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Annual - type r a nges contribute about 8 0% of t he 
r"a nge fo r age for California's livesto ck l"ndustl·Y. 
r hus, techn i q ues t o improve its management a re impor
tant to the state's agricultural economy and the in 
tegrity of its natural resou r c es. Annual range la nds , 
occupi ed pri i1u r "ily by annual pl ants, diffe r f r om 
perenn i al rangelands in that early season growth re
sponds to conditions infl uenci ng germi na t ion and 
establ i shment in the f all rathe r t han r oot rese rves 
and regrowth in the spring. Fal l wea ther has th e 
grea t est influence on he rbage product i on (coup1e d 
with t he res i de nt soil ch a racte ris t i cs), but the 
vadable t ha t can be contro l led to the greates t de
gree by ma na ge rrent 1s res idual dry nu tter in the 
fall. Res idual dry matte r provi de s favorab l e m;cro 
envir'onrrents for early se ed l i ng gr owt h, s oil protec
tion and adequate orga nic matter levels. 

The purpose of this paper is to synthe s ize pre
vious t"ange r esearch and suggest leve ls of resid l.i al 
dry matter and range eva l ua t ion procedure s. The 
term "residual dry matter" has often been descri bed 
by othe rs as "mu 1 i:h". 

The Case for Residual Dry Matt e r 

~u me rous studies have been c onducted tllat s up 
pOl't the benefit of residual dry ma tte r t o th e new 
yeiir's gro wth (Bentley and Talbot, 19 51; Hedric k , 
1948; Heady, 1956, 1966; Hooper and Heady . 1970; 
Bartolome et ai., 1980). Early work on the Sa n 
,Joaquin Expet"imental Range ('f3entley and Talbot, 1951) 
indicated that the dry vegetation (litter) left on 
the range at the begin ni ng of the fall and winter 
growth promoted the growth of green forage" These 
stud ies used 6 to 12 mOl i meters depth of litter 
as iJ mi n i mum r athe r th un wei ght of res i dua l dry 
mate r i al . l ~ te ns i ve mulch studies at th e Uni ve r sity 
of Ca l iforn ia 's Ho~land Field Sta t ion (He ady , 1956 
and 1966) recommended a mini mum th reshol d mulch l ev el 
of 800 k ilograms per he ctare, unde r c o n ~ t i ons at 
Hopla nd, t o ma i ntai n desired fOtage pro duction and 
botanical compos iti on. Hooper and Heady (1970) eval 
uated the economic value of mul ch and grazing leve l 
end found that under the c limatic and economic co ndi 
tions at Hopland of the l a t e 1950's, the optimum 
mulch level vias 560 kq/ha. Bartolome et al. (1980) 
studied mulch levels ~ t eight other loca ti ons and 
Hopland vuying in ra i nfall from nearly 200 em in the 
north co ast to l ess than 15 em in the r ai n shado w of 
the south coast ranges. Tlli s study indi cated t ha t 
in areas of less th;n 25 em of preC i pitation, more 
than 300 kg/ha of mulch did not inc rease a nnual p1a nt 
grol'lth, whfle in higher" rainfall area s of roore than 
150 em, 1 , 120 k g/ha of res i dual dry ma ter i al was rec
ommended a t the beginning of t he fal l season. 

Range ITlilnagers and ranchers are often c alled up 
on to estimate the available forage remaining for 
livestock use prior to that expected to be produced 
in the next season. If evalua t i ng remaining forage 
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earl y i n the "dry " seaso n (June to Au gust ) co nsi dera 
t ion mus t be gi ven ~ sap pearance due to sh a tter i ng, 
trampli ng a nd le ach"ng. I t i s a cornmo n practi ce t o 
leave ample r es idual dry matte r as a dry f eed so urce 
to mix with t he high moistur e new gr owth, thus insur 
i ng a dequa te l e vel s of dry he rbage a t the s ta rt of 
t he grow ing se ason . 

The role of re <: idua l dr y matter in sa il protec
t i on i s an extr e mely i mpo rtant manageme n t consi de ra
t i on. Cover ra th e r t han amounts of ma t erfal is wtla t 
is i mp o r tant. I n a nnual-type r a nge amo unts of res i d 
ual dry matte r re l a te c losel y t o surf ace cove r s uch 
t ha t the f ormer can be used f or" most ma na ge rrent 
dec isi ons . 

Gu idelin es a nd Pr ocedure s 

The amounts of r e s i dua 1 dry rna t t er r equ i red f or 
a give n geograp hi cal, soil and 1; ves tock-use situa
ti on can be qui te vari ab l e . Ar eus of hea vy ra infa l l , 
eros ; ve soi 15 , and steep top ography wi 11 requ i r e rrore 
resi dual dry matter t ha n fla t, s t ab l e so il s i n dr ie r 
c li ma tes . The foll owi ng gui de l in es a re offered as 
r efe rence poi nts to mi nimum, or l ower thresho l d, 
1e ve1s fo rC a1 H o r n i a : 

300 k g/ha Sout he rn Cali f ornia 

«25 cm pr ec i pi tati on ) 


550 to Centr al Coas t & Central Valley Foothi ll s 
800 k g/ha (2 5 t o 100 cm pre Cip i tation) 

1200 kg/ha No rt h Coas t 
(>100 em pr ec ip i t ation ) 

Too much re s i dual dry material or a dens e rnu lch 
r esu 1t s ina t ha tch wh i ch i nh i b i t s e ar ly re s po nse of 
new f or age growth. Mai nt e nan ce of seede d annu a l 
legumes and f11a r ee abu n da n c~ require adequa t e but 
l ower amoun ts of r esi dual dry materi a'. Managers 
a re en co urage d to test these mi nimum l evel gui de l i nes 
and cle ve lop thei r own le ve l s to meet th e r eq ui r ements 
of spec i f i c site co nditions. 

The extreme va r i abil ity often ex per e nee d with i n 
ma nagement un i ts (ran ch fie ld , ra nge site, etc. ) on 
a nnual - type ranges proh i bl ts samp 1i n9 a the de gree 
of prec ision pos s ibl e on more uni fo r m range sites o f 
the pla i ns, f or exa mpl e , thu s the acceptance of less 
ri gorou s methods are rea sonable an d re al i sti c. Th e 
mo nitori ng of resi dual dry ma t e r i n the fall of fers 
s uch an approac h. 

The degre e of livestO Ck grazing has a direct be ar
ing on t he l evels of res i dual dry ma tter in the f al l. 
It fo ll ows t hat standa rds wh i ch desc ri be gr azing in
t ensi t ites woul d a l so be sui t abl e to desc ribe r es i dua l 
dry ma tter leve l s . Such standards were dev e l oped 
based on grazing studi e s on t he U. S. Fo r est Servi ce's 
Sil n Joaqu i n Expe rimental Rang e (Ho rmay and Fause t t , 
1942 ) . A "modera te" le vel of grazing intensity has 
be e n the re commenda t i on fr om t hose from t hes e s tu di e s. 
These gr azi ng le vels are rea l1y def i ned in terms of 
th e resi dual dry ma t ter in th e f al l. Three l e vel s 
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of grazing--light, moderate and heavy--have been 
used as the examples of both extremes and the recom
men de d level (Honna,y. 1944) and are reproduced here 
for ready reference. l ight grazing (Figure 1) has 
a less patc~ appearance:-the unused plant growth
averages 3 or more inches in height and smal l objects 
are mask ed . Moderate grazing (Figure 2) has an aver
age of 2 inches of 0 1d, dry vegeta t1 on wh ich will 
have a patchy appearance and will have little bare 
soil and small objects showi ng at a eli stance of 20 
feet or more. ~ graz i ng (Figure 3) has less 
than a stubble height of 2 inches with small objects 
and areas of bare so11 visible at 20 feet or more. 

Ranchers and managers interested 1n rrore detailed 
evaluation may deve lop photo standards and visual 
descriptions relating to specific conditions and 
amounts of residual dry matter. Of course, actual 
weights of residual dry matter ma,y be collected by 
direct weighi ng, doubl e sampling (visual estimates 
with cli pped herbage) reference points and with 
experience , vi sual estimates. The varlclbll1ty refer
red to may require a l arge number of samples for the 
nonnally-accepted experimental accuracy (P < 0.05). 
We reemphas i ze the need for judgment to use proce
dures that will provide information for the desired 
level of mana gement making efficient use of time 
and resources. 
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Figure 1. Light Grazing 

Fi gure 2. Moderate Grazing 

Fi gu re 3. Heavy Grazi ng 

(Photos cour tesy of U.S . Forest Ser vice ) 
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