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INTRODUCTION 

The California foothi\ls (fig. 1) comprise the most important range 
area within the State. These lands border the great Central Valley 
and enclose numerous smaller valleys within the Coast Ranges. Primary 
use of foothill range lands is production of livestock. This use is closely 
associated with the highly intensified valley agriculture, which supplies 
hay, grain, and agricultural byproducts to supplement range forage 
and furnishes seasonal pasturage for livestock carried part of the year on 
foothill range. Also, some of the livestock are grazed during the summer 
in the mountainous lands above the foothills. But by far the greatest 
part of the State's range grazing capacity is in the foothills. 

The foothill area has relatively mild, wet winters and hot, dry summers. 
Thus, some green forage is available during the fall and winter, plant 
growth is at its height during the spring, but the plants are dry during 
the summer and early fall. 

Annual plants dominate the herbaceous cover and occur with varying 
amounts of bunchgrasses and other perennial species. This cover is 
found over the grass and woodland-grass vegetative types, as well as 
the more open phases of the chaparral. 

I Credit is due to two former forest ecologists of the California Forest and Range 
Experiment Station: F. G. Renner, who was in charge of planning, establishing, 
and supervising the forage experiments in 1934-35, and H. H. Biswell, in charge of 
the experiments 1936-40. Assistance in sampling of forage and in compilation and 
analysis of data was obtained from members of the staff of the California Forest and 
Range Experiment Station and from many temporary field assistants and members 
of emergency agencies, particularly Civilian Conservation Corps and Civilian Public 
Service. 

2 Maintained by the Forest Service, U. S. Department of Agriculture, in coopera­
tion with the University of California at Berkeley, Calif. 
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F na,:ttt-:- 1. Appr(')"imnt~ hw-"tiun of (out hill r:lllgP. in C'aliforni:J. 

The foothi ll runge nrr" irH'Iudr•s til<' sluping plains anti rolling hills 
hordcring til<' \'ullr•y• 1111d r•xtt•nc ls upwurtl lhruu)!;h hllh! of rolling- to­
Rt{"(•p topography; t-> lt-'\'u.li~m vttri~x frutn near :;ea level to abo~t. 4-)~ 
ft'<'l; tlw •uih! :u-~ ~xc..-dingiy d rver.e; and total annual prccrprtatron 
rnug"" from le"" than 10 inches in the plains nt the south end of the San 
.Toaquin \'alley to more than 40 inches in the upper foothills at the north 
end of th<' ~acmmrnto l'nllry. 

Loml tlrmaml fur livt.,l••·l.. prudru·t, h"" increa.ed "" a result of 
rapirl gron th of populat&on, und the California linstock inrlustry_ '" 
increa.Wgly aware of the ne«l tor both the fullest "tt<tamNI production 
of foraJI(e and the !ll'<'IIIC'I rfhrirnr·y in ih ""'- Thf' J(oal i.s to obtam 
high liv~tork prnchu-tiun whil~ muinlainiug or impro\;ng the foriij!e 
•·m·f'r. 11 ... luug-tiw~ obj~th" of mauac:ement is to obtain the m_oot 
producti\e mhture ot the bc>t forage plnnt.<, including both pcrennktls 
and 8DDuals. Hut owr millit•n' of acn-~ the intmcdinte prohlem of hTe-

l.11Sll 01:' A'1NUAJ.., l'LA'"I~ I~ C:\ LU'OfiNIA FOO'l'lllLJJS 3 

RtO<'k oprrnti1NI ill hnw tn nhtnin thC' mo~t rfficicnt US(' of the present 
cover or annual plant•. 

This circular rt>pm1."1 tdmlit'M of mlf' of foothill rang<' hy f·uttle at the 
San Joaquin l::xpcrimcnt~l Ranj!;e. • The studies have shown how range 
mnnagernt•nt r·&>n be genr<'<l to the rypir•nl yearly pattern or annual­
plaul growth, nith •ufficienl flexibility in rane!:t o~mtion from year 
to vcnr to meet varintioo• in time of growth and most of the fluctuations 
in 'fomgt• yirld. Thr •tudiC!l hnw nl•o •hown the grazing capacity of 
differeul kim!• of ft••lhill runge, untl huw plant growth and rattle prudur­
tion are aiJected by tlifferent degr..,. of grazing. Finally. the •tutli"" 
have rlcvclopcd practical c:uide. for increll.>inct the efficiency of l'lUlll;e u..oe. 

EXPERIMENTAL AREA AND METHODS 

The &n J<NUJUin E'llt'rimrntnl Kange, a tract of approximately -l,j()() 
ac~, i,:.; hx-at~l "·itllin th<" wuodland-gmss ,--~etation type in the Sierra 
:\e,·ada foothills '"' tlw ........ ,ide uf thr san Jo.•quin \'alley. F.lc,·ation 
of the experim~ntal an-a i.• from """"' 700 to 1,700 feet above sea ),., ... J. 
Th<' &Oils on the ,Jopc:<, mniul~- ..andy loam.•, a\·<'rnge nhout lh f ... t in 
depth and hM·e numrrou& outrroppin~Q> of the grnnitir bedrock. The 
ht~ttom-lantl >QiJ,, t ran<p<>rtcd from the &lope:, abo,-e, arc of heavier 
lexturr nnd nre tlr<'llf'r nncl more prorlucti\·c. 

The herbaceou• cover on th• PXJM•rimrntAI rnngr contains a. fairly 
repre..eotali\'e mixture of annual•; it im·lutles gn~=•, grasslike plant•, 
filsrc<\4 clovcrf<, othC'r legum~. and numerous mil';('elltmcous speci~. 
Soft rhet-.<, hrwullrnf filnr<'C!l, and foxtail fe.cue, which oecur on mOO<~ 
foothill rung'"• pr<Mitll'll nhout two-thirds of the herbage. Pcrcnniah!, 
mainly nl'lt•• itt the hnltom lunds, compose about 3 ~r<·cnt of the 
lwrbage yit!ldH. Tb~ nal i v~ pin.- lthtf•grn .. ,~, n small early~ryiug prrcnnial, 
i• common but produce. le"" than I Jlf'r<·r•nt of the herbSl!;e. The more 
'aluable native perennial bunch~nco;.<es, •tipllS or noodlegra.sses, nrc 
'irtunlly nhscnt on the experimental a rea. 

Ou KUHW ht~"twier aw l murt• prodtH'tivc soils of the foothill nrca, bur­
clo''~r, allileria Ol' r~d•L~m mare•, ~tnrl wil<l oat, highly p,;latable annuals, 
are much more abundant Lhan on rb• t•xp<'rimcnta l range, ''nd the forage 
is generally con•idcrcd "stronger;" l111L tl ... problems of roatU<gement are 
similar to thol"f' on thf\ C'Xpcrimemal rangt-. Prohl('ms not, experienc<'d 
in t.lu• ~t,udic•J-t tlo (K'l'Ur, howrvrr, on more aritl foothill rang~ wht>rc 
a\·t·n~gt .. unuual pn·•·ipitat ion i~ nppro\;mately 5 lo 12 inc·hcs and foragt~ 
produdiuu fiuchwl~~ morP widt·ly frnm year to year. 

The guides that were develope<) from tlw studios apply in managrmcnL 
of th(' nnnuul-plnnt portion of the vegetutiv<' t·ovcr on most ftKJthiU 
rangt•.:;. Spt•dfh· t•fft•(·t~ n£ Wr'atltC'r and gra:tlng w.unagC'mcnt on gnw.ih 
of intli,·iuual plan~ •p.-·it'>'. """''''rr, mny apply only in the "Granite 

a TtK~ I!LuJitt W('rt J>AfL of the ~·rntivP intPI";\ge-ncy rescareh program at the 
8Au Joaquin L"(~riluc:LILlll lta.na=;~, O'Xr!t.l .. , c~lif., rlurin.g the period 1~ll:t ln 
UU.. p~ tbc lujnr»ll~ of t:uliforni:t. w·:t.'~ r~'i'lble for the c::~.ttiP studies. and 
lbe Cftliforu.ia I'On.'dt a.L!U lt4uco u,"·rimf'nt ~t;'\hOfl for the i:!!lUdiL'2! o( nnge fOr".l.f..'\' 
prutlUCUQD aud ut.iliiau(,m. .\ddilion:,J infurm~tmn on all p~ of thi.., intera,gcuc\' 
propam il CWtft 1D The S-tn Joaquin UJ•·rimmtal fi.'lnge (; J ( !l''C Litif>.1"3Wre dtcd, 
p. 611. 

'Common anrl botau~l na~ of th~· ~"P"C';..,., mPntioned iD thb cin:ulsr are li!t(.•tl 
ou p. 60. 
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I -14 Pasture numbers 
HP Horse pasture 
NA Natural area 

(r- Corral 

1/2 1 Miles 

FIGURE 2.-Experimental pasture layout at the San Joaquin Experimental Range. 

Area" (most of the foothills on the east side of the San Joaquin Valley, 
from Madera County southward). 

For study purposes the range is subdivided into a number of pastures 
(fig. 2). Most of the forage studies were made in experimental pastures 
1 to 6, which were devoted primarily to determining the effect of different 
intensities of grazing on both cattle and range. When not in these 
grazing-intensity pastures, the cattle were held in pastures 10, 12, and 14. 
The remainder of the experimental pastures (7, 8, 9, 11, and 13) were 
used for trials on cattle feeding and for grazing of miscellaneous animals. 

USE OF ANNUAL PLANTS IN CALIFORNIA FOOTHILLS 5 

Studies of range fertilization, range reseeding, range Todents, and other 
subjects were made in portions of several pastures. The effects on 
vegetation of complete exclusion of livestock grazing were studied in an 
ungrazed "natural area." 

Ninety head of breeding cows were used in the grazing-intensity 
studies. From approximately August 1 to February 1 they were divided 
into two equal herds. One, the supplemented "A" herd, receiving con­
centrate feeds in addition to natural forage, was grazed in pastures 10 
and 12. The second, the unsupplemented "B" herd, was grazed in 
pasture 14 with access only to the natural forage. During the remainder 
of the year, from approximately February 1 to August 1, none of the 
cows received supplements; 15 cows with their calves were placed in each 
of the grazing-intensity pastures 1 to 6. Pastures 1, 2, and 4 each held 8 
cows from the "A" herd and 7 from the "B" herd; pastures 3, 5, and 6 
each held 7 cows from the "A" herd and 8 from the "B" herd. A bull 
was with each group of cows from January 1 until May 1. 

Approximate rates of stocking in the six grazing-intensity pastures 
were: 10 acres per cow in pastures 1 (154 acres) and 3 (155 acres), 
15 acres per cow in pastures 2 (230 acres) and 5 (250 acres), and 20 
acres per cow in pastures 4 (309 acres) and 6 (316 acres). The cows 
were placed in all six pastures in late winter at the time when new green 
forage over most of the range was judged adequate to maintain a cow 
with a calf for the remainder of the winter. They remained in these six 
pastures until after the herbage was mature and dry and were removed 
when the heaviest-used pasture was judged closely grazed. 

Measurements were made each spring to determine (1) the plants 
that make up the forage, and (2) how herbage production varies with 
grazing intensity and year-to-year differences in weather. The percent 
of the ground covered by herbaceous vegetation, plant density, and the 
percent of the cover made up by each plant species in each of the six 
grazing-intensity units were estimated on square-foot quadrats: 300 
quadrats per experimental pasture in 1936; and 80 to 160 quadrats per 
pasture in 1938, 1939, 1940, and 1943. Continuity of density records 
was maintained in 1941, 1942, and 1944 by estimates from 100 quadrats 
in lightly grazed pasture 2, and closely grazed pasture 3. Density 
measurements were made as nearly as possible at the time of maximum 
plant density in April, when the early-maturing species first started to 
dry. 

The yield of herbage on slopes was measured in May 1942 on 100 
square-foot quadrats in each of pastures 2 and 3. The vegetation on 
each quadrat was protected from grazing by small wire "cages" (fig. 3) 
and was clipped at Yz-inch stubble height in May, after almost all the 
herbage had made full growth and started to dry. Herbage from each 
quadrat was placed in a paper bag, dried in a greenhouse, and weighed 
when relative humidity of air was below approximately 30 percent. In 
1943, 1944, and 1945 the yield on slopes was measured on 100 quadrats 
in each of pastures 1, 2, and 3 and on swales, or bottom land, on 60 to 100 
quadrats in each pasture. The vegetation was protected from grazing, 
clipped, sorted, and weighed as in 1942. The wire cages were moved to 
new locations each January. 

The total yield of herbage within a %'-acre area from which cattle and 
rodents were excluded was measured on 100 quadrats at plant maturity 
each spring during an 8-year period, 194o-47. In addition, the dry 



(l (.'IUCULAtt 8i01 L:. S . .Ot:!'.:\.ltT.Mt:NT OJo" AC':RH.'l*LTCRI•! 

~ 

Fua kt a. C"llttf" m.•tlt o( 2'"'inch JneSb. pou)U') lwl.tUJ~ w..J to fJrotN't Vf'~t"fo'ltion 
from~b~ t'1t~UI. 

h~rl>llj(~ """' m~:~.-urt«l on anothrr ""' of quadrat.• Mrh fall during a I -y..-.1r 
periud, 193G -12. This h -acre area wa• lcx·utC'CI within P.'•sture 1. 

To racilitat~ compari.on or yields IJ..t\\~11 I'Xp<'rim~ntAI l'llngc unit~ 
"ith different amounts of waste area, yi~lds "~n· '""''-""""' only on 
produrtivr, gra•.nhlr land. Hocks, brush, and other """'~ aN'as weTt' 
••xelucl<'d from th~ ~<~tmples. 'rhrn the amount of wa..te area \\as me.a.,ur<>d 
in HH:l on 16 trunst>c·ts at·ro,,~ f".udt of the ~ix grnzing-imenhlty pa:itures 
and gublmcted from the total ar~a to clet<·•minr the grazable acr~.age. 
ln evaluating the productivi~y and gmzing c·aJIIll'ily nf different kinds of 
land, a range sioo classification was employed. T il<' clt•w•lnpmcnt of this 
clnMificntion cntnilcd the making, in 1945, of a "il c~c·h.-• mnp of the six 
grn1.ing-intrnsity p1L~turcs. 

i\lea.uremenl>i \\ere aL<o made to clc•tc-rminr the seasonal pattern of 
plant ~~:rowlh. During the 19:l7 15 pt•ric•l, plant drnsity and heill;bl 
were measured at one fixed station in each uf th~ .;, Jm>iur~ nt intervaL< 
nf I to -1 "·ccks. The nwl'llgc I!J'OWth and developw•nl of \'<'g~tation 
by •it<" wrrr d~t~rminro in each year by ot.-cn·atiOLL< oC plant growth 
owr all <>f lh• rxp<>rimrnml paAum< and hy rolor phot~ph... at se!PCtM 
~tatioWI. Detailed ob.;ervations were mwle <>n t·ritirnl iMture. of plant 
growth, such as the amount of precipitation rt'CJuir...l to germinate the 
><'C'<I and •tart growth of the scwral •peci"'· li:fO" lh on "<mth l'loprs 
'""'""'trd with growth on north •loP"", gro"1h at different air trmp<'m­
tu-, and the relative elates of flowering, fntitina;, and drying of the 
different ·~ies on different site~. }.!an)· cumpuri"''"" of plant height• 
w('rr mndr ru•ro.'ls f('nc'(' lines bctw<'Cn <''I>Crimeulal pa..-ltllrf'S grn.ZNI at 
dliT~rent. d..gn'<'s and ll<'lween spot< graT.NI to <iiiT~t·cnt degree• "ithin 
pMlurcd. 
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T <lll.t. l.-.1/onlhly ).>rPripitatio" ul S<t11 Jooq11in 8rp<rimenlul Range, 
September /9.~.',-A ugu•l 1948 
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Air temperatures rc-lati,·ehutnidity, nnd wincl mon~ment. were mca.c::-urt><l 
uL a •tandard Wcat.he.r Bureau station at th• headquarters, at an eJe,·a.­
tion of 1,01\0 feet. Precipitation wus mea.ured as an average of read.i.nll:s 
from two standard rain gag.,, one at b~aclquartors and on!', aLa ramfall­
ruuoiT •tat ion in pasture 7 aL au elevatiOn of 1,100 feet. I he NJ<•>nls of 
prccipitMion and air temperature nrc· •ummarized in tahlcs I and 2. 
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TABLE 2-Monthly mean air temperature at San Joaquin Experimental 
Range, November 1934-August 1948 

Year Sept. Oct. Nov. Dec. Jan. Feb. Mar. 
------------------

oF. oF. OF. oF. oF. oF. OF. 
1934-35 ________________ ------- ------- 52.1 45.1 44.5 47.4 47.1 
1935-36 ________________ 76.3 60.6 47.3 44.8 47.0 48.5 54.3 
1936-37 ______ ---------- 75.5 64.7 51.7 42.3 36.1 46.7 51.4 
1937-38 ______ ---------- 73.7 64.4 52.1 46.5 43.6 48.3 48.5 

1938-39 ______ ---------- 75.0 60.2 47.6 45.2 42.7 42.5 51.5 
1939-40 ________________ 74.5 60.2 52.9 47.8 46.5 49.0 53.8 
1940-41 ________________ 68.4 61.8 48.0 47.7 46.5 50.5 53.1 
1941-42 ________________ 67.4 56.8 50.0 44.5 44.2 44.2 48.9 

1942-43 ______ ---------- 69.4 61.9 49.2 42.3 42.5 47.1 51.8 
1943-44 ______ ---------- 73.0 60.3 50.7 45.0 44.2 44.4 50.3 
1944-45 ______ ---------- 73.8 63.9 48.6 45.5 41.1 47.3 46.8 
1945-46 ______ ---------- 73.6 63.6 49.0 45.0 40.5 44.1 49.1 

1946-47 ________________ 71.7 55.8 45.7 43.3 37.1 47.9 53.3 
1947-48 ________________ 74.8 61.4 44.9 40.5 45.7 43.9 46.5 

---------------------
14-year mean _______ 1 72.9 1 61.2 49.3 44.7 43.0 46.6 50.5 

12-month 
Year Apr. May June July Aug. mean 

--

OF. OF. oF. oF. oF. OF. 
1934-35 _________________ 56.0 65.0 77.5 79.9 82.2 ---------1935-36 _______ --------- 60.0 68.4 76.6 84.7 83.5 62.7 
1936-37 _______ ---------- 56.1 69.0 75.6 84.5 82.5 61.3 
1937-38 _________________ 55.9 66.4 76.7 82.9 80.0 61.6 

1938-39 ______ - ---------- 61.5 67.1 75.7 81.9 81.5 61.0 
1939-40 _______ ---------- 58.1 69.1 78.7 78.5 78.6 62.3 
1940-41__ ____ - ---------- 53.8 66.2 70.9 81.5 75.4 60.3 
1941-42 _______ ---------- 54.0 60.4 72.1 81.6 79.0 58.6 

1942-43 _______ ---------- 56.9 65.5 67.2 78.4 74.1 58.9 
1943-44 _______ ---------- 53.1 65.6 68.9 79.1 78.0 59.4 
1944-45 _______ --------- 56.6 62.6 74.0 84.1 78.3 60.2 
1945-46 _______ ---------- 58.8 64.6 71.7 79.7 79.5 59.9 

1946-47 _________________ 58.8 70.2 74.0 76.9 75.4 59.2 
1947-48 _________________ 54.3 60.1 72.3 78.1 76.1 58.2 

14-year mean ________ 56.7 65.7 73.7 80.8 78.9 I 60.3 

I 13-year mean. 

The relative degree of herbage utilization - for example, close, moder­
ate, or light - in each of the six grazing-intensity pastures was rated each 
year according to the amount of unused herbage left on the ground. 
Ratings were made after the cattle were removed from the pastures, but 
before the start of fall rains. The method used was to compare the grazed 
range with standard photographs showing how the range looks with 
different amounts of unused herbage. 
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To help determine how different degrees of use affect the condition 
of the site, in January 1943 the depth and weight of the litter on the soil 
surface were measured and correlated with the height and yield of new 
herbaceous growth on 100 quadrats in each of pastures 1, 2, and 3. 
Many other observations on litter conditions, soil erosion, and plant 
growth were made at the experimental range and other parts of the foot­
hill area. 

Cattle records taken included weights and forage preferences. Each 
animal was weighed several times: When removed from one pasture 
to another, at the start of the supplemental feeding period, just before 
calving, at weaning time, at the end of the green-forage period, and at 
other times when forage changed noticeably in quality or amount. In 
the first years of the experiment the cattle were weighed soon after 
watering in the corrals, but later they were shrunk oyernight in a dry 
lot before each weighing to minimize the differences in "fill" of water 
and herbage at different times of year. 

The manner in which the cattle selected the various plant species 
at different growth stages was determined by observation of grazing 
habits and of grazed vegetation. In 1936, R. H. Klugh 5 recorded 
detailed observations on the preference of cattle for the different plants 
during the spring. During 1936-40, Kenneth A. Wagnon, resident 
animal husbandman in charge of University of California cattle-manage­
ment studies, at daily or weekly intervals collected samples of the forage 
that cows were grazing. These samples were analyzed for chemical 
composition. Other observations on use of the vegetation by cattle 
were made during the course of the studies by other technicians. 

FITTING RANCH OPERATIONS TO FORAGE GROWTH 

Foremost among the results of this study is a clear understanding of 
the seasonal growth of foothill forage plants. The availability and 
nutritive value of the plants, and the species selected by cattle, change 
during the year as the plants progress .through different stages of develop­
ment. At certain stages, the need for supplemental feeds is critical. 
Knowledge of these changes is basic to skillful fitting of ranch operations 
to forage plant growth - and hence to efficient use of the annual-plant 
cover. 

AVAILABILITY OF FORAGE DURING THE YEAR 

The characteristic California foothill climate results in three rather 
distinct plant-growth periods (fig. 4). The first period usually starts in 
October. Seeds of annual plants start to germinate after the first rains 
of 0.5 to 1.0 inch. This amount is enough to start germination over most 
of the range. Mter the first effective fall rains, however, plant growth is 
often limited by insufficient soil moisture, unfavorable temperatures, or 
both. In November mean air temperature for most days of the week 
usually drops below 50° F. After this, growth is retarded regardless of 
soil moisture. Plants grow intermittently, during short rainy periods 
or other occasional periods of mild weather. Cold, dry weather with 
frequent frosts that stop all growth or freeze back part of the plants can 

5 Formerly Junior Range Examiner, California Forest and Range Experiment Station. 
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be exp~cted for a few weekf) each winter. Hence new green forage is 
uncertam and not adequate to maintain cattle weights during this entire 
fall and winter period. 

The. se~ond period starts by late winter, usually about February 1. 
At thiS time the green forage becomes adequate to maintain cattle 
w~ights for the reJ?ainder of the winte:r:, even though temperatures are 
still too low for rapid plant growth. Durmg the first early spring weather, 
when mean temperatures for most days of the week are near 50° F. or 
above and _frosts are infrequent, pla_nt. growth is accelerated and green 
forage ~egms ~o grow faster than _It IS grazed. Later in the spring, 
usually m Apnl, th_e t~mperature nses rapidly and there is a surge of 
plant growth.. 9rdmanly most of the plants. mature and dry early in 
May, but a hmited amount of herbage remams green for a short time 
longer. 

INADEQUATE ADEQUATE 
GREEN -----t>t--GREEN FORAGE -~I-­
FORAGE 

0 30 
SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. 

FIGURE 4.-Re_lation of the three yearly pl~nt-growth periods to monthly precipitation 
and mean air temperature, San Joaqum Experimental Range (average 14 years, 
September 1934-August 1948). 

By early summer the third period has begun. This is usually in June, 
when al~ost all of the plants have dried. The little remaining green 
leafage_ IS on scattered plants of summer-growing annual species, or 
perenmal bunchgrasses. Most of the cattle forage is dry herbage until 
fall rains bring new plant growth. 

UNCERTAIN GREEN FORAGE IN FALL AND WINTER 

The forage preference of cattle shifts from dry grass to the new green 
plants soon after the seedlings emerge. The new plants are selected 
when barely one-half inch in height, but cattle are forced to take some 
old dry roughage as they search for the short new growth. This green 
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forage they take without discrimination between specie;. As most of 
the plant growth occurs during short rainy periods, cattle obtain the 
greatest amount of green forage immediately following rains. In years 
with limited fall precipitation or with dry, freezing weather in the winter, 
for several weeks at a time cattle must depend largely on the old roughage 
whose value has been lowered through leaching. Because growth of new 
plants during the fall and winter is so uncertain, it is advisable to have 
sufficient old grass on the ground in the fall to serve as a source of roughage 
in the years when it is needed. 

Supplemental feeding is necessary in this period of uncertain plant 
growth. After rainy periods the crude protein in the cattle diet may be 
above 10 percent; but when new plant growth is retarded and the cattle 
are forced to eat more old roughage, the percentage of crude protein is 
lowered (12).6 Also, throughout the fall and winter the total intake of 
dry matter is reduced because the cattle spend most of their grazing 
time in search of succulent green forage. Thus, supplemental feeds are 
needed to supply both protein and carbohydrates. Inadequacy of the 
forage alone was shown by weights of yearling heifers that did not 
receive supplemental feeds. As an average for 12 years the heifers 
weighed almost the same at the end as at the start of this fall-winter 
period. 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

SEPT. OCT . NOV. DEC. JAN. FEB. MAR. 

AVG., 
..... '------! 

FIGURE 5.-Variations in length of time that green forage was inadequate on foothill 
range. 

The length of time that green forage was inadequate during each 
plant-growth season at the experimental range is shown in figure 5. 
Start of the period of inadequate green forage was closely related to the 
date of the first effective autumn rains of 0.5 to 1.0 inch, or more. End 
of the period is the date when cattle were placed in the grazing-intensity 

6 Italic numbers in parentheses refer to Literature Cited, p. 51. 
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pastures, except for 2 years when end of the period was estimated from 
climatic records: 1935, the year before pastures were stocked, and 1937, 
when cattle were placed in them about 6 weeks too early. 

The starting date for this period, for all 14 years of study, averaged 
October 24, but differed considerably from year to year. The interval 
between germination of seed and restriction of plant growth by low 
temperatures averaged about 3 weeks but varied from 0 to 76 days. 
Green forage produced during this interval was not sufficient in any year 
to maintain satisfactory cattle gains during the entire fall-winter period. 

In some years, however, forage growth after early rains was sufficient 
to produce gains of cattle early in the fall. For example, in 1939- the 
year with earliest effective rainfall - there was a good start of forage 
growth after a total of 1.97 inches of rainfall between September 25 and 
October 7, and the unsupplemented yearling heifers gained in weight. 
Later, during a drought that extended into January, plant growth was 
stopped and many plants died. The unsupplemented heifers stopped 
gaining in weight, but they ended the fall-winter period with a net gain 
of about 40 pounds each. 
. There. was considerable variation in plant growth and cattle gains 
m other years, but the poorest fall growth of forage occurred during the 
1937-38 and 1943--44 seasons when the first effective rains occurred late 
in the fall, after mean daily temperatures were below 50°. In these two 
seasons the unsupplemented heifers lost about 20 to 25 pounds each 
during the period of inadequate green forage. 

Poor growth of forage in the fall also means that green forage will not 
be adequate in amount until late in the winter. For example, in the 
1937-38 and 1943--44 seasons, feeding of supplements was needed until 
late February or early March. 

Even when good growth of forage occurs in early fall, the end of supple­
::nental feeding cannot be predicted with certainty. Cold weather during 
the winter, often coincident with dry weather, may halt plant growth 
before the green forage is adequate in amount. Also, part of the avail­
able forage may be frozen back after being judged adequate, making it 
ad vis':! ble to resume feeding. This happened in two of the five years 
when feeding was terminated before January 15. However, there seems 
to be little likelihood of prolonged forage scarcity when supplemental 
feeding is terminated in February. 

DEPENDABLE GREEN FORAGE IN SPRING 

The period of most dependable forage is approximately 4 months long, 
from January or February into June. During this period the vegetation 
develops from early-leaf stage through seedstalk, flower, and mature­
fruit stages. In these stages of plant development the mixed cover of 
many plant species provides an adequate amount of well-balanced cattle 
forage. 

Several signs can be used in late winter to judge when green forage is 
adequate in amount. The grasses average 2 to 3 inches high but are 
considerably taller under trees or in other areas where conditions have 
been favorable for plant growth. Some plants of early-growing species 
such as slender oat may be 6 inches high or taller. Filaree is 1.5 to 2.0 
inches high on the average and considerably taller on small spots. Young 
animals usually will have started to gain in weight when the forage has 
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1935 
~~~~~~~~~~~~~ 

1936 
1937 r-~~u.~~~~~~~~~~~~~~~~~~ 

1938 

1939 

1940 
r-----~K4~~~~~~~ 

1941 t----...,...,.~~~~~~r;# 

1942 
1943 t----1:;.-:.IIIIIC.. .... ,.,.~~~III!; 

1944 

1945 

1946 
1947 r-~~~~~~~~~~~~~~~~L-------~ 
1948r-------~~~~~~~~~~~~~~~~--~ 

AVG. 

FIGURE 6.-Variations in length of time that green forage was adequate on foothill 
range. 

rea~hed this h~ight .. Cattle often will stop coming in to feed when called. 
T~Is, alo!lg With hmght of vegetation, can be used in deciding when to 
qmt feedmg supplements. · 
. The period of dependable green forage (fig. 6) extended until approx­
Imately the date when the crude protein content of the forage eaten by 
cattle d_ropped sharply below 9-10 percent. For 1936--40 the final date 
was es~Imated £:om the forage samples collected by Wagnon; for other 
years It was. estimated from observations of plant development. The 
length of perwd was judged on conservatively stocked range. 

Forage_ preferences of ?attle change several times during this period. 
I~ la~e _Win~er cattle contmue to graze the different plant species without 
discrn~:nnatwn "_'herever they are tall enough to be grazed. All species 
can still be considered as forage. Most of this forage is provided by the 
scattered spo~s of taller plant growth. Such early-growing species as 
slender oat, ripgut brome, Douglas fiddleneck and popcorn-flower are 
taken in co~siderably quantity. Taller plants ~f filaree also are grazed. 
The forage. m the early leaf stages is rich in minerals and protein, the 
crude protem con~e~t usu~lly ranging from about 20 to 30 percent (1, 3). 
Cattle start to gam m _weight even though the vegetation is still short. 

_When plant growth. IS accelerated by rising spring temperatures, cattle 
still gr3:ze most species, but the widely available and early maturing 
subspecies of broadleaf filaree (11) provides the bulk of the forage. 
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With the midspring surge in plant growth, cattle become more selective. 
Many of the forbs (broadleaved herbaceous plants) are discriminated 
against after they flower and are no longer good forage plants. Of the 
species selected by cattle, soft chess and the late-growing species of 
broadleaf filaree are the most abundant and in most years provide the 
bulk of the forage. Seed heads of soft chess, which mature in late spring, 
are especially sought out in years when heavy heads are produced. The 
annual grasses and perennial rushes on bottom lands are heavily grazed. 
The clovers, which make most growth in April or early May, are greedily 
taken wherever they occur, and in "good clover years" furnish a large 
part of the spring forage eaten by cattle. During this time of rapid 
growth, there is an abundance of green vegetation in several stages of 
development, from full leaf to mature fruit. The forage selected by cattle 
is well balanced nutritionally, and the most rapid gains of cattle are made 
at this time of year. Gains of yearling heifers that had not been supple­
mented during the winter usually ranged from 2 to 2Yz pounds per day. 

Mter the herbaceous vegetation starts to dry, cattle can still find an 
adequate amount of green forage for several weeks. Early maturing 
species start drying on south slopes by the middle of April in most years. 
In years of low rainfall drying will start in March, or even as early as 
February, and the south slopes will have a mottled yellowish-green 
appearance by the first of April. But the bulk of the herbage does not 
dry until temperatures rise sharply and the upper soil dries. Then most 
of the herbage may dry within a few days. This rapid drying usually 
occurs early in May, but may occur during the last half of April in years 
of limited late spring precipitation, as in 1939, 1946, and 1947. 

Cattle become quite selective in their search for green vegetation at 
this stage of the spring period. Grazing is concentrat~d on soft chess, 
filaree, and littlehead clover on the lower slopes and on whitetip clover, 
toad rush, grasses, and perennial rushes in the drainage bottoms. Cattle 
also make considerable use of the green plants under trees; and of the 
scattered green plants such as late-flowering godetias, summer-growing 
Spanish-clover, and yellow-tarweed. By such selection cattle can obtain 
an adequate amount of nutritious green forage for 2 to 6 weeks after the 
bulk of the range herbage has dried. 

In June the cattle are usually forced to graze largely on dry herbage. 
The crude protein content in their diet drops below the level considered 
necessary for maintenance of mature cattle. This may occur in May -
as in 1939, 1944, 1946, and 1947- when the supply of late growing species 
is limited by light total annual or late-spring rainfall. In years of heavy 
annual and late-spring rainfall (1935 and 1938), adequate green forage 
is available until late in June. The yearling heifers continued to gain in 
weight after they were eating considerable dry herbage, but the rate of 
gain dropped rapidly during June. 

DEFICIENT DRY FORAGE IN SUMMER AND FALL 

Cattle are forced to graze almost entirely on dry forage for about 5 
months during the summer-fall period (fig. 7). Most of the forage is 
from dry annual grasses. These provide a roughage high in carbohydrates, 
but they usually contain less than 5 percent crude protein (1, 3). A 
supplemental feed is needed to supply protein. Heifer calves weaned in 
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July and not fed supplements usually gained slowly for part of the 
su~mer dry-forage period and lost in weight by the end, the net change 
bemg a few pounds loss on the average. 

The most abundant of the finer-stemmed grasses soft chess and foxtail 
fescue, are the most widely grazed. Soft chess is' the most valuable of 
the annual grasses at this time because it retains a considerable amount 
of unshattered seed. Other small grasses and toad rush are also selected 
but ~ay be limited in amount. The coarser grasses, such as wild oat 
and npgut brome, are less readily grazed after they have dried. 

Most of the forbs are of little value after they dry and crumble. Many 
have coarse, fibrous stems, such as those of the broadleaf filarees and 
are not grazed unless cattle ~re forced to eat them because of a shdrtage 
of preferred roughage. N at1ve clovers, redstem filaree or alfileria and 
bur-clover are exceptions. The fine-stemmed native clovers h~ve a 
higher protein content than most dry annual species and are sought by 
cattle even after the plants start to crumble. Redstem filaree has the 
~igh~st protein content of any filaree and is often grazed closely after 
It dnes. Mature. dry bur-clover, with its nutritious burs, averages about 
15 percent protem, an amount more than necessary to meet minimum 

1935 
1936r--------y~~~~~~~~~~~~~~~--------------~ 

1937 
1938 r---------~~~~~~~~~~~~~~~~.,r.~~~----1 

1939 
~~~~~~~~~~~ 

1940 
~----~~~~~~~~ 

1941 
1942 r------------1~~~~~ 

1943 
1944 t---,.._,...,...,.~~,.~~ 

1945 
1946 r-~Y3~~~~~~~~~~~~~~~~~~L-----------~ 

1947 
1948r-~~.u~~~~~~~~~~~~~.anr----------------~ 

AVG.I-

1 
~M-AY ___ ;_ ............ '--; __ N_O_V_. ____ D_E_C_.-l 

FIGURE 7.-Variations in the length of time that cattle grazed almost entirely on dry 
forage on foothill range. 

requirements of cattle (2, 3) .. Because it serves as a protein supplement 
to the other dry plants durmg the summer and fall when present in 
adequate quantity, bur-clover is the most valuable of' the annual plants 
on foothill ranges. 

Vitamin 4 deficiencies may also occur on dry annual-plant range 
where there IS no browse. Phosphorus deficiencies which may occur in 
the natural forage, will usually be met by use of c~ncentrates as supple­
mental feeds (12). 
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SuPPLEMENTING RANGE FoRAGE DuRING CRITICAL PERIODS 

Although best adapted for grazing during the approximately 4 months 
of adequate green forage, foothill ranges are of necessity g~azed at o~her 
times of the year. Only a limited acreage is used solely m the sprmg, 
when the forage would promote most efficient. livestock gains. . The 
foothills are the chief source of range forage durmg the fall and wmter. 
In many operations the livestock are kept on these ranges during the 
entire year. Whenever foothill grazing extends beyond the green-for~ge 
period, the natural range forage is now commonly supplemented durmg 
part or all of the time that it is deficient. 

A practice of supplementing foothill r_ange_ forage wa:s de_vel~ped by 
the Division of Animal Husbandry, Umversity of Cahforma, m thmr 
part of the studies at the San Joaquin Expe~im~ntal Range (2, 13). 
Here where there is little bur-clover, the practice IS to feed 1 pound of 
43-p~rcent cottonseed cake per day per cow ":hi!e depending ~n dry 
range forage during the summer. This amount IS mcreased to 1Yz _to 2 
pounds per day in September or October (before the start of calvmg), 
after the better forage species have been removed by grazing through the 
summer and fall. Rolled barley, at 1 pound per day, is ad~ed as a so~rce 
of energy-producjng carbohydrates after the first effective fall rams. 
Supplements are decreased gradually as new green f~ra~e becomes. more 
abundant in late winter. The daily amount of feed IS mcreased slightly 
in years when there is a low proportion of grass and clovers, when the 
dry forage is leached by late spring rains, or when cattle weights are below 
average. 

Ranchers must also take into account the year-to-year variations in 
the length of the period with adequate green forage. During 14 years 
of study the average length was 127 days, but the I?eriod varied from 
72 days in 1944, 43 percent below average, to 176 days m 1935, 39 percent 
above average. Variations between 15 to 30 per~ent ~hove _or below 
average occurred in four other years. For operatiOns m whwh. cattle 
are moved onto foothill ranges during the winter and moved off m late 
spring, the variations can be met by purchasi~g supplemental fee_ds, 
moving to other sources of range forage, or _vary~ng t~e date of buymg 
and selling stockers and feeders. For operatiOns m 'Yhwh the ?attle are 
on foothill ranges the entire year, or from fall until late sprmg, such 
variations can be met only by supplying sufficient feed to supplement 
the deficiencies in the natural range forage. 

How the amount of supplements needed may differ from year to year 
because of variations in the forage crop is suggested by records at the 
experimental range. Supplemental feeding was started several weeks 
later than desirable in some years because the cows to be supplemented 
were mixed with unsupplemented cows in the grazing-intensity pastures 
until about August 1. Nevertheless, for 10 years (1937-46) the yearly 
supplement per cow varied from 288 to 462 pounds (13). 

Supplements increased cattle production. Averages reported for the 
first 7 years (2) show a calf crop of 83.0 percent for the herd fed supple­
ments and 67.6 for the herd not fed supplements; calf weaning weights 
at about 8 months of age were 470 and 417 pounds, respectively. An 
average of 365 pounds of supplemental feed yearly produced 108 pounds 
more calf weight per breeding cow in the supplemented herd. 
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Thus, although green forage is adequate only about 4 months, foothill 
ranges can be efficiently grazed during the entire year, provided there is 
sufficient dry roughage on the range and supplements are fed during the 
time when the green forage is deficient in quantity or quality. 

Ranchers follow several practices to supplement range forage. Dry­
land Sudangrass is used in connection with some foothill ranges during 
the summer. As pointed out by Jones and Love (8), this practice is 
centered in the Sacramento Valley and Coast Ranges and is limited on 
most ranches by the small acreage suitable for dry-land farming. Another 
practice is to mow green range vegetation on part of the ranch and to 
feed the hay out of the windrow or shock during the summer. This 
method is usually limited to areas that support a good cover of wild oat. 
Alfalfa hay, or home-grown grain or wild-oat hay, is used as a supplement, 
occasionally in the summer but more commonly in the fall and winter. 
Probably the most widespread practice is to feed protein concentrates, 
particularly cottonseed cake, during the fall and winter - and on some 
ranches during the summer, too. The cooperative animal husbandry 
studies have shown that supplementing the dry range forage is an efficient 
range husbandry practice. 

LENGTHENING THE PERIOD OF ADEQUATE FORAGE 

A major objective in foothill range management is to devise practices 
that will provide adequate forage for livestock over the longest possible 
period. Cultural treatmen.ts of the land, such as range reseeding or 
fertilization, have been used successfully on a trial basis to accomplish 
this objective. Adapted perennial species established by seeding will 
produce adequate green forage earlier than annuals and will provide 
some green leafage during the summer. Also, an increase in production 
of annual legumes will lengthen the period when foothill range forage is 
adequate. For example, studies now under way at the experimental 
range have shown that sulfur-bearing fertilizers will increase native 
annual legumes on these granitic soils. As a result, yields of dry forage 
are increased and its nutritive value during the summer is greatly im­
proved, and forage growth during the following winter is stimulated 
because of the nitrogen added to the soil by the legumes. Cultural treat­
ments to increase soil fertility and establish superior species, combined 
with mahagement to make best use of the improved range will be more 
widely used to lengthen the period of adequate forage on foothill ranges. 

Results of this study, however, show that there are other means of 
providing green forage at times when it is critically needed. This can 
be accomplished on some ranches by using the different kinds of range 
land at the best time of year. For example, in the early part of the plant­
growing season, north slopes are better suited for grazing than south 
slopes. This is especially true of the steeper north slopes where the soil 
surface dries slowly after the infrequent rains at that time of year. 
Hence, the tallest green forage is found on north slopes. Similarly, new 
green forage is often more abundant in the shade of some tree and shrub 
canopies than in the open. These effects of shading are particularly 
important in years when fall-winter rainfall is below average. 

By late winter soil moisture is ordinarily not a limiting factor, and the 
situation is reversed. At this time plant growth is most advanced on 
warm south slopes; green forage is usually adequate, without supple-
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TABLE 3.-Comparison of herbage per grazable acre from swales and slopes 
in pasture No. 2, San Joaquin Experimental Range, during four specified 

yearsl 

1943 
1---1944 __ 

1945 1948 
Plant group ----------
and species 

Swales Slopes Swales Slopes Swales Slopes Swales Slopes 
------------------------------

Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds 
Grasses: 

Soft chess ___ 97 825 151 485 182 531 80 135 

Foxtail 
fescue ____ 552 205 499 181 919 269 760 101 

Mediter-
ranean 
barley ___ c 2,542 2T 1,621 5 1,683 T 641 T 

Other 
grasses ____ 94 137 69 173 126 140 86 138 

------------------------

TotaL ___ 3,285 1,167 2,340 844 2,910 940 1,517 374 
------------------------

Grasslike plants: 

Toad rush, __ 56 T 10 T 14 T T T 

Perennial 
rushes ____ 381 T 232 3 632 T 33 T 

------------------------

TotaL ____ 437 T 242 3 646 T 33 T 

=== ------------------

Forbs: 

Filaree _____ 128 707 204 421 408 622 610 877 

Clovers _____ 258 64 112 16 1,094 121 32 23 

Other 
legumes. __ 11 82 18 39 79 158 T 7 8 

Other forbs._ 263 110 165 87 579 278 33 27 
---------------------

TotaL ____ 660 963 499 563 2,160 1,179 675 1,005 
---------------------

All species ___ - __ 4,382 2,130 3,081 1,410 5,716 2,119 2,225 1,379 

I Based on sorting and weighing of herbage clipped at _Y:!-inch stubble height in 
May on about 100 temporary, protected quadrats on swales and 100 on slopes during 
1943-45 and 50 on each site in 1948. 

2 T =species or plant group occurred as a trace or was not found in the sample. 

ments, about one month earlier than on the steeper north slopes where 
the soil may be frozen during the coldest weather. South slopes, however, 
are not well adapted for grazing in late spring since the plants dry early. 

Another means of using different kinds of land at the best time is to 
defer the grazing of some swales until the supply of green forage on slopes 
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is nearly exhausted. Swales are the last sites to dry, and most of the 
herbage produced on swales remains green for 2 to 4 weeks longer than 
the bulk of the vegetation on slopes. Late-maturing species growing on 
the swales (table 3) help extend the green-forage period there. The late­
growing annual clovers, mainly whitetip clover, and two perennial grass­
like speci~s, common sp!kesedge and slimpod rush, produce a heavy crop 
of forage m most years m the wet swale bottoms. Mediterranean barley 
makes a heavy growth on the drier swale borders; foxtail fescue which 
dries a little earlier, also produces considerable herbage on this site. 
So~e large swa~e areas can be fenced; but if this is not practical, many 

foothill ranches will be able to defer use of entire range units that contain 
a. high percentage of swale sites. Such lands also usually contain the 
sites that support the best growth of Spanish-clover and other late­
maturing slope species. Because of the relatively high production of 
swales, it should be beneficial to defer even small acreages in order to 
provide some additional green forage at the end of the green-forage 
season. 

The practice of deferring swales has other advantages, too. Cattle 
can select the choice forage species and have an improved diet when 
turned into such deferred range pastures. Thus, even when experimental 
~erds were moved fro~ .grazi~g-i~te~sity pastures to ungrazed range 
m August, crude protem m their diet mcreased for a short time after the 
move (12). Also, deferring swales until the soil is no longer soft should 
reduce soil compaction and increase herbage production. 

Several consecutive years of less-than-average precipitation however 
may greatly reduce the extent to which the green-forage sea;on can b~ 
lengthened by deferring grazing in swales. The accumulative effect 
from a shortage of soil moisture in swales is a decrease in production of 
late-maturing species. This change was observed in 1947 after low 
rainfall in 1946 and 1947, and was very pronounced in 1948 ~nother dry 
year. The clover and the rush portions of the total swaie production 
in pasture 2 had each dropped from about 10 percent, as an average for 
3 years (1943-45), to about 1.5 percent for each in 1948. Yield of clover 
dropped from 488 to 32 pounds per acre, and yield of rushes from 442 
to 3.3 poundsyer acre. Deferring use o! swales, however, may be desirable 
durmg a penod of several dry years smce even a small increase of green 
forage is especially helpful under such conditions. 

S~ill another W!I-Y to lengthen the green-forage period is to promote 
earher fall and wmter growth of the annual plants. This can be done 
by grazing. management that leaves sufficient unused herbage on the 
grounb, as IS shown later by results of grazing-intensity tests. On con­
servatively stocked range, green forage will become adequate 2 to 6 
weeks earlier than on heavily stocked range. 

ADJUSTING RANCH STOCKING TO HERBAGE 
PRODUCTION 

Each ranch contains range land with different characteristics of soil 
topography, brush cover, and rockiness. These characteristics infiuenc~ 
not only time of forage growth, but also total herbage production. More­
over, production of annual-plant species varies considerably from year 
to year because of differences in weather. By a skillful adjustment of 
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rnn<·h sto<:king to these nuia.lious, efficiency in tl~f' of forugc c·an Ue 
increased. 

EFFECT OF SITE ON GRAZING CAPACITY 

Cla&~ific.uion of the diffcrmt kinds of rnngc• laud "ill aid in making 
the necessary adjustments. Fol" r-xample, on granitic soHs - S\H'h as 
those in th<' cxpC'li mc•nt.rll pasturt>s- herbage production is u~uaHy gn~.ater 
on tlw more gentle slop ... , apparently bceausc the soils are deeper and 
fiuer-t<lxtured than on steeper slopes. Ohdonsly, this diiTet·encc will 
aiTect the grazinl!; capacity of the lane!, and a m~.ans of classifying tlu• 
range accord ing to such clitlC'rt•rH·es will improve lhe estimntion of grazing 
capucity. 

fn evalnatiug the grazing capacity of the cxp<•rimenl.al pastures, it 
was found thaL the land could be separated into six readily identifiable 
site classes. These are: 

1. Su'Ole.-T he swalc (d rninagc bottom) soil is typically a dark grey, 
sandy clay loam ";th a fnirly g<><wl wal.er-holdilll!: capacity,"-~ mntrastPd 
to the ~lHlllow, brownish, ~udy loan1s of low wntcr-holcling capacity 
tlu1t ure found on the slopes. The swales rccch ·(': n. ''on~idt>raUle amount 
of st>t'J)age waler; in wei.. winLers some portions n•maiu tiillurated for 
se,·eraltnonlhs. S\\ales (figs. 8 and D) consist uf a he.a.vy, J>OOrly drnincd 
pha.se, or wet swale, and a lighter, bctt<'r-drained phase, or dry swale, 
that usually borders the "·ct sw!ll(•. 

,__,. 
F1c:1!1tt; R X arrow, uu.grnzed ''wet~walP'' w!Lh t:,.cc:ptiounUy dense stand of ~rE;>nn ial 

roRhf"-">1 ApnJ 1940. 

2. Gmtle •lopr.-Located just abo,·c• the• swule, the fine sandy loams 
of gc•ntle slop•"' represent the trans il ion from transported soil in the 
dmiuages to soil dcYclope<l in place on the slop<'s. Gradient is under lO 
percent. 
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JO-:tme1• 

F'lm R£ n. K'((•f"plimmll.r lw:wy f{ruwth of whitetip (')()V('I' in ung!'<'l?:ed S?o'nl(', ApriJ 
H):l.n. D t>nSP ~tand (nt>:lr harkbo.1.rd} in wet swale and thinner stnnd nt Jcft in 
~iry :wale !'h.-u;e-. nr:11:!ng eap~chy of swalcs .in the g~zing-iJltcu~ity pMLurcs 
1;;; O .. ., t.o 0.; acre PE'r amm<ll-umt mouth. Cmzmg cnpactt) of Lh~ u~trnl\\ bonlc:r 
of gentlE.' slope nrouod the swnles is 0.8 to 1.1 ncrcs per uuimul-uuiLmoutlt. 

}<t<:UR& ~0.-T-to~lin~ slope with ouly Occ•m:.:iun:d t reeR, !!hrubs, or rocl.. outtrup. O::i~g 
capaetty of this kind of rM.ge Juml iN 1.25 to l .i5 acres per nninlAl-uJlit..moulh. 
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:!. Open, rolli>.g .<IOJ>".-Th""' •it..,, with a gradient of 10 to 2,; 
JX'I"C'~nt, ha\·e uu Ull<'U CO\'er of tl'('('< ond •hmb.• und only M'altered roel.. 
outcrop.; (fig. 10). .\loot of thr &lllUJ IOOJll.> are about 24 onfhcs decp. 

1. Rocky br11•J.v. rolling 31"1".-'l'h~ nY~r..tge gradient of these sites 
;, greater thnn for th~ uprn, rullinJII •lope but tbe range in wndicnt, 10 
to 25 pcr<·Pnt, ;, nlxJUt the same. In general, the soils""' •hu.llower and 
t•mtrser and mol'e of the surface i~ envcr<.-•1 by nl<:ks, Hhmbd, and trees 
(fiJII. 11). Such lands comprist' mn11• at're"ge tillln ''"Y other site f lnss 
within th<' nt'<'n uf gmnitit· soik 

5. Rocky bru•l.u, akcp slope.-'l'hc'(' site.< ha,·e a gradi•nt of 2:J per­
t·enl or greater and numerous r<l<·k <Mih'n>pK or many ohrubs and tl'C('S. 
The steep nrcn,, on- nut t-ommon in lhe lo\\er foothills; they differ "'"' 
sidcrobly frnm plat•t• to plate, includmg .ome producti\'C l'<>il~ tL' well as 
thin1 sandy soils, 

6. Su•q•, rocky blu.ffs.- Thcse locn li •cd un-us art• snmU in size and 
practically unuoed by cattle. 

~ 

l"tGt:'B£ U • ._sfop- "ilh cullUJl.OQ occurrt'1l~ nl l""""• ~. or rort outcro~. Graz­
iug ea.pocicy for mc,.t uf t..hb lind oi ra.nct hnd with rolliu::;-t.o-eteep eJoPf" is from 
2 Lo 3 acres per nnim:ll-unit moulh. 

Tim relative hcrbugc production or each site da.<S \\'liS f~timaled from 
yield messurcmrnt,< matle in pastur(lS I, S, untl 8 duriup; lhe period 19~3-45 
(table 4). 'l'ht• yit•ld f1·om the best sitr WtL' almost nine times that from 
the poorest, uml the di1Icrcu('('S lx-tw<'<'n >lite. are evidence thnt the grazing 
capacity of foothill rang<"' is rrLited more closely to the «ill'!< than to tbe 
total acre:ute of tho runge unit. Steep •loi'('S •w.re not weU represented 
w itbin the sampling area>;, but though not pnoci><e tbe yields c-timated for 
the st('('fJ-«Iop•· •ile class are con,itlrnotl indicatiYe of O\'Orogr production 
on sm·h site.. The diffrrt'nt'PK in ~ield between north and •outh e\'POSUn-5 
\\ete determined I rum obsen·ations <'•h•utling o•·et 10 years. On north 

T.•m.o: 1.- llrlati•·e herbag• yirld• of llile da&su, San ./oaquin Erperiml'n/IJI 
Range 

Site elMs 

Poulllbc 
Swale- 4,400 

c.n t le •lope: 
.:O.ortb.-~. 
Sooth t \IJt)OW'C ...... 

3,200 
2,.'100 

Open, rollins; •love: 
Xorlh l')i.JXII!Ut~--------- - - --······ ··--- . 8oulh •·xpt)I!UfC ______ • __ _ _ . ........... _ ~ ~. ___ 

2,21.)() 
2,000 

Il••·k~ ho·u,h.v, rutliug slo1x,; I 
Kurth f'XJ'Hitmn•- --------............. __ • _ •• 
Rauth '"I'u"u"" • _ ~ _ ~ _____ 

1,100 
l,JOO 

Rock\· bru,hy. ~<tftp -=lope: 
:\onh t 'tp(JfUl"f' •• • •• 
South expOcmre _______ 

000 .. ~ 
Steep, rock> blu1t.. ........... . 

JJt:rt'Oit 
100 

95 
n.:; 

00 
00 

70 ;o 

.;;; 
70 

0 

YiPlrl ('lf'r 
!IUrfRt"P 
~l('~ • 

11ouudM 
4,.j()l) 

3,~ 
2,6ti0 

I ,P'lO 
l,liOO 

mJo 
uso 

~95 
1,2fi() 

1 Tn evahmtin~e pmdtu·tiyity or tlw M'Vt'!ul site cJo.M~, tbc ,1\vcrage ,jcld of 4,100 
poundtt per l\Cl"f' for RW:t~y; tn JllU!IIIm i tfunu~ 3 )'CliO! Of UIU'li"IVC e.o,mp{i.og (l~).J-:l .Jfi) 
wn.s tak~n tll A baee. ) teld nf P:u·h t~lu\"" l"it~ t·lru;,s :uul fur t!h.'t'P ~lope:-, iu rduLion 10 
the buc '\ idl.l for SW"l.lles was ~tim,.tN from a limitP<I ru.unlx·t oi ~mplc qui'UirHIIil 
for cat.-b a1tt· e:lau. in three pagturtA in 1945. 

' Patt'"nlaJ'C of gnuab)e soil for el\('b ~te tL'L,"'H ,..~,. E'lotimah·d from an intoPnlli\·fl 
~un.-..y o1 tbe laud "urf.see &etua.lly c:raaable b'" cattle in f"Arh J-..'LI'tuno~ 

• Yif'ltl u( lurlli&f.."l! per ~urf&A..-c u re (Laod (')ffiee atft' _.,..., f"(lmput~ for e:\th ,llU' 
c·h.">R hy multlph-i.ng the yield JK·r scrozublc acre by the pertt"nt.,g~ or gr..z.able aoiJ. 

expoourcs on rolling topogmphy, \\ i1.11 thin stand. or tJ·ees and •hruh., 
)'lelds were commonly observed lo be p;reaLer than th06c on similar south 
cxposun-~. On oieep uo .. tb e"po~w-es, however, the stood of herbage 
"'""' nft~n thinned by shadin~ from dense tree ~nnopir<. 

Tital productiYity of range <itc classes must ),.. IJikt•u into uccount in 
<"'timatinr Jlirt\zillg cap.•~ity i• ul"' shown by tl1e lut·k of <'Ort'e'pondcncc 
beh•een size, produ~th;ty, nnd tlegree of utilitation in each of tl•e si~ 
grazing-intcll.>ity ptL<tllre< on the ""perimental range ( table 5). 

,\,;; a ynrd~tit·k of productivity the acreage or each site cla...<:S in each 
posture WtL< n•luced to its swalc-()quh·alcnt in herbage production or 
"swHif"-u<·n--g." B~ause pasture I, 154 aci"CR in nrcm, c·ontuincd a ~ela­
tiwly 1£•·eal p:oportion. of th~ lllfll'tl pnxhu·tive xilt' !'ltw<es (fig. 12), it 
had a productmty cqutmlt•nt to lhat of tiO ac .. e• of owale. But pa"turo 
3, with 1.).) ll(TCS and a different combination or site classes, most11• of 
lou-er \'nhw, was "'lui valent to only -13 acres of swnlc. ~imilarly,' the 
2:~0-•u·r~ paoture 2 eontaincd 12 mon- swalcs-l~rl'('> than the 300-acre 
pasture 4. 

J::.•ch p!L''""' was stocked \\ith 15 cow• along with their cah·e; and ,. 
hull fur part of the season. This stocking twcrogcd approximately 19 
animal unito per pasture for n 6-month scuson. Con>«><p•ently, the two 
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- swou: 
tz;~ <;SNTLE SLOI'E 
C::J CI'EN. nOLLI~G SLCI'E 
c:;:J R()(,'KY SRUSI IY, ROLLING SLOPE 

e:EJ ROC<Y 311USHY, STEEP SLOPE 

c::::::J STE(P ROC«Y SLUFFS 

l'tGURto: 12. ~l:tp .:;Lo .... iu..g different kinds of l:tod (site c:l.::u;!3CS) iu p~turcs 1 to 6. 

TABLE 5.- Pasture size, protludivily, degree of gra.ring, and graziru.J r.apaeily 
on $iX pastu·res 

Hauge 
Size p:lSLW'C 

uumbcr 
-

Acre3 
a ... 15& 

1. ... " 104 

[I _____ . " 250 

4 ........... 3!Y.l 

6 ........... 3 16 

2 ........... 230 

l'roductivity 1 I Dt>gr~P c 
~r<t-7.mg 

o t::lined 

Swnle-ttcrt.$ 
43 CJOSI! _____ -------

60 ).fudt>r-..tl.u to d~ 

us )fodemtA'!.-- ..... 

78 T.ight to mndt>mlA} 

8~ Light ... ... 

00 .... do . 

' 
Gnlz.iug 
cap~Cily a 

A ninmlunilx 
12 .3 

\7.1 

·~··· 

25.7 

t Sum of Ulc ncre:;lgP!'> of :ill site classes in the ptl$-tore :tftPr the :u:n~»~l: of c:ilth site 
cJaas had been reduced t..u its swulcH:quiva)cnt in herb~ge prnduc~tiun; b:.t~·d ou tcJo.Live 
berb:tJ,'a vidds sbo"'""D in t.:tblc~ 4. 

t 11-yC:u nvero.ge nht.:t.iru~l \\ hcu cnch J>Mture w:1a Rt«l(:ked wil h ~pproxiulntely 
HJ :tnimuJ unit-s for :m :t.Vt:r~rc grazing senson of 6 muntht'. 

I The uumber of :mimul uuit.s. that the }>Mture woulrl support for 6 months under 
modemlc gr.uing. 
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pa;;tur., with the Jowl'S! productivity were gra?.cd closest and th'"" wit,h 
the grcntffit productivity were grnz"l Jighu-..,.t. All six pastures showed 
a. coul'ilstent relation hetweeu proclucli\·ity and d<'grcc of grazing. 

This <·onsist.eut relation WM nlso e\'ident when the grazing capacity 
of each pasture was cstimflt.ed "" the number of animal unit~ thnt the 
pasture would •upport under a modcraro degree of gmzing for au average 
G-month season, from about. February I until August l. St~king at 
uppro:cimately 3.50 swalc-acrcs J><'r aniau<l uni~ gaYc moderate utili1.ntion; 
the range was from uhout 2.25 •wale-acres for close utiliz>1tion t.o ·1.7.'> 
swale-acrcs for light. utilization. l'sing a rcquil'f'Jnent of a.5 swale-acres 
per animnl un it for 6 months, the 15+-a.<:re experimental past\U'e would 
support 17.1 animal units under moderate grazing, and the 15.5-acrc 
pasture \\'Ould support only 12.3 animal units. 

The grazing capacity of each •ite class under mo<lcmte grazing was 
calculated from the relath·e yields per stnfa<·e-lltre shown in table 4. 
For example, swales with a };eld of 4,400 pounds per acre and a capacit.y 
of 3 .. 5 atr<•s per animal unit for 6 months l'<'quired an average of 0.58 
acre per a nimal-unit month. Simila.rly, s<luth exposures on open, rolling 
slope, "' ith a yield of 1,800 pouruls per acre, required an averngc of 1.42 
acres per animal-unit month. BE!(!ause of variations in produc:tivity 
around the av('r~lgc for t>.a<:h sile class, a range in gru.z.ing capaciLy wa-s 
estimated for ca<·h. The estimated range in gruzing c:apacity for each 
site class wus: 

Acrup:ranilltJ'IL. 
Site t:hs:s: Ulfit MMt!A 

s"'ale ~ ---- ------------- --- ___ ____________________ o . .sQ-0 .70 
Gentle 'lope....................... . .. .................... -1.10 
Open, rollmg RIOJM>--- _ _ __ __ _ __ _ _ _ _ _ _ _ _ ___ ____________ .1. Ur-1. 75 
Hocky bnt.Rliy, rollinp: !~lop~.· __________ __ .__ ---- ------- _ .2. ~~{. 00 
Rocky brushy, l'.teE:>p slupt-l _________ _ _ __ _ _ __ _ _ _ --- _ .:\ .oo-5. 00 

J\lore refinement in c:riteria is needed for recognition of grazing c.apacity 
on steep slopes, hut the range in capacity for other site classes is sufficiently 
narrow for t'atisfactory use. 

'l'hc studies show that grazing cap:J.city can be estimated by runge 
land c:!a.s;;ilication. Thus runge site classes are of direct usc in determin­
ing proper ranch stotking. In addition, classification of mnge site.s will 
bring about more equitable evaluation of the tax hnse and more uniform 
Joan appraisals on foothill lands. 

EFfECT OF ANNUAL PRECIPITATION ON HERBAGE YIELD 
Records of how lierln;ge yield on the experimental range fluctuated 

with annual prc<·ipitaiiou show the need for flexibility in stocking. 
Total herhw,;c production there is typicn I of other parts of the California 
foothills where :.wera,ge precipitation is abou~ the SMile or gre.ater. On 
soils different from the grnnit i<: soils of the experimental runge, annual­
plant herbage presumably would re.pond in a similar manner, but the 
u.rnount of monthly and annual precipitation required for ihe same plant 
response might he difl'erent. 

The tot.;] y ield :.lt matmi ty of m<.•~t sped"" for each year (fig. 13) wn..~ 
estimated a.. the average for all grazahle soil in pastures /, 2, and S. 
The estimates were bused on iuteusi\'e measurements made "" follows: 
19-!3--45, a ll •it"< in the three pastures; 1948, all sites in pastures 2 and 8; 
19!2, all slope .ites in pnstm~ 2 and 8; 1937- 48, .!4-acrc exclosurc iq 
pasture 1. 
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TOTAL PRECIPITATION 
DURING SEASON 

12"-16" 

16"- 20" 

ABOVE 20" 

0 ......-~---....111<..-­
'38· '39· '40· '41· '42· '43· '44· 
'39 '40 '41 '42 '43 '44 '45 

PLANT GROWING SEASON 

FIGURE 13.-:-~st~mated .total producti?n of air-dry herbage per grazable acre, and 
total premp1tat10n dunng plant growmg season (September of one year to time of 
plant maturity in next year), San Joaquin Experimental Range, 1935-48. 

In years with precipitation greater than 20 inches, the heavy rainfall 
during the winter months was largely lost by seepage from the upper soil 
before air temperatures became favorable for plant growth. Shallow­
rooted annuals could not take advantage of the excess precipitation 
except on bottom-land soils, where ample seepage from the slopes pro­
vided moisture into the spring months. Thus, total herbage production 
was approximately average in four of the six seasons when total precipita­
tion was above 20 inches. Greater than average yields were obtained 
during 1937-38, with 32.09 inches of precipitation, when good rains oc-

, 
f 
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curred late in the spring.· Exceptional yields were also observed during 
1934-35, not shown in figure 13, when precipitation totaled 29.40 inches 
and good rains occurred in both fall and spring. In 1936-37, however, 
yields were below average, even though precipitation totaled 22.96 inches, 
apparently because severe winter temperatures stunted the plants so that 
full production was not attained later on. Winter temperatures may have 
more effect on .plant yields than is readily apparent because effects of 
temperature are not easily dissociated from effects of precipitation. 

In .1942-43 and 1944-45, with total precipitation of 17.24 and 18.99 
inches, respectively, soil moisture was considered adequate during the 
winter and there was sufficient seepage into the swales to promote good 
growth on these fertile sites. Yield in each of these 2 years was well 
above average. These years were near the long-time average of 17 to 18 
inches, calculated from isohyetal maps of the U. S. Weather Bureau and 
from comparison of precipitation records at the experimental range with 
records of longer duration at other foothill stations. Apparently average 
or greater yields can be expected in most years when total precipitation 
at the experimental range is within a range of 16 to 20 inches. 

In dry years, with precipitation between 12 and 16 inches, soil moisture 
was not adequate at all times during the winter, and there was only 
limited seepage into the bottom lands. Herbaceous vegetation was 
retarded at some time during the winter or spring by lack of moisture, 
and total yields were accordingly reduced. In each of the five grazing 
seasons with total precipitation well below the long-time average, herbage 
production was measured or estimated to be between 1,200 and 1,500 
pounds per acre, as compared to the 13-year average of about 1,640 
pounds. Often, half or more of the total herbage in dry years is pro­
duced after rains of 1 to 2 inches in late March or April, after some species 
start to dry at a very short height. This ability to make rapid growth 
during a short period of favorable weather in the spring allows production 
of a fair total yield in years that are otherwise unfavorable, and enhances 
the dependability of annual-plant herbage production. The critical 
point of annual and monthly precipitation, below which annual-plant 
production is reduced, will depend on "the character of the soil. Observa­
tions indicate that plant growth is limited by below-average precipitation 
to a greater exten~ on heavy, fine-textured soils than on lighter soils. 

In drought years, say with less than approximately 12 inches total 
precipitation at the experimental range, herbage yields would probably 
drop below 1,200 pounds; but how far below is speculative: annual 
rainfall was more than 12 inches throughout the period of study. In fact, 
study of long-time records at other foothill stations indicates that pre­
cipitation at the experimental range may have fallen as low as 8 to 12 
inches in only 6 years out of 48; and only two of these occurred in the 
40 years from 1909 through 1948.7 Because the distribution of rainfall 
in drought years ordinarily does not follow the normal pattern, some 
drought years may have above-average spring precipitation and a fair 
total production of herbage. To the knowledge of local ranchers, no 

7 Monthly and annual precipitation at the San Joaquin Experimental Range for 
period September 1897-August 1934 was computed from U. S. Weather Bureau 
records for Friant, Calif. (no record 1904-Q6), by regression equation based on correla­
tion of precipitation at San Joaquin Experimental Range and Friant during the period 
September 1934-August 1946. Average annual precipitation at Friant was 13.24 
inches for the period 1897-1945. 
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"failure" of herbage production occurred in the vicinity of the experi­
mental range from 1877 to 1948. In years of extremely low precipitation, 
however, severe forage shortages undoubtedly occurred during a con­
siderable part of the plant-growing season, and a shortage of water for 
stock limited effective use of the forage after it dried. 

STOCKING TO MEET FORAGE FLUCTUATIONS 

To meet the fluctuations in the forage supply and obtain efficient 
utilization of annual plants, some adjustment in stocking is needed nearly 
every year. Whether a change in numbers of livestock is needed can 
be judged in late spring, after almost all plant growth is complete, and 
again at weaning time in the summer or fall. The extent of adjustment 
and the classes of stock involved will depend on the type of operation 
at each ranch. 

For ranches keeping the cattle on foothill range during all or most of 
the year, the desirable flexibility can be had by operation of a breeding­
cow herd in which all or part of the calves are generally carried over and 
sold at the end of the next green-forage season as long-yearlings. Essen­
tially, this practice consists of carrying enough cows and replacements 
to utilize most of the forage in the years when yields are well below aver­
age. During the five dry years at the experimental range, total herbage 
production was reduced a little more than 25 percent below average in 
two of the years, but only about 10 percent below in two other years. 
Probably the cow herd should not take more than 75 percent of the usable 
herbage in average years. 

The extra forage in years of average production is utilized by yearlings. 
If there is no extra, the young stock can be sold as weaners. In years of 
above-average herbage production the increased forage yield may either 
be utilized by bringing in outside animals, or be left on the ground to 
replace any litter than may have been lost during dry years. 

If a year of very low herbage production occurs when maximum numbers 
of yearlings are being carried, some animals can be sold earlier than usual 
to save range roughage for use by the cow herd during the summer, fall, 
and winter. Other adjustments can be made by heavier culling of cows 
and replacements and possibly by earlier weaning. 

Almost yearly changes in stocking are necessary because a reserve of 
forage cannot be built up on the ground in good years. Dry herbage of 
annual plants is ruined by leaching during the winter. It appears feasible, 
however, to keep a reserve of hay above the usual yearly needs (12). This 
hay reserve, often obtainable at a lower cost before the start of a drought, 
can be stored under cover with little deterioration. Besides filling part 
of the needs for roughage in years of low grass production, the hay may 
be needed in other emergencies, as when growth of green forage is greatly 
delayed in late winter or when grass fires cause sudden loss of dry vegeta­
tion. 

Experience with both a breeding herd and yearlings at the experimental 
range indicates that the foregoing method of operation is feasible and 
will allow the necessary adjustments in livestock numbers in all except 
the. occasional years of extremely low herbage production. 

Fluctuations in the composition of the herbage crop should also be 
considered in stocking foothill ranges. The amount of grass in the plant 
mixture is of special importance on ranges grazed from summer until 
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1,200 
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0 ~~~~~~~~~~~~~~~~~~~~~~ 
1936 '37 '38 '39 140 '41 '42 '43 144 '45 '46 '47 '48 

YEAR 
FIGURE 14.-Estimated annual production of air-dry herbage from grasses and 

grasslike plants per grazable acre, San Joaquin Experimental Range, 1936-48. 

winter. Grasses are the chief source of dry forage at that time of year. 
During the 13 years, 1936-48, the production by grasses and grasslike 
plants each year in pastures 1, 2, and 3 (fig. 14) was estimated from 
clipped samples, density records, and other field observations. These 
records show that the yield of grasses and grasslike plants varied less 
than did total herbage production (fig. 13) up to and including 1946. 
Livestock adjustments based on variations in total herbage were sufficient 
in these first 11 years. 

Mter .1946, however, grass yields fluctuated more than total yields, 
presenting a more critical stocking problem. The proportion of grasses in 
the herbage was progressively lowered during the dry years after 1946. 
Filaree dominated the plant cover in 1947 and 1948; consequently, grass 
yields were lowered much more than total yields. By 1948 grass yields 
were only about 42 percent of the 13-year average. Under these condi­
tions a greater amount of supplements was needed in the summer to 
balance the lower quality of the dry roughage, and hay was needed during 
the fall and winter, even though fewer livestock were grazed. 

Nevertheless, most fluctuations in individual species have relatively 
minor effects on range stocking. Observations on several important 
forage species bear out this conclusion. In years of high clover yields, 
for example, the herbage was considered of better forage value than in 
other years. However, in "good clover years" there is no shortage of 
forage and the problem may be to increase stocking. Again, because soft 
chess matures late, its growth and seed production depend on adequate 
late spring rains. Value of the dry herbage was considered better in the 
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years when there was a vigorous growth of soft chess with large seed 
heads; but when yield of soft chess was low, the number of animals that 
coul~ be carried o~ dry forage was also limited by total grass production. 
A third example IS afforded by broadleaf filaree. This plant, which ie 
more dependable as a source of green forage early in the spring than any 
of the other species, usually produced about 25 percent or more of the 
total herbage at plant maturity. But its yield was low in 1938 because 
of late fall rains in 1937, followed by prolo~ged cold rains; it composed 
only 9 pe~cent of t~e total herbage productiOn. .However, the shortage 
of filaree m late sprmg was more than offset by high production of other 
species. • 

Thus it is evident that nutritive value of the forage is affected each 
year. by fluctuat~ons in cl?ve~s, soft chess, .and other valuable forage 
species, but grazmg capamty Is affected mamly by variations in total 
herbage production and total grass production. Both the kinds of land 
on the range and the annual precipitation need to be considered in ad­
justing ranch stocking to meet these variations. 

SELECTING THE MOST EFFICIENT DEGREE OF 
GRAZING 

To insure both high livestock production and good forage cover, the 
ranch operator needs to select the degree of grazing that will give the 
most efficient utilization of the forage over a period of years. Results 
of the. grazing-intensity exp~riment will aid in this selection by showing 
how different degrees of grazmg affect both cattle and herbage production. 

The experiment was planned to determine how closely annual plants 
can be grazed without adversely affecting either forage growth or cattle 
production. The stocking dates for each year were: 
Year: Entry date Removal date 

~~:~====================================== f:~~:~; ~
0 

!~~:~ io 1938-------------------------------------- February 25 September 2 

~~!~====================================== ~~b~~~rv
2

~ !~~:~ i 
!fi!:=~=~~~::~~:~:~::~: :::: ~::~~: :: ~:~:~~ ~ i~ ~2 fi~ ~

3 

~~!~=================~==================== t~~~;~y~: ~~1~1~ 
8 

Average ________________________________ January 29 August 1 

The grazing season in the experimental pastures covered the period of 
best fora~e on foothill range and included only a limited period of forage 
s~ortage m the most closely grazed pastures. Grazing started in the 
wmter ~hen the plants were still growi~g slowl;v and continued through 
the sprmg when the plants were growmg rapidly. Since cattle could 
not ~eep up wi~h the rapid spring gr~wth, there was adequate seed pro­
ductiOn of the Important forage species - at least on most sites. The 
vegetation was not grazed to the final degree of utilization until after 
the plants were mature and dry. Effects on vegetation of the different 
degrees of grazing obtained should be representative of those which 
would occur under the usual seasons of grazing. 
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TABLE 6.-Degrees of utilization in six grazing-intensity pastures, San 
Joaquin Experimental Range, 1937-4-7 

Year Pasture Pasture Pasture Pasture Pasture Pasture 
3 1 5 4 6 2 

--

1937 Very close_ Close _____ Close _____ Moderate_ Moderate Light to 
to light. moderate. 

1938 Close ______ Moderate Moderate Moderate Light _____ Light. 
to close. to close. to light. 

1939 Very close_ Close to ___ ____ do _____ ____ do _____ _ ___ do _____ Do. 
moderate. 

1940 Close _____ Moderate Moderate_ Light to Light to Do. 
to close. moderate. moderate. 

1941 ____ do _____ ____ do _____ ____ do _____ ____ do _____ Light _____ Do. 

1942 ____ do _____ ____ do _____ ____ do _____ ____ do _____ ____ do _____ Light to 
moderate. 

1943 ____ do _____ Moderate_ Moderate ____ do _____ ____ do _____ Light. 
to light. 

1944 Very close_ Close to Moderate_ Moderate_ Moderate Light to 
moderate. to light. moderate. 

1945 Close_ . ___ Moderate Moderate Light _____ Light ____ Light. 
to close. to light .. 

1946 ____ do _____ Moderate _ ____ do _____ Light to ____ do _____ Do. 
moderate. 

1947 Very close_ Close to Moderate_ Moderate Light to Light to 
moderate. to light. moderate. moderate. 

Aver-
age __ Close _____ Moderate Moderate_ 

to close. 
Light to ___ 
moderate. 

Light. ____ Light. 

The planned procedure was to remove the cattle from the pastures at 
variable dates from year to year, depending on herbage yields, in order 
to obtain somewhat the same degree of grazing each year in any given 
pasture. It was found impractical to follow this procedure in all years. 
In years of low herbage production the pastures were grazed closer than 
average (table 6), especially in 1937 and 1939 when the cattle were kept 
in the pastures until August. During the last 5 years (1943-47) the cattle 
were removed earlier than in previous years; even so, grazing was some­
what closer than average in 1944 and 1947. The experience in stocking 
emphasized the need for flexibility in ranch stocking if utilization of the 
fluctuating herbage crop is to be kept within narrow limits. 

The utilization of the pastures at the end of the approximate 6-month 
season for an 11-year average included five different degrees of grazing. 
There were three basic degrees; close, moderate, and light. When the 
average utilization of a pasture in any year did not fit one of these three, 
intermediate ratings were used; for example, "moderate to close" in-
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dicated a degree that was nearer to moderate than to close, while "close 
to moderate" indicated utilization was nearer to close. 

EFFECTS OF DIFFERENT DEGREES OF GRAZING ON CATTLE 

PRODUCTION 

A brief consideration of how different degrees of grazing affect cattle 
production will aid in interpreting the effects on sustained forage pro­
duction. Members of the Division of Animal Husbandry, University of 
California, who were in charge of the cattle phases of the experiment, 
have reported the findings for 1937-43 (4). Their-results, summarized 
here, show that heavy stocking, even for only part of the year, on annual­
plant ranges means lowered efficiency of production from a breeding-cow 
herd. 
, Average gains and weaning weights of calves were low in closely grazed 
pasture 3, particularly for calves from the "B" herd which received no 
supplements, but also for calves from the "A" herd which received supple­
ments while out of the grazing-intensity pastures (table 7). Variations 
in gains and weaning weights of calves in the other five pastures were 
not related to degree of grazing; the variations were apparently caused 
by other factors. The lower calf gains in pasture 3 emphasize the im­
portance of having an adequate forage supply for cows during the nursing 
period. 

TABLE 7.-Average gains and weaning weights of calves from supplemented 
and unsupplemented herds grazed in six pastures, 1937-43 1 

Pasture 
Calves from supple-

men ted "A" herd 
Calves from unsupple-

mented "B" herd 
number Degree of grazing 

Gains in Weaning Gains in Weaning 
pasture weight pasture weight 

Pounds Pounds Pounds Pounds 
3 Close ___________________ 265 459 241 378 

1 Moderate to close ________ 292 504 291 447 

5 Moderate _______________ 281 459 286 432 

4 Light to moderate ________ 284 490 285 435 

6 Light ___________________ 268 462 299 453 

2 ____ do ___________________ 292 493 300 447 

1 Source: Hart, Wagnon, and Guilbert (4). 

The cows in closely grazed pasture 3, from the unsupplemented "B" 
herd, always gained less than did the cows from this herd in the other 
five pastures and were always thinner at the time they left the pasture 
(table 8). Cows from the supplemented herd also gained less in the 
closely grazed pasture than did their mates in the other pastures. For 
the unsupplemented cows, gains and final weights were also lower in 
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TABLE 8.-Average initial weights, final weights, and gains of cows from 
both the supplemented and unsupplemented herds grazed in six pastures, 
1937-43 1 

Pasture 
Cows from supple-
mented "A" herd 

number Degree of grazing 

Initial Final 
weight weight Gain 

------

Pounds Pounds Pounds 
3 Close ________________ 838 939 101 

1 Moderate to close _____ 857 1,002 145 

5 Moderate ____________ 872 1,016 144 

4 Light to moderate _____ 869 1,023 154 

6 Light_ ________ ------- 871 1,032 161 

2 j- ___ do __ -_ -- -- -- -- -- -- 819 1,023 204 

Cows from unsupple-
mented "B" herd 

Initial 
weight 
---

Pounds 
725 

701 

754 

733 

766 

717 

Final 
weight 
---

Pounds 
868 

877 

978 

927 

1,026 

937 

Gain 
---

Pounds 
143 

176 

224 

194 

26 

-22 

0 

0 

1 Source: Hart, Wagnon, and Guilbert (4). 

TABLE 9.-Percentage pregnancies and percentage calf crop of cows from 
both the supplemented and unsupplemented herds grazed in six pastures, 
1937-43 I 

Cows from supple- Cows from unsupple-
Pasture mented "A" herd mented "B" herd 
number Degree of grazing 

Preg-
nancies Calf crop 

Preg-
nancies Calf crop 

'' 

Percent Percent Percent Percent 
3 Close ___________________ 91.4 82.8 65.0 60.0 

1 Moderate to close ________ 89.2 78.4 70.6 61.8 

5 Moderate _______________ 86.5 86.5 83.3 77.8 

4 Light to moderate .. ---_-- 97.4 89.5 85.7 77.1 

6 Light ___________________ 88.2 79.4 80.0 72.5 

2 ____ do ___________________ 95.0 82.5 85.3 73.5 

1 Source: Hart, Wagnon, and Guilbert (4). · 

pasture 1 under moderate-to-close grazing than in more lightly grazed 
pastures. Variations in cow gains among the other four pas~ures, grazed 
from moderate to light, were not related to degree of gra_zmg. Part of 
the variation was caused by differences between pastures m the amount 
of steep south slope, where the forage grew faster in late winter and dried 
earlier in the spring. 
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This experiment produced only limited information concerning the 
effects of degree of grazing on the calf crop. Percentage pregnancies 
and calf crops for supplemented cows (table 9) did not differ significantly 
between experimental pastures. Supplements received during the fall 
and winter apparently offset the effects of differences in degrees of grazing 
during the remainder of the year. Yet stocking to a degree closer than 
moderate during late winter, spring, and early summer did affect repro­
duction from unsupplemented cows. As stated by the animal husband­
men (4), there is a good indication "that the lower percentage of preg­
nancies and calf crop of group B (unsupplemented) cows in pastures 3 
(close) and 1 (moderate to close) is related to the lower gains and 
weights of these cows." 

The experiment shows, too, that net gain per acre is not a good ex­
pression of efficiency of operation for a breeding herd. The average yearly 
gain of all cattle per grazable acre was greatest under close grazing and 
decreased with increase in the amount of grazable land available per 
animal unit: from 43.1 pounds in pasture 3 to 23.4 pounds in pasture 6 
with pasture 2 as an exception at 32.5 pounds per grazable acre. But, a~ 
stated by the animal husbandmen (4), "while pasture 3 shows the highest 
return in pounds of gain per grazable acre, it should not be concluded 
that this is the most profitable use. The cattle were always thinner, the 
gains contained less energy because of lack of fat, the calves weighed 
less at weaning time, had less bloom, and were worth less per pound. 
Efficiency of production for those not receiving supplemental feed was 
further reduced because of lower calf crops. . . . Thus there are limita­
tions of greatest return in pounds of beef per acre as a criterion of most 
profitable rate of stocking. Rather, the criteria should be the maximum 
returns per acre compatible with maximum gains of the cattle, high 
percentage calf crops and optimum weaning weights .... That animals 
do not thrive where they do not get enough to eat is not news to most 
livestock men. Some cling to large numbers poorly fed and thus use 
too high a proportion of feed resources for maintenance. This leaves too 
little for production and sacrifices efficiency through lower weights, calf 
crops, value per pound, and increased death loss." 

EFFECTS OF DIFFERENT DEGREES OF GRAZING ON HERBAGE 

PRODUCTION 

Grazing to a moderate degree which gave efficient cattle production 
also maintained satisfactory herbage production. On the other hand, 
close grazing reduced range forage production as well as efficiency of 
cattle production. The effects of degree of grazing were apparent in the 
winter growth of forage and in yield of mature herbage. 

EFFECTS ON PLANT GROWTH DURING WINTER 

Close grazing consistently reduced winter plant growth. Even though 
the closely grazed range appeared greener,. the new plants were shorter 
than on areas grazed moderately or lightly. This difference was found 
in measurements made along fence lines and on permanent sample plots 
in the grazing-intensity pastures, and it is well illustrated by intensive 
measurements made in January 1943 on 100 square-foot quadrats in 
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FIGURE 15.-Average height and yield of new vegetation in J~nuary 1943 _in three 
range pastures in relation to degree of grazing of each pasture m the precedmg year. 

each of pastures 1, 2; and 3. These three· pastures were ch?sen _for in­
tensive measurements because they were most comparable m kmds of 
land and included both of the two most closely grazed range pal"tures, 
in which degree of grazing was likely to be critical, and one of the lightly 
grazed pastures. 

In the two pastures that had been most closely grazed, the vegetation 
was hardly tall enough to be grazed on most of the area. The average 
height of all species in each of these two pastures was between 7:2 and 
% inch (fig. 15), with grasses averaging between 1_% and 2 inches. But 
in pasture 2, grazed light to moderat~ in the preceding year, the new 
plants were tall enough for some grazmg over most of th~ pasture and 
were readily grazable on about half of the acreage. In this pasture the 
average height of all species was more than 1 inch, with grasses averaging 
about 2_% inches. 

Because of greater height and increased leafiness, the average yield of 
plants clipped at _%-inch stubble height during January 1943 in pasture 2 
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was three times as great as in pasture 3, and more than 50 percent greater 
than in pasture 1. Production was uniformly low on all sites in the two 
more closely grazed pastures. Grasses produced about 75 to 90 percent 
of the available new growth in each of the pastures. 

The differences between pastures were only about 50 pounds of air-dry 
forage per acre, but even such small differences in the production of new 
forage are important in this period when cattle have difficulty in obtaining 
sufficient green forage for their minimum requirements. Furthermore 
at this stage. the for_age is a "watery concentrate;" air-dry, it is comparabl~ 
to many commercial concentrate feeds. Fifty pounds of air-dry forage 
per acre represent a considerable bulk of green material. 

Close ~razing a~so delayed the ~ate when new forage was adequate, thus 
lengthenmg the time that expensive supplemental feeding was necessary. 
Each year when the cattle entered the six grazing-intensity pastures the 
new forage was considered adequate in each of the four pastures gr~zed 
from moderate to light the previous year. But it was not considered 
adequate in pasture 3, grazed close, and pasture 1, grazed moderate to 
close in preceding years. Observations during 3 years on some 200 small 
temporary enclosures that were relocated each year and protected from 
cattle grazing until May, indicated that the forage in the closely grazed 
pasture would not have been ready until shortly before the start of the 
spring growth period. Since spring growth started about the first week 
in Marc~ on the average, close grazing caused an average delay of about 
3 weeks m the date when the forage was ready to graze without supple­
ments. The delay in the pasture grazed moderate to close was about 
half that in the closely grazed pasture. 

This delay in growth of late-winter forage was reflected in weight gains 
of the cows for the first few weeks they were in the pastures. First weighed 
wh~n they moved int<? experimental pastures, the cows were weighed 
agam when the forage m all pastures was abundant enough to provide a 
~II. By that date, averaging March 21 during 9 years, cattle had been 
m the pastures an average of 51 days. That period included the end of 
slow winter forage growth and the start of accelerated spring growth. 
For the entire 51-day period, which included some time when forage was 
adequate in all six pastures, average gains 8 of cows with calves at side 
were: 

Supplemented 
Pasture (degree of grazing): cows (pound•) 

3 Close ____________________________________________ 2.5 
1 Moderate to close ____ . ______ .. __ .... ______ . _______ 26 .8 
5 Moderate _________________________________________ 67.1 
4 Light to moderate _________________________________ 63.9 
6 Light ____________________________________________ 51.0 
2 ____ do ___________________________________________ 68.1 

Unsupplemented 
cows (pounds) 

46.5 
65.6 

117.2 
106.0 
100.6 
110.6 

9ows _which received supplemental feeds before entering the grazing­
mtensity pastures as well as those that had not been supplemented gained 
much less in the two pastures that had been most closely grazed than 
did cows of the same group in more lightly grazed pastures. 

Better winter growth of green forage under light or moderate grazing 
is undoubtedly related to the amount of dry vegetation left ungrazed. 
The dry vegetation left on the range at the beginning of the fall-winter 

8 From unpublished data in files of Division of Animal Husbandry, University 
of California, at the San Joaquin Experimental Range. 
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period promotes the growth of green forage in tw? wa~s. First, the 
upright herbage protects the new plants fro_m dr~mg wmds and su~. 
Second the decomposing herbaceous material lymg flat on th~ soil 
surface' and partially intermixed with the mineral soil, conserves mmsture 
and aids establishment and early growth of each year's seedlings. In the 
grazing-intensity pastures, herbage production during . the winter was 
observed to be consistently greatest on range land with an adequate 
layer of decomposing litter. Excepti<?ns occurred on small spots recently 
cultivated by gophers or where mmsture accumulated at the base of 
boulders; but on the whole, plant growth was sparse where there was a 
shortage of litter on the soil surface. . 

The layer of old litter was not maintained over most of the sml surface 
in the two pastures that had been grazed closer than modera:te. ~n 
pasture 3 (closely grazed), of 99 square-foot _quadrats exammed m 
January 1943, about 75 percent had almost no htter; ab?ut 15 ~ercent 
had a thin, spotty cover; and less than 10 percent had a fmrly contmuous 
layer of decomposing herbaceous material. In pasture 1 (grazed moderate 

300 NONE 

OLD LITTER ON SOIL SURFACE 

FAIR 

UTILIZATION OF PRECEDING SEASON 

ADEQUATE 

•sMALL SAMPLES 

FIGuRE 16.-Yield of new green_ vegetation in air-dry weight po~nds pt;r acre, clipped 
at :!---:l-inch stubble height, as mflue_n_ced. by the layer of _old htter lymg flat on the 
soil surface and by the degree of util1zat10n of the precedmg season. 
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to clo~e), half of the quadrats had pr_actically no decaying vegetation on 
the soil surface; o~e-fourth had a thm, spotty layer; and the remaining 
fourth had a contmuous layer about 7i to Y2 inch deep. The nearly 
bare areas were found fairly generally over this pasture on most of the 
better sites. Soil-surface conditions were better than in the closely 
grazed pasture but still not satisfactory. 

In contrast, there was some old herbaceous litter flat on the soil surface 
in all parts of the more lightly ~sed pastures. For example, nearly half 
of t~e 97 small quadrats exammed m pasture 2 (grazed lightly) had a 
~ontmuous layer of decomposing herbaceous material between 7i and Y2 
~nch deep, and nearly one-fourth had a thin, spotty layer. The remain­
mg quadrats had almost no old litter, but these quadrats were of scattered 
occu~rence, falling almost entirely on poor, sandy soils, on recent rodent 
workmgs, or on closely grazed swale bottoms or livestock trails. Such 
small local areas of exposed soil can be found on any range even though 
it is in satisfactory condition. ' 

Observati<?ns within the other lightly or moderately grazed pastures 
on the expenmental range indicated that the soil-surface conditions were 
similar to. those in pasture 2 although more soil without any litter could 
be found m parts of the moderately grazed pasture. The vigor of plant 
growth and the general lack of exposed soil during the winter showed 
that these pastures were in satisfactory condition under the present cover 
of annual plants. 

The importance of unused vegetation and the layer of litter it produces 
was shown by the yield of herbage in January 1943 from the 295 sample 
9uadrats (fig. 16) .. A rather continuous layer of the old litter, 7i to Y2 
mch deep, was designated as adequate. Where the layer of litter was 
adeq~ate, on quadrats that had been lightly grazed the preceding season, 
th~ Yield of new green herbage was nearly 300 pounds per acre, air-dry 
wmght, and on ~oderately grazed quadrats the yield was nearly 200 
pounds. Su~h y~elds over a ~ange area would provide sufficient green 
forage to mamtam cattle. With an adequate layer of litter growth of 
green forage was nearly sufficient even on the few quadrats th~t had been 
closely grazed. 

Where the layer of old litter on the soil surface was thin and spotty 
designated as fair, growth of green forage was reduced on quadrat~ 
that had been grazed moderately or closely during the preceding season. 
On_the few such quadrats that had been lightly grazed, forage growth was 
satisfactory. 

Where there was virtually no layer of old litter, growth of new forage 
was very greatly reduced, particularly on quadrats that had been grazed 
moderately or closely during the preceding season. Even on the lightly 
grazed quadrats, yields averaged less than 150 pounds per acre. 

These results show that moderate and light grazing promote winter 
growth of herbage, bu~ full winter production will be obtained only when 
an ~dequate layer of htter has been built up by conservative use in pre­
cedmg years. 

EFFECTS ON MATURE SPRING HERBAGE 

The effe?ts of deg~ee of grazing on plant vigor that were readily ob­
se~ved dun~g the wmter were not so easily seen later in the season. 
Differences m grazing during the current season partially obscured the 
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TABLE 10.-Average yield at maturity of herbage, by plant group and 
species, on slopes and swales for the period 1943-45, in three pastures 
grazed to different degrees from 1936 to 1945 

Yield per grazable acre Yield per grazable acre 
on slopes under- on swales under-

Plant group 
and species 

Close Moderate Light Close Moderate Light 
grazing to close grazing grazing to close grazing 
(pasture grazing (pasture (pasture grazing (pasture 

3) (pasture 2) 3) (pasture 2) 
1) 1) 

Pounds Pounds Pounds Pounds Pounds Pounds 

Grasses: 
Soft chess ______ 391 473 614 90 117 143 
Foxtail fescue __ 165 234 218 1,053 887 657 
Ripgut brome __ 7 13 67 ------- -- --------- ---------
Mediterranean 

barley _______ --------- --------- 2 211 1,172 1,949 
Wild oat _______ 6 9 35 --- ------ --------- ---------
Other __________ 33 54 48 94 55 96 

TotaL ___ --- 602 783 984 1,448 2,231 2,845 

Grasslike plants: 73 42 27 Toad rush ______ --------- --------- ---------
Perennial 415 rushes _______ --------- --------- 1 252 112 

TotaL _______ --------- --------- 1 325 154 442 

Broadleaved plants: 
316 601 583 222 321 246 Filaree ________ 

Clovers ________ 39 59 67 453 565 488 
Other legumes __ 83 127 93 44 30 36 
Smooth cats-ear 31 8 3 16 6 1 
Windmill pink __ 36 12 14 --------- --------- ---------
Pogogyne ______ --------- --------- 109 12 7 
Other_ ________ 139 145" -----i4i- 214 212 328 

TotaL _______ 644 952 901 1,058 1,146 1,106 

All species ___ 1,246 1,735 1,886 2,831 3,531 4,393 

effects of past grazing use. The effects on yield and composition of the 
mature vegetation however, were apparent from measurements made 
on the sample quadrats protected from current grazing (fig. 3, p. 6). 

Mature herbage yield was lowest under close grazing (table 10), but 
differences in both productivity of the sites and degree of grazing con­
tributed to the differences in yield between pastures. To illustrate, the 
productivity of swale soil was uniformly high in all pastures, so the low 
yield of swales in pasture 3, in contrast to ~he swale ~ields i~ pastures 
1 and 2 was mainly the result of long-contmued heavier grazmg. The 
herbage' yield there was only 64 percent of the yield under light grazing, 
which was most favorable to plant growth. On the other hand, the 
productivity of slope soils varied considerably, and as pasture 3 had more 
of the poorer sites than pasture 2 (fig. 12, p. 24), only a part of _the reduc­
tion in yield on slopes was due to differences in degree of grazmg. 
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That close grazing did reduce the yield from slopes, however, was 
quite evident. Several comparisons were made of small areas of similar 
sites across the fence line between pastures 2 and 3 during the years 
1943-45; they indicated that the yield on slopes was reduced under close 
grazing and that the greatest reduction was on the most productive 
sites. Then, too, in 1944 a fenced plot about 66 feet square was placed 
astraddle of the fence line between pastures 2 and 3. It was situated on 
a highly productive gentle-slope soil, in the only area of appreciable size 
where comparisons of similar sites could be made directly across the fence 
line. Yield was measured on three sample transects in each pasture. 
The average in pasture 2 was 3,624 pounds per acre; in pasture 3 it was 
2,254 pounds - a reduction of 38 percent after 8 years of continued close 
grazing. 

When the experiment ended in 1948, yields were measured for these 
two pastures as a whole. In pounds per grazable acre, herbage yields 
were 1,379 for slopes and 2,225 for swales in pasture 2, and 837 for slopes 
and 1,224 for swales in pasture 3. On slope sites the yield in the closely 
grazed pasture was 61 percent of that in the lightly grazed pasture, about 
the same as in 1943 and 1944. The yield of swale sites, however, was only 
55 percent of that in the lightly grazed pasture, slightly lower than in 
the other years when yields were measured. 

Moderate-to-close grazing (pasture 1) had a measurable effect on 
total herbage yield only in the swales. The average yield on swale soil 
in pasture 1 was 80 percent of that in the lightly grazed pasture 2 (table 
10). As was the case with pasture 3, the reduction was caused mainly 
by heavier grazing. Unlike the case with slopes of pasture 3, however, 
the lower yield on slope soil occurred mainly because pasture 1 had a 
lower proportion of the more productive site classes. Comparisons of 
yield on similar sites across the fence line between pastures 1 and 2 did 
not reveal any consistent differences that could be attributed to grazing 
treatment. 

Because the effects of different degrees of grazing on total herbage 
production were different on each site, the combination of site classes 

. with~n the pasture had to be considered in judging the extent that pro­
ductiOn was reduced by close grazing. To do this a "potential yield" 
for each of three pastures for 1943--45 was computed. First, the acreage 
of each site class in the pasture was multiplied by the estimated yield 
per surface acre of this site class (from table 4) to obtain, its expected 
yield. Then the total potential yield for the pasture was obtained by 
adding the expected yield from each site class. This computed potential 
yield for pastures 1, 2, and 3, and the measured total yield from sample 
quadrats in each pasture were: 

Potential 
Pasture and degree of grazing: (pounds) 

Pasture 2 (light) _____________________________________ 394,276 
Pasture 1 (moderate to close) _________________________ 262,755 

·Pasture 3 (close) ____________________________________ 187,815 

Yield 
Measured, 
(pounds) 
395,293 
262,836 
142,264 

For all sites combined, the closely grazed pasture 3 was producing only 
about three-fourths of its potential herbage production. Each of the 
other two pastures was yielding near its calculated potential. Although 
this method of analysis did not show all the differences between pastures, 
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it did show that only in the closely grazed pa~ture was mature herbage 
production greatly influenced by degree of grazmg. 

In these studies high herbage yields were obtained on all sites under 
light grazing. But this degree of grazing left con~iderable unused. herbage 
on the ground that might well be grazed by hves.tock. G.razi~g to a 
moderate degree will give efficient l~ves~ock ~roductwn, :;tnd It will leav.e 
sufficient unused vegetation to mai~tam sat~sfactory sml-surfac~ condi­
tion and sustained herbage productiOn. It IS clearly more effiCJent use 
of the available forage. 

Although yields of each major plant species on _slopes, such as soft 
chess foxtail fescue filaree and clover, were less m the closely grazed 
pastu're the percent~ge of e~ch major species in the herbaceous cover on 
slopes ~as not greatly different in pastures that _had been grazed ~t 
different degrees (table 10). For example, the yield of soft chess m 
closely grazed pasture 3 was 391 pounds per acre as an average for 1943-45, 
and the yield in lightly grazed pasture 2 was 614 pounds, the percent of 
total yield being 31 and 33 respectively in pastures 3 and 2. In pasture 1, 
grazed at an intermediate degree, soft chess compos~d 2~ percent. Fox­
tail fescue produced about. 12 to 13 :percent ?f the y~eld m each pasture. 
The differences in proportiOn of maJor species on slopes that did occ':lr 
between pastures - for example, the greater percentage of filaree m 
pasture 1-were present at the sta~t of the experime~t. Dens~ty estimates 
showed these differences occurred m 1936 and remamed until 1943 when 
yield measurements were started. Measure~ents i~ 1948 showed that 
at the end of the experiment each of the ma~or. species compo~ed about 
the same proportion of the herbage on slope soils m pasture 3 as m pasture 
2· d f . There were however noticeable differences in the abun ance o species 
ordinarily do~inant o~ swale soils. The close!~ grazed pasture had a 
much lower yield and a lower percentage of Mediterranean barley and a 
greater amount of foxtail fescue than the more lightlY: grazed pastures 
(table 10). This is not a desirable change because Mediterrane~n barley 
in the swales starts growing earlier and dries later than foxtail fescue. 
In the pasture grazed moderate to close, the amount of Medit~rranean 
barley in the swales was considered adequate even though the yield and 
percentage were less than in the lightly grazed pasture. 

Both yields and proportions of some minor species in the herbage w~re 
changed by degree of grazing on both slopes and swales. Two tall-growmg 
grasses (slender oat and ripgut brome) increased .slightly b':lt gradually 
from 1936 to 1943 in lightly grazed pasture 2. Durmg the penod 1943--45, 
the combined average yield of these species in that pasture was 102 P?unds 
per acre of slope soil. Present in this amount, the two grasses are desirable 
additions to the winter forage. 

Minor forbs of low forage value (particularly smooth cats-ear and 
windmill pink on slopes and pogogyne in swales) increased under close 
grazing (table 10). Smooth cats-ear increased in pa~tur.e 3 after 1941; 
by 1944 it made up 12 percent of the total plant density m that. p~sture. 
Because of the wide leaved, rosette form of smooth cats-ear (sn~nlar to 
the form of dandelion), its greater abundance under close gr~zmg was 
very apparent even though it produced on~y 31 pounds per a~re m p~sture 
3 as an average for 1943--45. The species was not conspicuous m the 
plant cover on the other pastures. 
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This sturly tmrl \\jd~I:!Pl'~ac.l oh:ren·ations ~how thflt when ~nuiu.u; llF<' 
is too light uu Californju. foothill rang<", t.all-gro,dut( Hnuual f(fUi"...;('.f'l: rro,,d 
out filarN', <lnvtr, nnd other valuable low-gnm;ng plnnt>. Till• eban!l~ 
ton l~s" de,iruLI~ mixlnr< is most rapid and mo--;1 c·ompl'l~- on fertile 
;oil< 1tnd ";th fnirh· h.il(b rainfall. On th~ experimental rung<• ,·irtual 
nonu.e ""' n'<)uirid to bring about thL< unrlesimhle inert"..._..., in tall 
gra.<-"('8; the cLanK .. hiL, ll('('n o~n·ed under light ""' nn more p~u~tiv .. 
,..,iJ__ The concho.iou is that ~,·~n thotijrh complete pmt...-uon from 
grazing fnr I or 2 ''CIIt'» m.sy be justifiro to restore 11 lilltr (•owr on n rl<'­
pleted rt~nJ!:<'. c·cmdnucrl very light grazing "·ill not mnintnin a l>:lti.fadory 
forngc plant mi.xtun• on nnnual-plant ra.np;~. 

As to hcrba~~:e compu ... itinn, th('n~ a saliJitcwry rnixtur<' nf annual 
plant~ wns mnintn.ined uutler df".grccs of grnzin~ ruu~in,l( from n little 
CJO.er IJmn moderate tO !il(bl. r nrJor c•Josc grazing lher~ WUK HOmO in­
Cte<l&e in \\f't>dy ~rccics. ~Ioderale grazing hns mnintnined a 1'4.ttli~f:wtory 
forage mi,lun• u11d yir•lrl undet· all conditions th<Lt lun'c hecn ob-..rvt'<l 011 
foothi ll ran~~:e. 

RECOGN IZIN{; SATISFACTORY RANGF. UTltll.ATION 

The hH'k of pronounced chan~.-~ in thr f•nm)>4')Sition of llw Lt>rhuc·c•nu~ 
co\'er during tll(' grnzing-int~nSity ~tudiP~"i rmphn~iP.Cd that J't'ly_iJJg on 
the perceutaK.,. uf uny nnnuul-plant $pecito.s a.." an indic-ntor of ~ra~ u~ 
hn.< dcfinitl' limitalinll' em these granitic .oili<. AI"''• the plant mhture 
und('r C':fl("h dcgrt"t' of .l(nuing rhnngcd in specit'S C"()lnJ)n . ..:itinn from year 
tu yf'::tr, fL., i, typical ou foothill range::. The onl~· ron:-.pi«·mMJ:o; c·hnn~c in 
tbe mixtnr< to indieMe th~ ~ff ... ·ts of <·1(1<;(' grann11: ""'' tlw upprnrnncc 
of lilllooth <:11>-('ur on p.'lhtttre 3. Thi.< >fl('('i<"\ ha.. al-.o 1-11 "'""'n·crl 
grouin~ on mhfl'r rt"'lntivch- bare .soib, i.ru·lmling soils dcrivt'd fnm1 N"<li ... 
mcnu•ry nml jKut•uu.o.t nX'k;. under s uide r.UJgr of Jlr('('ipltatiou. rutlt"r 
the•~ \'Ariable condition.•, however, the Jack of olcllitt~r on the .oil.urfa<e 
wrL'"l nmplc indiCfiliou of t•lo .. ..;(' gn11.ing withoul reft•rr·rwf' to <·ompO:sition 
nf tho plnnt mixlUJ't'. 

In flU't, without refereUCt> lu tlu• ('Ond irion or tht" .to~Oil, uppmisal of 
annual·plnnt furnge p1·oduclion ou th<' mngc is both dilri<·ull unci upt to 
be misleading. 'l 'h~ lc,·cl of herbage pn•ludinn eannoL I><> j"'ll(t'<l nwrPly 
bY the Jl:•n•ml "I'I"''"""''C of the pbuL ('O\'I'r in the >Pl'ii\Jl:. Yielc!., fnr 
~xample were chiT~rc•nt ht•twccn range pashm's hnving nbout the =• 
pcrt·rntn'ge of each dominant. species in Lhe co,•er. Rimi lnrly, dillereuces 
in yidd~ at plant malurily c·11nnot be e\·alual..cl rr•:ulily hy general 
ob"""'"tion• because th~ 'ef(etarinn is gra.zed at diiT•rr•nt intensities 
during it.< gnm;ng 'CtuiOIL Th• onl~· ~xc·cption to this princ·iplc that 
could be '*''n in thr c'-pcrimenl uaa th• notirt'ahly reduced vigor of the 
fornto;e plant. in tlw •wale.< of the most clOSE'!~· grn:w<l pasture. . 

The studie. !It the :"an Joaquin Experim~ut:tl Range have prom!..! 
two U"<'ful ~ide1> to l>:ltWaetory utilization of annual-plant ralijtc. The 
fin<t L< n '<implc mcam for judging ad('Qua~y of old lill<•r on the soil 
surface. 11•~ oN·nntl is a practical methocl for rnting the del(rt1' to which 
herbage or tlw c·urrent ymr has been utilized. 

J UI>GtNC AOEQUACY OF OLD LITTFR 

.Full producl iun of forugc depends upon au ndrquatc lnyet· of old <lc·· 
m mp<><ing Iiller lyiug llaL on the soil surface. T he c•xknt nnd thickn~"" 
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of LlH' uld liHt'r or c•ondition of thf' soil surf1U'f", i~ heM ()h~('n•rd during 
rhr ";ntcr "hen the ~ncficial dT~ts of a prote<:ti'~ .oil eowring are 
m01>t appa;...ut (fig. 17). The lay•r of lirwr i• not "" ronrlil~· oh.<('n·able 

...._ 
run kl. l7. \ppt·~nt.ON' t•f foothill nlf'l&e' in J:tOUI\F')"-thto tim~ of )\."61" Ytht:U eo.uilition 

of lh.P 110il .oo11rr:tno 1..• IWOF' r.uf'd. 

<luring 1 hr >pring hc<-niL•c it is more complc~cly m~b.ro from ,·i~w by 
,·rgl'tation. Tlwn. h'!', di!fcrt:"nr~ .in grar.mg (lurrng the preceding 
munth• uiT~C'l plant lw1ght m th~ ,;prmg so '" In oh,rurc the cllects of 
!'loi l-~ul'fat:t> cuauliliou ou plant ,·igor. Dm·ing ttw wintc•r months, ho\\~­
ever, Loth the Iiiler layer and the ,.ii!;Or of"~'~· plun r gruw.th ··~n be co~­
sidercd as inclicatot·s of the produclt\e condJllOn of C'uhfonua footh rll 
rnngcs. . .. 

A foothill rnngc with unsatisfactory SOJI-sur:acc condlliOU lla. wry 
1itt lr drc·ompol".ing h('rhuc·cous !l'Ultf'nn l on tl~r Rcul sur~ nee, and the -:partie 
:mcJ Ktunh~e.1 plant growth pn)\'Hl~ o~ly u. tlun \'(•grt~ l tl\·c cover. ,\hner~ 
xuil j1.4 r~adily app:uvut during thE" wmtt>r uwnthK t.wc•r ull of !hc.~ngc m 
urL-Ati-factory condition. The bard, expo:.ed. "'"! •urfuc·c· mh>hJt< the 
eoll&bli·hmcot and growth of annual-plant seedhnJt><. 

There nrc other indicators of unsatisfactory conditiolll<. Th~ mineral 
soil is <ommonly rm·crcd ";th a ;hort :,rrowth of mOo-•, lichen. or plants 
uf similur "l'l,.:..1ranc·r. The thin, blark humir lnycr that ordinarily 
co\'en! the win~ral ..,iJ r.nay <fuappe-.1r after I h~ o\·rrlymg h~rhaccous 
la\'er io lo.t. ,\ miniature erosion p.wemer:tt b! oftrn lumt..cl ""a m<ult of 
lms or orgnnir matter anrl possibly of some fine mineral.oil. After hea,·y 
rain•, l<wul mowmont of soilJ.»lrtiolcs is C\~dcnt i_n the tiny terraces that 
are form...J ewu uu l(euUy rolling slop..,., llnd pnrtJrulnrly on >nuth •lorx:s. 

Even so accelerated erosion may uol be rt'!ldily uppureut on footlull 
rnngc• with un>nt.isfrl<'tnry soil-surface conditi?"· (;J()tje examination may 
revt'ul tdow intsic.lioms uwvt'mt>nt, of tho sml, 11.."1 m ciORtly grn1.cd pnsturc 3, 
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which had more small spots with broken soil surfaces, and more unstable 
soil in drainage channels and slopes than the more lightly grazed pastures. 
Yet _in general this pasture showed no conspicuous evidences of accelerated 
erosiOn. 

A supplementary study on nine 1/40-acre plots found no significant 
surface runoff of precipitation or erosion from either close grazing, moder­
ate grazing, or nonuse (10) although unsatisfactory soil-surface conditions 
with local movement of soil particles developed on the closely grazed 
plots. The infiltration capacity of the soil was significantly reduced as 
compared to the moderately grazed plots, and very significantly reduced 
as compared to the ungrazed plots. Still, the infiltration capacity of the 
soil on all plots remained high enough to absorb the rainfall that occurred 
during the study. This finding helps explain the relative scarcity of 
conspicuous soil erosion on rolling foothill lands closely similar to the 
San Joaquin Experimental Range. 

The usual patterns of precipitation and plant growth in this locality 
also helps the explanation. Characteristically, the first fall rains are 
fairly gentle. Germinating and growing quickly, dense stands of annual 
plants, particularly the flat rosettes of filaree, form a protective cover 
over much of the soil surface. Winter rains are seldom torrential. Con­
sequently, under the usual rainfall pattern the porous soils of granitic 
origin absorb most of the precipitation as it falls. Where soils are less 
permeable or the annual-plant cover is scant, however, the hazards of 
runoff and erosion are greater. 

A range unit with satisfactory soil-surface condition will have a layer 
of old litter on most sites in all parts of the area. In general, the moist 
ground in winter will feel soft and springy under foot. The thin layer 
of decomposing herbaceous material and the relatively thick, even, and 
vigorous growth of green plants will leave almost no bare soil apparent 
to observers walking or riding over the range during the winter. These 
conditions will be found in all but the rare winters when weather condi­
tions are so severe that plant growth is very sparse regardless of past 
utilization. 

As explained previously, moderate grazing will maintain a satisfactory 
layer of litter over most of a range unit. Under this degree of utilization 
the litter may be thin on limited areas of livestock concentration, such as 
wet swale bottoms, but the soil surface on these sites will be stable, 
though somewhat compacted. On ranges with an unsatisfactory layer 
of old litter, a lighter degree of grazing will often be needed. How long 
this lighter grazing must be continued to build up the litter on ranges 
that have been closely grazed for a number of years is not known. It 
has been observed, however, that where the reduction in litter is limited, 
satisfactory conditions may be restored by light grazing during a single 
year of heavy forage growth. 

RATING USE OF EACH YEAR'S HERBAGE 

The degree of grazing of the current year is rated from the amount of 
unused herbage of that year. On foothill ranges utilization is best rated 
at the time of the first fall rains to determine how much plant material 
is left to provide dry roughage and promote new green growth during 
the fall and winter. 
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The basic set of utilization standards (9; 5) consists of three photographs 
illustrating light, moderate, and close utilization, with descriptions of 
the kind of grazing typical of each degree of utilization. A numerical 
index scale (6) was also developed to simplify recording of intermediate 
degrees, but for practical ranch operation the three photographs are 
sufficient. 

By comparing the appearance of the grazed range with the three 
photographs, the degree of grazing obtained that year can be readily 
recognized. Two criteria should guide the ratings: (1) the pattern of 
grazing over the different sites, and (2) the extent to which the soil 
surface and small ground objects are masked from view by ungrazed 
herbage. The first criterion is usually adequate for rating the degree of 
grazing, but attention to the second helps evaluate the amount of herbage 
left to protect the soil. 

Under light utilization (fig. 18), grazing appears uniform over the 
slopes; most spots are lightly cropped, but a few spots are cropped as 
closely as 2-inch stubble height. The swale bottoms (wet-swale sites) 
are closely cropped, often to a stubble height of less than 1 inch; swale 
margins (dry-swale sites) show little use or a; patchy use (fig. 19). Low­
hanging shrub canopies, fallen branches, and the edges of rocks are 
mostly obscured by ungrazed herbage. The soil surface and small 
objects on the ground are almost completely masked from view at distances 
of 20 feet or more. The landscape has a yellowish or straw-colored cast 
from ungrazed grass at the time of the first fall rains. 

Under close utilization (fig. 20) grazing appears very uniform; few lightly 
grazed tufts above 2-inch stubble height remain. Both the swale bottoms 
(wet-swale sites) and the swale margins (dry-swale sites) are uniformly 
grazed. Low-hanging shrub canopies, fallen branches, and the edges of 
rocks stand out in bold relief, and the soil surface and small objects on 
the ground are everywhere visible through the short stubble. There is 
generally a brownish cast over the slopes from ungrazed filaree and other 
broadleaved herbs at the time of the first fall rains. 

Under moderate utilization (fig. 21) grazing appears very patchy; 
lightly cropped spots are intermixed· with spots cropped to about 2-inch 
stubble height. The swale bottoms (wet-swale sites) are cropped to 
less than l-inch stubble height; swale margins (dry-swale sites) show 
patchy use. Low-hanging shrub canopies, fallen branches, and the 
edges of rocks are partially obscured by ungrazed herbage. The soil 
surface and small objects on the ground are partially masked from view 
at distances of 20 feet or more. The yellowish cast of ungrazed grass 
is dulled in the closely grazed spots by the brownish undertones of dry 
broadleaved herbs at the time of the first fall rains. 

These photographic standards for recognizing and rating degree of 
grazing of annual-plant vegetation, evolved by group effort of the range 
staff, were tested in the experimental pastures and have proved adaptable 
for use on almost all kinds of California foothill range. 

SUMMARY 

Annual plants, which dominate California foothill ranges, grow from 
fall until spring. Growth starts with the first effective rains (0.5 to 1.0 
inch), usually in October, but is limited during the fall and winter by 
intervals of low temperature or insufficient precipitation. Plants grow 
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FH.Il' KV. Ul l.iJ(ht utili:r.:ttion. Thi!'; 1IE>J(fPE' Hf gmzin~ on Culiforniu .:utuual-p l:ml 
r~nge maint.'linR ,'\ good !'Oil ronditinn, ~rly for~t> ~otruwth tlurinj( tJw winkr, ~.uuJ 
fulJ yi.eld!5 of a goo<f plant mixtl1re in thE." RprinJt. Undt>r vE>ry li,:cht xr:uinp; on '"umfl 
rouges, however, w))(l oat or ripgut ,brorne m.:1~· int"rE,>:tRP tn :m undt>!';i r:thl.- amount. 
While fo.Yornb)e fot· pJam growth, hght gra.?mg leav~ he1·h:Lgt> th~t c•oulrl lw \ll'l~ 
c!licicudy by cntl!c. 

F-~ 

F'r<.:u tu: 19. Pattf'rn of swah: utiJiz~tion in ligbll) grazed rnngc. The clovers and 
ruRhe" in the rather n!lrrow !iwuJc boltOn). (wet .swtUc) bave been cropped to le$5 
than 1 -in<~h stubble bcighL; the h<.-twy growth of grMS: (principal!y ).fe<literranean 
barley) at Lhc murgin of tho .s"alc (dry swale) Rhows pntchy \l!'le. 
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F ..,., 

Fmnn; 20. Cln.""" utili1.ation. 'fhiR uniformly dose utilization of tumu:U-pluuL 
vegetation reduces the litter layer on the soil aurfnce; conditions bccowc distiuctly 
ttof~vor{lble to plant gro"·th. Growth dw·ing the v.intcr is rcl.llrdt·d and tut.aJ 
yields in the spring nre reduced, pnrticularl) ou Lbe vt:ry <:lom:Jy utilized huttum 
lauds. The percentage of the domiurutL .:;vccic-.-; in the pJunt <:.,wr m:t.v not be 
greatly Chil.J.t.ged, C.~Ocpl iu the .!.w.:ll cs; Uub miuor Wl't~dy . itwrf':tAe on" all ~if..E1:1.. 
Thlli dt•gn.'C of gr.:tJ:iug is too dOli<~ for t•Hieif'nt <~<t.t tlf' n-r<xit;IC'ti.on. 

~'~ 
l:IGonE 21.-.. \lodcratc ulilizaliou. This pat<:hy usa of annu:ll-phnt vegetation 

1ll!l.iut.ains sntisfaetor) .soil couditious aut.l a good ph~..nt mixlm'f>, without e\o;dence 
or dct.eriorntion ill either. \\'iut.er growth uf for~o and total yi~>ld8 in thl' !:IJ;ring 
lll:C sat~fnct.ory although not as great tl.$ uudcr Jiglt.k•r gnuiug. This is an f'ffident 
degree of utili1 .. :ttion thJ:\t provides ~lisfactory caUlc pn>ducLiou withouL wu..o;te of 
hPrh:lp;P.. 
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rapidly from February or March until the rains cease in April or May. 
Then they mature rapidly and are dry during the hot, dry summers. 

Thus, annual-plant range has three rather distinct forage periods: 
(1) inadequate green forage during part of the fall and most of the winter; 
(2) ample green forage during the spring; and (3) dry forage during the 
summer and early fall. 

Fitting ranch operation to forage growth.-The range is grazed in other 
periods than during the four spring months when there ordinarily is an 
adequate, well-balanced forage supply. The foothills are the chief source 
of grazing for cattle in California during most of the fall and winter, and 
in many operations cattle are kept yearlong on foothill range. Efficiency 
in use of the range can be increased by feeding of supplements during 
the periods when the forage is deficient in quantity or quality and by 
adopting management practices aimed at increasing the length of the 
green-forage period. 

The length of the critical forage period of fall and winter and the needs 
for supplemental feeds usually cannot be predicted far in advance. 
The average termination date for supplemental feeding, according to the 
study, was near February 1; however, in years when rains sufficient to 
start forage growth were delayed until mid-November, feeding was 
needed until late February or early March. 

The length of the adequate green-forage period is variable. For 
example, this period at the experimental range varied in length from 72 
to 176 days, with an average of 127 days for 14 years. 

Most of the herbage is usually dry in June; occasionally in May. The 
dry roughage consumed, mainly annual grasses, provides sufficient energy 
but a supplemental feed is needed to provide protein. Bur-clover, 
perennial bunchgrasses, or other plants, may serve as a partial supple­
ment during the summer on some ranges. 

A management objective is to lengthen the period during which foot­
hill ranges provide well-balanced forage. Cultural practices for this 
purpose are being developed for some soil and climatic conditions. Such 
practices include reseeding or fertilization, to provide earlier green 
forage in the winter and improved forage during the summer. Forage 
will be adequate over a longer period if sufficient dry vegetation is left 
each year to promote early plant growth and if each kind of range is 
grazed at a time when it produces especially needed green forage. De­
ferring grazing of some range units, or portions of a single unit, until the 
end of the spring growth period will allow cattle to select an improved 
diet at that time and should delay the date when supplements are needed. 
Deferring areas with considerable acreage of swales should be most 
effective. 

Adjusting ranch stocking to herbage production.-As an aid in stocking, 
herbage production and grazing capacity can be estimated by a simple 
classification of the different range sites. For example, in six experi­
mental pastures the grazing capacities estimated from classification of 
the sites agreed closely with actual grazing results. The site classes were 
recognized by characteristics of soil, topography, and waste area. This 
method of land classification can be used in appraisal of California foothill 
range. 

Swales are the most productive of the site classes. In acres required 
per animal-unit month, the grazing capacity of each site class in the 
experimental pastures is as follows: swales, 0.5 to 0.7; gentle slopes 
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bordering the swales, 0.8 to 1.1; rolling slopes with few rock outcrops 
trees, or shrubs, 1.25 to 1.75; rolling to steep slopes with numerous rock 
outcrops, trees, or shrubs, 2.0 to 3.0; and steep slopes with numerous 
rock outcrops, trees, or shrubs, 3.0 to 5.0. The lowest grazing capacity 
was found on steep north slopes with a heavy canopy of trees and shrubs. 

Ranch stocking must also consider the characteristic yearly fluctuations 
in herbage production. On granitic soils at the experimental range, in 
the 2 years with near-average total precipitation (16 to 20 inches) 
herbage yields were average or greater. In wet years (more than 20 
inches of precipitation), total yields were somewhat similar to those in 
average years; most of the excess moisture was lost through seepage. 

In dry years (12 to 16 inches of precipitation), rapid plant growth 
during a short interval of favorable weather in the spring produced yields 
that were only about 9 to 27 percent below the estimated 13-year average 
of 1,640 pounds per acre. The effects of the occasional extreme drought 
year (with less than 12 inches total precipitation) were not encountered 
during the studies. 

Fluctuations in the quantity of forage make advisable some adjust­
ments in livestock numbers nearly every year. The extent of needed 
adjustments can be judged in late spring after most of the plant growth 
for the year is complete. Changes in number of livestock will depend on 
the average stocking and type of operation at each ranch. 

Adjustments can be made by several measures in a mixed breeding-cow 
and feeder operation. Enough cows and replacements can be carried to 
utilize the herbage produced in dry years. The extra herbage in years of 
average production is utilized by weaners. In years of above-average 
production the increased yield can either be utilized by bringing in 
outside animals or be left on the ground to replace any litter that may 
be lost during dry years. This type of operation will permit the necessary 
adjustments in livestock numbers in all except the occasional years of 
extremely low forage production. 

Most fluctuations in individual forage species exert relatively minor 
effects on range stocking. The amo:unt of grass in the plant mixture 
however, is of special importance on ranges grazed from summer untii 
winter. In years of very low grass production, stocking should be re­
duced from average or hay should be provided in addition to the short 
supply of dry grass. 

A reserve of_ range forage cannot be carried over from year to year 
because dry herbage of annual plants is ruined by leaching during the 
winter. It appears desirable and feasible, therefore, to keep a reserve of 
hay above usual yearly needs. 

Selecting most efficient degree of grazing.-Overstocking foothill range 
lowers efficiency of production from a cattle breeding herd, according to 
the conclusion of animal husbandmen of the University of California 
in charge of the livestock phases of the cooperative grazing-intensity 
experiment. The objectives of efficient production - high calf crops 
and optimum weaning weights - could not be met in the pasture under 
heavy stocking for about 6 months (February to August), even with 
moderate stocking for the remainder of the year. In the pasture stocked 
slightly heavier than moderate, production was also reduced for unsupple­
mented cows but was not lowered for cows fed supplements during the 6 
months they were out of the grazing-intensity pastures. Cattle produc-
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tion was satisfactory in all four of the experimental pastures grazed from 
moderate to light from February to August. 

Close grazing was clearly inefficient from the standpoint of forage 
production also. Plant growth was always short during the winter on 
range closely grazed during the preceding year, and in late winter forage 
became adequate about 3 weeks later than on range grazed moderately 
or lightly. Total herbage yield was also lower at plant maturity, par­
ticularly on the very heavily grazed bottom lands, the most productive 
part of the range. Yield of each major species on slopes was lower, but 
each composed about the same proportion of the total yield as under 
moderate or light grazing. There was some increase in weedy species of 
low value under close grazing. Most important in the long run, close 
grazing did not maintain sufficient litter on the soil surface to promote 
full forage production year after year, and it produced other indications 
of soil deterioration. 

Light grazing resulted in the best soil-surface conditions and winter 
growth of forage. It also maintained highest production of soft chess, 
filaree, clovers, and other valuable forage species. But it left on the 
ground a considerable bulk of herbage that could have been grazed to 
increase cattle production. 

An intermediate degree of grazing, between close and light, was the 
most efficient. It maintained a satisfactory litter cover without apparent 
soil deterioration. Winter growth of forage was also satisfactory, and 
there was no significant decrease in amount of desirable forage species. 
Keeping to a moderate degree of grazing on the average, with all practic­
able flexibility in numbers of livestock, appears feasible as a means of 
obtaining efficient production from the fluctuating quantity of forage on 
foothill ranges. 

Condition of the soil surface on annual-plant range is best judged during 
the winter. Where the layer of old herbaceous material is nearly absent 
or of spotty occurrence over most of the range at this time of year, the 
mineral soil will be readily apparent through a thin cover of new plants. 
Conversely, under satisfactory conditions a fairly continuous thin layer 
of litter and a thick carpet of vigorous new plants will leave almost no 
bare soil apparent on most of the range. Accordingly, the extent of 
herbaceous litter on the soil surface and the vigor _of plant growth during 
the winter are dependable guides to maintenance of satisfactory produc­
tion from the present cover of annual plants. 

Photographic standards for judging degree of grazing of annual-plant 
vegetation, developed and tested during the experiments, have been 
used successfully in rating utilization on almost all kinds of California 
foothill range. 

COMMON AND BOTANICAL NAMES OF SPECIES 
MENTIONED 

Common name Botanical name 
Alfileria, redstem filaree _________________ _ Erodium 'cicularium (L.) L'Her. 
Barley, Mediterranean __________________ _ Hordeum gussanianum Pari. 
Bluegrass, pine ________________________ _ Poa scabrella (Thurb.) Benth. 
Brome, ripgut _________________________ _ Bromus rigidus Roth. 
Bur-clover, California ___________________ _ M edicago hispida Gaertn. 
Cats-ear, smooth _______________________ _ Hypochoeris glabra L. 
Chess, soft_ ___________________________ _ Bromus moll is L. 

L 
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Clovers ________________________________ Trifolium spp. 
Clover, littlehead ________________ _____ -_Trifolium microcephalum Pursh 
Clover, whitetip ________________________ Trifolium variegatum Nutt. 
Fescue, foxtaiL ________________________ _ Festuca megalura Nutt. 
Fiddleneck, Douglas ____________________ _ Amsinckia douglasiana DC. 
Godetias ______________________________ _ Godetia spp. 
Heron bill, big: broadleaf filaree ______ - __ - _Erodium botrys Bertol.; E. botrys Bertol. 

f. montanum Brumhard 
Oat, slender ___________________________ _ Avena barbata Brot. 
Oat, wild ______________________________ _ Avenafatua L. 
Pogogynes ____________________________ _ Pogogyne spp. 
Popcorn-flower _________________________ _ Plagiobothrys nothofolvus A. Gray 
Rush, slim pod __________________________ J uncus oxymeris Engelm. 
Rush, toad ____________________________ _ Juncus bufonius L. 
Silene, French ("windmill pink") __________ Silene gallica L. 
Spanish-clover_ ________________________ _ Lotus americanus (Nutt.) Bisch. 
Spikesedge, common ____________________ _ Eleocharis palustris (L.) Roem. & Schult. 
Stipas; needlegrasses ____________________ _ Stipa spp. 
Sudangrass _____________________ ________ Sorghum sudanense (Piper) Stapf. 

Hitchc. 
Yellow-tarweed; hemizonia ______________ _ Hemizonia virgata A. Gray 
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