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Tentative Outline of Proposed Cooperative P r o j e c t 

Enclosed i s a very t e n t a t i v e d r a f t of a proposed p r o j e c t 
which we would l i k e t o i n i t i a t e t h i s f a l l i n an e f f o r t t o get 
s t a r t e d on some r a t e and source studies comparing TVA S - f o r t i f i e d 
t r e b l e (0-40-0-20S) w i t h standard s i n g l e superphosphate. 

We have endeavored t o gather together a l l our data t o date 
using TVA ma t e r i a l s furnished us. 

You w i l l note t h a t we have put no charge f o r f e r t i l i z e r mat
e r i a l s i n the p r o j e c t — e x p e c t i n g t o use donated f e r t i l i z e r e n t i r e l y . 
Our b i g need i s f o r d o l l a r s f o r fencing and operations. The te n 
t a t i v e t o t a l comes to $4,000'. 
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Proposed Cooperative P r o j e c t Between F e r t i l i z e r Branch TVA & U n i v e r s i t y of C a l i f o r n i a 
A g r i c u l t u r a l Extension Service 

FIELD EVALUATION OF SULFUR FORTIFIED CSP 

Objective; 

To determine under f i e l d conditions the r e l a t i v e e f f e c t i v e n e s s and l o n g e v i t y 

of response of s u l f u r f o r t i f i e d superphosphate (TVA 0-40-0-20S) as compared to 

normal superphosphate as a f e r t i l i z e r f o r forage legume species on s o i l s d e f i c i e n t 

i n both P & S. 

I n t r o d u c t i o n to the Problem: 

Many areas of C a l i f o r n i a ranges, pastures and i r r i g a t e d croplands, devoted 

to production of annual c l o v e r , i r r i g a t e d pasture,or a l f a l f a , are d e f i c i e n t i n 

phosphorus, s u l f u r or both. Dual d e f i c i e n c y of P & S i s p a r t i c u l a r l y com.mom i n 

the rangeland areas of northern and c e n t r a l C a l i f o r n i a where major e f f o r t s are 

being made to improve production by the establishment of annual clover p l a n t i n g s 

using rose or subterranean c l o v e r s . Normal superphosphate (0-21-0-12S0^-S) has 

been the standard f e r t i l i z e r m a t e r i a l f o r sucli l o c a t i o n s . At some l o c a t i o n s i n the 

high r a i n f a l l zone (28" - 40") leaching of s u l f a t e has been shown t o be a serious 

problem. Here elemental S has been found t o be more e f f e c t i v e p a r t i c u l a r l y i n 

the second and t h i r d seasons a f t e r a p p l i c a t i o n . I t has been f e l t i n such areas 

the use of t r e b l e superphosphate f o r t i f i e d w i t h elemental s u l f u r (0-40-0-20S) 

might o f f e r advantages as a long l a s t i n g dual n u t r i e n t f e r t i l i z e r w i t h the added 

advantage of high analysis and attendant lowered a p p l i c a t i o n costs. 

Previous Studies V7ith TVA CPS + S : 

^) T h i r t y - f i v e e x p l o r a t o r y range f e r t i l i z e r t e s t s were set up i n 1965 f o r 

harvest during the 1966 season. I n these t e s t s , e f f o r t s were made t o f i n d out 

where phosphorus, s u l f u r , potassium, or molybdenum, l i m i t e d the grox-Jth of range 

legumes, and whether response from TVA s u l f u r f o r t i f i e d t r e b l e superphosphate 

d i f f e r e d from t h a t observed from the use of s u l f u r - f r e e t r e b l e superphosphate 

plus equivalent s u l f a t e - s u l f u r i n gypsm. 
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of s i x p l o t s i n the ̂ ^7etter areas of the State where there was good spring r a i n 

i l l u s t r a t e the type of responses obtained. As had been a n t i c i p a t e d , the maior 

responses were e i t h e r t o phosphorus or s u l f u r alone, and at several l o c a t i o n s 

to both n u t r i e n t s . At one l o c a t i o n , molybdenum was observed to be important. 

I n the extreme northern coast, i n Del Norte County, response to potassium i n 

a d d i t i o n to phosphorus and s u l f u r was noted. 

Results from, the s u l f u r - f o r t i f i e d t r e b l e (0-40-0-20S) were at l e a s t equal 

to equivalent P + SO^ from t r e b l e & gypsm. At two loc a t i o n s the s u l f u r f o r t i f i e d 

m a t e r i a l was markedly s u p e r i o r . 

Table I . YIELD OF FORAGE IN RANGE EXPLORATORY TESTS* 

Treatment Sonoma Co. Tuolumne Co. Shasta Co. Mendocino Co. Del Norte Co. 
Sessions Black Emerson Lemm Mai H a r d U l r i c h 

None 2042 687 2640 1611 1513 4861 
P 1814 1093 2750 2321 2112 5054 
SÔ  2663 833 2450 1660 1536 4941 
P + SÔ  2743 1250 2330 2025 2109 5495 
P + SO,+K 4 2949 944 2650 2415 1935 6726 
PSS 2866 1499 2970 3744 2278 5504 
PSSMo 2939 1191 2780 3362 2665 5527 

Ma j or 
Response S P PS PS PSMo PS K 

* 
As lbs dry m a t e r i a l per acre. P = 187 lbs/Ac = 0-54-0 

SO, = 300 4 lbs./Ac gypsm, K = 200 lbs ./Ac from KCl, PSS + PSSMo 250 lbs . /Ac of 

TVA 0-40-0-20S w i t h and without Mo coating. 

h) Second y e a r c a r r y o v e r from 1965 Range E x p l o r a t o r i e s 

Carryover e f f e c t s were observed on as many of the 1965-66 s i t e s as p o s s i b l e . 

Yields were measured by c l i p p i n g at nine l o c a t i o n s . Results are shown i n 

Table 2. 



CONFIDENTIAL - NOT FOR PUBLICATION 

SUMMARY OF SECOND YEAR CARI^YOWIR - EFFECTS OF 1965-1966 RAMCE EXPLORATORIES 
AS PERCENl'AGE OF DRY-MATTER YIELD OF UNTREATED PLOTS 

County: 
Cooperator: 

Mariposa 
Piney Creek 

Del Norte 
Try on 

Shasta 
Lemm 

Sonoma 
Black 

Sonoma 
Sessions 

San Joaquin 
Kent 

Placer 
Hawkins 

Placer 
Taylor 

Nevada 
Schoe Herman Average 

Treatments 

Untreated Lbs. 
Dry Matter Per 
Acre Y i e l d : 1848 2371 1800 963 831 1237 2497 977 4845 1929 

Ck. 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 1 100 ^ 100 ̂ 0 

Gyp. 138 143 135 78 123 109 101 118 94 115 

P 132 149 145 164 89 111 91 102 104 121 

P + Gyp. 140 135 189 140 165 108 135 122 111 138 

P + Gyp. + K 157 149 159 121 142 99 112 124 115 131 

PSS 234 159 251 145 204 116 121 103 115 161 

PSSMo 218 164 239 141 197 109 130 105 135 160 

L.S.D. 54 42 43 33 86 — 40 — 26 — 

C.V. 10.8 17.1 10.2 21.0 10.6 15.5 11.4 18.8 13.1 

Major Response PS P PS P S None PS None PS 

P at 100 lbs P2O5/A or 45 P/A S at 50 lbs S/A Mo at 1 ppm 



S u l f u r f o r t i f i e d t r e b l e gave c l e a r l y superior carryover e f f e c t s at two of 

the nine l o c a t i o n s . At no l o c a t i o n was i t i n f e r i o r . Results at the Shasta: 

Lemm s i t e were c l e a r l y i n favor of CSPS i n both the f i r s t and second seasons. 

Plant samples showed s i g n i f i c a n t l y higher SÔ -S and t o t a l S where PSS and PSS Mo 

had been applied. V i s u a l observations at the three other l o c a t i o n s showed cle a r c u t 

s u p e r i o r i t y i n r e s i d u a l e f f e c t s from the PSS & PSS Mo a p p l i c a t i o n s . 

Time and Source of P & S Experiment: 

A series of 12 r e p l i c a t e d f a c t o r i a l f i e l d experiments were set up i n the f a l l 

of 1966 to determine when P and S should be applied ( s p r i n g or f a l l ) and whether 

elemental S or Ca SÔ  was superior. Sites were selected where P, S or P & S 

xjere thought t o be d e f i c i e n t and i^rhere good stands of responsive legumes were 

present. The f i r s t years r e s u l t s are shown i n Table 3. At no l o c a t i o n was s u l 

f u r f o r t i f i e d t r e b l e (0-A0-0-20S) c l e a r l y superior t o equivalent normal superphos

phate. Average y i e l d s of two m a t e r i a l s were nearly equal. S u l f a t e at some lo c a t i o n s 

gave l a r g e r y i e l d s than d i d elemental S. With the l a t e spring rains of 1967, the 

l a t e r a p p l i e d P and S d i d about as x^^ell as that applied i n the f a l l . These p l o t s 

w i l l be observed i n 1967-68 f o r r e s i d u a l e f f e c t s . 

Proposed F i e l d Studies - f o r CSPS F i e I d Evaluation: 

Preliminary f i e l d studies have i n d i c a t e d t h a t s u l f u r f o r t i f i e d t r e b l e i s at 

le a s t equal to equivalent P 5e S i n normal superphosphate and at a few loc a t i o n s 

i t appears markedly s u p e r i o r , p a r t i c u l a r l y i n i t s carr^^over e f f e c t on S d e f i c i e n t 

s o i l s . 

Number of Locations: 

I t i s proposed t h a t 10 r e p l i c a t e d r a t e studies be set up i n areas where 

P & S are known or suspected to be d e f i c i e n t . These t e s t s x d . l l be observed f o r 

three seasons (2 a f t e r i n i t i a l y e a r ) . They w i l l be seeded t o responsive legume 

(c l o v e r or a l f a l f a ) i f none are present and fenced against deer and rodents as 

necessary. 

Layout: 

The p l o t s w i l l be set up w i t h the follox-jing treatm.ents. Normal superphosphate 



Table 3. CONFinEKTiyU. - NOT FOP. PTrp.LICATIO?J 
^^y 

TIME TT SOlPvCE OF P 5 S EXPERI^effS - FIPST YllAR PsIlSIILTS ON A>MJAL CLO\T.R RANGE 
AS PERCFATAGE OF DRY-MATTER YIELD OF IINTI^EATED PI/TTS 

County: 
Cooperator: 

Butte I 
Ahart 

11 Dorado Madera 
K r e l l Fulton 

Madera 
Smitli 

Mariposa 
Piney 

S.L.O. 
Ri,g;hetti 

Shasta 
Murfrey 

Stanislaus 
Dollinp; 

Tuolumne 
Jury 

Tehama 
T e i s s e i r e 

Yolo 
Durst 

Average 
Y i e l d 

Material 
Material Time 

Rate Applied 

Untreated Lbs. 
Dry Matter Per Acre 

3761 3804 2880 2488 2131 3815 3166 4404 1702 3613 2848 3147 
1. None — 100 100 100 100 100 100 100 100 100 100 100 100 
2. 187 lbs. TSP 108 108 106 130 148 119 124 104 134 141 131 123 
3. TSP \ 93 101 138 102 135 122 125 103 134 147 127 121 

4. 300 l b s . Gyp. 96 109 131 135 107 111 118 148 9 4 188 128 
5. 500 lbs. SSP 
(0-21-0-12 SO^S) 

100 98(116)189 177 201 128 148 123 155 147 219 153 

6. Gyp. + TSP 104 107 213 148 178 119 145 139 160 150 197 151 

7. 50 l b s . E l . S 88 78 138 117 129 96 111 117 109 87 150 111 
8. 250 lbs. TSPS 
(0-40-0-20 S) ''E^E 116 100 171 207 227 122 133 144 157 137 207 156 

9. E l . S + TSP P A 118 106 170 83 182 125 118 127 166 154 185 139 

10. Gyp. 93 100 156 109 103 101 116 145 127 122 150 120 
11. TSP + Gyp. 92 97 156 173 185 116 142 120 155 141 189 142 
12. SSP PLS"4L 111 106 175 150 198 121 148 133 166 145 146 145 

13. E l . S \ 97 83 146 148 139 103 116 118 154 84 135 120 
14. TSP + E l . S P E - \ 102 102 147 167 184 1 1 1 133 114 144 133 187 139 
15. TSPS 91 9 8 196 109 180 119 141 106 147 144 186 138 

16. TSPS + Mo 111 104 149 207 206 126 137 121 169 164* 180 152 

L.S.D. Between Treatments t l 6 t l 2 ^35 — ^54 t l 8 — ^39 t28 ^23 ^55 — 

Major Response ps? -S+K S,PS PS P,PS P PPS S P,S,PS P+Mo S PS 
HCO^-P 9.8 7T0 5.6 8.4 1X6 4 . r 7.0 8.4 



(0-20-0-12 SO^-S) w i l l be applied at 500, 1000, and 2000 l b s . per acre and compared 

w i t h CPS (0-40-0-20S) at h a l f the r a t e or 250, 500, and 1000 l b s . per acre. These 

rates w i l l provide equal amounts of P at 50, 100, and 200 l b s . ^2^^ w i t h three 

approximately equal rates of SÔ -S and elemental S from each m a t e r i a l . Plots \<r±ll 

be 5 X 200 f t . * x>7ith each treatment r e p l i c a t e d four times as i n d i c a t e d i n Fig. 1. 

Harvest: 

Yields w i l l be determined by mechanically harvesting a p o r t i o n of each treatment 

each season. One t h i r d of the experimental area w i l l be protected from grazing the 

f i r s t season (1967-68) and used f o r y i e l d . The balance x-jlll be grazed by range 

animals. The second year (1968-69) a fresh area p r e v i o u s l y grazed, w i l l be fenced 

o f f f o r y i e l d , and the f i n a l year (1969-70) the remaining one t h i r d w i l l be fenced 

and harvested f o r y i e l d . 

Laboratory Studies: 

Samples w i l l be taken from each treatment f o r laboratory study t o r e l a t e 

treatment t o observed response t o P & S f e r t i l i z e r . Legumes and associated grasses 

w i l l be hand separated f o r moisture studies and chemical analysis t o r e l a t e chemical 

composition to observed f e r t i l i z e r response and t o determine the n u t r i t i v e q u a l i t y 

of the forage. 



Tentative Budget 

1• F e r t i l i z e r s 

(TVA) C.S.P. & S. (0-40-0-20S) 240 l b s . / p l o t x 10 p l o t s 2400 l b s . 
( I n d u s t r y ) normal super (0-20-0-12S,-S) 480 l b s . / p l o t x 10 p l o t s 4800 l b s . 

2• Fencing M a t e r i a l s 

1 acre p l o t s , 1000 f t . fence (? . 2 5 / f t . = $250 x 10 p l o t s $2500 
plus deer fence where necessary $200 x 5 p l o t s 1000 

3. Legume Seed @ $30/plot x 10 p l o t s 300 

4. Operations: Former cooperator and AES Personnel t o be responsible 
f o r the f o l l o w i n g : 

a) Land preparation 
b) P l o t establishment and fencing 
c) P l o t harvest 
d) P a r a l l e l greenhouse studies 
e) Chemical analysis of forage 
f ) S t a t i s t i c a l analysis of data 
g) Preparation of rep o r t s 

5' Miscellaneous costs f o r temporary student labor i n species 
separation, p r e p a r a t i o n of samples f o r analysis and i n 
greenhouse work where necessary. 200 

ESTIMATED TOTAL CASK COST $4000 



Fig. 1 

moSPHORUS SOIIP.CE ̂  RATE EXPERIMENT 

S i m l e Superphosphate Vs. Sulfur F o r t i f i e d Treble 
(0-21-0-12' SO^-S) (0-40-0-20 SS) 

SUGGESIED LAYOUT 

Fence 210' 
— ^ _ 

1. 2000 SSP 
2. 1000 TSP + S 
3. 1000 SSP 
4. 500 TSP + S 
5. 500 SSP 
6. 250 TSP + S 
7. Check 

8. 2000 SSP 
9. 1000 TSP + S 

10. 500 TSP + S 
11. r 1000 SSP 
12.^ 250 TSP + S 
13.^^ 500 SSPj 
14. Check ^ 

15. 1000 SPS.. 
16. 500 TSP + S 
17. 250 TSP + S 
18. 500 SSP 
19. 1000"?^ P>S 
20. 2000 Super S 
21. Check 

22. 500 SSP 
23. 250 TSP + S 
24. 500 TSP + S 
25. 1000 SSP 
26. Check 

27. 1000 TSP + S 
28. 2000 SSP 

Area I Area I I Area I I I 
F e r t i l i z e d F a l l 1967 F e r t i l i z e d F a l l 1967 F e r t i l i z e d F a l l 1967 
Harvest Spring, 1968 Grazed 1967-68 Grazed 1967-68 

Observed 1969 Harvest Spring 1969 Grazed 1968-69 
Observed 1970 Observed 1970 Harvest Spring 1970 


