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Seeding C e n t r a l C a l i f o r n i a f o o t h i l l ranges with annual legumes i s one I 

method to b r i n g about i n c r e a s e d range forage y i e l d s . F e r t i l i z a t i o n w i t h t 

ni t r o g e n and perhaps phosphorus or s u l f u r i s another p r a c t i c e which may i n c r e a s e 

range forage y i e l d s . J u s t which o f these p r a c t i c e s w i l l b r i n g the g r e a t e s t 

forage i n c r e a s e under i d e n t i c a l c o n d i t i o n s i s not w e l l documented. As f e r t i - i 

l i z e r p r i c e s and a v a i l a b i l i t y vary,we need to know comparative y i e l d responses 

o f s e v e r a l f e r t i l i z a t i o n a l t e r n a t i v e s . A t h i r d a r e a which needs c l o s e r a t t e n t i o n 

i s p r o d uction responses i n s u c c e s s i v e y e a r s f o r each o f these p o t e n t i a l range 

improvement p r a c t i c e s . T h i s i s t r u e because d i f f e r i n g amounts of r a i n f a l l t 

may a l t e r the growth response due to f e r t i l i z e r , and may a l s o change the 

response of one range improvement p r a c t i c e i n r e l a t i o n to another. 

PROCEDURES ; lBoijg«¥to:;a nii' o j f ^ O i : . ] i^'^ij^^bo-iq i ^ . srfs m^i^&o ©3 " 

A fo u r - y e a r experiment was e s t a b l i s h e d October 17, 1973, on a ranch i n 

n o r t h e a s t e r n S t a n i s l a u s County to compare 12 p o s s i b l e range improvement p r a c t i c e s . 

They are l i s t e d i n t a b l e 1. The 7 c l o v e r treatments were seeded w i t h 15 pounds 

per a c r e o f a rose and subterranean c l o v e r mixture and f e r t i l i z e d every o t h e r 

y e a r . The gr a s s treatments were f e r t i l i z e d every y e a r . F e r t i l i z e r s were a l l 

a p p l i e d i n the autumn. The s o i l was s l i g h t l y a c i d (pH 5.52) and low i n phosphorus 

(3.6 ppm P ) , t y p i c a l o f many rangeland s o i l s . P l o t s were c l i p p e d i n February 

and i n May of 1974 and 1975. Because low w i n t e r r a i n f a l l prevented w i n t e r growth 

i n 1976 and 1977, they were c l i p p e d only i n A p r i l . R a i n f a l l f o r each y e a r was: 

1973-74, 18.28 i n c h e s ; 1974-75, 12.26 i n c h e s ; 1975-76, 6.06 i n c h e s ; 1976-77, 

6,46 i n c h e s . Normal or average i s about 13.5 i n c h e s at t h i s l o c a t i o n . Oven-

d r i e d weights were obtained as w e l l as crude p r o t e i n p e r c e n t a g e s . 



RESULTS AND DISCUSSION 

Table 1 summarizes the y i e l d s f o r the f o u r - y e a r p e r i o d . At t h i s s i t e , 

375 pounds per a c r e of 18-46-0 a p p l i e d y e a r l y or seeding to c l o v e r s and 

f e r t i l i z i n g w i t h 18-46-0 or 16-20-0 every other y e a r gave the most growth 

response. However, seeding c l o v e r without ever f e r t i l i z i n g r e s u l t e d i n the 

l e a s t expensive y i e l d i n c r e a s e w i t h an average of 588 pounds of a d d i t i o n a l 

forage per a c r e per y e a r , c o s t i n g $23.81 per ton (dry b a s i s ) . ,? • : tors 

Of s p e c i a l i n t e r e s t i s a comparison of the y i e l d s during the f i r s t two 

y e a r s of the t r i a l when r a i n f a l l was normal ( t a b l e 2 ) , and the t h i r d and 

f o u r t h y e a r s when record low r a i n f a l l occurred ( t a b l e 3 ) . During the two - V 

normal y e a r s , the c l o v e r seeded p l o t s y i e l d e d 605 pounds per a c r e per y e a r 

more than the average of a l l the r e s i d e n t g r a s s p l o t s (P ^ . 0 1 ) . During 

the two dry y e a r s , the g r a s s p l o t s f e r t i l i z e d w i t h n i t r o g e n y i e l d e d 689 pounds 

per a c r e per y e a r more than the average of a l l the c l o v e r p l o t s ( P ^ . 0 1 ) . 

Costs favored u n f e r t i l i z e d c l o v e r seeding during normal y e a r s over a l l other 

p r a c t i c e s , but during the dry y e a r s r a i n f a l l a pparently was not s u f f i c i e n t 3?^^ 

to cause the annual c l o v e r s to produce enough to be an economical p r a c t i c e . 

While n i t r o g e n f e r t i l i z e r d i d not cause e s p e c i a l l y economical i n c r e a s e s i n the 

dry y e a r s , the i n c r e a s e s were g r e a t e r and more economical than seeded c l o v e r s . 

They were a l s o more economical than f e r t i l i z i n g w i t h n i t r o g e n during the 

normal r a i n f a l l y e a r s . " ^ l i o x f e i a ^ c ; - ^•^--^r.-tiim bnz- ' " '"^^ ^.s^ 

1 Why d i d we apparently have g r e a t e r y i e l d responses to a p p l i e d n i t r o g e n -

b e a r i n g f e r t i l i z e r s i n such extremely low r a i n f a l l y e a r s compared to more normal 

y e a r s ? Apparently, the f i r s t few inches of r a i n a r e s u f f i c i e n t to cause the p l a n t s 

to e f f i c i e n t l y u t i l i z e the a p p l i e d n i t r o g e n . F u r t h e r r a i n s b r i n g a d d i t i o n a l p l a n t 

growth a f t e r most a p p l i e d n i t r o g e n i s gone from the root zone. I n order to 

e f f e c t i v e l y u t i l i z e a p p l i e d n i t r o g e n on rangeland, a rancher w i l l have to graze 

during the e a r l y p a r t of the season. , . . . . . . -̂



I n t h i s t r i a l during the two normal y e a r s , there was more gr a s s growth than 

c l o v e r growth i n a l l n i t r o g e n - f e r t i l i z e d treatments a t the February c u t t i n g . 

N i t r o g e n - f e r t i l i z e d g r a s s p l o t s y i e l d e d 833 pounds while c l o v e r p l o t s averaged 

only 414 pounds per a c r e dry matter i n February 1974 and 1975. T h e r e f o r e , i t ^ 

was the s p r i n g growth that followed which caused the c l o v e r p l o t s to f i n i s h e 

with h i g h e s t t o t a l y i e l d s f o r the normal p r e c i p i t a t i o n y e a r s . Perhaps most i 

n i t r o g e n f i x a t i o n by c l o v e r (and t h e i r R h i z o b i a ) occurs during s p r i n g . C l o v e r s 

grow l a t e r and i n warmer temperatures. ^- ^ H f « f . . s nr>r. ^^t< 

Short of feeding l i v e s t o c k and measuring weight g a i n s , range forage q u a l i t y 

i s d i f f i c u l t to a s s e s s . Crude p r o t e i n (CP) values were obtained as perhaps the 

best of s e v e r a l poor a l t e r n a t i v e s to estimate forage q u a l i t y . Crude p r o t e i n | 

was estimated each year a t the time of the s p r i n g h a r v e s t . The check p l o t s 3 

averaged 8.327o crude p r o t e i n f o r the four y e a r s . The average crude p r o t e i n of 

a l l g r a s s treatments was 10.34% and of a l l c l o v e r treatments was 8.58%. T h i s 

was i n t e r e s t i n g s i n c e one would expect c l o v e r to have more p r o t e i n than g r a s s . 

However, a l l g r a s s p l o t s except the check r e c e i v e d n i t r o g e n . The average crude 

p r o t e i n of a l l n i t r o g e n treatments ( r e g a r d l e s s of whether gr a s s or c l o v e r ) was 

10.41%, while the average of a l l other treatments was 8.217o. Nitrogen f e r t i l i 

z a t i o n did more to i n c r e a s e p r o t e i n values than d i d seeding c l o v e r to the 

range i n t h i s experiment. 

Because y i e l d s were being measured a l l four y e a r s , an unintended s i d e obser

v a t i o n from t h i s work was made which was h e l p f u l i n answering s e v e r a l q u e r i e s 

r egarding the e f f e c t of the drought on rangeland of t h i s a r e a . The check p l o t s 

produced 22% of the 1974-75 y i e l d during 1976, and only 16% i n 1977. Another 

four-year experiment near Knights F e r r y , a s i m i l a r r a i n f a l l a r e a , produced 35% 

of the 1974-75 two-year average i n 1976, and 52% i n 1977 on the check p l o t s . 

Check p l o t data i s used because i t i s more t y p i c a l of surrounding unimproved 

rangeland. T h i s c l i p p i n g data demonstrates the v a r i a b l e e f f e c t s of the drought, 

but a l s o the s e v e r i t y of i t to rangeland i n the S t a n i s l a u s a r e a . 
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I t can be concluded that under normal r a i n f a l l of 12 or more inches and 

probably over a long p e r i o d , i n c l u d i n g both low and high r a i n f a l l y e a r s , seeding 

a mixture of annual c l o v e r s without f e r t i l i z a t i o n may produce as economical i 

y i e l d i n c r e a s e as any a l t e r n a t i v e t e s t e d i n t h i s t r i a l i n t h i s C e n t r a l C a l i f o r n i a 

a r e a . Adding a nitrogen-phosphorus f e r t i l i z e r every other year w i l l probably i 

i n c r e a s e production, but not n e c e s s a r i l y a t a c o s t one could a f f o r d . / ^ s i r f i l U * ? 

Resident range f e r t i l i z a t i o n with nitrogen-phosphorus f e r t i l i z e r can b r i n g 

about good y i e l d i n c r e a s e s but a t a much higher c o s t than seeding to annual 

c l o v e r s . The b e n e f i t s o f r e s i d e n t grass f e r t i l i z a t i o n with n i t r o g e n - b e a r i n g 

f e r t i l i z e r a r e e a r l y g r a s s growth and i n c r e a s e d p r o t e i n c o n t e n t . I f winter 

forage i s needed, gr a s s f e r t i l i z a t i o n may have more value to the range l i v e s t o c k 

o p e r ator than i f he i s i n t e r e s t e d i n s p r i n g or t o t a l feed p r o d u c t i o n . J as 

Mi 

5 ' >../t 



v:.,%i. (•TABLE 1 ^̂ aOO ^ OISIT 

YIELD & COST SUMMARY OF FOUR YEARS 

1974, 1975, 1976 & 1977 

Treatment 

Av, Dry 

Weight /Acre L b s . Over 

Per Year Check Cost/Year 

Cost/Ton 

Over Check 

333 lbs./A 18-46-0 

C l o v e r + 175 lbs./A 18-46-0 

C l o v e r + 400 lbs./A 16-20-0 

C l o v e r - no f e r t i l i z e r 

375 lbs./A 16-20-0 

C l o v e r + 200 lbs./A T r e b l e Superphosphate 

C l o v e r + 400 lbs./A S i n g l e Superphosphate 

180 lbs./A Ammonium N i t r a t e 

300 lbs./A Ammonium S u l f a t e 

C l o v e r + 500 lbs./A Gypsum 

C l o v e r + 400 lbs./A s o i l s u l f u r 

Check — ~ - . . - ^ 

3507.6^ 

3 3 2 4 . 3 ^ 

3 1 8 7 . 5 ^ 

1063 

880 

743 

$34.30 

16.25 

25.20 

$ 64.52 

36.94 

67.83 

3 0 3 2 . 5 ^ 588 7.00 23.81 

2 9 8 5 . 4 " ^ 

2 9 4 7 . 9 " ^ 

541 

504 

29.50 

15.25 

•>0e '4-

I A\

109.16 

60.57 

2 9 2 0 . 3 ^ 476 .̂̂  16.30 68.52 

2 8 7 4 . 5 " ^ ^ 

xyz 
2829.3 

430 

385 

14.50 

13.75 

•A / i \
67.48 

71.42 

2783.8^"^ 339 9.36 55.29 

2647.2^^ 203 10.50 
? A\,. 

103.57 

2444.4^ """" 

vwxyz 
Means not s h a r i n g a common s u p e r s c r i p t d i f f e r from one another s i g n i f i c a n t l y 

(P . 0 1 ) . 



TABLE 2 

YIELD & CX)ST SUMMARY OF FIRST TWO YEARS (NORMAL) - 1974 & 1975 

Treatment 

Avt Dry 

Weight/Acre 

Per Year 

L b s . Over 

Check Cost/Year 

Cost/Ton 

Over Check 

C l o v e r + 175 lbs./A 18-46-0 5255.4^ 1159 $16.25 $ 28.05 

C l o v e r - u n f e r t i l i z e d 5144.1"^ 1047 ^ 7.00 13.37 

C l o v e r + 200 lbs./A T r e b l e Superphosphate 5050.O^y 953 15.25 32.00 

C l o v e r + 400 lbs./A 16-20-0 4915.9^y" 819 25.20 61.54 

C l o v e r + 400 lbs./A S i n g l e Superphosphate 4 8 7 9 . 1 ^ " 782 16.30 41.66 

C l o v e r + 500 lbs./A Gypsum ,.,5, 4 8 0 6 . 7 ^ ^ 710 9.36 26.37 

333 lbs./A 18-46-0 4 7 2 7 . 0 ^ ^ 630 34.30 108.89 

C l o v e r + 400 lbs./A s o i l s u l f u r ,^ 4 5 1 8 . 6 ^ " 422 10.50 49.82 
^ -4-

300 lbs./A Ammonium S u l f a t e t/r*? 4 4 6 1 . 0 ^ ^ 364 13.75 75.45 

180 lbs./A Ammonium N i t r a t e " 4285.1^^ 188 14.50 154.26 

Check ^ 4096.7^ 

375 lbs./A 16-20-0 sc. 4095.9^ -0.8 29.50 

x y z 
Means not s h a r i n g a common s u p e r s c r i p t d i f f e r from one another s i g n i f i c a n t l y 



TABLE 3 

YIELD & COST SUMMARY OF LAST TWO YEARS (DRY) - 1976 & 1977 

Treatment -

'-r-' 
Av. Dry 

Weight/Acre 

Per Year 

Lbs. Over 

Check Cost/Year 

Cost/Ton 

Over Check 

333 lbs./A 18-46-0 , ^288.2^ 1496 $ 34.30 $ 45.84 

375 lbs./A 16-20-0 1 8 7 4 . 8 ^ 1083 29.50 54.50 

180 lbs./A Ammoniijm N i t r a t e 1 4 6 3 . 8 ^ 671.7 14.50 43.19 

C l o v e r + 400 Ibs^A 16-20-0 1 4 5 9 . 0 ^ 667 25.20 76.13 

C l o v e r + 175 lbs./A 18-46-0 1 3 9 3 . 3 ^ 601 
• ttsy 

16.25 54.08 

300 lbs./A Ammonium S u l f a t e 1 1 9 7 . 5 ^ ^ 405 13.75 67.81 

C l o v e r + 400 lbs./A S i n g l e Superphosphate 961.43^^ 169 16.30 192.90 

C l o v e r - no f e r t i l i z e r f--^v 921.0^ . 129 
13^\ R 

« 7.00 108.52 

Cl o v e r + 200 lbs./A T r e b l e Superphosphate 845.8^ 
iioA\ !? 

15.25 564.81 

Check 792.1^5 . 

C l o v e r + 400 lbs./A s o i l s u l f u r 775.8^ ̂ ^^^ 10.50 

Cl o v e r + 500 lbs./A Qypsum 760.9^ -31 9.36 

vwxyz 

Means not s h a r i n g a common s u p e r s c r i p t d i f f e r from one another s i g n i f i c a n t l y 



, TABLE 4 

EARLY & TOTAL SEASONAL YIELDS IN 1974 6e 1975 

Treatment 

Av. Dry Weight/Acre/Year ( L b s . ) 

February February & May 

: « 'l 

Check - no f e r t i l i z e r - no seed 

180 l b s . / A c r e Ammonium N i t r a t e 

333 l b s . / A c r e 18-46-0 

300 l b s . / A c r e Ammonium S u l f a t e 

375 l b s . / A c r e 16-20-0 

Rose and S u b c l o v e r , u n f e r t i l i z e d 

C l o v e r + 175 lb s . / A c r e 18-46-0 

C l o v e r + 200 lb s . / A c r e T r e b l e Superphosphate 

Clover + 500 lbs . / A c r e Gypsum 

Cl o v e r + 400 lb s . / A c r e S i n g l e Superphosphate 

C l o v e r + 400 lb s . / A c r e 16-20-0 

C l o v e r + 400 lb s . / A c r e S o i l S u l f u r ^ 

596.5 

843 

930 

857 

704 

454 

494.5 

385 

349.5 

445 

395.5 

373.5 

4096.7 

4285.1 

4727.0 

4461.0 

4095.9 

5144.1 

5255.4 

5050 

4806.7 

4879.1 

^4915.9 

4518.6 

f t 

^ 1 

ALL GRASS PLOTS 

' ALL CLOVER PLOTS - ' ' 

UNFERTILIZED GRASS (CHECK) 

NITROGEN-FERTILIZED GRASS PLOTS 

CIDVER PLOTS 

786 

413.9 

596.5 

833.5 

413.9 

4333 

4938.5 

4096.5 

4392.3 

4938.5 



COSTS ASSUMED FOR THIS STUDY 

18-46-0 

16-20-0 

T r e b l e Superphosphate 

S i n g l e Superphosphate 

Ammonium N i t r a t e 

Ammonium S u l f a t e 

Gjrpsum 

S o i l s u l f u r 

F e r t i l i z e r a p p l i c a t i o n charge 

$200/Ton 

$152/Ton 

$165/Ton 

$ 88/Ton 

$150/Ton 

$ 85/Ton 

$ 14.85/Ton 

$ 70/Ton 

$ 1/Acre 

C l o v e r e s t a b l i s h m e n t c o s t s i n c l u d i n g seed, s e e d i n g , land p r e p a r a t i o n , 

e t c . , a r e $ 2 8 / a c r e , spread over the fo u r - y e a r p e r i o d o f the t r i a l 

a r e $ 7 / a c r e / y e a r . 




