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Seedbed ecology of winterfat: cations in diaspore bracts and 
their effect on germination and early plant growth 
D. TEBBANCE BOOTH 

AbSW8Ct 

The concentr8tions of Ca*, MI++, I(;+, md N8+ in seeds md 

bncts of winterf8t [Eurotia loMta (Pumb) Moq.] di8sporee were 

studied Using 8tOnliC 8b8Ol@Xl spectrophotometry. The COIlCen- 

trrtion of c8++ in the brrcts w8S 8bOllt 9 times thit Of seed 

concentr8tionS. Br8ct 8nd Seed concentntlons for the other c8tionS 

were more equri. All &ion concentr8tionS were highiy vuirbie. 

An8iyses of seed for c&ion concentlrtions before 8nd 8fter dire- 

pore hnbibition, 8nd tier seed imbibition in prepued c8tion soiu- 

tions, revealed signifiernt imbibitionrl incre8~e~ in seed-cation 

concentrrtions. Incre8ses in seed C8* or N8+ improved moisture 

8bsorption 8nd germhution by the seed, 8nd hypocotyl elongation 

in the seediing. It is concluded th8t di8spore bncts 8re 8 source of 

nutrients for the winterf8t seed urd thrt these inorgrnic nutrients 

8re 8 pO&iVe f8ctor in pi8nt est8biishment. 

Key Words: C8khuD, m8gneeium, potissium, Sodium, Seed hnbi- 

bition, di8qore functions, Eurotia 
Winterfat [Eurorio lanatal (Pursh) Moq.; Ceratoides hata 

(Pursh) J.T. Howell] is a low, Chenopod shrub of western North 
America. Its diaspore is 2 united, subtending bracts enclosing a 
pubescentcovered utricle (Booth 1988). White haii, 2 to 8 mm 
long, cover the bracts. The seed has a thin testa and a well- 
developed embryo. The diaspore disarticulate9 below the bracts, 
and bracts and utricle function as a unit in dispersal (Hilton 1941) 
and in seedling establishment (Booth 1982, Booth and Schuman 
1983). 

Seedlings from diaspores establish and survive better than those 
from threshed seed. This is partly due to the anchoring function of 
bract hairs (Strickler 1956, Booth and Schuman 1983); however, 
diaspore seedlings also have greater hypocotyl elongation than 
that of seedlings from threshed seed (Booth and Schuman 1983). 
The transfer of growth substances from bracts into embryos, dur- 
ing imbibition, was identified as a possible reason for this growth 
difference. Booth (1985) presented evidence that transferred sub- 
stances are, at least partially, cationic. Therefore it was postulated 
that cations in diaspore bracts move into the embryo during imbi- 
bition and enhance germination and growth. 

Three questions were posed as a test of this postulation. First, is 
there a concentration gradient to indicate potential cation move- 
ment from bracts to seed? Second, are there significant increases of 
seed cations after diaspore imbibition? Third, is germination or 
seedling elongation improved if cations move into seeds during 
imbibition? 

Materials and Methods 

ExperimeaW 

Four experiments were used to address the 3 questions. In 
Experiment 1, the concentration of Ca++, Mg++, K+, and Na+ in 
bracts and in seeds was measured for 9 different diaspore collec- 
tions from Wyoming, Colorado, and Utah. 

Author is range scientist, Agricultural Research Service, USD+, Hi Plains 
%9. Grasslands Research Station, 8408 Hildnth Road, Cheyenne, Wyommg 8 

Manuscript accepted I Deccmhcr 1988. 

1Proposals for conservation of this long-used generic name have been invited (SNm- 
mitt 1978). 

A test for cation movement from bracts to seed durinn imbibi- --P ------- 

tion was made in Experiment 2. Six 5-g samples were randomly 
selected from a thoroughly mixed collection of diaspores. Three of 
the samples were individually threshed and bracts and seeds ana- 
lyzed separately for cations. The remaining 3 samples were each 
soaked in 100 ml of deionized water at 0 f 2O C for 2 days (Booth 
and Schuman 1983), the seeds and bracts were then separated by 
hand, and the bracts and seeds separately analyzed for cations. 

Experiment 3 was a test for cation movement into seeds from 
prepared solutions, and for growth effects due to the cations. 
Twelve test solutions, described in Table 1, were prepared using 

Table 1. Description of the 12 test solutions uked in Experiment 3. 

Symbol 

CA50 
CA500 
C&saturated 

MGSO 
MG500 
MGSOOO 
KS0 
K500 
KS000 
NASO 
NASOO 
NA5000 

Test 
cation 

ca++ 46 
456 

2914 

Mg++ 50 
488 

5461 

K+ 49 
491 

4943 

Na+ 49 
494 

5445 

Measured 
concentra- Estimated 

tionl Electrical* osmotic 
test cations conductivity potential 

(w/g) @S/m) (M Pa) 

0.26 0.01 
2.08 0.08 

12.51 0.45 

0.44 0.02 
3.28 0.12 

23.50 0.85 

0.18 0.01 
1.71 0.06 

14.45 0.53 

0.27 0.01 
2.39 0.09 

21.67 019 

ISolution concentration measured using a Varian model 1250 Atomic Absorption 
Spcctrophotomcter. 
‘v+ue represents the mean of 3 separate subsamples using a Y.S.I. Model 32conduc- 

ZZoT~tential estimated according to U.S. Salinity Laboratory Sti (1954). 

chloride and sulfate salts (equal proportions w/w). Sulfate salts 
were used to reduce the possibility of Cl- toxicity (Clarke and West 
197 1). The only difficultly soluble salt was CaSO4. About half of 
the CaSO4 calcium in 500 ug/g and saturated solutions (Table 1) 
was thought to have been in solution as ion pairs (Masterton and 
Slowinski 1978, page 437). Treatments are referred to by symbols 
listed in Table 1. 

Subsamples (2 g) of threshed winterfat seed were soaked in 25 ml 
of solution for 2 days at 0 f 2O C. Imbibed seed were drained for 30 
min on Whatman 40 filter paper*, and the filtrate and seed saved 
for analyses. Treatments were replicated 3 times in a randomized 
complete block design, with blocks being different times. After 
imbibition, 200 seeds from each 2-g subsample were mounted on 
Cobb-Jones germination plates (Jones and Cobb 1963) and incu- 
bated for 10 days at 15O C with 12 hour of light at 160 uE/s/m*. The 
remaining seed was dried and analyzed for cations. 

Experiment 4 compared germination, seedling growth, and seed- 

%lention of trade names is for information only and does not imply an endorsement 
by the USDA. 
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Table 2. C8tion conccntWions of bncts l d seeds in nine collections of winterfat diasporea. 

Source Year Samples 
at++ Mg++ K+ Na++ 

Bracts seeds Bracts SC& Brads Se&3 Bracts Seeds 

Cheyenne, WY 
Cheyenne, WY 
Cheyenne, WY 
Pine Bluffs, WY 
Sterling, CO 
Sterling, CO 
Sanpete County, UT 
Canyonlands, Natl. Park, 
UT 
Manti, UT 
Total samples 
Overall Mean 
95% Confidence limits (*t) 

1981 
1983 
1984 
1980 
1981 
1983 
1980 
1980 

1980 

2 
5 

5 
1 

10550** 1210 
a500** 940 
7950++ 1080 

10430+* 1200 
10790+* 1220 
10800+* 1400 
9650** 1070 
4430** 810 

1700 
1950 
1770 
1210 
1470 
1320 
3750’. 
1980 

2060 
2200 
1960 
2300 
2120 
2050 
2150 

7930 11550 63of 
13870.. 12580 530 
9060 12070 580 

10410 12200 540** 
6720 12340 530** 

10400 14300 680** 
13900 14370 390 
12130 11530 760** 

390 
540 
360 

E 
460 
340 
420 

12800** 840 4220. 1900 10870 11510 570** 480 

9580 1070 2180 2100 10630 12570 590 420 
4840 420 2200 300 5060 2570 420 250 

***indicates a bract concentration that is significantly larger than the paired seed concentration at 0.10 and 0.05 levels respectively. 

ling dry weight from: (1) diaspores soaked in deionized water, (2) 
seed soaked in deionized water, and (3) seed soaked in the best 
treatment from Experiment 3. Seed samples, (0.7 g) and diaspore 
samples (2 g) were soaked in 25 and 50 ml of water or solution, 
respectively. Cultural methods and experimental design were the 
same as in Experiment 3. 

Plant Material 
Winterfat diaspores collected from 1980 to 1984 were stored 

under refrigeration (Springfield 1974) until used in 1985. Threshed 
seed was obtained by air threshing (Booth and Griffith 1984). A 
Manti, Utah, collection, obtained from the Utah Division of Wild- 
life Resources, was used in experiments 2,3, and 4. 

Cation Analysis 
To prevent cation contamination of samples, surgical gloves, 

rinsed in deionized water, were used in each of the procedures 
where individual seeds or diaspores were handled. Samples were 
dried at 60“ C for 24 hours, ground, weighed, then ashed at 550“ C 
for 6 hours (Jackson 1958). The ash was dissolved in 6 N, HCl, 
evaporated to near-dryness, rinsed into 25-ml volumetric flasks 
and brought to volume with deionized water. Calcium, Mg’+, K+, 
and Na+ were determined on the ash digest and on the filtrate by 
atomic absorption spectrophotometry. 

Other Data Collection 
Seedling hypocotyl lengths were measured by hand after the 

IO-day incubation. The hypocotyl was defined as that part of the 
seedling below the cotyledons. Estimates of the amount of solution 
imbibed per gram of seed, and of the average moisture content per 
seedling, were determined by weight (to 0.1 mg) of the total seed 
sample and of the seedlings. Imbibed seed weights were measured 
after seeds had drained on filter paper for 30 min. 

Data AnaIysis 
In Experiment 1, one-tailed, paired t-tests were used to compare 

bract and seed cation concentrations for each collection. Con% 
dence intervals (95%) were calculated for the concentration range 
of cations across all collections. Cation concentrations in bracts 
and in seeds were compared, in Experiment 2, for each cation by a 
one-way analysis of variance (AOV). For Experiment 3, a sequen- 
tial sums of squares AOV was used to compare the effect of 
treatment solutions on: (1) Ca++, Mg++, K+, and Na+ concentra- 
tions in the seed, (2) weight of solution imbibed per gram of seed, 
(3) percent germination, (4) percent moisture in the seedling, (5) 
seedling dry weight, (6) hypocotyl length, and (7) standard devia- 
tions of hypocotyl lengths. A similar analysis was used to compare 
the treatments in Experiment 4. Mean separations used the least 
significant differences (L.S.D.) protected at 95% level of probabil- 
ity unless otherwise noted. 

Results 

Experiment 1 
Bract Ca++ concentrations were consistently higher than seed 

Ca++, averaging 9 times that of the seed concentration (Table 2). 
Concentrations of bract Mg++ were usually less than seed Mg++; 
however, 2 Utah collections (Manti and Sanpete County) had 
bract concentrations about twice that of seed concentrations. Pot- 
assium was slightly higher in seeds than bracts (2 exceptions) and 
sodium was usually higher in bracts. There was considerable varia- 
bility in cation concentrations, both within and between collec- 
tions, but the data are evidence of a concentration gradient of 
Ca++, usually of Na+, and sometimes of Mg++ or K+ from diaspore 
bracts to the seed. 

Experiment 2 
Seed from imbibed diaspores had significantly (m.05) more 

Ca++ and Mg++ than nonimbibed seed (Table 3). Bracts had less of 
each cation after soaking, but only K+ decreased significantly at 
m.05. 

T8blc 3. he- 8nd pos+imbibition crtion concentmtionr in winterf8t br8cts 8nd ~eedd. 

Pre-imbibition 
Post-imbibition 

Change 

Gl++ Mg++ K+ Na+ 

Bracts Sads Brads Seeds Bracts Seeds Brads Seeds 

(up/g) 
13667 992 4604 1717 13187 11005 493 240 
13593 1627 4269 2129 6295 11465 173 134 

-74 +635*** -3345 +412*+ -6892** +460 -315 -106* 

‘Values arc mean of 3 replications. 
ZTesting the null hypothesis that post-imbibition concentrations are not different from pre-imbibition concentrations. l , l * = significant at 0.10 and 0.05 levels respectively. 
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Experiment 3 
Seed cation concentration was significantly increased by treat- 

ment’with a solution containing that cation and by increasing 
cation concentrations (Table 4); except that seeds treated with 500 
ug/g K+ solution did not exhibit higher K+ than seeds treated with 
the solution containing 50 ug/g K+. 

Table 4. Meaeured concentrations of test cationr in winterfat seeds after 
imbibing test sohdon. 

Test solution symbol’ 
Concentration 

in seeds L.S.D. 0.05 

CA50 
----&-h/8) 

CA.500 5400 
CA-saturated 10360 
MGSO 2400 
MGSOO 4100 
MGSWO 11000 
KS0 9430 
KS00 10450 
KSWO 22890 
NASO 660 
NASOO 2530 
NASOOO 15550 

ISee Table 1 for description of test solutions. 

1358 

1067 

3339 

994 

Filtrate, aside from showing obvious differences due to treat- 
ment concentrations, showed differences and trends characteristic 
of interactions among these cations. For example, the largest 
concentration of filtrate Ca++ in the Mg++, K+, and Na+ treat- 
ments always occurred at the 5,000 ug/g concentration level; the, 
least Ca+ was always in the 50 ug/g solutions (data not shown). 
Although the differences were not significant, the cation concen- 
tration trends were consistent and suggest that higher concentra- 
tions of Mg++, K+, or Na+ caused some efflux of Ca++ from seeds. 

The cation treatments affected imbibition and other growth 
parameters; however, only imbibition had a significant interaction 
between cations and concentration. The highest imbibition was in 
CA500, which averaged 3.07 g moisture/g seed dry weight (Table 
5). MGSOOO and K5000 were second and averaged 3.01 g/g. Except 
for Mg++, the lowest imbibition occurred at the lowest cation 
concentration (Table 5). Imbibition among Na+ solutions had a 
pattern similar to that among Ca++ solutions. 

Germination, seedling moisture content and hypocotyl length 
were significantly affected by differences in cation concentration 

Table 5. Interaction of cation rpeciee and concentratione on weight of 
imbibed winterfat seeds. Data are grams of moisture per gram of seed dry 
weigbt. 

Cation concentration of Cation species in imbibed solution 

imbibed solution Ca++ Mg++ K+ Na+ 

--p- Tii--GFg) 2.44 2.43 
SO0 3:07 2:40 2.67 2.94 

5000’ 2.56 3.01 3.01 2.59 
L.S.D..m = 0.60 g/g2 

‘The Ca* solution was saturated at 2,914 ug/g (Table I). 
*Protected at P = 0.057%. 

(Table 6). Germination was greater at the 500 ug/g level than at 0, 
50, or 5,000 ug/g (Note that data for the 0 ug/g level are from 
Experiment 4). Seedling moisture was reduced, and hypocotyl 
lengths probably (m.10) reduced by 5,000 ug/g concentrations. 

Table 6. Germination of tbreehed winterfat reds, and &sequent seedling 
growth aa affected by cation concentration’. 

Cation Mean 
concentration moisture Mean 
of imbibed Mean content of hypocotyl 
solution germination seedlings length 

(ug/g) F%)- (mm) 
0 (deionized) 88.16 22.0 

SO 64 89.88 24.2 
500 72 88.93 24.6 

so002 57 88.12 21.5 
L.S.D.,% = 6 L.S.D..oa q  1.34 L.S.D. lo= 2.4’ 

‘Averaged across cations in Experiment 3. Data for the 0 concentration are from 
Exper&nan! 4 and are not included in calculations of experimental error for L.S.D.s. 
*The Ca soh&on was saturated at 2,914 ug/g (Table 1). 
JThe L.S.D..M is protected at P = 0.10. 

Among treatment solutions the greater hypocotyl elongation 
occurred with NA500, which averaged 28.5 mm. The low was 
KS000 (17.72 mm). No significant changes were detected in seed- 
ling dry weight due to treatment with cations solutions. 

Experiment 4 
Seed treated with NA500 had 73% germination, which agrees 

with the results of Experiment 3 (Table 6). Seedling hypocotyl 
lengths from seed treated in NASOO did not differ significantly 
from those of diaspores soaked in deionized water, but were signif- 
icantly longer than hypocotyls from seeds soaked in deionized 
water (Table 7). Seedlings from diaspores had significantly higher 

Table 7. Mean lo-day seedling hypocotyl leagtbe from winterfat dinspores 
and seeds 

Treatment Lenath Mean Standard Dev. 

-----------(mm) 
Diipores soaked in 
deionized water 32 20.0 

Seeds soaked in NASOO 28 18.3 
Seeds soaked in 
deionized water 22 15.3 

L.S.D..m = 4.7 mm 

(m.01) dry weights (3.8 mg) than seedlings from seeds soaked in 
either NA500 (2.0 mg) or deionized water (2.0 mg). 

Discussion and Conclusions 
The evidence from Experiment 1 verified that there is a conLen- 

tration gradient of C!a++, and sometimes of other cations, between 
the diaspore bracts and seed. Other workers have also demon- 
strated that high concentrations of cations exist in the bracts of 
Chenopod diaspores (Eddleman and Romo 1987, Khan et al. 
1987). The indicated potential for cation movement, and the imbi- 
bitional increases in seed cation concentrations that were demon- 
strated in Experiments 2 and 3, support the postulation that 
cations in diaspore bracts move into the seed during imbibition. [It 
is acknowledged that cations can also move out of the seed during 
imbibition (Bewley and Black 1978, page 117; Table 3)]. 

Experiments 3 and 4 demonstrated that increases in seed cations 
affect seed germination and seedling growth (Tables 6 and 7). 
Because of the known function of Ca++ in cell membranes (Mengel 
and Kirkby 1982, page 114; Poovaiah 1985, Chowdhury and 
Choudhuri 1986), the increase in seed imbibition detected for the 
CA500 treatment of Experiment 3 (Table 5) was not unexpected. 
The effects of the other ions are not as well understood, but they 
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must make the osmotic potential of the cells more negative and/ or 
improve tightness of the cell membrane and wall. Seed imbibition 
in 5,000 ug/g treatments appears to have exceeded that in 50 ug/g 
treatments (Table 5); however, 5,000 ug/ g treatments also resulted 
in seedlings with significantly lower moisture compared to seed- 
lings from 50 ug/g treatments (Table 6). This may indicate some 
salt damage to cell membranes at the higher concentration. 

Seed treated with 500 ug/g solutions germinated better than seed 
exposed to lower cation concentrations. This is consistent with 
Hilton’s (1941) observation that winterfat seeds germinated better 
in 0.5% NaCl solution (1966 ug of Na+/g of solution) than in 
distilled water. A beneficial influence of Na+ and of Ca++ to 
seedling growth has also been discussed for other species (El- 
Sheikh and Ulrich 1970, Chowdhury and Choudhuri 1986, Romo 
and Haferkamp 1987, Eddleman and Romo 1987). 

Cell extension usually accounts for most of the growth that 
produces germination and initial soil penetration (Bewley and 
Black 1978, page 120). Cell extension requires water absorption. 
This increases turgor pressure and drives expansion during cell 
wall loosening (Bewley and Black 1978, page 116; Nonami and 
Boyer 1987). Turgor pressure develops if cell water potential is 
lower than the potential of the water source. The lower the cell 
water potential, the greater the capability of cells to take on water, 
to expand cell walls, and to elongate the radicle. 

Osmotic potential, which is a part of the cell water potential, 
occurs because cells accumulate relatively high concentrations of 
solutes into their vacuoles (Salisbury and Ross 1%9, page 186; 
Bewley and Black 1978, page 106). Osmotic potential is a colliga- 
tive property depending upon concentration, and is made more 
negative by all particles (cationic or organic) in the solution (Mas- 
terton and Slowinski 1978, page 309). This means the greater the 
total solute concentration, the greater the attractive force to water. 
Cosgrove (1987) has argued that cell wall relaxation is the primary 
motive force leading to water uptake during cell extension, since 
wall yielding tends to reduce cell turgor pressure and water poten- 
tial. If we accept Cosgrove’s argument, then the data from these 
studies suggest that increases in cell cation concentration increase 
the efficiency of water absorption during wall relaxation. 

This is not to say that radicle elongation is independent of the 
nature of the cations in cell solutions. It is not. There are several 
physiological functions that are cation specific and that contribute 
to radicle elongation (Burstrom 1968, Mengel and Kirkby 1982, 
page 14, Devlin and Witham 1983, page 6). This was demonstrated 
in Study 3 for imbibition by the significant interaction between 
cations and concentration (Table 5). However, the differences seen 
in Experiment 3 for germination, seedling moisture content, and 
hypocotyl length (Table 6) were due to cation concentration. Dif- 
ferences due to cation species were not significant. Likewise, diifer- 
ences seen in Experiment 4 are more easily attributed to cation 
concentration than to the influence of any given cation. Therefore, 
the observed growth differences appear to be due to a colligative 
property of the cell solution. The suggested growth mechanism 
from the influx of cations into the seed is a more negative cell 
osmotic potential, which resulted in a higher base line moisture 
content and an increased rate of cell extension. 

Cationic improvement of radicle elongation may not be the only 
bract contribution to seedling vigor. Seedlings from the threshed 
seed treatments of Experiment 4 had significantly lower dry 
weights than seedlings from the diaspore treatment. This may be 
due to increased respiration in seeds caused by unbalanced cell 
cation concentrations during treatment with either NA500 or dei- 
onized water (Carafoli and Penniston 1985). More likely, the dif- 
ference is due to lower respiration rates of diaspore seeds, since wet 
bracts and utricle walls may restrict oxygen flow to the seed. If high 
respiration during imbibition and early growth wastes seed 

reserves, then factors which lower respiration during this period 
would benefit vigor. Low temperature (O” C) during seed imbibi- 
tion reduces seed respiration and is known to improve seed germi- 
nation and seedling vigor (Hilton 1941, Strickler 1956, Booth and 
Schuman 1983). Wet seed coverings may also reduce seed respiration. 

From these experiments, the previously unrecognized chemical- 
storage function of winterfat diaspores, and its effect on seed 
germination and early seedling growth, have been described. The 
importance of these phenomena to seedling establishment and 
survival, within the variety of habitats occupied by winterfat, is not 
known. Some may suggest that movement of diaspore cations into 
seeds is inconsequential relative to soil cations contained in 
imbibed moisture. This may be true for some saline sites. However, 
A horizon electrical conductivity (EC) from 14 rangeland soils in 
southeastern Wyoming, including soils that will support winterfat 
ranged from grazing, ranged from 0.63 to 0.42, and averaged 0.55, 
dS/m (Stevenson et al. 1984). This compares to 2.08 and 2.39 
dS/ m for the most successful Ca and Na treatments used in Exper- 
iment 3 (Table 1). Further, snow melt, which creates the cool, 
saturated, soil surface environment characterizing optimum ger- 
mination conditions for winterfat (Gasto 1969, page 73), can be 
expected to have a lower EC than the underlying soil. Hence, the 
nutrients stored in diaspore bracts appear as an important factor in 
winterfat seedbed ecology over most of its range. 

It is concluded that cations, particularly Ca++, in the bracts of 
winter-fat diaspores move into the seed during imbibition. This 
increase in cation concentration in the seed improves water absorp- 
tion, germination, and subsequent seedling growth (hypocotyl 
elongation). The bracts of winterfat diaspores are known to func- 
tion in seed dispersal (Hilton 1941), in seed protection (Stevens et 
al. 1977), and in seed fixation or anchoring (Booth and Schuman 
1983). They also function as nutrient reservoirs. 
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Seedbed effects on grass establishment on abandoned Neb- 
raska Sandhills cropland 
MILTON A. KING, STEVEN S. WALLER, LOWELL E. MOSER, AND JAMES L. STUBBENDIECK 

AbStnCt 

Perennial grass establishment on abandoned cropland in the 
Nebraska Sandhills is difficult due to low soil fertility, organic 
matter, and water holding capacity and high potent&l erodibhity. 
Establishment is further complicated by unpredictable predpita- 
tion and weed competition. Two warm-season grasses: sand blue- 
stem [Au&opogon gcrrvdzl var. pauc&ti (Nash) Fem.] and 
switchgrass (Pa&awn virgatum L.); and 2 cool-season grasses: 
smooth brome (&O~WS irsermis Leyss.) and lntermedlate wheat- 
pass [Thinopymm intcrmcdhm (Host) Rarkw. & D.R. Dewey 
subsp. iutermufium~were evaluated wlth spring-seeded field trials. 
Seedbed preparation [untilkxJ, disced, and dead oat (A veua s&vu 
L.) cover (DOC)] effect on seeded grass and nonseeded species 
densities was evaluated in 1985 and 1986 at 2 locations on Valen- 
tine sands (Aquic Ustipsamment). In 1985 1 site was irrigated. Both 
sites were dryland in 1986. Stand faihtre (< 5 seedlings/mr) 
occurred on the dryland site in 1985 due to low, erratic precipita- 
tion. Stands evahtated in June 1986 on plots established with 
irrigation in 1985 had 38,46, and 61 plants/mr for the untilled, 
disced, and DOC seedbeds, respectively. The disced or DOC 
seedbeds were required for successful @lo plants/mr) dryland 
seedings in 1986 at both locations. Irrigation the establishment 
year minhnized risk of stand failure and allowed the use of any 
seedbed preparation or grass species studied. Sand bluestem was 
the only species to establish both years. However, if a dryland 
seeding of a cool-season species is desired, intermediate wheatgrass 
appeared more adapted than smooth brome. 

Key Words: switchgrass, Pankum virgatwn L., sand bhaestem, 
An&opogon gerurdii var. pa&pi&s (Nash) Fem., intermediate 
wheatgrass, Agropyron in&mm&m (Host) Beauv., Thinopymm 
intmnedbn (Host) Barkw. & D.R. Dewey subsp. b&nmedY~ 
smooth brome, Bromus inmnis Leyss., revegetation, seedbed 

Upland sites in the Nebraska Sandhills, an edaphic Tallgrass 
Prairie, are sandy with low organic matter, low water-holding 
capacity, and low natural fertility while having a high erosion 
potential. Row crop cultivation under center pivot irrigation 
became a common practice in the 1970’s. Many of these sites have 
been abandoned due to wind erosion, low crop yields, and/ or poor 
economic conditions (Kocher and Stubbendieck 1986). 

Seeding is difficult due to the soil characteristics and the inten- 
sity of weed competition. Longspine sandbur [Cenchrus longispi- 
nus (Hack.) Fem.] is the most prominent weed species on coarse 
sands. Discing stimulated longspine sandbur establishment on 
abandoned cropland in the Nebraska Sandhills (Roder et al. 1988, 
Kocher and Stubbendieck 1986, Oldfather 1984). Longspine sand- 
bur allelopathy reduced switchgrass (Panicurn virgutum L.) radicle 
elongation and may influence establishment (Roder et al. 1988). In 
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Australia, living vegetative cover inhibited longspine sandbur 
establishment (Twentyman 1974). Irrigation could be used to 
reduce the moisture competition between weeds and seeded species 
during the seeding year. 

The objectives of this study were to evaluate the effect of seedbed 
preparation on establishment of 2 warm-, and 2 cool-season 
grasses and on the weed population. 

Materials and Methods 

Study Area 
Plots were established on 2 abandoned center pivot sites in the 

Nebraska Sandhills. One site in Custer County, near Milbum, was 
on a stream terrace of the Middle Loup River with an Ipage- 
Valentine soil association (mixed, mesic Aquic Ustipsamment and 
mixed, mesic Typic Ustipsamment). The topography was level to 
slightly rolling. The second location was 11 km south of Ainsworth 
in Brown County approximately 50 km north of Milbum. The soil 
was a Valentine association (mixed, mesic Typic Ustipsamment) 
with rolling topography (9 to 17% slope). 

Average annual precipitation is approximately 565 mm with 
80% of this occurring between April and September (Table 1). 

Table 1. Reeipitatlon (mm) patterns for 1985 and 1986 at MUburn and 
Alnswortb, Nebraska’. 

1985 1986 Long-term Average 
Ains- Aina- Ains- 

Month Milbum worth Milbum worth Milbum worth 

January 6-) 4 11 11 
February 4 1 33 21 15 
March I5 19 22 33 35 : 
April 84 38 a7 98 57 56 
May 94 

;: 
110 67 

E 
89 

June 72 48 95 101 
July 121 100 106 71 91 76 
August 81 123 72 
&&$a 1; 73 125 2 52 

62 

12 52 55 29 ;: 
November 22 56 12 11 

:: 
19 

December I1 8 5 0 13 ------ 
TOTAL 660 503 723 741 575 555 

mmt of Commerce. 1985.1986. Climatol. Data. Nebraska. Nat. Oceanic Fi;Fr. 
mm. Enwon. Data Infonnatioa Service, Aabville. NC. The An&no, NE, 

record; were u8ed for Milbum. Tbe long-term avcragc is baaed on 1951-1980. 

Snowfall occurs frequently from November to April, but snow- 
cover is not continuous. The number of frost-free days ranges from 
110 to 142 (U.S. Department of Agriculture 1982). The last spring 
frost (0” C) can occur as late as 17 May with the first fall frost 
occurring as early as 5 September. 

The principal annual weed at Milbum was longspine sandbur. 
Other problem weeds were spotted beebalm (Monarda pectinata 
L.), common lambsquarter (Chenopodium album L.), narrowleaf 
goosefoot, (Chenopodium desiccatum A. Nels.), redroot pigweed 
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(Amurunfhus retroflexus L.), smooth pigweed (Amaranthus hy- 
bridus L.), and common sunflower (Heliunrhus unnuus L.). Long- 
spine sandbur and green foxtail [Set&u viridus (L.) Beauv.] were 
the major weeds at Ainsworth, although horseweed [Conyzu cuna- 
densis (L.) Cronq.] became a major problem the year following 
seeding. 

The dominant climax species for both areas include sand blue- 
stem [Andropogon gerurdii var. puucipilus (Nash) Fem.], little 
bluestem [Schizuchyrium scopurium (Michx.) Nash], prairie sand- 
reed [Cukzmovilfu longifoliu (Hook.) Scribn.], and needleand- 
thread (Stipu comutu Trin & Rupr.). Switchgrass is often present, 
although it normally comprises less than 5% of the species compo- 
sition by weight. 

Experiment Design 
A randomized complete block design with 4 replications was 

used within each location year combination. A split block treat- 
ment arrangement was used with seedbed treatments as whole 
plots and grass species as subplots within seedbeds. Four large (36 
X 72 m) uniform areas were identified at each location. Each area 
was divided in half (block, 36 X 36 m) and seeding year, 1985 or 
1986, was randomly alloted. Within blocks, 3 seedbed treatments 
( 12 X 36 m) were randomly assigned. Seeded species were drilled in 
strips randomly assigned across all seedbeds, resulting in 6 X 12 m 
subplots. Experimental errors were tested for normality. Data with 
experimental errors that were not normally distributed and could 
not be transformed were excluded from the analysis of variance. 
Treatment main effects were tested using F tests and orthogonal 
contrasts when interactions were not significant. 

Treatments 
Seedbed Preparations 

Untilled (control), disced, and dead oat (Avenu sutivu L.) cover 
(DOC) were the seedbed treatments. At Milbum, the untilled 
treatment had a mixture of annual and perennial grasses and 
broadleaf forbs from the previous year’s growth. At Ainsworth, the 
untilled treatment had corn (Zeu muys L.) residue and the previous 
year’s fall-seeded, no-till rye (Secule cereule L.). Corn residue was 
heavy in low spots and interfered with seeding. The 1986 seedings 
used the same cover weathered for a year. Most of the weeds at 
both locations were actively growing at spring planting. 

The disced seedbed treatment provided initial, temporary weed 
control. A tandem disc set to till at approximately 10 cm depth was 
used to partially incorporate plant residues. Residues were incor- 
porated enough to reduce interference with seeding and seedling 
emergence while leaving enough cover to reduce the risk of wind 
and water erosion. Partial incorporation of corn residues was 
difficult on the lower areas at Ainsworth due to the large amounts 
present. Discing was done on 1 May 1985 and 1986. 

The DOC seedbed treatment was disced (10 cm depth) to par- 
tially incorporate residues on 23 March 1985 and 1986. Oats were 
planted 2 days later to stabilize the soil surface and suppress 
emergence of annual grasses and broadleaf weeds, providing a 
firm, relatively trash-free seedbed. Certified’ ‘Ogle’ oats were 
planted (54.5 kg PLS/ ha) using a 3.7-m grain drill with 18 cm row 
spacings. On 1 May in both years, prior to perennial grass seeding, 
the oat standing crop was sprayed with glyphosate [N-(phos- 
phonomethyl) glycine] at the rate of 1.1 kg ai/ha in a carrier 
volume of 187 1 /ha. A COs-powered backpack sprayer equipped 
with a hand-held spray boom (8002 flat-fan spray tips) operated at 
193 kPa was used. 

Grass Species 
Two warm-season grasses: ‘Goldstrike’ sand bluestem and 

‘Trailblazer’ switchgrass, and 2 cool-season grasses: ‘Lincoln’ 
smooth brome (Bromus inermis Leyss.) and ‘Slate’ intermediate 
wheatgrass [Thinopyrum intermedium (Host) Barkw. & D.R. 

Dewey subsp. intermedium] were seeded (C2.5 cm depth, 18 cm 
row spacing) in monocultures using a 3.7-m Miller NoTill grass 
drill (3-point hitch) equipped with coulters, double-disc openers 
with depth bands and’packer wheels. Seedings (430 PLS/ mr) were 
made on 3,4 May 1985 and on 3 May 1986. Optimum seeding time 
for warm-season grasses is approximately 1 April to 15 May. 
Development of the oat cover determined the date of grass seeding 
resulting in a relatively late date for cool-season grass seeding 
considering 1 March to 30 April as optimum. 

The Milbum site was not irrigated. The Ainsworth site was 
irrigated (25 mm/ week) in 1985 from 1 June to I5 August. In 1986, 
the center pivot system was removed by the cooperator. No weed 
control was practiced after planting in either year of the study at 
either location. Results were analyzed as 4 environments. 

Sampling 
The sampling area (3 X 9 m) excluded a 1.5-m border of each 

subplot. Density of seeded species in drill rows was determined on 
10 randomly located l-m row lengths. Total seeded plants/m was 
converted to density using row spacing to define area. Stand crite- 
ria were: failure (<5 seedlingslmr), marginal (5-10 seedlings/ms), 
successful PlO seedlings/ ms) (Launchbaugh 1966, Launchbaugh 
and Owensby 1978). Density of 3 nonseeded species categories 
(annual grasses, perennial grasses, and broadleaf forbs) was 
determined using 20 randomly located square frames (0.1 mr) in 
each subplot. Weed density data were not normally distributed and 
a natural logarithm transformation was used to normalize the data 
for treatment comparison. Areas seeded 3 May 1985 were sampled 
9 June and 12 August 1985 and 15 June 1986. Areas seeded 3 May 
1986 were sampled 15 June and 12 August 1986 and 10 June 1987. 

Results 

Annual precipitation at the Milbum site was above-normal both 
years (Table 1). However, during a 3-week period at the end of 
June and beginning of July 1985, environmental conditions were 
extreme. Generally, precipitation patterns in 1985 were character- 
ized by intense rainfall events separated by long, dry periods; 1986 
had a better precipitation distribution. Annual precipitation at 
Ainsworth was below normal in 1985 and above normal in 1986. 
Irrigation at the Ainsworth site in 1985 made it a much more 
moderate environment compared to Milbum. Both sites had sim- 
ilar annual precipitation in 1986. Grasshopper (Tettigoniidue sp.) 
damage to seedlings, especially smooth brome and intermediate 
wheatgrass was observed at both locations in both years of the 
study, particularly at Milbum in 1985 under water stress conditions. 

MilbUrn 
Drylund- 

Broadleaf weed population was greater on the untilled seedbed, 
measured on 19 June, compared to tilled seedbeds (Table 2); 
however, the untilled seedbed had the lowest population of annual 
grasses present. The DOC seedbed preparation suppressed broad- 
leaf weeds compared to discing while discing resulted in fewer 
nonseeded perennial grasses. Both seedbeds had high annual grass 
populations due to disturbance. These relationships among treat- 
ments were consistent during the growing season. 

Excavation of seed and seedlings suggested that seed planted in 
the untilled treatment germinated, but most of the seedlings dried 
up before shoot emergence. The disced seedbed resulted in the 
highest seedling emergence measured on 19 June 1985 for all 
species planted compared to the DOC (Table 3). Seedling losses 
were high (90% of 19 June stand) during the year of establishment. 
Overwinter losses reduced seedling stand density to less than 5 
plants/m2 by 15 June 1986 for both disced and DOC seedbeds. 

Initial warm-season grass (sand bluestem and switchgrass) den- 
sity was lower than cool-season grass (smooth brome and interme- 
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Table 2. Effect of seedbed preparation on the demity (pIants/&) of annual 
gruses, peremdal gruses, and broadleaf wti at 2 sampling data ln 2 
se&g year8 at Mllbmn and Ahsworth~. 

Planting dates 
3,4 May 1985 3 May 1986 

Samolcd 

19 June 12 Aug 15 June 12 Aug 
Scedbed preparationPlant type 1985 1985 1986 1986 

Untilled Annual grasses 
Disccd 
Dead oat cover 
(DW 

Contrasts (P>F) 
Untilled vs. tilled* 
Disccd vs. DOC 

Untilled Perennial grasses 
Discad 
DOC 
Contrasts (P>F) 

Untilled vs. tilled 
Dii vs. DOC 

Untilled Broadleaf weeds 
Disced 
DOC 
Contrasts (P>F) 

Untilled vs. tilled 
Disced vs. DOC 

Untilled Annual grasses 
Disced 
DOC 
Contrast (P>P) 

Untilled vs. tilled 
Disced vs. DOC 

Untilled Broadleaf weeds 
Disud 
DOC 
Contrast (P>P) 

UnGlled vs. tilled 
Disced vs. DOC 

--(plants/m*)- 
Milbum 

Lrvland 
3 i 65 

81 62 219 
83 86 156 

24 

ii 

<.Ol <.Ol <.Ol <.Ol 
.% .18 .ll .I5 

61 122 98 162 
20 34 59 174 
63 108 83 233 

<.Ol 
c.01 

340 
67 
24 

.Ol 
<.Ol 

76 
45 
19 

.I1 

.ll 
43 
82 
57 

24 
.15 

:: 
40 

<.Ol .03 .21 <.Ol 
<.Ol .Ol .37 .36 

-irrigakd- -d&and- 
128 125 556 399 
189 169 1075 837 
137 125 854 578 

.31 .41 c.01 CO1 

.23 .19 .ll .05 
1 Cl 255 200 

Cl. Cl I5 17 
<1 Cl 24 18 

.31 .63 C.01 c.01 

.60 .94 .42 .88 

Wrthogonal comparison wcrz made on the natural log transformations. 
Tied is the avemgc response of the discal and dead oat cover (DOC) seedbed 
treatments. 

diate wheatgrass) density on 19 June 1985 (Table4). However, by I 
July 1985 (data not shown) few cool-season seedlings could be 
found, and by 12 August 1985 none were observed whii sand 
bluestem seedlings were abundant (23/ m*). By June 1986, seedling 
density of warm- and cool-season grasses was not different and 
only sand bluestem met the requirement for a marginal stand. 

Dryland-1986 
In contrast to the 1985 seeding, the untilled seedbed had fewer 

broadleaf weeds than the disced or DOC seedbed preparations in 
June (Table 2). Few annual grasses were found on the untilled 
seedbed in June and August. 

The untilled seedbed had a lower seedling emergence than the 
disced or DOC seedbeds (Table 3). Emergence on the untilled 
seedbed was nearly 15-fold better than in 1985; however, summer 
mortality was severe. At the end of the fmt growing season only the 
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Table 3. The effect of wedbed prepuatlon averaged over seeded spedes* 
w stand demity (photo/m*) at 3 nmpllng data at MUburn and Ab 
worth for plots weded 3,4 May 19M and 3 May 19116. 

Planting da& 
3,4 May 1985 3 May 1986 

19June 12Aug 15 June ISJune 12Aug lOJune 
Seedbed preparation 1985 1985 1986 1986 1986 1987 

-------(p~~s/m2)------ 
Milbum 

~ryland- ----dryland- 
Untilled Cl Cl 55 3 

154 14 
2 

Disced 3 174 24 14 
Dead oat cover 122 12 2 175 31 19 

(DDC) 
Contrasts (P>P) 

Untilled vs. tilled2 --3 - - .Ol - - 
Disced vs. DOC .05 .87 .37 .92 .19 54 

AhWOrth 

----inigati- ---dlyhnd- 

Untilled 92 57 38 52 5 3 
Dislxd 117 46 56 25 I1 
DOC 106 2 61 67 31 13 
Contrasts (P>P) 

Untilled vs. tilled .07 .I5 .03 .Ol - - 
Dii vs. DDC .37 .I4 .04 .02 .18 .49 

?+ccics seeded were sand bluestem, switchgrass, smooth brome, and intcrmcdiite 
wheatgrass. 
Tilled is the average response of the disced and dead oat cover (DOC) seedbed 
treatments. 
The untilled s&bed was not included in the analyses of variance due to non-normal 
distributions. 

disced and DOC seedbeds had successful stands. Winterkill 
reduced the stands about SO%, but stands were rated successful. 
Due to the high rate of switchgrass emergence, warm-season 
grasses had a higher seedling density in June than cool-season 
grasses (Table 4). Summer mortality was severe, especially for 
cool-season grasses. Following the first winter there was no differs 
ence in cool- and warm-season grass densities due to some appar- 
ent winterkill of warm-season grasses and tillering of cool-season 
grasses. Sand bluestem had a higher second-year stand than 
switchgrass while the 2 cool-season grasses were similar with all 4 
species having sliccessful stands. 

Ainsnortb 
IrrigWd-1985 

Irrigation was applied during the growing season at approxi- 
mately 25 mm/week from June to August 1985. Annual grasses, 
primarily foxtail, were the dominant nonseeded species on all 
seedbeds (Table 2). Broadleaf weeds were not important and the 
nonseeded species density remained unchanged during the growing 
season. 

Seedling emergence data were variable on the untilled seedbed 
due to heavy crop residues which interfered with seed placement 
and seedling emergence (Table 3). Seedling emergence was greater 
and more uniform on the disced and DOC than on the untilled 
seedbed. By August 1985,38,45, and 18% of the original seedling 
stand had died on the untilled, disced, and DOC seedbeds, respec- 
tively. Overwinter survival was good on all seedbeds with all 
second year stands rated &ccessful. 

Both warm- and cool-season grasses established at acceptable 
densities with irrigation (Table 4). Average cool-season grass den- 
sity was greater than warm-season grass density on all sample 
dates. Seedling density for all species declined to less than 50% of 
June 1985 stands by June 1986. There was no significant difference 
between sand bluestem and switchgrass seedling density. However, 
sand bluestem plants appeared to be more vigorous than the 
switchgrass plants. Average cool-season grass density was about 
3-fold greater than warm-season grasses after the first winter. 



T8ble 4. Seedib~g demity (pLntr/ms) over eeedbed prep8mtione 8t 3 um- 
pilog &tee for gr8eeee eeeded 8t Miibum 8nd Ainsworth for plob weded 
3,4 M8y. 1985 8od 3 M8y 1986. 

Planting dates 
3,4 May 1985 3 May 1986 

19 June 15 June 
Seeded species 

12 Aug 15 June 12 Aug 10 June 
1985 1985 1986 1986 1986 1987 

Sand bluestem 
switcllgmss 
Smooth brome 
Intermediate 

wheatgrass 
Contrasts (P>P) 
Sand bhtestem vs. 

switchgrass 
Smooth brome vs. 

intermediate 
wheatgrass 

Warm-season vs. 
cool-seasons 

Sand bluestem 
Switchgrass 
Smooth brome 
Intermediate 

wheatgrass 
Contrasts (P>P) 
Sand bluestem vs. 

switchgrass 
Smooth brome vs. 

intermediate 
wheatgrass 

Warm-season vs. 
cool-season 

------+p)ant;;;s- 

-----dryland---- ----dryland- 
163 24 6 132 37 24 
83 3 1 171 58 10 

158 <1 2 126 6 14 
141 <1 2 110 9 18 

C.01’ .05’ C.01’ .05 .lO <.Ol’ 

.29 - .75 40 .80 .27 

.03 -2 .18 .03 <.oi .75 

Ainsworth 
-irrigated- --------dryland- 

: 70 33 33 17 49 44 49 28 16 9 
143 61 56 79 26 9 
159 113 88 94 85 12 

.04 .03 .28 .49 .oi .27’ 

.31 c.01 .04 .05 .03 .65 

c.01 <.oi <.oi c.01 <.Ol .69 

The untikd seedbed W(UI not included in the analyses of variance due to non-normal 
distributions. 
ZSmooth brome and intermediate wheatmass were not included in the analvais of 
variance to non-normal distributions. - 
‘Warm-season is the average response of sand blue-stem and switchgrass. Cool-season 
is the average response of smooth brome and intermediate wheatgrass. 

Intermediate wheatgrass appeared to be more vigorous than 
smooth brome; however, a higher percentage of smooth brome 
survived the winter. Intermediate wheatgrass plants produced 
abundant reproductive tillers in the spring of 1986 while very few 
smooth brome plants produced reproductive tillers. 

Dryland- 
The untilled seedbed had lower annual grass population than the 

tilled seedbeds (Table 2). However, broadleaf weeds (primarily 
horseweed) had a much higher density on the untilled seedbed 
compared to the tilled seedbeds. Generally, nonseeded species 
densities were greater in 1986 than in 1985. 

Seedling emergence was highest on the DOC seedbed (Table 3). 
However, emergence on both the untilled and the disced seedbeds 
exceeded 50 seedlings/ms. Approximately 50% of the original 
seedling stand had died by August 1986 on the disced and DOC 
seedbeds compared to a 90% loss of seedlings on the untilled 
seedbed. By 10 June 1987, seedling density on the untilled seedbed 
was low and variable. Seedling densities on the disced and DOC 
seedbeds were rated successful. 

Warm-season grass emergence was lower than cool-season grass 
in June 1986 (Table 4). There was no difference in emergence 
between the warm-season grasses. Intermediate wheatgrass had 
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greater emergence than smooth brome. Summer mortality was 
most evident in switchgrass and smooth brome. There were no 
significant differences in seedling density between sand bluestem 
and switchgrass, or between smooth brome and intermediate 
wheatgrass by June 1987. 

Discussion and Conclusions 
Dryland establishment of forage grasses was inconsistent, sup 

porting the findings of McGinnies (1960), Barnes et al. (1952), and 
Sumner and Love (1961). In 1985 forage grasses did not establish 
on the dryland seeding at Milbum, regardless of seedbed treat- 
ment. Apparently low precipitation, moisture competition from an 
actively growing nonseeded species population at the time of seed- 
ing, and crop residue interfering with seed placement resulted in 
stand failure. However, in 1986 when moisture was more favorable 
for emergence, dryland seedings at both Milbum and Ainsworth 
were successful. 

Successful grass stands were obtained at Ainsworth in 1985 with 
irrigation on all seedbed treatments, even though nonseeded spe- 
cies populations were high (>lOO plants/ms). Irrigated grass seed- 
lings were more competitive with nonseeded species. Oldfather 
(1984) also noted improved seedling establishment with supple- 
mental irrigation the year of establishment. 

Dryland seedings using the untilled treatment were not SUCCESS- 
ful. Improved seedling emergence on the shallow-tilled seedbe& 
was apparently due to a firmer seedbed, better seed placement and 
removal of weedy competition compared to the untilled seedbed. 
This compensated for the subsequent flush of annual grasses fol- 
lowing disturbance. The DOC seedbed should be used under dry- 
land conditions in preference to the disced seedbed. The DOC 
seedbed is the most expensive of the 3 seedbeds used, but appar- 
ently the combination of chemically killed mulch which protected 
against wind erosion and the additional equipment passes which 
resulted ina firmer seedbed provided better seedling establishment. 

Dryland seeding of switchgrass, smooth brome, or intermediate 
wheatgrass resulted in stand failure at Milbum in 1985. Most 
seedling mortality occurred from 20 June to 10 July when tempera- 
tures were near 38O C with windy conditions and no precipitation. 
Sand bluestem was the only species with a marginal stand (5-10 
seedlings/m*). The dryland seedings of 1986 were successful for all 
species at both locations due to a more favorable year. 

With irrigation, sand bluestem, switchgrass, smooth brome, and 
intermediate wheatgrass stands were successful 1 year after plant- 
ing. Smooth brome and intermediate wheatgrass seedling emer- 
gence with irrigation was greater than sand bluestem and switch- 
grass, which agreed with earlier observations by Depuit et al. 
(1982). Intermediate wheatgrass, the most successful species, deve- 
loped a canopy which shaded out weeds such as longspine sandbur 
and green foxtail, which appeared to support research by Twenty- 
man (1974). In addition, intermediate wheatgrass was the only 1 of 
the 4 species to produce reproductive tillers 1 year after seeding. 
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Self-compatibility in ‘Paloma’ Indian ricegrass 
T.A. JONES AND D.C. NIELSON 

AbShM!t 

A species’ mode of reproduction must be understood before 
initi8ting a breeding progr8m. Ind&n ricegr8ss [Oryzopsi Icyrue- 
uoides (Roem. & Schult.) Ricker] flowers m8y be effectively cleis- 
togamous or ch8smog8mous, but the flonl structures 8re most 
consistent with seifpoliin8tion than crosspollin8tion. Results of 8 
field study compuing seed production of isolated urd open- 
poilinrted ‘P8lonm’ p8nicies indic8te that self-incompatibility is 
not import8nt. These observations suggest Indi8n ricegr8ss is 
primuiiy self-poliiruted. Reeruse fndi8n ricegr8ss h8s diffuse p8n- 
icies 8nd sm8li flowers, it is difficult to m8ke luge numbers of 
controiied crosses. Only one seed is produced per em8scui8tion. 
Furthermore, 8ny hybrid seed produced wiil be difficult to genni- 
n8te bec8use of persistent seed dornmncy in this species. Thus, 
plurt breeding methods tnditionrlly used for self-pollirmted 
crops, which rely on 8rtifici8l hybridiz8tion, would be in8pprop 
ri8te 8t this time. Coliecting md evrl~ting native 8ccessions 
should be 8 more effective initial stmtegy. 

Key Words: floral morphology, Orywpsis hymaudk, self-incom- 
patibility 

Improved varieties of Indian ricegrass [Oryzopsis hymenoides 
(Roem. & Schult.) Ricker] are needed for revegetation of disturbed 
western rangelands. Unfortunately, this bunchgrass is difficult to 
establish because of high seed dormancy and grazing sensitivity 
(Robertson 1976). The tissue morphology of the Indian ricegrass 
flower has been described (Kam 1974, Kam and Maze 1974), but 
the mode of reproduction has not been documented. Selecting a 
strategy for genetically improving this species requires knowledge 
of its mode of reproduction. Rogler (1960) noted that plants within 
an accession had uniform growth habits, but their germination 
characteristics varied widely. He did not test his suspicion that 
Indian ricegrass was self-pollinated. Indian ricegrass is believed to 
have served as a pollen parent in wide crosses with St&a species in 
North Dakota and Colorado, suggesting that outcrossing does 
occur (Johnson and Rogler lp43, Weber 1957). Indian ricegrass is 
considered ecotypic because there is considerable genetic variation 
among populations, but little variation within populations (Robert- 
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son 1977, Booth et al. 1980). Such ecotypes are typical in species 
that are highly self-pollinated (Clements et al. 1983). 

Our objectives were to determine whether the flora1 structures of 
‘Paloma’ (Anonymous, 1974) Indian ricegrass are consistent with 
self- or cross-pollination and to estimate the degree of self-fertility 
in isolated panicles. This information should indicate whether 
‘Paloma’ is primarily self- or cross-pollinated. 

Materials and Methods 

A field plot of established Paloma plants at Providence, Utah, 
was used to estimate self-fertility. Before anthesis, from 25 June to 
12 Aug. 1987,69 pairs of panicles were matched for similar matur- 
ity. Both panicles of each pair were on the same plant. One panicle 
per pair was bagged immediately to exclude pollen from other 
plants (isolated). If a few florets on a panicle otherwise acceptable 
as an isolated panicle had reached anthesis, they were pinched off 
below the glumes prior to bagging. The other panicle of the pair 
was bagged when glumes began to open, just before seed shatter- 
ing, from 14 July to 9 Sept. 1987 (open-pollinated). On 30 Sept. 
1987, all bagged panicles were harvested and the number of flowers 
was determined as the number of intact pairs of glumes plus 
number of pinched florets. Seed set percentage was determined as 
the number of seeds/ number of intact pairs of glumes. Isolated and 
open-pollinated treatments were compared with a paired-difference 
t test (Mendenhall 1975). 

Results and Discussion 

Analysis of 69 pairs of isolated and open-pollinated panicles 
matched for maturity did not indicate the presence of self- 
incompatibility in ‘Paloma’ Indian ricegrass (Fig. 1). Bagging did 
not inhibit inflorescence emergence or floral development; the 2 
groups did not differ significantly in the number of flowers/ panicle 
(p>o. 10). Open-pollinated and isolated panicles had similar per- 
centages of seed set (E-0.10). 

The inflorescence of Indian ricegrass is a diffuse panicle with a 
single floret per spikelet. Two glumes, persistent at maturity, sur- 
round the floret, which is covered by long pilose-hirsute hairs (Fig. 
2). The awn is hidden by the glumes and disarticulates before seed 
shattering. The lemma and palea fuse into an indurate seed cover- 
ing, which contributes to seed dormancy (Stoddart and Wilkinson 
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80 

60 

isolated 
%55 open-pollinated 

No. flowers/panicle Percentage seed set 
Fig. 1. Comparison of isolated and open-pollinated Paloma panicles for mean number offlowers per panicle and percentage seed set. Bars extend I 

standard error. 

1938). Inside are 3 stamens with tetraloculate, bearded anthers 
(Fig. 3) and a single pistil with 2 stigmas (Fig. 4). 

Increasing turgidity of the 3 lodicules (Fig. 3), vestiges of the 
calyx or corolla located at the base of the androecium, facilitates 
exsertion (Pohll978) by forcing open the glumes slightly (Fig. 5). 
The locules may dehisce along longitudinal sutures before or after 
the flower opens. Thus, a flower may be effectively cleistogamous 
or chasmogamous (Allard 1960). This appears to be environmen- 
tally controlled; there are no differences in floral morphology 
between the 2 groups. Dehiscence after exsertion of the anthers 
appears to be more common in wet or cool conditions than in dry 
or hot conditions, when nearly all anthers are exserted at night, 
already dehisced. Each locule probably contains no more than 150 
pollen grains. These grains cling to the stigmas because of their 
plumose extensions and the stickiness of the pollen (Fig. 6). The 
male and female structures are proximal, regardless of whether 
they are exserted at anthesis or not. 

The seed production data together with the morphological char- 
acteristics suggest that the Paloma Indian ricegrass flower most 
often pollinates itself and that seed production is not limited by 
self-incompatibility. While varieties of a self-pollinating species 
may show widely different amounts of natural hybridization 
(Allard MO), outcrossing percentages would never be so high as to 
call a specific variety cross-pollinated. Distinct differences in mode 
of reproduction can be induced by extreme environments, in rare 
cases, but this is not a genetic effect. Thus, it is proper to consider 
Indian ricegrass as a whole, and not just Paloma, to be self- 
pollinated based on these data. 

Consequently, accessions collected at native sites are probably 
inbred lines or mixtures of inbred lines. This explains the ecotypic 
nature of Indian ricegrass populations (Robertson 1976, Booth et 
al. 1980). This mode of reproduction is unlike that of most peren- 
nial, cool-season, forage grasses, which are nearly all cross- 
pollinated and are subject to varying degrees of self-incompatibility 
between and within species (Poehlman 1979). 

The Indian ricegrass flower, however, has the potential for natu- 
ral cross-pollination when it is chasmogamous. Four X Stipory- 
zopsis hybrids were found in lines derived from S. viridula plants 
(Johnson and Rogler 1943). Indian ricegrass, growing nearby in 
the breeding nursery, inadvertently pollinated these plants. Weber 
(1957) described a hybrid with S. neomexicuna (Thurb.) Scribn. 
found in a pure stand of thii species. No other species was present 
within 31 m. Such hybridization would more likely occur between 
2 proximal Indian ricegrass plants, though our results suggest that 
this would not likely be common if both plants were male-fertile. A 
maternal parent’s open-pollinated progeny would have to be eval- 
uated for the presence of a genetic marker carried by neighboring 
pollinator plants to estimate the percentage of outcrossing. 

Practical hybridization methods must be available before plant 
breeding can effect crop improvement. Emasculation is necessary 
in self-pollinated species. The diffuse panicle of Indian ricegrass 
obligates mechanical emasculations for each flower, though chil- 
ling and hot water emasculation have been successful in some 
species (Poehlman 1979). Implementation of a controlled hybridi- 
xation program is further discouraged because high levels of seed 
dormancy mean that low percentages of the hybrid seed will ger- 
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Fig. 3. Androecium ofPolomaflower tilrh lodicules. 
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minate the year after seed harvest (Rogler 1960). Dormancy can be 
reduced by aging (Rogler 1960) and mechanical and acid scarifica- 
tion (Zemetra et al. 1983), however. 

On the whole, the limitations of both controlled and natural 
hybridization make it difiicult to generate sufficient genetic varia- 
bility for successful artificial selection. It would be better to under- 
take a controlled hybridization program after extensive collection 
and evaluation, concentrating on the most promising materials for 
achieving our variety of development goals (Cameron 1983). 
Germplasm collection and evaluation has been the approach of 
USDA-SCS, which released Paloma (Anonymous 1974) and 

‘Nezpar’(Booth et al. 1980). Economic and biological considera- 
tions justify continuing the germplasm approach. 

References 

Allard, R.W. 1960. Principles of plant breeding. John Wiley 81 Sons, Inc. 
New York, New York. 

Anonymous. 1974. Notice of naming and release of ‘Paloma’ India” rice- 
grass for soil stabilization and range forage. United States Department 
of Agricnltur&oil Conservation Service. Los Lunas, New Mexico. 

Boatb, D.T., C.G. Howard, md C.E. Mowy. 1980. ‘Nezpar’ India” rice- 
grass: description, justification for release, and recommendatians for 
use. Rangelands 253-54. 

Cmnero”,D.F.1983.T” breed orn”tt” breed. p. 237-250.1n:J.G. McIvor 
and R.C. Bray (eds.) Geneticresources offorage plants. Cammonwealtb 
Scientific and Industrial Research Organization. East Melbourne, 
Australia. 

Clcments, R.J., M.D. Hayward, md D.E. Bytb. 1983. Genetic adaptation 
in pasture plants. p. 101-115. In: J.G. McIvor and R.C. Bray (eds.) 
Genetic recsources of forage plants. Commonwealth Scientific and Indus- 
trial Research Organization. East Melbourne, Australia. 

Johns”“, EL., and G.A. Rogler. 1943. A cytotaxonomic study of a” 
intergeneric hybrid between Or~ropsis hymenoides and Stipa viridula. 
Amer. J. Bat. 30~49-56. 

Ram, Y.K. 1974. Develapmental studies oftheflareti” Oryropsisvireseenr 
and 0. hymenoides (Gramineae). Can J. Bat. 52~125-149. 

Kmn, Y.K., a”d J. Mare. 1974. Studies on the relationships and evolution 
af supraspecific taxa utilizingdevelopmentlldata. II. Relationships and 
evolution of Oryropsis hymenoides, 0. virescens. 0. kingii, 0. micron- 
the, and 0. arperifolio. B”f. Gaz. 135~227-247. 

Mendenlmll, W. 1975. Introduction t” probability and statistics. 4th ed. 
Duxbury Press, North Scituate, MA. 

Pochlmm, J.M. 1979. Breeding field crops. 2nd ed. AVI Publishing Com- 
pany, Inc., westpart, Con”. 

Pohl, R.W. 1978. How t” know the grasses. William C. Brow” Company 
Publishers, Dubuque, Iowa. 

R”bertso”,J.H. 1976.The autoecology of Oryropsis hymenoides. Mentzb 
lia 21%21,25-27. 

Robmtxm, J.H. 1977. Indian ricegrass-casanova of the western range. 
Ra”gema”‘sJ. 4138-139. 

Rogler, G.A. 1960. Relation of seed dormancy of Indian ricegrass[Oryzop- 
sishymenoides (Roem. Br Schult.) Ricker] to age and treatment. Agm”. 
J. 52z470-473. 

Stoddart, LA., and J.J. Wilkinson. 1938. Inducing germination in Ory- 
roosis hvmenoides for ra”pe resee&“&r. J. Amer. Sot. Amon. 30~763-768. 

We&r, WIA. 1957. A new iniergenericb.tural hybrid i”v&i”g ol~zopsis 
and Srgo (Gmmineae). Rhodora 59273-277. 

Zemetra, R.S., C. Havstad, and R.L. Cumy. 1983. Reducing seed dor- 
mancy in India” ricegrass (Oryropsis hymenoides). J. Range Manage. 
36~239-241. 

JOURNAL OF RANGE MANAGEMENT 42(3). May 1989 



Herbage yield response to the maturation of a slash pine 
plantation 

_ 

CLIFFORD E. LEWIS 

AbStrrCt 

Herbage yields in 8 newly planted slash pint (Pinus ellyonif 
Engehn.) plantation were measured annually for 26 years. Total 
herbage yield initially increased in response to removal of the 
previous forest canopy. Thereafter, yield decreased steadily as the 
canopy of the developing pine plantation closed until it leveled off 
rt about age 20. The maxima function described trends in yield for 
most spedes 8nd groups of tpecies. Accumte herbrge yield esti- 
m8tes over time don nun8gers of forested rangeland to plan 
crttle stocking r8tas or ur8nge for 8lternative sourcea of forage. 

Key Words: pine-wiregrass vegetation, Pinus diiottii, oversto- 
ry/understory rekkmshipa, maxhna function, herbage production 

Reliable estimates of current and expected herbage yield are 
required to develop proper cattle stocking rates that are important 
for both cattle and vegetation management. On forested range- 
land, the influence of tree growth on herbage production increases 
the difficulty in predicting yield. Developing long-term grazing 
plans requires the forested rangeland manager to determine initial 
stocking rates and then estimate future forage supplies that antici- 
pate either reducing cattle numbers, thinning the timber stand, or 
securing alternative forages. 

Generally, as tree canopy, basal area, or density increase, her- 
baceous yield concomitantly decreases because of competition for 
light, water, and nutrients. Regression techniques are commonly 
used to describe these relationships. Some examples include pon- 
derosa pine (Pinusponderosu Dougl. ex Laws) (Pase 1958, Clary 
and Ffolliott 1966, Jameson 1967); loblolly-shortleaf pine (pinus 
rue& L., P. echinatu Mitt.) (Halls and Schuster 1965); longleaf 
pine (P. pulusrris Mill.) (Gaines et al. 1954); slash pine (P. elliotrii 
Engehn.) (Halls et al. 1956); Rocky Mountain aspen (Populus 
tremuloides Michx.) (Woods et al. 1982); and pinyon-juniper 
(pinus edulis Engelm., Juniperus spp.) (Jameson 1967) forest 
types. Similar relationships have been noted for hardwoods in 
Missouri (Ehrenreich and Crosby 1960). 

All of these relationships were determined by locating stands 
with varying degrees of crown cover or basal area without much 
attention to tree density, stand age, or possible micro-site soil 
differences. Since these factors may confound the relationship of 
understory herbaceous yield to canopy cover, existing equations 
may be inaccurate for predicting forage yields throughout the 
lifetime of a pine plantation. Since herbage yields and timber yields 
are competitive over time, the optimal multiple-use decision 
requires specific data about tradeoffs over time. This paper reports 
herbage yield under planted slash pine in the pine-wiregrass ecosys- 
tem for the fit 26 years following planting. 

Methods 

The study was conducted on the Alapaha Experimental Range 
(AER), Berrien County, in southcentral Georgia in an area typical 
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of the northern portion of the pine-wiregrass vegetation type. The 
study site is fairly level with swampy drainages dissecting moder- 
ately to poorly drained uplands. Soils, primarily Ultisols, are acidic 
(pH 4.5-5.5) and low in natural fertility and organic matter. Aver- 
age annual rainfall is about 1,220-mm/yr, the climate is warm and 
humid, and the growing season lasts about 260 days. 

Upland sites naturally support an overstory of longleafand slash 
pine. Primary shrubs are common gallberry (Ifex glubru (L.) A. 
Gray) and saw-palmetto (Serenou repens (Bartr.) Small). Principal 
herbs are pineland threeawn (Aristidu strictu Michx.), Curtiss 
dropseed (Sporobolus curti.rsii(Vasey) Small ex Scribn.), bluestem 
grasses (Andropogon and Schizuchyrium spp.), and various forbs. 

The AER has been burned and grazed since colonial times. Gum 
naval stores were extracted from the longleaf and slash pines 
before the timber was harvested during the 1930s. Annual grazing 
with alternate-year burning under research programs began in 
1940. The upland portion (about 65 ha) of the 133ha study area 
was clearcut in November and early December of 1957. This area 
was prescribed burned in December 1957 and machine planted to 
slash pine at a spacing of 1.8 X 3.7 m during 12 January to 5 March 
1958. After 7 growing seasons, prescribed tire was reintroduced by 
burning one-half of the plantation. Thereafter, alternate halves 
were burned annually during the winter. 

The study area was initially divided into 2 plantations by a fence, 
with each plantation being divided into 5 compartments (replica- 
tions) for planting and sampling purposes. Survival of planted 
seedlings was determined in August at 3,300 planting spots with 
observations of cattle injury on living trees. Within each compart- 
ment 10 permanent transects of 10 trees were randomly located 
during the winter of 1958-59. One transect in each compartment 
was randomly selected to be fenced to exclude cattle. Since the 
objective of the study was to measure herbage yields as infhtenced 
by tree canopy, the study began with a full stocking of 1,495 
stems/ ha in the measurement plots. Trees were measured annually 
at the end of the growing season to determine height to the nearest 
0.3 m; after trees exceeded breast height (1.4 m) tree diameter was 
measured to the nearest 0.3 cm. Basal area was calculated for each 
individual tree, summed for each compartment, and converted to a 
per-hectare basis. Survival and tree growth estimates were based 
on these 1,ooO measurement trees, 900 of which were subject to 
cattle injury and 100 protected from cattle. Effect of grazing on 
trees was tested for significance by analysis of variance for 8 years 
(until trees were no longer susceptible to cattle injury). 

Herbage yield and utilization measurements began in 1959 and 
were determined annually after growth ceased in September by 
clipping vegetation near groundline in 0.89-m* quadrats. Pineland 
threeawn, Curtiss dropseed, bluestem grasses, all other grasses, 
grass-likes (primarily Cyperus spp., Eleochuris spp., Rhychosporu 
spp., and Scleriu spp.), and forbs were clipped separately. Green 
weights measured in the field were converted to oven-dry weights. 
From 1959 through 1969, sampling consisted of a cluster of 1 caged 
plot and 3 grazed plots. Thereafter, sampling was from 1 caged and 
1 grazed plot. Initially, 2 clusters of quadrats were randomly 
located in each compartment. During 1965 through 1969, sampling 



Tabk 1. Tree measurementd 01 pknted hsb pine and herbage yield of pintwtregrw vegetation in a 1.8 X 3.6 m pknt8tion over 26 years. 

$7 
1 

: 
4 
5 
6 
: 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Tree measurements Herbage yield 
Pineland Curtiss Bluestem Other Grass- 

survival Height Diameter2 Basla arm threeawn dropse-ed 8r== grasses . 
(%) (ml @ml W/W __________________--_ _____ (~g/ha)-_------__!?~ _______ “o?-_ 

100.0, 0.2 __ -- - -- -- 

98 96 0.5 0.8 -- - - - 290 520 490 330 620 800 450 490 180 240 210 260 
95 1.3 -- - 120 900 510 170 ;: 160 
94 2.1 - - 450 660 350 110 
93 2.9 - -- 970 1270 

E 
330 110 

92 91 4.6 3.8 - 6.6 - 4.8 430 610 1180 1060 400 220 400 330 
$ 
20 580 170 

ZA 
5.4 7.1 5.9 850 1060 160 160 40 260 
6.4 8.1 7.5 770 740 _ 210 180 20 460 

:: 7.5 9.1 9.0 580 1120 170 600 0 150 
8.4 10.2 11.7 680 700 280 210 20 180 

87 9.4 11.2 13.9 220 ;z E 500 10 140 
:: 10.3 11.9 15.6 360 160 0 290 

11.1 12.7 17.5 120 470 150 180 10 170 
87 11.9 13.2 18.8 2m 270 180 180 10 230 
87 12.6 14.0 m.5 140 340 200 260 10 140 
E 13.4 14.5 22.2 170 E 2m 80 10 280 

14.0 14.7 23.0 50 170 110 10 150 
84 14.6 15.0 23.5 150 110 110 70 10 100 
84 15.2 15.2 24.5 80 130 130 70 10 80 
83 15.6 15.5 25.2 80 230 80 50 10 90 
82 16.2 15.7 25.3 zl 170 160 60 0 100 
81 16.4 16.2 26.8 70 90 70 60 
80 16.6 16.5 27.2 70 80 80 80 

2: 
70 

78 17.1 16.8 28.0 50 130 190 70 10 90 

1Averaged across grazed and ungrazed areas. 
Diameter not measured until trees were > 1.4 m in height. 
‘Permanent measurement plots were fully stocked when established in late 1958. 

was reduced to 13 clusters randomly located throughout the study 
area. From 1970 through the end of the study, 20 random sampling 
locations were used so as to sample tqtal herbage within about 10% 
of the mean. Therefore, herbage was considered to be sampled 
from unreplicated conditions throughout the study. 

Cow-calf pairs were grazed on the area from mid-March to 1 
October each year at the rate of 3.2-4.0 ha/pair of fresh-burned 
range so as to remove 3040% of the forage. Cattle grazed one of 
the plantations the first year and the entire study area thereafter 
when stocking varied from 13 to 20 cow-calf pairs per year. Cattle 
were wintered on crop aftermath and quality hay. 

The unreplicated herbage data were evaluated by regression 
techniques. Some of the scatter diagrams for individual species, or 
groups, indicated that a linear or curvilinear relationship existed 
between yield and time. Thus, overstory-understory relationships 
were determined for all species or groups and for total grasses and 
total herbs by comparing regression sums of squares from linear, 
quadratic, and maxima regression functions. Initially, total her- 
bage was fitted to a sigmoid function using tech.niques suggested by 
Jensen (1964:pg. 31). The maxima function of Y =’ Ax l em was 
solved using a Simplex algorithm as suggested by Caceci and 
Cacheris (1984), where Y = yield, X = plantation age, A = the 
intercept, e = base of the natural logarithm, and n determines the 
slope. The most recently recommended relationship, a transition 
sigmoid growth curve (Jameson 1967), was not included since Don 
Jameson (pers. comm.) no longer recommends its use. Significance 
of fitting a higher degree polynomial was determined according to 
procedures described by Steel and Torrie (1960). All statistical tests 
were at PCO.05. 

Results and Discussion 
Pine Survival and Growth 

Survival of 3,300 seedlings through August the first year was 
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84%. Survival was 77% in the grazed and 90% in the ungrazed 
plantation, respectively. Losses were attributed primarily to exces- 
sive soil moisture and flooding in the grazed plantation. Most 
losses occurred in June and July in poorly drained sites where 
water stood about IO-cm deep for several weeks at a time. Cattle 
injury estimates made on living trees during this survey indicated 
that 59% received no injury, 3% had the terminal bud grazed or 
broken, 1% were trampled, 8% were partially girdled by hoof - 
action, and 11% suffered broken stems. From other research on 
cattle injury to slash pine (Lewis 1980), the severity of these injuries 
would not be expected to greatly damage subsequent tree survival 
and growth. 

Most tree mortality appeared to be from natural causes such as 
insects, diseases, or lightning strikes, and survival over the 26 years 
was good (Table 1). Except for the third growing season, there was 
no significant difference in survival between trees in ungrazed and 
grazed areas (99.0 vs 95.7%). The following year, survival did not 
differ (96.0 vs. 94.8%) and remained similar through age 8 when 
trees were no longer susceptible to cattle injury. 

Height, diameter, and basal area measurements of these trees 
(Table 1) suggest they were growing at normal rates for planted 
slash pine in this locale (Bennett 1965). These wet-flatwood sites 
are not suitable for most types of crop production but are good 
producers of wood. Total wood yield from this plantation was 249 
m3/ ha after 26 years. 

Herbage Yield and Composition 
Total herbage yields the first 10 years averaged 2,200 kg/ ha (Fig. 

1). As the pine canopy increased, herbage yield began a rapid 
decline that persisted through age 20 when yield began to plateau at 
about 500 kg/ha. Slash pine plantations planted similarly to this 
one have shown marked reduction in herbage yield by age 8 (Gholz 
and Fisher 1982) and loblolly pine plantations planted 



more densely had severe herbage reduction by age 4 (Brender et al. 
1976). In this study, herbage production was augmented by fre- 
quent burning and grazing which removed pine needle and other 
litter buildup. 

Individual species and groups of species had similar yield reduc- 
tions as pine canopy increased (Table 1). Bluestem grass yield 
began decreasing in year 8 while yield of other grasses began 
decreasing the next year. Forb yield was reduced but seemed to be 
affected less than other herbage components. There were no major 
shifts in species composition such as reported in loblolly-shortleaf 
stands in east Texas (Halls and Schuster 1965), ponderosa pine in 
the Black Hills of South Dakota (Pase 1958), or hardwoods in 
Missouri (Ehrenreich and Crosby 1960). 

Overstory/Understory Relationships 
The usual concave-downward exponential shape commonly 

used to describe overstory/understory relationships of yield to 
crown cover or basal area (Halls and Schuster 1965, Jameson 1967) 
did not fit these data. A free-hand curve (Lewis et al. 1982) indi- 
cated that yields remained high for lo-12 years before dropping 
rapidly over about 6 years and then leveling off. Similar trends 
were reported by Pearson (1982) for a slash pine plantation in the 
pine-bluestem type of Louisiana. An algebraic function based on a 
technique suggested by Jensen (1964) provided a better lit to this 
data but the curve was symmetric and did not adequately describe 
trends if plantation age was extended beyond the data set. The 
maxima function accounted for this trend and generally provided 
the best fit for these data (Table 2). Of the 8 species or combina- 
tions tested, only bluestem grasses, other grasses, and forbs failed 

Table 2. Coefficients of determination for understory herbaeeole yields es 
a function of 8ge in a slash pine plantation over 26 years using linear 
regression, quadratic regression, and maxima function equations.1 

Plant or 
plant group Linear Quadratic Maxima 

Pineland threeawn 0.44’ 0.49” o.59b 
Curtiss dropseed 0.52’ o.59a 0.75b 
Bluestem grasses 0.64” 0.82b 0.60. 
Other grasses 0.52’ 0.52” 0.45’ 
Grass-likes 0.36’ 0.63b 0.6T 
Forbs 0.19’ 0.28” 0.34’ 
Total grasses 0.76’ 0.77. 0.88b 
Total herbaceous 0.80’ 0.81’ 0.9ob 

YGmiliar letters for cocfticients of determination for a species indicate no significant 
difference in reduction of regression sums due to fitting a higherdegrcc polynomial 
(Steel and Tonic 1960). 

to have a better fit using the maxima function. Of these 3 only 
bluestem had a better tit using the quadratic function over the 
maxima function. 

The maxima function seems to effectively illustrate the initial 
increases in herbage yield that might be expected after release from 
the preceding forest and from disturbances of harvesting and plant- 
ing (Fig. 1). Even if the original stand of trees were sparse, distur- 
bances from harvesting and planting could reduce herbage yields 
below full potential until herbs recover. As planted trees grow 
larger with increased shading and root competition, herbage yield 
is seen to decrease rapidly. T’he shading influence is moderated by 
natural mortality, less-dense crowns, and more side-lighting in a 
mature plantation which allows herbage yield to stabilize, albeit at 
a low level. Similar responses have been described in spruce- 
western hemlock (piceu-Ruga) forests of southeast Alaska (Ala- 
back 1982), slash pine plantations of Florida (Gholz and Fisher 
1982), and thinned cove hardwoods of southern Appalachia (Beck 
1983). These trends are readily seen in total herbage, total grasses, 
pineland threeawn, and Curtiss dropseed responses in this study 

JOURNAL OF RANGE MANAGEMENT 42(3), May 1989 

3ooc 

2500 

;; 
C 
r” 2ooc 

$ 
x 
k 1500 
c 

0 
‘; 
c 1000 

500 

Age (yr) f 
,.,..,.,..,.,,.,,,,,I’, 

5 IO 15 20 25 

y = (1206) (x) (O’-a’r”‘J) 

I....I.“‘l,,..I....I....l., 
Age (yr) 0 5 IO IS 20 25 

Fig. 1. Total herbage yield and total grass yield over time as afunction of 
age in a slash pine plantation planted in pine-wiregrass vegetation, 

(Fig. 1 and 2). The versatility of the maxima function to satisfactor- 
ily depict other responses is evidenced in the graphs of grass-like 
and forb yields (Fig. 2). 

Yield over time by other grasses and bluestem grasses did not 
follow the maxima function (Table 1 and Fig. 2). The quadratic 
response of bluestems might be the result of some changes in 
species composition as the canopy closed. However, since individ- 
ual bluestem species were not sampled, no definitive explanation is 
apparent. The other grasses component decreased linearly over 
time, probably because some species, such as the low-panicums 
(Dichunthelium spp.), disappeared shortly following disturbance 
and as tree shading became prominent by age 10. 

A knowledge of these trends in herbage yield with plantation 
maturation enables managers to plan long-term cattle stocking 
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Fig. 2. Herbage yields of species or groups of species over rime as a function of age in a slash pine phntation planted in pine-wiregrass vegetation. 

rates. It is especially important to know when major reductions in 
yield will occur and how low they will become under a given pine 
stand. Along with the annual increment in tree growth, trends in 
herbage yield might help indicate the best time to thin a plantation, 
depending on management objectives. Using the sigmoid growth 
curve of Jameson (1%7), Ritters et al. (1982) effectively optimized 
timber and grazing output in ponderosa pine for the tree basal 
areas included. Even more accurate yield estimates in plantation 
management would provide added refinement when attempting to 
model herbage yield under forested conditions. These types of 
problems were evident in a state-wide assessment in Alabama 
(Joyce and Baker 1987) and have become even more troublesome 
in regional or national assessments of forage resources. Having 
good predictors of yield is essential when attempting to optimize 

multiple-use benefits in forest management evaluations or national 
assessments. 

A concept in timber management is to periodically schedule 
harvest of portions of a forest so as to sustain an even flow of wood 
products over time. The same harvesting plan can maintain an even 
supply of forage to benefit livestock and wildlife. Under multiple- 
use management, scheduling of time and size of harvests for best 
production of both wood and forage can be coordinated to obtain 
the desired outputs of multiple products. Results from this study 
provide better tools for making these decisions in slash pine planta- 
tions than have existed previously. 

Growth of slash pine in the South is fast and the influence of 
crown closure comes early in a plantation. In this study, herbage 
yield began to drop rapidly by age lo-12 and then tended to level 
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off at about 500 kg/ ha by age 20. Since forage yield is low during 
the later years, thinning can be used to boost yield (Pearson 1982) 
or some supplemental forage from tame pasture could maintain 
livestock production (Lewis and McCormick 1971). 
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Accumulation of nitrate by annual goldeneye and showy 
goldeneye 
M. COBURN WILLIAMS 

Annual goldeneye [Vfgu&ru annuu (M.E. Jones) Blake] and 
showy goldeneye [ V&u&ru mu&#&ra (Nutt.) Blake], grown in the 
greenhouse and from the field, were analyzed for cyanide, soluble 
oxahtes, alkaloids, nitro compounds, and nitrate. Both species 
were investigated for tbeir ability to accumulate toxic levels of 
nitrate when grown in nutrient solution, or in soils fertilized with 
ammonium nitrate. 

Both species tested negative for cyanide, soluble oxalatee, nitro 
compounds, and alkaloids. The plants accumulated toxic levels of 
nitrate, calculated aa KNOs, when grown in nutrient solutiona (4 to 
S%), yeenbouse soil fertiUzed with ammonium nitrate at 220 kg 
N/ha (3 to 4%), or from plots fertilized with ammonium nitrate in 
the field at 66 to 220 kg N/ha (2 to 3%). Annual goldeneye collected 
near a water tank and ealt lick on a New Mexico ranch contained 
4.7% nitrate but plants collected at other sitea contained only 0.05 
to 0.7% nitrate. Goldeneye in the field may accumulate toxk levels 
of nitrate ifrooted on soila heavily contaminated by animal excreta 
around water tanks, ponds, -It licks, and along frequently used 
trails. Livestock lossm from goldeneye can be reduced or prevented 
by avoiding the plante and by treating affected animals with methy- 
lene blue. 

Key Words: V&u&m annusq V&dera ere poisonous plan& 
chemical analysis, nitrogen 

One hundred fiity species of Viguieru (Asteraceae) are indigen- 
ous to the Western Hemisphere, principally from western North 
America to central South America (Hitchcock et al. 1955). One 
species, annual goldeneye [ Viguieru unnua (M.E. Jones) Blake], 
has been reported poisonous to cattle (Kingsbury 1964, Norris and 
Valentine 1954). The poisonous principle was not identified, but 
toxic signs described for cattle suggested either cyanide or nitrate 
as the toxic compound. 

Annual goldeneye is found from Texas, Arizona, and New Mex- 
ico to southern Utah (Martin and Hutchins 1980). This erect, 
slender annual has linear to linear-lanceolate leaves, mostly 3 to 7 
cm long and 1.5 to 3 mm wide. The 6 to 8 mm-wide floral disk is 
surrounded by about 12, brilliant yellow rays 5 to 12 mm long. In 
New Mexico, where livestock losses have been reported, the plant 
grows primarily on south and west facing slopes of hills and mesas, 
from north central to southern and western counties, and from 
1,200 to 2,200 m elevation. The plant flowers in late summer and 
early fall. 

Showy goldeneye [ Viguieru multiflora (Nutt.) Blake], for which 
no losses have been reported, occurs over a broader range from 
Montana and Wyoming to New Mexico and Arizona (Hitchcock 
et al. 1955). This perennial species has lanceolate to ovate- 
lanceolate leaves, and the disk and ray flowers are larger than those 
of annual goldeneye. This species was included in this investigation 
to determine if the toxic properties were present in both annual and 
perennial species of goldeneye. 

Losses from annual goldeneye are sporadic and tend to occur 
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only in years when environmental conditions favor prolific germi- 
nation and abundant stands of the plant. During years when 
goldeneye is abundant, the plant may account for 40 to 50% of the 
foliar cover on some sites. Plants tend to be most dangerous if 
timely autumn rains produce a fresh flush of growth in September 
and October. Severe cattle losses from annual goldeneye occurred 
over 80,000 to 100,ooO ha of southwestern New Mexico in 1949 
(personal communication, Jupe Means, Buckhom, NM). Golden- 
eye was unusually abundant throughout the region. In 1983, gol- 
deneye was again abundant, but losses were less severe. Losses 
occurred in the fall when goldeneye was in flower and animals were 
being trailed. Toxic signs in poisoned animals included dyspnea, 
trembling, weakness, and collapse. In nonfatal cases, animals re- 
covered after removal from the goldeneye and rest. 

The present study was initiated to identify the toxic compound 
in goldeneye, determine the conditions under which the plant 
becomes poisonous, and to recommend measures to prevent poi- 
soning and treat affected livestock. 

Materials and Methods 

Mature seed of annual goldeneye was collected 5 November 
1986, on the H-Y Ranch near Buckhom, Grand County, New 
Mexico. Seed of showy goldeneye was collected 20 September 
1986, near Tony Grove Lake in the mountains east of Logan, Utah. 
The seed was cleaned, placed in sealed bottles, and held at lo C 
until March 1987. The seed of both species failed to germinate in 
late March even after rinsing with running water for 48 hours. 
Germination was achieved by rinsing the seed under running water 
for 24 hours, then excising the embryos, rinsing the embryos for 48 
hours under running water, then placing them on moist filter paper 
in petri dishes. Once a root of 5 mm had developed, the seedlings 
were transferred to a 5: l vermiculite-soil mixture and grown to the 
Cleaf stage. 

, 

Goldeneye seedlings of both species in the 4-leaf stage were 
transferred on 4 May to 4-liter polyethylene pots that contained 
Hoagland’s nutrient solution (Hoagland and Amon 1950). The 
solution contained 210 mg N/ 1 as Ca(NO& and KNOS. Chelated 
iron, however, was used as the source of iron. Ten pots were used 
per species and 2 plants were planted in each pot. The plants were 
grown under a 16-hour photoperiod. Fluorescent lights placed 3 
feet above the plants augmented normal daylength. A maximum 
temperature of 26” C was maintained by evaporative cooling and 
exhaust fans. The plants were grown for 42 days to a height of 25 to 
30 cm. Three mature leaves were then removed at random from all 
plants of each species, washed, dried, pooled, ground, and ana- 
lyzed for percent nitrate. The plants were harvested 14 days later 
and samples of leaves and stems of both species analyzed for 
percent nitrate. Showy goldeneye was in flower at the second 
harvest; annual goldeneye was vegetative. 

In a second experiment, both species of goldeneye were grown in 
15 cm Styrofoam pots in a 1:3 mixture of sand and mountain soil 
until approximately 25 cm high. One plant was placed in each pot, 
and the pots were in full sunlight on a greenhouse bench. One-half 
of the plants were given nitrogen as ammonium nitrate in amounts 



equivalent to 220 kg N/ ha dissolved in 100 ml of water and poured 
once onto the the soil surface. Soil moisture was maintained near 
field capacity for the duration of the study. Three replications of 6 
plants each were used. Mature leaves from 6 plants in each replica- 
tion were collected 2, 6, and IO days after treatment, pooled, 
washed, dried at 500 C for 24 hr in a forced air oven, ground, and 
analyzed for percent nitrate. 

Nine, l-m2 plots were established near Tony Grove Lake in the 
Cache National Forest in June 1987 when showy goldeneye was IO 
to 15 cm high. Ammonium nitrate was broadcast by hand to the 
soil in 3 replications at 66,132, and 220 kg N/ ha on 25 June. Leaves 
and stems were sampled at random from each of the plots on 25 
June, 14 July, and 23 July, pooled by replication and treatment, 
and analyzed for percent nitrate. 

Whole plant samples of annual goldeneye were collected on the 
H-Y Ranch near Buckhom, New Mexico, on 3 August 1987. 
Plants were vegetative and 20 to 24 cm high. Plants were collected 
at random from 7 sites, including 1 near the Wicker Flats water 
tank and salt lick, by roads along which cattle were trailed, and at 
range sites remote from trails and water. The plants were pooled by 
site, dried, ground, and analyzed for percent nitrate. No treatments 
were involved. Four, l-m2 plots with goldeneye were established in 
a pasture near ranch headquarters. Ammonium nitrate was app- 
lied to the soil at a rate equivalent to 220 kg N/ ha on 3 August. The 
fertilizer was dissolved into the soil with a sprinkler and also by 
rain which fell during the first night after application. Leaf and 
stem samples were collected 18 and 27 August, dried, and sent to 
Logan, Utah, for analysis. 

Whole plant samples of both species collected in the greenhouse 
and field during vegetative growth were pooled and analyzed for 
cyanide (Anonymous 1980), soluble oxalates (Dye 1956), alkaloids 
(Cundiff and Markunas 1955), and nitro compounds (Williams 
and Norris 1969) by methods previously described. Analyses for 
nitrate nitrogen were conducted by the Soils Testing Laboratory at 
Utah State University. Nitrates are expressed as percent KNOs, on 
a dry weight basis. 

A split-split plot analysis of variance was used in which the 
whole plot treatments were rates of ammonium nitrate, the fmt 
split was the plant part, and the second split was time to account for 
repeated measures. 

Results and Discussion 
Annual and showy goldeneye from the field and greenhouse 

tested negative for cyanide, nitro compounds, soluble oxalates, 
and alkaloids. Potentially lethal levels of nitrate were found in 
plants grown in nutrient solutions, in soil to which ammonium 
nitrate was added, and near the water tank on the H-Y Ranch. A 
nitrate level of 0.5 to 1.5% (as KNOS) in plants is considered toxic 
to livestock, and a concentration of 1.5% and above is potentially 
lethal (Kingsbury 1964). 

Both species of goldeneye contained toxic levels of nitrate in the 
leaves at all collection dates when grown in nutrient solution. 
Sampled after 6 weeks of growth in nutrient solution, leaves of 
annual and showy goldeneye contained 5.4% and 4.5% nitrate, 
respectively. When plants were harvested 2 weeks later, nitrate 
concentration in both leaves and stems of annual goldeneye was 
3.5%; and in showy goldeneye leaves and stems, nitrate levels were 
2.3 and 2.6%, respectively. 

A significant increase in nitrate levels occurred in leaves of 
soil-grown goldeneye when ammonium nitrate was added at 220 kg 
N/ha. Within 2 days, the nitrate level increased over 6 times in 
annual goldeneye and over 5 times in showy goldeneye (Table 1). 
Six days after treatment, the concentration of nitrate in showy 
goldeneye was more than 8 times greater than the control. High 
nitrate levels persisted for at least 10 days. 

Tabk 1. Effect of fmtihtlon with aomonium nitrate io the m 
on nitrate concent~tlon in krva of anauahd lowy @deneye mown 
inson. 

Date of collection 
July July July July 
18’ 20 24 28 

SDeckS Treatment (Ita%?& s------% Nitrat- 

Annual 
goldeneye Control 0 0.6 0.6 0.5 0.6 

Annual 
goldeneye N&NOs 220 0.6 3.9 3.1 3.5 

Showy goldcncye Control 0 0.6 0.5 0.5 0.5 
Showy goldeneye NH4NOs 220 0.7 2.6 4.3 4.1 

LSD (0.05) = 0.29 for differences between treatments for a fixed date. 
LSD (0.05) q  0.23 for differences between treatments for diiexent dates. 

‘Date of trr.atmcllt. 
‘Calculated ss KNOB. 

The nitrate concentration of showy goldeneye fertilized in the 
field at Tony Grove Lake increased 5 to 22 times over the Cweek 
test period (Table 2). Nitrate levels in the leaves and stems of the 
unfertilized controls were very low. Nitrate levels in leaves and 

Table 2. E&et of fertiliaation with ammonium nitrate on nitrate eoncen- 
tratlon III showy gddeneye in the &Id. 

Date of collection 

Treatment (Irg N/W 
Control 
Control 
Ammonium nitrate 
Ammonium nitrate 
Ammonium nitrate 
Ammonium nitrate 
Ammonium nitrate 
Ammonium nitrate 

0 
0 

z 
132 
132 
220 
220 

Rate plant 25 June* 14 July 23 July 
part -%NitraM----- 

LtaVCS 0.05 0.05 0.1 
Stems 0.1 0.1 0.1 
LCWCS 0.05 1.3 0.7 
stems 0.1 2.1 2.2 
Leaves 0.1 0.5 0.6 
Stems 0.1 2.1 1.8 
LCWCS 0.05 0.6 0.5 
Stems 0.1 1.5 2.0 

LSD (0.05) = 0.28 for differences between leavesand stems, same treatment 
and date. 
LSD (0.05) = 0.28 for differences between control and treated leaves; 
control and treated stems, for same date. 

‘Date of treatment. 
*Calculated as KNG. 

stems of plants from treated plots were significantly higher than the 
controls at the 2 July collections. Significantly more nitrate was 
found in the stems than in the leaves of treated plants. Thus, toxic 
levels of nitrate accumulate in both perennial and annual golden- 
eye if sufficient nitrogen is available. 

Annual goldeneye, fertilized with ammonium nitrate adjacent to 
ranch headquarters, accumulated nitrate at toxic levels (Table 3). 
Plants from unfertilized plots contained moderate levels of nitrate. 
A single horse kept in this pasture apparently contributed suff- 
cient nitrogen through excreta to elevate nitrate levels in control 
plants. As observed in showy goldeneye, nitrate levels were higher 
in the stems than in the leaves. 

Nitrate levels in annual goldeneye collected on the H-Y Range 
ranged from an innocuous 0.05% to a highly toxic 4.7% (Table 4). 
The plants that contained 4.7% nitrate were collected near a water 
tank and salt lick on an area heavily contaminated with animal 
excreta. This area apparently provided the plants with an abun- 
dance of available nitrogen, and this resulted in plants high in 
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T8bk 3. Effat of fertiiintion with 8mmonium nit&c on nit&e concen- 
htion in 8nnul goldeneye in the field. 

T8bie 4. Nitrate 8118iyses ofrnmui goldeneye coiketed 3 August 1987 on 
the H-Y Rmcb near Buckborn, New Mexico. 

Treatment 
Rate 

(kg N/ha) 

Date of collection 
Plant 3 Aug.’ 18 Aug. 27 Aug. 
part --YO Nitratd- 

Control 0 Leaves 0.4 0.4 0.5 
Controi 
Ammonium nitrate 

22: stems 0.9 0.7 0.7 
Leaves 0.5 

Ammonium nitrate 220 Stems 0.8 ::; ::8 

LSD (0.05) = 0.48 for differences between leaves and stems, same treatment 
and date. 
LSD (0.05) = 0.44 for differences between control and treated leaves; 
control and treated stems, same date. 

‘Date of treatment. 
*Calculated as KNOa. 

nitrate. The majority of cattle poisonings on this ranch in 1983 
occurred near this area. Plants with considerably less nitrate (0.3 to 
0.7%) were collected beside a road along which cattle had been 
trailed in the fall. Some excreta was deposited on these sites, 
although in much smaller amounts than at the Wicker Flats water 
tank. The 2 sites at which plants contained only negligible amounts 
of 0.05% nitrate were away from the road on sites less commonly 
frequented by cattle. 

Annual and showy goldeneye accumulate nitrate in toxic quanti- 
ties if nitrogen is available in higher than normal concentrations. 
Plants may accumulate toxic levels of nitrate in the field if they 
grow on sites where livestock tend to congregate such as watering 
areas, salt licks, or areas through which animals are trailed. The 
nitrogen supplied by excreta concentrated in these areas may be 
accumulated by goldeneye as nitrate. Greenhouse tests indicated 
that nontoxic goldeneye could accumulate toxic levels of nitrate 
within 2 days after fertilization with ammonium nitrate. Thus, fall 
rains that produce a fresh flush of growth may also result in toxic 
goldeneye if plants are rooted in areas where animal excreta pro- 
vides abundant, available nitrogen. On less fertile soils, the plants 
may never be toxic. 

Annual goldeneye is an increaser on disturbed sites, particularly 
near ponds and salt licks where density of grass has been reduced 
by overgrazing or trampling. On some sites on the H-Y Ranch 
where tobosagrass (Hiluria mutica Benth.) was the dominant grass, 
goldeneye comprised 40 to 5% of the foliar cover. Density of 
goldeneye, however, bears no relationship to toxicity or threat to 
livestock unless sufficient nitrogen is available for nitrate accumu- 
lation. 

Precipitation data for Cliff, New Mexico, the weather station 
near the H-Y Ranch, were examined from 1948 through 1984. 
Average yearly precipitation for these years was 34.7 cm, with most 
occurring July through September and again in December and 
January. Total precipitation from 1 December 1948 through 30 
November 1949 was 38.8 cm; for 1 December 1982 through 30 
November 1983, 56.0 cm. Approximately 8% of these amounts 
fell from December through February and August through Sep- 

Plant part % Nitrate’ Site 

Whole plant 
Whole plant 
Whole plant 
Whole plant 
Whole plant 

4.7 
0.7 
0.5 
0.3 
0.3 

Wicker Flat water tank and salt lick 
Bear Mountain, adjacent to road 
One-half mile south of antelope tank 
One-fourth mile southwest of Wicker Flat 
Three-fourth mile west of Bathtub 

Canyon 
Whole plant 

Whole olant 

0.05 

0.05 

Sear Mountain, west facing slope 500 ft 
below road 

Bear Mountain. 300 ft above road 

Talculated as KNCb. 

tember. Winter precipitation for both periods was nearly twice 
normal. 

Livestock losses can be reduced by controlling annual goldeneye 
in areas where animals congregate and where abundant animal 
excreta would provide a source of nitrogen to the plant. However, 
no herbicides have been recommended for control of annual 
goldeneye. 

Nitrate from plants is quickly converted to nitrite in the rumen. 
Once absorbed into the blood, nitrite complexes with ferrous 
hemoglobin to form methemoglobin, which cannot transport oxy- 
gen. Death from asphyxiation occurs when methemoglobin levels 
are sufficiently high so that the blood no longer carries enough 
oxygen to sustain life. Animals affected by nitrate poisoning 
should be kept as quiet as possible to keep oxygen demand low. 
Comatose animals may survive methemoglobin levels of 85%, 
whereas active animals may die if methemoglobin levels are 50 to 
60% (Kingsbury 1964). Affected livestock may be successfully 
treated by intravenous injection of methylene blue, an effective 
antimethemoglobinemic compound. 
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Relationship among grazing management, growing degree- 
days, and morphological development for native grasses on 
the Northern Great Plains 
A.B. FRANK AND L. HOFMANN 

AbStnCt 

Air temperature or growing degree-days (GDD) are known to 
i~uencc morphological development of grass, but the effects of 
graxing history on grass morphological development has not been 
establbbed. Morphological development of 5 species located on 
moderately and heavily grrsed mixed prairie sites near Mandan, 
North Dakota, was determined 3 times per week from beginnbtg of 
growth in spring to beading. The species were western wheatgrass 
[Pu.scopyrum smitha Rydb. (LSve)l, blue grama [Boutelouagraci- 
Iis (H.B.K.) Lag. ex Griffltbsl, needleandtbread (St&u comutu 
Trbt. and Rupr.), green needlegrass (S. v&i&hr Trln.), end prabie 
junegrass [Koekriapyrumiduta (Lam.) Beruv.]. Regression analy- 
sis of growth stage with GDD was Unear and statistically signifi- 
cant for prabie junegrass (Rr=O.62), green needlegrass (R*=O.%), 
and needleandtbread (Rr=O.95), and nonbneu for blue grama 
(R2=0.95) and western wheatgrass (R2=0.97). Prior graxing man- 
agement bad little effect on tbls relationship. The number of leaves 
and accumulated GDD required to produce those leaves varied by 
ercb species: prabie junegrass (4 leaves, 520 GDD), needleand- 
thread (4 leaves, 640 GDD), green needlegrass (4 leaves, 800 
GDD), blue gram8 (5 leaves, 1,300 GDD), and western wbeetgrass 
(6 leaves, 1,450 GDD). Besed on tbe species and conditions of tbis 
study, plant growth stage csn be predicted from accumulated 
GDD and used for predicting grazing readiness and in develop- 
ment of forage growth models. 

Key Words: growing degree-days, growth rate, forage, Pascopy- 
rum smith& Bouteloua grad& Stipa comata, Stipa vtila, 
Koekria pyramidbta 

Early season morphological development and growth of forage 
grasses is important to gaining maximum forage productivity dur- 
ing the grazing period. Rate of morphological development of 
grasses grown in the Northern Great Plains is mostly controlled by 
air temperature, whereas quantity of forage produced is more a 
function of available soil water and nutrients. The effects of air 
temperature on plant morphological development has been evalu- 
ated for numerous crops including corn (Zeu muys L.) (Bunting 
1976), spring wheat (Triticum uestivum L.) (Bauer et al. 1984), and 
forage grasses (Frank et al. 1985) through application of the grow- 
ing degree-days (GDD) concept. The most common use of GDD 
has been to determine days to maturity in vegetables and crops 
grown for seed products. Application of GDD to development of 
forage crops is limited (Frank et al. 1985), especially effects of past 
management practices on subsequent plant development. 

Wang (l%O) reviewed 230 years of literature dealing with the 
GDD concept and morphological development of various crop 
plants and suggested changes to improve utility of the concept. 
Numerous reports (Rogler and Haas 1947, Smika et al. 1965, and 
Sneva 1977) provide information on effects of management, water, 

Authors arz plant hysiologist and agronomist, USDA-AR& P.O. Box 459, Man- 
dan, North Dakota 8554. P 
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and nutrients on quantity of forage produced, but the morphologi- 
cal development of the plant often is not evaluated. Laude (1971) 
reviewed effects of adverse hot and cold temperature on grass 
growth and emphasized the importance of evaluating temperature 
effects throughout the entire life cycle of the plant. Regression 
analysis has been used to show that a strong linear relationship 
exists between morphological development and accumulated heat 
units or GDD for such crops as spring wheat (Bauer et al. 1984, 
Davidson and Campbell 1983); corn (Cross and Zuber 1972); and 
for seeded forage grasses like crested wheatgrass [Agropyron 
desertorum (Fisch.) Schult.]; intermediate wheatgrass [ l?zinopy- 
rum intermedium (Host) Barkw. and D.R. Dewey subsp. interme- 
dium]; western wheatgrass [Puscopyrum smithii Rydb. (Love)]; 
and reed canarygrass (Phaluris azwzdinaceu L.) (Frank et al. 1985). 

Determining the effects of prior management practices on the 
relationship between plant development and GDD should be bene- 
ficial in application of the concept of grazing management, espe- 
cially in determining grazing readiness, and in refinement of 
growth and management simulation models. The objective of this 
study was to determine the effect of air temperature (accumulated 
GDD) on morphological development of western wheatgrass, blue 
grama [Boutelouu grucilis (H.B.K.) Lag. ex Griffiths], prairie 
junegrass [Koeleriupyrumiduta (Lam.) Beauv.], needleandthread 
(Stipu comutuTrin. and Rupr.), and green needlegrass (5. viridulu 
Trin.) in pastures with 2 different grazing histories. 

Materials and Methods 

The study was conducted on both a moderately and heavily 
grazed native mixed prairie site on a Williams loam (fine-loamy 
mixed Typic Argiboroll) near Mandan, ND(46’46’N, and looO5O’W) 
during 1986 and 1987. The April through September rainfall was 
476 mm in 1986 and 386 mm in 1987. The moderately grazed 
pasture was a 13-ha typical Northern Great Plains mixed prairie 
site that had been grazed with yearling steers at 1 steer 2.6 ha-’ from 
about mid-May to October for the past 70 .years. Grazing was 
excluded from the sampling areas within the pastures each year. 
Primary cover composition, as determined at the end of August 
1984 by first hits using the point frame technique, was 13% blue 
grama, 10% threadleaf sedge (Curexfil~oliu Nutt.), 9% yellow 
sedge (Curexpennsylvunicu Lam.), 5% needleandthread, 4% west- 
ern wheatgrass, 4% prairie junegrass, and 44% litter. The heavily 
grazed native pasture was also a 2.8 ha typical mixed prairie site 
that had been purposely overgrazed during the same 70-year 
period at the intensity of 1 steer 0.9 ha-‘. Primary cover composi- 
tion of the heavily grazed pasture was 34% blue grama, 35% litter, 
and 2290 bare ground. Herbage samples that included only stand- 
ing green material were collected weekly from small ungrazed 
fenced sections within each pasture beginning on 22 April and 
ending on 21 October 1986 and beginning on 28 April and ending 
on 15 September 1987. Herbage was hand clipped from 25 X 100 
cm areas from 4 sites within each pasture and year at the soil 
surface, oven dried at 70° C, and weighed for total dry matter. The 
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herbage yield data were analyzed using analysis of variance proce- 
dures. Plant morphological development was determined on 
reproductive stems of western wheatgrass, blue grama, needleand- 
thread, green needlegrass, and prairie junegrass at 2- to May 
intervals during 1986 and 1987 using the Haun (Haun 1973) growth 
stage scale (HGS). Plants were identified and marked in the field in 
autumn 1985 and 1986 to facilitate scoring for morphological 
development in the early growth stages during 1986 and 1987, 
respectively. Scoring was started 7 April 1986 and 13 April 1987, 
and continued through flag leaf development. Nine plants of each 
species were scored in 1986 and 12 plants in 1987. Daily minimum 
and maximum air temperature was measured using a portable data 
acquisition system at l-hour intervals with shielded copper con- 
stantan thermocouples at 1 meter above the soil surface. Mea- 
surements were made at the moderately grazed site which was 
about 600 m from the heavily grazed site. Growing-degree days 
(GDD) were calculated from the air temperature data as GDD = 
maximum daily temperature + minimum daily temperature/2_base 
temperature and were accumulated starting on 3 1 March 1986 and 
1 April 1987. A base temperature of 00 C was used for all species. 
The starting date for accumulation of GDD was selected as the tint 
day after 15 March that the daily average minimum plus maximum 
air temperature exceeded O” C for 5 consecutive days. The data 
were analyzed using regression analysis to define the relationship 
between HGS and accumulated GDD. 

Six access tubes were placed at each site adjacent to the selected 
plants and soil-water content was measured weekly at 0.3-m inter- 
vals to 1.2-m depth beginning at 0.1 m below the surface using a 
neutron moisture meter. Soil water content at 1.5 MPa matrix 
potential averaged 40 mm 0.3 m-l soil depth increment to 1.2 m soil 
depth. Available soil water was determined to a depth of 1.2 m by 
summation of total soil water minus 40 mm for each 0.3 m soil 
depth increment. Precipitation was measured using a recording 
rain gage located at the moderately grazed site. 

Results and Discussion 
The accumulated GDD were greater in 1987 than in 1986 (Fig. 

1). This difference occurred early in 1987 as the result of above 

30APR 

7 
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Fig. 1. Accumulated growing degree-days received ut Manthn, North 
Dakota in 1986 and 1987. 

average temperatures and resulted in 209 and 359 GDD by 2 May 
in 1986 and 1987, respectively. Growing conditions were favorable 
for both years in that precipitation received from April to Sep 
tember of 476 and 386 mm in 1986 and 1987, respectively, was 
above the long term average of 3 19 mm. This resulted in favorable 
available soil water throughout most of the growing season except 
for the period around 1 July during both years. Available soil water 
during the forage growing season was nearly the same for both the 
heavily and moderately grazed pastures for both years (Fig. 2). 
Totaldrymatteryieldd~~betweentheh~~andmoderately~ 
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Fil. 2. Avoilable soil water content andprecipitation for moderately and 
heavily grazed pastures in 1986 and 1987. 

pastures (P>F 0.001) but the production was similar among years 
(13F 0.22) for each grazing treatment (Fig. 3). This suggests that 
the difference in dry matter yield was due to species composition 
and prior grazing management and not precipitation or soil water 
content. 

MODERATELY GRAZED 

@; / . $3 lS67 

1OAPR 30MAY 19JuL 07kEP 

Fig. 3. Dry matter forage production for the moderately and heavily 
grazedpastures in 1986 and 1987. The P>Ffrom the analysis of variance 
was 0.001 for pastures and 0.22 for years. 

The progression of plant development as measured by the HGS 
was linearly related to accumulated GDD for prairie junegrass 
(Fig. 4), green needlegrass (Fig. 5), and needleandthread (Fig. 6). 
The regression equation of HGS versus GDD for prairie junegrass 
produced a greater intercept in 1986 compared to 1987. This pro- 
duced a lower combined coefficient of determination (R2=0.62) for 
analysis based on data for both years. In 1986, the majority of 
tagged prairie junegrass plants produced 4 leaves, but a few plants 
produced 5 leaves. In 1987, plants only produced 3 and 4 leaves. 
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PRAIRIE JUNEGRASS 
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Fig. 4. Relationship between Hatm growth stage andaccumulated GDD 
for prairie junegrass. Regression equations were as follows: 
Heavy 86:Haun = 1.145+0.0075(GDD~ RW.99 
Heavy 87:Haun =- 0.045+0.0072(GDD~ RW.98 
Moderate 86:Haun = 0.752+0.0083(GDD), RW.99 
Moderate 87:Haun = 0.404+0.0056(GDD), Rsr0.99 
Combined Regression:Haun = 0.887+0.0061(GDD). R2=0.62 
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Fig. 5. Relationship between Haun growth stages andaccumtdated GDD 
for green needlegrass. Regression equations were as follows: 
Heavy 86:Haun = -0.261+0.0055(GDDJ Rs=0.99 
Heavy 87:Haun = 0.167+0.@48(GDD~ RW.97 
Moderate 86:Haun = -0.127+0.0046(GDD), RW.99 
Moakrate 87:Haun = 0.036+0.005O(GDD), R2=0.95 
Combined Regression:Haun q  -0.172+0.00152(GDD), RW% 
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Fig. 6. Relationship between Haun growth stage and accumulated GDD 
for needkandthread. Regression equations were as follows: 
Heavy 86:Haun = 0.289+0.@66(GDD~ R2=0.99 
Heavy 87:Haun = -0.194+0.0&55(GDD~ RW.99 
M&rate 86:Haun = -0.061+0.&762(GDD~ RW.99 
Moderate 87:Haun = -0.141+0.0064(GDD~ R2=099 
Combined Regression:Haun = 0.061+0.0062(600). R2=0.95 

These data are interpreted as showing that more GDD were 
required to produce a leaf in 1987 than in 1986. Since prairie 
junegrass is a very early developing species, the above-average 
GDD accumulated in 1987 may have adversely affected the rate of 
development. However, both the heavy and moderate grazed pas- 
tures responded similarly within each year. 

The 2 Sripu species each produced 4 leaves (Figs. 5 and 6). The 
relationship between GDD and HGS was linear for green needle- 
grass (R1=0.96) and needleandthread (RW.95). The relationship 
between morphological development and GDD was similar during 
each year except for needleandthread when plants in the heavily 
grazed pasture required about 80 fewer GDD to produce the first 
leaf in 1986 compared to the moderately grazed in both years and 
the heavily grazed site in 1987. This difference was rather constant 
through development of all 4 leaves for needlegrass. Green needle- 
grass developed slightly slower, requiring about 800 GDD to pro- 
duce 4 leaves, than needkandthread which required only 640 GDD 
to produce 4 leaves. 

The relationship between GDD and HGS for western wheat- 
grass was nonlinear especially after HGS of about 3.5 (Fig. 7). The 
coefficient of determination, RW.97, indicates a very strong mor- 
phological development response to GDD. A total of 6 leaves were 
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Fig. I. Rehnionship between Haun growth stage and accumuhued GDD 
for western wheatgrass. Regression equations were as follows: 
Heavy 86:Haun = 0.234+O.tUhW(GDD)-O.O(GDDsJ R2=0.99 
Heavy 87:Haun = -0.455+O.iW75(GDD)-&O(GD~~ RWI.99 
Moderate 86:Haun = 0.090+0.0068(GDD~0.019(GDDs), Rsq.99 
Moderate 87:Haun q  -0.544+0.0074(GDD)-0.OOtNhI24(GDDr), RW.99 
CombinedRegression:Haun = -0.083+0.0070(GDD)&I&.W22(GDDr), 

R2=0.97 

produced by western wheatgrass plants in both pastures. Previous 
grazing history effects were not apparent either year. A total of 
about 1,450 GDD were required to produce the 6 leaves in western 
wheatgrass. Blue grama also had a nonlinear response between 
HGS and GDD (IPzO.95) similar to that of western wheatgrass 
(Fig. 8). Blue grama produced 5 leaves after about 1,300 GDD were 
accumulated. However, blue grama is a warm-season species and 
did not exhibit much growth until about 100 to 125 GDD had 
accumulated. Grazing effects did not influence the relationship 
between HGS and accumulated GDD. 

When to start accumulating GDD is a difficulty in using GDD to 
predict plant development. Frank et al. (1985) used criteria similar 
to that used in this study for determining starting dates for accumu- 
lation of GDD in seeded pure grass stands. The grass specks 
evaluated in this study are all perennials that were located in 
established pastures and growing in competition with other spe- 
cies. The procedure used to sekct the date for starting accumula- 
tion of GDD appears to be satisfactory for the cool-season grasses, 
but not for blue grama, a warm-season grass species. This was 
evidenced since the regression analysis produced intercepts that 
were near zero accumulated GDD for the cool-season specks, but 
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Fi8.8. Relationship between Haun growth stage and accumulated GDD 
for blue grama. Regression equations were as follows: 
Heavy 86:Haun = -0.704+0.0092(61)D)-0.GQOOO41(GD~), R2~0.99 
Heavy 87:Haun = -1.208+0.0084(GDD)-0.OOOOO27(GD~), RzsO.99 
Moderate 86:Haun = -0.431+0.0067(GDD)-0.MOOO24(GD~), R2=0.98 
Moderate 87:Haun q  -1.654+0.0094(GDD)-0.OOOOO34(GD~), R2~0.98 
Combined Regression:Haun = -0.699+0.@%30(GDD)-0.OOOOO29(GD~), 

R2=0.95 

about 100 to 125 GDD for blue grama. Accumulated GDD to coincide 
with initiation of growth for blue grama were 121 and 128 by 21 
April 1986 and 15 April 1987, respectively. 

Comparisons among species for total accumulated GDD needed 
to produce the full complement of leaves on the main stem during 
the growing season varied from 520 for prairie junegrass to 1,450 
for western wheatgrass. These data support the field observations 
which showed that prairie junegrass is one of the earlier species to 
produce a head compared to western wheatgrass, which produced 
few heads and at a much later date in the summer. The GDD 
required for western wheatgrass to produce all 6 leaves in this study 
(1,450 GDD) were greater than the 778 GDD required by western 
wheatgrass when grown in pure stands (Frank et al. 1985). The 
reasons for this difference cannot be determined from this study, 
but may have been related to the greater competition among plants 
present in the native sites compared to the pure seeded stands, 
which slowed development and resulted in a nonlinear response to 
GDD after a HGS of 3.5. 

In spring wheat, Bauer et al. (1984) has shown that morphologi- 
cal development is strongly related to GDD and that GDD can be 
used as a means of determining when to apply pesticides and 
fertilizer to the crop. The results of this study also show a strong 
relationship between HGS and GDD. These results should have 
practical application in development of growth models, for deter- 
mining turn out dates for grazing animals, and for making man- 
agement decisions. The fact that air temperature used as GDD was 
the primary factor affecting plant development and that prior 
grazing management, or years had almost no influence on plant 
development strengthens the possibility of using accumulated 
GDD for management decisions. Although this report shows that 
air temperature is the primary driving force controlling morpho- 
logical development, much research has been reported which 
shows total forage dry matter produced to be a function of water, 
soil nutrients, and management factors. 
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Under&my-overstory relationships in ponderosa pine forests, 
Black Hills, South Dakota 
DANIELW.URESKANDKIETHE.SEVERSON 

AbBtNCt 

Understory-overstory reiationships were examined over 7 dif- 
ferent growing stock levels (GSLa) of 2 size dames (saplings, 8-10 
cm d.b.h. and poles, 15-18 cm d.b.h.) of ponderosa pine (pinur 
pondaoso) in the Black Hiils, South Dakota. Generaiiy, produc- 
tion of graminoids, forbs, and shrubs ~88 similar between sapiing 
and pole stands. Trends among GSLS were also similar between 
these tree size classes. Graminoids and forbe were most abundant 
in clearcuts and the S ml/ha basai area. Intermediate amounts were 
produced l t GSLS of 14-23 m*/hr and lowest in unthinned stands 
which had besai areas ranging from 27-33 m*/ha and 37-48 m*/ha 
in sapiing and pole stands, respectively. Total understory produc- 
tion followed the same trends. Shrubs, however, appeared to pro- 
duce most at intermediate stocking levels but were variable. Gra- 
minoid and forb production were best estimated by the model 
iogY=a+bX. Reiationships for totai production were better des- 
cribed by Y=a+bX. However, variability of shrub production pre- 
cluded selection of a singie model; the b&t model varied between 
tree size classes. Standard errors of the estimate indicate that 
reasonably good predictive models can be developed for pole and 
sapling stands considered separately or combined. Wben years 
were combined, however, SKs increased markedly, indicating less 
reliable models. 

Key Words: piant production, forage, models, trees, basal area 

Understory-overstory relationships have been extensively exam- 
ined in ponderosa pine (Pinusponderosa)stands throughout west- 
em North America (Ffolliott and Clary 1982). Generally, thinning 
dense pine stands yields multiple benefits. In the Black Hills, South 
Dakota, current estimates of timber production and animal unit 
months (AUM’s) based on available herbage are 32.8 million cubic 
feet and 128,000 AUM’s, (USDA Forest Service, nd). Proper 
management of ponderosa pine stands results in increased herbage 
for livestock and wildlife and increased wood production (Pase 
1958, Ciary and Ffoiliott 1966, Jameson 1967, McConnell and 
Smith 1970, Ciary 1975, Currie 1975, Bennett et al. 1987). 

Published results of understory-overstory relationships in pon- 
derosa pine forests are common. However, this study is unique for 
several reasons: (1) Other studies have not examined effects of tree 
size class on understory production. (2) Ail plots were on the same 
soil type on sites of roughly equal productivity. (3) Many other 
studies lacked replication in space and often covered only 1 year. 
(4) All stands, both sapling and pole, were about the same age, 70 
years, when thinned. (5) Many previous studies centered on her- 
bage production; shrub production often was ignored. 

The objective of this study was to determine understory response 
to 7 different tree stocking levels (ranging from clearcuts to 
unthinned stands) of 2 size classes (poles and saplings) of ponde- 
rosa pine in the Black Hills. 

Authors arc respectively research biologist, Rocky Mountain Forest and Range 
Experiment Station, South Dakota School of Mines, Rapid City 57701; and range 
scientist, Rocky Mountain Forcat and Range Experiment Station, Anzona State 
Univemty, Tcmpc 85287. 

Manuscript accepted 9 November 1988. 
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Study Aren 

The Black Hills of South Dakota and Wyoming are dominated 
by ponderosa pine. White spruce (Picea glauca), paper birch (Bet- 
ulapapyrifera), quaking aspen (Populus tremuloides), and bur oak 
(Quercus macrocarpa) are common associates (Boldt et al. 1983). 
Common understory species include bearberry (Arctostaphylos 
uva-ursi), common chokecherry (Prunus virginiana), Oregon 
grape (Berberis repens), Saskatoon serviceberty (Amelanchier 
alnifolia), and snowberry (Symphoricarpos spp.). Herbs include 
roughleaf ricegrass (Oryzopsis asperfolia), timber oatgrass (Dan- 
thonia intermedia), Kentucky bluegrass (Poa pratensis), cream 
peavine (Lathyrus ochroleucus), and bluebell (CampanuZa rotun- 
difolia). Ponderosa pine and quaking aspen subtypes have been 
delineated by Thiienius (1972) and Severson and Thilenius (1976), 
respectively. 

The study was conducted on the Black Hills Experimental 
Forest, about 30 km west of Rapid City, SD. The Experimental 
Forest encompasses about 1,375 ha, with elevations ranging from 
1,620-i ,800 m. Cattle grazed in a 3-pasture rotation system from 
mid-June through September each year. The Experimental Forest 
was part of a 3 pasture rotation and all pastures combined con- 
sisted of 2,834 ha. Stocking rate was ii ha/ AUM and grazing was 
confined to meadows. The average annual precipitation is 600 mm, 
of which 70% fails from April to September. Growing season 
precipitation from 1 May to 31 July for 1974, 1976,198i was 168 
mm, 325 mm, 348 mm; and for previous year’s precipitation; (1 
August to 3 1 July) was 434 m, I, 196 m, 597 m, respectively. Soils 
are primarily gray wooded, shallow to moderately deep, and 
derived from metamorphic rock (Boidt et al. 1983). 

Methods 

Seven growing stock levels (GSLs) of ponderosa pine plus an 
unthinned control were sampled. These were numerically desig- 
nated as 0, 5, 9, 14, 18, 23, 28, and unthinned. Growing stock 
indicates all living trees in a stand. The numerical designation of 
growing stock levels approximates, but does not necessarily equal, 
the actual basal area (mz/ha) of the stand. Basal areas of the 
unthinned pole stands ranged from 3740 m2/ ha in 1981, while 
unthinned sapling stands varied from 27-33 m2/ ha. Three replica- 
tions of each of the 7 GSLs and unthinned controls were estab- 
lished in each of 2 size classes of pine: saplings (7.6 to 10.2 cm 
diameter at breast height [d.b.h.]) and small poles (15.2-17.9 cm 
d.b.h.). These tree size classes are common and extensive in 
second-growth forests of the Black Hills. 

The 3 replicated plots were selected randomly in areas with 
similar slopes and soils. Once plots were selected, they were 
thinned to the desired GSL from 5 to unthinned in 1963. Ciearcut 
plots (0 GSL) were selected and treated in 1966. Cut stems were 
removed from all plots. Each of the square 24 plots in sapling 
stands was 0.10 ha in size, and each 24 in the pole stands was 0.20 
ha. Miminal rethinning was required during winter 1973-1974 to 
maintain original GSLs. 

Understory plants were allowed to respond a full decade before 

203 



Yar 
ClNNUtS 

0 5 

Growing stocking levels (mz/ba) 

9 14 18 23 28 UntbillnCd 

Pole stands 

Graminoids 

Forbs 

Total 

Sapling Stands 

Graminoids 

Forbs 

Shrubs 

74 
76 
81 

74 
76 
81 

538*76 193*45 
633f30 341f120 
916*81 484*63 
16lfiS 86*35 
477f82 164f36 
385fll 189f12 
298*48 347f77 
a21*220 1019f291 

1344H3 945i116 
99afa4 626i46 

1931f132 1523f252 
2644i35 162of86 

* 
162f22 

74*33 

122Oi265 

1456f306 

48fl5 
205f18 
113f26 
28f5 
73f31 

lOOf 
311f70 
94af279 
910f144 
387f87 

1226f306 
1123f132 

74 

if 
74 

fl! 
74 
76 
81 
74 
76 
a1 

676flOO 806*23 1 
876*247 796f81 

1297*263 1089f142 
134*39 102f16 
296i33 246f38 
369W 276s 
303f108 244f57 
964*411 1156f54 
8Olf307 915f126 

1113f115 1152*1% 
2126fl% 2199f70 

34Of79 

306i86 

1255f233 

1901*280 

212f91 
454*1a7 
424f177 

37*14 
64f16 

117f52 
308f76 
778f331 
935*428 
557f138 

1296*428 

114*46 

56*33 

55of161 

72Of129 

216f74 

59f16 

1267f178 

1542113 

32f17 
48*26 35f14 
61f30 
22*7 
27f8 24f5 

44*15 
149f43 
6alf155 426f143 
535f97 
203f34 
756*127 485f133 
w112 

al*41 
127f18 39flO 
118f15 
34*22 
43fll 19f8 
92flO 

305f20 
597f330 79kt329 
866f326 
42M57 
767f327 85Of342 . ___ 

24W168 2-102 1478f5% 1076*:~;lu 

5*4 
lOf5 
4*3 

3;: 
6i3 

67f58 
lOOf 
31f19 
72i58 

113s 
41f21 

36*4 
57f24 
79f35 

a*4 
15s 

26f16 
54s 

269flll 
23M107 
98fll 

341f138 
334f146 

measuring. Production of understory vegetation was measured by 
harwsting during August 1974, 1976, and 1981, on six 15-m, 
randomly placed line transects per plot. A total of twelve 30- by 
61-011 quadrats were randomly located along the transects in 1974 
and 1976. These data indicated that an increase in number of 
quadrats would provide a better estimate of minor plant species. 
Therefore, in 1981, twenty-five 0.125-m2 circular plots were sys- 
tematically located along 5 of the transects. All herbage was har- 
vcstod by species to ground level, and current annual growth of all 
shrubs was removed by species, oven-dried, and weighed. Weights 
were averaged and expressed as mean per site for data analyses. 

Numbers of species recorded from harvesting within each vege- 
tation class among growing stock levels were tested with a 2-way 
(years by GSL) analysis of variance (m.05). In cases with a 
significant F value, means were separated using the Least Sign& 
cant Differences method (Mill&en and Johnson 1984). 

Four regression models using plot means were used to test 
relationships between ponderosa pine overstory (the independent 
variable (x) measured as m2/ha basal area) and current annual 
growth of the understory (the dependent variable (y) measured as 
kg/ha). These models were: y=a+bx, y=ax’, y=e*‘h(i.e., logY=a+bx), 
and 1 / y=a+bx (Statistical Graphics Corp. 1986). Further attempts 
were made to fit more complicated nonlinear models to selected 
data sets, but no improvement in goodness of fit was obtained. 
Basal area data for each individual plot were collected by C.E. 
Boldt and are on fik at the Rocky Mountain Forest and Range 
Experiment Station, Rapid City, So. Dak., and Fort Collins, Colo. 

Homogeneity of slopes (b) was tested with Student’s 2. If the 
assumption that slopes were homogeneous was met, homogeneity 
of intercepts of (a) was tested (Graybill 1976). 

Readts 

understory ProduetIon 
Pole-sized Stan& 

Production of most forage classes varied among growing stock 
levels (GSLs) for both sapling- and pole-sized stands in all years 
(Table 1). In pole-sized ponderosa pine stands, grasses and carices 
generally produced the most in stands stocked at basal areas of 0 
and 5 m2/ ha, intermediate amounts in those stocked from 9 to 18 
m2/ ha, and the least in GSLs exceeding 23 m2/ ha. The number of 
graminoid species declined significantly; fewer were found in GSLs 
exceeding 14 m2Jha than in the lower GSLs (Table 2). Timber 
oatgrass was the most abundant graminoid species under pole 

Table 2. Number of qwc&a by vegetation clam in pole- md saplint-dztd 
z&e stands 8roul118 at different stock& levels, Black Hills, 

. 

Graminoids 

Forbs 
Shrubs 
Total 

Stocking level (m2/ba) 

0 5 9 14 18 23 28 UT 

Pole stands 
lla2 1Oa 93 A 6, 5b 53 3b 
21a 1% 12 12b 14 13b 9 5c 
aa -88 6 5b 6 6nb 4 4b -------- 

4Oa36a 27 22b 26 24b 18 12~ 

Sapling Stands 
Graminoids 9a 9a 7 9a 7 6b 5b 
Forbs l&I 15b 16 13bc 9 13bc : llc 
Shrubs 7a 6a 8 6 6 8a 5 7a -------- 
Total 34a 3&b 31 28b 22 27bc 15 23c 

Whinned 
‘Numbers followed by same letter in row6 arc not signiftcantly different (E-0.05). 
9.18, and 28 stuckin# levels not included in analysis, because they am rcprcscntcd by 
only I year-s data. 
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stands in all stocking kvels, accounting for 49 to 91% of the total 
graminoid production. The only exception to this was in unthinned 
stands where it produced from 040%. Bearded wheatgrass (Agro- 
pyronsubsecundum) and sedges (Curex spp.) were common under 
the 2 lowest stocking levels, contributing 8 to 29%; bearded wheat- 
grass was absent in GSLs greater than 9 mr/ha. Sedges were 
unpredictable, declining in mid-levels (2 to 6%), increasing again at 
23mz/ha(13 to 31%), thendecliningtoatraceinunthinnedstands. 
Roughleaf ricegrass was nearly absent under pole-&d trees (0 to 
1 I%), but produced from 40 to 80% of the graminoid crop in 
unthinned stands. 

Forb production in pole stands followed a simiir pattern. Pro- 
duction was highest in the 2 lowest GSLs, intermediate from 9-23 
ms/ ha, and lowest when basal areas were above 28 m*/ ha (Table 
1). The number of forb species followed the same pattern (Table 2). 
There were no clear forb dominants in the lowest stocking levels; 
western yarrow (Achiflea lanulosa), bluebell, cream peavine, and 
clovers (Tr~~oiiurn spp.) were the most prevalent. At higher ponde- 
rosa pine stocking levels, from 9-28 mz/ha, cream peavine 
accounted for almost half (37 to 63%) the forb production. Few 
forbs were produced under unthinned stands. 

Shrub production under pok-sized trees varied within stands, 
among GSLs, and years (Table 1). Shrub species in the 2 lowest 
stocking levels were greater than in all the others except the 23 
mr/ ha GSL (Table 2). Despite the number of shrub species present, 
only 1 made a significant contribution-bearberry made up 70 to 

99% of the shrub production across all stocking levels. 
Trends for total understory production under pole-sized ponde- 

rosa pine stands were lower in 1974 than in 1976 or 1981 in all GSLs 
except unthinned stands (Table 1). Generally, clearcuts in pole 
stands produced significantly more forage than other GSLs, except 
during 1974. Intermediate amounts were produced at GSLs 5 to 18 
ms/ha, less from GSLs of 9 to 28; and the least forage was pro- 
duced under GSLs greater than 18 m*/ha. 
Sapling-sized Stands 

As in pole-sized stands, bearded wheatgrass and sedges in 
sapling stands were common in the lower 2 GSLs representing 30 
to 69% of the total graminoid production. Also, as in pole-sized 
stands, bearded wheatgrass was absent at GSL above 9 m*/ha. 
Sedges fluctuated, declining at mid-levels (11 to 13%), increasing at 
the upper-managed levels (22 to 32%), and declining in unthinned 
stands (11 to 19%). Timber oatgrass, the dominant understory 
grass in pole stands, represented an insignificant proportion of 
graminoid production in most saplingaized pine stands (3 to 14%). 
Roughleaf ricegrass made a small contribution to graminoid pro- 
duction in clearcuts (8 to 21%) but produced more than one-third 
(36 to 39%) of that in stands stocked with pine at 9 m*/ha and 
dominated graminoids in GSLs above 14 m*/ ha (54 to 83%). Total 
graminoid production in sapling stands was generally similar to 
pole stands (except in 1974). The number of graminoid species in 
GSLs 0 to 14 m*/ha was significantly greater than in the higher 
GSLs (Table 2). 

Table 3. CoeffMeata (a and b), standard error of the estimate (SE), mean of dependent varhbkr (?), and caeffidenta of determination (RI) dacribhg 
rehtionmbipa between understory preduetlcn by vegetation chw (Y) and ponderom pine basal ua (X)in pole ud npli~zed atsoda for 3 yeara in the 
Black Hilb, South Dakota. 

Stand 

Pole 

Sapling 

Year 

74 
76 
81 

74 
76 
81 

nl a b SE P fl Typcz 

Grarninoids 
15 5.994a” -O.MOa’ 87.73 163.1 75.3 E 
24 6.517a -0.133a 88.5 193.4 73.6 E 
15 7.088b -0.158a 157.3 315.6 83.7 E 

IS 6.463a -0.123a 245.0 362.3 72.4 E 
24 6.765a -0.124a 213.0 362.3 E 
15 7.251b -0.113a 286.6 597.7 ;:: E 

Forbs 
74 5.257a -0.165a 31.2 59.5 86.9 E 

Pole 76 ;: 5.942a 4.144a 66.4 268.6 71.4 E 
81 15 6.089’ -0.112b 37.9 144.9 85.0 E 

; z 
4.743a -0.114a 36.4 63.5 70.4 

Sapling 5.912b -0.147a 91.4 131.0 72.5 : 
81 I5 6.018b -O.lOla 83.1 176.3 70.3 E 

Shtllbs 
74 

z 
349.34 -8.la 101.9 234.6 52.6 

Pole : 1136.la -26.8b 365.5 720.4 39.7 :: 
15 1244.3a -29.8b 180.5 734.5 85.4 L 

74 I5 5.878a 4.058a 132.4 242.8 52.7 E 
Sapling 76 24 7.1391, -0.053a 478.7 869.7 27.0 E 

81 15 6.9721, -0.052.a 438.1 682.5 43.4 E 

Totals 
74 15 801.64 -24.4s 173.8 457.1 77.4 L 

Pole 76 24 1839% -52.3b 323.6 1167.8 76.3 L 
81 15 2229.Oa -60.5b 289.2 1195.1 90.4 L 

74 15 1102.64 d1.9a 234.7 638.6 75.6 L 
Sapling 76 24 2233.8a -73.8b 436.9 1362.9 66.4 

81 15 2540.9a -79.7b 443.5 1456.4 79.9 :: 

In q  sampk ah. 
*E q  ex 
hldr, 

ncnti+ and L = linear cquatio~. 
uea m wlumns followed by the aamc ktter are not signifiintly different (E-0.05) witbii troz size ckss and vegetation category. 

‘Not incl~dd in tat bamue b i sigm&antly diiennt. 
‘SE for log transformed models were cstinwcd from residuals computed from untransformed data. 
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Forbs growing under sapling-sixed ponderosa pine trees gener- 
ally responded with greater production than forbs in pole stands, 
except within clearcuts (Table 1). The number of species, however, 
followed the same general pattern noted in pole-sized stands (Table 
2). Western yarrow was the dominant forb in clearcuts, producing 
from 2442% of total forb aboveground biomass. Thii species 
shared dominance with cream peavine in GSLs of 5 and 9; but in all 
sapling-sized pine stands stocked at higher levels, cream peavine 
was dominant, accounting for 32 to 58% of the forb production. 

production best described by the linear model (Tables 3 and 4). 
T-tests of slope coefficients (b) revealed all were different from 0, 
indicating that understory production responded significantly to 
changes in ponderosa pine stocking levels as measured by basal 
areas. 

Shrub production varied greatly among GSLs in sapling stands 
(Table 1). The number of shrub species among GSLs was similar 
(Table 2). However, bearberry was clearly dominant in all GSLs 
producing from 7599% of current annual shrub growth. 

Total production in sapling-sized ponderosa pine stands was 
lower in 1974 than in either 1976 or 1981 across all GSLs, while 
latter years were similar. Least forage was produced in GSL 28 and 
unthinned sapling stands (Table 1). Generally, total production 
was similar between sapling- and pole-sized pine stands, except in 
in unthinned stands. 

Overstory-Understory Relatlonshlps 

Generally, when testing the hypothesis that slopes for years 
within stand/vegetation class were homogeneous, no significant 
differences were noted among b values for graminoids and forbs. 
The only exception was in pole stands during 1981, where forb 
production decreased significantly less with increasing basal areas 
than it did in 1974 or 1976 (Table 3). Shrub production under pole 
stands and total production under both sapling and pole stands did 
demonstrate consistencies. Slope (b) values in all 3 of these cases 
were lower for 1974 (Table 3). This indicates the rate of decrease in 
pole stand shrub production and total production in both-size 
classes of ponderosa pine resulting from increases in basal area was 
significantly faster in 1976 and 1981 than in 1974 when the least 
forage was produced. The same general relationship held when 
data from stands were combined (Table 4), but only for total 
production. 

Of the equations tested to describe relationships between under- 
story production and basal area of ponderosa pine, the linear 
(Y=a+bX) and exponential (Y#‘hq forms yielded best results as 
indicated by R2 values. More complicated nonlinear forms did not 
offer significant improvement over the linear or exponential mod- 
els. Generally, graminoid and forb relationships were best des- 
cribed by the exponential, shrubs were variable, and total forage 

In cases where slopes were determined to be homogeneous, 
further testing revealed some significant differences among inter- 
cepts (a) (Table 3). Graminoids had significantly higher intercepts 
in 1981 in both sapling and pole stands. Further, intercepts were 
not different for total production in pole and sapling stands for 
1976 and 1981. However, 1974 could not be included in the latter 
analysis, because respective slope values for pole and sapling 

Tabk 4. Coeffkiente (a and b), standard error of the estimate (SE), mean of dependent vuiabka (@, and eoefflcients of determination (I?*) describing 
rektiouebips between onderetory production (Y) end ponderoee pine burl area(X) when pole- and eapUn~-sized elands ue combined, when years ue 
combined, end when strode end yeam ere combined in the Black Hilk, South Dekota. 

Veg. class 

Graminoids 

Forbs 

Shrubs 

Total 

Graminoids 

Forbs 

Shrubs 

Totals 

Year/ stand nl a b SE v fi Typez 
__________________--~~~~_I-~~~~~~~~~~~~~~---~~~~-- Stands combined 

74 30 6.251a3 -0.141a3 205.14 262.3 76.0 E 
76 48 6.6Ola -0.124a 177.7 277.4 74.2 E 
81 30 7.2161, -0.137a 217.3 456.3 81.5 E 
14 30 4.841a -0.118a 31.7 61.5 81.2 E 
76 48 5.806b -0.135a 80.1 120.6 75.5 E 
81 30 6.083~ -O.llOa 65.7 160.1 79.9 E 
74 30 5.908a -0.053a 118.0 238.4 52.1 E 
76 48 7.248b -0.062a 464.0 811.6 37.9 E 
81 30 7.37lb -0.08Oa 459.1 708.3 60.9 E 
14 30 947.35 -3lAa 225.5 562.8 71.6 L 
76 48 2031.4a -6l.2b 392.8 1209.6 69.9 L 
81 30 2364.6a -67.7b 379.2 1325.7 83.5 L 

Years Combined- 
6.318 -0.132a 158.3 
6.81 lb -0.125a 275.0 

5.259a -0.12aa 83.3 
5.445a -0.108a 45.1 

-0.081a 428.9 
-0.048a 476.2 

-O.lzOa 551.3 
-0.078b 613.9 

Pok 
Sapling 

Pole 
Sapling 

Pok 
SaPW 

Pole 
Sapling 

54 
54 

54 
54 

54 
54 

54 
54 

6.646a 
6.673s 

7.6085 
7.675 

231.5 
426.9 

83.5 
125.4 

452.5 
643.2 

767.2 
1195.6 

74.9 
60.2 

76.3 
51.7 

35.6 
21.3 

62.9 
56.3 

9tands and years combined 
Graminoids - 108 6.680 -0.134a 233.9 323.2 72.2 E 
Forbs - 108 5.483 -0.1% 88.1 113.4 65.0 E 
Shrubs - 108 7.016 -0.081b 485.0 616.2 38.0 E 
Total - 108 7.843 -0.103b 648.6 1055.2 56.4 E 

In = sampk size. 
ZE = exponential aad L = linear equations. 
hand b values in columns followed by same kttcr are not dgoifkantly differcot (E-0.05) within vtgctation class for staads combined and years combii and among vegetation 
clasncs for stands aad years combined. 
‘Not included in test bccausc b ia signithntly diRerent. 
JSES for log transformed models were estimated from rcsiduala computed from untransformed data. 
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stands were significantly different from the others. Shrub produc- 
tion intercepts also were similar between size-class stands for 1976 
and 1981. Intercepts for forb production were lowest for 1974 in 
both pole and sapling stands; but these differences were significant 
only in sapling stands. 

When stands were combined, no differences were noted in b 
values among years within vegetation class. The slope for total 
production, however, was significantly flatter for the driest year, 
1974, than for 1976 or 1981 (Tables 4 and 5). Intercepts were 
significantly different among years, but with no consistent pattern 
among vegetation classes; for graminoids they were significantly 
lower in 1974 and 1976 than in 1981. For forbs, all years were 
different, and for shrubs, 1974 intercepts were lower than for either 
of the other 2 years. 

Combining years resulted in differences in b values for sapling 
stands and pole stands, but, again, only for total production (Table 
4). As basal area increased, total understory production in pole 
stands decreased significantly faster than under sapling stands. 
Combining years resulted in more consistent relationships between 
pole and sapling stand intercepts for forbs and shrubs; but sapling 
stands had a sianificantly higher graminoid intercept than did pole 
stands. When data for stands and years were analyzed together, 
slope values for graminoid and forb production were higher than 
those for shrubs or total production (Table 4); this indicates that as 
basal area increased herbaceous production decreased at a faster 
rate than did shrub or total production. 

Standard errors (SEs) of the estimate appeared lower when 
stands and years were analyzed separately (Table 3) than when 
either or both were combined (Table 4). Lowest SEs, relative to the 
mean of dependent variables (Y), were noted for total production. 
Here SEs ranged from 2438% of the mean when stands and years 
were analyzed separately. They were only slightly greater when 
stands were combined (29 to 40%) but increased markedly when 
years (51 to 72%) and years and stands (61%) were combined. The 
same general pattern held for grasses, forbs, and shrubs except that 
variability was slightly greater between cases where stands and 
years were separated as compared to stands combined. 

When analyses were separate (Table 3). SEs/Y indicate less 
variability in pole than in sapling stands. Differences in variability 
among years were more inconsistent; no patterns were apparent. 

Coefficients of determination (Rz) for graminoids, forbs, and 
total understory production ranged from 6590% (Table 3). R2 
values for shrub production were noticeably lower, ranging from 
27-85%. With the exception of one value all R2 for shrubs were less 
than 53%. 

Combining stands did not unduly affect the amount of variation 
in understory as explained by changes in overstory. Graminoid, 
forb, and total understory production Rz values ranged from 
72-84%, while shrub values remained low, ranging from 3861% 
(Table 4). When years were combined and stands and years com- 
bined, Rz values declined, ranging from 52-76% for graminoid, 
forb, and total production and from 21-38% for shrub production 
(Table 4). 

Discussion and ‘Management Implications 
As tree density increases, understory production decreases 

(Clary 1975, FfolIiott and Clary 1982, Bartlett and Betters 1983). 
Understory production for both pole and sapling stands in the 
Black Hills was no exception. Generally, trends for understory 
production were higher for graminoids, forbs, and shrubs under 
saplings. Species diversity also was greater in sapling stands and 
decreased in both sapling and pole stands as GSLs increased. 
Livestock grazing was not considered an influencing factor on 
understory production or species diversity. Stocking rates were 

light at 11 ha/ AUM and grazing was primarily confined to the 
meadows. All study sites were located away from meadows at 
higher elevations. 

Relationships between tree density and understory production 
are affected by timber management. Clearcuts to 9 m*/ha basal 
area yielded the greatest production of understory in both pole and 
sapling stands. Overall, averaged across stands, plant production 
decreased approximately 37% at 5 m*/ ha basal area compared to 
clearcuts. At a 14 m*/ ha basal area, total understory production 
decreased approximately 76%, and species diversity decreased 
approximately 32% relative to clearcuts. 

The relationships between tree size class and grass species com- 
position were not clear, but may be related to microclimate. 
Timber oatgrass was abundant in old stands and sparse in sapling 
stands, and roughleaf ricegrass was common in sapling stands and 
limited under poles. Timber oatgrass generally is more abundant in 
moist sites (McGregor 1986). Sapling stands, (represented by more 
stems-per-unit area than pole stands on sites with equal basal area), 
may have a slightly more moist microclimate. Sapling stands also 
tended to have more total understory production. 

Understory production was more predictable with curvilinear 
models using basal area of trees as the independent variable. Oth- 
ers have found similar relationships in ponderosa pine (Clary and 
Ffolliott 1966, Pase 1958, Pase and Hurd 1957, Jameson 1%7, 
Clary et al. 1975). Linear relationships in this study were found for 
total understory production by years, total production with stands 
combined, and for shrubs only in pole stands. McConnell and 
Smith (1965) also reported linear relationships between understory 
and ponderosa pine overstory. 

Livestock grazing is a major use of many forested lands along 
with timber production. The potential for livestock forage produc- 
tion was maximized on clearcuts and decreased about 68% at pine 
stocking levels of 9 m*/ ha. Clary et al. (1975) reported that forage 
and sawlog production both would be maximized in pine stands 
having a basal area of 10 to 14 mz/ ha. Understory and tree produc- 
tion was maximum in Black Hills ponderosa pine when basal area 
was 14 m*/ha (Severson and Boldt 1977). 

Forage classes used by cattle grazing Black Hills ponderosa pine 
ranges were, in decreasing order, graminoids, shrubs and trees, and 
forbs (Uresk and Lowry 1984, Uresk and Paintner 1985). Major 
graminoids included sedges and wheatgrasses. Timber oatgrass 
was common in cattle diets (7-80/o ricegrass was less abundant 
(Cl%). White clover (l?ifolium repens) was the major forb; snow- 
berry and Oregon grape were preferred shrubs. Forage provided 
from sapling and pole stands would be similar. Although the more 
consumed timber oatgrass is more abundant in pole stands and the 
less consumed roughleaf ricegrass dominates sapling stands, the 
diversity of other species, especially at the lower GSLs, negates this 
difference. 

Interspersion of clearcuts, especially on less productive sites, 
would beneficially increase forage production for both wild and 
domestic species (Reynolds 1969, Miller and Krueger 1976, 
Thompson and Gartner 1971). Management programs can be 
made flexible by judicious placement of clearcuts along with pre- 
commercial and commercial tree-thinning programs, provided 
that cover requirements for wild species are not ignored (Severson 
and Medina 1983). 

White-tailed deer (Odocoikus virginianus) are important herbi- 
vores in Black Hills pine forests. They are primarily browsers but 
grasses and forbs are seasonally important (Schneeweis et al. 1972, 
Schenck et al. 1972, Dietz et al. 1979). Shrub production is rela- 
tively high at stocking levels below 14 mz/ ha, but most productive 
is bearberry, a prostrate evergreen shrub that is not available in 
winter because of snow depths. However, it is an important fall and 
early winter food. Therefore, thinning to a basal area of less than 14 
ms/ ha may increase browse production. 
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Thinning pine also reduces loss of tree stands to beetles and 
other insects (Etartos and Amman 1989). The microclimate appar- 
ently is altered enough in thinned stands to interfere with beetle 
activity. Indications are that pheromone plumes, which disrupt 
beetle attack, are affected. 

Standard errors of the estimate, relative to the mean of depend- 
ent variables, indicate that total forage production can be esti- 
mated reasonably with models developed for pole and sapling 
stands separately or when they are combined. Similar but some: 
what less precise estimates could be expected for the individual 
forage categories-graminoids, forbs, and shrubs. Low R2 for 
shrubs, however, indicate that caution should be used in interpret- 
ing results for this particular group. 

Variability within years appears to be within acceptable limits 
for predictive modeling. When years are combined, either within 
stands or among stands, SEsl Y increase markedly, which indicates 
a less reliable model for estimating plant production on individual 
sites. However, the models provide reliable estimates when predict- 
ing herbage means as related to tree basal areas. Managers are 
primarily interested in herbage means for estimating livestock and 
wildlife use. General estimates of carrying capacity of both live- 
stock and wildlife can be estimated from the predicted herbage 
values. 

Increasing SEs/Y when years are combined indicates there is 
considerable variation among years. This was partially attributed 
to differences in precipitation; 1974 had about one-half the grow- 
ing season precipitation of 1976 and 1981 each. Differences in 
intercepts among years were not consistent with these moisture 
patterns, however, which means understory production is affected 
not only by total growing season moisture but also by other factors 
(e.g., intensity, patterns within season, temperatures, etc.). If these 
factors can be identified, they could be used to develop complex 
models that might facilitate more precise predictions over years. 
However more than 3 years of data would be needed to address this 
problem. 
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Evaluation of pinyon sapwood to phytomass relationships 
over different site conditions 
ROBIN J. TAUSCH AND PAUL T. TUELLER 

AbSblCt 

Detailed studies of competitive interactions in the pinyon/ju 
niper (pinus monophyIi& Torr. & Frtm., Jun&aws osteoqxrma 
(Torr.) (Little) tcosyste~ require accurate estimates of biomass 
from physical measurements of the plant species involved. Reia- 
tionships between green led biomass (pbytomass) and trunk sap- 
wood area were evaiuated on 6 plots on a western Nevada moun- 
tain range. Four of the plots covered a range of environmental 
conditions from the lower to the upper tdgt of tbe woodiand belt in 
100-m elevation increments. The remaining 2 covered canyon and 
mountain top environments. The sapwood area to pbytomass 
relationship was first individually analyzed for each of the 6 plots 
and the results compared. The ratio for grams of phytomass per 
cm’ of sapwood area for the tree in each plot with the highest value 
ranged from 1.5 to over 2 times the tree with the lowest value. The 
highest average plot ratio was only 18%~ greater than the lowest 
average plot ratio. Individual regression slopes for the 6 plots did 
not significantly differ and the data were combined for the rtmaht- 
ing analyses. The regression relationship for trees with less than 
40-cm2 sapwood area differed from the overall relationship. The 
slope values for the sapwood area to foliage biomass relationship 
for the western Nevada data averaged about 2/3 the slope values 
for a data set from a mountain range in southwestern Utah. These 
differences were significant between a subset of young trees from 
each site with up to 4tkm* sapwood area (p10.01) and for an 
analysis bttwttn all the sampled trees from each site (EO.10). 

Key Words: singitltaf pinyon PInus monophyk, sapwood area, 
leaf biomass, phytomass 

Detailed studies of competitive interactions and the associated 
successional processes of pinyon-juniper (Pinus monophylla Torr. 
& Frem., Juniperus osteosperma (Torr.) Little) woodlands require 
biomass estimates for the plant species present. Particularly impor- 
tant are the competitive effects of the trees on forage production by 
understory species. Because of the size of the trees and the remote- 
ness of most study sites, direct collection of their biomass is time 
consuming and expensive (Meeuwig and Budy 1979). The ability to 
use physical measurements of the trees to estimate green leaf 
biomass, or phytomass, can simplify field data collection. 

Close relationships have been shown to exist between the total 
phytomass or leaf area of woody plants and their sapwood area. 
Species evaluated include conifers (Grier and Waring 1974, Kline 
et al. 1976, Whitehead 1978, Running 1980, Long et al. 1981, 
Kaufmann and Troendle 198 1, Waring 1983, Marshall and Waring 
1986, Hungerford 1987, Miller et al. 1987); evergreen and decidu- 
ous broad leaf trees (Dixon 1971, Waring et al. 1977, Kaufmann 
and Troendle 198 1); and shrubs (Waring et al. 1977, Ganskopp and 
Miller 1986). Although the relationship is consistent for a species, 
the slope of the regression line can vary depending on where the 
trunk cross section is taken and the length of the crown free bole 
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(Waringet al. 1982, Brix and Mitchell983, Marchand 1984, Dean 
and Long 1986, Bancalari et al. 1987, Hungerford 1987). The 
phytomass to sapwood area ratio for small trees or saplings can 
also be less than for mature trees of the same species for pinyon 
(Tausch 1980) and for other conifers (Snell and Brown 1978, 
Waring et al. 1982, Pearson et al. 1984, Dean and Long 1986, 
Hungerford 1987, Keane and Wheetman 1987). 

The objectives of this study were twofold. First we wanted to 
determine the sapwood area to phytomass relationships for pinyon 
within and between several sites on a western Nevada mountain 
range and between those sites and a southwestern Utah site. 
Second we wanted to find out if the variation in the relationship 
observed was related to site conditions. 

Study Area 

Tree data were from 6 locations in the pinyon-juniper wood- 
lands of the Sweetwater Mountains in western Nevada. These 
locations ranged in elevation from just over 2,000 m to 2,300 m 
(Table 1). All 6 sites were in woodlands that were fully stocked or 

Table 1. Elevation, dope, aspect, and total tree cover for 6 plots on the 
Sweetwater Mou~~tains, Nevada and California. The plota Sl, S3, end 54 
8re from Meeuwig (1979). 

: 
2: 

Sl. 
s3. 
s4. 

Aspect 
(Deere+ 

81 
75 

ii 
120 
345 

Slope Elevation Total tree 
(degrees) (meters) cover (%) 

3 2120 47 
2 2030 39 
4 2280 72 
3 2210 49 

2300 
2: 2020 zi 

fully tree occupied as described by Meeuwig and Budy (1979). Tree 
data for S 1, S3, and S4 were sampled adjacent to previously 
sampled plots (Meeuwig 1979). Plots 1, 2, and 3 were added to 
extend the range of environmental conditions. Plots 2,1, Sl, and 
S3 represent a transect up the east side of the Sweetwater Moun- 
tains from the lower to the upper edge of the woodland belt at 
100-m elevation intervals. Plot S4 is a north facing slope in a large 
canyon and plot 3 is on a broad mountain top. A few juniper were 
present in plot S4 but the other plots contained only pinyon. 

Methods 

Sampling Techniques 
Plots Sl, S3, and S4 were 30 m by 30 m in size. Every tree on 

these plots was measured for height, average crown diameter, and 
for basal diameter. All trees were harvested and their biomass 
determined (Meeuwig 1979, Meeuwig and Budy 1979). Plots 1,2, 
and 3 (Table 1) were 20 m by 50 m (0.1 ha) in size. Every tree in the 
plots was placed in 1 of 6 age classes based on those described by 
Blackbum and Tueller (1970) and was measured for average crown 
diameter, total height, and basal diameter. Basal diameter mea- 
surements were above the root crown and approximately 15 cm 



above the ground surface. Where multiple trunks branched below 
this point, each trunk was individually measured and an average 
basal diameter determined as described by Meeuwig and Budy 
(1979). All data were collected during the fast week of August. 

A random sample of 12 trees with mature foliage, stratified by 
age class, was harvested on plots 1,2, and 3. The sampled trees were 
those closest to a random point on the center line of the plot. 
Twelve random trees were collected adjacent to each of the pre- 
viously sampled plots Sl, S3, and S4 from Meeuwig (1979) and 
Meeuwig and Budy (1979) in an area with the same site and stand 
conditions. Plot S2 did not have a suitable adjacent area. A base 
line was located in the adjacent area parallel to and 10 m from the 
side of the plot and the selected trees were those closest to a random 
point on that line. 

The 12 harvested trees for each plot were sampled by 2 methods 
depending on tree size. All green foliage was collected on trees with 
basal diameters outside the bark up to about 15-cm. A trunk cross 
section was collected at the point of basal diameter measurement. 
Trees with larger basal diameters were subsampled. The subsam- 
pling was based on the assumption of linearity of the phytomass to 
sapwood area ratio through a tree crown described by Kaufmann 
and Troendle (1981), Long et al. (1981), Waring et al. (1982), and 
Waring (1983). Two subsamples were collected, one from the main 
stem and one from a random major branch in the middle third of 

._ the tree. A major branch or secondary trunk was also selected 
because they support a major portion of the crown. Main stem and 
branch subsamples were cut at a diameter of about 12-cm to exceed 
the 4O-cm* sapwood area (about IO-cm diameter outside the bark) 
below which the phytomass to sapwood area ratio in individual 
pinyon trees declines with decreasing tree size (Tausch 1980). A 
cross section was collected from the base of each stem and branch 
subsample and a trunk cross section was collected from the base of 
the tree. All green foliage was collected from each stem and branch 
subsample. 

One randomly selected tree in plot 2 was subsampled with 6 
additional cross sections taken at approximately equal intervals 
over the height of the tree. All phytomass was collected for each 
subsample. Cross sections on this tree were removed from sections 
of the trunk that was free of branches for at least 10 cm. 

Analysis Techniques 
All collected foliage was oven dried and weighed. Trunk and 

branch cross sections were measured for heartwood and sapwood 
area with a dot grid. The measured sapwood area and phytomass 
data of the 2 subsamples from the larger trees were combined and 
an overall ratio of phytomass to sapwood area determined. This 
ratio was multiplied times the sapwood area of the trunk cross 
section to estimate the total tree phytomass. 

Potential increased variability resulting from the subsampling 
procedures was evaluated by comparing the rate of variability 
between the subsampled trees with the variability of the totally 
sampled trees of equivalent size from southwest Utah (Tausch 
1980). Variation in error related to tree size was checked by a 
regression analysis between the basal area and the difference 
between the 2 subsamples for each tree. Data were not available to 
directly determine the existence of an overall over or under esti- 
mate of the phytomass to sapwood area ratio. Two indirect evalua- 
tions for this were used. First was an evaluation of the change in the 
phytomass to sapwood area ratio at different levels in the sub- 
sampled tree. Second, the basal area and total tree phytomass for 
the trees sampled adjacent to plots Sl, S3, and S4 from Meeuwig 
(1979) and Meeuwig and Budy (1979) were used in nonlinear 
regression analysis to develop prediction equations. These equa- 
tions were used to predict the total pinyon phytomass in the 
adjacent plots and the results were compared with their published 
phytomass values (Tausch and Tueller 1988). 

Sapwood area to phytomass regression analyses were computed 
individually by plot for trees less than or equal to 4O-cmz sapwood 
area, greater than 4O-cm* sapwood area and for all sampled trees. 
Regression slopes were then statistically compared between plots. 
The data for all plots were then combined in single analysis for each 
size range. Results from the combined Sweetwater Mountains data 
for each size range were statistically compared with results for 
equivalent data from southwestern Utah from Tausch (1980). All 
southwestern Utah trees were totally sampled and had mature 
foliage. 

Crown diameter measurements on plots 1,2, and 3 were used to 
compute the percent cover of the trees. Percent tree cover data for 
plots S 1, S3 and S4 are from Meeuwig (1979). 

Results and Discussion 

The sampled trees on the Sweetwater Mountains ranged in 
height from 2 dm to 10 m. Total tree cover values on the plots 
ranged from 36% to 720/o with the higher cover values generally 
occurring at the higher elevations (Table 1). The base of the tree 
crowns was at the ground surface for most of the pinyon trees. The 
trunks on the remaining trees were usually short with less than a 
meter from the litter surface to the first live branch. 

Phytomass to sapwood area ratios for the trees from southwest 
Utah (Tausch 1980) ranged from 86 g/cm2 to 149 g/cm* and 
averaged 118 g/cmr. The largest value was about 1.7 times the 
smallest. Highest ratios for the subsampled trees on each plot on 
the Sweetwater Mountains were from 1.5 to 2.1 times the lowest 
values and the plot average was 1.7. The phytomass to sapwood 
area ratio for all the subsampled trees ranged from 53 g/cm2 to 109 
g/cmr, a range of 2.3 to 1, and averaged 86 g/cmr. Average plot 
ratios varied by a maxiumum of 10% with the highest ratios on the 
upper elevation sites. Individual lodgepole pine trees on a site had 
about a 2 to 1 range in the leaf area to sapwood area ratio (Keane 
and Weetman 1987). Overall, tree to tree variability of the sub- 
sampled trees were equivalent to the totally sampled trees. 

Regression analysis between the basal area of the subsampled 
trees and the difference between the phytomass to sapwood area 
ratios of the 2 subsamples was not significant (rr = 0.02). Variation 
between the subsamples was not related to tree size. 

Analysis of the one subsampled tree starting at the base (the 
crown base was at the litter surface) had sapwood areas of 205,87, 
71,56,48,16, and 8 cmr. Associated phytomass to sapwood area 
ratios were 87, 116, 97, 88, 83, 91, and 54 gm/cmz respectively. 
Branches between the basal cross section and the first subsample 
supported nearly 60% of the phytomass of the tree. Although one 
tree is not necessarily representative, the results are consistent with 
those for western juniper in eastern Oregon (Miller et al. 1987) and 
other conifers (Brix and Mitchell 1983, Marchland 1984, Bancalari 
et al. 1987). These results indicate that cross sections within pinyon 
crowns that are about 12-cm diameter outside the bark and larger 
will have phytomass to sapwood area ratios that are potentially 
greater than the value at the base of the crown. At the subsample 
size used here an over estimate of as much as 10% plus is possible 
for cross sections on the main trunk. Phytomass to sapwood area 
ratios for the subsamples for the secondary trunk or major branch 
averaged 4% less than for the main trunk. This may have provided 
some compensation for the possible overestimation of the main 
trunk subsection. 

Equations using basal area to predict total tree phytomass were 
computed for the pinyon collected adjacent to plots S 1, S3, and S4. 
Basal areas computed from these data for each plot were used to 
predict pinyon phytomass. Results were summed by plot and 
compared with the total pinyon phytomass values they reported. 
Prediction equations based on nonlinear regression overestimated 
the total pinyon phytomass in the 3 plots by an average of 0.5% 
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(Tausch and Tueller 1988). Overestimation resulting from the sub 
sampling does not appear to be large. 

Linear regression slopes for the sapwood to phytomass relation- 
ships did not significantly differ (F-test) between the individual 
plots for trees less than 4O-cmr sapwood area, greater than &cm2 
sapwood area, or for the analyses using all the trees on each site 
(Fig. 1). The different environmental conditions of the sample 
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Fig. 1. Individual regression lines for the sapwood area to phytomass 

relationshipsfor allsampledpinyon on bplots on the Sweetwater Moun- 
tains of western Nevaala. 

locations on the Sweetwater Mountains did not significantly 
change the relationship. Results of an analysis combining all the 
trees for all 6 plots (Fig. 2) gave the same high precision generally 
observed for other tree species. 

Fig. 2. Regression analysisfor the sapwood area tophytomass relationship 
for the combined dara for 6 plots on the Sweetwater Mountains of 
western Nevada. Definitions for the individual plots are in Table 1. 

The linear relationship did not hold for the smaller trees as 
previously observed by Tausch (1980). Below about 40 cm2 sap- 
wood area the data points are consistently below the line in Fig. 2. 
When these data are analyzed separately (Fig. 3) a non-linear trend 
line can be fit to the data. Trees up to 52 cm2 sapwood area were 
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Fig. 3. Regression analysisfor thesapwoodarea tophytomass relationship 
for the combined data for 6 plots for trees with up to 52 cm2 sapwood 
area. Trees with from 40 to 5.2 cm2 sapwood area have been included to 
illustrate the merging of the non-linear regression iinefor the small trees 
with the linear regression linefor the larger trees. Regression analysisfor 
the full data set is in Fig. 2. Definitions for the individual plots are in 
Table 1. 

included in the analysis in Figure 3 to show the merging of the 
nonlinear relationship of the smaller trees with the linear relation- 
ship of the larger trees. The smallest trees sampled supported only 
about a third as much phytomass per cm2 of sapwood area as the 
larger tree. The ratio steadily increased with increasing tree size up 
to about 40 cm2 of sapwood area. At this point the ratio became 
linear. A tree of this site with 40 cm2 of sapwood area has a basal 
diameter of about 10 cm outside the bark and a height of about 1.8 
m. 

Possible differences between geographic regions were evaluated 
by comparison of the Sweetwater Mountains analysis results with 
the similar data for 17 pinyon trees with mature foliage from 
Tausch (1980) for the Needle Range of southwestern Utah. Sam- 
pling also occurred in mid summer and total tree cover on the tree 
dominated site was 24%. The trees ranged from 2 dm to 3 m in 
height. 

The linear regression slope for the southwest Utah trees with up 
to 40 cm2 sapwood area (125 g/ems) was significantly greater 
(P50.01) than the regression slope for the combined Sweetwater 
mountain data for the same tree size range (79 g/cmr). For trees 
greater than 40 cm2 sapwood area the southwest Utah regression 
slope (127 cm/cm2) and the Sweetwater Mountain regression slope 
(78 g/cm*) were not significantly different. The overall linear 
regression slope for all the southwestern Utah trees (120 g/cm*, 
fi = 0.97) was significantly different (EO.10) and half again 
steeper than the relationship in Figure 2 for all the trees on the 
Sweetwater Mountains. Phytomass to sapwood area ratios have 
also been shown to differ between sites for other conifer species 
(Whitehead 1978, Bancalari 1987). 

Phytomass to sapwood area relationships represent an effective 
way for obtaining accurate phytomass estimates of the overstory 
for studies of successional patterns in these woodlands. Caution 
must be exercised when using an equation from one site in new 
areas because of potential differences in the relationships between 
geographic areas. 
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Influence of mycorrhizal 
bluestem seedling biomass 
B.A.D. HETBICK, C.W.T. WILSON, AND C.E. OWKNSBY 

AbShCt 

The reiationsbip between fertilization of prairie soib and mycor- 
rhizai symbiode in big blue&m (An&opogo## pur&f Vit.) was 
explored. In 10 steamed prairie soiia of varied P level, inocuiation 
with a mycorrhizai fungus resulted in a 7- to ‘IO-fold iacrease in big 
bluestem seediiag biomaes, compared to noninocuiated controis. 
Fertiiization witb N and K (25-O-25) significantly increased bio- 
mass of mycorrbizal seedih~ga but did not alter growth of nonmy- 
corrhirai seediings. In I second experiment which M the 
impact of N and P on seediing growth, in both steamed and 
nonsteriie aoil, P ferti&ation did not dgnificantiy increase piant 
biomass, wbiie N fertkation did ~~~betantiaily increase biomass of 
mycorrhiul, but not nonmycorrbizai piants. FertiUzation witb N 
and P together produced the greatest biomass in botb mycorrhizal 
and nonmycorrbizai piants. Apparently, in the range soile teated N 
ia the most ihnith~ nutrient, despite tbe low P l vaiiabiiity exbi- 
bited by these soiis. In the absence of mycorrbizae, however, P is 
moetihni&gandnoresponeetoNiaobservedunksssuffidentPis 
8Iso applied. Tbexe studies confirm 8n extremely important role 
for my- f@i on big blue&em mg growth 

Key Words: phoephorus, nitrogen, Ckmrus &&a&an, mycor- 
rbi=sA~g~ge-fJf 

Tallgrass prairie soils of the Kansas Flint Hills contain little 
plant-available phosphorus as estimated by chemical soil tests 
(Halm et al. 1972). In spite of this, these prairie soils areproductive 
and plants grown in these soils do not respond to phosphorus 
fertilization (Moser and Anderson 1964). Hall et al. (1984) sug- 
gested that nitrogen fertilization can raise N/P ratios in shoots, in 
effect lowering plant P status and increasing demand for P. In 
prairie soils, however, even following N fertilization which signifi- 
cantly increases plant growth (Moser and Anderson 1964, Rains et 
al. 1975; Woolfolk et al. 1975, Wallace 198 l), there is no significant 
response to P fertilization (Mader 1956). Presumably adequate 
supplies of phosphorus are made available for plant growth by 
microbial mineralization of organic P (Coleman et al. 1983). Other 
mechanisms by which soil microorganisms contribute to the P 
nutrition of prairie plants have received less attention. 

Vesicular-arbuscular mycorrhizal (VAM) fungi are abundant in 
grassland soils (Hetrick and Bloom 1983, Dickman et al. 1984, 
Stahl and Christensen 1982) and readily colonize roots of prairie 
grasses and forbs (Hetrick and Bloom 1983, Zajicek et al. 1986). 
Warm-season prairie grasses and forbs display a high degree of 
dependence on mycorrhizae and to not appear to survive without 
the symbiosis (Hetrick et al. 1988a). While these fungi can increase 
plant drought tolerance and resistance to soil-borne pathogens, 
their primary role in the ecosystem may be to aid plants in aquir- 
ing soil nutrients (Hayman 1983). Hyphae in soil are abundant, 
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highly branched, and extend beyond the zone of depletion which 
surrounds plant roots (Tinker and Gildon 1982). These hyphae 
absorb nutrients from soil and translocate them into the plant 
cortex. Thus, more surface area for nutrient absorption is avail- 
able, allowing 4 times faster uptake rates of phosphorus as com- 
pared with nonmycorrhizal roots (Sanders and Tinker 1973). 
Grassland plants may be connected to each other by hyphae of 
mycorrhizal fungi and nutrients may flow between plants via these 
hyphal bridges (Chiariello et al. 1982). More recently, Hetrick et al. 
(1988b) demonstrated that mycorrhizal plants display a more 
elongate root growth pattern, allowing a greater soil volume to be 
explored for nutrients. Thus, several mechanisms exist whereby 
mycorrhizal fungi may play a critical role in nutrient acquisition 
for prairie plants. 

The purpose of this study was to explore the relationship 
between fertilization of prairie soils and mycorrhizal symbiosis in 
big bluestem (Andropogon gerardii Vit.) seedlings. 

Materials and Methods 

Experiment 1 
Tallgrass prairie soil was collected from 10 sites on Konza 

Prairie Research Natural Area (KPRNA), near Manhattan, Kans. 
Sites 1,2,4, and 5 were Chase silty clay loams (tine, montmorillo- 
nitic, mesic Aguic Argiudoll), and sites 3,6,7,8,9 and 10 were silty 
and cherty clay loams of the Benfield-Florence complex. Benfield 
soils are fme, mixed, mesic Udic Argiustolls and Florence soils are 
clayey-skeletal, montmorrillonitic, mesic Udic, Arguistolls. Phos- 
phorus content of the soils (Table 1) was determined using the Bray 
I method for extractable P (Olsen and Sommers 1982) by the 
Kansas State University Soil Testing Laboratory. One-half of each 
of the 10 soils was steam pasteurized for 2 hours at loo0 C, while 
the other half remained nonsterile. Twenty-four replicate cylindri- 
cal pots (6 X 25 cm) were then tilled with 475 g (dry weight) steamed 
or nonsterile soil from the 10 locations. 

Big bluestem seedlings (0.01-0.04 g dry weight) which had been 
germinated and grown in vermiculite for 2 weeks were transplanted 
into each pot (one seedling/ pot). One-half of the pots containing 
steamed or nonsterile soil received inoculum of Glomus etunica- 
turn Becker and Gerd. collected from sudangrass (Sorghum vul- 
gore var. su&nenre [Piper] Hitch.) pot cultures maintained in a 
15-25O C greenhouse. These pot cultures were initiated from G. 
etunicatum spores collected from KPRNA. This species was 
widespread and abundant in earlier surveys of KPRNA (Hetrick 
and Bloom 1983). The spores were recovered by wet sieving, 
decanting, and centrifuging on a 204060% sucrose-density gra- 
dient (Daniels and Skipper 1982). Spores were pipeted (400 spo- 
res/ plant) onto roots of each seedling at transplanting. The 12 pots 
of each treatment were then subdivided into 2 groups of 6 pots. Sii 
of these pots received fertilization every other week with 0.063 g 
Peter’s No-Phos (25-O-25) special fertilizer solution (Peter’s Fertil- 
izer Products, Fogelsville, Penn. 18051) delivered in 25 ml water, 
and the remaining 6 pots remained unamended. Therefore, 
approximately 35 ppm N and 29 ppm K were added to each pot 
every other week. The pots were arranged in a randomized com- 
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Total dry wei@ (g)’ 
Not fertilized FCltilized2 

Soil/P Steamed soil Nonsterile soil Steamed soil Nonsterile soil 
level (ppm) Inoculated3 Noninoc~lated Inoculated) Noninoculated Inoculated3 Noninoculated Inoculated~ Noninoculated 

l/1.5 1.20” 0.02’ O&Id * 

ES 
0.02” 

1.51b 
0.68d 5.14b 

o.ozd 
5.29b 

2l1.5 0.58’ 0.69’ o.03d 1.45b 
1.52’ 0.03d 

1.51b 
313.0 
4114.0 7.58’ 0.93’ 

1.31; l.lT 3:76’ 0.04d 2.62b 2.47b 

Kb 
3.37d 15.24’ 0.34’ 11.61b 11.84b 

512.5 2.96. 0.03” 
612.5 1.42b ES 

OMb 3.14. 2.90’ 2.42’ 

6:3od 
0.44* 0.33” 3.44’ 0.05d 1.08” 

7/ 16.0 7.39” 
lLDb 

7.36”d 6.22’ 12.65’ 9.59& 10.56.b 8.92” 
816.0 3.53b 0.45d 1.18’ 1.2P 5.66. 0.13d 3.53b 3.55b 
913.5 1.55’ 0.03O 0.42d 0.52d 2.77. o.or 2.1? 1.79” 

10/3.0 2.58b o.03d 0.66* 0.807 6.13’ O.lP 2.22b 2.72b 
qRo~ means within each soil followed by the same letter arc not signifxantly (P = 0.05) diffennt as determined using Duncanb multiple-range test. 
‘Fertiliaxl with (25425). 
%mculatcdwithsporcs of G. rrunicurum. 

plete block design and maintained in a 15-29 C greenhouse. 

Experiment 2 
To further assess the influence of fertilization on big bluestem 

dry weight production, tallgrass prairie soil was collected from site 
l(l.5 ppm P). One-half of the soil was steam pasteurized. Pots (6 X 
25 cm) were tilled with 500 g (dry weight) steamed or nonsterile 
soil. One-half of the pots in each soil treatment were inoculated 
with G. etunicurum (400 spores/pot). These treatments were then 
subdivided into 7 groups of 24 pots, each group containing 6 
replicate pots of each soil and inoculation treatment. The 24 pots of 
each group received 1 of the following fertilizer treatments: (1) no 
fertilizer; (2) low P (10 ppm applied at experiment setup) with K (30 
ppm applied every other week); (3) high P (25 ppm P at setup) with 
K; (4) N (35 ppm N applied every other week) with K, (5) N with 
low P and K, (6) N with high P and K; (7) K alone. P, N and K were 
applied in 10 ml aliquots of KHzPO4, NH4NOs and KC1 solutions, 
respectively. To eliminate any pH effects, phosphorus was added 
as KHsPO4. Then, to ensure that potassium levels were similar in 
all treatments, potassium was added alone or in combination with 
N also. Each solution was applied to the soil surface and pots and 
were then watered to saturation. This study was repeated twice. 
The pots were arranged in a 15-25” C greenhouse in a completely 
randomized design. 

Both studies were maintained in the greenhouse for 14 weeks, at 
which time plants were harvested and roots washed free of soil. 
Plants were dried at 900 C for 2 to 3 days, and root and shoot dry 
weights determined to the nearest mg. Shoot dry weights and root 
dry weights were each highly correlated with total plant dry weight 
(R2>0.85 for Experiment 1 and R2>0.98 for Experiment 2). Thus, 
for simplication of data presentation only total dry weights are 
presented for each experiment. Root/shoot ratios were also 
assessed but no clear trends were revealed and these data are, 
therefore, not shown. Subsamples of dried roots w&e stained in 
trypan blue (Phillips and Hayman 1970) and examined microscop 
ically to assess percentage root colonization using a petri plate 
scored into l-mm squares. Differences in total dry weight and 
percentage root colonization were subjected to analysis of variance 
(P = 0.05). Analyses of Experiments 1 and 2 revealed many signifi- 
cant interactions which precluded comparisons of main effects. 
Therefore, data from both experiments were subjected to Duncan’s 
multiple-range test for mean separation, 
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Results 

Experiment 1 
When 10 soils frm Konza Prairie were compared, P levels ranged 

between 1.5 and 16 ppm. In all but one of the steamed soils which 
had not been fertilized, there was a significant benefit from mycor- 
rhizal fungus inoculation (Table 1). Mycorrhiial plants had 7 to 70 
times more biomass than nonmycorrhizal plants. Nonmycorrhiial 
plants were stunted and failed to grow appreciably, except in soils 
with the highest P levels (soils 4,7, and 8). Growth of inoculated 
plants was also greatest in soils with higher P contents. 

Growth of nonfertilized plants in nonsterile soil was similar 
whether or not they were inoculated, presumably because nonster- 
ile soil contains sufficient indigenous inoculum of mycorrhiial 
fungi. The indigenous mycorrhiial fungus population may also be 
responsible for the significantly better growth of plants in nonster- 
ile soil as compared with noninoculated plants in steamed soil. 
Growth in nonsterile soil, either inoculated or nonintiulated, was 
(in all but 2 soils) significantly less than in steamed, inoculated soil. 

In all 10 soils, inoculated plants in steamed soil fertilized with N 
and K had significantly more biomass than nonfertilii, inocu- 
lated plants. However, fertilization had no effect on noninoculated 
plants in steamed soil except in soil 7, the soil with the highest P 
content. Fertilized inoculated plants in steamed soil averaged 105 
times greater growth than fertilized noninoculated plants in 
steamed soil as compared with nonfertiliied inoculated plants in 
steamed soil, which averaged 46 times greater growth than nonmy- 
corrhizal control plants in steamed soil. 

Roots of inoculated big bluestem grown in nonfertilized, 
steamed soil were 23-65% colonized by G. efunicutum while roots 
of plants grown in nonsterile nonfertilized soil were 6-19% colon- 
ized (Table 2). Fertilization of inoculated big bluestem signifi- 
cantly increased root colonization levels in all 10 steamed soils, but 
fertilization had no effect on root colonization in either inoculated 
or noninoculated nonsterile soil. 

Experiment 2 
Generally,, there was no significant growth response to either 

level of phosphorus fertilization in steamed or nonsterile soil 
whether or not plants were inoculated (Table 3). However, growth 
in noninoculated, steamed soil did improve with P fertilization (P = 
0.08). The P levels used in this experiment may have been too low 
to elicit a significant growth response. In previous experiments in 
which N was not limiting, P fertilization significantly improved 
growth of nonmycorrhizal plants in steamed soil (Hetrick et al. 
1988b). In contrast, as in Experiment 1, N fertilization significantly 
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Tebk 2. The lnfhwncc ot fertlllmtlon on mycorrbhl root colonkatlon 01 big bluestem ln deemed end noneterile ~41. 

Root colonization (%# 
Not fertilized Fertiliz& 

Steamed soil Nonsterile soil Steamed soil Nonsterile soil 
Soil Inoculated’ Noninoculated Inoculated NoninocuMed Inoculated Noninoculated Inoculated Noninoculated 

1 52.4b Od 18.4’ 17.2’ 74.2’ Od 18.0” 18.8’ 
2 34.gb Of 6.4’ 54.6’ Of 12.6* 17.2’ 

: 
47.2b OO 10.4* 

7.0; 

EC 
54.4’ . 15.8’ 13.0* 

60.6b d 

4 
19.2’d 80.8’ :* 22.2c 18.4’ 

5 53.6b 6.6’ 7.iC 71.8’ Od 8.8’ 7.0” 
6 32.6; 0” 16.0* 11.8* 47.8’ 0’ 2O.T 12.4* 
7 

gf 
0’ 15.0* 12.2* 37.8’ 0’ 18.b 16.0* 

8 
65:gb 

Od 16.6e 13.6’ 82.6’ Od 12.8’ 15.0C 
9 Od 12.4’ 11.0’ 77.6’ Od 15.4’ 14.0’ 

10 35.gb O0 9.4* 7.8’ 76.8’ 0’ 14.6’ 7.8* 

‘Row mcaas within each aoil followed by the same ktter arc not significantly different (P = 0.05) as determined using Duncllnb multipk-range test. 
~Fertilimd biweekly with 0.063 g/pot Peter’s No-Phos (25025) special fertilizer solution. 
Qmculatcd with 400 sporea G. erunicatum. 

increased growth of inoculated plants in steamed or nonsterile soil 
but had no effect on noninoculated plants in steamed soil. Nitrogen 
fertilization was stimulatory to noninoculated plants in nonsterile 
soil, again presumably because these plants were colonized by 
indigenous mycorrhizal fungi. 

Table 3. Effect of nitrogen and phosphorus fextllldlon on growth of 
mycorrbhl and nonmycorrhhl big bluestem ln pralrle soll. 

Total dry weight (8)’ 
Steamed soil Nonsterile soil 

Fertilization Non- Non- 
treatment* Inoculated3 inoculated Inoculated inoculated 

No fertilizer 0.92tih 0.41’ 0 96bh 
PI + K 1.13@ 0.18’ O’84*h ;:;;E 
Pz + K l.KP 0.561M O’82tih OJMW 
N+K 6.59’ 0.04’ 4184’ 5.54* 
P1+N+K 7.70b o.35hi 5.33*’ 5.21*’ 
Ps+N+K 8.47’ 1.35’ 7.43b 7.16 
K alone 0.99@h 0.07’ 0.91bh O.87’h 

‘Means for the entire experiment followed by the same kttcr arc not signi&antly(P= 
0.05) different aa determined using Duncan’s multiple-range teat. 
‘P1= IO ppm Pat setup. 
Pz = 25 ppm at setup. 
N q  35 ppm N every other week. 
K = 30 ppm K every other week. 
‘Inoculated with 400 G. etunicarum spoms. 

When N and the lower level of P were added together, growth of 
inoculated plants in steamed soil exceeded that of plants which 
received only N. This P response was not shared by noninoculated 
plants except at the higher P level. It was only when the highest P 
level was applied with N that maximum growth was achieved for 
plants in all treatments. 

Mycorrhizal root colonization was significantly reduced in 
inoculated plants which received the higher level of P fertilizer in 
steamed soil (Table 4). As in Experiment 1, N plus K fertilization 
stimulated root colonization of plants in steamed soil. However, 
even in these N fertilized plants, where P demand should be great- 
est, P fertilization was still detrimental to root colonization. In 
contrast, N plus P fertilization had no effect on root colonization in 
nonsterile soil, and the low level of root colonization observed in 
nonsterile soil was constant over all fertilizer treatments. 
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Table 4. Effect of nitrogen and pbospho~s fertllizltlon on myconhlzel 
root cdoahtlon of big bluestem lo pmirle soil. 

Root colonization (%)I 
Steamed soil Nonstcrilc soil 

Fertilization Non- Non- 
treatment* Inoculate& inoculated Inoculated inoculated 

No fertilizer 79.67& O.Oh 1O.W 9.33’ 
PI + K 84.17b O.Ob 8.00’ 7.83’ 
Pz + K 57.5OO O.Oh 8.67‘ 9.17’ 
N+K 91.00~ O.Ob 9.83‘ 9.17’ 
Pl+N+K 70.17* O.Oh 8.67’ 8.501 
Ps+N+K 52.2d O.Ob 1O.W 8.67‘ 
K alone 78.2’ o.oh 9.83’ 9.20’ 

‘Means followed by the same kttcr arc not 
determined using Duncan’s multiple-range test. 

significantly (P = 0.05) different as 

%= 10 ppm Pat setup. 
PZ = 25 ppm P at setup. 
N q  35 ppm N every other week. 
K = 30 ppm K every other week. 

%oculatcd with 400 G. erunicurm spores. 

Dlscuaaion 

In both experiments plants in nonsterile soil produced less bio- 
mass than inoculated plants in steamed soil, a phenomenon 
reported previously (Hetrick et al. 1986, 1988b, 1988~). This phe- 
nomenon has been attributed to microbial competition for nut- 
rients, particularly phosphorus. In soils amended with phospho- 
rus, (Hetrick et al. 1988b) and in soils with high P content (Kitt et 
al. 1988) microbial competition for phosphorus did not limit 
growth of big bluestem. In Experiment 1, soil 7 had the highest P 
content and no reduction of plant growth was observed in nonster- 
ile soil compared to steamed soil, regardless of fertilization treat- 
ment. Hetrick et al. (1988b) have also observed that some prairie 
soils are so low in fertility that the growth limiting effects of 
microbial competition only occur following fertilization. This may 
explain why no suppression of plant growth was.bbserved in 
nonsterile soil, as compared with growth in stemmed soil, in the 
second experiment until after fertilizer was applied. Since N plus K 
fertilization resulted in significant (P = 0.05) differences between 
inoculated plants in steamed and nonsterile soil, microbial compe- 
tition for nitrogen may be as important as competition for P in 
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explaining the reduced growth of plants in nonsterile soil. 
Mycorrhizal root colonization in nonsterile soil is also lower 

than in steamed soil (Table 4; also see Hetrick et al. 1988b, 1988c) 
and may or may not be related to the reduced suppression of 
growth response which occurs in nonsterile soil. Lower rates of 
root colonization in nonsterile soil could result from inhibition of 
spore germination (Wilson et al. 1989) or hyphal grazing by soil 
fauna (Fitter 1985). Indigenous mycorrhizal fungi may be more 
agressive colonizers of root tissue, displaying lower levels of root 
colonization, while effectively excluding the introduced fungus 
colonizing. Indeed, with at least 6 fungi (native and introduced) 
there was no relationship between colonization levels in steamed 
and nonsterile soil (Hetrick unpublished). 

The lack of relationship between root colonization in steamed 
and nonsterile soil makes the stimulation of root colonization in 
steamed soil by nitrogen fertilization which was observed in both 
experiments difficult to interpret. Hall et al. (1984) suggested that 
N fertilization could increase P demand in plants. If N fertilization 
in effect creates a P deficiency in plants, then increased reliance on 
and increased root colonization by mycorrhizal fungi would be 
expected. However, microbial suppression of the mycorrhizal 
fungi may preclude any further colonization of roots despite the 
plants’increased need for P. Since N fertilization increased growth 
of mycorrhizal plants in both steamed and nonsterile soil, but 
increased root colonization only in steamed soil, the beneficial 
effect of N fertilization is probably a direct effect on plant growth, 
not a response mediated by the fungi. Thus the increase in root 
colonization in steamed soil following N fertilization may be a 
fungus response to improved host nutrition in the absence of 
microbial competition. 

These studies confirm that nitrogen is the most limiting nutrient 
in range soils, despite the low available P status of these soils. 
However, in the absence of mycorrhizae, P is most limiting for 
seedlings and no N response is observed unless sufficient P is also 
applied. This implies an extremely important role for these fungi in 
big bluestem seedling growth. It is unclear from these studies to 
what extent mature plants rely on the symbiosis, but it is clear that 
mycorrhizal fungi make a significant contribution at least to seed- 
ling establishment. Seedling establishment may, therefore, depend 
upon range practices which encourage mycorrhizal symbiosis and 
the fungal symbiont’s survival (e.g., avoid excessive P fertilization 
which may inhibit VAM fungi). Since N fertilization, while itself 
beneficial, does not appear to stimulate mycorrhizal root coloniza- 
tion in nonsterile soil, it is unlikely that this management practice 
can be used to improve mycorrhizal fungus root colonization. Had 
these experiments been conducted only in steamed soil the oppo- 
site conclusion might have been drawn. This underscores the 
importance of considering the soil microflora in rangeland studies. 
Further research will be necessary to assess whether seedling fail- 
ures on reclaimed cropland are related to low populations of VAM 
fungi or phosphorus levels inhibitory to the symbiosis. 
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Effects of 2,4-D and atrazine on degraded Oklahoma 
grasslands 
C.K. RICE AND J.F. STRITZKE 

AbSbfCt 
Three field studies were conducted for 2 years on degraded 

grasslands to compare the effects of 2,4-D [(2&dichiorophenoxy) 
acetic acid] and rtrazine [2-chioro-4-(ethylamino)-6-(isopro- 
pyiamino)-s-triazine] on weedy forbs and grass production. Atrr- 
zine was applied at 1.12 and 2.24 kg/ha in April and 2,4-D was 
applied at 0.56 and 1.12 kg/ha in May. One-half of ali main plots 
were retreated the second year to compare 1 and 2 years of herbi- 
cide treatments. Major weedy forbs were heath aster (As&r eri- 
coidcs L.), western ragweed (A&&r pstkwtachyu D.C.), and 
lanceleaf ragweed (Ambrosia btienWa Michx.). Both density and 
standing crop of these major forb species were significantly 
reduced by the first year herbicide treatments. Atrazine was more 
effective on western ragweed and 2,4-D was more effective on 
heath aster and ianceieaf ragweed. Respraying with herbicides the 
second year did reduce forb density in II couple of instances, but 
had little effect on forb and grass standing crop. Grass standing 
crop in both years was similar after treatment with atrazine and 
2,4-D. Herbicides increased grass standing crop by about 73% 
(1,070 kg/ha) the first year and by an average of about 68% (1,320 
kg/ha) the second year. 

Key Words: Common broomweed, heath aster, imceied rag- 
weed, western ragweed, Aster dcoides, Ambrosia bidentata, 
Ambrosia psilostachya, Gutierruia dracunculoides 

Overgrazed pastures and rangelands in Oklahoma have exces- 
sive populations of undesirable forbs. Sims and Dwyer (1965) 
observed that on tallgrass prairie, unpalatable annual forb species 
increase first with overgrazing followed by an increase in unpalat- 
able perennial forbs. Dwyer (1958) reported reduced grass yields 
on tallgrass prairie of 68 and 55% when heath aster (Aster ericoides 
L.) and western ragweed (Ambrosia psilostachyo D.C.), respec- 
tively, were present. 

Use of 2,4-D[2,4dichlorophenoxy)acetic acid] on pasture and 
rangeland has been the major tool employed by ranchers to control 
problem forbs. Hyder (1971) found 2,4-D applications on mixed 
grass prairies improved range condition and increased usable for- 
age. Powell et al. (1982) observed a decrease in forb production and 
corresponding increase in grass production as the rate of 2,4-D 
increased from 0.28 to 1.68 kg/ ha. 

Atrazine[2chloro-4-(ethylamino)-6-(iiopropylamino)-s-triazine] 
has shown promise as a means of improving range condition and 
increasing grass production by controlling undesirable weeds in 
forages. Kay (1971) observed a quadrupled production of wheat- 
grass [Agropyron intermedium (Host) Beauv.] when atrazine was 
used for controlling downy brome (Bromus tectorum L.). Waller 
and Schmidt (1983) observed that atrazine stimulated a rapid 
recovery of warm-season grass remnants on overgrazed native 
grasslands in eastern Nebraska which they attributed to the reduc- 
tion of competition from cool-season grasses. 

The labeling and use of atrazine for controlling cool-season 
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grasses and annual forbs has prompted interest in comparisons of 
atrazine and 24-D for controlling various annual and perennial 
forbs. Houston (1977) demonstrated a definite difference in sus- 
ceptibility to atrazine between annual and perennial forbs and 
reported ail annuals tested were highly susceptible to 2.0 kg/ ha of 
atrazine applied in late fall. However, only 2 of the 17 perennial 
species, evening primrose (Oenotheru albicaulis Pursh) and bottle- 
brush squirreltail[Situnion hystrix(Nutt) J.G. Smith], were highly 
susceptible. Baker et al. (1980) concluded that atrazine improved 
range condition of tallgrass prairie and palatability of herbage by 
reducing the amount of prairie three-awn (Aristida oligantha 
Michx.) and by controlling western ragweed. Petersen et al. (1983) 
indicated that for the southern Rolling Plains of Texas, both 24-D 
and atrazine had the ability of shifting the competitive advantage 
toward more desirable forage plants when applied on rangeland 
with high densities of common broomweed [ Gutierrezia drucuncu- 
loides (D.C.) Blake], vervain (Verbena bipinnotrjidu Nutt.), red- 
seed plantain (Huntago rhodosperma Dcne.), and heartleaf nettle 
(Urtica chamaedryoides Pursh.). McGinnies (1984) reported that 
atrazine was more effective than 24-D for controlling annual 
forbs. He attributed poor control with 24-D to moisture stress on 
forbs at the time of the 24-D application. 

The objectives of this study were to compare forb control and 
subsequent grass release with 2,4-D and atrazine on degraded 
grasslands and to determine the effects of these herbicides when 
applied in 2 consecutive years. 

Materials and Methods 

Location Descriptions and Treatment Information 
Three grassland sites were selected in the spring of 1984 that had 

very low annual grass densities and had high undesirable forb 
densities. Locations I and II were on the Agronomy Research 
Range 11 km west of Stillwater, Oklahoma. Location III was on 
the Pawhuska Research Station at Pawhuska, Oklahoma. The 
experimental design in 1984 for all 3 studies consisted of a random- 
ized complete block, with 5 treatments and 4 replications. The 5 
treatments included atrazine at 1.12 and 2.24 kg ai/ha, 24-D 
butoxyethyl ester at 0.56 and 1.12 kg se/ha, and an untreated 
check. The plot size was 9 X 12 m. The residual biomass from 1984 
was removed with a flail mower in March of 1985 while plants were 
still dormant. Experimental plots were then split in half, length- 
wise, and randomly assigned either no treatment or retreatment. 
Environmental conditions for the 3 locations at the time of herbi- 
cide applications in 1984 and 1985 are listed in Table 1. 

Location I was an overgrazed tailgrass prairie on a Granola- 
Lucien sandy clay soil (Loamy, mixed, thermic, shallow Typic 
Haplustoll; shallow prairie range site). The area had a dense popu- 
lation (35 stems/ mr) of heath aster. Other species present at the site 
included common broomweed, western ragweed, southern carrot 
(Daucus pusillus Michx.), big bluestem (Andropogon gerardii 
Vitman), little bluestem (Schizuchyrium scoparium Michx.), downy 
brome, windmillgrass (Chloris verticilfuta Nutt.), witchgrass (Pan- 
icum capillare L.), prairie three-awn, blue grama [Boutelouagraci- 
lis (H.B.K.) Lag. ex Steud.], and sideoats grama [B. curtipendula 

217 



Table 1. Environmental condltlom for herbicide l ppllcatio~ at locrtlo~ 
I, II, and III. 

Atrazine 
Appl. date 
Air temp. (C) 
Humidity (%); 
Soil temp. (C) 

2,4-D 

Appl. date 
Air temp. (C) 
Humidity (%) 
Soil temp. (C) 

Location 

I II III 

1984 1985 1984 1985 1984 1985 

4117 3114 4/ 17 3114 4/11 3115 

:;: 1: Z :: 1; :; 
16 10 16 10 18 9 

s/14 518 s/14 518 s/ 14 512 
22 24 22 24 23 24 
56 70 56 70 54 62 
21 20 21 20 20 21 

(Michx.) Torr.]. Treatments in 1984 were applied with a tractor- 

mounted spray boom delivering 187 l/ha through 8,003 flat fan 
nozzle tips. Atrazine was applied on 17 April when heath aster was 
3 cm in height. The 2,4-D applications were made on 14 May when 
heath aster was 15 to 25 cm in height. Herbicides were reapplied on 
l/2 of the main plot area in 1985 with a compressed air bicycle 
sprayer delivering 178 l/ha through 11,003 flat fan nozzle tips. 
Atrazine application was made on 14 March when heath aster was 
dormant. The 2,4-D was applied on 8 May when heath aster was 25 
to 35 cm in height. 

Location II was a degraded bermudagrass [Cynodon ducrylon 
(L.) Pers.] pasture located on a Stephenville fine sandy loam soil 

(Fine-loamy, siliceous, thermic Ultic Haplustalf). Western rag- 
weed dominated the overstory (65 stems/mz), but other species 
were present including southwestern carrot, sericea lespedeza 
[Lespedezu crmeata (Dumont.) G Don], common lespedeza [Les- 
pedezu srriuru (Thunb.) H.B.A.], little bluestem, and prairie drop 
seed (Sporobolus heterolepis Gray). Treatments in 1984 were app- 
lied with a tractor mounted spray boom delivering 187 l/ha 
through 8,003 flat fan nozzle tips. Atrazine was applied on 17 April 
when western ragweed was in the Cleaf stage and 8 cm in height, 
and 2,4-D was applied on 14 May when western ragweed was in the 
8-to IO-leaf stage and 25 cm in height. Herbicides were reapplied in 
1985 with a compressed air bicycle sprayer delivering 178 l/ha 
through 11,003 flat fan nozzle tips. Atrazine applications were 
made on 14 March when western ragweed was dormant. The 2,4-D 
was applied on 8 May when the western ragweed was in the 4- to 
8-leaf stage and 15 cm in height. 

Location III was a tallgrass prairie on a Parsons-Carytown, silty 
clay loam soil (Fine, mixed, thermic Mollic Albaqualf; claypan 
prairie range site). The area had a dense population ( 154 plants/ m2) 
lanceleaf ragweed (Ambrosia bidentata Michx.). The other species 
present included heath aster, southwestern carrot, big bluestem, 
little bluestem, switchgrass (Punicum virgurum L.), and indian- 
grass [Sorghusfrm nutons (L.) Nash]. Treatments in 1984 were 
applied with a compressed air bicycle sprayer delivering 187 l/ha 
through 11,003 flat fan nozzle tips. Atrazine was applied on 1.1 
April when lanceleaf ragweed was from cotyledon to Cleaf stage 
and was from 3 to 6 cm in height. The 2,4-D was applied on 14 May 
when lancelaf ragweed was in the 4- to 6-leaf stage and 8 to 10 cm in 
height. Herbicides were reapplied in 1985 with a compressed air 
bicycle sprayer delivering 178 l/ha through 11,003 flat fan nozzle 

Tabk 2. Forb density and forb and grass standing crop for locations, 1, II, III in N84.1 

Orthogonal comparison 

Location I. 

No herbicide 
VS herbicide 

Atrazine 
VS 2,4-D 

Atmzine, 1.12 kg 
VS 2.24 kg 

2,4-D, 0.56 kg 
vs 1.12 kg 

Density Standing crop 

no./ml--------- kg/ha 
GUEDR ASTER OF TOTG GUEDR ASTER OF 

8S*+ 35*+* 7 1420 SO++* 360*** 110 
0 7 5 2220*** 0 80 90 

1 15**+ 5 2310 lo*** 170+** 130** 
0 0 5 2120 0 0 SO 

2 25+** 5 2230 10 310*** 140 
0 4 5 2400 0 30 120 

0 0 3 2190 0 0 30 
0 0 6 2050 0 0 80 

Location II. AMBPC OF TOTG AMBPC OF LESSP 

No herbicide 
VS herbicide 

Atrazine 
VS 2,4-D 

Atrazine, 1.12 kg 
VS 2.24 kg 

2,4-D, 0.56 kg 
VS 1.12 kg 

a*+* 

10 

4 
16*+ 

: 

27’0’ 
5 

2’ 
0 

0 
1 

0 
0 

2 
0 

1480 410*++ 
2770**+ 60 

2980* 20 
2560 90” 

;Z! 30 10 

2600 160+* 
2520 30 

10 
10 

0 
20 

0 
0 

SO 
0 

Location III. AMBBI 

No herbicide 154”’ 
VS herbicide 19 

Atrazine 29+* 
vs 2,4-D, 9 

Atrazine, 1.12 kg S2*** 
VS 2.24 kg 5 

2,4-D, 0.56 kg 0 
VS 1.12 kg 17 

ASTER 

19++* 
6 

11**+ 
0 

14 
8 

8 

AMBPC OF TOTG AMBBI ASTER AMBPC OF 

16*++ l8*+* 1500 810*** 150+** 150;’ 70** 
6 5 2610*+* 110 40 70 30 

11++* 9*+ 2450 180*** 80*** 130-5 so*** 
0 1 2770 40 0 0 10 

16** 17 2080 330**+ 90 200*** 40 
6 10 28W’ 30 70 60 60 

0 1 2970 0 0 0 10 
1 1 2580 80 0 10 10 

230 
140 

10 
280*** 

10 
0 

210 
340+* 

l ***+* = Significant at the 0.10,0.05, and 0.01 levels, respectively, 
‘GUEDR = common broomweed, ASTER = heath aster, OF = other forbs, TOTG = total grasses, AMBPC = western ragweed, LESSP = lespedeza sp, AMBBI = lanccleaf 
ragweed. 
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tips. Atrazine was applied on 15 March when lanceleaf ragweed 
was dormant. The 2,4-D was applied on 2 May when lanceleaf 
ragweed was in the 4-to Cleaf stage and 8 to 15 cm in height. 

Density and Forage Sampling 
Forb density and forb and grass standing crop were measured in 

1984 and 1985 at all 3 locations between 16 and 23 June. Forb 
density was measured for each weed species present in 6 randomly 
placed 0. 16m2 quadrats in all plots. Forb and grass standing crop 
was determined in each of the six 0.16mr quadrats by the modified 
weight-estimate method of double sampling (Pechanec and Pick- 
ford 1937) in which 1 of the 6 quadrats was randomly selected for 
clipping. Clipped herbage was hand separated and weighed in the 
field. The clipped samples were oven dried at 70” C for 72 h and 
reweighed. Fieldcstimated herbage green weights were subse- 
quently corrected for estimator error by the ratio technique 
(Ahmed et al. 1983) and moisture content. 

Forb densities and standing crops were analyzed separately for 
the 3 locations by analysis of variance. Selected means were com- 
pared with orthogonal contrasts to determine treatment response 
of forbs and grasses. 

Results and Discussion 
Rainfall was above average in both treatment years at all loca- 

tions. Total rainfall at Locations I and II for March through June 
of 1984 and 1985 was 61 mm and 122 mm, respectively, above the 
86 mm average for this time period. Total rainfall at Location III 
for March through June 1984 and 1985 was 119 mm and 464 mm, 

respectively, which was above the 89 mm average for this time 
period. 

1984 
Both density and standing crop of common broomweed and 

heath aster were significantly reduced by both herbicides at Loca- 
tion I (Table 2). Herbicides reduced forb standing crop an average 
of 67% (350 kg/ ha reduction), and increased grass standing crop 
56% (800 kg/ ha increase). Comparisons of the 2 levels of 2,4-D 
treatment indicated no differences in control of either forb species 
present or the grass standing crop associated with the 2 rates. This 
indicated that the 0.56 kg rate of 24-D was sufficient to control the 
undesirable forbs present at this location. Atrazine was not as 
effective at reducing density of heath aster or standing crop of the 
forbs as 24-D. However, no difference in grass standing crop 
among the herbicide treatments was measured. Also, the 1.12 
kg/ ha rate of atrazine was not as effective as the 2.24 kg/ ha rate for 
control of heath aster. 

At Location II, density and standing crop of western ragweed 
were reduced by 68 and 85%, respectively, by herbicide treatments 
and grass standing crop was increased 87% (Table 2). Atrazine 
treatments controlled western ragweed better than 2,4-D, and this 
was attributed to the reduced control of western ragweed with the 
0.56 kg se/ha rate of 24-D. Total grass standing crop was not 
significantly different between rates of atrazine or 24-D; however, 
differences between forb standing crop (western ragweed and les- 
pedeza) with rate of 2,4-D were significant. 

Herbicide treatments in 1984 resulted in significant decreases in 

Table 3. Forb density and forb and grass standing crop for Location I la 19W 

GUEDR 
Density 

ASTER OF TOTG 
Standing crop 

GUEDR ASTER OF 

no. I m2 
---.I ~-- 

Treatment means (for I and 2 years treatment) 
Treatment in 1984 

No herbicide 5 26 12 
Atrazine, 1.12 kg I 19 5 
Atrazine, 2.24 kg 9 1 4 
2,4-D, 0.56 kg 1 1 1 
2,4-D, 1.12 kg I 0 1 

Treated in 1984 and 1985 
No herbicide : 45 14 
Atrazine, 1.12 kg 14 4 
Atrazine, 2.24 kg 0 2 1 
2,4-D, 0.56 kg 0 0 i 
2,4-D, 1.12 kg 0 0 1 

Orthogonal main effects (pooled over i and 2 years treatment) 
No herbicide 3 36+** 13*** 
X herbicide 2 5 4 
Atrazine 4+** 9+ 4 
X 2,4-D 1 0 5 
Atmzine, 1.12 kg 4 17** 5 
X 2.24 kg 5 1 2 
2,4-D, 0.56 kg I 0 6+ 
X 1.12 kg 1 0 3 

Orthogonal interactions (1984 X 1985 retreatment) 
No herbicide ns l ** l * 
X herbicide 
Atrazine *** 11s .* 
X 2,4-D 
Atrazine, 1.12 kg ns ns ns 
X 2.24 kg 
2.4-D, 0.56 kg ns ns ns 

X 1.12 kg 

kg/ha 

2100 210 390 200 
3190 90 280 70 
3070 180 10 40 
2650 20 0 170 
3180 0 0 80 

1970 20 550 360 
3340 60 180 80 
3410 0 20 40 
3210 0 0 40 
3410 0 0 0 

2030 ii0 
3180*** 40 
3250 80* 
3110 0 
3270 80 
3240 90 
2930 10 
3290 0 

470*** 
60 

i20** 
0 

230**+ 
20 
0 
0 

ns ns *** 

ns ns ns 

ns ns ns 

ns ns ns 

280+*+ 
60 
60 
70 
80 
40 

100 
40 

+* 

11s 

ns 

l ****** q  Significant at the 0.10,0.05, and 0.01 levels, rcs 
WJEDR = common broomweed, ASTER = heath aster, 8=+Yl F - ot er fobs, TOTG = total grasses. 
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both plant density and standing crop of all forbs present at Loca- 
tion III (Table 2). Average forb standing crop was reduced 79% 
(930 kg/ ha), and grass standing crop increased 74% (1,110 kg/ ha) 
on herbicide treated plots. Treatments with 2,4-D controlled all 
forbs better than atrazine. Although control of undesirable forbs 
was better with 2,4-D, averagegrass standing crop was not statisti- 
cally different from that in atrazine plots. However, comparisons 
of forb control with the 2 rates of atrazine indicated that the higher 
rate gave better control of ragweeds and this resulted in a 35% 
increase in grass standing crop. Evidently the higher rate of atra- 
zine was necessary on this silty clay loam soil to adequately control 
the weed species present. Both rates of 2,4-D adequately controlled 
the undesirable forbs and no sign&ant differences in grass stand- 
ing crop were measured between the rates. 

1985 
Retreatment for forb control was not necessary in 1985 at Loca- 

tion I since there was excellent grass production with both rates of 
2,4-D and atrazine applied in 1984 (Table 3). Significant interac- 
tions associated with density and standing crop of heath aster and 
other forbs were measured when comparing no herbicide versus 
herbicide across retreatment. This was due to the large increase in 
the second year of the forb populations in the plots not treated with 
herbicides (data not presented). Significant interactions were also 
observed when comparing atrazine versus 2,4-D across retreat- 
ment because fewer broomweed plants grew in the 2,4-D plots that 
were not retreated than in the atrazine plots (data not presented). 
This may have been due to the better control of these weeds in 1984 

with 2,4-D (Table 2); and, as a result, there might have been less 
seed production in the 2,4-D plots. A lack of complete control with 
atrazine in 1984 could have allowed reseeding of the plots and this 
contributed to a higher population of weedy forbs in 1985. These 
forb interactions were considered minor since there were no signif- 
icant grass standing crop interactions associated with retreatments. 

Retreatment in 1985 at Location II had little effect on forb 
density or forb and grass standing crop with the exception of 
standing crop of western ragweed in the 2,4-D treatments (Table 
4). Standing crop of western ragweed in plots treated with the low 
rate of 2,4-D was significantly reduced with retreatment in 1985. 
The comparison of the main effect between no herbicide versus 
herbicide treatment indicated an 82% decrease in the number of 
western ragweed stems with herbicide treatments. This corres- 
ponded to an 85% reduction in standing crop of western ragweeds 
(450 kg/ha reduction). The herbicide treatments resulted in 
increased grass standing crop of 1,240 kg/ ha for the herbicide 
treated plots. Comparisons of atrazine versus 2,4-D indicated no 
significant differences in any of the variables measured. Thus, both 
herbicides reduced western ragweed populations and increased 
grass yields the second year. No differences were measured 
between the 2 rates of atrazine for standing crop of grass or 
undesirable fork. However, standing crop of lespedeza was signif- 
icantly increased with the low rate of 2,4-D. In 1984, we observed 
that the lespedeza production appeared to be from common les- 
pedeza, but in 1985, the lespedeza standing crop was from sericea 
lespedeza. This would indicate that sericea lespedeza might 

Table 4. Forb den&y and forb and grass stmding crop for Location II in 1985.’ 

Density 
AMBPC OF TOTG 

Standing crop 
AMBPC OF LS 

no./m* kg/ha 
Treatment means (for 1 and 2 years tnatment) 
Treated in 1984 

No herbicide 44 8 1800 620 30 110 
Atrazine, 1.12 kg 8 2 3230 100 50 70 
Atrazine, 2.24 kg 5 2790 70 80 30 
2,4-D, 0.56 kg 19 

: 
2290 280 210 570 

2,4-D, 1.12 kg 9 5 2710 90 40 so 
Treated in 1984 and 1985 

No herbicide 36 4 1760 440 40 110 
Atrazine, 1.12 kg 4 3 3590 30 0 
Atrazine, 2.24 kg 1 2 3190 10 

Z 
0 

2,4-D, 0.56 kg 5 3 so 60 700 
2,4-D, 1.12 kg I 1 

El 
10 20 30 

Orthogonal main effects (pooled over 1 and 2 years treatment) 
No herbicide 40-* 6 1780 530**+ 30 110 
X herbicide 7 3 3020*** 80 60 180 
Atrazine 5 3 3200 SO 40 20 
X 2,4-D 9 3 2850 110 80 340 
Atrazine, 1.12 kg 6 2 3410 60 40 30 
X 2.24 kg 3 4 2290 40 so 20 
2,4-D, 0.56 kg 12 4 2640 160 140 630** 
X 1.12 kg 5 3 3060 so 30 40 

Orthogonal interaction (1984 X 1985 retreatment) 
No herbicide ns ns ns ns ns ns 
X herbicide 
Atrzine ns ns 115 ns ns ns 
X 2,4-D 
Atrazine, 1.12 kg ns ns ns ns ns 118 
X 2.24 kg 
2,4-D, 0.56 kg ns ns ns + ns ns 
X 1.12 kg 

l ***** q  Significant at the 0.10.0.05, and 0.01 levels, respectively, ns = no significant, interaction due to retreatment in 1985. 
IAMBPC = western ragweed, OF = other forbs, TOTG = total grasses, LS = lespedua sp. 
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increase with the use of 0.56 kg ae/ ha of 24-D. 
Retreatment in 1985 at Location III resulted in significant inter: 

actions for densities of heath aster and western ragweed compari- 
sons (Table 5). Many of these interactions may be related to the 
lack of control of the undesirable forbs with the 1.12 kg/ha rate of 
atrazine in 1984 (Table 2). Comparisons of the interactions with 
the 1.12 and the 2.24 kg rates of atrazine indicated significant 
interaction for density of western ragweed and other forbs, and 
standing crop of grasses and other forbs (data not shown). How- 
ever, since there were no significant year interactions associated 
with standing crop of grass or forbs for the no herbicide versus 
herbicide orthogonal comparison, it is possible to compare herbi- 
cide effects at this location. There was a 75% reduction of lanceleaf 
ragweed and heath aster standing crop associated with herbicide 
treatments. This corresponded to a 78% increase in total grass 
standing crop due to herbicide treatment (1,570 kg/ ha). Compari- 
sons of forb density after atrazine treatments indicated that there 
was a significant increase in control of forbs with the higher rate of 
atrazine. There were no significant differences in either forb den- 
sity or standing crop of forbs or grass associated with the 2 rates of 
24-D. This indicates that the 0.56 kg/ha rate was sufficient for 
controlling the weed species present at this location. 

Conclusions 
Both 2,4-D and atrazine can be effectively used to control many 

of the undesirable forbs and increase grass standing crop on 

degraded grasslands of Oklahoma. Both density and standing crop 
of most of the major forbs in these studies were significantly 
reduced by both herbicides. The average increase in grass standing 
crop in 1984 attributed to herbicide applications was 71% (1,070 
kg/ ha). Some differences in susceptibility of forbs to the herbicides 
and the activity of herbicides at different locations were observed. 
Heath aster occurred in 2 studies and was controlled better with 
24-D than with atrazine. The decreased activity of the low rate of 
atrazine on forbs at Location III was attributed to tie-up of the 
herbicide by the silty clay loam soil. The reduced activity of the low 
rate of 24-D on western ragweed at Location II could not be 
explained by conditions at spraying, but increasing the rate of 
24-D to 2.24 kg/ha significantly reduced density and standing 
crop of western ragweed. 

As a result of dense forb populations in the low rate of atrazine 
treated plots in 1985, significant reductions of common broom- 
weed and western ragweed density resulted at Location I and 
Location III, respectively, after retreatment with 1.12 kg of atra- 
zine. Treatment with 0.56 kg/ha of 24-D in 1984 and 1985 at 
Location II resulted in significant increases in lespedeza standing 
crop and this increase was characterized with a shift from common 
lespedeza to sericea lespedeza. 

Grass standing crop increased an average of about 61% (1,170 
kg/ha) in 1985 after a single herbicide treatment in 1984. Retreat- 
ment with herbicide in 1985 did not result in significant increase in 
grass production above the single application at any of the loca- 

Table 5. Forb den&y and forb and grass standing crop for Location III in 198Y 

AMBBI 

Density Standing crop 

ASTER AMBPC OF TOTG AMBBI ASTER AMBPC OF 

no.lmz kg/ha 
Treatment means (for 1 and 2 years treatment) 
Treated in 1984 

No herbicide 113 12 5 
Atrazine, 1.12 kg 44 23 6 
Atrazine, 2.24 kg : 13 4 
2,4-D, 0.56 kg 0 1 
2,4-D, 1.12 kg 35 2 1 

Treated in 1984 and 1985 
No herbicide 105 17 5 
Atrazine, 1.12 kg 9 18 4 
Atrazine, 2.24 kg 1 41 1 
2,4-D, 0.56 kg 0 0 0 
2,4-D, 1.12 kg 7 1 1 

Orthogonal main effects (pooled over 1 and 2 years treatment) 
No herbicide 109+** 14+*+ 5** 
X herbicide 14 8 2 

Atrazine 15 15+*+ 4*+s 

X 2,4-D 12 1 0 

Atrazine, 1.12 kg 26. 21+++ 5* 
X 2.24 kg 4 9 2 

2,4-D, 0.56 kg 3 0 0 
X 1.12 kg 21 2 1 

Orthogonal interaction (1984 X 1985 retreatment) 
No herbicide ns + ** 
X herbicide 

Atrazine ns ns +** 
X 2,4-D 

Atrazine, 1.12 kg ns ns * 
X 2.24 kg 

2,4-D, 0.56 kg ns ns ns 
x 1.12 

1900 910 170 60 m 
3520 450 260 110 120 
3750 160 170 60 m 
3680 140 0 0 10 
3230 270 20 10 10 

2100 690 210 60 0 
3030 90 210 50 50 
4020 10 60 10 70 
3680 0 0 0 0 
3670 100 10 0 10 

1 
1 
2**+ 

0 
3*** 

1 

8 

z%L 

3580 
3570 

3280 
3880**+ 

3680 
3450 

8(X)**+ 

150 

180 
130 

270 
80 

60 
190 

190*** 
90 

170*** 
10 

230.” 
110 

2: 

60 10 
30 40 

60.’ 60++* 

10 10 

80 80 
40 50 

0 10 
10 10 

ns 

ns 

l ** 

ns 

ns 

ns 

+* 

ns 

ns 

11s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

*** 

115 

ns 

ns 

ns 

*+* 

ns 

l +***** 7 Si nifcant at the 0.10,0.05, and 0.01 levels, respectively. 
.f . ns = no slgm Icant, Interaction due to retreatment in 1985. 

IAMBBI = lanc&afragwced, ASTER = heath aster, AMBPC = western ragweed, OF q  other forbs, TOTG = total grasses. 
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tions. This indicates that spraying herbicides for 2 successive years 
is not necessary. 
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Effects of nitrogen fertilization on spotted knapweed and 
competing vegetation in western Montana 
JIM M. STORY, KEITH W. BOGGS, AND DONALD R. GRAHAM 

Abstract 

The effects of N fertilization on spotted knrpweed (Cmtourccr 
umcuforu Lamarck) and competing vegetation were studied at 2 
site-s in western Montana during 1981 through 1984. The N was 
applied 1 time at each site at rates of 56,112,224, and 448 kg/ha. 
Spotted ltnapweed biomass showed a significant, positive yield 
response to N at all rates at both sites during the year of appliea- 
tion. The only response by spotted knapweed to N In succeeding 
years was in the second year at Site 1 where a significant response 
was detected at the 448 kg N/ha rate. Competing vegetation at Site 
1 (primarily quackgrass, Agropyron repens (L.) Bauv.) in the first 
year showed a significant, positive response to N, while competing 
vegetation at Site 2 (primarily crested wheatgrass, Agropyron 
crisLotum (L.) Gaertu.) did not respond to N in the first year. No 
response by competing vegetation to N in succeeding years at either 
site was detected. There was a significant relationship between 
percent knrpweed and N rate at both sites in the year of N applica- 
tion, but not in succeeding years. These results suggest that N 
fertilization, by i&If, as a cultural control approach to knapweed 
may be impractical, and could contribute toward the increase of 
knapweed when used in some of the plant communities normally 
assodrtedwithspotted~pweedon~ge~dinw~~Monhna. 

Key Words: Centaurea tnaculosa, crested wheatgrass, quack- 
grass, Agropyron crhtatum, Agropyron repns, biomass, yield 

Spotted knapweed (Cenruureu maculosa Lamarck) is an intro- 
duced, perennial plant that has become a serious problem on 
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rangelands of the Pacific Northwest (Maddox 1979). In Montana 
alone, the weed infests an estimated 800,000 ha (French and Lacey 
1983). 

The rapid spread of the plant is due largely to the fact that it was 
introduced without its natural enemies, is generally not utilized as 
forage, and may have allelopathic effects on other plant species, 
enabling it to form near-monocultures (Watson and Renney 1974, 
Maddox 1982, French and Lacey 1983, Kelsey and Locken 1987). 
In addition to chemical and biological control methods, cultural 
practices such as cultivation, irrigation, burning, mowing, reseed- 
ing, and grazing have been considered as control measures against 
the plant (Hubbard 1975, Harris and Cranston 1979, Maddox 
1982, French and Lacey 1983, Lacey et al. 1986). 

Competitive grasses such as crested wheatgrass (Agropyron cris- 
tatum (L.) Gaertn.) have been reported to slow the spread of 
knapweed (Harris and Cranston 1979, Perube and Myers 1982). 
The use of fertilizers to enhance production of plants known to be 
competitive to spotted knapweed has not been fully evaluated. 
Myers and &Nbe (1983) reported that fertilization with NHdNOs 
at 34 kg/ ha had no effect on the growth or biomass of either diffuse 
knapweed (C. diffusa Lamarck) or competing grasses. Popova 
(1960) reported that application of fertilizer enhanced diffuse 
knapweed growth at the expense of other forage species. 

This paper reports the results of nitrogen fertilization on spotted 
knapweed and competing vegetation at 2 sites in western Montana. 

Materials and Methods 

The study was conducted at 2 spotted knapweed-infested sites, 
180 mapart, located 8 km south of Stevensville, Mont. The climate 
is semiarid with cool summers and comparatively mild winters. 
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Average annual precipitation is about 33 cm. Soil at Site 1 was a 
Chamokane silty, clay loam while Site 2 was a Chamokane loamy 
sand. Both soils are members of the coarse-loamy over sandy or 
sandy-skeletal, mixed Typic Xerofluvents. Site 1 was dominated 
by spotted knapweed and quackgrass (Agropyron repens (L.) 
Beauv.) with small numbers of wood bluegrass (Pea nemordis L.), 
while Site 2 was dominated by spotted knapweed and crested 
wheatgrass with small numbers of quackgrass and yarrow (Achil- 
lea millefolium L.). 

The experimental design was a randomized complete block with 
3 blocks per site. Nitrogen treatments were’hand broadcast as 
NH4NOa at rates of 0,56,112,224, and 448 kg N/ ha. Plot size was 
7.5 X 3 m. Nitrogen was applied in April 1981 at Site 1 and in April 
1982 at Site 2. Plots were harvested in early August in 1981,1982, 
and 1984 at Site 1 and in 1982 and 1984 at Site 2. Individual plots 
were sampled by harvesting all plant material at ground level 
within three, 0.5-m* quadrats located randomly in each plot. The 
plant material was sorted into 2 categories (spotted knapweed and 
competing vegetation), dried, and weighed. Data from the 3 quad- 
rats per plot were averaged to provide a mean weight (g) for each 
plant category per plot. 

Linear regression analyses were used to describe the relation- 
ships between N rates and mean spotted knapweed biomass or 
competing vegetation biomass. Data from the 2 sites were analyzed 
separately. A second degree polynomial, generated from multiple 
regression analysis, was used to fit the relationship between N rate 
and: (1) spotted knapweed biomass at each site during the year of N 
application; (2) spotted knapweed biomass at Site 1 in the second 
year; and (3) competing vegetation biomass at Site 1 in the first 
year. Percent spotted knapweed data (knapweed biomass/total 
vegetation biomass) from Site 1 were transformed with a log10 
function, while percent data from Site 2 were transformed with a 
semi-logro. Simple linear regression was used to fit the relationship 
between competing vegetation biomass and N rate at Site 2 in the 
first year. 

Results 

Spotted Rnapweed Biomass 
Regression analyses of first-year data showed a significant, posi- 

tive quadratic relationship between spotted knapweed biomass 
and N rate at both sites (Fig. 1). At Site 1, every increase of 1 kg 
N/ha resulted in an increase of 17.6 kg/ ha of spotted knapweed 
biomass up to a maximum N rate of 361 kg N/ha. At Site 2, every 
increase of 1 kg N/ha resulted in an increase of 15.6 kg/ha of 
spotted knapweed biomass up to a maximum N rate of 433 kg 
N/ha. 

Regression analyses also showed a significant quadratic rela- 
tionship between spotted knapweed biomass and N rate in the 
second year at Site 1 (R* = 0.97, P = 0.02, Y = 855.6 -4.4X + 0.02X*). 
However, the knapweed response in the second year was opposite 
the first-year response in that there was a very small, negative slope 
at the lower N rates followed by a significant increase at the 448 kg 
N/ha rate. Spotted knapweed biomass at the 448 kg N/ha rate in 
the second year at Site 1 was 41% lower than the biomass at that 
rate in the first year. Slopes of the regression lines for the relation- 
ship between N rate and knapweed biomass in the fourth year 
(1984) at Site 1 and the third year at Site 2 (1984) were not 
significantly different from zero, 

Competing Vegetation Biomass 
Regression analyses of first-year data showed a significant, posi- 

tive quadratic relationship between competing vegetation (primar- 
ily quackgrass) and N rate at Site 1, while at Site 2 there was a 
non-significant (P = 0.12), positive, linear relationship between the 
competing vegetation (primarily crested wheatgrass) and N rate 
(Fig. 1). At Site 1, every increase of 1 kg N/ha resulted in an 
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Fig. 1. Relationship between nitrogen rate and biomass of spotted knap- 
weed or competing vegetation at the 2 study sites in the year of nitrogen 
application. Lines were fitted from the following regr&sio& spotted 
knaoweedbiomassat Site 1: Y= 760.0+17.6X- 0.02pfRz ~0.98. n q  5. 
P =b.02); competing vegetation biomass at Site I: Y = ‘srs.2 + lj.6, L 
0.02F (Rs = 0.99. n q  5. P q  0.001); spotted knapweed biomass at Site 2: Y 
= 1055.2 + 15.6X - 0.02Xs (R’ = 0.97. n = 5, P = 0.03); competing 
vegetation biomassat Site2: Y= 1035.6+ 0.6X(r1=0.61. n ~5, P= 0.12). 

increase of 13.6 kg/ha of competing vegetation biomass up to a 
maximum N rate of 340 kg N/ha. 

The slopes of the regression lines for the relationship between N 
rate and competing vegetation biomass in years succeeding the 
year of N application at the 2 sites were not significantly different 
from zero, although a weak response (P = 0.07) was detected in the 
second year at Site 1. 

Percent Knapweed 
A significant, positive relationship occurred between percent 

spotted knapweed (knapweed biomass/total vegetation biomass) 
and N rate at both sites in the first year (Fig. 2). Each site showed a 
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Fig. 2. Relationship between nitrogen rate andpercent spotted knapweed 
biomass (knapweed biomass/total vegetation biomass) at the 2 study 
sites in the year of nitrogen application. Lines were fitted from the 
following regressions: Site I: log Y = 1.66+ 0.03logX (rl q  0.94, n = 5, P= 
0); Site 2: Y = 44.0 + 13.OlogX (rz = 0.98, n q  5. P q  0). 

strong response at the 56 kg N/ha rate with only small increases at 
the higher N rates. Slopes of the regression lines for the relation- 
ship between N rate and percent knapweed in years succeeding the 
year of N application at the 2 sites were not significantly different 
from zero. Mean percent knapweed in treated plots at each 
site/year was highest in the first year at both sites (52 and 67% at 
Sites 1 and 2, respectively), but decreased to about 4% in subse- 
quent years. 

Discussion 
Our results with spotted knapweed differed from Myers and 

Berube’s (1983) work with diffuse knapweed. They reported that 

fertilization with NHdNOs at 34 kg/ ha had no effect on the growth 
or biomass of either diffuse knapweed or the competing grasses. 
They suggested that the lack of response by diffuse knapweed in 
their study was possibly due to selective grazing of fertilized plots 
by cattle or because fertilizer application occurred too late in the 
spring. The differing results were probably not due to differences in 
the 2 plant species’ response to N fertilization since Popova (1960) 
reported that fertilizer enhanced diffuse knapweed growth at the 
expense of other vegetation. 

Reasons why the residual effects of N on both spotted knapweed 
and competing vegetation were so short-lived were not determined. 
Leaching may have accounted for some N loss, but the amount of 
precipitation that fell during October through April following N 
application at both sites was not excessive (i.e., 22.2 cm and 13.3 
cm at Site 1 and 2, respectively). Thus, other nitrogen-loss mecha- 
nisms undoubtedly contributed to the short-lived residual. 

The weak response of crested wheatgrass at Site 2 in the first year 
compared to the quackgrass response at Site 1 was surprising since 
crested wheatgrass is an aggressive, perennial grass (Holechek et al. 
1982) and has been shown to be capable of suppressing diffuse 
knapweed in certain climatic regimes (Berube and Myers 1982). 
Also, there is considerable evidence that crested wheatgrass grow- 
ing in semiarid regions readily responds to nitrogen fertilizer 
(Black 1968, McGinnies 1968, Power and Alessi 1970, Halvorson 
and Bauer 1984). The weak response may have been due to insufti- 
cient moisture since the amount received at Site 2 during the 3 
months between N application and harvest in the first year (8.61 
cm) was only half the amount received during those months in the 
tint year at Site l(16.05 cm). The response of crested wheatgrass to 
N is highly dependent upon moisture availability in semiarid areas 
(Smoliak et al. 1967, McGinnies 1968, Power 1983, Read and 
Winkleman 1982). The poor response, however, could have also 
been related to deficiencies of other nutrients, soil type, or envi- 
ronmental factors. 

Regardless of the reasons for the variable response by the com- 
peting vegetation at the 2 sites, the important point is that spotted 
knapweed showed a strong response to N at all rates at both sites 
during the first year. These results suggest that N fertilization as a 
cultural control approach to knapweed may be impractical and 
could contribute toward the increase of knapweed when used in 
some of the plant communities normally associated with spotted 
knapweed on rangeland in western Montana. However, this does 
not preclude use of N fertilizers with other grasses and forbs that 
are found to be competitive with knapweed or the use of N fertiliz- 
ers in combination with herbicides. 
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A versatile data logging program in BASIC for the Laptop 
computer 
PAUL S. GRAFF AND BILLY W. HIPP 

AbStNCt 
Recording and management of field or laboratory drta can be 

aided tluougb use of a data logging computer. Data are eiectroni- 
caiiy transferred from the data logger to a larger computer for 
statistical analysis, eliminating re-entry from field sheets and 
reducing the potenthi for error. Laptop computers offer advur- 
tages over specialized data loggers, but require a software program 
to function efficiently as a data logger. Range reaearcb uses migbt 
include recording plant sampie weights, recording iivestock weights 
and condition scores, pi& growth measurements, and frequency 
counts. A flexible data entry program accommodating severai 
experimental designs was written in BASIC for creating anaIysIs- 
ready data flies, using either keyboard or RS-232 data input. 

Key Words: data management, electronic data coilection, sam- 
pling methods, BASIC computer program 

Data collection and data management can be the most arduous 
aspect of any research study, particularly when projects involve 
hundreds of experimental units, measured on several occasions. 
Manual data entry from field sheets is labor intensive, requires 
error checking, and can slow or stifle ongoing research. Most 
researchers are aware of the benefits of using specialized data 
loggers or “electronic notebooks*’ which are, more or less, hybrids 
between a hand-held calculator and a personal computer. Use of a 
data logger allows data to be entered once, at the point of original 
observation, and subsequently transferred to a personal or main- 
frame computer for analysis. Data transfer is accomplished using a 
direct cable connection, or remotely, using a telephone modem. 
Major disadvantages of many data loggers include cost ($1,000-4,000), 
cryptic programming languages and operating systems commands, 
small keyboards with complex multi-function keys, and small 
video display size. 

Authors arc research associate and professor, Texas Agr. Exp. Sta., 17360 Coit 
Road, Dallas 75252-6599. 

Report is published with approval of the Director, Texas Agr. Exp. Sta. as 
TA23225. 

Manuscript accepted 4 October 1988. 

A battery-operated, portable laptop computer, such as the TRS- 
80 (Tandy Corp.‘), Model 102, can be programmed to perform as a 
data logger and offers advantages of a typewriter-style keyboard, a 
40 X 8 character display, programming in the BASIC language, a 
built-in telephone modem for remote data transfer, and is less 
expensive ($499) than many specialized data loggers. Drawbacks 
include reduced portability relative to smaller data loggers, lack of 
weather-proofing, extreme memory limitation, and “blacking out” 
of LCD (liquid crystal diode) displays caused by the heat of direct 
sunlight (Demment and Greenwood 1987). A major reason the 
laptop computer has failed to gain wide usage as a data logger is the 
lack or scarcity of software designed specifically for thii purpose 
(Cooney 1985). Several noncommercial data logging programs 
have been recently introduced with the objective of meeting the 
agricultural researcher’s needs (Gilreath 1985, Kidger and McNicol 
1986, Jackson and Stone 1987). Range research uses might include 
site inventory, recording “hits” on various plant species, recording 
plant growth measurements, weighing dried plant samples, and 
recording livestock weights or behavioral data. Demment and 
Greenwood (1987) used a portable computer programmed in 
BASIC, for field recording of livestock feeding behavior in real- 
time, citing the advantages of the computer over field sheet 
recording. 

The purpose of our work was to provide a highly flexible, 
menu-driven data logging program for the range or agricultural 
researcher, easily adaptable to run under variations of Microsoft@ 
BASIC, which includes important features either not reported, or 
not availabile in existing programs. These features include (1) the 
ability to input data both from the keyboard or from devices (e.g., 
electronic balances) connected to the computer’s RS-232 (serial) 
port; (2) permanent storage of an experiment’s set-up information 
(i.e., study title, treatment labels, number of reps, number of 
parameters to measure, and parameter labels) to expedite data 

‘Mention of a trademark or a proprietary product does not constitute a guarantee or 
warranty of the product by the Texas Agncultural Experiment Station and does not 
imply its approval to the exclusion of other products that may be suitable. 
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INPUT TRT REP COLR COVR SMTH ROLL GRAD 
OPANON 1 1.0 25.0 
OPANON 2 1.0 15.0 
OPANON 3 1.0 25.0 
OPANlN 1 1.0 25.0 
OPANlN 2 2.0 30.0 
OPANlN 3 2.0 35.0 
0PAN2N 1 3.0 40.0 
0PAN2N 2 4.0 40.0 
0PAN2N 3 2.0 30.0 
1PANON 1 2.0 70.0 
1PANON 2 2.0 80.0 
1PANON 3 1.0 65.0 
1PANlN 1 3.0 70.0 
1PANlN 2 3.0 90.0 
1PANlN 3 4.0 80.0 
1PAN2N 1 4.0 85.0 
lPAN2N 2 5.0 65.0 
1PAN2N 3 5.0 75.0 
2PANON 1 2.0 70.0 
2PANON 2 2.0 85.0 
2PANON 3 2.0 90.0 

. . 

. . 

3 PAN 2 N 2'3 

. . 

. . 

. * 

2.0 4.0 1.0 
1.0 2.0 1.0 
1.0 1.0 1.0 
2.0 3.0 2.0 
2.0 3.0 2.0 
2.0 2.0 2.0 
2.0 2.0 2.0 
2.0 2.0 3.0 
2.0 2.0 3.0 
4.0 3.0 3.0 
4.0 3.0 3.0 
3.0 2.0 2.0 
4.0 3.0 4.0 
4.0 3.0 4.0 
3.0 3.0 4.0 
4.0 4.0 4.0 
4.0 4.0 5.0 
3.0 4.0 5.0 
5.0 4.0 3.0 
5.0 5.0 3.0 
5.0 5.0 3.0 
. . . 
. . . 
. . . 

5.0 95.0 5.0 5.0 5.0 
* BUFFALOGRASS-FERT C IRRIG (8801); 
* DATE 01-06-1988 11:59:49; 

Fig. 1. Sample aktasetproduced by the data loggingprogram. Treatment 
labels were entered in the form ‘n PAN n N“, specifving 3 replications 
and 5 parameters to measure. 

entry on subsequent collection dates; (3) menu-selected experimen- 
tal designs, determining the order of data entry, (4) automatic 
generation of sequential numbers when needed for plot labels, and 
(5) sorting of datasets in which treatments are randomized. 

Description and Specifications 
Major program functions are selected from 2 menus. The first 

menu presented the user includes the following options: (1) enter a 
keyboard dataset, (2) produce a dataset from RS-232 input, (3) 
enter and store a dataset format, (4) resume an interrupted dataset, 
(5) sort an existing file, (6) show existing files, and (7) exit to 
operating system. Selecting options 1,2, or 3, causes display of a 
second menu from which a data entry sequence, pertaining to the 
experiment’s design or field layout, is selected. Secondary menu 
options are: (1) sequential treatments and reps (sampling order is 
determined by the order of treatment labels stored in the format 
file); (2) sequential numbers (user provides the beginning number 
and total experimental units); (3) randomized complete block (user 
is prompted for each treatment label because of randomization, 
and program assumes an entire block will be sampled before 
proceeding to the next); (4) randomized treatments with sequential 
reps or samples (user supplies the treatment label because of ran- 
domization, but sequential prompting for reps or samples occurs 
automatically); (5) randomized treatments and reps (user must 
supply both the treatment identification and replication number as 
a single, composite entry); and (6) return to the initial menu. Menu 
use reduces user confusion and initialization time, since basic 
information and assumptions are programmed into each menu 
item. 

Datasets can be produced using the keyboard or the computer’s 
serial port as input sources. Serial input devices might include 
digital electronic balances, analytical laboratory equipment, or 

outdoor environmental monitoring equipment. 
The program uses dataset “templates” which are files for storing 

certain dataset information, such as treatment labels, dataset title, 
and number of replications pertaining to each experiment. The 
template is created and stored prior to initial data entry for a given 
experiment. The template can be recalled for sampling on future 
dates as well, eliminating the need to retype complex or numerous 
treatment labels. Once a template is created, actual data recording 
can proceed much more rapidly than the usual paper and pencil 
method. 

Studies with “treatment”labels consisting of sequential numbers 
are easily accommodated by the program. After selecting “sequen- 
tial numbers”from the secondary menu, the user is prompted for 
the total number of plots to measure and the starting number. 

The program produces SAS@ (Statistical Analysis System)’ or 
other statistics software-compatible datasets in the format: 

TREATMENT REP PARAMETER1 PARAMETER2 
PARAMETER3 etc. 

Figure 1 shows a sample dataset created using the program, which 
would require only minor editing for computer analysis. There is 
no real limit on the number of parameters that can be entered for 
each treatment, as long as the computer’s line length limit is not 
exceeded; however, our program limits the number of parameters 
to 10. The program automatically right-justifies treatment labels in 
the dataset and numeric and alpha-numeric data are also right- 
justified in columns according to a user-specified format. A 
column header is printed at the top of each dataset, identifying 
column contents, and a dataset identification line, current date, 
and time are stamped at the end of the dataset. Datasets with 
treatments randomized can be optionally sorted by the program 
upon completion. 

The program code was written to operate with the Microsoft@ 
BASIC interpreter supplied with the TRS-80, models 100 and 102, 
but can be easily modified to run under IBM@ or GW-BASIC@. 
The minimum RAM requirement is 1618K. The TRS-80 version 
occupies 12,800 bytes in storage, or 11,800 bytes if “REMark” 
statements are omitted from the BASIC code. The program 
requires no special hardware to function, with the exception of a 
null modem adapter for RS-232 input. A diskette (5.2%inch, 36OK, 
MS-DOS format) containing the TRS-80 (interpreted) and IBM, 
GW-BASIC (interpreted and compiled) versions of the program, 
and an instructional file covering installation, operation, and cus- 
tomizationhints can be obtained from the authors.* 

Operation 
The program can be installed using a desktop personal compu- 

ter’s text editor to produce the code, and transferred through the 
serial (RS-232) adapter to the laptop computer, or can be typed 
directly into the laptop computer using the laptop’s text editor or 
BASIC interpreter. A typical data entry session for a new experi- 
ment would include the following steps: (1) select “Enter a Tem- 
plate” from the primary menu; (2) a data entry sequence is selected 
from the secondary menu, such as “Sequential Treatments”, and 
the user answers program prompts for study title, number of 
treatments, replications, parameters to measure, etc., to produce 
the dataset template file; (3) program returns to the main menu and 
user selects “Keyboard Dataset” or “RS-232 Dataset”; (4) user is 
again presented the secondary menu and selects “Sequential 
Treatments” (the program redundantly displays the secondary 
menu to allow maximum flexibility in data entry order); (5) the 

5end request to: Paul Chaff, Texas Agricultural Experiment Station, 17360 Coit Rd., 
Dallas, TX 752526599. A SlO (U.S.) check or money order, payable to Texas 
Agricultural Experiment Station, is requested to cover the cost of the diskette, 
postage, and packaging. 
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4 23 END 

Fig. 2. Abbtevioredjlowchatr of &to loggingptogtwn execudon. 

program prompts for the type of data (numeric of alpha-numeric), 
and the expected width of a data column; (6) data entry proceeds 
can be interrupted with a function key); and (7) program returns to 
main menu. Subsequent sessions would not require steps 1 and 2. 

Data entry can be interrupted by striking a programmed func- 
tion key and automatically resumed at a later time, without having 
to reenter any setup information. In the event of unplanned, 
interrupted entry caused by battery failure, a dataset can be com- 
pleted by specifying the number of completed treatments to skip, 
and appending to the partially completed dataset. Figure 2 pro- 
vides an abbreviated flowchart of program execution. A future 
version of the program will allow use of a bar code reader for 
scanning treatment names, allow inclusion of a date identifier 
column in the dataset, and provide menu options for dataset 
printing or electronic transfer (RS-232). 

San FLE 
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Influence of native shrubs on nutritional status of goats: 
nitrogen retention 
GREGORIO NUNEZ-HERNANDEZ, JERRY L. HOLECHEW, JOE D. WALLACE, MICHAEL L. GALYEAN, ACKIM TEMBO, RAUL 
VALDEZ, AND MANUEL CARDENAS 

In viva digdbiiity trials were conducted to evaiuate the infht- 
ence of shrubs contafning low and high ieveis of soluble pbenoiic/- 
tannins on dig- and nitrogen retention by Angora goats. 
Each of 6 shrubs and alfaG hay (M&ugo sutiva L.) were fed to 
goats at 30% (dry matter b&s) of the diet in 8 bariey straw-pr&ie 
bay mixture. Tbe mixture was reguiated so that ali diets contained 
about 8% crude protein. High soluble pl~enotic shrubs used 
included big sagebrush (Artemi.du -Nutt. ssp. &i&&da), 
gray oak (Querc~~ grireu Liebm.), true mountain mahogany (Cer- 
cocaqur montanus Raf.), and one-seed juniper (Juniperus ntono- 
qwma LEqdm.] Sug). Low-soluble pbenoiic species included 
common wfnterfat (CeruU&ftu lrurrrtr [pursh.], J.T. Howell), 
fourwfng saitbwh (A rr@fex cunescuw [purse.), Nutt.), and aifaifa. 
Nftrogen w of wfnterfat, gray oak, mount& maho- 
gany and one-seed juniper dfets were iess QY.05) than the rifaifa 
controls, but big sagebrush did not differ (IP.05) compared with 
the rlfaifa control. Retafned nitrogen (g/d) differed (PC.05) only 
among aifaif8, juniper, 8nd mount8in mahogany die&t. Goats fed 
juniper had greater (IYO.05) retain4 nitrogen than the alfti 
control. Shrubs high in soluble phenolics, with the exception of bfg 
sagebrush, had elevated fecai nitrogen losses, but reduced urfnary 
nitrogen losses compared witb tbe aifalfa control. Forage organic 
matter intake (96 body weight) and nitrogen intake (g/d) were 
correlated more hfghiy with nitrogen retention thnn dietary crude 
protein (96) or dfgestibie protein (%). Present data indicate that 
protein found in paiatabie natfve shrubs is a&niiated with simiiar 
efficiency to that in aifalfa hay ff these shrubs are consumed at 
moderate ieveb. 

Key Words: browse, Angora goats, ruminants, forage 
Historically, range management has emphasiid grasses because 

of their ability to produce large quantities of forage for livestock. 
However, Holechek et al. (1989) reviewed several studies showing 
that shrubs are important components of range livestock diets on 
many ranges. Typically, cattle, sheep, and goats make heavier use 
of shrubs during periods when grasses and forbs are dormant, and 
low in nutritive value. During the dormant season, leaves of ever- 
green shrubs have greater crude protein than grass leaves or stems 
(Hoiechek et al. 1989). Evergreen shrub leaves also have less fiber 
and greater phosphorus concentrations than grass plant parts. 

Some shrubs have high levels of soluble phenolics and tannins 
that can reduce protein digestibility and retention (Mould and 
Robbins 1981, Nastisand Malechek 1981, Robinson 1982). Hence, 
crude protein concentration may be misleading as an indicator of 
nutritive value of these species. Ruminants consuming shrub diets 
that are high in soluble phenolics and(or) tannins have elevated 
fecal nitrogen concentrations (Mould and Robbins 1981, Nastis 
and Malechek 1981, Wofford et al. 1985), but such increases can be 
compensated for by reduced urinary nitrogen losses (Nastis and 
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Malechek 1981). Further, diets high in condensed tannins may 
have increased post-ruminal absorption of nitrogen (Barry and 
Manley 1984) and increased nitrogen retention (Barry et al. 1986). 
Comparative studies regarding absorption and retention in rumi- 
nants fed low phenoiic shrubs, high phenolic shrubs, and commer- 
cial forages are limited. Our objectives were to evaluate nitrogen 
digestibility and retention by Angora goats when they were fed 7 
isonitrogenous mixtures containing low phenolic shrubs, high 
phenolic shrubs, and a standard commercial forage. 

Materiais and Methods 

Leaves from big sagebrush (Artemisia tridentata Nutt. ssp. tri- 
dentata), gray oak (Qwrcrrs grkea Liebm.), true mountain maho- 
gany (Cercocarpus montanur Raf.), founving saltbush (Atriplex 
canescens [Pursh.] Nutt.), common winterfat (Ceratoides lanata 
[Pursh.] J.T. Howell), and one-seed juniper (Juniperus mono- 
sperma [Engeim.] Sarg.) ,were collected from various ranges in 
New Mexico. Big sagebrush and winterfat leaves were collected 
near Taos, New Mexico. .Juniper and oak leaves were collected 
near Silver City, New Mexico. Plant materials from these 4 species 
were collected during the winter of 1985. Mountain mahogany 
leaves were collected at Aguirre Springs, New Mexico, in May 
1986. Founving saltbush leaves were collected near Las Cruces, 
New Mexico, in June 1986. In all cases, plant collection consisted 
of current year’s annual growth of leaves. Leaves were air-dried 
before use. 

Table 1. Dry matter compodtion ($) of diets fed to goata III 3 di8estioa 
trials. 

Diets 
High LOW 

Trial cmmol $ phenolic % phenolic % 
1 Alfalfa 30 Big sage 30 Winterfat 30 

Prairie hay 5 Prairie hay 30 Prairiehay 25 
straw 65 straw 40 straw 45 

2 Alfalfa 30 Oak 30 Saltbush 30 
Prairie bay 20 Praiiehay 50 Prairiehay 25 
straw 50 straw 20 straw 45 

3 Alfalfa 30 Juniper 30 M. 30 
mahogany 

Prairie hay 0 Prairie hay 55 Prairie hay 5 
straw 70 straw 15 straw 65 

Three digestion trials using male Angora goats were conducted 
in a temperature-controlled building at New Mexico State Univer- 
sity during the summer of 1986. Each trial evaluated one high 
phenolic diet, one low phenoiic diet, and an alfalfa (Medicago 
sativa L.) control diet. Diets provided the goats with about 8% 
crude protein on a dry matter basis (Tables 1 and 2). Each diet 
contained 309% of the various shrubs being tested. Barley straw 
(Ho&urn vulgare L.) and prairie hay, primarily blue grama 
(Boutelow gracilis [H.B.K.] Lag. Ex. Griffiths), comprised the 
other 70% of the diets. Amounts of barley straw and prairie hay 



Trial Diets2 

1 Alfalfa 
Big sagebrush 
Wintetfat 

1.31 
1.28 
1.23 

ADIN NDF ADF ADL 
(%I (%J (%J (Fib) 
0.15 72.0 46.1 7.2 
0.15 70.2 44.0 a.5 
0.18 74.4 46.5 9.5 

1.8 
5.1 
2.2 

T PHE 
mgCEr/ 10 mg mglg 

0.06 a.4 
0.15 30.4 
0.03 11.7 

2 Alfalfa 1.50 0.13 70.7 45.5 2.0 0.04 8.9 
Oak 1.41 0.21 70.6 43.8 

K 
2.7 0.14 38.8 

Fourwing Saltbush 1.44 0.14 71.6 41.6 6:9 1.9 0.05 13.6 

3 Alfalfa 1.37 0.19 69.2 42.5 7.5 2.3 0.03 7.9 
Juniper 1.34 0.16 66.1 41.2 9.5 5.7 1.29 38.7 
Mountain mahogany 1.20 0.26 74.6 47.0 12.4 2.9 0.90 29.5 

IN q  Total nitrogen, ADIN = Acid detergent insoluble nitrogen, NDF = Neutral detergent fiber, ADF = Acid detergem tibsr, ADL = Acid detergent lipin, EE = Ether extract, 
PHE = Phenolia, T = Tannins. 
‘Alfalfa and browse Dlants were 30% of diets based on dry matter bask The remainder was variabk proportion of prairie hay and barley straw. 
JCE = Catcchii equiiralents. 

were regulated in each diet to obtain the desired crude protein 
concentration. Initially, true mountain mahogany was thought to 
be a low phenolic shrub but chemical analyses showed otherwise 
(Table 3). Forages were ground through a 2.5-cm screen and mixed 
manually to minimize selectivity. 

Twelve male Angora wether goats (Z 41 f 4 kg) reared on 
shrubland range in southcentral New Mexico were used in each 
trial. Treatments were assigned randomly to goats in each trial. 
Goats were weighed before and after each trial with all weights 
taken after a 14-hour fast. Each trial consisted of a 10-d adjustment 
period followed by 4 d of total fecal collection. Goats were placed 
in digestion crates at the beginning of the adjustment period, and 
diets were provided ad libitum with feed offered twice daily (0800 
and 1600 h). Orts were weighed daily during the fecal collection 
period. Total fecal collection was used to determine apparent 
digestibility coefficients. Feed, orts, feces and urine samples were 
obtained daily during each fecal collection period for chemical 
analyses. Total fecal output and urine volume were recorded daily 
and subsamples (10% aliquot) were frozen. Volatilization of 
ammonia from urine samples was prevented by adding 10 ml of 
50% HCl to the collection vessel. Fecal samples were dried partially 
at 60“ C for 48 h before grinding. Feed, orts, and feces were ground 
through a l-mm screen in a Wiley mill. 

was determined by the vanillin/HCl procedure (Burns 1971) as 
modified by Price et al. (1978). Total phenolic content was mea- 
sured according to the Folin-Denis procedure (AOAC 1984). 
Chemical composition of the diet consumed was estimated from 
the chemical composition and amount of feed offered and chemical 
composition and amount of orts. 

Differences in intake, in vivo digestibility, digestible protein, and 
nitrogen balance among treatments within trials were determined 
using a completely random design. One goat was removed from 
treatment 2 in trial 1, treatment 1 in trial 2, treatment 1 in trial 3 and 
treatment 3 in trial 3 because of refusal to consume study diets. 
Thus, an analysis of variance with unequal replication was per- 
formed in all trials. If a significant treatment F test was observed, 
means were separated by the least significant difference method 
(Steel and Torrie 1980). Relationships among fecal nitrogen, uri- 
nary nitrogen, digestible protein, nitrogen balance, crude protein, 
unavailable nitrogen, nitrogen intake, phenolic content, and tan- 
nin content of diets were evaluated using correlation and regres- 
sion analysis (Draper and Smith 1966). More details on experi- 
mental procedures are provided by Nunex-Hemandez (1987). 

Results and Discussion 

Nitrogen Retention 
Chemical analyses were performed on samples of feed, orts, Nitrogen retention (g/d) by goats showed no consistent differ- 

feces, and urine cornposited across days for each animal. Dry ence among high-phenolic, low-phenolic and alfalfa diets (Table 
matter, organic matter, ether extract, and total N were determined 4). Nitrogen retention differences occurred only in Trial 3, where 
by standard procedures (AOAC 1984). Acid detergent fiber, neu- goats fed one-seed juniper had greater (K.05) nitrogen retention 
tral detergent fiber, acid detergent lignin, and acid detergent insol- than those fed true mountain mahogany and alfalfa diets. Based on 
uble nitrogen analyses were performed by nonsequential proce- these data, it appears that phenolics and tannins have a limited 
dures of Goering and Van Soest (1970). Tannin content of feeds influence on nitrogen status of goats when forages containing high 

Table 3. Chemical compodtion of fonger fed to goats in the three digdon tridd 

Forages 

Alfalfa 
Big sagebrush 
Common winterfat 
Gray oak 
Fourwing s&bush 
One-seed juniper 
True mountain 

mahogany 
Prairie bay 
Barley straw 

3.4 
1.9 
1.7 
1.6 
2.5 
1.0 

2.0 

ADIN NDF 
(%I (%I 

0.24 45.2 
0.26 44.3 
0.24 69.2 
0.34 53.2 
0.24 54.4 
0.33 41.2 

0.59 57.1 
0.26 72.1 
0.17 71.9 

ADF 
(%I 

z 

41:9 
38.2 
27.2 
31.1 

44.7 
42.4 
47.7 

ADL 
(%I 

7.3 
12.8 
12.7 
16.0 
8.6 

16.3 

20.1 
6.2 
5.6 

2.6 
15.2 
z 

2:9 
12.8 

4.6 
3.6 
2.4 

T PHE 
mg CEr/ 10 mg mglg 

0.07 12.0 
0.34 61.0 
0.07 13.0 
0.69 79.0 
0.01 23.3 
1.36 80.3 

0.74 64.7 
12.4 
7.9 

1Perccntages are on a dry matter basis. 
*N = Total nitrogen, ADIN = Acid detergent insoluble nitrogen, NDF = Neutral detergent fiber, ADF = Acid detergent fiber, ADL = Acid detergent lignin, EE = Ether extract, T = 
Tannins, PHE = Phenolica. 
XE = catechin equivalents. 
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Table 4. Organic matter intake, III vtvo organic matter digestibliity and nitrogen utilization by Angora ga8ti fed diet8 conthing low and btgk pbenoUc 
8bruba. 

Trial 1’ Trial 2’ Trial 3’ 
Big Founving Mountain 

Alfalfa2 sagebrush Winterfat Alfalfa Oak saltbush Alfalfa Juniper mahogany 

Organic matter intake, %BW’ 1.5. 0.9b 1.4. 2.0’ 2.0’ 1.8’ lsb 2.0. l.7’b 
Apparent organic matter 

digestibility, % 57.3” 59.1. 57.1’ 54.3. 45.6b 54.1’ 53.7b 58.2’ 51.8b 
Nitrogen intake, g/d . 7.7b 13.7b 14.4. 13.3b 10.Sb 12.4’ lO.Ob 
Fecal nitrogen, g/d i.9. 5.4 . 

36:4’ 3::; 3i.S 
4.8b 7.3’ 4.4b 3.7 5.9. 4.6b 

% of N intake 
0:5’ 

35.0b 50.7” 33.1b 35.2b 47.6’ 46.0” 
g/ 100 g organic matter intake 0.5’ 0.5’ 0.6b 0.9. 0.6b 0.5’ 0.7, 0.6b 

Urinary nitrogen, g/d 7.0’ 6.0’ 5.4’ 6.9’ 5.2b 5.11b . 2.6b 3.2b 
% of N intake 79.5’b 120.0’ 70.1b 50.3’ 36.1’ 43.6b 5:::’ 20.9’ 32.0b 
g/kg BW*‘s 0.4’ 0.4. 0.3” 0.4’ 0.3b 0.4’ 0.3’ 0.2b o.2b 

Crude protein, % of diet 8.2’ 8.0’ 7.7b 9.4. 8.8. 9.0’ 8.6. 8.4’ 7.5b 
Apparent digestible protein, % of diet 5.2’ 5.3’ 4.7b 6.1’ 4.3b 6.0’ 5.5. 4.4b 4.ob 
Apparent retained nitrogen, g/d -1.4. -2.7’ -0.7” 2.0” 1.9. 3.1’ 1.4b 3.9’ 2.2b 
Apparent retained nitrogen, % of 

nitrogen intake 0.0 0.0 0.0 14.6b 12.8b 22.5” 13.5b 31.4’ 21.7b 

‘Row means within trials that have not letters in common differ (X0.05). 
*Alfalfa and browse plants were 30% of diets mixed with prairie hay and barley straw on a dry matter basis. 
‘BW = Live body weight (kg). 

levels of these substances are fed at moderate amounts in the diet 
(3%). Nastis and Malechek (1981) found goats fed diets contain- 
ing 4% and 8% mature Gambel oak (Q~ercus gumbelii Nutt.) 
with alfalfa hay had small reductions in nitrogen retention com- 
pared with all alfalfa hay diets. However, when goats were fed diets 
containing 80% immature oak, nitrogen retention was depressed 
severely. Similarly, Sidahmed et al. (1981) fed goats 3 diets, each 
containing 35% of a shrub high in soluble phenolics and tannins, 
Nitrogen retention in 2 of the diets was depressed compared with 
the control. A fourth diet, containing 10% shrubs high in soluble 
phenolics and tannins, showed drastically depressed nitrogen ret- 
ention compared with other diets and the control. These studies 
indicate that stage of maturity, percentage of the diet, and shrub 
species can influence nitrogen retention when goat diets contain 
high levels of soluble phenolics/tannins. 

Negative nitrogen retention values were observed in all goats in 

Trial 1 (Table 4). Goats in this trial consumed less nitrogen than 
goats in Trials 2 and 3. Sidahmed et al. (198 1) reported that Spanish 
goats consuming shrub diets were in positive nitrogen balance 
when they consumed .42 g N/kg BW daily or more. Similar data 
for Angora goats consuming shrub containing diets has not been 
reported. Our data indicate Angora goats were in a positive nitro- 
gen balance when nitrogen consumption exceeds .24 g N/kg BW 
daily. However, it is widely recognized that nitrogen balance trials 
are not necessarily the best approach for determining ruminant 
nitrogen requirements. 

An experimental limitation of the present study is that dried 
forage was used in the mixed diets. Drying might have caused some 
changes in the chemical properties of the phenolicltannin com- 
pounds, particularly in that such compounds may have been less 
extractable, and thus less harmful, to the animal (Price et al. 1979). 
However, research by Robbins et al. (1987) indicates that a sub- 

n l 
n l 

6% q  .* : 
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l * n 
:o 
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LINEAR MODEL ^v= -6.29 +l 1 .19x; 2 r =0.63; P<O.Ol 
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Fig. 1. Relationship between nitrogen intake and apparent retained nitrogen in Angora goats fed diets containing arfava or native shrubs. 
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stantial fraction of these compounds remains soluble after drying 
and relative differences in protein digestion among forages are not 
changed greatly by drying. 

Fecal and Urinary Nitrogen Lusses 
Except for big sagebrush, diets with high phenolic shrubs had 

elevated fecal nitrogen losses but reduced urinary nitrogen losses 
(Table 4) compared with the alfalfa control diet. Correlation ana- 
lyses using all data revealed that urinary nitrogen loss (g/d) was 
associated negatively (X.05) with dietary tannin (r = -.55, n = 32) 
and phenolic contents (r = -50, n q  32). However, fecal nitrogen 
loss (g/d) was associated positively (K.05) with dietary tannin (r = 
.37, n = 32) and phenolic contents (r = 50, n = 32). Our data are 
consistent with Nastis and Malechek (1981) and Barry et al. (1986) 
in showing an apparent sparing of urinary nitrogen excretion, but 
elevated fecal nitrogen excretion, when ruminants are fed diets 
containing forages that are high in soluble phenolics/tannins. 
Barry et al. (1986) fed sheep trefoil (Lofuspedunculutus Cav.) that 
was high in condensed tannins, and the same forage treated with 
polyethylene glycol to reduce the tannin content. Urinary nitrogen 
excretion was 8.1 g/d for untreated and 13.3 g/d for treated trefoil. 
Sheep had the same nitrogen and metabolizable energy intakes 
with both treatments. 

Fecal and urinary losses were expressed as percentages of nitro- 
gen intake to adjust for the influence of differences in nitrogen 
intakes on nitrogen losses (Table 4). With the exception of big 
sagebrush, data expressed in this manner showed elevated fecal 
nitrogen losses and reduced urinary nitrogen losses of the high 
phenolic/tannin plants compared with the alfalfa control. 

Soluble phenolic and tannin compounds can react directly with 
dietary proteins, forming complexes resistant to ruminal degrada- 
tion (Hatfield 1970, Chalupa 1975). This could reduce nitrogen 
available for ruminal microbes. However, Barry et al. (1986) found 
that rumen ammonia concentration and pool size declined only 
slightly when sheep were fed a diet high in condensed tannins. 

Lower urinary nitrogen losses for the high phenolic/ tannin diets 
in our study may indicate an increase in recycled nitrogen to the 
rumen. Nitrogen influx into the rumen has been associated com- 
monly with a decreased renal nitrogen excretion (Harmeyer and 
Martens 1980). Buntinget al. (1987) fed a low crude protein (8.7%) 
diet and a high crude protein (15.4%) diet to lambs. A greater 
percentage of urea produced in the body was degraded in the 
digestive tract with the low protein diet, resulting in a lower percen- 
tage of nitrogen being excreted in the urine. 

Soluble phenolic/ tannin-protein complexes that escape degra- 
dation in the rumen can be assimilated in the lower digestive tract 
(Chalupa 1975). Provided that protein quality is superior to 
microbial protein, these “‘protected proteins*’ can improve rumi- 
nant nitrogen retention and performance because protein is made 
directly available to the lower digestive tract without undergoing 
microbial degradation (Owens and Isaacson 1977). 

Evaluation of Nitrogen Status 
Our study shows that both dietary percentage crude protein and 

digestible protein are inconsistent measures of protein status when 
ruminants are consuming diets with moderate and varying levels of 
phenolic/tannin compounds. Organic matter intake (percentage 
body weight) and nitrogen intake showed much better associations 
with nitrogen retention than either crude protein or digestible 
protein content (Fig. 1, Table 5). Crude protein percentage was 
better associated with nitrogen retention than digestible protein 
percentage, which is explained by the fact that digestible protein 
reflects elevated fecal nitrogen losses, but not reduced urinary 
nitrogen losses when diets are high in phenolic/tannin compounds. 
Based on our data, nitrogen intake is a better indicator of ruminant 
protein status than crude protein or digestible protein contents 

Tabk 5. Simple correktion coeffkkntr nhthg dktuy dumcterktia to 
appennt nitrogen retention of hlgolm go&a comlmliug low 8nd high 
phouc diets. 

All diets 
(n = 321 

LOW High 
phenolic phenolic 

diets diets 
(II = 18) f= 14) 

Organic matter intake, 
% body weight 

Crude protein’, % 
Digestible protein, $ 
Acid detergent insoluble 

nitrogen*, TO 
Nitrogen intake, g/wJs/d 
Phenolics contents, mg/g 
Tannins content, 

mg CE’/ 10 mg 
Ether extract’, 9% 

0.81** 0.68++ 0.88** 
0.41. 0.66*+ 0.27 
0.04 0.72.’ -0.49 

0.02 
0.79’. 
0.19 

0.40. 
0.11 

-0.38 0.21 
0.78*+ 0.81’. 
0.26 0.58* 

-0.31 
0.04 

0.55’ 
-0.03 

IDry matter hasis. 
2Pcrcentage of total N. 
Tatcchin equivalents. 
l IYo.os. 
**F<o.o1. 

when ruminants consume moderate and variable quantities of 
browse. 

Intake and Apparent Digestibility 
Organic matter intake and apparent organic matter digestibility 

did not differ (DO.05) between low-phenolic and control diets 
while differences existed between high-phenolic and control diets 
(Table 4). A very low intake was recorded for goats fed big sage- 
brush in the diet, while a low apparent organic matter digestibility 
was observed for the oak-containing diet. Our data support the 
general opinion that big sagebrush is an undesirable forage for 
livestock because of its low palatability (Smith et al. 1966, Striby et 
al. 1983). Our data also is consistent with Nastis and Malechek 
(1981) in showing negative influences of oak on apparent dry 
matter digestibility. Goats fed the juniper diet had greater intake 
than the control (KO.O5), which may have resulted from low 
palatability of the control diet because of a high proportion of 
barley straw. 

Management Implications 

The value of leaves from shrubs as protein supplement for range 
livestock consuming mature grass diets is widely recognized. How- 
ever, the actual availability of the nitrogen in browse leaves has 
been a concern because soluble phenolics, condensed tannins, and 
lignin are generally greater in shrub leaves than in those from forbs 
and grasses. These compounds have been thought to reduce avail- 
ability of protein in shrub leaves and make them less valuable as 
protein sources than their Crude protein concentrations would 
imply. Our study with Angora goats indicates that nitrogen reten- 
tion of many high and low phenolic/ tannin containing shrubs fed 
at moderate levels (3%) in the diet is similar to that for alfalfa hay 
fed at the same level. 

Common winter-fat, fourwing saltbush, and true mountain 
mahogany are shrubs used heavily by livestock and big game 
animals in the western US. Mixtures containing these shrubs sup- 
ported both intake and nitrogen retention values equal or superior 
to that of alfalfa hay. We conclude that these shrubs are excellent 
protein sources for range livestock and big game animals. Gray oak 
receives moderate use by big game animals and livestock in the 
southwestern US (Boeker et al. 1972, Short et al. 1977, Manza- 
nares 1986). Angora goats in our study had similar intake and 

JOURNAL OF RANGE MANAGEMENT 42(3), May 1989 231 



nitrogen retention values when fed diets containing either gray oak 
or alfalfa hay. One-seed juniper is a companion species with gray 
oak on many southern New Mexico ranges. Cattle reject this plant 
(Manzanares 1986) and it receives only limited use by mule deer 
(Boeker et al. 1972). Based on our data, Angora goats may have 
potential to improve efficiency of use of one-seed juniper ranges. 
This, however, needs to be studied under range conditions before 
any conclusions can be drawn. The big sagebrush diet had reduced 
intake (K.05) compared with alfalfa and common winterfat diets. 
The low palatability of this plant to cattle and sheep is well docu- 
mented. Our data indicate little potential to improve use of big 
sagebrush by grazing Angora goats. 
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Copper deficiency in tule elk at Point Reyes, California 

PETER J.P. GOGAN, DAVID A. JESSUP, AND MARK AKESON 

AbStrrret 

Tule elk (Cervus eiirphus uuuuo&sj reintroduced to Point 
Rcyes, Calif., in 1978 exhibited gross signs of copper deffciency by 
June 1979. Copper levels in liver (E = 5.9 ppm) and serum (0.42 
ppm) of elk at Point Rcyes were below levels in adult tule elk from 
other locations in California (liver, x’ 1 89 ppm; serum, x’ 2 1.4 
ppm). These levels were consistent with documented coppsr defi- 
ciency in wild and domestfe ruminants. Copper serum levels 
increased in response to copper enriched dietary supplements and 
declined after the elk stopped eating the supplements. Analysis of 
plant and soil samples showed both are deficient in copper and 
normal in molybdenum and sulfur-sulfatss. Deficiency in plants 
and sops at Point Reyes are probably due to low copper levels in 
the underlyitq granitic parent material. 
Key Words: Corvus ebhus tumuodes, copper, molybdenum and 
sulfur levels in elk, vegetation and sops 

Tule elk (Cervus elaphus nannodes) were reintroduced to the 
Point Reyes Peninsula in March, 1978, after having been extir- 
pated approximately 100 years earlier (McCullough l%9, Mason 
1970). During the first 6 months, the 2 adult male and 8 adult 
female elk were acclimated in a l.2-ha pen where they received 
dietary supplements of alfalfa hay. The adults and 7 calves were 
released to a I ,030-ha section of Tomales Point, the northernmost 
part of the peninsula, stocked with beef cattle at 0.4/ha. The elk 
flourished while in the holding pen and for the first 3 months while 
free-ranging (Ray I98 I); however, by the spring of 1979, the adults 
exhibited reduced reproductive success, deformed antlers, light 
pelage, and general lack of thriftiness. Two adults died in July 
1979. Discussions with local ranchers and a local veterinarian 
revealed that beef cattle on Tomales Point regularly received die- 
tary copper (Cu) supplements to prevent severe reproductive prob- 
lems associated with Cu deficiency. A tentative diagnosis of Cu 
deficiency in elk was made based on clinical signs and local history. 

The surviving elk at Point Reyes were provided with pelleted 
alfalfa feed, fresh alfalfa, and commercial livestock feed supple- 
ments containing Cu as copper oxide (CuoZ), including 13.6 kg of 
12% Vonco Dairy Pellets (maximum 2% minerals including Cu) 
and 2.3 kg of Comet 20% Pasture and Roughage balance (0.003% 
Cu) (Bar Ale, Petaluma, California 94952, USA) daily between 
mid-September 1979 and early February 1980 and thereafter on 
alternate days through April 1980, when they ceased taking it. All 
livestock were removed from the range in November 1979. 

The unanticipated pulse of adult mortality and poor condition 
of surviving elk prompted us to investigate trace element levels in 
elk, plants, and soils. We determined serum Cu levels in tule elk at 
Point Reyes and 4 other locations, and compared liver Cu and MO 
levels in elk from Point Reyes and Concord Naval Weapons Sta- 
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tion, Contra Costa County, Caliiomia. We also investigated CU, 
MO and S-SO, levels in plants and soils at Point Reyes to deter- 
mine the source of copper deficiency. 

Study Area 

The Point Reyes Peninsula, Marin County, lies along the Cali- 
fornia coastline 65 km northwest of San Francisco. Elevations 
range from sea level to 448 m. The tule elk range extends from the 
northernmost tip of the peninsula 8 km south to a 2.5 m high drift 
fence and includes about 1,030 ha; this area is referred to as 
Tomales Point. The fence prevents elk movement south. 

The climate is moderated by the Pacific Ocean. Mean daily 
temperatures average Il.4 C annually and vary from 9.8” C in 
January to 12. I0 C in July (Howell 1970). Most precipitation falls 
from October through April with a long-term annual mean of 95.2 
cm recorded at Inverness (Gogan 1986). 

The main core of the Point Reyes Peninsula is an isolated body 
of cretaceous plutonic rocks (Curtis et al. 1958) separated from the 
Jurassic Franciscan formation of the mainland (Bailey et al. 1964) 
by the San Andreas fault. Soils classified as the Kehoe Variant 
Series comprise approximately 90% of Tomales Point. This soil is a 
coarse-loamy, mixed isomesic Pachic Paplustoll derived from gra- 
nitic rock. The soils are moderately deep, well drained and of 
medium acidity (pH 6.0). Sirdrak soils are the most common of the 
other soil series on Tomales Point. It is a sandy, mixed, isomestic 
Ustic Dystropepts derived from wind-deposited beach sand or 
uplifted beach deposits originating from weathered Franciscan 
rocks of the adjacent mainland. Soils of the Sirdrak series are deep, 
somewhat excessively drained and from medium @H 6.0) to 
slightly (PH. 6.3) acidic. Saline and fresh water aquepts occupy 
small portions of Tomales Point. 

Pristine vegetation has been classified as a coastal prairie-scrub 
mosaic (Kuchler 1977). The type occurs in a narrow, discontinuous 
band along the northern coast of California. Point Reyes is one of 
the few locations where it overlies granitic bedrock. Grazing by 
domestic stock since the 1830s has favored establishment of exotic 
annual grasses and forbs and limited the distribution of native 
species (Heady et al. 1977). Historically, thii vegetation type sup- 
ported large numbers of tule elk, at least seasonally (McCullough 
1969). Tule elk have been extirpated from this type except for 
recently reestablished populations as at Point Reyes. Black-tailed 
deer occur at densities of 0.3/ha (Gogan 1986). 

Metboda 

Animal Samples 
Four elk that died of natural causes were necropsied in the field, 

the latter 2 within 24 hours of death. A fifth animal died while 
under treatment and was transported to the Wildlife Investigations 
Laboratory, California Department of Fiih and Game for necropsy. 
Samples of liver (N=3) and serum (N=l) were obtained when 
possible. Similarly, liver (N=5) and serum samples (N=3) were 
obtained from accidental mortalities at Concord Naval Weapons 
Station, Contra Costa County. Additional serum samples were 
obtained from tule elk immobilized in the Owens Valley, Inyo 
County, and Tule Elk State Reserve, Kern County. Analysis of 
liver samples is most diagnostic of Cu deficiency in livestock 
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(Hartmans 1973). The average value for any element may be mis- 
leading, with 1 or 2 values above or below the mean being more 
indicative than the mean. The proportion of a population exhibit- 
ing symptoms of Cu deficiency may vary (Thornton et al. 1972a). 

Serum samples were obtained from tule elk in the spring of 1978 
at the time they were transferred to Point Reyes from San Luis 
Island, Merced Co., California. Subsequently, serum samples were 
taken at irregular intervals between August 1979 and April 1981. 
Sample sizes for tule elk at Point Reyes are relatively small in 
absolute terms-3 to bfor any sample period. However, such 
samples repesent 30 to 35% of the total population, respectively. 
Elk at Point Reyes suffered from a concurrent outbreak of paratu- 
berculosis (Jessup et al. 1981). We excluded samples from animals 
ultimately diagnosed as positive for paratuberculosis. However, 
the test for paratuberculosis is not definitive (Jessup et al. 1981), 
and it is possible that some elk testing negative were infected. 

An emaciated tule elk male was immobilized at Point Reyes in 
July 1979, and was transferred to Grizzly Island State Wildlife 
Area, Solano County. At Grizzly Island, the animal received an 
injection of 120 mg copper glycinate (Cuprate, Bums Biotec, Oak- 
land, California 94621, USA) and a Cu SOdenriched diet of 
pelleted alfalfa feed and fresh alfalfa. It was subsequently released 
to free-range in April 1980. This ma&was again immobilized in 
May and July 1980 for serum samples. 

tion spectrometry (Varian 475, Varian Co.). MO levels were deter- 
mined at 470 Nm (Spec. 20, BNL Co.). These analyses were con- 
ducted by a commercial laboratory (California Analytical Labs, 
Inc.). 

Cu levels in liver and serum were determined by atomic absorp- 

May 1981, selecting those species abundant at a given site or 
known to constitute a large portion of the elk diet (Gogan 1986). 
Two species abundant on the range, plantain (Plantago ianceolata) 
and soft chess (Bromus mollb), were sampled wherever possible. 
Ten to 20 individual plants of each species were collected and 
cornposited. The entire above-ground portions of grasses and forbs 
(but only the terminal 8 cm of new growth of shrubs) were 
collected. 

Plant samples were oven-dried and ground in a Wiley mill to 
pass a 20-mesh screen. After thoroughly mixing the ground plant 
material, we dry-ashed l-to 2-g samples at 580’ C. The ashed 
residue was dissolved in 20 ml of 5% HCI. We determined Cu and 
MO in the digests by flame atomic absorption and graphite furnace 
atomic absorption, respectively, with a Model 560 Perkin-Elmer 
spectrophotometer. Plant S-SO4 levels were measured following 
the method of Johnson and Nishita (1952). 

Results 

Animal Trace Element Levels 
The liver copper content of the 3 tule elk that died at Point Reyes 

ranged from 1.9 to 10.0 ppm (Table 1). Values for four 6-month- 
old tule elk calves at Concord exceeded 16 ppm, and the level for a 

Table 1. Liver Cu and MO vlluee (ppm) of tule elk from Point Reym and 
Concord. 

Location Date Age/Sex Cu MO Comments 

Pt. Reyes Jul. 79 1 yr/female 4.7 5.0 Natural death; 
cause unknown 

Soil and Plant Samples 
A Universal Transverse Mercator grid of 4-ha cells was applied 

to a Soil Conservation Service aerial photograph at a scale of 
1:7,280. Thirty-six cells representing the major soil series and 
vegetative communities of Tomales Point were selected at random 
for intensive sampling and for placement of grating exclosures 
constructed in a randomly selected quadrat of each cell. We 
selected 36 additional cells to ensum that all soil series, slopes, 
aspects and special range conditions were sampled. Common plant 
species were sampled at these 36 intensive sampling stations in 
October 1980 and February 1981. We sampled both soils and 
vegetation at all sites in May 198 1. 

We collected soil samples from circular areas with an outer radii 
of 6 m and inner radii df 3 m surrounding each of the 72 quadrat 
center points. Ten locations were randomly selected within each 
sampling zone, and soils sampled at O-l 5 cm, 15-30 cm, and 30-45 
cm depths. Samples from each of the 3 depths were cornposited. 
Soil samples were air-dried, crushed with a mortar and pestle, and 
sieved through a 20-mesh screen. We placed approximately 250 mg 
of the fine ground soil in a teflon bomb and mixed it with 1 ml of 
Aqua Regia(3 partsof 12NHC1,l part ISNHNOaand 3 mlofHF 
(48%). The bomb was then closed and heated at 130’ C for 1 hour, 
or in some cases, at 1 IO0 C for 3 hours. After cooling, we added 
approximately 218 g of HsBOs to the contents of the bomb to 
neutralize the remaining HF. We then transferred the contents to 
volumetric flasks, diluted to volume with doubledistilled water 
and transferred a suitable aliquot to a porcelain crucible to be 
evaporated ty dryness at 700 C. After cooling, 3 ml of 2 NHCl were 
added. After sitting for 24 hours, the solution was transferred to a 

Pt. Reyes Aug. 79 Adult/female 3.1 

Pt. Reyes Nov. 79 1.5 yr/male 10.0 

Concord Sept. 79 Adult/female 88.2 
Concord Nov. ‘80 6 mo./female 16.0 
Concord Nov. ‘80 6 mo./male 16.0 
Concord Nov. ‘80 6moJfemale 17.0 
Concord Nov. ‘80 6 mo./male 21.0 

5.4 Accidental death; 
osteoporosis; 
spontaneous 
fracture and 
osteophagy 
evident. 

2.2 Accidental death. 

1.6 Accidental death. 
<0.2 Accidental death. 
co.2 Accidental death. 

CO.2 Accidental death. 
co.2 Accidental death. 

single adult at Concord was 88.2 ppm. Liver MO levels were higher 
in tule elk at Point Reyes than at Concord. Four young animals at 
Corcord had MO levels <0.2 ppm, the minimum detection limit of 
the analysis used in this study. 

Comparison of serum Cu levels in tule elk sampled at San Luis 
Island in spring 1978, at the time of transfer to Point Reyes, and 6 
subsequent sampling periods at Point Reyes show serum Cu levels 
were > 1 ppm prior to Cu diet supplementation (summer 1979) and 
subsequent to supplementation (fall and winter 1981) (Fig. 1). 
Levels in elk at Point Reyes in the fall 1979 through summer 1980 
approximate levels in the elk at San Luis Island prior to their 
translocation to Point Reyes. These levels also approximate those 
of elk at 3 other locations (Table 2). Serum MO values are available 

Table 2. Serum Cu kvek (ppm) ia tule elk at loc&iom other then Point 
Reyes h the f8li of 1978 and 1979 combiaed. 

volumetric flask, diluted to volume and then fdtered. We deter- 
mined available soil Cu by extraction with a DTPA (diethylenetri- 
aminepentaacetic acid) solution (Brown and DeBoer 1978). MO in 

Location N x SE 

the solution was determined by flameless atomic absorption Concord 3 1.73 0.25 

spectrometry. 
Tule Elk State 2 1.40 - 

We collected 2 to 5 plant species at the 36 intensive sampling 
Reserve 

stations in October 1980 and Feburary 1981 and at all locales in 
owens valley 8 1.47 0.09 
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Fig. 1. Serum Cu and MO levels @pm) in tule elh at Point Reyes. 

only for tule elk at Point Reyes (Fig. 1). Levels were low in the fall 
1979, and rose markedly by summer 1980. 

The emaciated male tule elk transferred from Point Reyes to 
Grizzly Island first received an injected Cu supplement and was 
subsequently fed a Cuenriched diet through April 1980. Its Cu 
serum level increased from 0.3 ppm in July 1979 to 1 .O ppm in May 
1980 but declined to 0.3 ppm by July 1980. Its MO serum level 
declined from 4.0 ppm in May 1980 to 3.0 ppm by July 1980. 

Soil and Plant Trace Element Levels 
Cu content of plants was highest in wetland forbs and lowest in 

grasses and sedges, with dryland forbs and shrubs intermediate 
(Table 3). However, we found an approximate two-fold difference 
in Cu levels within species of both wetland forbs and grasses and 
considerable overlap between classes of plants. No clear pattern of 
MO content was evident within plant groups. The highest plant MO 
contents occurred in the group of wetland forbs, but the species 
with the greatest MO content was the dryland forb, miner’s lettuce 

(Montiapetfoliata). The MO level in bush lupine (Lupinus arbo- 
reus) was twice that of coyote bush (Baccharis pilularis). Cu:Mo 
ratios were variable with values of 27 recorded in each plant 
group. S-SO4 content was consistent across plant groups. 

The concentrations of Cu in bush lupine increased continuously 
from October through May whereas the level in plantain increased 
from October to February and was intermediate in May (Fig. 2). 

9.0 
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1980 1981 

Fig. 2. Changes in seasonai concentrations of Cu in two common plant 
species at Point Reyes. 

We found little difference in Cu or MO levels at different depths 
within or between soil types (Table 4). 

Discussion 

Inadequate metabolic Cu in herbivores may result from (1) 
inadequate dietary Cu (simple Cu deficiency) or (2) interactions of 
normally adequate Cu levels with molybdenum (MO) and sulfur- 
sulfate (S-Sod) resulting in reduced absorption of Cu or interfer- 
ence with metabolic processes (complex Cu deficiency) (Mills 

Table 3. Cu, MO end So contents of some Tomdee Point common plants of May 1980. Vdua~ arc for the entire above ground plant u&es otherwise 
noted. 

Plant group species 

Grasses/ Sedges 
Lolium perenne 
Bromus rigidus 
L multtjlorum 
Holcus lanatus 
B. mollis 
Festuca dertonensis 
Juncus eflusus 

Dryland forhs 
Rumex spp. 
Hypochoeris radicata 
Marah fabaceur 
Montiapet$oliata 
Plantago lanceolata 
Vicia spp.’ 

Wetland forhs 
Hydrocotyle ranunctdoides 
Mm&s guttatus 
Nasturtium offwinale 

Shrubs 
LSllC&ti~b 

&pinup arboreusb 

cu MO so4 Ratio 

N x SE x SE z SE Cu:Mo 

3 2.8 0.50 1.30 0.22 2.1:l 
8 3.0 0.36 0.69 0.13 4.41 
5 3.1 0.55 1.10 0.51 2.8: 1 
8 4.0 1.20 0.89 0.24 1100 144 4.5: 1 

25 4.7 0.62 0.14 0.12 918 74 6.41 
7 5.0 0.91 0.71 0.24 7.&l 
I 5.0 1.70 1.23 0.47 4.1:l 

4 4.0 1.20 1.04 0.28 3.8: 1 
4 6.4 1.50 1.50 0.97 4.3:1 
4 6.5 1.10 1.10 0.44 5.9:1 
5 6.8 2.65 4.80 1.15 l&l 

21 6.8 0.19 1.07 0.14 910 80 6.41 
5 5.1 0.50 0.61 0.18 7.61 

; 6.4 0.09 3.56 1.32 1.8:1 
11.0 1.60 1.50 0.32 7.3:1 

2 11.4 7.21 2.30 0.35 5.&l 

13 7.7 0.98 1.04 0.31 7.41 
13 9.0 3.25 2.40 0.41 960 87 3.8:1 

‘A composite of leguminous fork 
bSamplcs of the terminal 8 cm of new growth. 
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Table 4. DPTA extractable Cu an4 totd MO in soib of Tomde Pdd. 

Soil Depth PC&d 
Q-15 15-30 30-45 cu MO 

soil type N Cu MO cu MO cll MO 2 SE x SE 

Kehce Variant 21 0.32 0.15 0.34 0.15 0.33 0.11 0.33 0.04 0.14 0.07 
AQuepts 3 0.42 0.10 0.54 0.08 0.42 0.18 0.42 0.11 0.11 0.05 
Sirdrak 5’ 0.31 0.12 0.31 - - - 0.31 0.10 0.12 

‘3 sampks were analyzed for MO. 

1980). Cu deficiency in wild cervids had been reported as ataxia in 
adult red deer (C.e. elaphus) (Barlow et al. 1964, Terlecki et al. 
1964, Reid et al. 1980, MacKintosh et al. 1986a), osteoporosis in 
adult reindeer (Rangiifcr tarandus) (Hyvarinen et al. 1977), and 
irregular hoof keratinixation and reduced reproductive rates in 
adult moose (Aim alces) (Flynn et al. 1977). Cu deficiency in 
ungulates may occur in a subclinical form characterized by low 
liver and serum copper Cu levels but with individuals appearing 
normal and showing only marginal signs of poor health (Bingley 
and Anderson 1972, Thorton et al. 1972b). 

Cu liver levels suggest that the Point Reyes tule elk were deficient 
in this essential trace element during the summer of 1979. Liver Cu 
levels for the 3 animals we sampled in 1979 are well below the 
normal range of between 84 and 142 ppm recorded by McCullough 
(1969: 123) for tule elk at 3 other locations. Values for elk (Cervw 
ekzphus subsp.) in Fiordland National Park, New Zealand, aver- 
aged 69 ppm, while free ranging red deer (C.e. subsp.) outside the 
park averaged 132 ppm (Reid et al. 1980). The average value for red 
deer from captive herds in the same region, with some evidence of 
ataxia, was 11 ppm (Reid et al. 1980). Female red deer (C. e. 
elaphus) in Scotland had an average liver Cu level of 24 ppm with a 
range of 3-108 ppm (Cowie 1976). Ataxia has been reported in red 
deer populations in the British Isles (Barlow et al. 1964, Terlecki et 
al. 1964), and liver Cu values for one such population were 7-17 
ppm (Terlecki et al. 1964:3 17). Liver copper levels in all red deer in 
the British Isles diagnosed as ataxic were less than a suggested 
critical level of 20 ppm (Barlow 1978). However, although no red 
deer on the Isle of Rhum, Scotland, showed evidence of ataxia, 
20% had liver copper values below 20 ppm but only 2% had liver 
copper levels below 10 ppm (McTaggart et al. 198 1). Liver copper 
values of less than 18 ppm have been identifed as diagnostic of 
copper detlciency in red deer in New Zealand (MacKintosh et al. 
1986b). Values for domestic stock experimentally maintained on 
Cu-deficient diets or diagnosed as Cudeficient range between 5 
and 25 ppm (Allcroft and Parker 1949, Cunningham 1950, Hen- 
nings et al. 1973, Stosxek et al. 1979). Normal liver Cu levels in 
domestic ruminants range from 100-400 ppm (Underwood 1977). 

Serum Cu levels in Point Reyes tuleelk were at a low of 0.42 ppm 
in the summer of 1979 (Fig. 1). Values for the fall 1980 and winter 
198 1 are only slightly above the summer 1979 samples. The values 
of >l.O ppm from the fall 1979 through summer 1980 correspond 
approximately with the period of dietary Cu supplementation. 
Serum copper levels of less than0.5 ppm are considered diagnostic 
of copper deticiency in red deer (MacKintosh et al. 1986b). Levels 
of <lppm are comparable to values for Cudeficient moose (Flynn 
et al. 1977) and cattle (Hennings et al. 1973). Similarly, serum Cu 
values for reindeer exhibiting no signs of nutritional stress were 1.2 
ppm, in contrast to levels of 0.4 ppm in a herd diagnosed as Cu 
deficient (Hyvarinen et al. 1977:651). 

Our diagnosis of Cu deficiency in the Point Reyes tule elk was 
confounded by a concurrent outbreak of paratuberculosis (Jessup 
et al. 1981). The complexity of interaction between paratuberculo- 
sis and Cu deficiency is not known. However, inflammation of the 
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small intestine, symptomatic of infection with paratuberculosis 
does inhibit the uptake of nutrients from ingesta. While elk testing 
positive for paratuberculosis were excluded from our trace element 
analysis, the unreliability of laboratory tests for the disease pre- 
clude any definitive statement on the health status of elk in refer- 
ence to paratuberculosis. Accordingly, the possibility of paratu- 
berculosis affecting the uptake of Cu in elk at Point Reyes cannot 
be excluded. Cattle with paratuberculosis have been shown to be 
deficient in magnesium, but this was not known to be caused by the 
disease (Stewart et al. 1945). 

We found no evidence of an annual cycle of serum Cu levels in 
tule elk at Point Reyes. Our inability to detect seasonal variation 
may be due to: (1) failure to sample in all seasons, or too small a 
sample number; (2) the severe disruption of Cu balance in tule elk 
at Point Reyes; or (3) masking by Cu-rich diet supplements, or any 
combination of the foregoing. Seasonal changes in serum Cu con- 
tent have been reported in reindeer (Hyvarinen et al. 1977) and 
sheep (Howell et al. 1968), and for plasma Cu levels in cattle 
(Gomm et al. 1982). 

Pregnant female elk entering their third trimester of pregnancy 
and males beginning to grow new antlers in the spring require high 
Cu levels. In cattle, the daily maintenance requirement for Cu 
increases by approximately 7% during the third trimester of preg- 
nancy (Agricultural Research Council 1980), and the liver Cu 
content of pregnant cattle declines once the fetus is older than 
approximately 190 days (Pryor 1964). Such high demands for Cu 
during pregnancy may explain the drop in reproductive rates char- 
acterizing domestic stock suffering Cu deficiency and tule elk at 
Point Reyes in 1979 and 1980 (Gogan and Barrett 1987a). A peak 
demand for Cu in the spring may have been a contributing cause of 
death in the 2 adult elk that died at Point Reyes in May and June, 
1979. 

Serum Cu levels in the fall 1980 and winter 1981 were low more 
than a year after the time when severe Cu deficiency was suspected, 
although none of the external signs observed in 1979 were evident 
in 1980-1981. These low levels suggest long-term subclinical Cu 
detlciency (Bingley and Anderson 1972, Thornton et al. 1972b) 
possibly attributable to a failure to recover from a severe Cu 
deficiency in mid-1979. The low calving rates in 1979 and 1980 
(Gogan and Barrett 1987a) support this hypothesis. 

Any relationship between Cu and MO levels is unclear. Liver MO 
levels recorded at Point Reyes are similar to values of 3.4 to 4.5 
ppm recorded for tule elk at 3 other sites (McCullough 1%9:123). 
Elk at Point Reyes in the summer 1979 had the highest liver MO 
levels recorded in this study and liver Cu:Mo ratios more closely 
approximate 1: 1 than at other times for tule elk at Concord (Table 
1). Similarly, serum MO content was higher than serum Cu content 
in elk at Point Reyes for 2 of the 3 sample periods (Pig. 1). These 
high MO levels in the spring and summer may be caused by inges- 
tion of large quantities of miner’s lettuce. The plant is rich in MO, 
and constituted more than 2% of the elk diet in May 1980 and up 
to 75% of the diet in April 1981 (Gogan 1986). 

Cu levels in plant species on Tomales Point are low relative to 
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those for the same or similar species at other locales. Mean Cu 
levels of grasses and low-growing legumes at Tomales Point are 4.4 
and 5.1 ppm, respectively, compared to 5 and 15 ppm levels for 
grasses and legumes, respectively, throughout the United States 
(National Research Council 1977). Similarly, mean Cu levels for 
plantain, haii cat’s ear (Hypochaeris radicata) and sheep sorrel 
(Rumex ucetodla) in this study (Table 3) are low compared to 
those of 15.9 ppm for plantain and 10.3 ppm for sheep sorrel in 
England (Thomas and Thompson 1948) and a mean Cu level of 
18.2 ppm in plaintain and hairy cat’s ear in New Zealand (Adams 
and Elphick 1956). However, Cu levels in Tomales Point forage are 
similar to kvels in forage on the Kenai Peninsula, Alaska, where 
moose have been diagnosed as Cu-deficient (Kubota et al. 1970). 

MO levels in most of the sampled plant species fall within or 
below reported normal ranges (Table 3). All grasses typically con- 
tain less than 1.5 ppm MO (Kubota et al. 1970). The low MO level in 
velvet grass (Holcr4.r lunutus)is of particular interest. This grass has 
been identified as an accumulator of Mo in high MO soils (Fleming 
1%5); however, at Tomales Point it averaged <l ppm MO at 8 
separate sites. Relatively high MO availability is often associated 
with wet soil conditions (Kubota et al. 1963) and high levels of soil 
organic matter (Allaway 1977, Kubota 1977). These conditions 
may explain the high levels of MO in wetland forbs as a group. 
Similarly, the MO level in bush lupine (a perennial) is markedly 
lower than the average MO content of 6 ppm for legumes on 
alkaline soils in the western United States (Kubota 1977). Yet, total 
MO content of the plant may not be a good indicator of its impact 
on ruminant nutrition. The expression of Cu deficiency in domes- 
tic stock is less severe when the diet is changed from wet to dry or 
cured vegetation of the same species composition (Davis 1950, 
Hartmans 1973). Thii change was associated with a reduction in 
MO in the water soluble component of the forage despite little 
change in total MO (Ferguson et al. 1943). Thus, high levels of MO 
relative to Cu in cured plant material on Tomales Point in the fall 
may not be indicative of potential Mo-induced Cu deficiency in 
tule elk. The high level of MO in succulent miner’s lettuce at Point 
Reyes in the spring may have more of an impact on Cu levels in tule 
elk. 

Similarly, there is evidence to suggest seasonal occurrence of 
S-SO4 in the diet. Some inference on the seasonal availability of 
S-SO4 in the diet may be made upon the percent nitrogen in elk 
feces (Gogan unpubl. data). Plant organic S-SO4 occurs mostly in 
proteins, and protein contributes most to the nitrogen content of 
feces. Also, the inorganic S-SO4 content of plant tissue tends to be 
higher during vigorous growth (McPherson et al. 1975). Conse- 
quently, highest S-SO4 ingestion likely corresponds with hi per- 
cent nitrogen fecal levels from February through April and low 
levels from August through December (Gogan unpubl. data). 
Hence, high and low S-SO4 intake inferred from percent dietary 
nitrogen corresponds with high and low Cu levels as measured by 
seasonal availability in plants. Yet, Tomales Point is regularly 
bathed in advective fogs from May through August. Such fogs 
along the northern California coast have mean S-SO4 levels of 0.5 
ppm (Azvedo and Morgan 1974). Any increase in S-SO4 levels 
from fog drip is concurrent with the measured decline in Cu levels 
in plant material. S-SOd exerts an effect upon the availability of Cu 
independent of and greater than MO (Agricultural Research Coun- 
cil 1980) and Cu deficiency in moose has been explained more fully 
by the product of the levels of MO and S-SO4 than by either value 
separately (Flynn et al. 1976). 

Mean values of DTPAzxtractable soil Cu (Tabk 4) are on the 
low range of values for 178 other California soils, which range from 
0.2 to 28 ppm with a mean of 3.8 ppm (Brown and deBoer 1978). 
This indicates that available soil Cu is relatively low on Tomaks 
Point. Low extractable Cu in Tomales Point soils is probably a 

reflection of low Cu in the soil parent materials. The Kehoe Variant 
soil was derived directly from underlying granitic rocks. Soii with 
low available Cu are often associated with granitic parent materials 
(Kubota 1980). Soils of the Sirdrak Series were formed from 
winddeposited beach sands or from uplifted beach deposits that 
originated from weathered Franciscan rocks of the adjacent main- 
land (Galloway 1977). Such highly weathered, coarse-textured 
sediments are usually low in metals such as Cu (Cox 1979). Tbe 
leveis of total soil MO, coupled with the fact that the soils are 
predominantly well drained and moderately acid, may contribute 
to the normal MO concentrations in plants on Tomales Point 
(Table 3). 

conclulBions 

Tule elk at Point Reyes are susceptible to simple Cu deticiency 
resulting from low forage Cu caused by inherently low levels of Cu 
in parent materials and soils. This deficiency may be exacerbated in 
the spring by higher levels of water-soluble MO in the forage. Signs 
of severe deficiency disappeared after dietary supplements were 
provided to the surviving elk in mid-September 1979. However, 
low serum Cu levels in the elk in the fall of 1980 and winter 1981 
suggest the elk had entered a period of subclinical Cu deficiency. 
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Quality and botanical composition of cattle diets under 
rotational and continuous grazing treatments 
JOHN W. WALKER, RODNEY K. HEITSCHMIDT, ELINO A. DE MORAES, MERWYN M. KOTHMANN, AND STEVE L. DOWHOWER 

AbStrrCt 

Proponents of rotational graxing claim that individual animal 
performance in a properly managed rotational graxing (RG) 
treatment will be equal to or greater than that in other, less lnten- 
sively managed treatments even when rate of stocking in the RG 
treatment ls much greater. The objective of this study was to 
examine the effect of a heavily stocked RG treatment, at 2 stock 
densities, on quality and botanical composition of cattle diets. The 
control treatment was a moderately stocked, continuously graxed 
pasture. Diets were colkcted from all treatments on 8 dates over a 
22month period using esophageally flstulated steers. Only minor 
differences occurred among treatments ln dietary crude protein 
(CP), organic matter digestibility (OMD), and botanical composi- 
tion. Diet quality and species composition of diets were closely 
correlated with quality and availability of live herbage, which 
varied more among trials than among treatments. Quality and 
composition of diets collected during the first and last day of 
graxlng ln the RG paddocks were not different. These data support 
the hypothesis that instaBing rotational 8razing at a high stocking 
rate does not lower diet quality and would not be expected to be a 
factor affecting individual animal performance. 

Key Words: crude protein, organic matter di8estibBity, stocking 
rate, 8razin8 system 

Interest in rotational grazing systems (RG) has increased dram- 
atically in the U.S. during the past 10 years. Of particular interest 
has been the claim that proper implementation of a multi-paddock 
RG system will improve rangeiand productivity in terms of live- 
stock carrying capacity (Savory and Parsons 1980). This increase 
in carrying capacity has been attributed generally to substantial 
increases in quantity and quality of forage produced as a result of 
the positive effects of the physical impact of the grazing herd on the 
range ecosystem relative to plant growth and ecological succession. 
This claim was made, however, in the absence of any supportive 
scientific data. Thus, in 1981 studies were initiated to evaluate the 
effects of a RG treatment on quantity and quality of herbage 
produced and consumed, harvest efficiency, animal behavior, 
watershed condition, livestock performance (cow/calf), and eco- 
nomic profits. Six previous papers have quantified the effects of 2 
livestock densities in a RG treatment on quantity and quality of 
forage produced (Heitschmidt et al. 1987a, 1987b, 1987c), water- 
shed condition (Piuhar et al. 1987), animal behavior (Walker et al. 
1988), and density of cattle trails (Walker and Heitschmidt 1986). 
This paper reports on the effects of this same RG treatment on 
quality and botanical composition of cattle diets. Our basic 
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hypothesis was that diet quality would be less in the heavily stocked 
RG treatment than a moderately stocked continuously grazed 
(MC) treatment as a result of differences between treatments in 
grazing pressure. 

Methods 

Study Site 
The study was conducted on the Texas Experimental Ranch 

located on the eastern edge of the Rolling Plains (99O 14’W, 33O 20’ 
N). Climate is continental, semiarid. Average annual precipitation 
is 682 mm. Precipitation is bimodaliy distributed with peaks occur- 
ring in May (96 mm) and September (188 mm). Average maximum 
daily temperatures range from 11.4’ C in January to 35.8“ C in 
July. Average minimum daily temperatures range from -2.4” C in 
January to 22.0° C in July. 

Soils at the ranch are mostly deep, welldrained clays and clay 
loams. Dominant range sites are clay loam, clayey upland, and clay 
slopes. Herbaceous vegetation is a mixture of short- and mid- 
grasses. Dominant shortgrasses are buffalograss [Euchloe dncly 
loides (Nutt.) Engeim.] and common curlymesquite [Hihia ber- 
lungeri (Steud.) Nash], both warm-season perennials. Dominant 
midgrasses are sideoats grama [Boutelouo curtipendula (Michx.) 
Torr.], a warm-season perennial, and Texas wintergrass (Stipa 
leucotricha Trin. and Rupr.), a cool-season perennial. The domi- 
nant annual grass is Japanese brome (Bromus juponicus Thumb.). 
The treatment pastures support a light stand of honey mesquite 
(Prosopis glandulosa Torr. var. glandulosa). For a more detailed 
description of the climate, soils, range sites, and vegetation at the 
study site, see Heitschmidt et al. (1985). 

Treatment 
The 465~ha, cell designed RG treatment was established in 

March 1981. The MC treatment was a single, 248~ha pasture 
established in 1960. Both treatments were stocked with mature 
Angus X Hereford crossbred cows and ail treatment pastures had a 
range condition classification of good. Rate of stocking in the RG 
treatment was a near constant 3.7 ha/cow/ yr until June 1984 when 
rate of stocking was reduced to 5.2 ha/cow/ yr because of drought. 
Rate of stocking in the MC treatment was a constant 6.2 
ha/cow/yr. 

The RG treatment initially consisted of 14 paddocks that aver- 
aged 33 ha in size. In March 1982 one 30-ha paddock was subdi- 
vided into three IO-ha paddocks. Data for this study were collected 
in these three IO-ha paddocks and 2 adjacent 27-ha paddocks to 
evaluate the effects of number of paddocks (stock density). To 
maintain equal rates of stocking, length of each grazing period was 
adjusted by an amount proportional to pasture size. Length of 
graze in the flexible rotation schedule ranged from 2 to 5 days in the 
30-ha paddocks and 18 hours to 2 days in the iO-ha paddocks. 
Length of rest between grazing periods ranged from about 30 to 65 
days depending upon vegetation growth rates and the nutrient 
requirements of the cows. The 30&a paddocks are referred to 
hereafter as the RG-14 treatment and the lOha paddocks are 
hereafter referred to as the RG-42 treatment because livestock 
densities in the RG-14 and RG-42 paddocks approximated those 
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of 14- and 42-paddock RG systems, respectively. For a more 
detailed description of the treatments, see Heitschmidt et al. 
(1987a, 1987b, 1987e). 

Sampling Procedures 
Diet samples were collected in both treatments during 8 seasonal 

trials between October 1982 and August 1984. Trials were con- 
ducted during normal rotation schedules. Each trial began when 
cattle entered the first RG paddock and continued until they 
departed the last RG paddock. Length of trial ranged from 6 
(30day rest) to 15 (65day rest) days. Diets were collected during 
the first and last grazing bout in all RG paddocks and at the 
mid-point when length of graxing period exceeded 2 days. Diets in 
the MC treatment were collected approximately every other day. 

Diet samples were collected from 3 to 5 esophageally fistulated, 
Jersey X Angus/Hereford crossbred steers per treatment. Steer 
weights increased from 200 to 450 kg from the beginning to the end 
of the study. The steers were combined with the 2 treatment herds 
approximately 1 week prior to the beginning of each trial. Esopha- 
geal extrusa samples were collected without fasting and in the same 
area as the cow herd was graxing during a 30- to 60-min sample 
period. Regurgitated contribution to the extrusa samples was 
manually removed and discarded. 

Following each sample period, each diet sample was thoroughly 
mixed by hand and frozen. Samples were then lyophilized and a 
subsampk removed for botanical analysis. The remainder was 
ground through a 20.3+x11 Wiley mill to pass a l-mm sieve. Nut- 
rient analyses included determination for percentage crude protein 
(CP) and organic matter digestibility (OMD). Crude protein was 
determined by the micro-Kjeldahl method (A.O.A.C. 1970). 
Organic matter digestibility was estimated in vitro by a 2-stage 
procedure of incubating the sample in strained rumen fluid for 48 
hours, followed by neutral detergent extraction (Van Soest et al. 
1987). In vitro estimates were corrected using the ratio of in 
vitro/ in vivo digestibiities of standard forages of known digestibil- 
ity determined in a feeding trial. Botanical composition of extrusa 
fragments was determined by species using the microscopic fre- 
quency technique as described by Kothmann (1968). Species/ spe- 
cies groups, hereafter referred to as species, were Texas wintergrass 
(Stle), annual grasses (Angr), sideoats grama (Bocu), other warm- 
season grasses (Wsgr), and forbs (Forb). For a more detailed 
description of sampling procedures, see de Moraes (1985). 

Statistical Andyds 
Percentage CP and OMD were statistically analyzed using 

repeated measurements least squares analysis of variance with 
grazing treatment as the main plot and trial as a sub-plot. Botanical 
composition of the diets was analyzed in a similar manner except 
plant species were sub-plots and trial was a sub-sub-plot (Engeman 
et al. 1986). Data from the RG-14 treatment were further analyzed 
to determine if CP or OMD differed between the initial and final 
day of grazing in a paddock using a within paddock split-plot 
analysis. Error variance for statistical tests was based on the 2 
paddocks in the RG-14 treatment and 3 paddocks in the RG-42 
treatment. If the covariance matrix of the repeated measures did 
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Fi6.1. Percentage CPand OMD of cattle diets across 8 trials. Meansfor 
trials wirh same letter are signijiccrnrly dyerent at P = 0.05. 

not satisfy the Huynh-Feldt condition, the probability level of the 
associated F-ratio was based on the Box correction for degrees of 
freedom (Huynh and Feldt 1976). Protected least significant dif- 
ferences were used for mean separation. The paddocks in the RG 
treatment are not independent (Walker and Richardson 1986) and 
any inferences made from this grazing treatment case study to a 
larger population are based on the authors’ experience and sup 
porting literature. 

Relationships between diet composition and herbage parame- 
ters were described using correlations. Herbage data were pub- 

Tabk 1. Correktkm eodfkk& between percentage CP ad OMD in attic d&n and v&m hebceoua ntmdfag uop parameters. 

Live Standing Crop 
JIietcom- (kg/ha) 
ponent Biomass CP OMD 

CP 0.40*+ o.so*+ 0.43.’ 
OMD 0.63’. 0.67+* 0.64** 

l *+Signi!kant at the 0.05 and 0.01 levels. fespcctivety. 

Total Standing Crop 
(kg/ ha) Live/ Dead &UiIlg PrtsSUIe 

Biomsss CP OMD Ratio Live Total 

Correlation Coefficient (r) 
-0.05 0.3tP 0.07 0.66** -0.32’ 0.07 
0.18 0.45++ 0.27 0.68++ -0.31. -0.07 
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lished previously (Heitschmidt et al. 1987a, 1987b, 1987c). Although 
the herbage data were collected on one range site and do not 
represent the entire pasture, we believe the data are representative 
of general pasture differences. 

Results 

Percentage CP in the diet was affected by grazing treatment (P= 
0.02) and trial (KO.OOl), but not by their interaction (m.38). 
Mean percentage CP of diets was greater in the RG-42 (9.3%) and 
MC(9.23%) treatments than the RG-14(8.62%) treatment. Analy- 
sis of CP for each trial separately showed that the only differences 
(PCO. 10) were higher percentages in the RG-42 compared to the 
RG-14 treatments during the January 1983 and March 1984 trials. 
The small average difference among treatments (i.e., <l%) and the 
small number of differences due to treatment when the data were 
analyzed in individual trials indicated that the effect of grazing 
treatment on dietary CP was of minor practical importance. The 
affect of trial on percentage CP (Fig. 1) followed normal seasonal 
trends in forage quality (Heitschmidt et al. 1987b, 1987c). Season- 
ally, diet CP ranged from 6.2% in September 1983 to 12.5% in 
August 1984. Percentage OMD of diets was affected only by the 
main effect of trial (P<O.OOl) which followed seasonal trends 
similar to CP, except that OMD remained low during January 
1984 (Fig. 1). OMD ranged from 53.1% in January 1983 and 1984 
to 63.1% in August 1984. We believe these data provide no evi- 
dence to indicate that increasing the number of paddocks in the 
rotational grazing treatment from 14 to 42 caused an increase in 
diet quality to occur. There were no significant differences in either 
percentage CP (m.24) or OMD (DO.82) between diets col- 
lected at the beginning and end of each grazing period within the 
RG treatment paddocks. 

Botanical composition of the diets (Fig. 2) was affected only by 
species (P<O.OOl) and trial (PCO.001). Seasonal variations in spe- 
cies composition of diets were related to changes in live standing 
crop among the different species caused by temporal differences in 
phenological development among species (Heitschmidt et al. 
1987a). The similarity among treatments in botanical composition 
of diets presumably explains the similarity among treatments in 
diet quality. 

Because estimated live standing crops on clay loam range sites in 
these same paddocks/pastures were not affected by treatment 
(Heitschmidt et al. 1987a, 1987c), it is not surprising that the 
grazing treatments did not affect either the botanical or nutrient 
composition of the cattle diets. Correlations of percentage CP and 
OMD in diets from all trials with various herbage standing crop 
parameters indicated diet quality was more closely related to the 
absolute and relative (live/ dead) amounts of live herbage available 
than to either total amount of herbage available or grazing pres- 
sure (Table 1). This indicates that diet quality varied seasonally as a 
function primarily of availability of live herbage rather than avail- 
ability of total herbage or grazing pressure. 

Nutrient and botanical composition of diets were generally not 
correlated to the amount of live herbage available within a trial. 
This indicates that either differences in standing crop biomass and 
structure among grazing treatments and pastures were insufficient 
to impede diet selection or that the relationship was nonlinear. We 
believe, however, that no relationship existed based on visual 
assessment of the plotted diet composition data against live stand- 
ing crop estimates. The absence of a relationship between diet and 
standing crop is in agreement with the lack of significant differen- 
ces among treatments in the dietary parameters discussed above, as 
well as a lack of differences among treatments in live standing crop 
biomass (Heitschmidt et al. 1987a, 1987c). 
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Fig. 2. Species composition (%) of cattle diets across 8 trials in rotational 
(RG) and continuous (MC) grazing treatments. See text (Sampling 
Procedures) for species identification codes. 

Discussion 

Based on the results of this study, we reject our hypothesis that 
diet quality would be greater in the MC than RG treatment. These 
data indicate that differences in grazing pressure caused by varia- 
tions in stock density did not dramatically affect diet selection. 
This conclusion is supportive of our previous findings that showed 
preference for various plant communities was not affected by these 
grazing treatments (Walker et al. 1988). 

The results from this study are also supported generally by the 
findings of others relative to the effects of rapid rotational grazing 
systems on diet quality and botanical composition. Taylor et al. 
(1980) reported that both botanical and chemical composition of 
diets were similar in a 7-paddock (7-day graze) rotational grazing 
system and a Cpasture, 3-herd deferred rotation grazing system in 
central Texas. In west Texas, Pitts and Bryant (1987) found no 
difference in nutrient composition of diets of fistulated steers graz- 
ing a 16-paddock rotational grazing system compared to continu- 
ous grazing. Differences in botanical composition of diets between 
the 2 grazing treatments were attributed to differences in the floris- 
tic composition of these pastures. New Mexico researchers also 
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found differences in botanical composition of cattle diets in rota- 
tion compared to continuous grazing systems (Long et al. 1982) but 
they were not able to separate treatment effects from pasture 
effects. Sharrow (1983) suggested that differences in sheep perfor- 
mance (both positive and negative) between rotational and contin- 
uous grazing treatments on annual hill pastures in Oregon were. 
caused by differences between treatments in diet quality. However, 
he also attributed these dietary differences to differences between 
treatments in available herbage. 

The similarity we observed in quality and botanical composition 
of diets between the first and last day of grazing period in the 
rotationally grazed treatments is also in agreement with most other 
published research (Taylor et al. 1980, Kirby and Parman 1986, 
Pitts and Bryant 1987), although Ralphs et al. (1986) reported that 
significant changes did occur in both sheep and cattle diets during 
3day grazing periods in a simulated rotational grazing treatment 
stocked at various levels. The magnitude of change was directly 
related to the diversity of plant species available in that a shift in 
diet composition occurred only when alternative species were 
available for grazing following depletion of the preferred species. 

The results from these studies tend to sustain Arnold and Dud- 
&ski’s (1978) contention that although grazing behavior may vary 
among grazing treatments in intensive pasture systems as a func- 
tion of differences in forage yield and presentation, it may not vary 
in response to differences in the forage resource in extensive graz- 
ing environments. The absences of differences in diets among 
grazing treatments in this study may also have been caused by a 
lack of large differences in palatability among the major forage 
species in the pastures. This would have important implications 
regarding the long-term effect of various grazing management 
practices on species composition of pastures. 

Lastly, caution should be exercised in the interpretation of these 
data because diet quality is but one aspect of livestock production. 
Still, the results do show that diet quality was maintained in the 
heavily stocked RG treatment at a level near that in the moderately 
stocked continuously grazed treatment. They do not indicate, 
however, that diet quality was enhanced by the RG treatment 
regardless of level of subdivision. Thus, based on the results of this 
study, we simply conclude that our management tactics, relative to 
rate of rotation of the grazing herd (length of graze/ rest in each 
paddock) prevented a serious decline in diet quality within grazing 
trials. 
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Beef production 
Plains ranges 

from native and seeded Northern Great 

DON C. ADAMS, ROBERT B. STAIGMILLER, AND BRADFORD W. KNAPP . 

AbStMCt 

Multiparous crossbred cows (N=355) were studied over 4 years 
to evahmte effects of native range (NR) and seeded range on cow 
reproduction and performance during prebreedhtg from parturi- 
tion to the start of breeding and during a 45-day breeding period. 
Treatments for prebrading were: (1) NR and (2) crested wheat- 
grass (CW; Agropyron dkwtorum Fisch. ex [Lhtk] Schult.) and 
during breeding: (1) NR, (2) Russian wildrye (RWR; Prurtios& 
cAyr junceu [Fisch.] Nevski) and (3) contour furrowed NR (CF) 
intetxeeded with ‘Ladak’ alfalfa (Afe&ugo S&a L.). After breed- 
ing (postbreeding), all cows grazed NR to weaning in 3 of the 4 
years. In year 4, calves were weaned at the end of breeding because 
of severe drought. Treatments and years were arranged as a factor- 
ial. Cow reproduction was evaluated by date of calving, the 
number of cows in e&us at least once before the begiinning of 
breeding, and fall pregnancy rate. Prebreeding, breeding, and year 
effects as well as all interactions were nonsignificant (p>O.OS) for 
all reproductive traits. Milk production and milk composition 
were not affected by prebreeding or breeding treatments. Differen- 
ces in cow and calf weight gains occurred between prebreeding 
treatments and generally favored CW. Small differences also 
occurred in cow weight gains between breeding treatments. All 
cows gained weight and body condition during prebreeding and 
breeding and then lost weight and condition postbreeding. Breed- 
ing treatment effects on calf gains were small. We concluded that 
the primary benefits of seeded ranges in the Northern Great Plains 
are comparable to those documented for increased stocking rate 
and improved forage management. Seeded ranges did not improve 
individual anhnaf performance. 

Key Words: reproduction, crested wheatgrass,, Russian wildrye 
grass, contour furrows, milk production, body condition 

Spring calving is the norm for Northern Great Plains beef cow 
operations. If a cow calves before plant growth begins, loss of body 
weight and condition is expected. Introduced cool-season grasses 
may improve cow performance. Crested wheatgrass (Agropyron 
desertorum, Fisch. ex [Link] Schult.) is ready for spring grazing 
from 10 days to 5 weeks earlier than native species and when grazed 
following spring calving has improved pregnancy rates over cows 
grazing native range (Houston and Urick 1972). However, the 
beneficial effect of crested wheatgrass on pregnancy rate has not 
always occurred (Hart et al. 1983). 

Russian wildrye (Psathrostachys junceu [Fisch.] Nevski) is 
noted for its high forage quality during the summer and fall (Wight 
et al. 1983). Contour furrowing is a range renovation practice that 
increases water infiltration of soils (Neff 1973) and forage produc- 
tion (Kartchner et al. 1983). Russian wildrye and contour furrowed 
native range have potential for improving cow reproduction if 
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grazed during the breeding period. 
Our objectives were to determine the effects of grazing seeded 

and native rangeland during prebreeding (calving to the beginning 
of the breeding) and breeding periods on cow reproduction and 
performance. The hypothesis was that cow reproduction and per- 
formance would be enhanced by use of seeded rangeland during 
the prebreeding and breeding periods. 

Study Site and Methods 

Study Site 
In 1977,79 and 68 ha of native rangeland (NR) were plowed and 

seeded to crested wheatgrass (CW) and Russian wildrye (RWR) 
respectively, using procedures recommended for the Northern 
Great Plains (White and Lacey 1985). In addition, 80 ha of NR 
were contour furrowed (CF) with a lister type plow and seeded with 
‘Ladak’ alfalfa (Medicago sativa L.) as described by Kartchner et 
al. (1983). Two pastures of NR (265 and 194 ha) in good to 
excellent condition were also used in the study. All rangeland was 
in a continuous block with a centrally located cattle-working 
facility. 

The soils in the improved pastures were deep, welldrained, 
Borollic camborthids and Pinelli loams from the Kobar and Pinelli 
series. Soils on the native range site were Delpoint, Gerdrum, 
Kobar, and Creed series. The Delpoint complex includes shallow 
soils located on moderate to steep slopes (8-7590) and ridge tops. 
The Gerdrum, Kobar, and Creed complex’s include deep, well- 
drained soils occurring on moderate slopes (2-80, footslopes, 
fans, and terraces. 

Major forage species in the NR and CF pastures were western 
wheatgrass (Pascopyrum smithii [Rydb.] Love), blue grama 
(Boutelouugrucilis [H.B.K.] Lag. ex Griffiths), needle-and-thread 
grass (Stipu Comoro Trin. and Rupr.) buffalo grass (Buchloe ducty- 
loides [Nutt.] Engelm.), green needlegrass (Stipo viridulu Trin.), 
cheatgrass (Bromus tectorum L.), Japanese brome (Bromus japo- 
nicus Thunb.), and threadleaf sedge (Carexfilifolia Nutt.). Other 
important plants include silver sagebrush (Artemisia cuno Pursh), 
fringe sagewort (Artemisafrigida Willd.), greasewood (Sarcobatus 
vermiculutus [Hook.] Emory.), and plains pricklypear (@unto 
polycuntha Haw.). 

Cattle Management 
A total of 355 multiparous crossbred beef cow-calf pairs were 

assigned to 2 prebreeding and 3 breeding season forage treatments 
from 1982 to 1985 (Table I). Prebreeding treatments were: (1) NR; 
and (2) CW. Breeding treatments were: (1) NR; (2) RWR; and (3) 
CF. Cows were wintered on NR and average calving date was 9 
April. Following calving, cows grazed NR and were given prairie 
hay free choice until the prebreeding treatments began. Cows 
began grazing the prebreeding forage when new growth of CW 
attained a height of approximately 13 cm as recommended by 
Currie and Smith (1970). Cows which had calved, began grazing 
prebreeding forages on 26 Apr. 1982; 17 Apr. 1983; 23 Apr. 1984 
and 1 May 1985. Cows which had not calved by the initial stocking 
date for the prebreeding were moved to prebreeding pastures at 
about 7day intervals following calving. Prebrecding treatments 
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Tablel. Numberofcowsaulgnedtoprebreedingd~gtrutments 
Ma2 to ms. 

YCar 
Y-F 

1982 
1983 
1984 
1985 
Total 

Treatment’ 
Prebreeding Breeding 

NR CW NR RWR CF Total 

49 48 :: 31 ;: 97 
58 56 38 114 
:: 40 28 23 26 77 

32 22 22 67 
179 176 120 114 355 

‘NR = native range, CW q  crested wheatgras6, RWR = rus6iaa wildrye and CF = 
contour furrowed native nnge. 

ended and breeding treatments began 26 May each year. Grazing 
on the breeding forage treatments extended from 26 May to 29 July 
except in 1985 it ended on 2 July. Following the breeding period 
(postbreeding) all cows grazed NR as one group until calves were 
weaned. Calves were weaned when forage utilization approached 
5%. Weaningdatesfor 1982,1983,and 1984were 12&t., 18 Sep., 
and 17 Sep., respectively. Weaning dates in 1983 and 1984 were 
earlier than 1982 because of drought conditions. In 1985 a severe 
drought made it necessary to wean calves at the end of the breeding 
season (2 July). 

Cows and calves were weighed, and cows were condition scored 
at the beginning of each prebreeding and breeding period, at the 
end of the breeding period, and at weaning. Body condition scores 
were based on a palpated determination of fleshing over the ribs 
and thoracic vertebrate (Bellows et al. 1971). Condition scores 
were the average of independent estimates by 2 technicians. The 
possible range for numerical scores was from 1 (thinnest) to 10 
(fattest). 

Sterile bulls fitted with grease marking harnesses were used to 
detect estrus. They were placed with the cows on 29 May during 
1982, 1983, and 1984, and on 23 May on 1985. All cows were 
checked daily for estrus. The sterile bulls were removed on 12 June 
1982-1984 and 28 May 1985, and the ovaries of cows that had not 
been detected in standing estrus were palpated for a corpus luteum. 
A palpable corpus luteum was considered evidence that a cow had 
been in estrus at least once. 

A 2-yr-old and a yearling bull were placed in breeding pastures 
on 15 June and removed 45 days later (29 July 1982-1984). Two 
bulls were placed in breeding pastures on 29 May 1985, but they 
were removed 35 days later on 2 July. Calving dates were recorded 
for cows bred in 1982- 1984. During 1985 breeding bulls were fitted 
with a grease marking harness and cows were checked daily for 
estrus and dates recorded. During 1982-1984, cows were preg- 
nancy tested by rectal palpation at weaning, and on 23 Aug. 1985. 

Milk Production 
Twelve-hour milk production estimates for each cow were 

determined 3 times annually from 1982-1984 by the calf weigh- 
suckle-weigh (WSW) technique. These determinations were made 
several days before the start of the breeding period, at the end of the 
breeding period, and several days before weaning. On the day 
preceding each WSW, cows and calves were gathered from pas- 
tures at about 1300 hours and calves were sorted from the cows into 
pens of 6 to 8 calves. Later that day at 1800 hours, calves were 
allowed to suckle cows and were again sorted from the cows. 
Twelve hours later at 0600 hours each calf was weighed, allowed to 
suckle the cow and reweighed. The difference in calf weight before 
and after suckling was considered the 1Zhour milk production of 
the cow. Two days following the WSW at the beginning and end of 
the breeding period, 12 cows and calves from each breeding treat- 
ment (6 from each prebreeding treatment) were gathered, sorted, 

and suckled as described for the WSW. However at 0600 hours, 
cows were restrained in a chute, given an intramuscular injection of 
oxytocin for milk let down, and the right front quarter of each cow 
was milked dry. This milk was mixed, subsampled and sent to the 
Dairy Herd Improvement Laboratory (DHIA) at Logan, Utah for 
determination of protein and fat content. 

Analysis Procedurea 
At weaning, all nonpregnant cows were removed from the study. 

Each spring, cows were added as needed. Cows were randomly 
assigned to treatments each spring before calving. Data for 1982 to 
1984 were analyzed as a 2 X 3 X 3 X 2 factorial. Main effects were 2 
prebreeding treatments, 3 breeding treatments, 3 years, and sex of 
calf. Data for 1985 were analyzed with the same model except it did 
not include a year effect. All 2-way interactions were tested. Three- 
and 4-way interactions were considered part of the error mean 
squares. Date of calving was analyzed as a dependent variable and 
for other traits it was included in the model as a covariate. Data 
were analyzed by least squares analysis of variance procedures 
(Harvey 1979). Cows were considered experimental units and a 
random effect. The findings of Conniffee (1976a, 1976b) were the 
rationale for experimental units. Treatments, year, and calf sex 
were considered fixed effects. The breeding treatment means were 
compared by preplanned orthogonal contrasts (NR vs. other and 
CF vs. RWR). All differences mentioned in this paper are signifi- 
cant at the KO.05 probability level. 

Results and Discussion 

Annual precipitation was 118,63,63, and 91% of the long-term 
average for 1982, 1983, 1984, and 1985, respectively (Table 2). 

Table 2. Monthly and end predpitatlon (cm) for 1982 through 1985. 

Total for 
Year April May June July August Total’ y=r 

Longterm 
35.5 
41.8 

Total for April through August. 

Precipitation from April through August was 104,65,74, and 88% 
of the long-term average respectively. 

All main effects, interactions and the covariate (calving date) for 
cows in estrus before the beginning of the breeding season, fall 
pregnancy rate, date of calving (1982-1984) and breeding date 
(1985) were nonsignificant (Table 3). Pregnancy rate of the cows 
was over 90% during the study, even in 1985 when the breeding 
season began 18 days earlier than planned and was only 35 days in 

Table 3. Reproductive performance of cows grazing native or needed 
renge. 

Trait 
Mean. Error mean squares 

1982-84 1985 1982-84 1985 

Cows in estrus before the 
beginning of the bmding 
period, % 85.6 61.7 1403 2379 

Fall pregnancy rate, % 92.4 91.2 660 919 
Date of calving 105 486 
Breeding date 164 196 

$ln$neffccts, interactions, and the covariatc date of calving were nonsignificant, P 
. . 

244 JOURNAL OF RANGE MANAGEMENT 42(3), May 1989 



Table 4. Cbangee in body neigbt nod conditioo score for cowe gezing native range (NR) mated wbeetpur (CW), me&~ tildrJc (RWR), end contour 
furrowed (CF) oath range dming tbe pre-g (PreB), bra (B), end postbreedh~ (PodB) pcrtocb of 1982 tbrou@ 1984. 

Prebreeding treatment Breeding treatment YCar 
PlXilXl~ NR cw NR RWR CF 1982 1983 1984 EMSb 

Body Weight Change, kg 
PreB 15.TL 24.1 30.9’ 16.3 13.4 344 
PreB+B 62.7” 70.4 73.6’ 47.3 78.8 620 

reB + B + PostB 47.0 38.0’ 44.7 45.7 43.8’ 45.4 49.8 42.6’ 53.ae 30.9 19.6 65.5 50.7 617 387 
B + PostB -g:: -z:9 15.3’ 2.2.2 26.0 22.9 3.3 37.3 313 
PostB -28.6 -23.3 -23.8 -19.8’ -21.1 -28.1 3% 

Body Condition Change 
PrcB -3’ .6 .5 .5 .5 .42 
PrcB+B 1.2’ 1.3 2.1’ 1.0 .5 .42 

inB + B + PostB .a’ .a= 1.0 .7 s 
:;’ 

.7 
:Z 

1.6’ 1.6’ .5 .5 .6 .l .49 .38 
B + PostB .5 .3 1.1. 0.0 .l .46 
PostB -. 3 -. 3 -. 5’ 

-:; 
-.3 -. 5O -.5 .l .33 

‘Body weight (kg) and body condition 
%MS = error mean sq-. 

score (I-10) were 465 and 4.5 respectively at the beginning of the prcbrceding period end were both similar (DO.OS) for all treatments. 

‘NR vs. CW signifiint (cUO.OS). 
dprcbrceding treatment X year interaction signiGcant (KO.OS), see text for means. 
Year effect significant (KO.OS). 
%R vs. RWR + CF significant (PCO.OS). 
‘Breeding treatment X year interaction signifiint (p<O.OS), ace text for means. 

length. In Wyoming, Hart et al. (1983) made comparisons of CW in 
combination with NR, and NR only during the spring-summer. In 
agreement with our findings, they found similar pregnancy rates 
between the CW and NR treatments. In contrast, Houston and 
Urick (1972) at Miles City reported higher fall pregnancy rate for 
cows that grazed CW during the spring than those that grazed NR. 
An explanation for this difference in pregnancy rate between our 
study and that of Houston and Urick (1972) may be related to 
range condition. The latter authors reported NR in their study was 
mostly in fair condition compared to the good to excellent NR in 
the present study. As condition increases on the Northern Great 
Plains ranges, the proportion of cool-season grasses increases 
(Tumbull et al. 1977). Therefore, we hypothesize that diet quality 
during the early spring was greater in this study than in the study of 
Houston and Urick (1972), because of the availability of greater 
amounts of cool-season grasses. 

Cow Body Weight and Condition 
Year effects were observed for all cow body weight and most 

condition score changes during the study (Tables 4 and 5). Condi- 

Table 5. Changes in body weight end condition score for cows grdn~ 
oativc range (NR), created wheatgresa (CW), rusei~ wildrye (RWR), 
end contour furrowed (CF) native range during the prebreeding (PreB) 
8nd breeding (B) periods dudng 1985. 

Prebreeding Treatmentb 
Period* NR cw EMS’ 

Body Weight Change, kg- 
PreB 40.6 45.6 268 
PreB+B 59.0 60.5 254 
B 16.4 14.8 206 

---------Condition Score Changes 
PreB .3* .7 .18 
PrcB+B .4* .a .34 
B .2 .l 30 

‘Bodywcight(kg)and bodyconditionscore(l-lO)wcrcSO8and S.Onspcctivelyatthe 
bcginningpf thepnbreedingper@dand~wrc bothsimibw(P>0.0S)fora~tr+ments. 
y;$eedmg treatment effects, mtcract~ons and the covanatc were nonslgndicant, P 

I& L Error mean squares. 
dNR vu CW significant KO.05. 
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tion score changes during prebreeding were not affected by year. 
Cows gained weight and condition during the prebreeding and 
breeding periods each year. However, cows generally lost weight 
and body condition postbreeding. Weight and condition gains 
during prebreeding were greater for cows grazing CW than NR and 
this difference persisted through weaning. The effects of CW and 
NR on prebreeding weight gains, however, were not consistent 
across years as demonstrated by the prebreeding treatment X year 
interaction. All other weight and condition score interactions for 
the prebreeding period were nonsignificant. Cow weight gains for 
NR and CW during prebreeding 1982,1983, and 1984, were: 21.2, 
40.7; 13.3, 19.3; and 12.9, 13.9 kg, respectively. Weight gains were 
greater from CW than from NR during 1982 and 1983 but were 
similar for 1984. We interpreted the prebreeding treatment X year 
interaction to show that differences in cow gains between CW and 
NR were greatest when precipitation was most favorable. For 
1985, cow weight gains during prebreeding were similar for CW 
and NR, but CW cows gained 0.4 more condition score than cows 
grazing NR. During the drier years, weight gains from CW and NR 
were similar to those reported by Hart et al. (1983). When precipi- 
tation was above average, weight gains were more similar to those 
reported by Houston and Urick (1972). 

For 1982-1984, cow weight gains during the breeding period 
were relatively small but significantly greater for the average of 
RWR and CF than NR treatment, and this difference persisted 
until weaning. Cow weight gains during the breeding period for 
1985 were similar for all breeding treatments, and no interactions 
were detected. Prebreeding treatments and calving date did not 
affect cow weight gains during breeding periods for 1982-1984 or 
1985. Kartchner et al. (1983) reported that weight gains of steers 
grazing NR were greater than those grazing CF. Smoliak and Slen 
(1974) reported similar summer gains for yearling cattle grazing 
either RWR or NR. In our study, cows from each treatment lost 
body weight postbreeding, but these losses were not influenced by 
prebreeding or breeding treatments. The observed postbreeding 
weight losses are attributed to low dietary protein expected at this 
time of year (Adams et al. 1987, Adams and Short 1988). 

During 1985, gains in body condition score during the breeding 
period were similar for all prebreeding and breeding treatments 
and no interactions were detected during this period. Effects of the 
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Table 6. Mllk production and protein and fat content of milk from cows 
grazing nettve and seeded r8nge 1982 to l!m4. 

Year 

Item Mean’ 1982 1983 1984 EMSb 

-Beginning of Breeding (June 14)- 
12-h milk production, kg 4.32 4.V 4.28 3.90 2.05 
Protein, % 3.18 3.14 3.16 3.23 .319 
Fat,% 3.50 3.35’ 2.80 4.35 1.46 

-End of Breeding (August l)---- 
12-h milk production, kg 3.33 3.68’ 2.84 3.46 1.20 
Protein, % 3.12 3.18 3.09 3.09 .042 
Fat, % 3.32 3.49 2.99 3.46 644 

12-h milk production, kg 
-Weaning (September)- 
2.17 2.04’ 1.77 2.71 1.30 

‘All treatment effects and interactions welt nonsignificant (DO.05) except for the 
breeding treatment X year interaction for end of breeding protein which was signiti- 
pnt (p<O.OS), see text for mtcraction means. 
EMS = Error mean squares. 

Tear effects were signdicant (KO.05). 

prebreeding treatments on changes in body condition score from 
the beginning of the breeding season until weaning, and during 
postbreeding were nonsignificant for 1982-1984. Interactions for 
these periods were also nonsignificant. Body condition score gains 
during breeding periods of 1982-1984 were similar for the 3 breed- 
ing treatments, but a breeding treatment X year interaction 
occurred. The within-year breeding treatment contrasts for body 
condition scored gainsduring the breeding period revealed that all 
contrasts except the RWR vs. CF contrast for 1982 were nonsignif- 
icant. Breeding treatment means for body condition gains during 
1982 were 1.7, 1.3, and 1.9 for NR, RWR, and CF, respectively. 
From the beginning of the breeding period to weaning, body 
condition score change was less for cows grazing NR than for the 
average of those grazing RWR and CF. All interactions were 
nonsignificant. 

During postbreeding, cows from each breeding treatment lost 
body condition and the breeding treatment X year interaction was 
significant. Treatment differences for body condition changes dur- 
ing postbreeding were significant only for 1982. During 1982, the 
change in body condition was -.9,0.0 and -.6 for NR, RWR and 
CF, respectively; the NR vs. RWR + CF and RWR vs. CF con- 
trasts were significant. Although some prebreeding and breeding 
treatment effects on body weight and condition score changes 
occurred, these effects were too small to affect reproduction traits 
measured. 

Milk Production 
Twelve-hour milk production was similar for all prebreeding 

and breeding treatments at each sample date and all interactions 
were nonsignificant (Table 6). Year effects were noted for milk 
production at each sample date. The covariate (calving date) 
affected milk production at the end of the breeding period, i.e., 
cows that calved earlier gave less milk than those calving later. Fat 
content of the milk was similar for all prebreeding and breeding 
treatments. Fat content of the milk at the beginning of the breeding 
period was affected by year and at the end of the breeding period by 
date of calving. No interactions were detected for milk fat. Date of 
calving did not affect protein content of the milk. Milk protein 
content at the beginning of breeding was similar for all prebreeding 
and breeding treatments and no interactions were observed. Milk 
protein at the end of the breeding period was greater for cows 
which grazed NR during the prebreeding period than for those that 
grazed CW. Milk protein at the end of the breeding period was not 
affected by year or calving date. However, the breeding treatment 
by year interaction was significant. Protein content (%) of the milk 

for NR, RWR, and CF at the end of the breeding period 1982, 
1983,and 1984was3.15,3.06,3.34;3.21,3.06,3.02;and3.07,3.20, 
3.00, respectively. Milk protein was similar during each year for 
NR and for the average of the RWR and CF treatments. During 
1982, milk protein of the COWS was greater for CF than RWR and, 
in 1984, it was greater for RWR than CF. Milk protein of the cows 
was similar for CF and RWR treatments during 1983. Thus, milk 
protein was greater for cows on CF than RWR during the wet year 
but was greater for RWR than the CF treatment during a drought 
year. 

CaIf Weight Gains 
At the beginning of the prebreeding period, calves weighed an 

average of 53.3 kg and 64.0 kg during 1982-1984 (Table 7) and 

Table 7. Weigbt gains (kg) of ealvas graalng native range (NR), crested 
wheetgress (CW), ruseian wildrye, end contour furrowed native raoge 
during tbe prebreeding (PreB), breeding (B), end postbrccaing (PostB) 
periods during 198t through 19%4 and 1985. 

Period’ 

Prebreeding 
treatmentb 

NR CW 
Year’ 

1982 1983 1984 EMSd 

1982-198- 
PmB 32.9” 35.2 31.3 37.9 32.9 68.9 
PreB+B 101.1’ 102.7 105.5 108.9 89.8 171 
PreB + B + PostB 151.6’ 155.6 169.3 151.1 140.5 318 
B 67.2 67.5 74.2 70.9 56.9 74.8 
B + PostB 118.7 120.4 138 113 108 182 
Post B 51.1 52.6 63.4 41.7 50.3 76.2 

1985 
PreB 26.0 27.2 22.5 
PreB+B 68.3 72.0 67.6 
B 39.0 39.0 30.5 

‘Body weight (kg) at the bc@ming of the pnbrceding period was 53.3 and 64.0 for 
1982-1984 and 1985 rcspect~vcly and were similar (00.05) for all treatments. 
bAU breeding treatment effects and interactions were nonsignificant F70.05, except 
the prcbrceding treatment X breeding treatment interaction for 1982-84 which was 
signdcant, see text for interaction means. 
‘All year effects and covariatc (date of birth) were significant KO.05. 
dEMS = Error mean squares. 
‘NR vs CW significant KO.05. 

1985, respectively. Calf weights at the beginning of the prebreeding 
period were similar for all treatment groups. The covariate calf 
birth date was significant for each weight gain tested, thus all calves 
were adjusted to a common birth date. Body weight gains were 
greater during each year for male than female calves and all sex of 
calf interactions were nonsignificant. Calf gains during 1985 were 
not affected by any of the prebreeding or breeding treatments, and 
all interactions were nonsignifIcant. During 1982-1984, calves 
gained a total of 68.7 kg from the beginning of the prebreeding 
period on 21 Apr. through the end of the breeding period on 2 July. 
by year reflecting differences in dates for the beginning of the 
prebreeding period and weaning. Calf weight gains during the 
prebreeding period were greater for calves grazing CW than for 
those on NR. Although small, this weight difference was evident at 
the end of the breeding period and at weaning. In 1985, calves 
gained a total of 68.7 kg from the beginning of the prebreeding 
period on 21 Apr. through the end of the breeding period of 2 July. 

The prebreeding treatment X year interaction was significant for 
calf weight gains during the breeding period. Calf gains (kg) for the 
prebreeding treatments NR and CW during the breeding period, 
1982, 1983, and 1984 were 73.8, 74.5; 72.8, 69.1; and 54.9, 58.8, 
respectively. Differences in weight gains between calves from the 2 
prebreeding treatments during the breeding period were observed 
during 1983 and 1984 but not 1982. An explanation for this finding 
is not apparent because during the wet year calf gains were similar 
for NR and CW, but during the 2 dry years gains were greater for 
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CW in one year and greater for NR in the other. Calf weight gains 
during the post breeding period were similar for all prebreeding 
and breeding treatments and all interactions were nonsignificant. 

Calving date, occurrence of initial estrus, and fall pregnancy rate 
of beef cows were not affected by the use of seeded pastures during 
prebreeding or breeding periods. Some advantages in cow and calf 
performance occurred between treatments, but these effects were 
generally small. We concluded that native range in the Northern 
Great Plains that has not been abused through overstocking or 
other forms of mismanagement are capable of producing forage 
which is difficult to improve on for individual animal performance. 
The benefits from using seeded pastures over NR were comparable 
to those documented from the deferment of spring grazing on NR. 
They mainly contribute to an increased stocking rate and improved 
forage management. They did not significantly improve the repro- 
ductive efficiency of beef cattle. 
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Animal performance and plant production from continu- 
ously grazed cool-season reclaimed and native pastures 
L. HOFMANN AND R.E. RIES 

The Surface Mining Control and Reclamation Act of 1977 
rqulres that surface-mined land be revegetated wlth “the same 
seasonal variety”, meaning species of the same season of growth as 
the species native to the area. Our objective was to compueseason- 
of-grwing use of p8stures comprised of introduced cool-season 
species with pastures comprised of a mix of native warm- and 
cool-season species. Tbe study was conducted on surface-mined 
land neu Center, North Dakota, dominated by smooth brome- 
grass (Broruus iuerm& Leyss.) and alfalfa (Mcdicogo sativa L.) and 
on adjacent unmlned mixed prairie. Pastures were 1.86 ha in size 
and stocked with 2 yeulhtg steers (Bos spp.) each. Graxhtg was 
started in May or June and ended in late September or early 
October for 96 days in 1982 and 126 days each in 1983,1984, and 
1985. Liveweight gahr increased from mid June through August 
and then remained constant on all pastures. Herbage dry matter 
yield from reclaimed pastures was qua1 to or greater than yield 
from native pastures each year. The season-of-graxhtg use was no 
different for rechtimed cool-season pastures than for native mixed 
prairie, and there was no evidence that species with the same 
growlng season as those native to the area were necessary to 
provide season-long grazing use. Cool-season forage species ue 
easier to seed, establish, l nd less expensive to buy and can be used 
to revegetate surface-mined land for season-long graxhrg use. 

Key Words: surfacomined land, warm-season species, ground 
cover, species composition, llveweight gaht, herbage dry matter 

In the northern Great Plains, most of the native grasslands 
contain a mixture of cool- and warm-season grass, legume, and 
forb species and generally provide season-long-grazing use. Surface- 
mined land can be revegetated at less expense and most easily with 
cool-season introduced plant species, but there is general concern 
that these species will not provide season-long-grazing use. This is 
the primary reason that the Surface Mining Control and Reclama- 
tion Act of 1977 (The Act), Public Law 95-87, required that the 
permanent vegetative cover establishment should be “of the same 
seasonal variety native to the area of land to be affected”[Sec. 5 15. 
(b) WI. 

Barker et al. (1977) found that cool-season species, especially the 
more commonly used introduced species, were much easier to 
establish than warm-season species on mined land. DePuit (1982) 
and Ries (1982) summarized the use of cool-season and warm- 
season perennial grasses, respectively, for revegetation of mined 
land in the northern Great Plains. The greater ease of revegetating 
with cool-season perennial grass species than with warm-season 
grasses also was apparent from these papers, and indicated that 
similar “seasonal variety” may be one of the most difficult criteria 
to attain. 

DePuit et al. (1980) established a predominantly native plant 

Authors are agronomist and range scientist, Northern Great Plaiis Research 
Laboratory, P.O. Box 459, Mandan, North Dakota 58554. 

Contribution from Northem Great Plains Research Laboratory, USDA-ARS. 
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community by excluding introduced species from the seeding mix. 
Even though warm-season grasses, shrubs, and forbs were seeded, 
the established native community was dominated by cool-season 
perennial grasses and founving saltbush (Atriplex canescens). 

Williamson (1984) successfully established a seasonally bal- 
anced grassland by seeding late in spring, irrigating during the first 
growing season, and weighing the seed mixture in favor of warm- 
season species. Conventionally seeded areas produced vegetation 
of predominantly cool-season species. Young et al. (1983) studied 
use of cattle grazing to enhance native species composition. Two 
grazing periods did not produce a desired change in plant composi- 
tion nor did interseeding with native species and grazing. 

Section 515 (b)(2) of the Act “requires the operator, as a min- 
imum, to restore the land affected to a condition capable of sup- 
porting the uses which it was capable of supporting prior to any 
mining, or higher or better uses of which there is a reasonable 
likelihood.“There are few data comparing productivity of animals 
grazing reclaimed mined lands dominated by cool-season species 
with animals grazing seasonally balanced native rangeland at the 
same stocking rates for the same number of grazing days. Our 
objectives were to determine if the length of grazing use would 
differ between reclaimed pastures composed of vegetation with 
strikingly different seasonal growth patterns from native range and 
to quantify the effect on animal productivity. 

Materials and Methods 

The study was located near Center, North Dakota, on a surface- 
mined site previously used for a grazing intensity study (Hofmann 
et al. 1981, Hofmann and Ries 1988) and on adjacent unmined 
native rangeland. Original reclaimed and native soils are, Cabba 
(loam mixed, calcareous, frigid, shallow, Typic Ustorthents) and 
Sen (fine-silty, mixed Typic Haploborolls). Mined spoils were 
reshaped to near original contour and covered with approximately 
10 cm of clay loam topsoil material. 

The reclaimed area was fertilized only once with 12-12-O kg ha” 
N, P, K in spring, 1973, and seeded with a mixture of smooth 
bromegrass (Bromus inermis Leyss.), crested wheatgrass (Agro- 
pyron uksertorum [Fiich. ex Link] Schult.), intermediate wheat- 
grass (Agropyron intermedium [Host] Beauv.), alfalfa (Medicago 
sativa L.), and yellow sweet clover (Melilotus officinalis Lam.). 
The site was divided into 6 pastures with 2 replicates of 3 grazing 
intensities from 1976 through 1981 (Hofmannand Ries 1988). Two 
ungrazed exclosures, located within each pasture, provided an 
ungrazed check. 

Exclosure size was adjusted following grazing in 198 1 in order to 
obtain pastures with 1.86 ha grazable area. The pasture designated 
Reclaimed I (Fig. 1) included 0.62 ha of the formerly heavily grazed 
pasture combined with 1.24 of moderately grazed pasture. Lightly 
grazed pastures were reduced to 1.86 ha grazable area and are 
designated Reclaimed II. Two additional pastures with 1.86 ha 
grazable area were constructed on unmined native rangeland that 
had a condition rating of 59 (good)_ using SCS range condition 
classification technique (Dyksterhuis 1949), located 100 meters 
from the reclaimed site. One ungrazed-unharvested sample was 
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Fig. 1. Lacotion of Reckmed I, Reclaimed II, native pastures, and exclo- 
sure for season-of-grazing use study; and heavily (Hy), moderotely 
(Mod), and lightly (LgQgrozedpastures from former grazing intensity 
study. 

Percent live, litter, and bare ground cover means were analyzed 
as a completely random design (CRD) (KO.05). The Waller- 
Duncan test was used to rank means for reclaimed and native 
areas. However, plant species composition was not statistically 
compared between reclaimed and native plant communities because 
they were completely different. Change in cover or plant species 
from 1982 to 1985 was tested using paired comparisons (m.05). 
Plant dry matter and animal gain means were tested using CRD 
and the Waller-Duncan test (KO.05). 

obtained from each of the 6 exclosures which provided 6 subsam- 
ples from each replicate. Subsamples were averaged when analysis 
of variance showed no significant (pIO.05) difference. Two exclo- 
sures in each replicate were 15.2 X 30.5 m in size while the others 
were adjusted in sire to produce 1.86 ha gra&ble areas. 

Results and Discussion 
Annual June through May precipitation for 1981, 1982, and 

1983 was about 90 mm above the 1914-1970 yearly average of 453 
mm whereas 1984 and 1985 precipitation was approximately 100 
mm below average. 

All pastures were grazed from 15 June through 21 September for Percent live plant cover on the native areas was significantly 
a 96day season in 1982. Grazing began on 25,30, and 29 May in greater than on the reclaimed areas in both 1982 and 1985 (Table 
1983, 1984, and 1985 and ended on 28 September and 3 and 2 1). The only measurable cover change from 1982 to 1985 was an 
October, respectively, for a 126day season each of these 3 years. increase of live cover on the previous moderately grazed portion of 

Each pasture was stocked with 2 yearling Hereford X Simmental Reclaimed I. There’was less litter cover and more bare ground on 
steers (Bos spp.) and grazed at 2.9 AUM ha-‘. The SCS guide the Reclaimed I pastures at the start and the end of the study than 
recommends an initial stocking rate of 1 .O AUM ha-’ for this site. on any other areas. Total ground cover (live plant plus litter) in 
Overnight off-water shrink starting weights ranged from 240 to 380 1985 on the previously heavily and moderately grazed portions of 
kg and averaged 325 kg head-’ for the 4 years. Animals were Reclaimed I still did not equal that of the natve site. However, all 
weighed at M-day intervals throughout the grazing season. areas had less than 30% bare soil, which has been suggested as the 

Thirty IO-pin point frames (Levy and Madden 1933) were read maximum acceptable level for adequate soil erosion protection 
within each former heavily and moderately grazed section of (Packer 1951, Mattson 1952, Hofmann 1986). 

Reclaimed I, and in Reclaimed II and in native pastures each year. 
Each frame was randomly located and oriented by tossing a meter 
stick and placing the frame along side where it fell. Five frames 
were read within each exclosure. Basal point counts at the soil 
surface were recorded for live plant cover, plant species, standing 
or ground litter, and bare ground. 

Precipitation data were collected by the National Oceanic and 
Atmospheric Administration at Center, North Dakota, about 2 
km west-northwest of the study area. Annual June through May 
precipitation was used because it was better correlated to vegeta- 
tion dry matter than January through December precipitation 
(Hofmann and Ries 1988). 

Total herbage dry matter within the grazed portion of each 
pasture was determined by mowing six 0.3 X3.0 m strips at a 5.0 cm 
height with a sickle bar mower immediately before grazing started, 
the first week in August, and immediately after grazing ended. 
Season-long dry matter was determined in October by mowing a 
0.3 X 3.0 m area with the sickle bar mower under each of 6 
protective cages that were randomly placed within each pasture 
before grazing began. One 0.3 X 3.0 m area was similarly harvested 
within each exclosure each time vegetation was sampled. 

Table 1. Percent ground cover on reclaimed and native pastures measured by basal point cotta on 15 June 1982 and 28 May 1985. 

Former Live plant Litter’ Total Bare ground 
Treatment treatment 82 85 82 85 82 85 82 85 

______~~________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ %__________------_____________________________ 
Reclaimed 

I Heavy llbz lob -5Oe 68c 61c 7& 39a 22a 
Modemtc 12b 17b+ 74bc 73bc 86b 90b 14b IOb 

II Light 13b 16b 84ab 78ab 97a 3c 6bc 
Ungrazed IOb 16b 87a 81a 97a 2 3c 3c 

Native 
Gm?Xd 30a 30a 67cd 67c 97a 97a 3c 3c 
Ungrazed 34a 31a 62d 66c 96a 97a 4c 3c 

lContained <l% rock. 
*Mems within Cohmms followed by the same letter are not signScantly different at the PSI.05 (Wailer-Duncan, test K = 100). 
*Significant cbangc from 1982 to 1985, t-test fSO.05. 

JOURNAL OF RANGE MANAGEMENT 42(3), May 1989 249 



Species composition of the reclaimed site was greatly different 
from the native site; therefore, meaningful species composition 
comparisons between reclaimed and native plant communities 
were not possible (Table 2). This is a major problem of measuring 
reclamation success by comparing mined areas reclaimed with 
permanent vegetation to undisturbed permanent vegetation areas. 
Grazing changed species composition little within reclaimed or 

T8blc 2. Percent live plant cover by rpeciee on rechimed rod D8tiVe 

P- me8eured by brwl point counts on 28 M8y 1985. 

Rccltiimed Native 
Species I II Ungrazed Grazed Ungrazed 

__________ %ooflivegroundmver __________ 
Cool season 

Bromus inermis 64’ 64 65 0 
Medicago sativa 24 20 21 0 8 
Agropyron desertorum & 

intermedia 8 8 8 0 0 
Carex spp. 0 0 0 18 23 
Poa pmtensis 0 0 8 26. 11 
Stipa viriduka & comata 0 0 17 18 
Agropyron smithii 0 0 0 0 5 
Other cool-season grass 1 2 1 10 10 

Warm season 
Routeloua gracilis 0 0 0 10 13 
Other warm-seasongmss 0 0 0 2 7 

Forbs 3 6 5 17 13 

‘Within reclaimed and native pastures, means in rows were not signi!icantly different 
at FsO.05. 
l Significant (ISO.05) incrensc from 10% in 1982 to 26% in 1985. 

native sites (Table 2). Except for Kentucky bluegrass (Poopruren- 
sis L.), species composition was similar for 1982 and 1985, thus 
only 1985 composition is presented. 

Species on the reclaimed site were not of the same season of 
growth as the species native to the area. Throughout the study, the 
native site ranged from 10 to 22% blue grama [Boutelouu grucilis 
(H.B.K.) Lag ex. Griffiths] plus about 8% other warm-season 
grasses. Although we previously reported that the reclaimed site 
was being invaded by other species (Hofmann and Ries 1988), none 
have been warm-season species. The reclaimed area remained a 
cool-season midgrass-alfalfa community dominated by introduced 
species. 

There was no difference in liveweight gain within years or across 
years. One measure of reclamation success is that production of 
reclaimed land equals or exceeds production of similar umnined 
land. Yearly gain from grazing on reclaimed mined pasture 
equalled gain on native pasture each year, suggesting adequate 
reclamation for animal production. Gains on both reclaimed and 
native pastures were somewhat lower than those reported by Sarvis 
(1941), but stocking rate was higher (0.95 vs 1.2 ha/steer). 

Within grazing treatments, cumulative liveweight gain changed 
from one weighing period to the next as the season progressed (Fig. 
2). Liveweight gain steadily increased from June through Sep- 
tember and then leveled off with slight decline for late September. 
This is similar to the June through September yearling steer gain 
for native range in the northern Great Plains reported by Sarvis 
(1941). 

No pasture differences were obtained for any weighing period 
except mid September. Then steers grazing Reclaimed II pastures 
had higher gain than steers grazing native. Since all pastures were 
grazed for the same number of days, the pattern for average daily 
steer gains (ADG) and liveweight gains was the same. 

The native pasture was used as a standard for determining the 
season-of-grazing use since the objective was to determine if the 

RECLAIMED I 
RECLAIMED I I 

JUL AUG 

PERIOD 

SEP OCT 

Fig. 2. Cumulative liveweight gain of steers grazing reclaimed and native 
pastures at ICday intervals throughout the grazing season (4-year aver- 
age). Points on the same line labled with the same letter are not signify- 
candy different (P10.05). l RectWmed Ilsigntfuantly greater than native 
(Pro.05). 

reclaimed pastures were different. There was no evidence anytime 
during the study that the native pasture produced season-of- 
grazing use that was superior to the reclaimed pastures. 

Herbage production from the reclaimed site was greater than 
from the native site based on the dry matter sampled from the 
exclosures (Table 3). Seasonal dry matter from cages was greater 

Table 3. Total herb8ge dry m8tter lurvested sever81 times per ye8r on 
recleimed 8nd n8tive porturea Average of 4 yeam. 

Treatment 
&graze Mid graze Post graze’ Season2 

June Aug ckt Get 

Reclaimed 
Ungmzed 
I 
11. 

~~~~~~~~~~~~~~-~g/~a~~~~~~~~~~----------~~~~~~~ 

392Oa’ 4690a 3780a 3780a 
208Od 219Oc 148oc 2510~ 
2970b 2860b 2240b 315Ob 

Native 
Ungmzed 247oC 28OOb 2480b 
GRXZcd 197Od 1% 156Oc EE 

Qnrent year dry matter sampkd from protective cages. 
*Dry matter sampkd from unharvested cxclosun. 
JWithin columns, means followed by same kttcr are not diiennt at p10.05 (Waller- 
Duncan test, K = 100). 

from Reclaimed II pastures than from Reclaimed I pasture sug- 
gesting carry-over grazing effects from the previous intensity 
study. Dry matter production from grazed reclaimed pastures was 
at least equal to that from grazed native pasture at each sampling 
throughout the grazing season. Thus, adequate reclamation, mea- 
sured by herbage production, was achieved after 10 years of graz- 
ing use.. 

Seasonal dry matter sampled from cages on Reclaimed I pasture 
remained relatively constant during the 4 years whereas similarly 
protected vegetation on native pastures declined from 1983 to 
1985. The lack of difference between Reclaimed I and native at the 
start of the study followed by a decline in dry matter on native 
pastures in 1984 and 1985 suggested that the native range may have 
been grazed at or above its productive capacity. Range condition 
rating declined from 59 to 52 (51-75 = good condition) primarily 
because of an increase in Kentucky bluegrass (Table 2). Although 
there were no significant differences in liveweight gain per year 
among pastures or years, animal gain and herbage dry matter 
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trends were similar. Liveweight gains were significantly correlated 
to season-long dry matter, r = .57 (KO.05). 

Schuman et al. (1986) grazed a predominantly cool-season 
native plant community in Wyoming for 3 years. They reported the 
revegetated mined lands were successfully reclaimed and would 
support livestock grazing. They suggested a more direct means for 
determining adequacy of reclamation would be to evaluate its 
potential for the intended post-mining use. Laycock and Layden 
(1986) achieved cattle gains of 1.1 to 1.4 kg day-’ summer long 
while grazing reclaimed lands seeded to high producing introduced 
species. Their data indicated potentially high animal productivity 
from introduced pasture species. 

Based on intended use., past studies and this study suggest there 
is no need to have either a warm-season species component or 
diversity similar to premined rangeland to have comparable sea- 
sonal grazing. When grazing management practices used were the 
same as those recommended for grazing native range, animal 
performance was the same. In the northern area of the Great 
Plains, with average precipitation of 450 mm per year, cool-season, 
introduced grass species had the same utility of grazing use as 
native species. Since cool-season species are more readily estab- 
lished, easier to seed, less expensive to buy with a more available 
seed supply, we suggest they can be used to revegetate surface- 
mined lands for season-long-grazing use. 
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Vegetation and soil responses to short-duration ,grazing on 
fescue grasslands 
JOIiAN F. DORMAAR, SYLVESTER SMOLIAK, AND WALTER D. WILLMS 

The effects of animal impact on soil chemical and physical 
properties as well as range condition were measured over a 5-year 
period to test tbc bypotbesls that animal impact can improve the 
nutrient and water status of the soil and promote grassland succea- 
don. A seventeen-pasture short-duration graxing system was 
establlsbed in 1981 on 972 ba. The pastures were stocked on 
average wltb 278 cows wltb calves from 1982 to 1986, wbicb was 
about twice to triple tbe recommended rate of 0.8 AUM/ba. 
Increased grazing pressure reduced range condition as reflected by 
a loss of de&able species such as rougb fescue (Festuccr scubrelkh 
Torr.). Soil molsture was always bigber in soils of ungrazed exclo- 
sures. Soli bulk density increased wblle hydraulic conductivity 
decreased with grazing. Litter was not signlflcantiy incorporated 
into the soll with hoof action. Cbltln-N, as a measure of fungrl 
biomass, decreased significantly under tbe increased grazing pres- 
sure. Tbe bypotbesis that animal impact would improve range 
condition was rejected since impact, in tbe manner applled during 
tbe study, resulted ln retrogression of the grasslands. 

Key Words: forage production, soil physical properties, soil cbem- 
ical properties, range condition, rougb fescue 

The primary objective of most grazing management practices is 
to maximize livestock production per unit area of rangeland while 
maintaining a sustained forage resource (Heitschmidt and Walker 
1983). Short-duration grazing is a system that enables more rigid 
control of animal distribution with the use of numerous smaller 
pastures, thus concentrating livestock and permitting time- 
controlled grazing. It has been proposed that shortduration graz- 
ing will allow conventional stocking rates to be doubled or tripled 
regardless of range condition at the time of implementation 
(Savory 1983). Improved carrying capacity is, presumably, obtained 
through a positive impact of animal activity on water, nutrient, and 
energy cycles and, ultimately, increased forage production through 
advanced plant succession. Conversely, the hypothesis predicts 
range deterioration in the absence of animal impact. 

Soil formation may be regarded as a function of, among others, 
vegetation and organisms (Jenny 1980). Any change in any of the 
components of the biotic factor may affect the soil. Range soils, as 
found by the European settlers in the late 19th century, were in 
relative equilibrium with the existing soil-forming processes. The 
introduction of livestock domestic grazing changed not only the 
vegetation but also the soil component of the ecosystem (Johnston 
et al. 1971, Smoliak et al. 1972). 

The purpose of this study was to test the hypothesis that animal 
impact and time-controlled grazing can improve the chemical and 
physical properties of the soil and promote grassland succession. 
The objectives were to measure the effects of animal impact on the 
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soil as well as range condition over a 5-year period. 

Site Description 
The study was conducted on the Shipwheel Ranch northwest of 

Fort Macleod on the edge of the Porcupine Hills (49047’N Lat, 
113O 39W Long), Alberta, Canada. The plant communities repres- 
ent the interface of the Rough Fescue Grassland and the Mixed 
Prairie with the former being on the upper slopes and the latter at 
lower,elevations. These grasslands have been described by Moss 
and Campbell (1947) and their response to grazing was reported by 
Looman (1969). About 70% of the grassland on the ranch was in 
fair to poor range condition in 1981 when the grazing system was 
implemented (Wroe 1984). The recommended stocking rate was 
about 0.8 animal unit months (AUM) per ha (Wroe et al. 1981). 

The soils are of the Orthic Black Subgroup of the Chernozemic 
order (Udic Haploboroll) and developed on Laurentide till over- 
lying sandstone. The Ah horizon consisted of 46% sand and 27% 
clay, The climate is dry and subhumid, and although the annual 
precipitation averages about 450 mm, it was 408,322,367,423, and 
435 mm from 1982 to 1986, respectively. 

Materials and Methods 

A 17-pasture short-duration grazing system was established in 
198 1 on 972 ha. The pastures radiated from a central cell which was 
a single source for water and the location of gates for transfer 
among pastures. 

Cattle were put onto the range in early May of each year and, 
following 3 grazing rotations interspersed with 2 rest periods, were 
removed in late October. The pastures were stocked with 350,320, 
236,235, and 250 cows with calves from 1982 to 1986, which was 
about twice to triple the recommended stocking rate (Wroe et al. 
1981), respectively. Calves were weaned in September. Cattle 
movement between pastures was timed to prevent heavy use during 
periods of rapid forage growth and to allow recovery following 
grazing. Consequently, the grazing periods during rotation 1 aver- 
aged about 2.5 days followed by rest periods of about 40 days. As 
forages senesced, the grazing and rest periods became longer. In 
rotation 3, the grazing periods averaged about 4.5 days. 

Five pastures were randomly selected for observations. In 1982 a 
permanent exclosure, measuring 10 X 30 m, was established in 
each study pasture at a location sufficiently removed from the 
center cell to avoid impeding animal movement. Paired observa- 
tions were made inside and outside the exclosures to compare the 
differential effects of no grazing vs. intensive short-duration graz- 
ing. Sampling outside of the exclosure was outside the zone of 
potentially excessive fenceline traffic. 

Basal areas of forage species were determined with a point frame 
having 35 points spaced at 2.5-cm intervals. In each pasture, 2,100 
points were sampled systematically along a transect on both the 
grazed and protected treatments for a total of 10,500 points on 
each treatment. Sampling was done in July 1982 and again in June 
1986. Percent composition was determined for major species and 
plant forms. These values were also used to determine range condi- 
tion (Wroe et al. 198 1) after applying a weighting factor by species 
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(Lodge and Campbell 1965) to convert basal area to a dry weight 
basis. 

The Ah soil horizon was sampled, in 3 subplots each paired 
within and adjacent to each of the 5 exclosures, on 7 May and 15 
Oct. 1985, and on 30 Apr. and 30 Sep. 1986. Samples were hand- 
sieved through a 2-mm screen, and stored in sealed, double 
polyethylene bags at 4O C. At the time of sieving, roots and other 
debris were removed from the soil and discarded. Moisture content 
of the soil was determined gravimetrically. Enzymes accumulated 
in soil have biological significance (Dormaar et al. 1984) as they 
participate in the cycling of elements and thus play a very impor- 
tant role in the initial phases of the decomposition of organic 
residues. Specifically, dehydrogenase activity in soils provides 
correlating information on the biological activity and microbial 
populations while phosphatase activity is thought to be directly 
related to the level of organic phosphorus in the soil. Dehydroge- 
nase and phosphatase activities were determined on the fresh, 
moist soil within 24 and 48 hours, respectively, after its collection 
from the field to avoid changes in the activities. 

Dehydrogenase activity was determined at pH 7.6 by measuring 
the triphenylformazan (formazan) produced by reduction of 2,3, 
5-triphenyltetrazolium chloride when soil was incubated with 2- 
amino-2-(hydroxymethyl)propane-1:3diol buffer(0.5 M)at 30’ C 
for 5 hours (Ross 1971). Phosphatase activity was determined at 
pH 6.5 by measuring the p-nitrophenol produced when soil was 
incubated with buffered sodium p-nitrophenyl phosphate solution 
(0.115 M) and toluene at 37O C for 1 hour (Tabatabai and Bremner 
1969). 

Following the enzyme analyses, the soils were dried and the 
subplot samples were combined and mixed. Dry soil colors were 
rated according to the Munsell(l954) notation. Subsamples were 
ground to pass a OS-mm sieve. 

At the time of sampling, undisturbed core samples, 55 mm diam. 
and 30 mm deep, were taken with a drop-hammer type sampler at 
O-to 3-cm and 3-to 6-cm depths at each subplot. The core samples 
were refrigerated at 4’ C until needed. Saturated hydraulic con- 
ductivity was determined using the Tempe Cell method (Sommer- 
feldt et al. 1984). The cores were then ovendried, their mass 
obtained, and the bulk densities calculated. 

It has been shown (Johnston et al. 1971, Dormaar et al. 1984, 
Willms et al. 1988) that grazing affects a number of soil chemical 
parameters such as total organic carbon (C), total nitrogen (IV), 
nitrate-N (N&N), and available phosphorus (P). Chitin is a 
polymer of N-acetyl-2-amine-2deoxyglucose linked in a /3-1,4 
sequence. It occurs in fungal cell walls and arthropod exoskeletons 
(Gould et al. 198 1). Since more permanent aggregation is the result 
of the development of a network of fungal mycelia (Cheshire 1979), 
it was hypothesized that chitin values are sensitive enough to be 
used as a measure of potential aggregation as affected by grazing. 

Total organic C was determined by dry combustion at 9ooo C for 
15 minutes; the evolved and scrubbed COa was collected and 
weighed. Total N was estimated using a macrokjeldahl procedure, 
and NOs-N was determined by steam distillation (Bremner 1965). 
The analysis for available P was carried out according to Olsen et 
al. (1954). Chitin N was determined and corrections were made for 
extraction efficiency and ammonium-N as outlined by Gould et al. 
(1981). 

The light organic matter fraction was obtained as outlined by 
Spycher et al. (1983). An increase in the light organic matter 
fraction could be indicative of litter incorporated into the soil by 
hoof action. However, nonhumitied materials also contain a more 
rapidly decomposable fraction and thus a source of available 
nutrients. 

Although fungal mycelia aid more permanent aggregation, 
initial development of structure largely depends on organic matter 

which is most readily decomposed (Cheshire 1979). Monosaccha- 
rides represent the latter. Hence, the monosaccharide distribution 
in hydrolysates of the soil samples was determined as outlined by 
Dormaar (1984) except that the hydrolysis step was modified with 
the elimination of the 2-hour 72% HsSG4 pretreatment (Dormaar 
1987). The quantitative analyses of the alditol acetates were done 
with a Hewlett Packard gas chromatograph 5840 A. 

Available forage was sampled around each exclosure. Seven 
permanent sampling sites in fields A to D and 5 sites in field E were 
randomly located within the area and single 0.5-m* plots were 
clipped to determine forage removal on the grazed treatments, at 
each location before and after each grazing rotation. Utilized 
forage was calculated as the difference between the first and second 
harvest. Total utilization over the grazing season was calculated as 
the difference between total available forage and residual. 

Total available forage was Hrr + (Hz1 - HE) + (Hsr - HZ) where 
Hi is the harvest at rotation i (1,2, or 3) and time j before (1) or 
after (2) grazing. 

The data were subjected to an analysis of variance using a split 
plot model. The fields were regarded as replicates, the grazing 
treatment as the whole plot, and the repeat measurements (over 
seasons, years) on each whole plot as subplot treatments. For the 
soils data, analyses were carried out for each variable for each year 
separately and over the years. Since the whole plot error (Error A) 
was generally smaller than the subplot error (Error B), another 
analysis was carried out with these errors pooled. The analyses of 
the hydraulic conductivity at depths 1 and 2 and the vegetation 
data, including estimates of range condition, were carried out on 
log-transformed data to meet assumptions of normal distribution 
(Steel and Torrie 1980). 

Results 

Forage production and utilization averaged 509 and 425 kg/ ha, 
respectively, from 1983 to 1986 (Table 1). Percent utilization of 

Table 1. Average stocking rates over 5 fklds md anoual production ud 
utlllution (if 1SD) in the vicinity of the study sltea from 1983 to 1986. 

1983 1984 1985 1986 1983-86 

stocking rates 
(AUWha) 

Forage production 
(kg/ha) 

Residual (kg/ ha) 
Utilization: 

Actual (kg/ ha) 
Proportion (%) 
Total 
Rotation 1 
Rotation 2 
Rotation 3 

3.0 2.3 2.5 2.7 2.6 

570 (338) 337 (186) 347 (137) 784 (451) 509 (353) 
90 (88) 97 (52) 58 (34) 94(81) 85 (61) 

481 (336) 240 (170) 228 (122) 690 (424) 425 (338) 

82(16) 67 (18) 83 (8) 87 (10) 80 (15) 
26(32) 34 (25) 14 (20) 13 (25) 22 (26) 
52 (27) 45 (28) 56 (20) 17 (22) 42 (28) 
61(26) 41(24) 46(28) 82 (14) 58(28) 

available forage, over the same period, averaged 22,42, and 58 for 
rotations, 1, 2, and 3, respectively. 

It is clear from the data in Table 2 and their statistical treatment 
by treatment and season within and between years in Table 3 that, 
in spite of sometimes significant interactions among treatments 
(i.e., grazed vs. ungrazed range) and time of sampling within years 
or among treatment and time and year of sampling, the grazing 
management practiced over a 5-year period on fescue grassland 
had a most pronounced effect on many physical and chemical 
properties. 

Physical Properk 
In 1986 the color of the soil of the exclosures was black (5YR 

2/ 1, dry); around the exclosures it was dark reddish brown (5YR 
2/2-3/2, dry). This suggests either a loss of organic matter or 
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T8blc 2. Pbyehl8nd chemhl properth of Bhck Chernozcmic soil uoder skortdumtlon gr88lng (Sag) 8nd uwr8zed (Excl) Fescue Crawland 8t Fort 
M8ckod, Albert8 (8verage Of 5 88mpke). 

1985 1986 
May 7 Oct. 15 Apr. 30 Sep. 30 

Sdg Excl Sdg Excl Sdg Excl Sdg Excl 
Moisture (%) 16.1 20.2 27.5 29.2 13.4 17.1 22.7 28.0 
Bulk density: O-3 cm 0.97 0.81 0.94 0.82 0.92 0.84 0.94 0.83 

(Mg/ rns) 3-6 cm 1.09 0.98 1.02 0.99 1.00 0.96 1.04 0.97 
Hydraulic 

conductivity: O-3 cm 4.61 6.29 1.96 4.51 4.31 5.34 1.79 4.69 
(cm/ hour) 3-6 cm 3.29 4.50 2.95 2.54 3.15 4.24 2.66 3.12 

Phosphatasc activity’ 921 1144 708 913 904 1084 738 879 
Dehydrogenase activity* 89 138 177 242 81 114 186 264 
Carbon (%) 4.21 4.52 3.51 4.23 4.02 4.52 4.27 4.90 
Light fraction C as % of total C 13.6 16.8 14.9 17.0 11.4 20.8 12.7 15.0 
Nitrogen (%) 0.39 0.43 0.39 0.42 0.42 0.46 0.41 0.45 
C:N ratio 11.0 10.5 8.9 9.1 9.6 9.7 10.4 10.8 
NOa-N oCg/g) 10.2 12.6 10.3 8.4 5.6 10.0 8.3 5.9 
Chitin (mg N/g soil) 0.55 0.61 0.64 0.78 0.58 0.66 0.71 0.81 
Available P bg/g) 9.35 7.00 5.90 7.13 4.95 4.02 4.32 4.98 
Monosaccharides (g/kg) 5.04 7.66 5.46 6.45 3.89 1.07 5.06 5.10 
galactose + mannose 0.58 0.86 0.60 0.56 0.60 0.78 0.14 0.68 
arabinose + xylose 

IP-nitrophenol nlcascd, rg/g dry soil/hour. 
2Formazan released, nmol/g dry soil/hour. 

differential rates of organic matter accumulation and/or decom- 
position between grazed and rested treatments. 

Moisture was always significantly higher in the soils of the 
exclosures. Bulk densities did not vary over the seasons or years, 
but increased significantly with grazing. Hydraulic conductivity at 
the O-3 cm depth was negatively affected by the grazing regime. 

Enzyme Activities 
Phosphatase activity decreased over the summer and returned to 

the previous year levels the following spring. Conversely, dehy- 
drogenase activity doubled from spring to autumn. 

T8ble 3. Slg8lfiunt effects 8t EO.05 (+) 8nd EO.01 (+*) of physkal8nd 
cbemhl cb8r8cterleiia of Blrck Chernozemlc eoll8fter ahortduratlon 
gr8zing (Sag) 8nd Mmpled 8t different 8e8som @ems) 8nd ycrrs (Ye8r). 

1985 1986 1985 + 1986 
Sdg Seas Sdg Seas Sdg Seas Year 

Moisture (%) ++ 
Bulk density: O-3 cm *+ 

(Mg/m3) 3-6 cm l 

Hydraulic conductivity: 
O-3cm ** 

(cm/ hour) 3-6 cm 
Phosphatase activity’ l * 
Dehydrogenase activity*** 
Carbon (%) l * 
Light fraction C as % 

of total C +* 
Nitrogen (%) ** 
C:N ratio 
NOs-N olgl g) 
Chitin (mg N/g soil) ++ 
Available P ho/g) l 

Monosaccharides 
(g/kg) ** 

galaCtOse + nlaMOSe l 

arabinose + xylose 

l l 

++ 

l * 

l * l * 

**3 l * 

l * l * 

l * ** 

*+ l * 

l ** 

** 

**3 

**3 
l * ** 

-3 

** 

c3 

*+ ** 
St 

l * 

*+3 ** 

** *+ 

** l * 

+* l * 

.+ l + 

l * l * 

** 
l * 

l * l * 

l 

3 ** 

* l 

** 3 
l * 3 
** 
l 
* 394 

4 

S. 4 
l * 

+* 4 
l * 3 

** l * 
l * l * 3,4 

*+ 3 

IP-nitrophenol released, rg/g dry soil/hour. 
2Formazan released, nmol/g dry soil/hour. 
YSdg X seas interaction sigruficant. 
Seas X year interaction mgnikant. 
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Chernied Properties 
The grazing treatment showed significantly lower C and N con- 

tents of the soil. There was a significant difference over the season 
for the C content as well. Conversely, the N content remained the 
same within the years with only a slight shift over winter. 

The light fraction C as percent of total C represented one form of 
compartmentalizing the soil organic matter. The autumn samples 
did have more light fraction C as percent of total C than the spring 
ones, which could represent increased fine roots over the growing 
season. Litter was not significantly incorporated into the soil by 
hoof action, regardless of year, as indicated by the light organic 
matter fraction data. 

Chitin was measured to give an indication of fungal biomass and 
thus of aggregation potential. All comparisons were highly signifi- 
cant. Autumn samples had higher chitin levels than spring samples. 
Nitrate N behaved differently under the grazing regimes over the 
season. The same was true for available P. 

Since polysaccharides containing substantial quantities of arab- 
inose and xylose are considered to be of plant origin and those 
containing galactose and mannose to be predominantly of microb- 
ial origin (Oades 1984), the ratio galactose + mannoselarabinose + 
xylose should be low (<0.5) for plant polysaccharides and high 
02.0) for microbial polysaccharides. The soils of the grazed areas 
thus seem to have more polysaccharides of plant than of microbial 
origin. Changes due to the grazing treatment were significant for 
the 1984 season only. 

Grazing significantly reduced range condition and protection 
resulted in improvement (Table 4). Of the plant species examined 
individually or as a group, only rough fescue showed a significant 
trend corresponding to the shift in range condition. 

Discussion 

Short-duration grazing is a relatively new concept for western 
Canada and controlled research studies are few and recent. From 
the standpoint of livestock production, the grazing philosophy is 
encouraging. However, the hypothesis of potential benefit to soil 
physical and chemical properties and to range condition resulting 
from intensive livestock activity at high stocking rates is question- 
able. Prior to settlement of the prairies, extensive flashfloods often 
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Table 4. Range condition (96 of clinux) and compoeitlon ($) of plant rpecia or typea in relation to time and grazing treatment on Feecue Grueland near 
Ft. Mwleod (wane back-traneformed from tbe loguitbmic mane). 

Protected GtZed Contrasts 
1982 1986 1982 1986 1 vs2 3 VI 4 2vs4 Year X treatment 

I 2 3 4 Probabilities 

Range condition 51.6 
Graminoids 58.1 

Festuca scabrella 1.6 
Carex spp. 16.2 
Stipa spp. 8.9 
Agropyron spp. 8.7 
Koeleria JBouteloual Poa 11.3 

Forbs 39.4 
Artemisia frigida 5.0 

Shrubs 0.9 

56.2 50.0 39.2 0.360 0.018 0.002 0.023 
65.7 64.4 65.7 0.094 0.798 0.95 1 0.292 
6.0 1.3 0.7 co.001 0.163 co.001 0.001 

19.1 16.8 21.9 0.413 0.145 0.362 0.625 
8.5 5.7 5.1 0.225 0.174 0.761 0.908 

11.7 12.3 10.1 0.184 0.359 0.495 0.121 
14.9 15.1 21.2 0.223 0.139 0.127 0.835 

31.2 33.8 32.8 0.136 
3.6 4.3 4.4 0.635 

0.734 
0.761 

0.2 0.6 0.4 0.084 

0.836 
0.959 

0.509 0.597 

0.346 
0.709 

0.411 

led to quick inundation of lowlands. This was blamed on the vast 
herds of bison that trampled the ground until it was impervious to 
water (Connell 1984). Indeed, more recently, Warren et al. (1986) 
showed that the use of heavy stocking rates under rotation grazing, 
with its repeated high intensity of trampling, reduced infiltration 
rates and increased erosion. 

diate release of phosphate ions bonded to the organic complex 
overwinter (Dormaar et al. 1984). 

The short-duration grazing management of the present study 
may not be as drastic as a vast herd of bison; nevertheless forage 
utilization was high and within a few years there was already 
significant impact on the vegetation, range condition, and soil. 
Effects of twice the recommended stocking rates have been shown 
by Johnston et al. (1977). Although the grassland was already in 
fair to poor condition (Wroe 1984) at the start of this study, it 
continued to deteriorate with a reduction of range condition 
reflected by a loss of desirable species such as rough fescue. 

The dominant status of rough fescue in this community is indi- 
cated by its rapid expansion within the exclosures. However, it is 
readily damaged by defoliation during the growing season (Willms, 
unpublished) and, in the present study, decreased with grazing. 
The hypothetical positive effects of animal impact (Savory and 
Parsons 1980), whether by trampling, defecation, or time grazing, 
did not ameliorate the negative effects of defoliation on the plant. 

The effects of animal impact were also detected within the soil. 
Either the exclosures improved, or the short-duration grazing 
management further aggravated thesoil, or both occurred, thereby 
widening the gap to significant differences. Thus, with the increase 
in bulk density and the reduction in hydraulic conductivity, 
coupled with the loss of vegetation, there is an increased potential 
for severe run-off and erosion. 

Although the grazing treatment did have an effect on the various 
parameters representing organic matter, there were no definite 
trends except for carbon and chitin levels. Indirectly, of course, 
through the effect of organic matter on the physical parameters 
measured, as evidenced by increased bulk density, there were defi- 
nite trends (Tables 2 and 3). It can thus be concluded that the 
stocking rates used in thii short-duration grazing management 
study significantly affected a number of physical and chemical 
properties of the soil, causing less desirable soil conditions. 

Animal impact, as applied in this study, resulted in a reduction 
of range condition as evidenced by loss of seral species. These 
trends were associated with less soil moisture and increased soil 
bulk densities indicating reduced infiltration rates. Similarly, soil 
quality, as determined by percent nitrogen and enzyme activity, 
was also reduced. Consequently, the hypothesis that animal impact 
would improve range condition was rejected. Bather, such impact, 
in the manner applied during the study, resulted in retrogression of 
the grasslands. The evidence indicates that timed-controlled graz- 
ing, with a high herd density in a short duration grazing system, 
will not negate the effects of high utilization. 
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Technical Note: 

Evaluating revegetation practices for sandy cropland in the 
Nebraska Sandhills - 

S. OLDFATHER, J. STUBBENDIECK. AND S.S. WALLER 

AbStWCt 

Supplemental irrigation generally increased seedling density the 
sctding year; however, this response was not mah~tained the year 
following seeding. Above-average precipitation minimized the 
impo~~ofirriytiontheseediagyeu.scedingmlrtureappcued 
important with a 6- and Qapecies mixture providing better estab- 
lishment than a 2-species mixture. This was apparently due to the 
relatively large proportion of switchgrass (ponicum v&gum L.) 
in the 2species mixture and its generally poor establishment. The 
reduced seeding rate r-ulted in better stand establishment than the 
recommended rate on a tilled seedbed (1.1 and 0.7 seedlings/O.1 
mz, respectively), while neither seeding rate provided an acceptable 
stand 00.5 seedlings/O.1 m2) with the no-till treatment in small 
plot evahmtions. Seedbed tillage also resulted in a higher seedling 
density than no-tillap (1.3 and 0.5 seedlings/O.1 ma, respectively) 
for the production-level field Mal. Seedling density was doubled 
with depth bands (1.2 vs. 0.6 seedlings/O.1 m2). These results 
suggested that a tilled seedbed on sandy cropland with adequate 
moisture results in successful stands. A native, warm-season grass 
mixture (4 or more species) is recommended with a seeding rate of 
15 PLS/O.l m2 using equipment with depth bands. 

Key Words: seeding, warm-season grasses, seeding rate, seedbed 
preparation, tillage 

Native vegetation of the Nebraska Sandhills is a mixture of 
short, mid-, and tall grasses (Pool 1914). Soils are sandy, low in 
organic matter, highly erosive, and have high infiltration rates. 
Rising prices for corn (Zea muys L.) and development of sprinkler 
irrigation systems during the 1970% accelerated conversion of 
Sandhills rangeland to cropland. More recently, reduced crop 
yields, low prices, and rising fuel costs have contributed to aban- 
donment of Sandhills cropland, which has increased soil eroison 
potential in the region. 

Seeding rate is a major factor influencing revegetation costs. 
Seeding rate recommendations of 20 to 40 PLS/O. 1 rnz are com- 
mon for warm-seeded grasses (Vogel 1987). Launchbaugh and 
Owensby (1970) seeded native, warm-season species in Kansas at 4, 
13,40, and 120 PLS/O.l m2. A seeding rate of 13 PLS/O.l m2 was 
required to meet minimum stand density requirements (0.5 seed- 
lings/0.1 m2). Seeding rates of 10 PLS/O.l m* may be sufficient in 
some years, particularly if plantings are to be used as a conserva- 
tion practice rather than grazed (Vogel 1987). 

Control of weeds is another factor affecting seeding success. 
Spring tillage with a disk has been successful prior to seeding 
crested wheatgrass [Agropyron desertorum (Fisch. ex Link) 
Schult.] whendowny brome (Bromus tectorum L.) was prominent 
(Evans and Young 1987). However, tilled seedbeds have not been 
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recommended in the Great Plains due to high wind erosion poten- 
tial (Barnes et al. 1952). 

Seedlings established with irrigation were more vigorous and 
productive than dryland seedlings in southeastern Montana (Depuit 
et al. 1982). Conversely, watering did not affect stand densities of 
warm-season grasses during the establishment year in North 
Dakota (Ries and Hofmann 1987). 

Objectives of the study were to evaluate and compare various 
warm-season grass mixtures, seeding rates, effect of tillage on weed 
control, depth of planting, and irrigation on grass establishment in 
the Nebraska Sandhills. 

Materials and Methods 

Study Area 
The investigation was carried out on a terrace of the Middle 

Loup River in Custer County, Nebraska. The 76-ha site was a 
complex of Ipage (mixed, mesic Aquic Ustipsamment) and Valen- 
tine (mixed, mesic Typic Ustipsamment) soils. Both soils are 
sandy, have high infiltration rates, low organic matter, and low 
water holding capacity and are classified as sandy lowland or sandy 
range sites. Frost free days range from 110 to 142. Annual precipi- 
tation averages -57 cm with 80% occurring between April and 
September (Wilson et al. 1982). 

The area was native range until 1971 when it was plowed and a 
center-pivot irrigation system was installed. Corn was produced 
until 1980 when sorghum/sudangrass [Sorghum bicolor (L.) 
Moench] hybrid was seeded in May, 198 1. Crop residue remained 
on the site in 1982. 

Replication of abandoned center-pivot sites is not generally 
feasible. Consequently, this study was designed as a series of small 
plot and field (production-level) screening trials with treatments 
replicated within 1 center-pivot site. The center pivot irrigation 
system nozzling configuration was redesigned to deliver 6 strips 
(each 60 m wide) of water (0, x, 2x levels, replicated twice). A 
replication for irrigation consisted of 3 adjacent strips with each 
irrigation level randomly assigned. The center pivot site was 
divided into 2 blocks based on the 2 major soils. Each block (38 ha) 
was divided in half, and a different tillage treatment, single disking 
no-till, was randomly assigned. Tillage was completed 6 May 1982. 
Experimental design was a randomized complete block replicated 
twice with a strip-split-split treatment arrangement (Cochran and 
Cox 1957). Irrigation amount was the whole plot and tillage treat- 
ment was the subplot for both small plot and field studies. Sub-sub 
plots varied by experiment. 

Spring precipitation the year of seeding was above average. 
April (6.7 cm), May (14.0 cm), and June (8.8 cm) were 30% above 
average. July (2.2 cm) and September (1.7 cm) precipitation was 
deficient, while August precipitation (11.2 cm) was above average 
(NOAA 1982). Water was applied 14 July, 19 July, and 5 August 
1982, for a total application of 0,2, and 4 cm for the 3 irrigation 
levels. Irrigation was not needed prior to July; however, equipment 
malfunction did not allow optimum irrigation during a dry period 
in July of the establishment year or repetition of the study the 
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Fig. 1. Schematic drawing of research site and treatments. 

subsequent year. Irrigation was not continued in 1983. Dormant 
season (October 1982-March 1983) precipitation was 20.5 cm 
above average, and the growing season (April-September) precipi- 
tation was 12.4 cm above average (NOAA 1983). 

Small Plot Trial 
Within each block*tillage*irrigation level combination, plots (8 

X 18m) were established to evaluate establishment of seeding 
mixtures and seeding rates. Plots were located in the center of each 
irrigation strip and divided into 6 small sub-plots (8 X 3 m) (Fig. 1). 
Three mixtures were seeded at 2 rates (sub-sub plot) (Table 1) May 
23, 1982 in a factorial arrangement using a Tye ‘Pasture Pleaser’ 
drill with a row spacing of 25 cm and a planting depth of 2.5 cm. 

Field Trial 
Within each block, tillage treatments were divided in half and 

each half was randomly assigned 1 of 2 drills to evaluate the 
importance of soil depth bands (sub-sub plots) during seeding. A 
Tye’Pasture Pleaser’was equipped with coulter blades and double 
disc openers; however, depth bands were removed. A Truax drill 
with a row spacing of 25 cm and double disc openers was used with 
depth bands set at 2.5 cm. The entire center-pivot site, excluding 
those plot areas used in the small plot trial, was seeded with 
mixture 1 at 21 PLS/O.l mr in late May 1982. 

Sampling and Experfmental Design 
Seedling density was recorded during September 1982 and 

August 1983 using ten O.l-mr frames placed randomly in each 
small plot (8 X 3 m). The field trial was sampled on the same dates 
u&g 20 frames within each block*irrigation level*tillage*depth 
band experimental unit. A seeding failure was defined as <OS 
seedlings/O.1 m2 (Launchbaugh 1966). 

Results 

StWiPbtTrW 
The dislced seedbed was analyzed separately from no-till due to a 

higher proportion of zero v&es in no-till plots resulting in non- 
homogeneity of variance. Seedling density increased with irriga- 
tion (BO.02) on the disked seedbed the seeding year; however, 
irrigation had no influence on density in 1983. Irrigation failed to 
infknce seedI& density on the no-till seedbcd in either year. 

A Bartlett’s test of homogeneity of variance (Steel and Torrie 
1980) indicated that the variance of mixture 3 was probably not 
equal to the variance of mixtures 1 and 2. Transformations were 

Table 1. Seeding mixtures and seeding rates used for intensive plot trial. 

Seedinn rate 
Mixture/ species Normal Reduced 

l:Six-species mixture 
Little bluestem 

Schizachyrium scoparium (Michx.) Nash 
Prairie sandreed 

Calomovilfa longifolia (Hook.) Scribn. 
Sand bluestem 

Andropogon gerardii var. paucipilus (Nash) 
Fem. 

Sand lovegrass 
Eragrostis trichodes (Nutt.) Wood 

Indiangrass 
Sorghastrum nutans (L.) Nash 

Switchgrass 
Panicum virgatum L. 

Total 

2:Four-species mixture 
Little bluestem 
Prairie sandreed 
Sand bluestem 
Sand lovegrass 

Total 

j:Two-species mixture 
Sand lovegrass 
Switchgrass 

Total 

-PLS/O. 1 m*-- 

4.3 

4.3 

5.4 

2.8 

2.2 

2.2 

2.5 

2.5 

3.0 

1.6 

1.2 

1.7 

21.2 12.5 

3.8 2.8 
4.3 2.2 
6.6 3.4 

12.3 6.9 
27.0 15.3 

6.0 3.7 
15.4 9.9 
21.4 13.6 

AVERAGE TOTAL 23.2 14.0 

not successful; therefore, seeding mixtures were not compared. 
However, seeding mixtures 1 and 2 were similar and averaged 1.1 
and 0.3 seedlings/O.1 m2 on the tilled and no-tilled seedbeds, 
respectively. Mixture 3 failed QO.5) seedlings/O. 1 m2 in all treat- 
ment combinations. 

Seeding rate*irrigation rate and seeding rate*seeding mixture 
interactions were not statistically significant. Consequently, the 
effect of seeding rate averaged over irrigation levels and seeding 
mixtures was evaluated withineach tillage treatment (Table 2). The 

Table 2. The effect of seeding rate on seedling density (seedlings/O.1 mz) 
averaged over 3 warm-season grass mixtures seeded in tilled and no-till 
seedbeds in May, 1982. 

Treatment 

Tilled seedbed 
Normal seeding rate 
Reduced seeding rate 

P>F 

No-till seedbed 
Normal seeding rate 
Reduced seeding rate 

P>F 

Seedling density 
September 1982 August, 1983 

----seedlings 0.1 m*------- 

0.7 0.6 
1.1 0.8 
0.01 0.03 

0.3 0.2 
0.2 0.2 

0.65 0.14 

reduced seeding rate was superior to the normal seeding rate on the 
tilled seedbed. The reduced rate resulted in greater seedling emer- 
gence during the seeding year and also provided greater seedling 
density the following year. Stands failed with both seeding rates on 
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the no-till treatment. Although seedbeeds in the small plot study ment goals. Conservation plantings or pasture plantings that will 
could not be statistically compared, seedling densities were numer- be minimally grazed during the first 2 to 3 years of establishment 
ically higher for the tilled seedbed both years. may be seeded at lower rates. 

Field Trial 
Interactions were not detected between supplemental irrigation, 

tillage, and depth band treatments; therefore, each factor was 
analyzed independently. Supplemental irrigation (averaged over 
tillage and depth band treatments) increased seedling density (P= 
0.10) the seeding year. Both levels of supplemental water (x and 2x) 
averaged 1 seedling/ 0.1 mr while the control had 0.7 seedlings/ 0.1 
mr. The response to supplemental water was not evident the year 
following seeding. 

The field trial verified observations in the small plot study. The 
tilled seedbed had greater seedling density than did the no-till 
seedbed during the year of seeding (Table 3). Little change 

Greater seedling densities were produced on tilled plots than on 
plots receiving no seedbed preparation. Disking provided a clean 
seedbed at the time of seeding; however, it also stimulated a large 
increase of sandbur to compete with the grass seedlings compared 
to the no-till. Weed competition on no-till plots was less; however, 
the seedbed lacked firmness. Unlike finer textured soils, tillage of 
these sandy soils caused a firmer, more settled seedbed compared 
to no-till seedbeds which have been fallowed. The firmer seedbed 
also allowed more uniform seed placement with and without depth 
bands. A clean-tilled seedbed may not have been as beneficial in 
years when moisture was limiting due to moisture competition 
from weeds. Since soil moisture was adequate during the estab- 
lishment year, seedlings could compete with sandbur on the tilled 
seedbed. King (1987) reported a stand failure on a dryland seeding, 
primarily due to sandbur competition, while an irrigated site the 
same year had a successful stand even though total weed competi- 
tion was greater. 

Table 3. The &cd of seedbed tfllqe and use of depth bands on drills on 
seedling density of a warm-season grass mixture seeded (21 PLS O.lm*) 
in May, 1982. 

Treatment 
Seedling density (seedlings O.lm*) 
September 1982 August, 1983 

Seedbed 
Tilled 
No-till 

P>F 

Drill 
With depth bands 
Depth bands removed 

P>F 

1.3 
0.7 

0.07 <O.Ol 

1.2 1.4 
0.6 0.6 
0.09 0.01 

occurred in stand density due to overwintering. The no-till seedbed 
had marginal stands during the first year; however, there appeared 
to be some improvement in the second year. 

The use of depth bands increased seedling establishment (Table 
3). Areas seeded with depth bands had twice the seedling emer- 
gence and second year establishment than areas seeded without 
depth bands. 

Discussion and Conclusions 
While this study suggested that supplemental water only pro- 

vided a temporary effect, above-normal precipitation during the 
seeding year and problems associated with timing and amount of 
irrigation confounded the effect. Timely irrigation at appropriate 
levels is likely to be more important in normal to dry years resulting 
in better stand establishment. 

Switchgrass represented approximately 70% of mixture 3 while 
it was only 10% of mixture 1. Switchgrass exhibited poor emer- 
gence. Sandbur [Cenchnrs longispinus (Hack.) Fern.] was the 
prominent weed on the tilled treatment during the seeding year 
(Kocher and Stubbendieck 1986). Roder et al. (1988) determined 
that alleopathy attributed to sandbur reduced switchgrass emer- 
gence. Sandbur control may be necessary when switchgrass is 
placed into a tilled seedbed. 

Seedling establishment from the reduced seeding rate was super- 
ior to that of the normal seeding rate on the tilled seedbed. Exclud- 
ing mixture 3, the reduced seeding rate resulted in a successful 
stand (1 plant/O. 1 m2), supporting other research (Launchbaugh 
and Chvensby 1970). A reduced seeding rate (11 PLS/O.l mr) 
produced less dense, but acceptable, stands compared to higher 
seeding rates for big bluestem (Andropogon gerardii var. gerardii 
Vitman) and switchgrass when weed control was adequate (Vogel 
1987). Use of lower seeding rates would be dependent on manage- 

Seeding depth is difficult to control on sandy seedbeds that have 
been out of production several years. Drills with and without depth 
bands produced stands that were minimally acceptable (0.5 see- 
dlings/O. 1 m2). However, drill availability should not encourage 
the use of equipment without depth bands. Sandy soils of idle 
cropland in the Sandhills are often soft, making shallow seed- 
ing difficult and increasing seed zone desiccation. These condi- 
tions require tillage prior to seeding and use of depth bands. 
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Book Reviews 
Ecological Systems of the Geobiosphere. 2. Tropical and 

Subtropical Zoaobiomes. 1986. H. Walter and S.W. 
Breckle. Springer Verlag, New York. 465 p. $89.50. 
This book is part of a 4-volume series in which the authors 

endeavour a “global synthesis of terrestrial ecology”. Their funda- 
mental constraint is “to describe the natural ecological conditions, 
free or almost free of the influence of man’s activities”. This 2nd 
vol. is divided in 3 parts according to the major climatic zones 
recognized in the tropics, i.e. the (1) Perhumid (equatorial), (2) 
Summer rainfall, and (3) Arid (subtrop. desert) zonobiomes. 
Except for a short preface, the book plunges straight into the 
special ecology of these zones. Reference to vol. 1, entitled “Eco- 
logical Principles in Global Perspective”, is required for the ratio- 
nale of zonal delineation. It is apparent though, that this is largely 
founded on the climatic diagrams which Prof. Walter has propa- 
gated for many years and which are again liberally represented. 

The standard zonobiomal outline formulated in the preface, is 
by the subheadings: 1. climate; 2. soils; 3. producers; 4. consumers; 
5. decomposers; 6. ecosystems; 7. subdivision into biomes; 8. oro- 
biomes; 9. pedobiomes and 10. zonoecotones. However, the 
authors deviate freely from this scheme, and more important, the 
weight given to the different sections varies from many pages to 
none. Both authors are plant ecologists and their book is primarily 
about vegetation ecology. In fact, this volume is a revised and 
expanded version of Walter’s “Ecology of Tropical and Subtropi- 
cal Vegetation” (Oliver & Boyd, Edinburg 1971), repeating the 
same photographs, f&es, and tables. 

The new book is most comprehensive in its coverage, area by 
area, of the morphological and physiological adaptations of plants 
and their communities to moisture regime. Throughout, we are 
treated to a manifold of other interesting floristic and ecological 
relationships, but not in a geographically consistent manner. For 
example, the differential distribution of C3 and C4 grasses is a 
subject only addressed for arid Australia. The breadth of the 
regional expositions is obviously more a function of the author’s 
interest and experience, than being commensurate with published 
research and the size of the areas involved. The deserts are favored 
with over 200 pages, whereas the most extensive tropical realm, the 
summer rainfall savannas and woodlands, is dealt with in half that 
number. Among deserts, the small Namib is examined in much 
lengthier detail than the largest desert on earth, the Sahara. For the 
latter, subsections on consumers, decomposers, and ecosystems 
fail altogether, but where these sections are present, they are brief, 
rather primitive, and relatively devoid of graphical and illustrative 
material. Integrated, comparative synopses of ecosystem structure 
and function are absent from this volume. 

In my view, the title of the book is an overstatement which 
disguises its true value. Real emphasis and strength are in the field 
of fundamental ecological phytogeography. As an introduction to 
this field the book can be warmly recommended. The book is well 
printed and illustrated. An awkward omission is any reference 
diagram or legend for the many climatic diagrams. Presumably, 
one can learn to read them in volume 1 of the series. There is an 
extensive 24-page reference list with entries up to 1985. It is best as 
a source for German and other European literature on vegetation 
science. Some productive foci of tropical research are malrepres- 
ented, e.g. Costa Rica, Panama (Barr0 Colorado), East Africa 
(Serengeti), and Sahel. With translation from the original German 
edition (1984), the price has been more than tripled.--Dirk A. 
Kreulen, Box 128,975O AC Haren, Netherlands. 

Planning for Drought Toward a Reduction of Society 
Vulnerability. 1987. Edited by Donald A. Wilhite and 
William E. Easterling with Deborah A. Wood, Westview 
Press, Inc., 5500 Central Ave., Boulder, Colorado 80301. 
597p. $42.50. 
This book is a presentation of the International Symposium and 

Workshop on drought organized to review and assess current 
knowledge of drought and determine research and information 
needed to improve national and international capacity to cope with 
drought. This endeavor was designed to be a forum for discussion 
of physical and societal implications of drought within the context 
of the local or farm level as well as international regions such as the 
Sahel. The desire was to draw up the rudiments for a plan of action 
for drought preparedness on a global scale. Chapters are presented 
by leaders in the numerous areas of interest. 

The book is presented in a manner to identify principal themes. 
1. Background. Drought and desiccation: the twin haxards of a 

variable climate. Drought phenomenon: definitions. 
2. Prediction. Global prospects from a meteorological prospec- 

tive. Droughts of northeast Brazil and their production, Prediction 
in Australia and Indonesia. Forecasting probabilities. Drought as 
a hydrological prospective. 

3. Monitoring and early warning. Surface weather monitoring 
in relation to climate information delivery. Agroclimatic monitor- 
ing during the growing season in semiarid regions of Africa. 
Drought in Australia. Satellite remote sensing of drought condi- 
tions. An operational early warning agriculture weather system. 

4. Impact assessment. Climate impact, some approaches. Drought 
impact on agriculture and water resource systems. Climate impact 
on central and eastern Kenya. International drought early warning 
systems of NOAA/NESDIS/ASIC. Food shortage and methods 
of early warning system of Ethiopia. Potential for early warning 
system to improve Africa food security. 

5. Special papers. Drought and economic development in sub- 
saharan Africa. Drought and climate change. 

6. Adaptation and adjustment. Research directions in drought 
prone areas. Overview of South Australian study. India’s techno- 
logical and sociopolitical experience. Drought and irrigation 
decline in U.S. Great Plains. 

7. Planning and response by government. Role in drought. The 
Botswana response. Eliminating famine in India. Government 
response in Northeast Brazil. Scientist and layman interaction in 
South Africa. 

8. Role of donor organizations in drought and famine. Agricul- 
ture development, Media’s action in drought. Crises management 
in Ethiopia. 

9. Summary. 
10. Workshop summary. Task force reports. 
Part of the problem in such a symposium as this is defining 

drought. The many concepts of drought reflect the respective 
approach one takes-meteorological, agricultural, hydrological, 
or socioeconomic. It is possible to recognize that various types of 
drought do exist. 

Causes of drought are not well known at present. Some of the 
causes are beginning to be known, most commonly short-term in 
nature. However, causes of the long-term droughts in West Africa 
and other places are not known. Thus it is not possible to predict 
long-term droughts but it may be to predict short-term droughts 
fairly accurately within a few years. The many facets of the climatic 
system-atmosphere, oceans, cryosphere (the ice fields), land sur- 
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face processes, vegetation, and interactions of these components- 
will make long-term prediction of droughts difficult or impossible 
for some time. 

Governmental and international programs which will help meet 
the needs of people in countries which experience drought cycles 
will continue to be important. Obviously there are uncertainties 
which exist but governments can not hide behind these uncertain- 
ties and problems. 

In summary, this book appears to bring together current jnfor- 
mation on a number of facets of drought and the attempts at 
planning for drought. From a governmental policy approach, this 
book could have use as a reference for a graduate level class but 
probably not for a text.-Luvoy Z. Croy, Stillwater, Oklahoma. 

Introduction to Plant Population Ecology, Second Edition. 
By Jonathan Silverton 1987. John Wiley and Sons, Inc., 
605 Third Avenue, New York,NY 10158. 229 p. $19.95 

(Paper). 
Plant population ecology is a relatively new branch of ecology. It 

pursues an understanding of how and why populations of particu- 
lar plants change in size over time. The foundations of this field 
occur in the attempts of researchers in agronomy and forestry to 
find the optimum number of seeds to sow and tree seedlings to 
plant. In the past several years, this population approach to ecol- 
ogy has become very popular with “pure” plant ecologists since it 
links the ecological and evolutionary study of plants. 

The topics covered in this book include lie tables and fecundity 
schedules, population models, population regulation, demography, 
clonal plants, the effects of plant population dynamics on plant 
evolution, competition between plant species, and coexistence of 
different species in very similar niches. A wide array of examples 
are drawn from agronomy, botany, forestry, and even range 
science. For example, Silverton reviews, in the chapter on demo- 
graphy, Caniield’s survivorship curves for Bouteloua rothrockii 
and Bouteloua hirsuta in graged and ungrazed populations. The 
“primary” grass, B. hirsuta, had lower survivorship while the 
“secondary” grass, B. rothrockii, had slightly higher survivorship 
under grazing. This study served to support the decreaser- 
increaser concept in range science. 

All of the chapters have their points illustrated with examples 
that include annuals, perennial herbs, shrubs, and trees. The chap- 
ter that may be of great interest to students of perennial grasslands 
is the one on clonal plants. These plants have unique demographies 
in that after a clonal plant colonizes a vacant area, the number of 
genets (genetically different individual plants) decreases over time 
while the number of ramets (genetically identical vegetative off- 
shoots such as tillers) increases. This results in an area eventually 
becoming dominated by a small number of genotypes. In addition, 

prolonged competition between clones allows only the clones that 
are best adapted to local conditions to survive. Consequently, 
genetic differences between clones occupying slightly different 
microsites within a habitat can develop. This close adaptation can 
allow clones to survive for a long time. In northern Europe, the 
clones of several species have been shown to be over 300 years in 
age! The great age that an individual clone can attain emphasizes 
the importance of seedling establishment to clonal species since 
“.:.it lays the foundation of a whole dynasty of vegetatively propa- 
gating genets”. 

The author’s enthusiasm for his field comes through this skill- 
fully organized book. The writing style is concise and easy to read. 
It has allowed coverage of a large volume of material in only a few 
pages. This second edition includes numerous citations of papers 
published since the release of the first edition in 1982. This book is 
well illustrated with diagrams, graphs, and tables from field studies 
and experiments. The treatment of theoretical models is kept 
mathematically simple. Consequently, this book can serve as an 
excellent undergraduate textbook and as a fine introduction for 
graduate students new to this field.-Blaine H.M. Mooers, Sidney, 
Montana. 

Making Soil and Water Conservation Work: Scientific and 
Policy Perspectives. Edited by D.W. Halbach, C.F. 
Runge, and W.E. Larson. 174 pages, paperback $10 post- 
paid. Soil and Water Conservation Society, 7515 NE 
Ankeny Road, Ankeny, Iowa 50021. 
This publication is based on 13 papers presented at an October 

1986 conference sponsored by and at the University of Minnesota, 
Department of Agriculture and Applied Economics; Soil Science; 
and the H.H. Humphrey Institute of Public Affairs. 

Much scientific information is presented on the causes, extent 
of, need for, and control of soil erosion. The problem of applying 
soil and water conservation practices is influenced by ever chang- 
ing policies which are political. Much background is given on the 
scientific and political aspects of application. A need is shown for 
more local participation in the formation of conservation policy. 
For the first time payments provided by the Agriculture Conserva- 
tion Program are tied to conservation practices recommended by 
the Soil Conservation Service. The various implications of the 
1985 Food Security Act are discussed. 

A review of the policies and presentation discussed in this publi- 
cation should result in a better understanding of the problems 
involved and in better cooperation among federal, state and local 
agencies; therefore: more effective application of scientific soil and 
water conservation practices.--John L Schwendiman, retired Soil 
Conservationist, Pullman, Washington. 
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