with the neck placed over the outlet of the 
Wiley mill as an adapter (Fig. 1). An 80 cm length of 19 mm I.D. 
latex tubing was secured over the neck opening of the plastic 
adapter. The free end of the tubing was pushed into a 22 mm hole 
cut in the side of a 67 mm plastic cup (bottom half of a 250 mL 
Tri-Pour plastic disposable breaker) fitted onto the intake port of 
the Cyclotec mill (Fig. 1). The Cyclotec mill was modified to allow 
250 mL screw cap sample jars to he used as collector bottles by 
cutting a 33 mm hole into a plastic screw cap so the existing drop 
tube would fit into it snugly (Fig. 1). The plastic screw cap and drop 
tube were bonded together with contact cement. 

To use the tandem mill arrangement, a 250 mL sample jar is 
screwed onto the cap connected to the Cyclotec drop tube. The 2 
mills are switched on and the sample fed into the Wiley mill intake 
port. After grinding, the Wiley mill is shut off, the adapter and 
tubing removed from it, and any remaining sample in the adapter 
shaken down the tubing. The Cyclotec is then switched off, and the 
sample jar removed, labelled, and stored. Cleaning the system 
between samples is accomplished by first vacuuming the Wiley 
mill, replacing the adapter and tube, switching on both units, and 
vacuuming the outlet of the Cyclotec mill. 

Discussion 

The tandem arrangement of the Wiley and Cyclotec mills, both 
having I-mm particle size screens, speeds up the process by taking 
the sample directly through both grinding steps with 1 throughput. 
The vacuum effect of the Cyclotec draws the ground sample 
directly from the Wiley mill, regrinds, and drops it into the sample 
jar screwed onto the drop tube. This eliminates the time used in 
collecting the grindings in a sample bottle from the Wiley mill, 
slowly adding the ground sample to the Cyclotec, and collecting 
the grindings in a small collector bottle (sometimes twice) and 
tansferring them to a storage bottle. The Wiley mill, even though it 
has the correct size screen, produces a more variable particle sire 
distribution in the ground material due to the method of forcing 
the sample through the screen. This can cause variability in NIR 
analysis (unpublished data from OUT laboratory). The action ofthe 
Cyclotec gives the desired uniform size distribution, and because 
the sample is preground, uses less time in the process. Another 
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Table 1. Grinding time (tin) reqoired for the old two-step grinding and the 
new tendem mill unngement. 

Material 
Ud Method 

Number Total Time/ % Time 
samples time sample saved 

Dried 
alfalfa 
herbage 
Dried 
barley 
herbage 

Zstep 20 84 4.2 

tandem 20 52 2.6 38% 
a-step 20 83 4.2 

tandem 20 50 2.5 40% 

Table 2. Projected savings using tandem grinding mills. 

Material # Samples Time/ Hours of Time Wages 
to be to be Method sample grinding SiWd SiWd 

ground processed used (min) required (hrs) (days) 

Alfalfa 
dried 
herbage 
Barley 
dried 
herbage 

1000 2-step 4.2 70.0 

1000 tandem 2.6 43.3 26.7 3.6’ 
8000 2-step 4.2 560.0 

8000 tandem 2.5 333.3 226.7 30.2 

advantage of the tandem system is that the vacuum action of the 
Cyclotec is more effective in removing material from the grinding 
area of the Wiley mill which reduces cleaning time. 

The modification shown here is an inexpensive and easy method 
to substantially reduce the time required to grind dried monocot 
and dicot herbage samples. Table 1 shows time comparisons in 
grinding dried alfalfa and barley leaves and stems using both the 
old two-step and the tandem system. Grinding time was reduced by 
38% and 40% respectively when grinding dried alfalfa and barley 
herbage. Since we are routinely grinding dried forage samples each 
year, this will amount to considerable savings in the time required 
for technical help. Table 2 shows that when using the new tandem 
system, the grinding time required for 1,000 samples of alfalfa or 
barley will be reduced by 27 hours. 

Literature Cited 
Winch, J.E., and H. Major. 1981. Predicting nitrogen and digestibility of 

forages using near infrared reflectance photometry. Can. J. Plant Sci. 
61:45-51. 

*Based on a 7.5 hour working day 



Book Reviews 
Measurements of Terrestrial Vegetation. C.D. Bonham. 

1989. John Wiley and Sons, New York. 338 p. U.S. $49.95. 
After a spate of recent textbooks stressing synthetic (interstand 

comparison) techniques of dealing with vegetation, it is nice to 
have a new text dealing exclusively with intrastand sampling prob- 
lems. Bonham’s new text focuses on structural (frequency, cover, 
density, biomass) characteristics of vegetation. Although he does 
not include assessment of diversity, there are several other recent 
books that deal with that topic rather well. This book additionally 
considers the dynamic variables of aboveground primary produc- 
tion and vegetation condition and trend. 

Contrary to most previous books on this topic, Bonham’s effort 
includes considerations beyond strictly description, namely design 
of experiments to find out if a particular kind of treatment causes 
significant changes in vegetation structure. Chapter 3 is a review of 
statistical concepts (including non-parametric approaches). The 
level of difficulty is probably pitched more to beginning graduate 
students than undergraduates. Step by step calculations are inter- 
mingled throughout the book, however. 

Researchers will not find an exhaustive presentation of all possi- 
ble methods, apparati or techniques, except for possibly density. A 
wider consideration of possibilities would, however, have drawn 
the author into less common needs and less conventional ap- 
proaches. Those who use this book for either teaching or research 
will therefore have to supplement some of the chapters with their 
favorite approaches (e.g., the crown separation ratio approach in 
R.C. McDonald et al. 1984. Australian SoilandLmdSurvey Field 
Handbook, Inkata Press, Melbourne). 

Bonham missed an opportunity to clear up some of the ambigui- 
ties plaguing this field by purposely avoiding tight definitions. For 
instance, most readers of his book will still, regrettably, regard 
“dispersal”, “dispersion” and “pattern” as synonyms. I also found 
disappointing presentation of only the traditional approach to 

succession. Unfortunately, this will help prolong the difficulties 
our profession is currently encountering with application of this 
topic to range condition and trend. Regardless of these shortcom- 
ings, this is the best text now available for exposing our students to 
the major alternatives for characterizing vegetation within plots 
and stands. I hope all students in range programs are introduced to 
this book as it will help facilitate professional growth.-Neil E. 
West, Department of Range Science, Utah State University, 
Logan. 

Grazing in Temperate Ecosystems: Large Herbivores and 
the Ecology of the New Forest. By Roderick J. Putman. 
1986. Timber Press, 9999 S.W. Wilshire, Portland, Ore. 
97225. 210~. $31.95 cloth. 
The New Forest in southern England is a 37,500-ha preserve set 

aside as a Royal Hunting Forest during the eleventh century. The 
area, far from being cloaked by a dense canopy of trees as implied 
by the word “Forest”, is actually a diverse mixture of plant com- 
munities, including large tracts of open heathland and grassland 
dominated by such genera as Agrostis, Festuca and Carex. During 
its 900-year history, the Forest has been subjected to continuous 
grazing by waves of various species of large herbivores. Through- 
out the centuries, deer (roe, red, sika, and fallow), ponies, sheep, 
and cattle have had a dominating effect on shaping the structure 
and composition of the New Forest vegetation as well as the 
ecology of other organisms dependent on the same vegetation. The 
author, a Lecturer in Biology at the University of Southampton, 
has worked in the New Forest since 1977 to describe interrelation- 
ships among the grazing herbivores (presently 2,500 deer, 3,500 
ponies, and 2,000 cattle) and their impacts on vegetation, small 
mammals, and predators of the Forest. 

As suggested by the dual titles, the author has two purposes in 
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offering this book. First, Putman reviews the work of his col- 
leagues and summarizes his own research in the Forest since 1977. 
In this sense the book is a synthesis of the ecology, behavior, and 
interrelationships of various animal species of the Forest, and 
builds naturally on the earlier work of C.R. Tubbs (1968, The New 
Forest: an ecological history, David and Charles, Newton Abbott, 
England), who masterfully pieced together a history of the chang- 
ing ecology of the Forest. Second, Putman hopes his book will 
provide useful insights into the effects of heavy grazing on the 
dynamics and functioning of temperate ecosystems in general. 

Indeed, the book may be read on several levels. Putman has 
excelled in presenting a general review of the autecology of the 
various animal species of the Forest. Much of the book (four 
chapters) is devoted to describing social organization, home range, 
habitat use, food habits, foraging behavior, intake, and niche 
overlap of the Forest’s ungulates. These chapters would appeal to 
the general reader with an interest in natural history, and may be 
appropriate as supplemental reading for classes in large herbivore 
ecology. To the casual reader unfamiliar with Common agricul- 
ture, two chapters provide an introduction to the history of land 
management by the Crown. Of all the Royal Forests created during 
the eleventh, twelfth, and thirteenth centuries, the New Forest 
persists alone today in near entirety. Its long and well-documented 
history serves as a link to understanding the roots of public land 
management in North America. Although the subject is fascinating 
in its own right, Putman artfully interweaves the history of the 
Forest with its impact on the ecology of the Forest. 

The book is most rewarding when read as a case study of grazing 
effects on temperate ecosystems in general. The book’s introduc- 
tion reviews some of the growing body of literature on potential 
influences of grazing upon vegetation. In a later chapter, Putman 
concludes centuries of grazing have resulted in “colossal”changes 
in the Forest’s vegetation. He finds grasslands that are “remarka- 
bly species-poor”; woodlands and heathlands with little or no 
vegetation between 0.1 and 1.8 m; nutrient-impoverished soils 
throughout the Forest; and lowered primary productivity within 
all vegetation types surveyed. In another chapter examining the 
Forest’s other animals, we find changes in distribution, diversity 
and abundance of small mammals and their predators associated 
with vegetation changes caused by grazing ponies, cattle, and deer. 

In the final analysis, Putman leaves us with a well-documented 
and delightfully readable case history of heavy grazing in a temper- 
ate ecosystem. His conclusion that some areas of the Forest suffer 
signs of grazing abuse while others are left virtually ungrazed is not 
unique to the literature. The author suggests the standard remedies 
to cure problems of patchy overgrazing: brush control, seedings, 
fencing, intensive livestock management to control timing of graz- 
ing, etc. Putman offers little new information regarding grazing 
management designed to maintain or enhance the integrity of 
temperate ecosystems, and concludes “overgrazing is an emotive 
but rather nebulous concept”. We will have to turn to other sources 
to render the concept less nebulous.--Michaell McZnnis, Corval- 
lis, Oregon. 

Integrated Pest Management on Rangeland: A Shortgrass 
Prairie Perspective. 1987. John L. Capinera (Ed.). West- 
view Press, Inc., 5500 Central Ave., Boulder, Colo. 80301. 
426 p. $37.50 (paper). 
Ninety-nine percent of the approximately 650 million acres of 

rangeland found in the contiguous United States is situated in 17 
western states. A portion of this rangeland located along the west- 
ern edge of the Great Plains, an area designated the shortgrass 

prairie, is characterized by a mixture of native and alien forbs and 
grasses and subjected to extensive grazing by livestock and wildlife. 
As primary consumers of live or standingdead forage, these desir- 
able herbivores compete with a complex of pestiferous organisms 
for this resource. Management of these pests in an environmentally 
and economically sound manner often is required to maintain 
range ecosystem integrity. 

This volume is an outgrowth of a Regional Research Project 
W-161 sponsored symposium, Integrated Pest Management on 
Rangeland: State-of-the-Art in the Shortgrass Prairie Ecosystem, 
held in 1986 at Colorado State University, Fort Collins. The edi- 
tor’s purpose in developing this book was to “document not only 
what is known about rangeland IPM, but perhaps more impor- 
tantly, what is not known.” 

This is a very well edited book. Dr. Capinera is to be congratu- 
lated for successfully guiding a diverse group of contributors to a 
production of such uniformity in style and quality of presentation. 
The book is clearly written, relatively free of typographical errors, 
and brings together in one volume a great deal of information 
about the rangeland ecosystem that would otherwise be difficult to 
obtain. Unequivocally, the book is the most comprehensive and 
significant publication on rangeland pest management to appear in 
recent years. 

The first six chapters are intended to familiarize the reader with 
the shortgrass prairie ecosystem. Subjects discussed include a des- 
cription of the grasslands and their value, current grazing man- 
agement systems being utilized, influence of forage quality on 
animal performance, and vegetation response to herbivory. 

The next and most extensive section of the book (chapters 7-22) 
provides information on selected range pests and their control. 
Nearly three-quarters of the coverage is focused on the following 
pestiferous arthropods: grasshoppers, the range caterpillar, the 
Mormon cricket, harvester ants, and various subterranean insect 
and mite species. Other organisms discussed include pricklypear 
cactus, broom snakeweed, nematodes, the black-tailed prairie dog, 
and insectivorous birds. 

The third part of the work (chapters 23-27) is concerned with the 
formulation and application of phenology, population, and eco- 
nomic models in rangeland IPM programs. The contributing 
authors and editor concur that the development of effective, long- 
term pest management solutions requires an understanding of the 
actions, reactions, and interactions within the rangeland ecosystem. 

The closing chapter by Capinera is a brief but skillfully executed 
distillation of the contents of preceding chapters. A subject index 
follows but its brevity detracts from the book’s value as a reference 
work. 

Unfortunately, the book is not without its flaws. A more 
appropriate title might have been “Integrated Insect Pest Man- 
agement on Rangeland” because of all the emphasis placed on this 
animal group. It is this reviewer’s opinion that the impact of 
additional weed, plant pathogen, and vertebrate species occupying 
the shortgrass prairie was inadequately addressed. Although the 
book’s contents are well-organized, it remains a collection of pap- 
ers focused on only selected components of an IPM program. 
Readers who expect this volume to detail a functional, interdisci- 
plinary integrated pest management program on rangeland may be 
disappointed. Even the editor admits that an enhanced under- 
standing of the range ecosystem will be necessary before this lofty 
goal can be attained. 

Despite these few shortcomings, the book is an excellent source 
of information for teachers, researchers, students, and administra- 
tors concerned about or engaged in rangeland pest management 
endeavors--Gary L piper, Washington State University, Pullman. 
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