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RANGE MANAGEMENT 

Some Effects of the 1946-48 Drought on Ranges in 
Southwest Texas 

BEN OSBORN 

Sd Conservationist, U. S. Soil Conservation Service, San Angelo, Texas 

S ERIOZ;S changes in range condition 
are apparent after three years of 

drought in southwestern Tesas. Stocking 
records and range survey data from 
ranches cooperating in soil conservation 
districts provide an exceptional record 
during this critical period on privately 
operated ranges. 

Effects of drought upon ranges and sys- 
tems of management in various parts of 
the country have been popular topics with 
range specialists and ranchers for many 
years. Sotable writings on the subject are 
those by Jardine and Forsling (7) on the 
drought of 1917-18 on the Jornada range 
in Sew Mexico, Lister and Schumacher 
(8) and Nelson (9) on semi-desert ranges 
of ,irizona, Craddock and Forsling (5) on 
sheep range in Idaho, Sarvis (IO) on that 
of the northern Great Plains, Savage (11) 
on the Southerri Great Plains, and Albert- 
son and Weaver (1, 2, S) on the drought 
of 1933-36 in the midgrass and mixedgrass 
prairies. 

The account here is based on in- 
formation obtained incidentally td assist- 
ing ranch operators within a radius of ap- 
proximately 50 miles of San Angelo, 
Tesas, in developing and applying con- 
servation plans in cooperation with the 
Sorth Conch0 River, the Eldorado Di- 
\.ide, and the Conch0 Soil Conservation 
Districts. This information includes de- 
tailed stocking records by pastures from 

1 

1915 through 1948, range surveys at the 
time of developing the plans, recurring 
utilization checks and revisions of survey 
data, and some clipping of grass plots in 
permanent exclosures. 

The area is in the southern portion of 
the Mixed Prairie, where the major climax 
dominants are sideoats grama (Bouteloua 
curtipenduta), curlymesquite (Hilaria be- 
lungeri), buffalograss (Buchloe dactyloides), 
and hairy grama (Boutcloua hirsuta). A 
number of other midgrasses and short 
grasses were present in the climax. With 
widespread abuse of ranges, a number of 
shrubs of desert affinities have invaded 
or increased to produce a disclimax sa- 
vannah on most of the area. The most 
important of these is mesquite (Prosopis 
juliflora). 

THE DROCGHT OF 194648 

During the three years 194648 the area 
around San Angelo experienced the most 
severe drought in its 34 years of rainfall 
records. Compared to an average annual 
precipitation of 21.59 inches, the totals for 
these years, at San Angelo, were 7.13, 
11.50, and 13.86 inches, respectively (Fig. 
1). Similar conditions prevailed over a 
large area in southwest Texas, from 
Abilene and Coleman west and southwest 
into Mexico and Sew Mexico. 

By the summer of 1946 ranchmen were 
complaining of the drought and re- 
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ductions in herds were general in the face showed the current moisture deficit more 
of diminishing feed supplies. -4 year later severe. Better livestock prices, better 
the drought was compared with that of ranching practices, and better care of the 

u s OEPPRTMENT OF AOR!C”LT”RE WESTERN GULF REGION SOIL CONSEPVATION SEW1 
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FIG. 1. Annual rainfall at San Angelo, Tesas 

T.4BLE 1 
Stocking rates during growing season 

range doubtless eased the effects of the 
drought. 

In animal-units per section year-long 

ACTUAL PROPER 

1945 50 36 
1916 34 26 
1917 35 24 
194s* 32 20 

~~~ 
* To October 1. 

1917-18, which oldtimers described as the 
worst on record. Xlthough neither ranges, 
stock, nor stockmen were suffering the 
distress remembered from the earlier 
drought, a comparison of rainfall records 

The fall of 1918 brought relief from that 
drought at the end of the second year of 
less than 50 per cent normal rainfall, but 
in 1948 extreme conditions continued 
practically unabated. Obviously, normal 
livestock operations cannot be continued 
during such a period. Detailed records 
from some twenty ranches reveal trends 
in livestock numbers and range condi- 
tions during this period. 

STOCKIKG RATES -43x1 USE OF RAKGE 

Livestock reductions in response to the 
drought are indicated in Table 1, which 
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shows actual and “proper” rates for the 
growing season each year on the cooperat- 
ing ranches. Further heavy liquidations of 
herds took place in the spring of 19.8, but 
records on a limited number of ranches up 
to October 1 did not indicate any further 
change in grazing pressure on the range. 

been surveyed before the drought was re- 
examined and reclassified as to condition. 

The following changes in range condi- 
tion were noted : 
3,553 acres, or 20 percent, improved one 

condit,ion class 

-4ctual month-by-month use-records on 
specific pastures did not bear out the im- 
pression of repeated heavy reductions in 
livestock as the drought progressed. The 
records indicated that the major reduc- 
tion was made during 1946. 

8,577 acres, or 45 percent, declined one 
condition class 

G,MO acres, or 35 percent, remained in the 
same condition class 
As range conditions are classified in 

these soil conservation districts, a change 
of one condition class means, roughly, a 

Whatever may have happened to the 
total livestock invent,ory, the disposition 
of the stock on the range since 1946 was 
maintained at a fairly constant stocking 
rate on pastures from which records were 
available. On many ranches in this area, 
field crops normally contribute a consid- 
erable proportion of the forage supply. 
With their failure, stock had to be kept on 
the native range. Much supplementlal feed 
was also purchased and fed on the pas- 
tures. Thus grazing pressure on the aver- 
age was not actually reduced in keeping 
with reductions in total livestock num- 
bers. 

TABLE 2 
Degrees of use of range 

Percent of total acreage in each class 

LIGHT MODERATE HEAVY SEVERE 
---- 

1945 16 52 28 4 
1946 1 15 34 50 
1947 4 28 43 25 
194s* 16 32 36 16 

* To October 1. At least half of the acreage 
in each class on this date can be esyected to be 
used enough to place it in the nest higher de- 
gree of use by the end of the season. 

Even with reduced stock, more severe 
use of the range resulted during the 
drought years 19% to 1915 than in 1945. 
Table 2 shows t’he degree to which ranges 
examined were grazed at the end of the 
growing season each year, in percentages 
of t.he total acreage in each class. “Heavy” 
use is considered to be temporarily 
damaging, and “severe” use permanently 
damaging to the productivity of the range. 
“Light” and “mode?ate” use are not 
damaging and in normal years result in 
range improvement. 

EFFECT ON R.QXGE COKDITIOXS 

The effect of this continued heavy and 
severe use of the grass is apparent in 
changes in range condition. During 1948 a 
total of 18,673 acres of range which had 

change of 25 percent for the better 
or worse in the kinds of plants occupying 
a range site. It does not refer to whether or 
not the grass is “short”, or t’o the amount 
of growth in a season. Range condition is 
based on the st,and of desirable plants 
present in comparison to the best com- 
binat,ion possible on each site. It, therefore 
reflects the relative capacit$y of the range 
to produce forage with whatever moisture 
is available (6). 

The scale used t,o classify ranges is as 
follo\Ys: 
Excellent-75 to 100 percent desirable 

plants 
Good-50 to 75 percent desirable plants 
Fair-25 to 50 percent desirable plants 
Poor-Less than 25 percent desirable 

plants 

. . 
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T.4BLE 3 loss will be felt even after normal moisture 
Range conditions is restored, because it reflects a change in 

Percent of total acreage in each class kinds of plants present to produce feed 
I 1 Ill when conditions are favorable. These 

TOTAL 
ACRES 

SCRVETED 

I- 

1945 and 19-16 32,313 
1947 17,931 
1918 32,250 

EXCEL- 
LENT GooD PAIR’ PooR losses were suffered on ranches actively 

P-P- applying, to varying degrees, a planned 
T 40 35 25 conservation program. 
0 19 -15 36 Another indication of the trend is 
T 15 56 29 

shown in Table 3, which summarizes the 

TABLE 4 
Cse of selected pastures during the drought 

In animal units per section year-long 
- 

- 
1945 1946 1947 1948 

Sum. 

17” 
13 
18” 

Mod .c 

20b 
15 
18” 

Hvy.c 

2lb 
16 
15d 

1Iod.d 

13b 
10 
0 

Sone 

11 
0 

Sone 

Year 
_ 

_- 
Sum. Wnt. ‘E 

.- 
‘ear 
- 

Wint. Year 
_ - 

38 

37 
21 12 
17 1 

Mod. Mod. 
10 

15 20 
17 22 

Hvy. Hvy. 
1s 

25 

53 
15 8 
24 17 

Mod. Hvy. 
21 

11 14 
25 20 

Hvy. Hvy. 
23 

25 

53 
14 S 
31 14 

Mod. Hvy. 
27 

10 
3 

Lgt. 

13 
39 

Sev. 
25 

32 

40” 
18 10 
33 20 

Lgt. Mod. 
27 

13 
c_ 

SZ. 

17 
15 

$ L,ev. 
35 

40 23b 

60 
22 12 
10 69 

Hvy. Sev. 
40 

- - 

9 
57 

Sev. 

12 
20 

$ Lev. 
10 

Sum. Wint. 
_- 

- 

_ _ 

- 

Pasture A 
Proper. ........ 
Adjusted”. ..... 
Actual. ........ 
Degree of use. . 

Pasture B 
Proper. ........ 
-4djusteda ...... 
Actual. ........ 
Degree of use . . 

Pasture C 
Proper. ........ 
Adjusted”. ..... 
.4ctual. ........ 
Degree of use. . 

Pasture D 
Proper. ........ 
Adjusteda. ..... 
.4ct ual ......... 
Degree of use. . 

Pasture E. ...... 
Proper. ........ 
Adjusted ....... 
Actual. ........ 
Degree of use. . 

32 25 
31 39 

Mod. Mod. 

23 1s 
19 17 

Lgt. Lgt. 

21 17 
52 37 

Sev. Sev. 

27 21 
61e 37” 

Lgt.” Mod. e 

29 27 
73 46 

HVJ7. Sev. 
- 

* Proper rate adjusted by percentage of normal rainfall during the preceding 12 months at 
beginning of the season. . 

b Based on resurvey. 
e For 4 months to =lugust 1. 
d For 5 months to September 1. 
e Vse probably not as great as indicated by stocking records since t#his pasture contains no 

permanent water and gates were left open to adjoining pasture. 

The foregoing figures, then, indicate a condition of all the range surveyed each 
net loss of 25 percent in productivity on year since 1945. These figures include both 
25 percent of the range examined. This those pastures classified by site and condi- 
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EFFECTS OF 1946-48 DROGGHT ON R.4XGES 5 

tion in planning, and those reclassified in 
subsequent examinations. 

SOME C_~SE HISTORIES 

As indicated before,. the heavy and se- 
vere use of the grass, and the downward 
trend in range condition during drought 
years, took place in the face of reductions 
in livestock on ranches. Specific pasture 
records illustrat(e t,his more graphically 

units per section. -4 detailed survey before 
spring growth st,art#ed in 1945 indicated 
light to moderat$e use, while a classifica- 
tion of range condition showed 64 percent 
in good and 36 percent in fair. On this 
basis the rate of 38 animal units per sec- 
tion was acceptled as “proper” for this 
pasture, which was then used as a base 
for other surveys. This evaluation was 
confirmed in 1945, when the pasture was 

TABLE 5 

Range conditions before and after drought 

In percent ‘of acreage in each class 

Pasture A, 878 acres 
1945 
1948 

Pasture B, 1350 acres 
1945 
1946 
1948 

Pasture C, 596 acres 
1945 
1948 

Pasture D, 510 acres 
1945 
1948 

Pasizcre E, 127 acres plus 63 acres field 
1945 
1947 

than avera.ges and summaries. Data on 
the use and condition of these pastures are 
presented in Tables 4 and 5. For compari- 
son, all st’ocking records are expressed in 
animal units per section; unless otherwise 
stated, this is on a yearlong basis.’ 

Pasture -4. Pasture ,4 consists of 878 
acres, of which 42 percent is valley or deep 
upland site, 29 percent normal upland, 
and 29 percent thin upland or hill sibe. 
Over 10 years this pasbure had been 
stocked lightly and it made material im- 
provement. In 1944-about an average 
growing year-it was stocked at, 38 animal 

- 

( 
- 

- 

RANGE COXDITION 

Sood Fair POOr Gain None 

YO 

64 
10 

35 
58 
25 

31 
2 

i0 

100 

% % 

36 
i0 

65 
42 
67 

58 
s7 

30 

20 

6 

11 
11 

100 

40 60 

HAKGES IN CONDITIOb 

il 

Loss 

% 

90 

19 

29 

100 

100 

- 
i 

E ‘ROPER STOCKISG 
RATE 

38 AU/S 
17 

27 AU/S 

20 

27 _4U/S 
21 

32 AU/S 
13 

-10 .4u/s 
23 

stocked at 37 animal units per section, and 
utilization surveys again indicated light 
to moderate use, although rainfall was 
slightly below normal that year. 

Then came the drought. T_lse of the pas- 
ture x-as drastically curtailed when the 
grasses failed to make normal growth. 
Stocking in 194G amounted to 10 animal 
units per section, and in 1947 to 18 ani- 

mal units per section, approximately one- 

third and one-half, respect,ively, of the 
accepted “proper” rate. X re-esamination 

in .August, 1948, revealed 90 per cent of 

-i : , / 
i 1 
:, 

i 
i 

! 

, ‘ 
’ . 
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the acreage hnd lost one condition class 
despite the light storking. 

Annual weeds or hnw ground wplncrd 
much of the excellent turf of so;lg,xws 
and sideoats gramn (Fig. 2). The condi- 
tion in .kugust, 1948, IPUS rln~iifierl as 10 
percent of the acreage good, 70 perrent 
fair, and ‘20 percent poor. 

osts grams. 

P&we B. .Lnother pasture on the same 
ranch vas making rapid improwment 
when the drought started, and v-as also 
stoclied at less than the “proper” rate 
during the drought. This pasture of 1330 
acres was 6.5 prrcent in fair condition nnd 
35 percent in good condition xhen the 
ranch ~vlts surveyed in 1945. By compai- 
son to Pasture .\. the pqxr rate of WOCli- 
ing on Pasture 13 I\‘35 set at “7 n”ims1 
“nits per section. Total use during 1945 

tinen (dcliwa oflorafn), which uxs prom- 
inent on the vnlle? sites in 1945, ~vns re- 
dured to R mi”or element. Some\vhst 
heavier stocking, lnrt still dell helox the 
“proper” figure, was practiced in 1946 and 
1947, the rate figul%lg 21 and 23 :,nimsl 
units per section, wpectkely. Scwrthe- 
less, all the gain made in 1945 wns lost. 
Bittern-ee:l along with other unnonls re- 
:~ppenwd in the spring of 1948 following 
the reduction in the stand of grass. The 



condition of the pasture was clnssificd in 
August 1948 ns 25 pcrrent good, G9 per- 
cent fair, and G percent pox (Fig. 4). 

Pasture C. Pastwe c illustrntes 3 range 
that had been heavily used and, like Pas- 
ture B, was in fair condition at the he- 
ginning of the drought. The rate of stock- 
ing ras reduced dnring the first drought 

year to the reeommrnded “proper” rate 
based on the 194.5 anr\ey. As a result of 
this use, i0 percent of the acreage held its 
own in condition and 30 percent declined 
one condition class. This pasture of 396 
acres consisted of 90 percent deep upland 
site and 10 percent ordinary upland. The 
survey in 1945 showd 31 percent in good 
condition, 58 percent fair, and 11 percent 
poor, vith the proper rate of stoking in- 
dicated as 25 animnl units per s&ion. 
Actual stocking vns reduced from 53 ani- 

as Pasture .k, about TO prwrnt good and 
30 percent fair. It \\-a~ stocked at about 
the “proper” rate during the first ?-ear of 
drought, but was escrssivrly used during 
the summer of 1947. lloit of the desirable 
grnsses n-we eliminated ;~nd the entire 
pasture NE classified in poor condition in 
.Ingust, 1948. This pasture consists of 510 
acres, 70 perwnt deep upl~,nd and 30 per- 
rent thin upland. The paper rate of 
stocking indirated by the 1945 .wv~ was 
32 animnl units per section. .ktunl .stock- 



$ 

B~ff:do~~,ss li.5 

ThW?>,\rn.. 2.i 
Tohosn 0.45 

Totd ?“.G5 



It is difficult to eralunte the stocking 
rate on a comhinntion of nati\-e pnsture 
and field grazing surh ns this, hut haspd 
on the survey of the pasture in 1945 and 
the expected production of the firld in 
small grain for grazing, the “proper” rate 
of stocking for the comhinrd acreage was 
figured at 40 animnl units per se&on. ;\c- 
tual stocking in 1945 nas GO nnimnl Itnits 

not used during 1948 because it produced 
no Fred. The COYPT con.&ted of scattered 
wmnants of th? rod grnwe:, dominated by 
a dense stand of filnnx (Erodiwn tera- 
norm) and annnnl hroomwrrd (Fig. 5). 

The foregoing fire case histories may 
lx wcnpitulnted ns follow: 

Pasture .%-Proper rate of stocking he- 
fox the drought, follorved by one- 

per section, and in 1940 and 1947 was the 
recommended “proper” rate of 40 :mimal 
units per section. The field contributed 
little feed during the two drwlght years 
and the degree of use of the native prns in 
all three years vas sevew. .\ r?-examinn- 
tion of the pasture in the fall of 194i 
shoved that the deep uplnnds, or GO per 
cent of the acreage, had deteriorntrd to 
poor condition and the upland, or 40 per 
cent, had declined to fair. The pasture WRS 

third to one-half “p~‘oper” rate during the 
drought, reduced good condition to fair. 

Pasture P-Light stocking before the 
drought improwd fair condition to good; 
three-fourths “pv~per” rate dwing the 
dwught reduced good condition to fair. 

Pasture C-Heavy stocking before the 
drought and “proper” rate during the 
drought reduced good condition to fair 
end left most of fair rendition in fair. 

Pasture D--.1 moderate rate of stock- 



likely to rcm:~in in the snme rendition 
class xi th motlelst~e or light gr;rzing, than 
those in good condition. Even under the 
lightest intensities of use, most of tbe mid- 
‘.l’i,Jses m of bigher moistuw re&wm?nt 
,?aecumbed and dense Stands of grass char- 
ncteristic of good condition IXnges Were 
thinned by death of indiyidoal plant,? of 

ing before the drought follo\ved by one 
year of excessive stocking during the 
drought reduced both good and fair con- 
ditions to poor. 

Pasture E-Heavy stocking before the 
drought and “proper” nombws daring the 
drought reduced good condition to poor. 

These exnn~ples show that e\‘en the 
most consrnxtively used pnstures lost in 
range condition during the drought. Those 

all species. Those on wbicb rntr of stock- 
ing exceeded the recommended “proper” 
rate at any time during critical dr”Ugbt 
\‘ESI‘S \ve~e almost completely reduced to 
poor rendition, rrgnrdless of their pre- 
drought condition. 

EFFECT ox l-x;cnzm C&ASS ST.CCDS 

It is difficult to distingui;h IretnVm the 
effects of dY”ngbt nnd the effects of gmz- 



Sereral s.nch exclosures on cooper;lti”g 
ranches “ear San .bgelo indicate the 
effect of the drought, apart from grazing, 
on the range. Data from one mch exelo- 
sure on the Foster Xrist ranch sooth of 

Drtniled records ww m3de of the com- 
position and den+ity of the gKL5s co\cr at 
the beginning of the grwing znso” 
(about, April 1) each yrav, heginning in 
1940. These figures “w show, in Table G. 

These ohsrrvntions show that thus was 
3 defi”ite thin”i”g of the stand during the 
first year of the drought, but little change 
since. There was a shift from the taller 

T’an Court in the Concho Soil Conselrn- 
tion District, RR typic”1 of the trends ob- 
served. 

This area is on a deep upland site which 
was fenced out. of a pasture in 1938. .It 
that time it xvns rowed with the poison- 
ous bitterweed nctinm. Fix-e years later 
it was cowled \\-ith a good turf of buffnlo- 
grass and cuvlymer~uit~, with a scatter- 
ing of sideoats gram”, Texas wintergrass 
(Stipa leucotricha), and other grasses. 

grasses of high moisture requirement to 
the shorter sodgrasses, but no serious in- 
I-asion of undesirable plants (Fig. ($1, sl- 
though ample moisture in the spring of 
1949 allowed annunls to oreup? spxce left 
by the thin”ing of the pewnninl grass 
.-tnnd. This is not considered serious ne the 
stand of perennials is u-ell distribrlted over 
the growd a.nd sharld promptly suppress 
the annuals after this first flush growth. 
So large bare areas developed in this pro- 
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tected area \vhere the littrr rowrrd the Clippings of similar plots were made at 
soil and maintained a uniform though nplxo\-imstrly the s;~rtw datrs each year 
thinner stand of grasses. (Fig. T and 8). in the protected aca just drsrribrd on the 
These trends are illwtrated in Figure 9. Rust ranch. The total pounds of forage 
General observations on a total of nbrnt per BCI‘E in .<pril and September we shown 
100 acres of esclowre.5 including the thrre in Table i. The .\pril yields al-e illustrated 
major grassland sites of the ~IPR that have hy the bar graph in Figure 9. 
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centage of topgrowth consumed may have But, we have seen that such a course 
been twice or three times that removed cannot be followed without devastating 
during times of normal production. Such results during a period such as 1946-48. 
complete usage of the forage crop damages Cndoubtedly, the same was true in 1917- 
and eventually kills the grass plants. 18, and probably also in 1933-34. 

I DLCIltYcNI 01 .O”IC”LT”“C wc*TLIW O”LF “LOlO” SO,L ~owscnvbTlo* SC”“IC 

EFFECT OFDROUGHT 
ON PROTECTED RANGE 

SAN ANGELO, TEXAS 
DEEP UPLAND SITE, FOSTER RUST RANCH, EXCLOSURE NO.1 

OBSERVATIONS AND CLIPPINGS MADE APPROXIMATELY 
APRIL I, EACH YEAR 

b 

8 2oo 

B 1946 1947 1948 
Dendty i8 8hown by width of bar Y 

AYO11001. -11.1 9010 Dy Dmn Oaborn b-x I 0*-=0-X A?*- 6/L/40 L.A.K. 4-R-6766 
. 

FIG. 9. Composition and yield of forage in an esclosure protect,ed from grazing 

XASAGEMEKT TO MEET DROUGHT TABLE 7 

Conservative range management is 
predicated upon a safe or “proper” stock- 
ing rate which, if followed, is expected to 
average out to the advantage of the range. 
It is anticipated that the injury done by 
overuse in a low rainfall year will be over- 
come by the extra growth made by the 
range in the better years to follow. This 
has proved to be sound if a safe stocking 
rate is found and reasonable flexibility in 
the herds is provided to meet seasonal 
variations in forage supplies. 

Forage Yields of Protected Area 
Pounds per acre, dry weight 

APRIL 

1946 
1947 
1943 

Total 1.4vailable Total Available 
weight / feed 1 weight / 2 feed 

1,361 i67 
980 529 
245 

I 
135 

I 
l,iOl* 953* 
. 8il i 479 

598 329 

* October. 

From the evidence at hand it appears 
that any grazing would have been damag- 

SEPTEMBER 
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ing during these three years. Even in es- 
closures, there was loss of grass plants, 
and only the mulch on the ground 
kept the soil covered and protected the 
thinning grass stands. 

If decline in range condition cannot be 
avoided during drought, the objective 
must be to preserve a basic stland of de- 
sirable grasses to make possible rapid 
restoration after the drought is over. 

Several systems have been suggested to 
meet variations due t’o droughts. Best 
known in the Southwest, perhaps, is the 
recommendation that ranges be stocked 
at 25 percent below t’he average grazing 
capacity (4). It is pointed out that this 
rate of stocking insures adequate forage 
in a majority of years. Various adapta- 
tions of the percentage level have been 
suggested for different localities. Jardine 
(7) recommended stocking during severe 
droughts as follows: Year before drought 
100 percent, first year of drought 85 per- 
cent, second year GO percent, third and 
subsequent years 50 percent. 

From the information just reviewed, 
however, it is evident that these systems 
would not have been safe in the San An- 
gelo t!erritory in the three drought years. 
Good range management requires more 
than providing adequat,e forage for st.ock; 
with modeyn transportation and market- 
ing, occasional range feed deficits can be 
met by moving stock or by supplemental 
feeds. Conservative management must 
protect the productive capacity of the 
range, and to do this it is necessary to 
avoid lasting injury t,o perennial grass 
stands. 

In the recent experience in soil con- 
servation districts, a flexible syst.em of 
stocking based on the moisture already re- 
ceived and wit,h constant watch to avoid 
over-use is suggest,ed. Essentials of this 
system are : 

1. Rega.rd the so-called proper rate as a 
base rate to be followed as a guide so long 

as rainfall does not vary from the normal 
more than 20 percent or 25 percent. When 
there is grea.ter variation, adjust the base 
rate up or down by the same percentage. 

2. Use the total rainfall for a period in- 
cluding the past two growing seasons as a 
basis for evaluating growing conditions a,t 
any time. This will reflect not only the 
volume of growth resulting from condi- 
tions during the current season, but also 
the composition, density, and vigor of the 
stand surviving the previous season, on 
n-hich the current season’s growth is pro- 
duced. For example, Nelson (9) found 
that density of black grama was in- 
fluenced primarily by the previous sum- 
mer’s rainfall, while height gr&vth on 
existing stands was controlled by the cur- 
rent season’s moisture. 

This system also will base stocking on 
the moisture already actually received, 
and the forage crop actually produced, 
rather than the average expected. 

The San Angelo area has two growing 
seasons each year, in spring and fall, 
with partial summer dormancy between. 
Therefore a 1%month period is a satis- 
fact’ory base for calculating percentage 
of normal rainfall. Where this is not true, 
an average of the past two years should 
be used. 

How this would hare applied to the 
sample pastures previously described is 
shown in Table 4 as the “adjusted” st,ock- 
ing rate. It will be not,ed that the act’ual 
stocking of Pasture A followed this value 
closely season by season. While the range 
condition declined from good to fair on 
most of the pasture, the composition and 
soil conditions were still favorable for a 
rapid recovery. Esamination of t,he pas- 
ture after a late summer rain in 1918 and 
again early in the spring of 1919 showed 
desirable perennial grass plants well 
spaced for a rapid recovery. 

3. Do not exceed “moderate” use of 
the forage on the ground, regardless of the 
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st’ocking rate. Recognize that a certain 
amount of forage and litter must be left 
to preserve the grass and protect the soil. 

If livestock numbers are adjusted sea- 
sonally t’o the rainfall already received, 
and with constant attention to the degree 
of use of the grass, forage consumption 
and production should stay in balance. 

If the base rate is in t,urn modified with 
changes in composition, and if it is kept 
in adjustment with variations in rainfall, 
safe stocking rate should result. 

SUMMARY 

1. During 1946-48 the area around San 
,Ingelo, Texas, experienced the most se- 
vere drought in 44 years of Tveather 
records. 

2. ,1ctual stocking rates of past,ures 
were reduced materially in 1946 but have 
remained relatively constant since, and 
are still above “proper” rates. 

3. Despite reduced livestock numbers, 
the degree of use of the grass has been 
heavy to severe on most of the range since 
1946. 

4. Range conditions have declined ser- 
iously despite efforts at conservation. 

5. Detailed histories of stocking and 
changes in range condition from 1945 to 
1948 are presented for five pastures. 

6. Composition of perennial grass 
stands in ungrazed esclosures has not ma- 
terially changed during the drought, but 
annuals have invaded the thinned stands 
with the first season of adequat’e moisture. 

7. Forage production in 1948, however, 
was only one-fifth to one-half as much as 
on compara.ble areas in 1945 in ungrazed 
esclosures. 

8. Evidence reviewed indicates’ that 
ranges in fair condition can recover 
rapidly with favorable growing condi- 
tions, and good management’, but those in 

poor condition x-ill improve very slowly 
without artificial conservation treatments 
and seeding. 

9. A1 criterion for adjusting stocking 
rates in proportion to the rainfall already 
received is suggested. 
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. 

E COLOG? has instructed us that plant 
societies may strike such happy bal- 

ance with their environment and between 
their members as t’o form a stable, in- 
definitely reproducing order, called a 
climax vegetation. The concept may have 
merit at an introductory level of study, 
when it is good to make the simplest 
designs of species association. Such sim- 
plification of vegetation type and geo- 
graphic area may be misleading, however, 
like other regional classifications in which 
habitat and habit are unified. It becomes 
seriously misleading if a static view of 
relation of organisms to environment is 
substituted for attention to continuing, 
developing changes in environment, in 
competition and accommodation between 
organisms, and in continuity and pace 
of organic evolution. Both in organic evo- 
lution and earth history change is pretty 
much continuous, and its tempo, direction 
and divergences are the real object of 
inquiry. 

-4s a part-time student of climate I 
have long been interested in climatic 
limits of vegetation and have become in- 
creasingly doubtful of broad climat ic-eco- 
logic generalization. In particular, I have 
misgivings about equating climate and 
climax vegetation, leaving aside for the 
moment the question of the reality of 
the climax. In the first place, so-called 
climatic regions admittedly are only an 
introductory device for inspection of mois- 
ture and temperature distributions. We 
make maps on which graduations and 
irregularities in the weather across the 
Earth are greatly conventionalized by 
showing them as a series of areas, de- 
limited by convenient numerical values 

secured by instrument recordings. Little 
has been done with an area1 climatology 
that is based on the dynamics of air 
masses. 

The usual classifications of climate; de- 
rive largely from the old premise t,hat 
climate and vegetation are pretty much 
coincident. A&rally, therefore, there has 
been a lot of fitting of isotherms and iso- 
hyets to generalized maps of dominant 
vegetation. The fit is empirical and may 
be coincidental. Where meteorologic data 
is wanting, vegetation lines often have 
been used to delimit climates. Little pro- 
gress is made in this circular operation 
of identifying climate by vegetation, and 
vegetation by the most closely agreeing 
set of lines that. may be drawn for tem- 
perature or precipitation. For the most 
part, critical climatic limits remain un- 
known as to physiologically limiting 
weather values for individual plant spe- 
cies. Sor have n-e much knowledge of 
the significance of frequency of extreme 
weather conditions in plant reproduction 
or survival. It need hardly surprise, there- 
fore, that the cruder the climatic and 
plant data the more satisfactory the co- 
incidence of the two. One begins, for in- 
stance, with the premise that grasslands 
have a climatic origin, sorts them into 
tropical and estratropical, semi-arid and 
humid, and high altitude grasslands, and 
selects the most closeiy agreeing clima- 
tolog+ values as their limits. 

-41~0, this sort of manipulation disre- 
gards whatever lies behind the contem- 
porary scene of weather or plants. .4 
present plant complex is very much more 
than a mere reflection of short-term 
weather, or of plant physiology related 
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to weather alone. ,4ny assertion that under 
a given climate there will form a st,able 
self-perpetuat,ing plant complex is likely 
to perpetuate an assumption that arose 
before there was modern biology and 
earth science. Plant associations are con- 
temporary expressions of historical events 
and processes, involving changes in en- 
vironment and biot,a over a large span of 
geologic time. A real science of plant 
ecology must rest not only on physiology 
and genetics, but on historical plant and 
physical geography. 

I should like, therefore, to dwell briefly 
on the last million years, one of the bio- 
logically most critical periods of Earth 
history. M7e should also regard the possi- 
bility that present time still falls within 
the overall term “Ice Age”. It is by now 
fairly sure that there were within Pleist,o- 
cene four successive great glaciations, 
separated by intervals of deglaciation, 
perhaps longer than the times of glacial 
extension. Roughly twenty million square 
miles of land surface were buried beneath 
ice masses during each glacial stage, and 
mostly were uncovered during intergla- 
cial times. Sea levels fell as ice sheets 
grew, and rose as they were melted away; 
continental connections between Siberia 
and -Alaska were made and broken 
repeatedly. 

Far rea,ching, major climatic changes 
initiated each glaciation and deglaciation 
and involved middle and, to some extent, 
low altitudes, far removed from any ice 
mass. The Pleistocene was a succession 
of wide and deep withdrawals and read- 
vances of plants and animals, involving 
tens of’ millions of square miles of land, 
areas far greater than those covered by 
ice. During ice advances pluvial cli- 
mates spread across large parts of the 
deserts and semi-arid lands of t,he world; 
during ice retreat,, we think that arid 
and semi-arid conditions resembled the 
present. 

Mountain making, especially about the 
rim of the Pacific Ocean, was in major 
swing in early Pleistocene, diminishing 
toward the present,. 

The over-all picture is one of maximal 
environmental disturbance, with a suc- 
cession of climatic swings in opposit,e di- 
rections by which perhaps only the central 
tropics remained unaffected. This rarely 
equalled time of great and rapidly chang- 
ing tensions for the major part of the 
organic world, inevitably brought unusual 
opportunities for natural selection of vari- 
ant organisms. 

An important fauna1 change needs t,o 
be noted. Whenever there were land con- 
nections with -4sia, dispersals of land ani- 
mals took place between the Old World 
and Sew. .ipparently mainly during the 
second (Kansan) glaciation the Sew 
Tf70rld was colonized by major groups of 
mammals. _-it such times there trooped 
into the Sew World our great herbivores, 
the bison, elk, deer, sheep, and elephants, 
trailed by bears and wolves. The great 
herd animals became very numerous dur- 
ing the later Ice _4ge and can be credited 
with important ecologic shifts in vegeta- 
tion, as by disseminating seeds along trails 
and about their bedding grounds, and 
by exerting selective pressure favoring 
plants tolerant of browsing, grazing, and 
tramping. Our later continental history 
witnessed a stocking of the land 1vit.h 
herd animals, perhaps equivalent to pres- 
ent livestock populations. 

The latest glaciation (Wisconsin) is 
thought to have ended about twenty-five 
thousand years ago, having lasted perhaps 
three times that span. During this time 
there were mountain glaciers as far south 
as the San Francisco Mount)ains of Ari- 
zona and pluvial conditions blanketed the 
now arid and semi-arid parts of the M7est 
and Sout8hwest,, with an ext,ension into 
Central Mesico. The dry lakes of our 
N7est and their conspicuous marginal ter- 
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races were then freshwater bodies, about 
which lived herbivorous animals requiring 
better than desert browse. These lakes 
in the main were not caused by glacial 
meltwaters from high mountains, but rep- 
resent t,he result of local precipitation. 
-4t this glacial time it would appear that 
aridity had been reduced to minor, de- 
tached, low-lying rain shadow basins. The 
modern general pattern of at’mospheric 
circulation, and hence of modern climates, 
probably was established with the begin- 
ning of the last, great ice retreat. The 
change from pluvial to arid conditions 
may have well been rapid, and also the 
territorial expansion of the organisms 
capable of living in lands of drought. 
Shifts in comparative advantage for dif- 
ferent species affected most of the Cnited 
Stat!es, least of all the Southeast. Meso- 
phytic types took over most of the de- 
gla,ciated area, drought tolerant forms 
much of the West. In each case the race 
has been to the slvift; plants having rapid 
means of dispersal and pioneering vigor 
t,ook advantage of the frontier rush. 

We are not sure that we are at present 
in a period of full climatic equilibrium. 
The general ice recession appears to have 
stopped about seven thousand years ago. 
From the states bordering on Canada we 
are getting, mainly from pollen studies, 
indication of a sort of climatic “opt8imum” 
shortly thereafter. ,4t present, there ap- 
pears to be in progress a further recession 
of glacial ice, recorded not only from 
northern and mountain glaciers, but by 
a slow, general rise of sea level taking 
place along the entire Atlantic Coast. 
,4t least we have some reason for being 
cautious about assuming static contem- 
porary climates. 

Great changes in climate have domi- 
nated the physics1 world for at least the 
last million years. It has been a long 
time for succeeding crises and opportuni- 

ties for that part of the organic world 
situated outside of the central t’ropical 
areas. It has been, and probably continues 
to be, a time of marked advantage for 
mobile and labile forms, for those that 
are tolerant of environmental change, and 
t,hose that can change. Evolutionary plas- 
ticity pays off at such times. Certainly 
it has been a time of opportunity for 
many grasses and herbs as against many 
trees and shrubs. Fast and heavy seeders, 
vigorous vegetative reproducers have 
been favored and thus annuals and plur- 
annuals have had added colonizing ad- 
vantage. Changing environments have 
favored survival of mutants. Enforced 
and invited migrations have brought to- 
gether previously disjunct forms and 
multiplied opportunities for successful 
hybridization. In most respects the bal- 
ance has been tipped in favor of the lowly 
and short-lived. The climatic history of 
the late geologic past supports strongly 
the view that Pleistocene has been a 
major time in evolution and dispersal 
of many grassy and herbaceous forms. 

The second great agent of disturbance 
has been man, an aggressive animal of 
perilous social habits, insufficiently ap- 
preciated as an ecologic force and as modi- 
fier of the course of evolution. Man has 
been in existence throughout the Pleisto- 
cene, ranged very widely very early, and 
during it became the dominant animal 
over many climates and, it seems, all 
continents. The earliest human records 
we have show the familiar use of fire, and 
they range from England to South Africa. 
In fact, the most ancient human sites 
have usually been discovered by finding 
hearths, broken or crazed stones, baked 
earth, or accumulation of charcoal. Pos- 
sessing fire, man was free to move into 
cold climates, to keep the other predators 
at a distance from his camp, and to 
experiment with foods unpalatable in the 
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raw. Fire and smoke became labor saving 
devices for overpowering, trapping, and 
driving game, from small rodents to great 
cattle and elephants. Fire aided the col- 
lecting of fallen fruits, as nuts and acorns, 
and much later was the principal way 
of preparing land for planting. The earlier 
human economies collectively may be 
called fire economies. Often, of course, 
fire escaped from control and roamed un- 
restrained until stopped by barrier or rain. 
The fire-setting activities of man perforce 
brought about deep and lasting modifica- 
tions in what me call “natural vege- 
tation”, a term t,hat may conceal long 
and steady pressure by human action 
on plant assemblages. 

In the Xew World human agency has 
been discounted because of dogmatic 
views that man entered America very 
late. A controversy has been going on 
for 50 years as to the age of man in the 
n’ew N’orld. Even the partisans of the 
late coming of man have been forced to 
admit an age of at least 15,000 years. 
It is my considered opinion, however, 
that the available evidence and the o\-er- 
all probability favor presence of man in 
the Sew World for the last third of glacial 
time. Work is proceeding in so many 
places and with new crit,eria so that it 
should not be long before we have un- 
equivocal evidence instead of emotionally 
biased guesses. We may have had ma.11 
in the Sew World for two or three hun- 
dred thousand years with plenty of time 
for increase in his numbers to the limits 
of the resources he was able t,o use. When- 
ever and wherever man came to live the 
prospects of a static ecology soon were 
reduced. With steadily continuing and 
increasing disturbances of plant associa- 
tions by him, areas of plrint tensions, 
already existing by reason of climatic 
shifts, were accentuated and enlarged. 

Grasses have fared especially well in 

the late geologic past and have expanded 
as dominants in many parts of the world 
and in many climates. The explanation 
does not lie as a rule in the unsuitability 
of such tracts for woody growth. The 
normal history of vegetation is an accom- 
modation into the plant society of in- 
creasing diversity, of forming and filling 
of ecologic niches by more and more di- 
verse form& In grasslands on the contrary 
we have a simplification of plant structure 
and scale toward minimizing differences 
in habit and size, simple and ephemeral 
stems, shallow and fibrous roots. This 
is a most curious plant sociology, from 
which the philogenetically most varied 
woody plants are mainly or even wholly 
excluded. 

Where shallow and fibrous rooting is 
an advantage, floristic and morphologic 
impoverishment is understandable, as by 
adverse soil aeration and tempera.tures 
in marshes and moors (though even here 
woody perennials may be common though 
dwarfed). Another case is where a tight 
subsoil at inconsiderable depth stops root 
penetration. The clay pans of mature soils 
on flattish surfaces give numerous illus- 
trations of edaphic grasslands. Long con- 
tinued weathering on old terraces and 
other old surfaces that have developed 
senile soil profiles are notoriously disad- 
vantageous for woody growth, especially 
in pedalfer soils which appear to have 
less penetrable basal pans than pedocals. 
These and other special cases of surface 
and soil formation do account for a num- 
ber of edaphic types of grasslands, but 
are quite incompetent to explain the 
great savannas, steppes, and prairies of 
the world, commonly above the average 
in fertility and in invitation t.0 plant 
diversity. 

For these latter the espla.nation has 
commonly been sought in climate, es- 
pecially in an ecology, which from its 



beginnings has sought climatic esplana- 
tions for the presence of grasslands and 
thus arrived at the climatic climax prin- 
ciple. The more we learn of climatic data 
the less success is there in identifying 
climate with grassland. There are grass- 
lands with as little as ten inches of rain 
a year, and with as much as a hundred, 
with lcng dry seasons, with short dry 
seasons, with high and low temperature 
ranges. In this country they occurred from 
the drier parts of the Great Plains to the 
markedly mesophytic Pennyroyal of Ken- 
tucky and Black Belt of -Alabama. Every 
climate that has been recognized in which 
there are grasslands has elsewhere domi- 
nance of forests, woodlands or brush, un- 
der the same weather conditions. 

Grasslands are found chieflly (a) where 
there are dry seasons or occasional short 
periods of dry weather during which the 
ground cover dries out, and (b) where 
the land surface is smooth to rolling. 
In other words, grasslands are found in 
plains, subject to periods of dry weather. 
They may also extend into broken terra.in 
adjacent to such plains. Their occurrence 
all around the world points to the one 
known fact or that operates effectively 
across such surfaces-fire. Recurrent fires, 
sweeping across surfaces of low relief, are 
competent to suppress woody vegetation. 
Suppression of fire results in gradual re- 
colonization by woody species in every 
grassland known to me. I know of no 
basis for a climatic grassland climax, but 
only of a fire grass “climax” for soils 
pern&ting deep rooting. For millenia, and 
tens of them, fires, for the most part 
set by man, have deformed the vegetation 
over the large plains of the world and 
their hill margins. The time of human 
disturbance is probably long enough, even 
in the Yew World, to allow also for evolu- 
tion of new grassland species and for the 
development of soils of characteristic pro- 

file and structure that are known as 
“prairie soils”, a secondary product rather 
than cause of grassed surfaces. 

A word of reserve may be introduced 
concerning the assumption that grassland 
soils are more fertile than forest soils. 
Grassland soils may be fertile because 
they lie on plains, are composed of favor- 
able minerals, and are favored by surface 
as to organic accumulation. They do seem 
t’o develop physical-chemical qualities 
congenial to cultivated grasses, or cereals. 
By their history prior to cultivation, they 
may be a self-contained revolving fund 
of fertility if they are still sufficiently 
youthful. But, short and fibrous roots 
in the longer run are at a disadvantage 
with deeply penetrating roots in carrying 
up mineral salts from depth. We may 
over-rate the durability of grassland fer- 
tility in our short-term civilized view of 
time and neglect the importance of deepl! 
feeding trees and shrubs in maintaining 
a productive Earth. 

A drift of vegetation towa.rd more grass. 
land, including probably increased varia- 
tion in grasses and herbs, has been going 
on for many thousands of years. This 
deformation has probably derived its 
driving force from fires, chiefly a cultural 
phenomenon. Ecologic assemblages, 
though not climax nor in equilibrium, 
have thus been established and main- 
tained. The question now is whether civil- 
ized man can or should undertake to 
maintain grass cover and “forb-herb” 
ratios about as he found them; in other 
words, whether the desirable usufruct 
of such lands will justify or require his 
use of fire, as it did for his aboriginal 
predecessors. 

In a world increasingly pressed by 
human needs the symbiosis of stock, grass, 
browse, and multistory pla.nt cover is an 
increasingly important problem. Largely 
the world has lost the better plains for 
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grazing and its shrunken range lands are 
in mountain, hill, and footShill areas, criti- 
cal for storing and spreading water for 
lowland populations. These grazing lands 
were, I think, primevally strongly modi- 
fied by fire. In that condition they served 
well to ease the runoff gently onto the 
valley lands. What place will be left 
in them for palatable grasses and herbs 
under full fire prot,ection? What, happens 
to runoff if grasses yield to shrubs? What 
is the change in fire hazard as full pro- 

t,ection is attempt’ed? What are the risks 
and returns under controlled burning? 
Fire, or its elimination, is still a main 
problem in the applied total ecology by 
which western foresters and graziers must 
attempt to work out a durable modus 
vivendi for man in a non-static environ- 
ment. The layman can only hope for 
them that they may resolve this difficult 
and delicate situation by being permitted 
to take the longest possible view of bene- 
ficial activity by man. 



Pastures in the Italian Highlands 
W. T. WHITE 

Soil Conservation Service, Swan Island, Portland, Oregon 

T HE Italian highlands, formed by the 
Alps and the _4ppenines, cover nearly 

one third of the whole country. The moun- 
tain pastures on these highlands present 
a variety of environmental condit,ions such 
as soil differences, degree of erosion, eleva- 
tion, character and kind of precipitation, 
and character of vegetation. Effective 
plans both for the improvement and for 
the maintenance of sustained yields of 
Italian mountain pastures require careful 
attention to those fact,ors. 

Range and permanent pastures occupy 
about 53 percent of the mountain area. 
Range, as used here refers to the rocky, 
brush covered‘ slopes or to those areas 
abandoned because of erosion-a sort of 
“no man’s land” grazed only intermit- 
tently-generally by goats or small flocks 
of sheep. All of the pastures have been 
grazed for hundreds of years, while those 
in the Central and Southern portions of 
the Italian peninsula have been under 
some type of grazing use for more than 
two thousand years. Incidentally, it is 
est,remely gratifying for a range techni- 
cian to find pastures in excellent condition 
after more than 1000 years of use. Such 
examples are rare, but they do exist in 
Italy. 

Much but not all of the land n ow 
grazed was originally covered by forests, 

. importantly oak and pine. 
The pastures (the more productive of 

the lands which are grazed) are extremely 
important in the Italian rural economy. 
The maintenance of a satisfactory live- 
stock population, and the possibilities for 
increased amounts of meat and dairy prod- 
ucts are directly related to availability 
of more high producing pastures. More- 
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over, practically all cattle, sheep, and 
goats, are slaughtered directly off pasture, 
and an important part of the Xation’s 
butter and cheese is produced on moun- 
tain pastures. 

JThile the quality of livestock generally 
could be greatly improved and production 
increased by use of better sires, and some 
increase could be made in the amount 
of winter forage grown on farms, for live- 
stock, the Xation must look t,o higher 
yields on summer pasture if a permanent 
increase in the supply of animal products 
is to be attained. There are only very 
limited opportunities for establishing ad- 
ditional pastures. The forage required for 
increased product’ion of meat and dairy 
products must come from the improved 
yields of pastures now in use. 

An indication of the potentialities for 
increased production of animal products 
is seen when Alpine pastures in poor con- 
dition, producing only 30 to 30 kilos of 
meat per hectare are compared with simi- 
lar pastures in good condition which are 
producing 160 to 200 kilos of meat per 
hectare. In Xmerican terms this is a range 
from a low of 66 pounds of meat per 
acre from pastures in poor condition, to 
a high of over 440 pounds per acre from 
pastures of the same type in good condi- 
tion. 

THE _~LPIR’E PASTURES 

The -4lpine mountains of Xort’hern 
Italy are characterized by high, barren, 
steep peaks with intervening grass- 
covered narrow valleys, and an annual 
precipitation of GO-70 inches fairly well 
distributed throughout the year. The 
effective season of plant growth, and con- 



sequently the period of protit,able grazing 
is 93-103 days. Forage plants suitable 
for pasture grox nt &~ations of 4000 
to 8000 feet. Moderate to serious erosion 
is a factor on part or the n-hole of 50 
percent of the mountain psstures in the 
Alpine mountains. Erosion is present but 
less serious on an additional 30 percent 
of these psstures. 

Xost of the pastures in the Italian 
highlands are oxned by neighboring com- 
munes or by prirate individuals. A few 

T 

of grazing. The lease is genially made 
for one year to the highest bidder. 

The pastures of the -41~s \xry in size 
from 59 to 490 hwtarrs. Generall>~, ho\v- 
ewr, the pzstures contain from GO to 100 
hectares (1 ha = 2.~ acres). 

Kater is generally plentiful, but it is 
frequently p&y located. .Idequate 
troughs and tanks for supplying drinking 
water for stock are generally lacking, 

Only a very few pastures are fenced 
and none sre cross-fenced for deferred 

:d. 

pastures are owned by the State and 
administered by the Forestry Corps. The 
pastures are customarily rented either to 
groups of lirestock owws or to individual 
livestock operators n-ho hare farms in 
the lowr valleys or plains. Past,ures are 
generally rented or leased for the season 
lyithout restrictions as to time or numbers 
of stock. Some leases do specify numbers 
and inclusive dates of grazing use; how- 
erer, in these rare instances, no close 
check is made with reference to numbers 
actually grazed or of the specific period 

and rotational grazing. Herders or shep- 
herds generally accompany the livestock. 
.4t night while the herder sleeps, the stock 
are customarily placed in corrals or sheds. 

Practically all the animals grazed on 
mountain pastures are milk stock. Most 
of the animals are of low to medium 
quality; very few herds or flocks are of 
improred grade. Practically no pure-bred 
herds or flocks are found. Butter and 
cheese are made in a small building 
located on the pasture. A majority of 
the pastures of the Alps a-e grazed by 
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cattle, but a few flocks of sheep and the vegetation consists of secondary or 
goats are also grazed. Both the sheep less desirable forage, intermediate or low 
and goats are milked. On many pastures yields are produced. Where the unde- 
sheep and goats are also grazed at the 
end of the season after the cattle. What- 

sirable forage plants dominate, only low 

ever herbage is not taken by the cattle 
yields of grazable forage are found. 

is grazed to the surface of the ground. 
Sampling the pasture flora and rating 

A study of the flora of typical Alpine condition of high, intermediate and low 

pastures reveals that where there are producing pastures in the Alpine valleys 

good stands of the desirable grasses the indicate the following plants to be the 

volume yield is generally high. Where more important. 

Grasses 

Deschampsia caespitosa 
Fesluca ovina 
Fecluca rubra 
Phleum alpinum 
Anthoranthum odoratum 
Poa alpina 
Poa bulbosa 

Grasses & Sedges 
Agrostis rupestris 
Agrostis alba 
Agrostis vulgar-is 
Calamagrostis tenella 
Calamagrostis villosa 
Trisetum spicatum 
Trisetum argenteum 
Avena pubescens 
Koeleria vallesiana 

Koeleria hirsu ta 
Poa violacea 
Poa compressa 
Poa chaixi 
Festuca silratica 
Festuca pulchella 
Bromus inermis 
Carex echinata 
Carex leporina 

ALPISE PASTURE FLORA 
Desirable Forage Plants 

Forbs (broad-leaved) 
Trijolium pratense 
Trijolium repens 
Trijolium alpinum 
Trijolium saxatile 
Lotus corniculatus 
Crepis spp. 
Leontodon hispidus 
Leontodon autumnalis 

Less Desirable Forage Plants 

Forbs 

Grasses & Rushes 
Scirpus paucijlorus 
Nardus stricta 
Briza media 
Juncus arcticus 
Juncus jilijormis 

Plantago media 
Achilles millejolium 
Ranunculus acer 
Carum carvi L. 

Undesirable Forage Plants 
Forbs 

Rumex alpinus Cerastium alpinum 
Hieracium auricula A lchemilla alpina 
Luzula sudetica Soldanella alpina 
Horminum pyrenaicuntp Brunella vulgaris 
Polygonum viviparum ,Vepeta nuda 
Cerastium cerastioides Campanula spp. 

Potentilla erecta 

Other criteria found to be of value in 
judging pasture condition included: 

(1) Density of vegetation, especially 
where the less desirable or unde- 

sirable plants dominate the flora. 
Usually where undesirable plants 
have widely invaded the pasture 
there is a tendency for the vegeta- 



(2) 

(3) 

(4 

(5) 
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tion to grow in bunches, with many 
bare spots or only thinly covered 
areas. One esception is not,ed where 
the worthless grass Yardus stricfa 
is the principal invading plant, it 
may cover the surface in a dense 
stand. Usually, the high yielding 
pastures have an even dense stand 
of vegetation. 
Pastures in good and excellent con- 
dition have high percentages of 
tufted hairgrass (Deschampsia cae- 
spitosa). Pastures in only fair con- 
dition generally do not contain 
more than 5-10 percent of tuft’ed 
hairgrass, and frequently the spe- 
cies is absent in poor condition 
pastures. 
Nardus stricta is an indicator of 
overgrazing, of acid soils, of eroded 
soils, and where there is little avail- 
able nitrogen. It can be quickly 
eradicated from pastures by cor- 
recting the acidity, adding nitrogen, 
and following good grazing prac- 
tices. 
When the soil is at least moderat,ely 
fertile, and neutral in rea.ction, im- 
portant indicators of overgrazing 
are, Agrostis spp., Trisetum sp., Poa 
viokcea, Potentilla erccfa and Poly- 
gonum viviparum. 
When fertile pastures, with soils 
which are acid in reaction, are con- 
tinually overgrazed Ranunculus 
spp., Rumex sp., and Senecio al- 
pinus become dominant. Correcting 
the acidity by the application of 
lime and following good grazing 
methods will allow grasses and 
clovers to again replace these 
species which, while they protect 
the soil from erosion are of little 
value as forage plants. 
Erosion was found to be closely 
associated with the kind of plants 
found on the pastures. So erosion 

was observed on pastures in good 
or excellent condition, but destruc- 
tive erosion was prevalent on many 
pastures classed as poor to very 
poor. Fair condition pastures gener- 
ally exhibit moderate to severe 
erosion on slopes over 15 percent. 
An apparent contradiction is the 
absence of current erosion on areas 
covered by thick stands of the pest 
Nardus strictu; however, in all in- 
stances where widespread invasion 
by this grass was observed, the 
sites were found to have lost most 

, or all of the top soil. The present 
vegetation was growing on the 
subsoil. 

Using these criteria as guides, a pre- 
liminary past,ure condition classification 
for the Alpine pastures producing such 
plants as those listed in the pasture flora 
was found to be as follows: 

Percentage Conzposiiion by Con.dition Classes 

Excellent condition. . . 
Good condition. . . . . . . 
Fair condition. . . . . . . . 
Poor condition. . . . . . . . 
Very poor condition.. . 

- 
DESIBA- 

LESS 

BLE 

I I 

DESIBA- U~‘DE- 

PLAXTS BLX 
SIRABLE 

PLAA-TS PLAXTS 

-(-_ 
% % % 

85-100 O-10 O-5 
70-85 10-20 O-10 
50-70 20-35 lo-25 
20-50 35-55 2030 

5-20 25-35 40-70 

Estimated Grazing Capacity 

Excellent condi- 
tion.. . . . . . . . . . . S to + ha. per cow month* 

Good condition. . . i to 3 “ “ “ it 
Fair condition.. . . 3 to 1 “ “ “ “ 
Poor condition. . .l t,o 14 “ “ “ “ 
Very poor condi- 

tion . . , . . . . . . . .13 t,o 3 “ “ “ “ 

* 1 cow mont,h is the amount of forage re- 
quired to supply one 450 kilogram cow a full 
ration for one month. 

THE AwE~INE PASTURES 

The Appenine Mountains, especially 
those forming t,he Southern rim of the 

T’ 
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PO T’alley and the Central portions of 
the Italian peninsula are of Iowr eieva- 
tion than the Alps and are rounded peaks 
and ridges that we frequently covered 
vith trees, brush, grasses or weeds. The 
most important grazing areas are found 
in rounded ralleys, flat or nearly flat 
basins, &“d low undulating hills. The 
mountain pasture lands in the hppenines 
generally lie at e1eKitions betwe” 3000 
to 4500 feet, where the rainfall raries 
from 15 to 35 inches per year. Dry 

?;o\-emher. I-IO\\-erer, because of the pre- 
vailing high temprmtures, aridity of 
some soils and the scarcity or total lack 
of rain during GO-90 days of mid .swnl”er 
heat, the growth periods of forage plants 
are Iinlitrd to short seasons in the spring 
and fall. Moderate to serioas erosion is in 
evidence on SO percent of the mountain 
pastures of the Appenines. 

The Appenines also contain extensive 
areas of moderate to steep mountain 
slopes, principally at elevations of 1800 

Provinces. - ” 

summers prerail. There are generally 90 
to 100 days from late May to early 
September vhen no effrctiw rain falls. 
Winter snow accumulntion is slight and 
may wry from 1 t,o 3 feet but in sonx 
seasons the snow of each recurring storm 
may stay on the ground only a fev days. 
Summer temperatures are high. wth 
some hot weather during Spring, so that 
water losses by evaporation RX high. 
The period when temperatures are w.rm 
enough for growth may extend from 
early April to mid October or early 

to 3600 feet, that formerly were covered 
by grasses and xssociatpd forage plants. 
Former conditions are indicated by 
remnant patches of top soil and relict 
forage species which may still be found. 
Some of these awns. partic&“ly those 
with so”therly esposurrs on limestone 
formations, wre probably once the most 
productive mountain grazing lands in 
the Sntion. These slopes generally have 
lost their top soil by erosion processes 
extending hack over many >-exrs and es- 
hibit rocky ground surfaces growing only 
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brush, weeds and unpalatable grasses 
from the soil or subsoil that remains 
between the rocks. Practically all these 
slopes are suffering from very serious 
erosion. Little study has been made of 
the possibilities of reclaiming these lands 
for pasture. 

SEGREGATION OF PIIOUSTAIN 
P.4STURE PLASTS 

(-4QUIL-4-Central Appenines) 

Desirable Forage Plants 

Grasses Forbs (broad-leaved 
plants) 

Inspections of the mountain pastures 
in the Appenines similar to those in the 
Alps, permitted the development of a 
list of the more important plants, and a 
segregation of these into three categories 
of desirability as a basis for classifying 
the pastures as t,o condition. Greater 
variations \vere found in soils, exposures 
and precipitat,ion than in the Alps. An 
example is given below of a study of the 
mountain flora of the commune owned 
“Piano di Pezza” pasture. This nearly 
circular mountain basin of 300 hectares 
has a silty clay subsoil and is locat’ed 
near Aquila in the region of Abruzzo. 
The condition criteria developed here in 
basin pastures were found to be appli- 
cable to similar pastures in an area of 
approximately GO kilometers square. Dry 
pastures, with gravelly or sandy sub- 
soils, in this area required a separate 
plant list and segregation of species, in 
order to accurately classify them as to 
condition. Still other compilations and 
field studies were necessary for develop- 
ing range con’dition guides for appraising 
mountain pastures in the Appenines, 
South of Xaples. 

Festuca elatior 
Festuca ovina 
Dactylis glomerata 
Poa pratensis 
Poa violacea 
Agrostis rupestris 
Bromus inermis 
Phleum pratense 
Agropyrum repens 

Trijolium montanum 
Trijolium repens 
Lotus corniculatus 
Medica.go hispida 
Crepis alpestris 
Crepis con yzaejolia 

Less Desirable Forage Plants 

Grasses & Sedges Forbs (broad-leaved 
plants) 

Phleum alpinum 
Poa alpina 
Poa annua 
Koeleria pubescens 
Festuca silvatica 
Bromus rubens 
Bromus secalinus 
Bromus tectorum 
Carex sp. 
Carex mucronata 

Plantago montana 
Leontodon autumnalis 
Geranium phaeum 
Achilles millefolium 
Daucus carota 
,4stragalus baeticus 
Astragalus pilosus 
Laihyrus nrontanus 
Vicia silvatica 

Undersirable Forage Plants 

Percentage of Desirable, Less Desirable and 
Undesirable Pasture Plants by 

Condition Classes 

Grasses 8: Rushes 

_vardus stricta 
Holcus lanatus 
Festuca sp. 
-4ndropogon dis- 

tachyius 

Brush 

Artemisia glacialis 
Arctosiaphylos Uva- 

Ursi 
Juniperus sabina 

Forbs (broad-leaved) 

Cirsium eriophorum 
Cirsium lobelli 
Centaurea rupestris 
Carduus chrysa- 

canthus 
Sedum rubens 
Euphorbia jeplus 
Lactuca virosa 
Rumex alpinus 
Erigeron alpinus 
Polygonum bistor- 

toides 
Polygonurn alpinum Excellent condition. . . 

Good condition. . . . . . 
Fair condition . . . . . . . . 
Poor condition. . . . . . . . 
Very poor condition . . 

. 
DESIRA- UhiE- 

BLE SIRABLE 

--- 
90-100 O-5 O-5 
75-90 5-15 O-10 
55-75 ‘10-25 5-25 
30-55 20-45 25-45 
5-30 10-25 45-‘75 

More sheep than cattle are grazed in 
the Appenines. The season of grazing for 
sheep varies from 115 to 200 days de- 
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pending on elevation and exposure. The RECOMMEKDED b$AKAGEMEXT PR.4CTICES 

sheep generally are kept on farms in the 
winter in the larger valleys and coastal 

-4pplicable remedial measures to im- 
nrove mountain pastures are. . 

plains on the southern two t’hirds of the ;- 
’ peninsula on both the East and West 

coasts. The mountain pastures of the 
Appenines are generally of larger size 2 

’ than those of the -41~s; some exceed 1000 
hectares in area. 

Regulated season of use based on the 
plant growt,h requirements of the best 
forage plants and pasture condition. 
Development of adequate livestock 
water supplies to eliminate travel and 
trailing. 

>fAKAGEhfEXT PROBLEMS 
3. 

The more important problems found 4. 
on the mountain grazing lands include: 
1. 
2. 

Too early turnout. 
Depleted plant residue and organic 
matter. 5. 
Invasion of weeds and brush, and 
non-palatable grasses. 6. 
Excessive travel and trailing to water 
and bed grounds. 7. 
Deplet,ed fertility. 

3. 

4. 

5. 
6. Sheet and gully erosion. 

Systematic use of properly located bed 
grounds. 
Adherence to systematic grazing plans 
providing for deferred and rotational 
grazing of the three or more units of 
each pasture. 
Liming, fertilizing and reseeding de- 
pletJed areas. 
Adjustment in grazing to build up sur- 
ficial plant residue and organic matter. 
Stabilization of eroded and gullied 
areas by vegetation and organic 
mulches. 



Some Problems in the Development of a Range 
Management Extension Program 

MOST H. S_4USDERSON 

U. S. Forest Service, Denver, Colorado 

ELMER -4. ST_4RCH 

U. S. Department of Agriculture, Lincoln, Nebraska 

G RE.4T and important though the 
western range resource is in western 

economy, the western State Land Grant 
College Extension Services do not, as yet, 
have an extension program in range 
management. 

This staiement is not made critically. 
The reasons why they do not have an 
extension program are fairly clear. There 
is some extension work in range manage- 
ment, but it is usually done as a part of 
the extension program either in animal 
husbandry or in agronomy. An estension 
program in range management has not 
been developed because of some rather 
important problems that must be re- 
solved before such a program is fully 
feasible. 

What we do in this article is to state 
the problems most frequently discussed, 
analyze them, and try to see how they 
might be resolved. 

1. “Much of range management must 
now be based upon long-range conservation 
objectives, requiring some sacri$ce of present 
ranch income for possible future ranch 
bene$ts and for social objectives.” This 
problem is part of the larger one, of ex- 
tension work in resource conservation, 
when the need for conservation is greater 
than that which can be afforded by the 
short-run individual farm and ranch 
economics. Herein lies the justification 
for “action programs” in conservation, 
to invest public funds in conservation 
objectives in a cooperative program of 
subsidy, demonstration, and education. 

Doesn’t this mean that a range manage- 
ment extension program, insofar as range 
management involves long-range conser- 
vation objectives, should be cooperatively 
tied in with the programs and work of the 
conservation action agencies? 

Much of the work of range manage- 
ment lends itself, however, t,o an educa- 
tional approach in t’erms of ranch income 
objectives, and does not require long- 
range conservation investment. We need 
a better comprehension and delineation 
of these differences. Perhaps we could 
undertake an inventory by major natural 
regions and range types of the manage- 
ment techniques that should “pay divi- 
dends”, and also of those that are needed 
but which are not profitable to the 
ranches. For esample, there are reasons 
for believing that, for the mixed prairie 
type of the northern plains, livestock 
income responds quickly and favorably 
to moderate grazing. ,4gain, as an ex- 
ample, there are reasons for believing 
that this may not be true for the Rocky 
Mountain foothill bunchgrass range 
types, and’ that for this range type the 
ranch income benefits of moderat’e grazing 
may be too remote t.o motivate ordinary 
management. 

If an extension program in range 
management is going to be developed 
and properly related to conservation 
action programs, we must have a much 
clearer concept of this demarcation be- 
tIyeen the long-run range conservation 
needs and approaches, and the foresee- 
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able ranch income aspects of range man- 
agement. 

2. “Ranch people have not generally 
understood the need for educational work 
in range management.” To the laymen, 
the response of range vegetation and 
soils to such things as annual variations 
in weather and changes in the rates of 
stocking often seem complex, unpredict- 
able, and contradictory. Trends are not 
easy to discern, and the ranchman often 
becomes a fatalist about changes t,hat 
occur in the range resource. He may 
tend, consequently, to base his range 
management ent’irely on his livestock 
husbandry, but often this is not a safe 
guide. Changes in animal production 
may lag many years behind a downward 
trend in range plants and soils. 

Perhaps this is the reason why much 
of our present educational work in range 
management centers around the agro- 
nomic approach, especially the reseeding 
of depleted ranges. Here the need for 
and the results of work are clear and 
foreseeable, as compared with the slow 
working out of an ecologic problem to 
change a trend in range condition re- 
sulting from mismanagement or lack of 
management. 

In this latter kind of problem, an ex- 
tension specialist in range management 
should be a good scientist who is able to 
think and talk range management in 
terms of ranch management. For illus- 
tration, overuse and unseasonal use have 
taken the mid-grasses out of the mixed 
prairie association, for a northern plains 
cattle ranch. This problem might be de- 
scribed to the ranch operator entirely 
in terms of range science and the correc- 
tive measures needed for the range plant 
association. Or, it might be presented in 
terms of the unbalanced seasonal forage 
capacities due to loss of the cool-weather 
grasses, the consequent loss of production 
and income for the ranch, and the prob- 

AND ELMER A. STARCH 

able cost and income for a plan of deferred 
and rotation grazing to bring back the 
mid-grasses. 

3. “Range science and subject matter 
are not well oriented to extension. work.” 
This seems to be due in part to the fact 
that range science has “grown” without 
benefit of a long-range plan. Also rather 
important is the delayed realization of 
the basis of plant ecology in range 
science; the consequent fragmentary and 
uncorrelated character of the ecologic 
information pertinent to range manage- 
ment. Perhaps we could add to this the 
observation that much of range manage- 
ment thinking is not enough in terms of 
ranch management. 

. 

It seems probable that range science 
might make a very valuable contribution 
to the future of extension work in range 
management by the preparation of a 
range management problem analysis, by 
major natural regions and main range 
types. Such an analysis would undertake 
to shorn for such regions and range types 
the trends and changes in range plant 
associations, the management techniques 
nom available for range restoration and 
improvement, and the economic impact 
of the changes upon ranch operations. 

For an illustration of this analysis, let 
us look at the “short-grass” type of the 
central plains. In many areas of this type 
the native mid-grasses, shrubs, and forbs 
are depleted or gone. As a consequence, 
the capacity of this type is seasonally 
unbalanced, so much so..that many of 
the cattle ranches must operate with 
stockers that are bought in June and 
sold in September. There are manage- 
ment techniques that can restore the 
seasonal balance to this range type, and 
enable these ranches again to operate on 
a breeding herd basis, rather than sea- 
sonal speculative purchase and sale, 
using only%he summer and fall feed from 
the buffalograss and the gramas. 
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Again, by way of illustration, it may ties for experience may develop into a 
be noted that the cattle ranches of the qualified extension specialist in range 
sagebrush type of the intermountain management. Much of the training to 
region have been forced to operate more meet the qualifications of an est’ension 
and more on meadow land summer and specialist in range management must 
fall pasturage because of the extensive come after graduation from college. 
replacement of the bunchgrasses by cheat- Most essential in this development is 
grass. Yet, where crested wheatgrass can wide observation and study of the con- 
be reseeded successfully in this range ditions and trends of the many and 
type, it will help to correct the unbalance diverse range plant associations of the 
caused by the loss of the bunchgrasses. West. 

For each extensive change in a major 
range type, there has been a change 
also in the organization and production 
economics of the ranches. We need this 
picture of change, in terms of both range 
ecology and ranch economics. 

4. “We lack men with su$icient training, 
experience, and observational background 
for the work of range management special- 
ists.” There are men who meet the needs 
and specifications of extension range 
specialists-quite a number of them. 
They are, to quite a degree, a product of 
t’he range country itself. That environ- 
ment has provided a rather wide experi- 
ence over the western United States in 
the management of wild lands. Range 
men have learned, through application 
of their training in the sciences, how to 
read the story of native plant associations 
and the changes that occur in them. They 
are not crop agronomists. They are wild 
land ecologists who have learned how to 
apply their science training. Wide travel 
and observation have been an essential 
part of their development. 

5. “Much of the range land of the West 
is public land, managed by administrative 
agencies, and extension work in range 
management would not apply to this land.” 
.4pprosimately thirty percent of the 
grazing capacity of range lands in the 
eleven western states is on lands in public 
ownership. Since this public land grazing 
is mainly seasonal, about half of the 
ranches of these states use some public 
land, and the other half of the ranches 
operate entirely on “deeded” land. Xearly 
all of the grazing in the Great Plains is 
on privately owned land. Great Plains 
grazing, including Tesas, accounts for 
about half of the total of western range 
grazing. 

In a possible future development of 
range management extension work; we 
may need more men with these talents 
than are available. Perhaps it is possible 
for Schools of Forestry and Range 
Management to point the training of 
more people in this direction. Viewpoint 
and int,erest (some may call it “Indoctri- 
nation”) are essential. A trained botanist 
with the right viewpoint rend opportuni- 

We see, consequently, that public land 
grazing should not be a deterrent to 
range management extension work. On 
the contrary, such work can make a 
real contribution t’o the management of 
public lands by bringing to t,he ranch 
operator the management viewpoint and 
approach for good balance between the 
various seasonal ranges that constitute 
year-around range livestock production. 

In summary, there are no insuperable 
hurdles to the starting of a workable 
program of extension work in range 
management. There are, too, a good 
many things that can be done in the 
field of range management to strengthen 
and aid future range management esten- 
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sion work. The ecologic approach, as 
applied to the problems of ranch opera- 
tion, must prevail for most of this work. 
This is because most of the results in 
range management must come through 
working with nature on wild lands. Range 
reseeding has an important role, but it 
can easily be overemphasized in an ex- 
tension program. The livestock hus- 
bandry approach to range management 
must be viewed critically; it can give 
misleading results. This is true because 
the animal production response to levels 
of stocking and to other management 
techniques can, under certain conditions, 
be favorable for a period of time while 
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adverse trends and changes take place 
in the range plants and soils. 

We do not wish to minimize the ex- 
tension work now being done in connec- 
tion with agronomy and animal hus- 
bandry. But this should, we believe, be 
regarded as an interim phase, to be fol- 
lowed as soon as possible by an approach 
to range management as range manage- 
ment. Such work must use a ranch man- 
agement approach where possible, and 
tie in with conservation “action pro- 
grams” where the range management 
problems are, for the foreseeable future, 
beyond the scope of ranch production 
economics. 
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D URISG the past two decades there 
have been tremendous advances in 

aeronautical developments. Aside from 
transportation, the airplane has been used 
in crop seeding and dusting, predator con- 
trol, fire suppression, mapping and many 
other operations which have captured the 
interest of agricultural and land manage- 
ment agencies. Vast and inaccessible areas 
which characterize the land under the 
care and protection of government agen- 
cies have offered a fert,ile field for research 
in the use of airplanes in land management 
activities. In this respect, the revegetation 
of depleted and burned over ranges has 
been a particular challenge. Millions of 
acres of both federal and private land are 
so denuded that management alone is 
insufficient to restore them. These ranges 
and watersheds must be reseeded artifi- 
cially, but the topography and extent of 
this land prohibits the use of ordinary 
farm implements, even provided the labor 
and materials could be made available to 
do the work. 

The initial work in the use of airplanes 
for range revegetation quickly indicated 
that this method was the fastest method 
of broadcasting known to man, and that 
it could be used on otherwise unworkable 
areas. The results, however, were far be- 
low expectations and disclosed that a mul- 
titude of technical problems had to be 
solved. It was found that wind and air 
currents drifted t,he seed and it did not 
always fall on the area intended. Pilots 
were unable to cover an area without 
passing over the same course twice or 
leaving unseeded gaps. Birds, rodents and 
insects consumed much of the broadcast 
seed. Much of the seed was washed and 
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blown away, and there were 
obvious problems. 
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many less 

About two years ago Congress author- 
ized the expenditure of considerable sums 
of money for the purpose of accelerating 
research in the field of aerial revegetat,ion. 
Since then many large scale projects have 
been reseeded by this method. For in- 
stance, the three states of Wyoming, 
Idaho and Arizona combined have broad- 
cast 100,000 acres with pelletized grass and 
legume seed. Saked seed has been broad- 
cast over 24,000 acres in \‘C’yoming in the 
past year alone, and several other western 
and southwestern states have like acre- 
ages which have been reseeded with either 
raw seed or seed encased in pellets. 

The aerial revegetation work done in 
Wyoming by the Bureau of Land Manage- 
ment consists of 20,000 acres reseeded 
with pelletized seed prepared by Dr. L. S. 
-4dam’s process and 24,000 acres reseeded 
with naked seed. The twelve project areas 
which have been completed vary greatly 
in altitude and topography and operations 
were carried on in all types of weather 
conditions. Although there are circum- 
stances peculiar to each individual proj- 
ect, wherever this type of operation is 
carried on, it may be assumed that the 
work done in Wyoming is a representa- 
tive sample of aerial broadcasting 
throughout t,he range states. 

The primary object of this discussion 
is to present the methods and techniques 
of broadcasting seed by airplane, the costs 
of this type of reseeding, and other phases 
prior to actual germination. There are 
successful examples of aerial revegetation 
which have encouraged these efforts, and 
given high hopes for success. However, 
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these past esperiments haVe in ‘nearly 
every case taken from three to five years 
before conclusive results were apparent. 
Therefore, it is not intended that this 
paper should in any way indicate the 
ultimate success or failure of these new 
projects. 

CULTIVATE IF You CAN-FLY IF You 
n$UST 

It cannot be anticipated that aerial 
broadcasting will produce the same results 
obtained by other seeding methods which 
proVide some soil treatment either before 
or after seeding, and some or all of the 
seed is coVered. Neither will it be pro- 
ductiVe on sites where soils are t,oo poor or 
moisture is inadequate for the species 
used, eVen planted by cultiVation met,h- 
ads? Broadcasting by airplane, after all, 
is merely a substitute to be utilized under 
circumstances where soil treatment or seed 
coVering methods are not practical. 

The following points must be kept in 
mind in selecting sites to be reVegetated 
by the aerial broadcast method. First- 
moisture conditions must be adequate to 
produce the species selected for planting 
under cultiVation methods. Second-soils 
must be good, and capable of supporting 
a thrifty stand of the species desired. 
Third-some factor or condition must 
exist which rvill guarantee t,hat a reason- 
able percentage of the seed n-ill be covered. 
In this connection, the loose ash resulting 
from a recent fire provides a good coVering 
agent. The falling 1eaVes under a deci- 
duous forest are good. The trampling of 
livestock, especially sheep, is excellent. 
Wind and water tend to coVer seed when 
soils are loose and open at the time of 
broadcasting, and reasonable results may 
be expected in the trashy residue which 
collects under bushes and brush. Fourth- 
competition must be low, for seedlings 
of species broadcast in this manner haVe 
little chance of surViVa1 in competition 

with mature and already established 
plants. Summarizing these points, it may 
be said that a faVorable site for aerial 
reveget’ation is one where moisture is ade- 
quate, soil is good, there is a reasonable 
chance that the seed will be covered, and 
competition is low. 

BECT_4NGULAR ,4RE.4S SAVE TIME -4ND 
DOLLARS 

Some consideration must be given to 
the shape of the area selected. Plots of 
any size or shape can be broadcast by 
airplane, but only rectangular areas are 
actually desirable because of the difficul- 
ties involved in flagging, flying, and keep- 
ing seeding rates constant. -4 plot which 
assumes the shape of a square or rec- 
tangle makes the flagmen, who guide t,he 
plane, adVance in a straight line and al- 
lows the pilot to fly a regular pattern, 
thus becoming familiar with the terrain 
and with the course which he must follow. 
It also allows the loading crew to calcu- 
late the correct weight of seed for each 
trip a.nd to check on the rate of seeding. 
Without estensiVe preliminary ground 
surveys irregular areas offer no method 
of calculating the acreage in each strip 
and make ‘it necessary for flagmen to 
survey and offset as they go. Actually, 
on a well planned and superVised aerial 
reseeding operation, flagmen haVe no 
time t,o do more than measure specified 
distances along a line and signal the 
pilot on his course. 

SUCCESS DEPEXDS ON THE 3I-4~ ON THE 
. GROCXD 

The nest problem to be considered is 
ground control. The pilot must be shown 
where to fly in order that seed will fall 
e\-enly distributed oVer t,he entire area 
selected. The number of flagmen will de- 
pend on several factors, most important 
of which are; the topography, Visibility, 
.desired accuracy, size of the area and cost. 
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On level areas visibility is ordinarily good 
for one t,o one and one-half miles, n-hen 
the weather is suitable for flying. In this 
case, flagmen at one mile intervals are 
adequate to guarantee good coverage. In 
rough or mountainous terrain they should 
be stationed so that one or more flagmen 
are always in sight of the pilot regardless 
of the distance apart. Otherwise the plane 
cannot be kept on a straight line and many 
strips will be entirely missed while others 
are broadcast two or three times. The 
flagmen must locat’e each successive strip 
to be flown and it is their job to keep 
these strips straight and uniform. Each 
flagman should be equipped with a com- 
pass and a tape or chain, for pacing is 
not accurate enough-especially in rough 
country. The flagman must follow a course 
perpendicular to the line of flight or he 
will soon be out of line with the other flag- 
men, and the pilot will not have a straight 
line t)o follow. 

In Wyoming the Bureau of Land 
Management has attempted to average 
seventeen Crested Wheatgrass seeds per 
square foot (which is roughly the equiva- 
lent of four pounds per acre with un- 
pelletized seed) and by adequate flagging 
and frequent ground checks this goal has 
been reached to a surprising degree of 
accuracy. Where less uniformity is re- 
quired fewer flagmen would be necessary. 
However, ground control on the Wyoming 
projects actually costs less t,han one cent 
per acre. It would hardly seem logical to 
sacrifice accuracy and uniformity when 
the cost is so little. 

Many different sizes, shapes and ‘colors 
of signaling flags have been tried, and the 
resulting conclusions have been that two 
cloth flags one yard square and of con- 
trasting color are superior to any other 
type. It has been found that motion is the 
most important requisite of a good signal. 
With t,he type of flags recommended a 
man on the ground is not hampered by 
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and can wave them vigorously in weight 
wide crossing arcs. This signal can be 
distinguished with the unaided eye up to 
five miles, provided, of course, that visi- 
bility conditions are good. In the matter 
of color, bright yellow or white is good in 
most areas with red for the opposite flag. 
When there is snow on the ground, one 
red and one orange flag seems to be the 
best combinatVion. 

Small flags can be used readily by men 
on horseback or afoot and it is particu- 
larly effective with mounted men, since 
the flagman is above much of the brush 
and other obstacles and the horse itself 
attracts the eye of the pilot. Where trucks 
or automobiles can be used, the vehicles 
themselves are good targets. Signal flash 
guns, like the ones used on naval vessels 
would be highly efficient, but in most 
cases too expensive for this type of work. 
On one occassion, in Wyoming, the flying 
was done on a moonlight night and flag- 
men used gas lanterns. 

CHOOSE L_~?\‘DIxG FIELDS CAREFULLY 

The landing field is important and a 
major factor in aerial revegetation. This 
is the base of operations, where the air- 
plane takes off and lands, where the plane 
is repaired and refueled, where seed is 
stored and loaded into the plane, and 
where t,he entire project looks for orders 
and supervision. The air strip should be 
located as near the project area as possible 
for economy and speed of operations, and 
for better coordination between ground 
control, loading crew and pilot. 

Small planes can operat’e from small 
fields. In Wyoming, highways, hay fields 
and even bare ridge tops were used for 
small planes and little construction work 
was needed. Some runways were con- 
structed with a road grader, some with a 
bulldozer and others were merely dragged 
over with a heavy timber behind a truck. 
Most of these were constructed either 
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within or adjacent to the reseeding area, 
and did not exceed 1500 feet in length and 
50 feet in width. Large planes, such as the 
r\‘3N, the PT-17 and the Ford Tri-motor, 
however, need good level air-strips up t’o 
a mile long and 100 feet wide, depending 
on the altitude of the strip. It isdifficult to 
find fields for these larger planes within or 
near the desired area and the const,ruction 
of such a field would be costly. Finally, 
the landing strip must also be accessible 
to trucks so that seed, gasoline and sup- 
plies can be hauled in easily. 

PROPER LOADIXG IXCREASES SAFETY AND 
,4CCCRACY 

In conjunction with the landing field, 
provision should be made for handling, 
weighing and loading the seed into t,he 
plane. In the first place, an airplane is a 
delicate mechanism and it cannot be 
loaded in the same manner t’hat coal is 
shoveled into a box car. The fabric covered 
wings and fuselage can be torn by the 
slightest pressure. Therefore, most loading 
must be done by hand or by properly 
trained and equipped crews. Small planes 
can carry only about 200 pounds of seed 
either by volume or by weight. Therefore, 
only hand loading is practical in t’he case of 
naked seed, and pellets are too heavy to be 
carried economically at all. The larger 
type airplane will carry 500 to 3000 pounds 
of naked seed and lSO0 pounds to several 
thousand pounds of pelletized seed. 

Generally, loading has been accom- 
plished by hand even with the larger 
planes and usually requires three or more 
men. The crew that handled pellets in 
Wyoming had contrived a truck-mounted 
hoist with a funnel shaped container to 
load the pellets and this worked very 
well. So doubt, equipment will be devel- 
oped for this purpose as t,he volume of 
aerial revegetation increases. The seed 
should be weighed prior t,o loading for 
txo reasons. First-it serves as a safety 
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factor so t*hat the plane will not be over- 
loaded and enables the pilot to foretell 
the performance of his plane. Secon.d- 
it aids in holding the rate of seeding con- 
stant, since the amount of seed to cover 
each strip or flight can be accurately 
weighed in advance and no more or no 
less than the desired weight can be broad- 
cast. 

DIRECTIOX OF FLIGHT CHOSEN BY RE.~SON 
--SOT GHAWE 

The direction of flight is decided by 
several factors. It is advisable to fly the 
long way of rectangular areas, and thus 
avoid unnecessary turns. Each turn takes 
time and gasoline, and increases the cost 
of the operat)ion. On the other hand the 
airplane should be seeding both going 
away from the landing st,rip and return- 
ing, in order to avoid ‘dry runs’ when 
possible. It is difficult t’o see flagmen 
against the sun, so the direction of flight 
should be north and south in most in- 
stances. 

The nature of the topography must also 
be considered. It is of great benefit to 
the pilot if he can maintain nearly level 
flight, so that he can concentrate on the 
flagmen, his rate of speed, and the hopper 
opening. With large planes this factor is 
not so important, but with small planes 
it may mean success or failure. -4s an 
example of this, one area near Shell, Wyo- 
ming had a gradual rise of about 700 feet 
in the first mile and three-quart,ers. Piper 
Cubs with sixty-five horsepower Cont#i- 
nent’al engines were used on this job. 
On one of the first strips flown the pilot 
left the field with a full load of seed, and 
beginning his run on the lower end at- 
tempted to maintain a constant height of 
one hundred feet above the ground. The 
climb was too much for the little plane 
and by the time he reached the peak of the 
rise his flying speed had dropped t.o a mere 
45 miles an hour and his wheels were 
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dragging the sagebrush. Seedless t,o say 
the flagman on this point dropped his 
flags and gave the plane full right of way! 
Fort,unately, the terrain dropped off 
abruptly and the pilot was able to pick 
up speed and get away safely. Proper 
planning can avoid many of the hazards 
of this work as well as improving the 
speed and quality. 

SEED SC_UTTER GOVERXED BY hf_~XY 
F_~CTORS 

When seed is broadcast by airplane it 
is scattered in adjacent strips, parallel to 
the direction of flight. These strips vary 
in width according to the type of air- 
plane, speed of the plane, the size of the 
propellor, height of plane, type of seed 
distributor, weight and shape of the seed, 
and direction and velocity of wind. The 
effect* of all of these factors, except the 
wind, can be determined and the width 
of strip established accordingly. 

The best type of hopper outlet or seed 
distributor, so far tried, has been a modi- 
fied crop dusting attachment, commonly 
called a “Ventura tube”. This consists of 
a shallow, funnel shaped metal box, open 
at both ends with the narrow end forward. 
The interior of this box is divided int,o 
three sections or compartments and the 
seed enters just forward of the dividing 
vanes. The forward motion of the plane 
and the propellor blast blows the seed 
through this device, causing it to be re- 
leased in a fan shaped pattern. As the 
seed is released it is blown behind the 
plane by the air stream created from the 
propellor, usually termed “prop wash”. 
This prop wash widens as it leaves the 
plane to several times the width of the 
propellor and thus aids in spreading the 
seed. The Piper Cub has a five-foot, eight- 
inch propellor and it was found that the 
seed spread averaged about 50 feet. The 
PT-17 equipped with a nine foot propellor 
gave an average spread in excess of ‘70 

feet. These figures are for light, naked 
seed, since this factor changes for heavier 
seed and pellets. 

The seeding patt’ern is also influenced 
by the shape of the plane and the corres- 
ponding air turbulence that it creates. 
Single winged planes cause far less turbu- 
lence than bi-planes and consequently pro- 
duce a narrower seed patt’ern. The height 
of the plane above the ground also in- 
fluences the width of seed scatter. The 
optimum height for best results with both 
large and small planes has been 100 feet for 
naked. seed. Greater heights than this 
make it, more difficult t,o drop the seed on 
the desired area and do not increase the 
spread. ,U lower elevations the pattern 
becomes narrower and maximum spread 
cannot be obtained. In the case of pellets, 
greater altitude is desirable since the pel- 
lets are heavy and do not lose their initial 
momentum as rapidly. The speed of the 
plane indirectly affects t,he spread, as it 
influences the prop wash, turbulence, and 
action of the spreader attachment. Small 
planes ordinarily seed at about GO miles 
an hour, whereas, large planes operate at 
speeds of 80 to 100 miles per hour. 

Actual field trials should be made in 
testing the width of the st)rip seeded. It 
n-as found that shallow wooden boxes, 
with an inside area of one square foot 
were excellent for this purpose. These 
boses are placed in a string across the 
line of flight so that an examination of 
the contents of the boxes v-ill determine 
the width of the pattern. This arrange- 
ment also allows a check on the rate and 
distribution within the strip. Strips of 
cloth may be used in this same manner. 
Khen there is a good cover of snow on 
the ground seed can be seen so readily 
that no special equipment is needed. 

Wind, air currents and other at- 
mospheric conditions cannot be cont~rolled 
nor effectively measured, however, when 
consecut,ive strips are flown these factors 
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will for the most part compensate for 
themselves. 

GOOD SEED IMPORTANT FOR GOOD 
RESULTS 

-4s in ot’her reseeding methods, clean, 
viable seed is desirable. It is particularly 
important that the seed be clean, because 
the hopper outlets used for this I\-ork are 
narrow and any fouling caused by trash 
and other material lvill cause poor distri- 
bution patterns and may even entirely 
stop the flow of seed. .4nother reason for 
using good seed is that it occupies less 
space, which is a big factor in aerial work, 
since the carrying capacity of most air- 
planes is limited more by volume than 
by weight. 

XERIAL RESEEDIXG JOBS so TRAINNG 
SCHOOL FOR PILOTS 

Before discussing t’ypes of airplanes and 
cost of operations some consideration 
should be given to pilots. -4erial revegeta- 
tion work is an extremely hazardous un- 
dertaking even under the best of condi- 
tions. The pilot flys close to the ground 
and must make many split second deci- 
sions. He must concentrate on his speed, 
altitude, instruments, direction, align- 
ment, and seeding device simultaneously, 
if he is to do a good job safely. Only 
pilots with considerable training and years 
of experience were used in 117yoming and 
these men have all commented on the 
risk of t,he undertaking. For the safety 
of the pilot as well as the success of the 
job only very well qualified men should 
attempt to do this work. We must learn 
the art of aerial reseeding by doing it, 

. but it is no place to learn how to fly. 

PICK THE AIRPLAPI’E THAT FITS THE JOB 

Several types and makes of airplanes 
have been used in this work, and the 
advantages and limitations of each care- 
fully studied. The smaller type of plane, 

typified by the Piper Cub, has some dis- 
tinct advantages over large planes. Pri- 
marily, it can be operated from a short 
and fairly rough landing field-the type 
of field that can be located or constructed 
very cheaply within or adjacent to the 
reseeding area. These little planes can be 
operat’ed and maintained cheaply and 
more pilots are available, who have’had 
experience in flying t’hem. Loading is fairly 
simple and can be done rapidly and effi- 
ciently by one man alone. Repair parts 
are usually available on short notice. The 
main disadvantages are the limited load 
which they are able to carry and their 
lack of sufficient power for this type of 
flying. Two hundred pounds of seed is 
the limit that -this type of plane can 
safely handle, and they are only satis- 
fact’ory with this load when operating in 
winds of fifteen miles per hour or less, 
in elevations of less than 7300 feet, and 
over relatively level terrain. They are 
not capable of negotiating a sustained 
climb when loaded, and are unable to 
cope with the down drafts and currents 
characteristic of much of our rough and 
mountainous country. 

Larger airplanes are capable of carry- 
ing several times as much seed and are 
powerful enough to operate at any de- 
sired altitude. They are not much affected 
by terrain and can climb with a load. 
They are more stable in turbulent air and 
other adverse conditions. The disadvan- 
tages lie in their relatively high operating 
and maintenance cost, and in their need 
for large runways. In comparing operating 
costs, it is estimated that the PT-17 and 
S3N, Sal-y Trainers, which are popular 
dusting and seeding models, cost six times 
more to operate than the Piper Cub. 

To obtain the most value from the two 
types of aircraft, each should be used 
in the areas where its particular advan- 
tages are most effectjive. Small airplanes 
should be used where the area to be 
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seeded is small, and at least one complete 
strip can be broadcast with one loading; 
where the altitude is less than 7500 feet 
and the topography is reasonably level; 
where landing fields are not suitable for 
large craft; where only naked seed is t’o be 
scattered; and where operations will be 
limited to good weather conditions. 

It should be added here that small 
planes should be used in pairs to save on 
flagging and loading costs since this elimi- 
nates the lag caused by loa.ding one plane 
alone. To illustrate this; one area near 
Pinedale, Wyoming consisting of 2560 
acres was seeded in twenty-two hours and 
forty-five minutes by one Piper Cub plane 
operating from a runway adjacent to t’he 
area. Another area of the same acreage 
near Shell, Wyoming was seeded in nine 
hours and fifteen minutes by two Piper 
Cub airplanes operating from a field one 
and one-half miles from the area. Thus, 
the use of two planes saved thirteen hours 
and t.hirty minutes, in spit!e of the fact 
that they had to fly nearly two hundred 
miles farther in hauling the seed from the 
landing strip to the area. 

Large planes, should be used n-here 
areas to be seeded are large, and topog- 
raphy is rough, where good laInding fields 
are available at a reasonable dist ante from 
the area, and where pelletized seed is 
used or large loads of naked seed are 
economical, and where adverse weather 
conditions may be anticipated. In regard 
to terrain and air conditions, the larger 
plane is dist,inctly superior in its ability 
to maintain constant flying speeds and a 
consistent height above the ground by 
virtue of the powerful engine provided 
for this purpose. This insures a more even 
distribution of seed. 

ECOXOMY THE XCMBER OSE FEATURE OF 

.~ERI_~L RESEEDIXG 

The cost of aerial revegetation, which 

is one of the most attractive features of 

this method, is very low in comparison 
with other reseeding operations. It hinges 
directly or indirectly on every point here- 
tofore discussed. To use the Wyoming 
projects for an esample again, eleven proj- 
ects comprising a total of 24,000 acres 
broadcast with naked seed cost an aver- 
age of $1.97 per acre. The acreage of 
individual projects varied from 640 to 
8031 acres. The cost per acre on individual 
projects varied from $1.18 to $2.26. These 
costs included everything-seed, truck- 
ing, planning, supervision, labor, flying 
and all incidental expenditures. The wide 
variation was due primarily to the cost 
of seed, since some of the seed was pur- 
chased in other years for around fifteen 
cents per pound and other lots were bought 
this year at fifty cents a pound and up. 
Many of the projects were completed dur- 
ing periods of extremely bad weather when 
it was necessary to hold flagmen and labor- 
ers five or six days t’o accomplish only a 
few hours act,ual flying. The cost of flying 
varied from t*wenty-three cents per acre 
on the first project to eleven and one-half . 
cents on the last project. With informa- 
tion, obtained from these projects there 
is no question but n-hat high standards 
of aeria-1 reseeding can be accomplished 
for twenty cents per acre or less, plus the 
cost of seed. 

In regard tlo pelletized seed, the 20,000 
acres complet,ed in Wyoming this year 
cost $2.15 per acre. This was with the 

Adam’s pellets. Of this cost, $l.i5 was 
for pelletizing and flying and forty cents 
for seed and all other costs. Plans were 
ma.de for broadcasting additional acre- 
ages with pelletized seed during the fall 
of 19G$ but were abandoned for the reason 
that high bids on seed processing made 
large scale operations impractical. For ex- 
ample, the cost of pelletizing and flying 
clay pellets rose to approximately $5.46 
per acre. This figure would have at least 
equaled the current market value of the 

___.________. __ ___ :--_ _ _._-_. --.._ -- - ----.-. -_ _. _-_-_----------__ -_-. ----.- 
_ . 



40 JOHN R. 

land and included neither seed nor super- 
vision and other expenses inherent in 
the operation. Range revegetation with 
pelletized seed is still a new field and 
neither standard costs nor standard re- 
sults can be established at this time. The 
projects completed to date indicate that 
much additional work must, be done be- 
fore this method will be satisfactory from 
the standpoint of either economy or re- 
sults. 

The most important single factor in the 
cost of aerial reseeding is, of course, speed. 
The area selected must be square or rec- 
tangular so that ground crews may oper- 
ate without excessive preliminary survey- 
ing. The runway must be placed as close 
as possible to the area to reduce hauling 
distances and loss of time between the 
area and the runway. Ground crews must 
be organized to work together as an effi- 
cient team. The airplane or airplanes must 
be of a type most suitable t’o the area and 
the landing facilities. Broadcasting should 
be done ITT-hen weather is good so that no 
time will be lost because of bad flying 
conditions. This will save paying unneces- 
sary labor. 

Since speed greatly influences cost and 
these items are two of the primary reasons 
for using airplanes in range revegetation 
it is interesting to note some figures on 
the speed of operations on the Wyoming 
projects. Sine areas involving nearly 
14,000 acres and varying in altitude from 
4000 to 7300 feet, were broadcast to 
Crested Wheatgrass seed at t’he rate of 
four pounds per acre. A Piper Cub air- 
plane equipped with an ordinary sixty- 
five horsepower Continental engine was 
used on these areas and averaged 131 
acres per hour actual flying time. Two of 
these Cubs were used on another project 
covering 25GO acres and together averaged 
276 acres per hour. On a third area con- 
sisting of 8031 acres of very rough and 
mountainous range a 326 acre per hour 
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average was obtained using a PT-17 Xavy 
Trainer powered by a 450 horsepower 
M7asp engine. The initial points of the 
strips on this large area were from two to 
four and one-fourth miles distant from 
the landing field and, snow, fog, and wind 
persisted throughout the operation. On 
one or two occasions the weather cleared 
somewhat, and during these periods seed 
was spread at the record rate of 500 acres 
per hour. It is probable that the entire 
8031 acres could have been seeded in six- 
teen hours flying time if flying conditions 
had been good throughout t’he operation. 

;I\IECHAI\'ICS ONLY FIRST STEP TOWARD 
SUCCESSFUL AERML RESEEDIKG 

The relative values of naked seed and 
pelletized seed have evoked much dis- 
cussion during t’he past’ few months. Thus 
far, however, there is little substantial 
information to offer on this subject. Re- 
ports from the southwest would indicate 
that some species such as Lovegrass and 
Russian Wild Rye encased in clay pellets 
have been fairly successful. On the other 
hand, Crested Wheatgrass and Sweet 
Clover, pelletized in the same manner in 
Wyoming and Idaho, have given very 
poor germination tests and so far have 
shown lit,tle or no results in numerous 
revegetation trials. Smothering and 
mechanical injury to t,he seed seems to be 
t’he major fault in t)he clay pellets. Re- 
cently, a type of plastic-coated pellet has 
been produced, which allows the seed to 
germinate well and practically eliminates 
mechanical injury, but so far, these plastic 
pellets have been too expensive for practi- 
cal use. Theoretically, se’ed pellets offer 
a solution t,o many of the present 
difficulties in aerial revegetation-they 
provide for seed covering, and offer a 
means of sowing fertilizer with the seed 
as well as insect and rodent repellents. 
At least they are worth further invest,iga- 
tion. 
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In the case of naked seed, the 
techniques of aerial broadcasting haye 
now been developed, and perfected to the 
extent that seed can be scattered accu- 
rately and economically. The initial ob- 
servation areas have been seeded by this 
method. These areas have included high 
altitudes and low altitudes, land both 
level and rough, good soilsand poor soils, 
areas where moisture conditions were very 

good and where they were very poor. 
They have been broadcast with many 
species, under many conditions and at 

all seasons of the year. These plots Kill, 

in a few years, provide us with many 

answers to the three outstanding ques- 

tions: What shall we broadcast? Where 

shall we broadcast? And when shall we 

broadcast? 



The Forest Range in Southern Agriculture 
W. 0. SHEPHERD 

Southeastern Forest Experiment Station 

U. S. Forest Service, Asheville, Sorth Carolina 

A SYMPOSIUM on “The Forest 
Range in Southern Agriculture” was 

held at the 46th Xnnual Convention of 
the -4ssociation of Southern Agricultural 
Workers in Baton Rouge, Louisiana, in 
February. Six papers were presented as 
follows: The Scope of Sout,hern Forest 
Range Work, by R. S. Campbell; Utilizing 
Forage on Longleaf Pine Forest Ranges, 
by John T. Cassady; Pastures and Feed 
Crops to Round out Forest Grazing, by 
H. W. Bennett; Fire Protection in 
Southern Pine Lands by the Use of Wide 
Improved Pasture Strips, by L. T. Xie- 
land; A Study of Species, Seeding 
Methods and Fertilizing Practices for 
Use on Piney Woods Ranges, by Glenn 
W. Burton and A. C. Mathews; and, 
Wildlife: Its Relation to Forestry and 
Grazing, by Bryant -4. Bateman. 

These topics may indicate the direction 
of current thinking and research related 
to forest grazing problems of the South. 
Chiefly because of burning practices, there 
have been conflicts between cattle and 
timber int,erests in the region ever since 
the first heavy cuttings made it necessary 
to regenerate timber stands. Fire has re- 
ceived considerable attention in past re- 
search, and its applications as a manage- 
ment tool in silviculture, fire control, and 
forage improvement are now fairly well 
understood. 

That grazing reduces fire hazards, and 
in this respect can benefit the forest, is 
also generally recognized. But where graz- 
ing is accompanied by extensive burning 
for forage improvement, at the expense of 
other forest values, conflict still exists. 
Recognizing that timber and water are the 
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primary products of forest land, the sym- 
posium dealt with specific possibilities for 
improving cattle performance, and inte- 
grating cattle and wildlife with timber 
production in one of the major forest 
types. Perhaps it is significant that burn- 
ing for forage improvements was not a 
topic of discussion. 

There are unique aspects of forest graz- 
ing in t,he section of t.he South to which 
the symptosium applies. Customs estab- 
lished in the days when timber was plenti- 
ful and cheap still persist. Local laws 
recognize unfenced forest land as free 
“open range” in many areas where a rela- 
tively small propo&on of the land is cul- 
tivated. Most of the forest land is owned 
by companies or individuals whose pri- 
mary concern is timber production. But, 
in accordance with age-old custom, their 
lands are often grazed by the livestock of 
numerous small farmers. The range is 
commonly burned to improve forage qual- 
ity, a practice which usually damages the 
forest more than it helps the livestock. To 
exclude grazing, however, would require 
expensive fencing. It would also deprive 
neighboring farmers of part of their in- 
come. The landowners realize that there 
are many causes of fire, and that they 
must have the goodwill of local residents, 
or else a very effective fire control sys- 
tem, to avoid serious losses. Under such 
conditions it is usually to t’heir advantage 
to cooperate with the local farmers. 

Campbell’s paper points out that forest 
grazing, whether good or bad, is an estab- 
lished practice and a substantial item in 
the rural economy of much of the South. 
The bulk of 15 million cattle, 2 mil- 
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lion sheep and goats, and 10 million hogs awes) of the Coastal Plain, which is the 
graze on the forest rnnge at some time 
during the year. Such use, howe~rr, is 

principal forest grazing type in the South. 

often incompntnhle with the primnr~ 
This type is characterized by numerous 

value of forest lands for timber production 
park-like openings, relatively open set- 

and water protection. The proper plwe of 
ond-grcnx-th forests, and high yields of re- 
latiwly lowquality grass forage. The her- 

forest grazing varies considernhly in dii- baceous vegetation may he classified 
ferent parts of the region and between the 
broad forest types \vhich together occupy 

under tvo broad forage types: n-iregrass 

187 million acres from Virginia to East 
and bluestem. The wiregrass type occurs 

Texas and Oklahoma. Grazing has a ~1~ 
mainly to the east, and the hluestem type 
to the u-est, of the 1lississippi Ri\-er delta. 

limited place in the upland hardn-oods 
type (36 million acres) 2nd the shortleaf- 
loblolly pine-hardvoods type (i.5 million 
acres). Here the low grazing values 
usually do not justify the risks of damage 
to tree reproduction, soils, and water- 
sheds. In the bottomland hardwods type 
(38 million acres) grazing values wry 
fromrery low to wry high, hut conditions 
and problems relatrd to grazing in this 
type are quite different from other types 
and it KS not included in the discussmns. 

The symposium ws concerned only 
with longleaf-slash pine type (38 million 

Grazing practices and problems are quite 
similar in both types. 

Caseady reported on grazing conditions 
and research in the hluestem forage type 
and longleai pine forests west of the Mis- 
sissippi River. Here, forest range supports 
the hulk of the local beef rattle as well as 
goats, sheep and woods hogs, commonly 
on a yearlong hasis. The goats, sheep and 
hogs should he eliminated from the forest, 
hoverer, because they damage pine re- 
production. About two-thirds of the an- 
nual forage growth occws in the spring, 
from about March 15 to June 15. It is only 
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during this spring growth period that the 
native forage contains enough protein and 
minerals t’o satisfy the requirements of 
breeding cows and growing animals. Con- 
sequently, the annual herd productivity 
is rather lo~v. Cattle make good gains in 
the spring but gain very slowly if at all 
during the summer, and lose considerable 
weight in wint’er. Weight losses can be 
checked, however, by supplementing the 
native forage with a good ration of cotton- 
seed meal or some other highprotein feed. 
It follows, then, that forest range is a cheap 
source of good forage during the spring but 
at other seasons its quality is not adequat’e 
for high cattle performance. Obviously the 
range would have most value if used in 
conjunction with improved pastures and 
other feeds necessary to provide adequate 
nutrition yearlong. 

Winter grazing can be produced eco- 
nomically on farm land, according to Ben- 
nett’s report, by a procedure which has 
been tested experimentally for t,wo years 
in Xssissippi. One acre of heavily fer- 
tilized, fall-seeded oats have provided 
ample grazing for a 400-pound beef ani- 
mal from Korember 15 t,o March 1. Xdd- 
ing crimson clover with the oats prolonged 
grazing until May 1. Set profits of $18 to 
$50 per acre have been obtained from beef 
animals with this system. 

Introducing better forage species into 
t,he range is another possibility for in- 
creasing the productivity of range herds. 
Xieland advocates this approach for com- 
bining improved grazing with fire protec- 
tion. He suggests a fire control system 
composed of wide strips of improved pas- 
ture around and through forest tracts. 
His premise is that’ the high quality forage 
on the strips would not only help to elim- 
inate the common practice of burning to 
improve native forage, but would also in- 
crease cattle profits and thereby help de- 
fray the costs of fire control. Besides the 
obvious benefits to timber production, 

wildlife would presumably be encouraged 
by less wild fire, less competition from 
livestock, and a great’er variety of food 
plants. The idea seems to have consider- 
able merit. 

Practical methods of introducing im- 
proved forage species into native southern 
range were included in the paper by Bur- 
t,on and Mathews. They report three 
years’ results of comprehensive studies on 
the wiregrass type in southern Georgia. 
These investigations have shown that im- 
proved species can be successfully estab- 
lished without cultivation, by broadcast- 
ing the seed at appropriate seasons onto 
freshly burned and fertilized range. Heavy 
grazing after seeding is essential, in this 
method, for keeping down competition 
from native grass. Both the burning and 
the fertilizing at,tract cattle and bring 
about the desired heavy grazing. Chop- 
ping or disking, to destroy the native 
vegetation, facilit,ates the establishment 
of int’roduced species, particularly grasses. 
Some such cultural treatment seems 
necessary where the range is very brushy. 
Three grasses (Carpet,, Dallis, and Com- 
mon Bahia) and three legumes (Louisiana 
white Dutch clover, Common Lespedeza, 
and Big Trefoil) are showing considerable 
promise for improving native range in this 
region. 

Game and wildlife, natural by-products 
of forest lands, have such an important 
place in the _imerican heritage t.hat they 
deserve consideration in any extensive 
land-use program. Bateman points out 
that forest game can be maintained in rea- 
sonable numbers without noticeably de- 
creasing timber yields or cattle profits. 
Light or moderate grazing by cattle does 
not seriously interfere with x-ildlife, be- 
cause cattle graze primarily upon grass 
herba.ge while the principal southern game 
species depend upon other forms of food. 
Under very heavy grazing, however, 
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cattle compete with deer for wint8er 
browse, with quail and turkey for legumes 
and other seed-bearing herbs, and even 
with squirrel for some of the berries and 
fruits which tide them over the spring and 
summer months between crops of mast. 
Such competition will be prevented by 
management practices which provide the 
level of nutrition necessary for profitable 
cattle production. 

Forest range is now making only a small 
fraction of its potential contribution to 
southern agriculture. Its value can be ex- 

pected 
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to increase, however, with the 
adoption of improved management prac- 
tices and the development of the southern 
livestock industry. Because the problems 
involved in forest grazing have so many 
ramifications, they call for coordinated 
effort in the fields of forestry, range man- 
agement, animal husbandry, agronomy, 
and perhaps others such as wildlife man- 
agement. That a start has been made in 
such a coordinated approach is perhaps 
the most significant implication of the 
symposium. 
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New Methods of Brush Control for More Grass 
HARRY 11. ELWELL AND MAURICE B. COT; 

Red Plains Conservation Experiment Station, Guthrie, Oklahoma 

T HE introduction of selective herbi- 
cides, the development of machines 

and the need for better pastCure cover have 
brought forth a demand for more informa- 
tion on the control of brush. Due to the 
possibility of better land use and greater 
production (5) by removing scrubby trees 
and brush, the problem of control is being 
attacked through use of both machines 
and chemicals. A cover of scrubby trees 
and brush on land does not provide as good 
a protective cover for erosion conk01 as 
does grass. During an &year period of 
measurement at Red Plains conservation, 
Experiment Station, Guthrie, Oklahoma 
runoff wat,er was 44 percent less from 
good grass land than from areas covered 
with brush. 

-4ccording t,o Xllred (1) woody vegeta- 
tion requires two to four times more water 
to produce a pound of dry leaves than 
does grass. He further states that in “areas 
where there are dense stands of useless 
woody vegetation, more water is lost- 
transpires-through the leaves of those 
woody plants each year than runs off 
down the draws, streams and rivers.” 

Since there is a wide range of woody 
plants, grasses and soil conditions, meth- 
ods of brush removal and grass develop- 
ment will vary greatly. The rainfall or 
other climatic conditions are also quite 
variable. -4nnual rainfall in the eastern 
part of the state varies from 40 to 50 
inches, in the central part from 30 to 35 
inches, and in the western section from 12 
to 25 inches or less. The occurrence of 
drought usually reduces the growth and 
stand of the grasses. When this occurs, 
overgrazing of forage and fires are com- 
mon. 1411 of this further depresses the 

grass and is chiefly responsible for the 
rapid encroachment of brush in woodland 
or other pastures. 

. 
METHODS OF REMOVIXG BRUSH 

The ability of a site to produce palat- 
able plants will often be indicated by the 
kind of grass intermingled in the brush. 
The erodibility of soil and the fertility 
level are important factors in the re- 
grassing of such land. If the soil is shallow 
or subject to water and wind erosion, the 
method of brush control should be one 
which will conserve the maximum of resi- 
dues. Information of this nature is given 
in Table 1. The soil on this particular 
site was rather shallow. But, it has a 
fair level of fertility and had not been 
overrun by fire or misused for several years. 
Grasses found in the undisturbed moods 
were big bluest em (Andropogon furcatus), 
little bluestem (Andropogon scoparius), 
Indiangrass (Sorghastrum nutans), swit,ch- 
grass (Panicum cirgatum), purple top 
(Triodia jluva) and sand lovegrass (Era- 
grostis trichoides). But. due to the compe- 
tition of t,he brush, these grasses were 
small, spindly and greatly depressed in 
growth. 

i4fter the brush was removed the grass 
developed rapidly. Where it was crushed 
with a machine onto the soil, grass pro- 
duction at the end of the second growing 
season had been increased about three 
times. There were more sprouts per given 
area than originally but their reduced 
size permitted good grass development. 
Where chemicals were used resprouting 
was greatly reduced. There were 25 times 
more sprouts on the plots cleared mechan- 
ically than on those sprayed with 4mmate. 
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By the end of the third growing season 1\I.wHISEs USED 
grass production on the chemically treated 

plots had increased appmimately fm 
Machines studied for removing brush 

include pan-er moors, tractor and small 
times (Fig. 1). powred SBWE, dozers, hewy root plm~s, 
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crushers, beaters, tree shears and buck 
rakes. These have been tried at the 
Guthrie Station (3) or elsewhere (2). They 
all gave satisfactory results when used on 
material within the limits for which each 
is best suited. 

It is unlikely that any one machine or 
clearing method can be developed to oper- 
ate satisfactorily under all conditions and 
types of brush. The types of vegetation 
may be classified into three groups: brashy 
shrubs, tough shrubs, and trees. 

The brush beater or shredder machines 
are considered best for the control of 
brashy shrubs. The beater, shredder and 
crushing machines are better adapted for 

TABLE 2 
Percentage of original oak sprouts remaining on 

the land after clearing and spring mowing; 
Guthrie, Oklahoma 

NJMBER OF SEARS YOWED* PERCENT REMAIXINC IN 1945 

10 8.5 
8 11.1 
2 41.7 

Unmowed 58.3 

* Light density brush before clearing (ap- 
proximately) 22,200 shrubs per acre, 2 inches or 
less in diameter at 1 foot above ground level. 

use on rough and rocky areas than are the 
circular polver saws or the mowers. 

On tough shrubs one and one-half 
inches or less in diameter, a brush mower 
equipped lvith stub guards, extra hold- 
down clips and sickle with heavy sections 
has worked with fair efficiency (3). Black- 
jack (QUercw marihdica) and white oak 
(Quercus al&z) sprouts have been fairly 
easily controlled by several annual spring 
mowings. Those remaining after several 
years mowing (Table 2) are largely the 
running oak (Quercus pumila) or dwarf 
chinquapin oak (Quercus prinoides). 
These, however, offer little competition 
to the grasses. 

Power saws, either the small portable 

. 

type or tractor mounted, work quite well 
in cutting trees. The small portsable saws 
can be operated to cut the brush and 
trees more uniformly close to the ground 
than the large tractor-mounted ones. 
They are also more maneuverable for thin- 
ning tree stands or working in close places. 

In using small portable saws it was 
noted that season influenced the cut,ting 
effect of the blade and man hours per 
acre. The man hours per thousand trees 
for the different seasons were: Winter, 
15.4; spring 7.4; and summer 8.0. The 
major reason for the increased time for 
the winter clearing apparently is due to 
the greater difficulty in cutting. the dor- 
mant plants. Saw blades remained sharp 
longer and cut faster during the growing 
season. Winter cutting also requires that 
saw t,eeth be more carefully shaped and 
maintained. 

Power-lift buck rakes have been used to 
eliminate many man hours of labor re- 
quired for assembling and piling brush. 
Regardless of the method used for cut- 
ting brush, these rakes have performed 
satisfactorily. A satisfactory procedure for 
operating a tractor saw has been to work 
out an alleyway around a land with suffi- 
cient room for the saw and brush rake 
to operate without, interference. ,4s the 
saw cuts a swath, the rake picks up the 
brush and pushes it out of the way. 

Regardless of the machine used in re- 
moving brush, it must meet requirements 
as to sturdiness and economy of opera- 
tion. The equipment must also be suited 
to handle the plants to be removed and 
the terrain over which the work is done. 
On shallow soils, the machine used should 
give a minimum disturbance to the soil 
and the grasses. 

I\~CHINES FOR APPLTIKG HERBICIDES 

The use of herbicidal chemicals to con- 

trol weeds has brought forth a demand for 

sprayers which will distribute low volumes 
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of liquid uniformly. Drift must be con- 
trolled when treating areas adjacent t,o 
susceptible plants. The spray equipment 
must also have positive cut-off devices 
to prevent wastage and leaks. 

Equipment for control of woody plants 
must be of sturdier construction and cap- 
able of delivering larger volumes of liquid 
than those used in weed control. It should 
be compact and free of mountings that 
would be damaged by woody growths or 
hinder movement through them. 

In applying herbicides in large volumes 
of water, the hydraulic type sprayer has 
given fair results. Pressures of 100 pounds 
or less have given best results. 

The air-blast sprayers offer some prom- 
ise in applying spray chemicals on moody 
plants. In a preliminary test in July 1948 
on the Red Plains Conservation Experi- 
ment Station, an air blast sprayer gave 
good control of scrubby oak. The air 
blast sprayer was furnished by the Davey 
Tree Expert Company, Kent, Ohio. Only 
50 gallons of liquid and 100 pounds of 
ammonium sulfamat,e (Ammate) were used 
per acre. The hydraulic type spraying 
machine under comparable conditions and 
control required 300 pounds of Ammate 
in 300 gallons of water per acre. Thus, 
the air-blast machine used only one-third 
as much &4mmate and one-sixth as much 
water as the hydraulic equipment. 

The present type of boom sprayers have 
not been successfully used for applying 
herbicides on woody species encountered 
in the cross timber area of Oklahoma. 
Tests with such equipment on sprouts 
from cut-over land also did not give satis- 
factory control. 

Several tests have been made by aerial 
spraying in the oak and hickory vegeta- 
t,ion common to central Oklahoma. Since 
there is a wide range in height of woody 
plants, it is impossible to fly low over the 
brush. When applied by airplane, it has 
not been generally possible to get the 
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desired control by using the same amounts 
of herbicides which gave good results by 
ground application. However, a few aerial 
applications on oak brush of this type 
have been observed that appear to be 
rather encouraging. The exact formula- 
tions or carriers used are unknown. The 
procedure of a 1948 test was such that 
brush and trees from one foot t,o 20 feet 
high were 85 percent affected by one 
application. The chemical used did not 
injure the native grasses. It appears highly 
probable that a technique of air applica- 
tion may be developed for controlling 
n-oody plants in pastures and ranges of 
the cross timbers. 

HERBICIDES USED 

Herbicides for brush control have been 
studied at various locations in Oklahoma 
(6) during the past four years. This lvork 
has been under the direction of the Okla- 
homa Agricultural Experiment Station. 
The materials worked with included both 
selective and non-selective herbicides. Se- 
lective types included 2,4-D (dichloro- 
phenoxyacetic acid) and 2,4,5-T (tri- 
chlorophenoxyacetic acid). The latter was 
available only in 1948. -4mmonium sulf- 
amate (Ammate) was the non-selective 
herbicide used. 

The ester formulations of the two selec- 
tive-type chemicals generally give the best 
control of brush. The 2,4-D is not effec- 
tive on all woody species. m7here a mixed 
population of plants is encountered, a 
fifty-fifty combinat,ion of 2,4-D and 
2,4,5-T acid will effect a wider range of 
plants. However, both of the materials 
are sometimes erratic in reaction. Their 
effect is influenced by soil moisture and 
the growth stage of the plants. Generally, 
2,4-D and 2,4,5-T acid spray solutions 
have caused the greatest deadening effect 
when applied on brush when the plants 
have just attained full leaf size. There 
pounds of acid equivalent of 2,4-D per 

. 
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acre in a sufficient volume of water to get 
good saturation of leaves has given control 
of sumac (Rhus copallina and R. glabra), 
sand or Chickasaw plum (Prunus angusti- 
folia and P. texana), buck brush (Sympho- 
ricarpos orbiculatus) and Western crab 
apple (Xal2cs ioensis var. palmeri). 

The white, black jack, dwarf chinquapin, 
running oaks and hickory (Carga texana) 

. are somewhat resistant to 2,4-D. Satis- 
factory control can be obtained only under 
favorable conditions with2,4-D. Thecom- 
binat,ion of 2,4,5-T acid and 2,4-D will 
increase the effectiveness of the spray 
material. A spray of 2,4,5-T acid alone 
has been more effective than in the com- 
bination under more adverse conditions. 

The amount of acid equivalent t’o con- 
trol brush with 2,4-D or 2,4,5-T acid, 
or a mixture of both, will vary depending 
upon plant density, height and climatic 
conditions. On growths having 18 to 20 
thousand plants per acre, four feetor under 
in height, three pounds of acid has given 
good control. This amount will need to be 
increased to four pounds per acre if dry 
soil moisture condition or greater density 
and height of plants is encountered. The 
2,4,5-T acid kills the tops of persimmon 
(Diospyros virginiana) and Mesquite 
(Prosopis g?anduZosa) but both had re- 
sprouted from roots at the end of the 
season. Seither the 2,4-D nor the 
2,4,5-T acid had any effect on cedar 
(Juniperus virginiana) or tamarack (Larix 
laricina) . 

Low aromatic oils either for low volume 
applications or mixed with water have 
improved the kills with organic herbi- 
cides on woody plants. However, large 
amounts of oils will often injure or retard 
the grasses. In using oil carriers an addi- 
tional emulsifying material is oftenneeded. 

Other materials showing some promise 
of improving the intake and abs’orption of 
organic herbicides are ammonium trichlor- 
acetate and phenylmercuric acetate. 

. 

Either of these compounds used at 3 to 2 
ounce per gallon of water, plus t,he rec- 
ommended quantity of chemical, has had 
consist,ent effect on woody plants. Further 
physiological studies will, no doubt, reveal 
ways of increasing absorption and move- 
ment of herbicidal chemicals through the 
plants. 

Ammonium sulfamate has given good 
control of all woody plants common to 
the Cross Timbers. This material. in suffi- 
cient water to give good saturation of 
leaves, will give more positive reaction 
than t,he organic herbicides. It will, how- 
ever, injure the nat,ive grasses. Like the 
selective-type chemicals, it is non-poi- 
sonous to livestock and man and will 
cause only temporary sterilization of the 
soil. Complete control of the undesira- 
ble woody growth sometimes requires two 
or three retreatings with these materials. 

After brush has been deadened, it re- 
mains standing for several years if not 
crushed down. The heavy stalk cutter 
type machine used for this purpose the 
second or third year after applying the 
chemicals crushes the dead material on 
the surface of the soil. 

RETURNS FROM THE Last 

Success of pastures after clearing de- 
pends upon the kind of treatment and 
management it receives. Full grass pro- 
duction will be obtained more rapidly, 
and erosion will be more completely con- 
trolled, if clearing is limited to areas hav- 
ing only light or medium brush cover (4). 
The original grass cover is more dense on 
gently sloping soil where t.he shade from 
woody vegetation is less. Therefore a com- 
plete grass cover is established more rap- 
idly after brush is removed. There is also 
less likelihood of erosion starting between 
the tlime of clearing and the time the 
grass becomes well established. 

Through proper management and fire 
protection, it is possible to obtain valuable 
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BRUSH COXTROL 

returns from formerly brushy land. Dur- 
ing the last six years typical cleared land 
on the Guthrie Station has produced an 
average of 67 pounds of beef per acre in 
summer grazing. 

This is a contribution from cooperative 
work of U. S. Soil Conservation Service 
Research and Oklahoma Agricultural Ex- 
periment Station. 
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Reseeding Research in the Intermountain Region 
GEORGE STEWART 

Intermountain Forest and Range Experiment Station, Ogden, Utah 

0 RGASIZED reseeding research 
within the Forest Service was be- 

gun in the Intermountain region in 1935. 
Prior t’o that time, reseeding investiga- 
tions had been fragmentary and lacked 
continuity. The scale of research could 
not cope with the need for rest’oring the 
millions of acres of depleted range land. 
Since 1935, the Forest Service has built 
up a research program that is becoming 
increasingly able to supply the details 
necessary for “action” seedings. Some of 
the investigations have been conducted 
in cooperation with the Ctah Stat,e ,4gri- 
cultural Experiment Station, the Soil 
Conservation Service, and the Bureau of 
Plant Industry, Soils, and -4gricultural 
Engineering. 

In the development of the program an 
important consideration has been the as- 
signing of seeding priorities to various 
types of range lands in the Intermoun- 
tain region. For each type of land investi- 
gated, studies have been made on species 
suitability, methods of preparing seedbeds 
and seeding, the influence of site factors, 
plant breeding, and manner of grazing. 
The most outstanding methods and find- 
ings concerning each of these phases are 
described in the pages that follow. 

PLANTING ZOXES 

’ There are four generalized range types 
or planting zones in the region on which 
seeding programs of varying levels have 
so far been attempted. These are: the 
sagebrush zone (spring-fall range) ; the 
mountain brush zone (spring - summer 
range) ; the subalpine zone (summer 
range); and the salt-desert shrub zone 
(winter range). 

From the very first, pilot plantings were 
made in all zones. This plan brought good 
results, for when the time had come to 
start intensive studies some rough guides 
were avilable. At present, the research 
program is farthest along for tlhe sage- 
brush zone. “,4ction” recommendatsions 
have been made for several years but 
many of them have not, been carried out 
principally because of lack of funds. In- 
t’ensive research is well under way in 
mountain brush and aspen areas and a 
few recommendations have been made. 
,4 small beginning has also been made in 
weed areas of the subalpine zone but 
eradication of brush and weeds still needs 
to be int’ensively investigated. Subalpine 
areas with eroded soil also need att*ention 
as to time and methods of seeding. Only 
in the fall of 1947 were studies started 
on the low-precipitation areas locally des- 
ignated as “desert” winter ranges, where 
the vegetation belongs mainly in t,he salt- 
desert shrub zone. The reseeding prob- 
lems here are more difficult and our stud- 
ies too new as yet to have given any 
indication of what may be anticipated. 

In addition t,o these projects, a program 
of eradication and reseeding studies has 
been under way since 1945 on ranges oc- 
cupied by cheatgrass. The entire field of 
preparing juniper-covered land for seed- 
ing is untouched except, for one pilot test. 

SEARCH FOR SCIT.4BLE SPECIES 

The study of species suitability has 
been comprehensive and has progressed 
rather rapidly. It has been conducted in 
four succeeding stages: collection of seed, 
row test plots, range plots, and area plant- 
ings. 



Row plantings are made on dell-pre- 
pared secdheds n-here the comprtingwge- 
tation has been removed. Even with these 
advantages about SO percent of the species 
fail and are given no fwthrr tests. Those 
surviving are adwnced to range plot tests, 
where they are seeded in solid stands. 
Before seeding, competition from the er- 
isting plant cover is reduced but there- 
after the seeded species have to prove 
they can make their own way. A series 
of such plantings has shown that many 

material is being added whenever and 
wherever it can be obtained. For example, 
tvo species from South Africa. \v\‘ere ob- 
tained in December 1948 and xi11 be 
included in the rox tests in lN9. During 
early studies, a number of nurse~?es were 
located in Idaho, Seradn, and I_tah. .1f- 
ter a few years it vas found that, within 
the Intermountain country, ysrintions of 
response within species arose from differ- 
ences in &ration and precipitation m- 
ther than in geographic location. At pres- 

species which succeed in the cultivated 
nurseries are not able to produce good 
forage yields in range plots. The practice 
has been to plant 20 to 40 of the most 
promising species in more than 120 site 
conditions throughout the region, repre- 
senting the major ynriations in elera- 
tions, precipitation, soil, and exposure, 

(fig. I). 
cp .to the present, seeds of approsi- 

mately 400 forage species have been col- 
lected and planted in row tests. Sew 

ent nursery studies are limited to four 
locationsin Ephmim Canyon, Vtsh, rang- 
ing in elevation from 5,XlO to 10,200 
feet. Each nursery is located in an area 
representatiw of one of the major vege- 
tational zones discussed previously. 

In most cases, total yields of herbage 
are greater in the higher, cooler, and more 
moist zones than in the sag&rush cone 
(table 1). Crested wheatgrass clearly does 
better in the lower zone than any other 
species of grass, although it is definitely 
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inferior to some others in the moister also indicate that intermediate and stiff- 
zones. At the higher sites intermediate hair wheatgrasses and Russian wildrye 
and stiffhair wheatgrasses and smooth will prove suitable. 

_ brome clearly outrank all other species. 
Alfalfa has given remarkably good yields METHODS OF ELIMI~~TIKG COMPETITION 

in the lower two zones, but on the wet AND SOWIXG SEED 

cool mountain areas it is rather poor. Altogether more than 4,000 plots have 
In any zone, however, its value for range been used to st,udy methods of seeding 
reseeding is largely nullified by the fact and eliminating competition from one end 
that animals graze it severely and it is of the region to the other, at all ordinary 
killed in a year or two. elevations, and within all important soil 

It is probable that only crested wheat- and vegetational typ,es. It has been found 
grass is thoroughly drought-resistant on that the most import,ant factor in estab- 

TABLE 1 
Herbage yields from 8 forage species wed in reseeding at four digkrent sites, Ephraim Canyon, Manti 

National Forest, Utah (1847) 

SPECIES SAGEBRUSE MOIJXTAIN ASPENZOSE SUBALPINE 
ZOh-E BRUSH ZONE ZONE 

Crested wheatgrass.. . . . . . . . . . . . . . . . . * . . 
Intermediate wheatgrass ............... 
Stiffhair wheatgrass .................... 
Slender wheatgrass ..................... 
Tall oatgrass. .......................... 
Smooth brome ......................... 
Western wheatgrass .................... 
Mountain brome ....................... 
Alfalfa ...... 

3,040 
2,510 
1,5i5 
1,245 
1,225 

987 
750 
300 

4,112 

Pou nds tier acre 

3,685 2,545 
6,165 16,250 
6,650 11,537 
3,5i5 3,650 
2,i50 5,037 
5,275 9,540 
3,625 9,125 
2, i25 3,460 
8,025 640 

Arerag l,i53 4,i20 6,S65 

Elevation (feet). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I 5,5; / 7,2; / 8,“; 
Annual precipitation (inches). . . . . . . . . . . . . . . . . . . 

hot dry sites in the Intermountain re- 
gion. Intermediate and stiffhair wheat- 
grases have done remarkably well from 
19% fo 1948 on sites somewhat more moist 
and cool. Three of t,hese four years had 
above-average precipitation. In the drier 
sites, as for example at Paradise Valley, 
Nevada, these two grasses were found to 
be far inferior to crested wheatgrass in 
drought resistance. At higher elevations, 
where greater moisture and lower t,em- 
peratures prevail, smooth brome, orchard- 
grass, tall oatgrass, and timot,hy have 
proved to be well adapted. Recent tests 

. 
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-_ 
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2,500 
4,550 
1,000 
2,402 
8,i50 
5,450 
1,100 
l,i60 
2,750 

3,362 

10,200 
32 

lishment of seeded stands is the removal 
of competing vegetation. Burning has ac- 
complished this most effectively x-here 
sagebrush and most other shrubs are to 
be eliminated. After brush burning, the 
land is ready without furt#her treatment 
for seeding, preferably with a disk drill. 

The most satisfactSory mechanical 
means of removing sagebrush are the 
wheatland plow (one-way disk) and t’he 
offset disk, both of which will kill 75 or 
80 percent of the sagebrush and provide a 
loose seedbed. .4 new plow, the brushland, 
which combines valuable point,s of wheat- 
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land and stump-jump plows, is now being 
tried by the Forest Service with promising 
results. On rocky, uneven ground, the 
Dixie harrow may be used and will kill 
40 to 50 percent of the sagebrush plants. 
Various kinds of rails have been used for 
dragging down brush, but on the average 
they kill only 25 to 40 percent of the 
brush and do not provide satisfactory. 
seed covering. In addition, t’he unkilled 
sagebrush may rapidly spread and seri- 
ously reduce the herbage yield of reseeded 
grass. In one Idaho experiment this re- 
duction was from 2,100 pounds per acre 
per year to about 300. Data shorn grass 
yields are at least t,wice or three times as 
large after wheatland plowing as after 
railing. Considerably larger yields may 
result from seedings on burned-over areas 
than from plowed areas, because burning 
generally kills more of the sagebrush. 

Practically no success has resulted from 
seeding in undisturbed sagebrush even 
where the stand is thin. The removal of 
sagebrush and rabbitbrush, however, is 
far from being solved. The plants not 
killed in preparing the seedbed renew 
grow-th and produce seed crops. Because 
rabbitbrush sprouts vigorously from the 
crowns, the accepted methods of sage- 
brush eradication are not adequate for 
rabbitbrush. Although we feel justified 
in recommending action reseeding pro- 
grams, we have yet to work out depend- 
able methods for eradication of rabbit- 
brush and miscellaneous species of sa.ge- 
brush. 

Seedlings of sagebrush and rabbit- 
brush often repopulate areas that ‘have 
stands of grass not thick enough to utilize 
all the moisture and space. Too early or 
too heavy grazing on the reseeded ranges 
also encourages brush reoccupation. Whe- 
ther 2,4-D and ot,her sprays lvill solve 
this problem is now being studied. A pre- 
liminary study during 1947-48 has shown 

that sagebrush can be killed without in- 
j uring grass. 

Brush removal in mountainous zones 
has not yet been successfully done es- 
cept by burning. Oakbrush, scrub maple, 
chokecherry, and snow berry are not 
readily handled by the lvheatland plow. 
Little is known about juniper era,dica- 
tion although some 15 million acres in 
Ctah occupied by juniper are in need 
of reseeding. The presence of juniper has 
been found t,o prevent establishment and 
grolvth of grass. Apparently juniper roots 
completely remove available soil moisture 
and young grasses are not able to com- 
pete successfully. 

REDUCIKG CHEATGRASS COMPETITION 

,Uthough cheatgrass is often used for 
spring forage, particularly in southern 
Idaho, it has several shortcomings which 
usually make its replacement desirable. 
It is highly inflammable, has a short sea- 
son of usefulness, and is very erratic in 
annual forage production. Early efforts 
to replace this aggressive intruder with 
more useful and productive forage species 
were not successful. Experimental drilling 
and broadcasting in undisturbed cheat- 
grass gave almost no establishment of 
crested wheat grass and none whatever 
of smooth brome. 

Soon after 1940, studies on reducing 
competition from cheatgrass and on re- 
seeding were begun, at first in a minor 
way. Then after 1944 as sagebrush re- 
moval was partly solved, more attention 
was given to cheatgrass. Plowing, disk- 
ing, deep drilling, and burning were in- 
vestigated as suitable means of reducing 
competition from cheatgrass. A few op- 
portunities to observe the effect of heavy 
grazing on cheatgrass stands were af- 
forded. Since the danger of severe soil 
losses accompanied heavy grazing this did 
not seem a feasible method by which to 
prepare cheatgrass ranges for reseeding. 

-___ - . . - ‘ _ _ ‘ _ _ _ l  _ _ _ _ _ . _  . _ -  . _ . _ . _ . _ . _  c _. - _ _ . - - I _ . . 
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After an investigation of several years’ 
duration, it was found that moldboard 
plowing gave the best kill of cheatgrass, 
95 to 98 percent, and the best stands of 
crested wheatgrass. Xext in order of me- 
chanical methods came wheatland plow- 
ing, 80 to 98 percent; light dishing, 40 to 
75 percent; springtooth harrowing, 30 t,o 
70 percent; spiketooth harrowing, 5 to 
30 percent; and drilling alone, 5 to 30 
percent. Deep-furrow lister drilling and 
early summer burning were later found 
to be particularly effective, 50 to 85 per- 
cent and 75 to 95 percent, respectively. 
Drilling after either of these methods re- 
sulted in better stands than did drilling 
after plowing or dishing. 

It has been determined that cheatgrass 
ranges can be successfully seeded to 
crested wheatgrass when proper eradica- 
tion and reseeding methods are used. It 
has also been established that total herb- 
age yields of crested wheatgrass are not 
only greater than those of cheat,grass but 
are more dependable in years of drought. 
In addition, grazing on seeded areas can 
begin ‘2 to 4 weeks earlier in the spring, 
and continue 2 to 4 weeks longer in the 
summer. Furthermore, there is a much 
greater chance of fall use on seeded ranges 
than on those left in cheatgrass. 

METHODS AND RATE OF SEEDING 

In exceptionally favorable circum- 
stances, good grass stands have been ob- 
tained by broadcasting ahead of or im- 
mediately behind t,he wheatland plow, 
Dixie harrow, or rails, and allowing loose 
soil to cover the seed. The average of 
results, however, has been much better 
from drilling than broadcasting. The drill 
gives an even distribution of seeds and 
permits more control of the depth of 
planting. Plowing, to be followed by drill- 
ing, should be done well ahead of seeding 
time. This will allow the loose soil to 

settle and help prevent seed from being 
planted too deeply. 

Tests on several thousand plots in sage- 
brush, cheat grass, and timber have 
proved that no form of broadcasting is 
satisfactory without covering of the seed. 
Fortunately, on deteriorated aspen or 
mountain brush ranges, where the use of 
planting machinery is ordinarily impos- 
sible, autumn leaf fall provides a natural 
seed covering. This knowledge has led 
to successful hand and airplane broad- 
casting in these types prior to and during 
the period of leaf fall. However, it t,akes 
grass 2 to 3 years to establish itself when 
seed is broadcast under leaves instead of 
1 to 2 years when drilled after brush has 
been removed. ,4t Ephraim Canyon, an 
area of 1,300 acres seeded by airplane in 
October 1945, at a cost of about 25 cents 
an acre for distribution, produced seed- 
lings in 1946, 1947, and possibly 1948. 
It was found in this experiment that fly- 
ing at 100 to 150 feet above the ground 
gave much better control of seed dis- 
tribution than flying at greater heights. 

Pellet seeding was done in September 
1948 on the Mesa-La Sal District of the 
Manti Forest in southeastern Ctah. The 
soil pellets were well distributed. Labora- 
tory tests indicate that some injury was 
sustained by seeds during pellet forma- 
tion. Whether this damage will seriously 
affect the esperiment remains t,o be seen. 
As yet, however, we have no information 
about what stands may be expected from 
pellets lying on the surface of the soil. We 
espect, however, to have definite informa- 
tion by 1949 or 1950 from the Mesa-La 
Sal experiment. 

Airplane seeding is still in the eiplora- 
tory stage. It seems likely that it will be 
much more fully tried than it has been. 
The possibilities of using helicopt.ers need 
to be explored. Just now there is consider- 
able speculation and 
proved performance. 

not a great deal of 
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In general, the requirements for suc- 
cessful etabslishment of seeded species 
have been found to be : removal of native 
competing vegetation, careful drilling of 
seed on a firm seedbed, and use of a pro- 
per amount of adapted seed. In the val- 
leys and sagebrush foothills of the Inter- 
mountain region, G to 8 pounds of crested 
wheatgrass seed per acre is about right. 
Liberal seeding on rough seedbeds does 
much to hasten the occupation of the soil 
by roots of reseeded species, helping 
thereby to keep out weeds, sagebrush, or 
rabbitbrush. Seeding rates of 12 to 15 
pounds in the mountainous zones have 
been found best. We find it wise also to 
use 20 to 50 percent more seed for broad- 
casting than for drilling. 

TIME OF SOWING 

Determining the best time to sow the 
seed is surrounded with several difficul- 
ties. Chief among these is the extremely 
great effect of variations in time and 
amount of seasonal precipitation. Over a 
period of 15 years the most favorable 
average time of seeding at lower eleva- 
tions has been during October. In some 
years, such as 1941, 1914, and 1946, the 
occurrence of above-average spring rains 
made spring planting better than fall. 
However, years having dry springs are 
more numerous than those having wet 
springs. Another difficulty is the shortness 
of the time in early spring x-hen successful 
seedings can be made. Small areas may be 
planted but a program for larger tracts 
may not be possible in the few days favor- 
able to early spring planting. The recom- 
mendation for most of Gtah and southern 
Idaho, therefore, is to seed in the fall at 
low elevations, and either in the fall or 
early summer in mountainous areas above 
7,000 to 7,500 feet. &tually any period in 
which rainfall is dependable enough to 
keep the soil moist for 50 to GO days 

is suitable, provided temperatures will 
permit plant growth. 

IXFLUEWE OF SITE FACTORS 

The success of any range reseeding is, of 
course, dependent upon several ecological 
variables. The factors most easily ob- 
served and measured are precipitation, 
temperat,ure, soil, and native vegetation. 
Very little is yet known about the degree 
of correlation that exists between these 
variables and the eventual yield of seeded 
grass, or other forage, from a given site. 
However, an attempt is being made to 
establish a few criteria which are readily 
observable but which are reliable enough 
to permit a high degree of accuracy in de- 
termining the potent,ialities of a given 
site. 

Successful reseeding has been done in 
areas having as little as 8 inches of pre- 
cipitation where temperatures and soils 
were favorable. The arid, lower perimeter 
of the sagebrush zone has about these 
qualities, except where the soil is too 
gravelly or sandy. In dry valley areas, 
high soil salinity is often encountered but 
does not ordinarily occur on land covered 
with sagebrush. For reseeding, precipita- 
tion of 12 to 16 inches is more advanta- 
geous and 16 to 24 inches is extremely 
favorable. 

. 

Many of the grasses that are suitable 
for reseeding do not thrive under the 
higher temperatures that exist in the 
lower valleys even though precipitation 
may equal that of higher elevations. 
In this class are smooth brome, orchard- 
grass, tall oatgrass, and to some degree, 
crested wheatgrass. 

Success in establishing a stand on a re- 
seeding sit,e is not influenced by elevation 
as a separate site fact)or. High elevations 
are, however, correlated both with cooler 
temperatures and more precipitation in 
the Intermountain region. These fa,ctors 
directly affect the production of grasses. 
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Deep, well-granulated soils containing 
enough organic matter to absorb and re- 
tain good supplies of available moist,ure 
through long periods of dry weather are 
especially favorable to high production of 
range forage. When precipitation, tem- 
perature, and soils all improve with 
changes in elevation, herbage yields 
usually increase noticeably. In Ephraim 
Canyon this condition prevails in three of 
the sites used for plot tests (see table 1). 
The still higher site at the summit de- 
creased in yielding capacity, most likely 
due t80 less favorable soil conditions, shor- 
ter growing season, and greater drainage 
of the soil moisture. 

PLANT BREEDIXG 

One phase of the plant-breeding project 
is the production of strains of forage 
species by controlled pollination, con- 
ducted by the BPISAE at Logan, Utah. 
Several superior strains have already been 
developed. In the second phase of the pro- . 
ject, different strains obtained either by 
controlled pollination, geographical isola- 
tion, or selection are test-planted in the 
nursery near Ephraim. ,4pproximat ely 
200 strains of smooth and mountain 
bromes, slender, western, crested, and 
spiked wheatgrasses, blue wildrye, and 
orchardgrass are now under test. 

Different strains show great variations 
in yield, palatability, longevity, and win- 
ter hardiness. Some are 3 to 5 times more 
productive than unselected stock. It 
seems likely that all forage species when 
subject,ed t,o breeding will yield superior 
strains, and that within a few years breed- 
ing work may largely supplant work on 
suitabilit’y of stock species. 

GRAZIP;GC RESEEDED %XGES 

Grazing studies of reseeded range land 
have revealed highly beneficial results 
bot,h in volume of forage obtained and in 
the gains made by livestock. At Benmore, 

Utah, for example, twenty-four ‘100-acre 
pastures of range seeded to crested wheat- 
grass are being grazed experimentally as 
joint project of the Ctah Esperiment Sta- 
tion, the Soil Conservation Service, and 
the Intermountain Forest and Range Ex- 
periment Station. Cattle, grazing at the 
rate of a cow-month to 13 to 2 acres, gain 
an average of 2 pounds a day for GO to 70 
days in the spring. Since the results for 
the last 4 years have been essentially the 
same, this high gain is no accident. In the 
fall when the grass is dry, the gains are 
about one-half pound a day as an average. 
Smaller studies have shown similar results 
near Wells, Nevada, where utilization 
averaging GO percent of the herbage gives 
not only a capacity of a cow-month on 
acres but leaves a litt-er cover on the 
ground. 

Small pastures at Ephraim grazed by 
sheep produced approximat,ely the same 
amount of forage whether sown to crested 
whea.tgrass or to rye. The rye when closely 
grazed required some seed and annual disk- 
ing, whereas crested wheatgrass needed no 
attention except to make sure it n-as not 
overgrazed. Calculations based on a lo- 
year period showed rye to cost about twice 
as much for each sheep month of forage 
crested wheat>grass. -41~0, in some cold dry 
springs, rye was a highly uncertain pro- 
ducer of forage. - 

Research studies of the effects of grazing 
on reseeded ranges have barely begun. 
About all that has been done is to approx- 
imate the grazing capacity and weight 
gains from a few areas. How intensively 
they may be grazed without injury and 
whether to graze them by continuous 
rota,tional use are problems nom being 
studied. 

SUMM_.4RY 

There are four genera.lized planting 
zones (sagebrush, mountain brush, sub- 
alpine, and salt-desert shrub) in the Inter- 
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mountain region in which reseeding re- 
search at various levels has so far been 
done. Research is most advanced in the 
sagebrush zone. Species suitability is 
being tested a.t four sites in Ephraim 
Canyon, Utah, comparable in elevation to 
the four zones. Crested wheatgrass does 
better in the sagebrush zone than any 
other species of grass. -4t the higher sites, 
intermediate and stiffhair wheatgrasses 
and smooth brome outrank all other 
species. 

Sagebrush can be eradicated most effec- 
tively by burning. Mechanical methods 
vary in effectiveness, xith the wheatland 
plow (one-way disk), the offset disk, and 
the brushland plow all giving a 75 percent 
kill or better. Moldboard and wheatland 
type plows are highly efficient mechanical 
means of reducing competition from 
chea.tgrass; early summer burning is also 
particularly effective. Drilling of seeds is 
generally more successful than broadcast- 

. 
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ing. In the valleys and sagebrush foothills, 
a seeding rate of G to 8 pounds of crested 
wheatgrass to the acre is considered best. 
Seeding rates for adapted species of 12 to 
15 pounds are best in the mountainous 
zones. The most favorable average time 
of seeding at the lower elevations has been 
during October. 

The presence of sagebrush on a sit,e in- 
dicates t,hat precipitation, t,emperature, 
and soils relations are favorable for reseed- 
ing and that soil salinit,y is low. Other 
simple correlations between site factors on 
which to base reseeding are being sought. 
Several superior strains of bromes and 
wheatgrasses, yielding from 3 to 5 times 
more herbage than unselected stock, have 
been developed by controlled pollination. 
Grazing studies indicate that cattle graz- 
ing at the rate of a cow-month to 14 to 2 
acres, gain an average of 2 pounds a day 
for GO to 70 days in the spring on range re- 
seeded to crested wheatgrass. 



The Mesquite Problem in the Southwest 
C. E. FISHER 

Texas Agricultural Experiment Station ? Spur, Texas 

,T HE invasion of mesquite into large 
areas of range and pasture lands in 

the Southwest has been progressing for 
many years, but. only within recent years 
has it become of major concern tie live- 
stock raisers. In general mesquite is con- 
sidered undesirable because it has reduced 
the carrying capacity by forming dense 
jungles of brush on once productive low- 
lands that have deep soils and favorable 
moisture conditions. Mesquite has hin- 
dered greatly the managing and caring 
for livestock and the use of desirable 
range improvement practices. In 1896 
J. G. Smith (16), an agrostologist 
stationed at Abilene, Texas, called atten- 
tion to the hardy, aggressive nature of 
mesquite and rather accurat,ely predicted 
the mesquite problem we face today. In 
Texas alone recent surveys by the Soil 
Conservation Service (2) show that 
mesquite occurs on 55 million acres of 
grassland in 113 counties and that mod- 
erate or dense stands occupy approxi- 
mately 30 million acres. 

DESCRIPTION .~XD DISTRIBUTIOX 

Mesquite (Prosopis juZi$ora) belongs 
to the Mimosa family, and it is dis- 
tributed in warm, mostly dry climates of 
United States, Central America, West 
Indies, Africa, Persia, India, Chile, 

’ Hawaii and other countries of similar 
climate (4, 17). Three varieties occur in 
the United States according to Benson 
and Darrom (3): Honey mesquite (P. 
juli$ora var. glandulosa), Velvet mesquite 
(P. juli$ora var. vehtina), and Western 
honey mesquite (P. juliflora var. Torre- 
yana). Honey mesquite occurs for the 
most part east and northeast, of the Rio 

Grande in central Yew Mexico and ex- 
tends to south central Kansas on the 
north, Louisiana on the east and north- 
eastern Mexico on the south. Velvet 
mesquite predominates in Arizona, ex- 
treme western Yew Mexico, lower Cali- 
fornia and in Mexico. Western honey 
mesquite is found in California, southern 
Nevada, western Arizona, southern Xem 
Mexico and in parts of Texas. 

Mesquite is typically a deep-rooted, 
sprouting tree or shrub that has one to 
many stems from 10 t,o 15 feet tall. The 
growth form in all varieties varies from 
a many-stemmed bushy plant less than 
5 feet tall to a large single-trunk tree 40 
to 30 feet tall and 1 to 2 feet in diameter 
(Fig. 1). This variation in growth habit 
is influenced largely by differences in 
moisture, soils, killing of above ground 
growth by occasional low temperatures, 
and by mechanical injury induced by 
man, grazing animals, rodents and other 
means. 

Mesquite has an extensive root syst’em 
that enables it t,o withstand droughts, 
severe competition from grasses, and 
adverse conditions due to prolonged over- 
grazing of range and pasture lands. The 
roots on well-established plants may 
penetrate the soil vertically to depths of 
20 to 60 feet and often extend laterally 
as much as 50 feet from the base of the 
tree (4). 

The invasion of mesquite on native 
grassland within the past 40 years has 
taken place so rapidly that it is common 
knowledge among people of the south- 
west. The early introduction of key 
plants into open grassland by roving 
herds of buffalo, and by the Spanish 
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horse and cattle during trail drives and, 
then, the subsequent spread from these 
initial loralized areas are often mentioned 
among the more probable causes of re- 
cent rapid invasions (5). Other CBUSPS 
rhich have been suggested are: Lack of 
repeated burning of the grass, destruction 
of prairie dogs, floods, droughts, over- 
grazing, and rapid transportation of 
animals that may hare large numbers of 

droughts, and management of liw~tock 
largely acwxult for the mwptite problem 
\re face today. 

Mesquite prox-ides home forage which 
consists chiefly of the seed pods that are 
relished by liwatock and of limited 
amounts of hrol\-se consumed during 
extended drought, periods. Formerly, 

FIG. 1. F”Lm, TrPIrlL GRmTH F”R,L? OF HOSE,- \IEsQI-ITE 

(.4) Trees in open stands. (B) Many-stemmed shrubs in dense stands. (C) Mnny-stemmed 
shrubs in sand dune area. (D) Trees intermingled xitb other brush species. 

viable seed in their digestive tracts (4, 
11, 18). It is not knonm just what role 
each of these factors, or others, may 
have played in accelerating the spread 
of mesquite, but it seems certain that 
not any one factor is wholly responsible. 
More likely, a combination of the early 
introduction of initial plants by roving 
animals followed by more intense use 
after fencing of the grasslands, extended 

much use was made of mesquite for 
fuel and poets. 

Encouraging the utilization of seed 
pods by grazing animals is questionable 
if control of mesquite is to be considered. 
Fisher (6), vxking with honey mesquite, 
found that a single tree produced as 
many as 20 pounds of air-dry seed pods 
in one crop and that 54, 43 nnd 12 per- 
cent of seeds fed in pods to horses, steers 



62 C. Ii. FISHER 

and lambs respectively passed through 
the digestive tracts and remained viable. 
Furthermore, Martin (10) found that 
seed of velvet mesquite germinated after 
being stored in a herbarium for a period 
of 44 years. The dissemination of viable 
seed by grazing animals, the apparent 
longevity of the seed, and the periodic 
emergence and survival of large numbers 
of seedlings, greatSly increase the difficultmy 
of obtaining lasting control of mesquite 
on extensive acreages (6). 

lT_4~c~s OF COXTROL 

. 

There is a definite lack of factual in- 
formation available on the value of con- 
trolling mesquite on grassland. In mod- 
erate to dense stands mesquite competes 
rather seriously with grass for moisture, 
light, and, to a lesser extent, for plant 
nutrients. Generally, where the annual 
rainfall is about 25 inches and, on more 
favorable sites under lower rainfall, 
there is enough moisture to support the 
growth of moderate stands of mesquite 
with slight reduction in productivity of 
grass. Under heavy shading, summer 
grasses give lvay largely to annual cool 
season species. In northwest Texas in a 
21-inch rainbelt, Fisher (6) found that 
grasses growing in full sunlight produced 
slightly higher yields of forage than those 
grolvn under lath cages with moderate 
shade and markedly higher yields when 
compared with grasses grown in heavy 
shade. The grasses that grew in full 
sunshine were more tender, had 20.42 
percent more starches and sugars, and 
6.17 percent less crude fiber than grasses 
grown in heavy shade. In grazing trials 
yearling steers made 15 percent more 
gain over a four-year period on grassland 
cleared of a moderate stand of mesquite 
than on uncleared grassland (Fig. 2). 
During the fourth grazing season after 
the land was cleared, steer gains were 
increased 43 percent. 

Under light rainfall, competition for 
water becomes more severe and the pro- 
duction of grass usually is greatly reduced 
even by moderately light stands of mes- 
quite. In southern Arizona, Mart’in and 
Parker (II) found that under summer 
rainfall of 7.41 inches in July, August 
and September, removal of light stands 
of mesquite increased usable forage two 
and one-half times. 

In addition to increasing the produc- 
tivity of grass, control of mesquite per- 
mits more efficient management of live- 
stock, the use of desirable range 
improvement practices and, under some 
conditions, checks surface erosion. It 
has been estimated by ranchmen who 
have cleared their land of brush that 
fully 20 to 25 percent of t’he value of 
mesquite control is due to more efficient 
management of livestock. 

METHOD 0~ COXTROL 

The vast acreage of mesquite-infested 
grassland, together with an ever-in- 
creasing abundance of seedlings on low- 
value land, definitely present a real 
challenge to science to develop a simple 
and economical method of control (Fig. 

3). 
The following methods of control have 

been used effectively on localized areas 
of range and pasture land to control in- 
vading plants, permit more efficient 
management of livestock, and increase 
the productivity of desirable forage 
plants on favorable sites. Complete con- 
t*rol, however, on large infested areas 
very seldom has been possible Ivith 
present known methods because the 
overall cost of such a program, in most 
instances, cannot be economically justi- 
fied in the light of benefits that might be 
derived from such treatment within a 
reasonable period of time. 

To effectively control mesquite it is 
necessary to kill the dormant sprout 





amount of soil deposition, and soil type, 
(Fig. 4). 

Mesquite may he killed in at lrwt two 
major ways: (1) By remoring the TX-hole 
plant deep enough to destroy all the 
buds, as in grubhing by hand or with 
power machinery; and (2), by applying 
chemical solutions or oils in such manner 
as to kill the dormant buds on the under- 
ground stem without removing it. The 
great variation in growth forms of mes- 
quite and soil conditions from one locality 
to another certainly necessitates the use 

,.“, .- -. ,. 

Grubbing mesquite lvith heavy paver 
machinery is governed by the same 
principles that apply to hand grubbing, 
that is, all dormant buds must he re- 
moved or destroyed. Rather extensive 
UFB has been made of a 24. to 36.inch 
cutting blade mounted on the front end 
of a cm&r-type tractor. In light stands 
of mesquite only a small amount of 
grass is destroyed and highly effective 
kills are obt.ained. On the other hand, in 
dense stands of mesquite a high per- 
centage of the grass turf is destroyed, a 
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at the base of each stake. 

of different methods of attack if the 
present known treatments are to be effec- 
tire and economical. There is no one 
best method of control. 

Hand and Pmer-Machine Grubbing 

Hand-grubbing is one of the oldest 
and most lvidely used methods of eradi- 
cating mesquite and other brush. It is 
‘practical for removing small seedlings and 
initial invading plants, and as a clean-up 
measure following cheaper methods of 
eradication. 

great many of the small plants are 
missed, and the operation is very costly. 
(Fig. 5). 

Another type of root cutter used pri- 
marily on dense stands of brush consists 
of an g-foot K-shaped blade that is 
pulled by a cra\vler-type tractor. The 
depth of the cutter blade may be ad- 
jwted to cut from G to 20 inches below 
the ground level. The entire area is 
treated as in ploving, and roots of all 
plants are xl-wed at a designated depth. 
The root cutter treatment usually de- 



strays a very high percentage of perennial KcroscrK and Olhcr Oik 
grasses and, in many instances, the treat- 
ment is followed hy a heavy emergence 

Kerosene, die4 fuel or Gmilar “ilr i~rr 
contact agrnts and to be efecrivr ill 

of mesquite seedlings and undesirable k.1,. 
plants such as sunflo~ers, Russian thistles 

1 lllg mrsqrlite must Ite ;ipplied in 

and other annuals. This type of equip- 
sufficient am”unts to the grnrind ~1 

ment has been used primarily for clearing 
land for crops or where reseeding with 
grasses is successful and can he economi- 
cally justified. 

Cabling mesquite consists of using tx\‘o 
heavy-dut,y crankr-type tractors that 
run parallel to each other ahout 100 feet 
apart dragging a loop made of one or 
tv” 300- to 400.foot steel cables. This 
method is suitable for treating large 
areas quickly at low cost and its use is 
limited to sites where trees with large, 
stiff trunks predominate. Properly used, 
cabling in combination with costly but 
more effective methods such as hand and 
ponw grubbing and oils may WA reduce 
the expense of over all control, hut alone, 
even under farorable conditions, cabling 
will seldom gie satisfactory control. 

On large land units that can support 
the heavy capital inrestment, these 
machines may be used to adyantage for 
controlling mesquite (6, 9). Custom work 
offers a pokbility of clearing small 
areas of brush but usually it is too es- 
pensive for the arerage size ranch unit. 

Mechanical methods, such as mowing 
with mobile tree savs, heavy-duty 
mo~wrs, or stalk cutters, bulldozing, and 
others that. destroy only the top grorth, 
merely stimulate the growth of new 
smouts and brine: about a condition that 
is sooner or later more objectionable than 
the original growth, (Fig. G). Repeated 
moxing and annual burning of established 
trees and seedlings for a S-year period 
have failed to prwent rapid regrowth of 
mesquite. It is probable that frequent 
cutting xould ewntually kill mesquite 
hut the cost would be prohibitive except 
on small maintenance areas. 

underground stems of mesquite to soak 
through the hark and dovn t” the l”\\.wt 
bud (5). .1pplicati”ns made to the :?I,“\-r- 
ground growth give effective kills only 
when enough oil is used to vxch the 
eprout buds. 
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stemmed trees growing on porous soils quired and increase effectiveness of the 
there is little question that escellent~ kills treatment, but the m&hod is slow, 
can be obtained at rrlatiwly low cost. laborious and u.wally too expensive. 
On heal-y impervious soils, e~pecinll~ 
where the mesquite is many-stemmed, Sodiuwl _4rselLile 

usually excessive amounts of oil are re- Of the many chemirrrls tested, sodium 
quired to get sufficient penetration of oil arsenite has been the most’ effectire and 
into the soil. economical xhen applied to the’ sxpx-ood 

Excellent results at low cost hue been of trees and stumps (5, 14). unlike oils, 
obtained on. few-stemmed, rough-barked it is quickly absorbed by mesquite plants 

mesquite on porous soils by using a com- 
bination bulldozer or cabling and oil 
treatment. Following the initial mechani- 
cal treatment the clean-up with oils 
should be made G t.o 12 months later to 
kill the remaining sprouted plants and 
seedlings. 

Basins dug around the mesquite make 
it possible to apply the oil closer to the 
bud zone, reduce the amount of oil re- 

and once in the sapstream sprends rapidly 
throughout the plant. The x-orious 
methods of treatment. such as girdling, 
frilling, remol-ing the topn-ood and then 
treating the sapwood with poison or 
pouring wak solutions around the base 
of trees, RR adaptations which facilitate 
getting the sodium arwnite into the sap- 
stream. 

Many-stemmed, or brushy, mesquite 
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have been treated successfully at Spur, 
Texas at one-half the cost of grubbing 
when the topwood and all stems were re- 
moved back to the crown and the exposed 
sapwood was treat,ed (6). Leaving a por- 
tion of exposed sapwood untreated will 
result in sprout,ing since there is little 
lateral movement of sodium arsenit,e in 
the tissues of mesquite. 

Treating stubs and cut ends of branches 
on many-stemmed mesquite after the 
topwood is removed with a tree saw or 
other methods has not been very effective 
for two reasons : (l), The restricted 
movement, of poison in tissues of forked 
stems, and (2), t’he increased distance 
the poison must travel to reach the lowest 
sprout bud. 

On large, single-stemmed trees free of 
basal brush, the removal of the topwood 
at soil level or frilling with a hand axe 
and then treating the sapwood have 
given excellent results. Pouring dilut’ed 
solutions around the base of single- 
stemmed trees may be effective on porous 
soils, but t,he large quantities of solution 
required render the method impractical 
in dense stands of mesquite. Sodium 
arsenite is highly poisonous to animals 
as well as plants. Its poisonous character 
greatly limits its use even though it is 
economical and highly effective on mes- 
quite. 

Ammonium Sulfamate 

This chemical, more commonly known 
as Ammate, has been fairly effective on 
many-stemmed mesquit,e when a water 
solution containing 4 pounds per gallon 
is applied in sufficient amounts to 
thoroughly wet exposed sapwood aft)er 
the topwood and all branches have been 
removed to the crown. Ammate is not 
readily taken up by the roots and does 
not penetrate the bark of established 
plants. It is not poisonous to livestock 
and not hazardous to handle but usually 
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is more costly for control of brushy mes- 
quite than sodium arsenite. 

Chemical Treatment of Foliage 

A reasonably effective chemical foliage 
treatment that will economically permit 
repeated application to destroy seedlings 
and any regrowth from plants that were 
previously treated seems to hold most 
promise for practical control of mesquite 
on range land. 

Early st,udies with foliage treatments 
were largely concerned with the use of 
such standard weed chemicals as sodium 
chlorate, ammonium thiocyanat,e, am- 
monium sulfamate and many others to 
determine their effectiveness when ap- 
plied t,o the foliage of sprout, growth and 
trees. In 1945 formulations of 2,4-D and 
2,4,5-T were added t,o these chemical 
studies. 

From 1942 to 1948 treatments with 
chemicals applied to the foliage of trees 
and sprouts were made using knapsack, 
power, and more recently airplane spray- 
ing equipment on 3000 plats of less than 
one acre to over 20 acres on 80 different 
dat,es extending from March to Xovem- 
ber. Results of these studies show that 
effective kills of mesquit,e were obtained 
in only a fern cases. The greatest single 
factor that influenced the absorption and 
translocation of such systemic chemicals 
as sodium arsenite, ammonium sulfamate, 
2,4-D and 2,4,5-T has been the length 
of time that the chemicals remain in 
moist contact with the leaf surface of 
mesquit.e (7). -Under conditions when 
these chemicals remained in moist con- 
tact with the leaf surface for as much as 
8 hours, excellent kills of mesquite were 
obtained. Shorter periods of moist con- 
tact, 4 t’o 6 hours, invariably gave 
escellent kills of above ground parts but 
absorption and translocation of systemic 
chemicals were not sufficient to kill all 
the dormant sprout buds on the under- 
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ground st,em. Regrowt’h from these 
sprouting tissues usually took place GO 
to 120 days later or even longer after 
treatment, depending upon the amount 
of tissues destroyed. Somewhat greater 
delay in regrowth from apparently un- 
damaged tissues has been obtained with 
solut,ions of 2,4-D and 2,4,5-T than with 
those of sodium arsenite and ammonium 
sulfamate. With extremely short periods 
of moist contact, less than 15 minut,es, 
usually only the leaves and young 
tender stems of mesquite were killed. 

With the prevailing weather conditions 
in the southwest, moist contact of chemi- 
cals with leaves and t,ender stem tissues 
can be maintained for only short periods 
of t,ime, 15 to 120 minutes,‘and effect,ive 
kills are not obtained unless the folia.ge 
treatment is followed within 18 hours by 
heavy dews, light rains, fogs or high 
atmospheric humiditly. The use of various 
penetrants and solvents such as light 
oils, water soluble waxes, acids, glycerine, 
calcium chloride, and others in combina- 
tion with systemic chemicals, generally 
has not increased absorption and trans- 
location sufficiently to increase materially 
the number of plants killed. Some of 
these materials, however, have increased 
the percentage kill of the aerial plant 
parts by more effective contact toxicity. 
However, retreatment would be necessary 
within 2 to 3 years following the initial 
application t’o control undesirable re- 
growth. 

Factors of secondary importance, in 
most instances, were season of the year, 
the rate and stage of growth of mesquit,e, 
soil moisture, formulation and concentra- 
tion of solutions, air temperature, and 
others. 

Intensive research st,udies with 2,4-D 
and 2,4,5-T and closely related chemi- 
cals are underway because in many re- 
spects these chemicals fit the needs of 
mesquite control. Yet, further informa- 
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tion and development of the foliage treat- 
ment is necessary before a practical 
method of control of mesquite is assured. 

STJNMARY 

1. Invasion of mesquite on range and 
pasture land in the Southwest is of major 
concern to livestock raisers. Mesquit,e 
thrives in the dry climates of South- 
western United States and in many 
foreign countries with similar climate. 

2. Mesquite is typically a sprouting 
tree or shrub that has a well-developed 
root system that enables it to compete 
effectively for moisture w&h perennial 
grasses. It takes on many growth forms 
due to variations in moisture, soils, low 
temperat,ures, fire and mechanical injury 
induced by man, grazing animals, rodents 
and other means. 

3. The abundant production of and 
apparent longevity of the seed t,ogether 
with the periodic emergence and survival 
of large numbers of seedlings during 
favorable periods greatly increases the 
difficulty of obtaining lasting control of 
mesquite on extensive areas of range- 
lands. 

4. The accelerated invasion of mes- 
quite on rangelands is due in part to 
dissemination of seed by roving animals, 
over-use of grasslands, droughts and 
livestock management practices. 

5. Effective control is dependent on 
destroying the dormant sprout buds on 
underground stems, either by removing 
the plant below the lowest bud or killing 
the buds through the use of chemicals 
or oils and controlling reinfestation by 
seedlings. 

6. Light oils, kerosene, diesel fuel and 
others have been used successfully to 
control light stands of single to few- 
stemmed mesquite growing on porous 
soils. 

7. Sodium arsenite is the most effective 
and economical chemical found to con- 

. . 
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trol mesquite. However, its use is limited 
by the pbison hazards to man and live- 
stock. 

8. Grubbing mesquite either by hand 
or with machinery is an effective control 
measure but generally too costly. Root 
cutter machines may be used effectively 
to clear land for cultivated crops and 
under conditions where reseeding with 
desirable range grasses is successful and 
economically justified. Cabling and bull- 
dozing are usually not effective control 
measures when used alone, but may 
greatly reduce overall control costs when 
used in combination with more expensive 
and effective methods. 

9. Methods that destroy only the 
above ground growth offer little promise 
of effectively controlling mesquite. Such 
methods generally result in growth more 
objectionable than original plants. 

10. The use of 2,4-D and 2,4,5-T for 
the control of mesquite is still in the ex- 
perimental stage of development and is 
not yet a recommended method of con- 
trol. 
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BOOK REVIEWS 

THE STUDY OF PLANT COMMUXITIES : -4~ IXTRODCCTION TO PLAKT ECOLOGY 

By H. J. Oosting. 389 pp., 190 figures. W. H. Freeman and Company, San Francisco, 
California. 1948. s.50. 

The aim of the author was to prepare 
a book which would serve as an intro- 
ductory test in plant ecology. Dr. Oos- 
ting, Associate Professor of Botany at 
Duke University, is well qualified for 
this task through his sound botanical 
background and experience in t.eaching of 
ecology, his extensive field researches, 
and his numerous worthy ecological pa- 
pers. Of the many tests on ecology some 
are too inclusive, others too brief and in- 
complete, but Oosting’s book is more or 
less a “happy medium.” . 

The author undertakes to show the 
nat,ure of plant communities, how they 
react to environmental changes, and 
what practical value this knowledge may 
have to mankind. 

Part I, “The Subject Matt.er of Ecolo- 

gy,” is introductory, and consists of a 
single overly brief chapter on the his- 
torical development of ecology, the utility 
of aul-and-syn ecology, and a considera- 
tion of background for community study. 
Many points one would expect to be 
mentioned in this discourse are brought 
out in lat,er chapters. 

Part II, “The Plant Community,” con- 
tains one chapter on the nature of the 

. community, two chapters on veget,ational 
analysis, including quantitative (quadrat) 
measurements and frequency analyses, 
and one chapter on phytosociological 
objectives. This, in the reviewer’s judg- 
ment, is the weakest part of the book. 
The subject matt.er of these chapters 
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does not seem to be closely enough rela- 
ted to constitute a “Part.” The last two 
of these chapters should have been expan- 
ded t,o include a full discussion of statis- 
tical concepts. Perhaps the latter phase 
could best have been treated in an appen- 
dix on methodology. Despite the absence 
of this basic material, other concepts, such 
as a rather full discussion of “Constance” 
vs. “presence” of species in a stand seems 
unwarranted. Part II could well have 
been eliminated by placing the material 
elsewhere, but the concepts discussed 
should have received better coverage. 

Part III, “Fact,ors Controlling the 
Communit,y: the Environment,” includes 
four chapters of which t’wo deal with 
climatic factors, one with physiographic 
factors, and one with biological fact,ors. 
The material in this section is well han- 
dled and represents a logical grouping of 
subject ma.t ter. The roles played by 
climate, soil, and the biological factors 
are discussed in an interesting and solid 
way. The subject is so enormous that 
some readers may criticize the author’s 
t,erse discourse. However, later chapters 
do emphasize the apparent shortcomings 
in this part. 

The author clearly brings out the fac- 
tors influencing plant distribution. The 
discussion of physiographic factors is 
exceptionally well done, but almost no 
reference is made to soil-plant relations. 
Again, under the topic of radiant energy, 
there is no discussion of the temperature 
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at which growth begins, nor is there .ref- 
erence to the correlation of temperature 
with change in elevation. 

Part IV, “Community Dynamics,” con- 
tains one chapter on plant succession, 
one on present distribution of climax com- 
munities, and one on shifts of climax com- 
munities with time. This, in the judg- 
ment of the reviewer, is the strongest 
section of the book. Here the author 
treats the subject of succession in a logi- 
cal, interesting, and scient’ific way. 
Definitions of needed terms are clear and 
concise, and controversial ideas on suc- 
cession, which would tend to confuse 
the beginner, are avoided. Although the 
discourse on shifts in climaxes with time 
is well handled, a statement on organic 
evolution at this point would have added 
to its completeness. The author appar- 
ently favors both the pollen method and 
the dendrochronological t’echnique for 
reconstruction of past climaxes. It seems 
probable that if he had conduct’ed much 
research with either of these methods- 
notably dendrochronology-he would real- 
ize their unreliability. 

Part V, “Practical Considerations,” 
with one chapter on applied ecology, 
closes the book in a highly satisfactory 
manner. This chapter points out the 
important applications of ecology to 
forestry, range management, conserva- 
tion, and cultivated crops. It is perhaps 
not unusual for conservationists to ex- 
aggerate the consequences of wasted 
natural resources, but’ it is hardly possible 
to overemphasize their importance. The 
author deserves praise for having main- 
tained a good balance in discussing these 
points. In this connection plant indica- 
tors are given the important place they 
deserve. 

Almost, apologetically, the author ends 

the book with a few paragraphs on human 
ecology, recognizing that man, like vege- 
tation, is subject to ecological laws. This 
inclusion certainly requires no apology; 
on the contrary, further study of the rela- 
tion of man and of populations to t’heir 
environments, should be widely extended. 
A study of the characteristics of popula- 
tions and of their interdependencies is 
paramount in the conservation of soil, 
forest, grassland, water, and many other 
natural resources. 

The chapters are enhanced by 190 il- 
luminating and well-chosen illustrations 
of American vegetation. The 267 refer- 
ences have also been wisely selected. The 
small list of “General References” at the 
end of each chapter, except t.he first, 
should be helpful to both the beginner 
and the teacher. 

The text is well written, the sentences 
being neither too long, complex, nor 
stilted. There are few contradictions. 
Considering t,he recent advancements 
made in genetical concepts and their 
application to native plant populations, 
a short, t,ersely written chapter on this 
subject would have added much to the 
understanding of some of the views ad- 
vanced. And, although t’he author states 
from the outset that the subject matt,er 
deals primarily with the plant commu- 
nity, the reviewer believes the subject of 
autecology has been too successfully 
avoided. This is the reason why the phy- 
siological application of ecological prin- 
ciples is essentially left out. 

The text should serve its purpose well. 
It does much to modernize ecological 
thinking, and should be on the reading 
list of everyone connected with the biologi- 
cal sciences and with conservation- 
-4rthur TV. Sampson, School of Forestry, 
Univ. of Calif., Berkeley, Calif. 
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By Reuben E. Trippensee. 4'79 pp. Illus. McGraw Hill, Inc. X. Y. 1948. $5.00. 

The addition of this volume to the 
American Forestry Series will be most 
appreciated by teachers and practitioners 
devoted to wild land management, where 
execution of the job is perhaps more 
dependent on breadth than on depth of 
knolvledge. It fills a niche which has 
long been vacant in the American Fores- 
try Series bookshelf. 

This book does an excellent job of 
associating game production with other 
uses of wild lands-timber, water, and 
forage. The multiple use theme appears 
throughout the book. -4 few quotations 
in this regard are noteworthy: 

‘I . . . espenditures [for fox squirrel man- 
agement] generally must be devoted to the 
integrated development of the forest prop- 
erty as a whole rather than any single 
aspect of it.” (p. 139) 

“Publicly owned land should be classified 
and managed according to its highest use, 
regardless of whether the emphasis is on 
timber, wildlife, or some other use.” (p. 
145). 

“Much of the game now harvested in the 
Cnited States must be produced as a 
secondary product of the land along with 
other products such as timber or agricul- 
tural products.” (p. 440) 

As with any young field, differences of 
opinion x-ill exist as to what might be in- 
cluded or omitted from a book which 
summarizes the subject. If the book is 
judged in the light of the author’s ob- 
jective-“X starting point from \vhich 
corrections can be made”-there are few 
serious short*comings. 

-4s a title, Game Management would 
probably have been more appropriate 
than I17ildlije Management. With but 
few exceptions, discussions are confined 
to upland and big game species. Other 
important phases of wildlife management 

such ’ as predators and rodent control, 
furbearer, fish, and waterfowl manage- 
ment are not included. 

M7estern wild land managers will be 
disappointed in the lack of information 
concerning conditions and practices ap- 
plicable to the arid West. Perhaps un- 
consciously, the author draws most of his 
conclusions and examples from experience 
in the more humid eastern states. These 
recommended eastern techniques are 
much too intensive to be practical at the 
present time on large tracts of western 
wildlife ranges. Land managers in most 
of the latter region are more concerned 
about what will happen to wildlife if 
certain silvicultural and range manage- 
ment practices are employed rather than 
with what t,echniques can be employed 
to benefit these animals. In this regard, 
many western foresters will appreciate 
the statement, “Fortunately, proper for- 
est management is also good deer man- 
agement” For the most part, mana- 
gers of western wild lands are still forced 
to do as much as possible but as little as 
is necessary to benefit wildlife. 

Wildlife knowledge has expanded so 
greatly in the past decade that to crowd 
all available information into one small 
volume would be impossible. Some west- 
erners, at least’, will wonder why in 
screening information the author devoted 
so much space to farm game and life 
histories of various game animals. By and 
large these latter considerations are more 
of concern to the wildlife specialist than 
to the individual who manages game as a 
part of full land use. Moreover, there are 
a number of excellent monographs on 
farm game, and several volumes which 
give more detailed life histories t.han could 
be crowded into this one book. At the 
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same time, the land manger will search 
in vain for some mention of the general 
relation of rodents and rabbits t,o range, 
forest, and watersheds; some general 
suggestions as to how forest and range 
management practices affect the fish of 
streams and lakes; and some idea as t,o 
whether the land management practices 
which he is following will destroy the 
habitat of the furbearing animals of 
which he is custodian. 

Individuals familiar with particular 
regions will doubtless point out detailed 
errors and omissions. With regard to the 
arid southwestern United States, many 
natives who have killed deer on the Xort,h 
Kaibab mill challenge the statement that 
the largest mule deer in the United States 
come from northern California. Moreover, 
the Kaibab, deer herd might have been 
given more than incidental mention if 
only for the notoriety attached theret! in 
the problem of keeping game herds and 
available forage in balance. -4s to omis- 
sions, it was disappointing to find no 
mention of the -4bert tree squirrel 
(Sciuru,s aberti subspp.), the western 
(Syloilagus auduboni subspp.), and Rocky 

mountain cottontails (8. nuttalii subspp.). 
The tree squirrel is probably t.oo scarce 
to ever become an important game spe- 
cies, but the cottontails will doubtless 
become increasingly important to resident 
hunters as hunting pressure becomes 
more intense in the Southwest. As to 
minute details, the ranges for sharptails 
and turkeys could be more extensive for 
Arizona and Xew Mexico. -41~0, though 
the pronghorn may prefer grasses else- 
where, in the Southwest he seems to 
relish weeds, and finds better forage on 
ranges grazed by cattle rather than sheep. 

In spite of what might be said in crit,i- 
cism of the book, if it is accepted for 
what it is-a milestone on the road to 
the intelligent management ‘of wildlife 
as a part of full and permanent land use- 
it should serve efficiently and sat’isfac- 
torily on the desk of every individual 
concerned with the problems of wild 
lands in t’eaching, administration, or 
research-Hudson G. Reynolds, South- 
western Forest and Range Esperiment 
Station, U. S. Forest Service, Tucson, 
Arizona. 

~ROCEEDISGS OF THE I~TER-~~MERICAN COXFEREXCE ON COXSERV_~TION OF 
RExEwrlBLE ~\TATCRAL RESOURCES 

‘Department of State Publication 3382, 
International Organization and Confer- 
ence Series II, -4merican Republics 4. 
782 pages, several maps and figures. 

It was previously reported in the Jour- 
nal of R.ange Management that the Inter- 
American Conference on Conservation 
of Renewable Satural Resources was 
held in Denver, Colorado Sepbember 
7-20, 1948. The wide interests of the 
delegates who were invit,ed to attend this 
conference is shown by the diversity of 
subject matter reported in the papers of 
these Proceedings. Certainly they reflect 

a broad interest and serious consideration 
of the range of conservation problems. 

This neatly bound volume is divided 
into six Sections as follows: 

Section I.-Human Populations and 
Productive Capacity of 
the Land. 

Section II.-Renewable Resources and 
International Relations. 

Section III.-Land Use and t’he So- 
cial Sciences. 

Section IV.-The Dynamics of Renew- 
able Resources. 

Se&ion V.-Education in Conservation 
Dynamics. 
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Section VI.-Making Conservation Ef- 
fective. 

Since Section IV discusses various 
techniques and action programs for im- 
proved land use, and contains the articles 
on pasture land management, it n-ill 
presumably be of great’est interest to 
members of the Society of Range Man- 

agement. Parts of all the other Sections, 
however, will also engage the interest of 
scholars and operators of pasture lands. 

For sale by Division of Publications, 
Office of Public _4ffairs, Department of 
State, Washington, D. C., for S2.25.- 
,4r&~ W. Sampson, School of Forestry, 
Cniversity of California, Berkeley, Calif. 
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NEWSANDNOTES 

-4rnold Heerwagen, of the Soil Con- 
servation Service, was transferred from 
his position as Range Conservationist in 
Western Utah to the Regional Office in 
Region 6, with headquarters at Raton, 
Sew Mexico. His principal work there 
will be in the development and use of 
range condition criteria. 

-4von Denham, of the U. S. Forest 
Service, has moved to Washington, D.C. 
where he is assistant chief to Walt Dut- 
ton in the Division of Range Manage- 
ment. Before going to Washington, Mr. 
Denham xas assistant in range manage- 
ment in the California Region. 

Members Waldo R. Frandsen of the 
Portland Office of the Soil Conservation 
Service and F. G. Renner, Chief of the 
Range Division of that agency, spent a 
month in the Hawaiian Is!ands during 
Sovember and December. The primary 
purpose of the trip was to assist the own- 
ers of a number of large ranches to ap- 
praise the condition of their lands and to 
develop a conservation program for them. 
They also spent some time with the 
Territorial Conservationist and Land 
Board in working out a program of con- 
servation management for territorial 
range lands. 

On January 1,1950, Dr. R. S. Campbell 
of the U. S. Forest Service took over as 
Editor of the Journal. For many years 
Dr. Campbell has been engaged in rese,arch 
work and has written numerous articles on 
range management. He served as a mem- 
ber of the first editorial board for the Jour- 
nal and also has served on the editorial 
board of Ecology. Dr. Campbell’s address 

is Southern Forest Experiment Station, 
1008 Federal Office Building, 2\‘ew Orleans 
12, Louisiana. 

LIFE MEMBERS 

The society now has fourteen life mem- 
bers: ,41an Beet’le, J. R. Bentley, H. H. 
Biswell, Walter L. Dut,ton, Dan Fulton, 
W. R. Hanson, Harold F. Heady, ,4. Perry 
Plummer, F. G. Renner, -4. W. Sampson, 
George M7eaver, Wilton T. White, Waldo 
Wood, Vernon Young. 

BVREAU OF LSD MASAGEMEXT FIELD 
COXFEREWE 

The Xmerican Society of R.ange Manage- 
ment was well represented at a three-weeks 
Resource Management Field Conference 
held by the Bureau of Land Management 
at the Squaw Butte Range and Livestock 
Experiment Station west of Burns, Oregon, 
during *July. Station Supt. W. A. Sawyer 
and Range Examiner Mile Deming dis- 
cussed the station work and conducted a 
field trip over the station. Range Manage- 
ment Professor Charles E. Poulton of Ore- 
gon State College also participated in the 
program. 

Grazing administration and range man- 
agement problems on public domain were 
considered in some detail in discussions 
lead by Division Chief G. PII. Kerr. 
Procedures, regulations, trespass control, 
soil and moisture conservation, and range 
improvements were part, of the studies. 
Grazing surveys as conduct,ed in con- 
nection with t.he Missouri Basin studies 
program were considered in connection 
with the land classification work of the 
Bureau. Mile Deming instructed the 
group on determining range utilization. 

76 
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The Bureau’s Division of Land Plan- 
ning and Division of Forestry each held 
sessions on various phases of their work. 

>fEETIXG OF SUBJECT->.IATTER DIVISION 
OF RANGE >I_QT\‘AGEME~‘T, SOCIETY 

OF AMERICAN FORESTERS 

The fourth annual meeting of the Sub- 
j ect-Matt’er Division of Range blanage- 
ment was held October 12, 1949 in Se- 
attle, Washington, in connection with the 
annual meeting of the Society of American 
Foresters. Lincoln Ellison presided and 
T. Dean Phinney acted as secretary in 
the morning session, and George W. Kan- 
sky as secretary in the aft,ernoon session, 

The morning session was a symposium: 
“Analysis of Grazing Capacity on Sa- 
tional Forest Range Lands.” The after- 
noon session was devoted to papers on 
miscellaneous range subjects. The pro- 
gram was as follows. 

Morning Session. 

1. “Grazing Capacity Estimates and 
Range Conditions-1949 Concepts.” Earl 
D. Sandvig, W. S. Forest Service, Den- 
ver, Colo. 

2. “Sustained Grazing Capacity on 
Sorthern Rocky Mountain Sational For- 
ests.” Thomas Lommasson, U. S. Forest 
Service, Missoula, Mont. 

3. “Photo Guides as -4ids in Deter- 
mining Range Capacity, Condition, and 
Utilization.” Waldo E. Wood, U. S. 
Forest Service, San Francisco, Calif. 

4. “Judging Range Condition and 
Trend in a Range Inventory Project. in 
Oregon.” George W. Kansky, U. S. 
Forest Service, Twisp, Wash. 

5. “How Grazing Capacity of Rloun- 
tain Range Lands is Affect’ed by Range 
Condit,ion and Usability.” T.’ Dean 
Phinney, U. S. Forest Service, Ogden, 
Utah. 

6. “Comparative Ret,urns from Dif- 
ferent Types of Land Use on Western 
Montana Forest Soils.” Melvin S. Mor- 
ris, School of Forestry, Montana State 
University, Missoula, Mont. 

Afternoon session 

7. “Grazing Use of Forest Lands in 
Interior British Columbia.” E. W. Tis- 
dale, University of Idaho, Moscow, Idaho. 

8. “Immediate Effects of Logging on 
Forage Production.” George Garrison 
and R. S. Rummell, Pacific Northwest 
Forest and Range Experiment Station, 
Portland, Ore. 

9. “Factors ,4ffecting the Grazing Use 
of Ponderosa Pine Ranges.” Joseph F. 
Arnold, Southwestern Forest and Range 
Experiment Station, Tucson, Ariz. 

10. “Sane -4spects of Forage Yield 
Measurement.” Charles E. Poulton, Ore- 
gon State College, Corvallis, Ore. 

11. “Influence of Precipitation on Yield 
and Culm Production of Certain South- 
western Montana Range Grasses.” Grant 
A. Harris, Northern Rocky Mountain 
Forest and Range Experiment Station, 
Rlissoula, Man t. 

12. “Some Effects of Grazing Inten- 
sity on Growth of Sorthern Great Plains 
Forage Grasses.” Merton J. Reed and 
Roald A. Peterson, Sorthern Rocky 
Mountain Forest and Range Experiment 
Station, Missoula, Mont. 

The meeting room was crowded most 
of the day. How many were in attendance 
is not precisely known, but the total was 
somewhat over 64, since this number 
signed the regist’er. 

A nominat,ing committee was appointed 
to select candidates for office during the 
nest biennium, consisting of M. W. 
Talbot, chairman, Melvin S. Morris, and 
Ernest H. Taylor. The committee will 
draw up at least two slates and voting 
v-ill be done by mail ballot. 
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BRT_-SH REMOVAL DEMOKSTRATIONS 

The Universit,y of California, College 
of _4griculture, in cooperation with the 
State Division of Forestry, the California 
Forest and Range Experiment Station, 
and the -4dministrative Branch of the 
U. S. Forest Service, will start a series of 
10 or 12 demonstration projects on the 
feasibility of removing brush from range 
lands in California. The demonstrations 
will be distributed in such a way as to 
fairly well represent the brush types. In 
so far as possible each area selected will 
be of sufficient size to be operated as an 
economic unit. 

During the past several years a large 
\ amount of experimental work on various 

phases of brush range improvement has 
been done in California. -4s yet, however, 
very little has been accomplished toward 
the application of this information to the 
improvement of brush ranges in the state. 
Among other things the demonstrations 
will 

1. 

2. 

3. 

i. 

5. 

involve the following steps: 
Brush removal by burning or me- 
chanical means. 
Reseeding with adapted species of 
grasses and other forage. 
Reburning after 1 to 3 years,’ or 
other follow up steps, to destroy 
brush seedlings and sprouts. 
Grazing management t’o maintain 
and perpetuate the forage coyer. 
Reburning, or other treatment, when 
necessary. 

General responsiblity for execution of 
the program will fall largely on Professor 
‘B. A. Madson, Chairman of the Univer- 
sity of California Range Land Utiliza- 
tion Committ,ee, Chairman of the _4d- 
visory Committ’ee to the State Board of 
Forestry, and Director of Field Stations 
for the University. 

How 
fluence 

ATOMIC PRODVCTS 

greatly atomic products may in- 
agriculture and hence range 

science no one knows but there is much 
speculation about it. There is no doubt 
but what radioactive isotopes or tracer 
elements will contribute magnificently to 
researches in plant nutrition, and plant 
breeding as well as plant, animal and 
human pathology. 

With the innovation of atomic science 
has come a new language which we must 
learn and adopt just as we have had to 
do when other new sciences developed. 
In time we will use such terms a.s iso- 
topes, half-life, Geiger counters, tagged 
atoms, and neutron bullets with as much 
familiarity as we use words like carbure- 
t*or, pneumatic, telephone, hemorrhagic 
septicemia, and rhododendron. 

,41ways before when new sciences have 
been popularized, the truth about them 
often has been puffed out of shape. The 
same is true of atomic science. Esaggera- 
tions have spread about the alleged in- 
crease in farm production in the bombed 
area around Sagasaki in Japan. Gains, 
if any, were not due to radioactive in- 
fluences on growing crops. T_Ze of radio- 
active fertilizers on several experiment 
stations in the United States the past 
summer showed no increased yields over 
normal fertilizers. 

Values to be derived from atomic agri- 
culture may be enormous. However, the 
quality of magic ascribed it by some is 
pure fantasy. The first experiments indi- 
cate that induced mutations in plants and 
animals may be multiplied as a result of 
increased power of radioaction. This 
wou!d increase the number of new forms 
that would be more fertile, yield more, 
and withstand cold, heat or disease bet- 
ter than the parents. 

The improved plant types will require 
good soil with high fertility. This will 
mean greater soil maint,enance problems 
for conservationists. Yet there is little 
likelihood that new varieties developed 
by atomic processes will migrate into and 
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take over on ranges where the original 
native plants still are in control. Xature 
spent thousands of years selecting eco- 
types that were best fitted to local 
environments. It isn’t likely that some 
colossus, like Jack’s beanstalk, will ever 
be developed to take over the range lands. 
Escept for seedings on farm lands, west- 
ern ranchmen will probably have about 
the same kind of plants on their land as 
they have now. It is possible to improve 
the productivity of some ranges three or 
four times by sound range management 
which will let the original good grasses 
come again into their own. That rate of 
increase will be hard to match by any 
other processes.--B. TV. AZZred, Soil Con- 
servation Service, Fort Worth, Tesas. 

Division, Soil Conservation 
Service, Washington 25, D. C. 

Report by Treasurer 
Melvin S. Morris, Professor of 

Forestry, Montana State Cni- 
versity, Missoula, Xont. 

Reports and .4nnouncements by 
Secretary 

TV. James .4nderson, Bureau of 
Land Management, Washing- 
ton 25, D. C. 

Report by Editor 
H. H. Biswell, Associate Profes- 

sor of Forestry, University of 
California, Bekeley, Calif. 

Reports by Committees 
‘P\ew Business 

Tuesday Afternoon, January 10 
R.wGE IMPROVEMENT FIELD DAY 

.4pproximately 10,000 people attended 
the range improvement field day at Wood- 
ward, Oklahoma, on October 8. The 

PANEL OF ROTATIOX .4KD 
CONTIXUOUS GRAZIXG 

INVESTIGATIO?\‘S 
, 

crowd represented attendance from 21 Chairman: L. A. Stoddart, Professor of 
states. Progress reports handed out dur- Range Management, Utah State 
ing the day are available on request from College, Logan, Utah. 
D. A. Savage, Superintendent, Southern 1 :OO A Twenty-six Year Comparison of 
Great Plains Field Station, M’oodward, Continuous and Rotation Grazing 
Oklahoma. in the Northern Plains 

PROGR.431 

Third Annual Meeting 
AMERICAN SOCIETY OF R_sNGE 

b!fAKAGEMER’T 
Gunter Hotel, San Antonio, Tesas 

January 10, 11, 12, 1950 
Including Tour of King Ranch 

on January 13 

Tuesday Morning, January 10 

1:20 
1:30 

1:50 

George A. Regler, Agronomist, 
Bureau of Plant Industry, Sor- 
thern Great Plains Field Sta- 
tion, Mandan, X. Dak. 

Discussion 
Grazing Sheep in Rotation on 
Desert Range. 

Selar S. Hutchings, Forest Ecol- 
ogist, Desert Range Branch 
Station, U. S. Forest Service, 
hlilford, Utah. 

Discussion 
8 : 00 Registration (also possible to register 2 :00 Studies of Rotational Grazing in 

night before) the Southeast 
9 : 00 Business Meeting H. H. Biswell, -4ssociate Professor 

Presidential Address-Current and Forestry, University of Cali- 
Future Progress of Range Society. fornia, Berkeley, Calif. 
Fred G. Renner, Chief, Range 2 : 20 Discussion 

.- 
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2:30 

2:50 
3:oo 

3:20 
3:35 

3:s 
4:os 

4:25 

NEWS AXD Ir;OTES 

Continuous and Rotational Grazing 9 : 50 Discussion 
in Texas. 1O:OO Extension Range Work in Texas. 

Paul T. Marion, Assistant _4ni- -4. H. Walker, Extension Range 
ma1 Husbandman, Texas Sub- Specialist, Texas Extension Serv- 
station Xo. 7, Spur, Texas. ice, College Station, Texas. 

Discussion 10 : 20 Recess 
Rotation Grazing Studies in West- 10: 30 Range Use and Conservation from 
ern Canada. a Rancher’s Viewpoint. 

Klliam -4. Hubbard, Dominion Chester -4. Williams, XX Ranch, 
Range Experiment Station, Tie Siding, Wyoming. 
Manyberries, _4lberta, Canada; 10 : 50 Discussion 

Recess 11:OO Soil Conservation Dist’ricts in 
Rotation Grazing Tests in Oregon. Texas. 

Donald X. Hyder, Squaw Butte Waters S. Davis Jr., R.anchman 
Harney Range and Livestock and President, Association of 
Esperiment Station, Burns, Texas Soil Conservation Dis- 
Oregon. trict Supervisors, League City 

Discussion Texas. 
Eight-year Comparisons of Con- 11: 10 Discussion ’ 
tinuous and Rotational Grazing on 11: 20 Challenge to the Range Researcher 
the Southern Plains Experimental Radford S. Hall, -4ssistant Ex- 
Range. ecutiveSecretary,_LimericanXa- 

E. H. McIlvain, Range Ecologist, tional Livestock _4ssociation, 
Bureau of Plant Industry, ‘CT. S. Denver, Colo. 
Southern Great Plains Field 11:40 Discussion 
Station, Woodward, Okla. 

Discussion Wednesday -4 jlernoon, January 11 

Wednesday Morning, January 11 PASEL OS R_4SGE RESEEDIXG 

PASEL OS RAKGE COSSERK4TION 
Chairman: Daniel S. Fulton, Ranchman, 

Ismay, Montana 
Chairman: A. TV. Sampson, Professor 1:00 Reseeding _4bandoned Land in the 

of Range Ecology, University of Cali- Southern Plains 
fornia, Berkeley, Calif. John R. McClure, Ranchman, 

8:30 

8:50 
9:oo 

9:20 
9:30 

Conservation Ranching in the 
Oklahoma Panhandle 
-4. P. Atkins, Ranchman, Guy- 
mon, Okla. 

Discussion 
Sutrition of Range Livestock. 

L. L. Madsen, _4nimal Husban- 
dry Department, Utah State 
College, Logan, Utah. 

Discussion 
Ranching Services, a Challenge to 
Range Men. 

R. B. Peck, President, Western 
Ranching Service, Dalhart,Tesas 

Gage, Okla., and Higgins, Tex. 
1:20 Reseeding Work in Colorado. 

Clinton C. Wasser, Head, Depart- 
ment of Grazing and Range 
Management, Colorado -4. & 
PII. College, Fort Collins, Colo. 

1:40 Practical Trends of Reseeding 
Results in California. 

31. YV. Talbot, -4ssociate Direc- 
tor, California Forest & Range 
Esperiment Station, U. S. 
Forest Service, Berkeley, Calif. 

2 :00 A More -4gressive Reseeding Pro- 
gram is Xeeded. 

-__I_ we- _ _ _ _ _ _ l _ l  
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Leon C. Hurtt, Range Conser- 
vationist, U. S. Forest Service, 
Missoula, Mont. 

2:20 i\'ew Grasses for Old Ranges. 
Jack R. Harlan, Xgronomist’, 

Bureau of Plant Industry, 
U. S. Southern Great Plains 
Field Station, Woodward, 
Okla. 

2: 40 General discussion on reseeding. 
2:50 Recess 

SYMPOSIUM ON RA4KGE SOILS 
,4SD COKDITIOX CL,4SSES 

Chairman: A. D. Molohon, Bureau of 
Land Management, Billings, Mont. 

3 :00 Soils in Relation to Range Manage- 
ment. 

R. R4. Marshall, Chief, Soil 
Survey Division, Soil Conser- 
vation Service, Fort Worth, 
Texas. 

3 : 20 Rating Soils for Range Management’. 
John L. Retzer, Rocky Mt. 

Forest 6: Range Experiment 
Station, U. S. Forest Service, 
Fort Collins, Colo. 

3 :10 General discussion on range soils. 
4 : 00 Range Condition Classification as 

Basis for Ranch Planning. 
B. W. ,4llred, Soil Conservation 

Service, Fort Worth, Texas. 
4: 20 Development and -4pplication of 

Range Condition Classes to Wyo- 
ming Ra.nge Types. 

Allan A. Beetle, ,4ssociate Pro- 
fessor, University of Wyoming, 
Laramie, Wyo. 

4: 40 General discussion on range condi- 
tion classes. 

Thursday Morning, January 12 

P,4XEL ON BRUSH ASD TREE 
COKTROL 

Chairman: Kenneth W. Parker, Sout.h- 
western Forest & Range Experiment 

Station, U. S. Forest Service, Tucson, 
-4rizona. 

8 : 30 Cedar Control in Texas. 
Simon E. Wolff, Soil Conserva- 

tion Service, Fort Worth, Tes. 
8 : 50 Chemical Control of Southern 

ITeed Trees. 
Fred -4. Peevy, Forest Ecologist, 

Alexandria Branch, Southern 
Forest Experiment Station, 
U. S. Forest Service, Sex 
Orleans, La. 

9: 10 Mortality of Velvet Mesquite 
Seedlings. 

Harold L. Paulson, Jr., Research 
Forester, Southwestern Forest 
and Range Experiment Sta- 
tion, U. S. Forest Service, Tuc- 
son, ,4riz. 

9: 30 Mesquite Control in Texas. 
C. E. Fisher, Associate ,4grono- 

mist, Tesas Substation So. 
7, Spur, Texas. 

9: 50 Shrub Invasion of Southern Ari- 
zona Desert Grassland. 

Albert 1,. Brown, Assistant Range 
Ecologist, University of Ari- 
zona, Tucson, Ariz. 

10: 10 Discussion and recess 

P_4SEL OS GRA4ZISG C_1P_\CITY 
,4SD UTILIZATIOS 

Chairman: F. W. _4lbertson, Head, Bat,- 
any Department, Fort Hays Kansas 
State College, Hays,’ Kansas. 

10: 30 Estimating Grazing Capacity by 
Sit)e Classifications. 

J. R. Bentley, Range Conserva- 
tionist, California Forest & 
Range Experiment, Station, 
U. S. Forest Service, Berkeley, 
Calif. 

10 : 50 Discussion 
11: 00 Value and Limitations of Forest 

Range for Cattle Grazing in the 
Southern Gulf Coast. 

John . T. Cassady, Alexandria 
Branch, Southern Forest Ex- 
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periment Station, U. S. Forest 
Service, Yew Orleans, La. 

11: 20 Discussion 
11:30 A Short-cut Method for Judging 

Range Utilization. 
Mack E. Roach, Range Conser- 

vationist, Southwestern Forest 
& Range Experiment Station, 
U. S. Forest Service, Tuscan, 
Ariz. 

11: 50 Discussion 

Thursday ,4fternoon Tour, January 12 

1: 00 Tour of the Soil Conservation Xurs- 
ery and Seed Laboratory under 
guidance of 

D. H. Foster, Chairman of local 

Thursday 

arrangements for the meetings, 
and Nursery Manager, Soil 
Conservation Service, San An- 
tonio, Tex. 

Evening Banquet, January 12 

7:00 Banquet, Hotel Gunter 
Master of Ceremonies: J. Sayers 
Farmer, President, Texas Sheep 
and Goat Raisers’ Association, 
San Angelo, Texas. 
Address: 

Dr. 0. S. Aamodt, Plant 
Industry Station, Beltsville, 
Md. “Grasslands of Iceland” 

Friday Morning, January 13 

i:OO A Tour of the King Ranch and 
points of interest enroute is being 
arranged, for those who care to 
stay over, by Xico Diaz, Agron- 
omist, and J. K. Northway, 
Veterinarian, King Ranch, Kings- 
ville, Tex. 

DEATHS 

David R. Xavon, a recent graduate 
of the University of California and 
member of the Society, lost his life in 
the Mann Gulch fire on t.he Helena 
Xational Forest on -4ugust 5. 

Joseph H. King of Laramie, Wyoming, 
int,ernationally known rancher and sheep- 
breeder and member of the Society, 
died in October with a heart attack. 
Mr. King was very active in organizations 
formed to better the wool industry. 
He served as president of both the 
American Corriedale Association and 
the American Rambouillet _4ssociation, 
and was a member of the executive 
committee of t.he Wyoming Wool Growers 
Association. He was instrumental in 
obtaining the wool laboratory at the 
University of Wyoming. 



CURRENTLITERATURE 

RANGE PLANTS: Forage value, chemical composition, ecology, physiology, systematics 

ALLRED, B. J$T. (Soil Conservation Serv- 
ice, Ft. Worth, Texas). Southwestern 
trees and shrubs. Pinon pine (Pinus 
edulis) . Sheep and Goat Raiser 29 (11) : 
26-28. Aug. 1949. 

BILLINGS, W. D. (Biology Dept., Univ. 
Nevada, Reno, Sev.). The sha.dscale 
vegetation zone of Serada and eastern 
California in relation to climate and 
soils. Amer. Midl. Satur. 42(l) : 87- 
109. July 1949. The shadscale vege- 
tation of Nevada and eastern Cali- 
fornia lies in a distinct zone between 
the creosote bush and sagebrush 
zones and it is associated with a dis- 
tinct climatic zone and gray desert 
soils which ma.y or may not possess a 
degree of salinity in the subsoil. 

BLAISDELL, J. P. AXD J. F. PECHANEC 
(Intermtn. For. & Range Exp. Sta., 
Ogden, Utah; Pac. Sorthw. For. & 
Range Esp. Sta., Portland, Ore.). 
Effects of herbage removal at various 
dates on vigor of bluebunch wheat- 
grass and arrow-leaf balsamroot. Ecol- 
ogy 30(3) : 298-305. July 1949. Studies 
at the U. S. Sheep Exp. Sta. over a 
6 yr. period showed that complete 
herbage removal of bluebuneh wheat- 
grass and arrowleaf balsamroot is 
most injurious after the date when 
substantial regrowt*h is impossible and 
before maturity. The effect of clipping 
both species apparently depends upon 
the amount of herbage present during 
the storage period which follows 
cessation of growth. ’ 

BLOMQUIST, H. L. (Botany Dept., Duke 
Univ., Durham, N. Car.). The grasses 

of Sorth Carolina. Duke Univ. Press, 
Durham, N. Car. 1948. $7.50. 276 pp. 
A systematic treat*ment with dis- 
tribution maps and discussion of im- 
portant grasses in the vegetation 
types of the state. 

CORY, V. L. (South. Methodist Univ., 
Dallas, Tex.). On some grasses, chiefly 
of the Edwards Plateau of Texas. 
Field and Laboratory 17(2): 41-52. 
Apr. 1949. Forage value, management 
and ecology of the important grasses 
on the Sonora Range Experiment 
Station. 

CORY, V. L. (South. Methodist Univ., 
Dallas, Tex.). The disappearance of 
plant species from the range in Texas. 
Field and Laboratory 17(3): 99-115. 
June 1949. Descriptions and com- 
ments on numerous palatable browse 
and forb species that have diminished 
under grazing. 

HUBBARD, W. -4. (Dominion Range Exp. 
Sta., Manyberries, Alberta). Results 
of studies on crested wheatgrass. 
Sci. Agriculture 29(8): 385-395. Aug. 
1949. Results of reseeding abandoned 
dryland, spring flooded meadows, and 
native prairie with various seedbed 
preparations, spacing, and seeding 
methods showed that over a 10 yr. 
period seeding rates and cultural 
methods employed had little effect 
on the density or yield of crested 
wheatgrass stands. 

&OKLES, R. P. AxD I$? J. M7HITE. 
(Dominion Forage Crops Lab., Saska- 
toon, Sask.). The performance of 
southern strains of brome grass in 
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Western Canada. Sci. Agriculture 
29(9): 437-150. Sept. 1949. Forage 
production of southern strains of 
smooth brome at 9 stations in western 
Canada was found to be similar to 
that of northern commercial brome- 
grass. Southern strains were 2 to 4 
days later in flowering and showed 
more resistance to spring and fall 
frosts than northern strains. 

LANCASTER, R. R. (Tex. -4gric. Ext. 
Serv., College Sta., Tex.). Clovers for 
Texas pastures. Tex. Agr. Ext. Serv. 
Bull. 168. 21 pp. 1948. 

SHIPLEY, AI. -4. _~KD F. B. HEADLET. 
(Xev. ,4gr. Exp. Sta., Reno, Sev.). 
Nutritive value of wild meadow hay 
as affected by time of cutting. Sevada 
.4gr. Esp. Sta. Bull. 181. 23 pp. 1918. 
Feeding trials with steers on early- 
and late-cut meadow hay correlated 
with weelily chemical composition 
data obtained over a 4 year period 
showed that early-cut hay is superior 
in feed value. 

STARK, R. H. _~ND I<. H. ELAGES. (Soil 

Cons. Serv. Nursery, -4berdeen, Ida. ; 
Idaho ,4gr. Exp. Sta., PIIoscow, 
Idaho). R’lanchar smooth brome. 
Idaho Agr. Exp. Sta. Bull. 275. G pp. 
Apr. 1949. Characteristics of &lanchar 
smooth brome and hay and seed 
yields from plantings at Aberdeen 
and R~OSCO~, Idaho. 

STODDART, L. A., ,4. H. HOLMGREN, AND 
C. W. COOK. (Utah _4gr. Exp. Sta., 
Logan, Utah). Important poisonous 
plants of Utah. Utah ,4gr. Exp. 
Sta. Spec. R.eport So. 2. 21 pp. June 
1949. $.50. General discussion of 18 
important poisonous plants of Utah 
with 12 colored illustrations and 
addit,ional figures. 

\VErlvER, J. E. AND R. IV. DARLAND. 
(Botany Dept., Univ. Sebraska, Lin- 
coln, Sebr.). Quant,itative study of 
root systems in different soil types. 
Science 110: lG+lG5. -4ug. 12, 1919. 
I\lethod applied to range grasses con- 
sists of washing out root systems from 
monoliths of soil cut from exposed 
trench faces. 

a RANGE .4sn P_4sTuRE X~N_~GEME~T: Management plans, surveys, uiilization, 
mainfenan ce 

BEETLE, -4. X. ( Wyo. -4gr. Exp. Sta., 
Laramie, Wyo.). Problems of range 
condition classes on the Laramie 
Plains, Wyoming. 1Vyo. ,4gr. Expt.. 
Sta. Wyo. Range hlgt. Issue So. 12. 
5 pp. mineo. June 1949. 

BOYLE, R. V. (Soil Conservation Service, 
Albuquerque, X. l\lex.). The Soil 
Conservation Service action program 
in range management. U. S. Soil Con- 
servation Service Southwest. Reg. 
Bull. 105. 16 pp. mimeo. -4pril 1948. 

CHAPLISE, W. R. (Div. Range Research, 
U. S. Forest Service, Washington, 
D. C.). Progress in range manage- 
ment. ,4mes Forester 37: 53-G& 1919. 

CORY, V. L. (South. I\lethodist Univ., 

Dallas, Tex.). ,4 study of the carrying 
capacity of a range. Tex. Acad. Sci. 
Proc. & Trans. (1946) 30: li5-180. 
1948. Studies on grazing capacity and 
forage consumption by cattle, sheep 
and goats conducted in 1921-29 at 
the Ra.nch Exp. Sta., Sonora, Texas. 

FORSLING, C. L. (Dept. of Interior, 
,4lbuquerque, Sew Jlexico). Relation 
of sustained livestock production to 
condition of grazing land. Lake Suc- 
cess, N. Y. United Sations Dot. E. 
Conf. 7/ SEC/ W 22. 1G pp. mimeo. 
1919. 

FCELLEMAK, R. F., R. J. WEBB, W. G. 
I<AMML_4DE, _~ND W. L. BURLISON. 
(Coll. of Agric., Univ. Illinois, Urbana, 
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Ill.). The effect of intensity of grazing or downward trend. Grazing manage- 
on pasture and animal production at ment, season of grazing, intensity of 
the Dixon Springs Station. Jour. stocking, grazing systems and range 
Animal Sci. S(3): 450-458. .kug. 1949. improvement pra.ctises on spring-fall 
Comparison of botanical analyses and sheep ranges based on 20 years study 
livestock gains under continuous and at or near the U. S. Sheep Esp. Sta., 
alternate moderate and heavy grazing Dubois, Idaho. 
by cattle and sheep in southern PESFOGKD, W. T. (Dept. Pl. Sciences, 
Illinois. Greatest gains were made T_‘niv. Oklahoma, Norman, Okla.). 
under heavy alternate grazing. -4n improved quadrat frame for the 

GILL, J. B. (.Agron. Dept., Miss. State analysis of plant populations. Ecology 
Coll., State College, Miss.). M7inter 30(3): 382-383. July 1949. _4n alumi- 
grazing in South Mississippi. Miss. num, variable, spring-clip frame. 
Agr. Esp. Sta. Circ. 134 (rev.) 13 pp. POTLTON, C. E. (An. Husb. Dept., Ore. 
1948. State Coll., Corvallis, Ore.). Sampling 

HUMPHREY, R. R. (Bot,any Dept., Univ. technique in range fora,ge volume 
Arizona, Tucson, Ariz.). ,4n analysis inventory. Northwest Science 22(3) : 
of forage utilization methods and a 108-115. Aug. 1948. Discussion of 
proposal for utilization surveys by range reconnaissance and weight in- 
range condition classes. Jour. Forestry ventory for measuring fora.ge yield. 
47(7): 549-554. July 1949. A proposal RESKER, F. G. (Soil Conservation Serv- 
for utilization surveys based upon ice, N7ashington 25, D. C.). Recent 
flexible proper use factors for key advances in methods for restoring 
species and utilization measurements deteriorated grazing land, Lake Suc- 
within areas in various range condi- cess, N. Y. United Nations Dot. E/ 
tion classes. Conf. 7/ SEC/ W 26. 13 pp. mimeo. 

LANCASTER, R. R., E. JAMES, R. Y. 1949. ’ 
BAILEY AXD R. R. HARRIS. (Texas SPRAGUE, 34. A., R. P. BARTHOLOMEW, 
Agr. Ext. Serv., College Sta., Texas). _~SD W. GIFFORD. (Ark. Agr. Exp. 
Pastures. Grazing, hay and silage Sta., Fayetteville, Ark.). Pasture im- 
crops. Turner E. Smith Co., Atlanta, provement for Arkansas uplands. ,4rk. 
Ga. 500 pp. 1949. 83.00. A text and _%gr. Exp. Sta. Bull. 485. 50 pp. May 
reference for teachers of vocational 1949. *Discussion of pasture studies 
agriculture on pastures and feed conducted at the Livestock and 
forage crops with emphasis on all-year Forestry Branch Exp. Sta. in n. 
grazing programs in the South and Arkansas since 1939 to determine the 
Southwest. effects of grazing systems, fertilization, 

PECHANEC, J. F. AKD G. STE\v,4RT. (Pac. mowing and reseeding. 
Xorthw. For. & Range Exp. Sta., ST.~TEN, H. W. AKD V. G. HELLER. 
Portland, Ore.; Intermtn. For. & (Okla. Agr. Esp. Sta., Stillwater, 
Range Esp. Sta., Ogden, Utah). Okla.). Winter pasture for more feed 
Grazing spring-fall sheep ranges of and better feed at lower cost. Okla. 
Southern Idaho. U. S. Dept. Agr. Agr. Exp. Sta. Bull. B-333. 16 pp. 
Circ. 808. 34 pp. May 1949. Criteria May 1949. Comparison of forage 
for the recognition of 4 broad pro- production and nutrient content of 
ductivity situations on spring-fall winter pasture crops under different 
sagebrush ranges and of improvement clipping treatments. 
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STOESZ, A. D. ASD H. J. HELM. (Soil 
1: Cons. Serv. Nursery Division, Lin- 

coln, Nebr.). Grass-a tool in soil 
conservation. Jour. Soil & Water U. 
Conservation 3(4): 155-158, 188. Oct. 
1948. Conservation and management 
practises on the land utilization pro- 
jects and soil conservation districts 
in the Northern Great Plains. 

U. S. FOREST SERVICE. (Washington, 
D. C.). Quest,ions and answers about 

grazing on 
Dept. .4gr. 
1949. 

national forests. U. S. 
AIS no. 80, 18 pp. May 

S. SOIL COXSERVATIOX SERVICE, 
Pacific Coast Region (Portland, Ore.). 
Range condition: a classification of 
the grassland-sagebrush and aspen 
forage types in the Sorth Bingham 
Soil Conservation District by I. 
Clark. Shelley, Ida. 26 pp. 1948. 

RANGE IMPROVEMENT: hTatural and artijicial revegetation, noxious plant control, 
mechanical im.provements z 

ELDER, W. C., H. M. EL~ELL AKD F. A. 
ROMSHE. (Okla. Agr. Exp. Sta., Still- 
water, Okla.; Red Plains Cons. Esp. 
Sta., Guthrie, Okla.). Chemical con- 
trol of weeds and brush in Oklahoma. 
Okla. .4gr. Esp. Sta. Bull. B-335. 
26 pp. June 1949. Presents general 
information on 2,4-D and other 
herbicide chemicals and discusses the 
use of 2,4-D, 2,4,5-T, and ammo- 
nium sulfamate for the control of 
brush on range and pasture lands. 

HULL, -4. C., JR. (Rocky Mtn. For. & 
Range Esp. Sta., Ft. Collins, Colo.). 
Range reseeding. W7yo. Agr. Esp. Sta. 
WTyo. Range Mgt. Issue No. 8. 4 pp. 
mimeo. Feb. 1949. 

HULL, A. C., JR. AXD G. STEWART. 
(Rocky Mtn. For. & Range Expt. 
Sta., Ft. Collins, Colo.; Intermtn. For. 
& Range Exp. Sta., Ogden, Utah). 
Seeding Southern Idaho range lands 
by airplane. Intermtn. For. 6- Range 
Esp. Sta., Res. Pap. No, 16. 14 pp. 
mimeo. ,4pril 1948. 

JOHKSON, W. M. A?ZD ,4. C. HULL, JR. 
(Rocky Mtn. For. & Range Enp. Sta., 
Ft. Collins, Colo.). Range forage 
species for seeding in ponderosa pine 
areas. Rocky iM tn. For. & Range 
Exp. Sta., Res. Xote R’o. 5, 3 pp. 
mimeo. 1949. 

LEMMON, P. E. AE;D P. W. TAYLOR. (Soil 
Cons. Serv. Nursery, San Fernando, 
Calif.). Pampas grass in Southern 
California. Soil Conservation 14( 11) : 
255-257. June 1949. Suggests the use 
of pampas grass in valley bottoms in 
s. California for short periods of 
green forage during arid summer 
months. 

MARTIN, S. C. U. S. Forest Service, Colum- 
bia, MO.). Controlling mesquite with 
diesel oil. The Cattleman 36(5): 5G- 
57. 89. Oct. 1949. 

RETKOLDS, H. G., F. L_~~Is -4s~ H. W. 
SPRIKGFIELD. (Southw. For. & Range 
Esp. Sta., Tucson, .Ariz.). -4 prelimi- 
nary guide for range reseeding in 
Arizona and Xew Mesico. Southw. 
For. & Range Exp. Sta., Res. Rpt. 
Xo. 7. 12 pp. mimeo. July 1949. 
Recommended species and methods 
for preparatory treatment and plant- 
ing for reseeding sites in the ponderosa 
pine, big sagebrush, woodland, and 
semidesert grassland zones. 

STEWART, G. (Intermtn. For. & Range 
Esp. Sta., Ogden, Utah). Range re- 
seeding by airplane compared with 
standard ground methods. -4gronomy 
Jour. 41(7) : 283-288. July 1949. Re- 
sults of naked-seed airplane sowing in 
the aspen and brush zones in Ephraim 
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Canyon, Utah, and on burned sage- 
brush in the Boise River watershed in 
Idaho and of pellet seeding in 1947 
and 1948 at Gooding, Idaho, and the 
LaSal X. F. in Utah indicate that 
airplane seeding shows promise in 
sites where the seedbed can be covered 
by natural means such as in burns 
and in aspen types by fallen leaves. 
Ground procedures have given more 
dependable results than airplane seed- 

ing in getting stands and in forage 
yields. 

WAGXER, J. A. (Papago Indian Agency, 
Sells, Aria.). Results of airplane pellet 
seeding on Indian reservations. Jour. 
Forestry 47(8): 632-635. Aug. 1949. 
Report of seedings of 90,000 acres 
from April 1946 to August 1948 on 
the Papago, San Carlos, Hopi, and 
Savajo reservations in Arizona. 

RANGE INFLUENCES: Forests, watershed protection, wildlife, recreation 

BAILEY, R. W. A~‘D G. W. CRADDOCK. 
(Intermtn. For. & Range Exp. Sta., 
Ogden, Utah). 117atershed manage- 
ment for sediment control. Fed. 

Sta., Berkeley, Calif.). Use of Cali- 
fornia annual-plant forage by range 
rodents. Ecology 30(3): 306-321, July 
1949. Enclosure studies with ground 

Interagency Sedimentation Conf. 
Proc. 1947: 302-314. 1948. 

DULEY, F. L. AE;D C. E. DOMINGO. (Soil 
Cons. Service Research, Lincoln, 
Xebr.). Effect, of grass on intake of 
water. Xebr. Agr. Exp. Sta. Res. 
Bull. 159. 15 pp. ,4pr. 1949. Infiltra- 
tion tests with a 16 x T2 in. sprinkler- 
type infiltrometer on native grass 
meadow, range land, bluegrass, blue- 
stem, forest, and sandhill areas and 
in cultivated soils showed that total 
cover including live grass and asso- 
ciated litter was more significant in 
influencing infiltration than the kind 
of grass or soil type. 

DUKFORD, E. G. (Rocky Mtn. For. & 
Range Exp. Sta., Ft. Collins, Colo.). 
Relation of grazing to runoff and 
erosion on bunchgrass ranges. .Rocky 
Mtn. For. & Range Exp. Sta., Res. 
Xote No. 7, 2 pp. mimeo. Aug. 1; 
1949. Summary of runoff studies at 
the Manitou Exper. Forest near 
Colorado Springs. 

FITCH, H. S. _~XD J. R. BENTLEY. (U. S. 
Fish & Wildlife Service, Leesville, 
Louisiana; Calif. For. $ Range Exp. 

squirrels, pocket gophers, and kanga- 
roo rats showed that selective use of 
the plant species had only limited 
effect on the composition of the 
herbaceous cover. Competition be- 
tween rodents and livestock for forage 
was found to be more important 
during the green forage season than 
during the season of dry forage. 

OSBORX, BEN _4?r’~ P. F. ALL_~N. (Soil 
Conservation Service, Ft. Worth, 
Tex.) . Vegetation of an abandoned 
prairie dog town in tall grass prairie. 
Ecology 39(3): 322-332. July 1949. 
Stages of plant succession were re- 
constructed from plant cover zones 
on an abandoned prairie dog site in 
t,he Wichita Mtn. Wildlife Refuge in 
Oklahoma. Prairie dogs are con- 
sidered “animal weeds” which can not 
survive as the climax cover is re- 
stored. 

PFADT, R. E. (Entom. Dept., Univ. 
Wyoming, Laramie, Wyo.). Range 
grasshoppers as an economic factor 
in the production of livestock. Wyo. 
Agr. Exp. Sta. Wyo. Range Rlgt. 
Issue So. 7. 7 pp. mimeo. Jan. 1949. 
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RAX’GE AR’D LIVESTOCK ECONO~~ICS: Land utilization, public land administration, 
cost of production, coordinaiion of range and ranch 

HARDIN, C. M. (Univ. Chicago, Chicago, 
Ill.) Current proposals for the organi- 
zation of conservation and land-use 
programs in agriculture, the United 
States. Jour. Farm Econ. 30: G19- 
644. Xov. 1948. A discussion of new 
legislation for the reorganization of 
the conservation program. 

PECHAKEC, J. F. (Pac. n’orthw. For. & 
Range Exp. Sta., Portland, Ore.). 
Have range regulations caused a re- 
duction in sheep numbers in t’he wes- 
tern states? Proc. Amer. Dairy Sci. 
-4ssoc. West. Div. 29: 3‘2-38. 1948. 

PINGREY, H. B. (yew Mex. ,4gr. Exp. 
Sta., State College, X. Mex.). Eco- 
nomic criteria for conservation and 
development of public lands. Proc. 
West. Farm Econ. -4ssoc. ‘21: 93-97. 
1948. 

SAUNDERSON, M. H. (U. S. Forest Service 
Denver 2, Colo.). Ranch prices- 
whither bound? Amer. Cattle Prod. 
31(4): 12-13,37. Sept. 1949. Compari- 
son of 1935-39 and 1948 data for 
mountain valley, plains, and desert 
ranches as to prices for cattle, gross . 
income, operating cost, and net in- 
come per head. 

RAsGE LIVESTOCK ~!~AXAGEMEKT: Production, feeding, marketing, history 

BAKER, -4. L. (U. S. Bur. An. Ind., 
Jeanerette, La.). Development of hy- 
brid beef cattle for the Gulf Coast 
Region. Brahma Breeder-Feeder 15 
(10): 15-19. Oct.. 1949. Breeding in- 
vestigations at the Iberia Livestock 
Exp. Farm at Jeanerette, Louisiana. 

BEESOS, I<. C. (U. S. Dept. _4gr. Pl., 
Soils, and Xutr. Lab., Ithaca, S. Y.). 
Soil deficiencies and nutritional trou- 
bles in animals. Jour. Soil & Water 
Conservation (3(2) : Gl-G8, 100. _4pr. 
1948. Presents maps showing the 
location of mineral nutritional dis- 
eases in animals in the United States 
and discusses cobalt, iodine, and phos- 
phorus deficiencies. 

.BEXKETT, J. A., L. A. Stoddart,, AXD 
L. E. HARRIS. (Utah. Agr. Exp. Sta., 
Logan, Utah). Should range heifers be 
bred as yearlings? Amer. Cattle Pro- 
ducer 31(3): 9. Aug. 1949. In tests ab 
Cache Valley, Utah in 194448 early 
breeding did not reduce the calf crop 
during subsequent years nor affect the 
mature weight of mother cow when 

well fed in winter. Comparable calf 
crops and calf weights were obtained 
from heifers calving at 2 and 3 years. 

BISHOPP, F. C., E. IV. LEAKE, AKD R. W. 
Weans. (Bur. PI. Ent. (e- Pl. Quar., 
Washington, D. C.). Cattle grubs or 
heel flies (Hypodemna) with sugges- 
tions for their control. U. S. Dept. 
Agr. Farmer’s Bull. 1596 (rev.). 21 pp. 
Jan. 1949. 

BLACK, IV. H. _4KD L. H. TASH. (U. S. 
Bur. ,4n. Ind., Washington, D. C.). 
Comparison of methods of supplying 
phosphorus to range cattle. U. S. Dept. 
,4gr. Tech. Bull. 981. ‘22 pp. 1949. 
Report of cooperative studies con- 
ducted at the King Ranch in Texas in 
194146 for t.he purpose of comparing 
the effects of phosphorus supplied to 
Brahma-Hereford heifers as bonemeal, 
in feeders, in drinhing Jvater and as 
fertilizer application of triple super- 
phosphate. Data are present,ed on the 
chemical analyses of fora.ge species, 
blood P, relation of animals weights 
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lambs and 11.1 lbs. additional lamb Agr. Exp. Sta., College Station, 
weight per ewe bred than those with Texas). Angora goat breeding. Sheep 
covered faces. I%7001 production was and Goat Raiser 29( 10) : G-7, 50-51. 
not significantly different in the two July 1949. 
types of ewes. ,4 bstracts by: Robert A. narrow, 

WARWICK, B. L. AXD S. P. Davrs. (Tex. Texas A. & M., College Station, Texas. 
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