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The establ ishment of herbaceous vegetation on soi I derived from parent 
material of peridotite-serpentine rock is important to reduce erosion on 
sites c I eared for roads, m in lng, dr i I I ing, or for increased forage pro
duction. The natural vegetation includes shrubs and stunted trees with 
I ittle or no herbaceous ground cover. The soi I s are characteristically 
deficient in N, P, K, Ca, and Mo, as well as being avelly and shallow to 
parent material (Rai, et al. 1970). Other problems include a high Mg 
content and possible toxicities of Ni and Cr (Walker 1954, Walker and 
Ashworth 1955). Jones, et al. (1977) reported that subclover grown on 
potted serpentine sol Is taken from 23 sites in Lake and Napa Counties 
responded to P and S app I i cat ions on a I I of the so I 15. There were a I so 17 
yield responses to Ca, 10 to K, and 14 to Mo. 

This study was done to determine the field resperse of seeded grasses 
and clovers to fertil ization with macro- and micronu.J.'ients ct one of the 
23 serpentine soil sites. 

MATERIALS AND METHODS 

A 27 by 58 m f Ie I d plot was estab I Ished October 13, 1970 on a Henneke 
soi I, a 1 ithic argixeroll, in Lake County, Cal ifornie at an elevation of 700 
m. The site had about a five percent slope. It had been cleared of brush 
with a bu I I dozer the preceed i ng month. Brush snags were removed by hand ax. 
Rcse c lover <Ie i fo I i urn hi rtum var. Hykon) and subc' over T. subterraoeum L. 
var. Geraldton) were each seeded at 6 kg/ha, soft chess (Seomus mol~ L.) 
and annua I ryegrass (Lo I i urn mu I i I f I orum) at 4 kg/ha each, Hard I nggrass 
(Phaloris tuberosa L.) at 2 kg/ha and smilo (Qryzopsis mil iacea) at 1 kg/ha. 
After the seed was broadcast the area was dragged with a chain to cover the 
seed and fenced to exc I ude deer and rabb its. The 17 fert iii zer treatments 



were broadcast on 3 by 6 m plots in a randomized block design with four 
repl ications (Table 2). The complete treatment consisted of 112 kg N/ha as 
urea; 112 kg P/ha, 145 kg S/ha, and 73 kg Calha as treb Iesuperphosphate in a 
homogenized blend with 20 percent elemental 5; and 112 kg K/ha as KCI. The 
following micronutrients were each appl ied at 6 kg/ha, B as NaB03, Cu as 
Cu504, and Zn as Zn504. The rate of Mo as (NH4)6M07024 (4H20) was 0.28 
kg/ha. On the minus P treatments, e I ementa I S and gypsum supp lied Sand 
Ca, and on minus 5 and Ca treatments, Na3P04 was used to supply ~ On the 
minus S treatments CaC03 supp I ied the Ca. N, P, and 5 were reapp I ied in 
October 1972 on trectments 10 through 16 at the same rate as in 1970 (Table 
2) • 

Yields were estimated in Apri I each year by hand cl ipping herbage to 
ground level in three random quadrate 30 cm square from each treatment. 
Random grab samples of rose clover were tcken for chemical analysis in 
Apr i I 1971. The percent seeded c lover was estimated by the step-point 
method in 1971 and 1972, and by visual estimates from 1973 to 1977. Dry 
forage was removed with a mower each summer except 1973 when the plots were 
burned. The burn not only removed dry forage, but al so burned off brush 
that had sprouted since clearing in 1970. 

Total forage and clover samples were oven dried at 60 C, weighed and 
ground for chemical analysis. Nitrogen was determined by the Kjeldahl 
procedure• .A,fter nitric-perchloric acid digestion P was determined by the 
method of Bridger, et al. (1953), S by the Johnson and Nishita (1952) 
method, and K, Ca, and ~~g by atomic absorption. 

Phosphorus was extracted from the so i I with 0.5tvi NaHC03 at pH 8.5. 
Soi I pH was determined in a saturated paste. Exchangeab leNa, K, Ca and r':'g 
were extracted from so i I with neutra I, norma I ammon i um acetate so Iut ion and 
determined by atomic absorption spectrophotometry. The cation-exchange 
capacity was determined by displacement of NH4+ after leaching with neutral 
normcl ammonium. 

RESULTS AND DISCUSSION 

foraQe Production (Table 2) and Percent Seeded Cloyer (Table 3), The 1970
1971 growing season had adequate rain for herbage growth (Table 1). The 
yield data for 1971 indicated a large response to Nand P and smaller but 
sign if icant responses to K and S where Nand P were app lied. The y I e I d of 
4470 kg/ha from treatment #1 (complete) indicates a relatively high poten
tial productive capacity for this Henneke soi I site. 

When treatments #1 and #8 through #16, which received no N, were broken 
out cnd ana I yzed separate I y, the LSD W.05) was 141 kg/ha. Clover was a 
major component of the forage on the no-N teatments that were fert iii zed 
with P. Three of those treatments produced significantly more herbage than 
treatment #3 (comp Iete IT i nus N), #10 with no S, #13 with no Cu, and #17 with 
224 kg/ha K. The other compounds used to supply P and Ca could be the 
reason for higher yields in treatment #10 (Na304) is more soluble than 
treble superphosphate and CaCO, would have a greater effect on soi I pH). A 
possible Cu toxicity may explain the increased yiel d in treatment #13 and a 
response to K I ikely occurred in treatment #17. 
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In 1971-1972 rainfel I was inadequate from October through March and 
al I yields were low. The yields reflected no N carryover. The check and 
no-P treatments were sign i f icant I y lower than the comp Iete treatment, wh Ich 
further reflects the large P response seen in the first year. 

In 1972-1973 germinating rains fell in October with heavy rains in 
November and Iv:arch. Y i e Ids cf about 2000 kg/ha were measured on treatments 
fertll ized with P in 1970, while treatments with no appl jed P produced 
about 800 kg/ha. Repeat appl ications of P in October 1972 did not increase 
yields, which suggests that the initial P rates were adequate for maximum 
production. However, fresh N increased yields to about 5000 kg/ha. There 
was less clover on residual and fresh N treatments than where P had been 
appl led without N. 

In 1973-1974 rains appeared adequate, but highest yields were about 
900 kg/ha. The residual value of P was evident by the low production from 
no P treatments. The 1972 N treatments produced less forage than tbose 
without N. This may have resulted from the burning of the plots in the 
summer of 1973. The plus-N treatments had the hottest fire because they 
had the heaviest forage. This may have reduced the seed avai lable for the 
fa I low ing year. Lo..... er c lover percentages on pi us-N treatments a I so con
tributed to low yields. 

The main differences in treatment yields in 1975, 1976, and 1977 were 
due to P treatments appl led in 1970. This indicates the long-term residual 
value of P fertil izer on this soil. The effects of N on yields and percent 
clover were not significant during these last three year~ However, the 
poorest clover stands were on the three no-P treatments. 

Percent Nand N Uptake (Tab I e A2.-- The app I Icat ion of 1'-; in October 1970 and 
1972 depressed the percent N values In forage the following spring where P 
was also appl led. Two factors contribute to this decrease: the decrease In 
clover and N dilution due to rank growth of the grass. There were no 
significant differences in forage-N levels between any of the no-N treatments. 

In 1971 !\ uptake was greatest on treatment fI2 (al I nutrients appl ied) 
and decreased progressively as the following nutrients were individually 
withheld: K, Ca, $, and P. All uptake values from no-N treatments were low 
and were not significantly different from each other. 

In 1972 the three hIghest ~ concentrations were from those plots not 
fert iii zed with P. These three treatments a I so had the lowest y i e 1 d, and, 
thus, there was less di 1utlon of aval lable ~ There was no difference In N 
uptake between any of the treatments. 

In 1973 N uptake was directly related to the percentege of clover In 
each treatment (r=O.87 when treatments #11, #14, '15, and '17, which received 
N in October 1972, were removed). The minus N (treatment 113) and minus Nand 
$ (1110) were the only two treatments significantly different than the 
complete (tI2). I'Jhere tJ alone or in combination with P and S were reappl jed 
in October 1972, forage N percentages were about one percent on al I plus N 
treatments. Clover was pract ica I lye I im inated, and the grass grew so rank 
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that N became very di luted. Forage N in the minus-~ treatments was about 
two percent. Among the 1970 treatments, nitrogen uptake was greatest fro~ 
treatment #3, which was significantly greater than #2, Indicating that the 
depress i ng effect of app lied N carr I ed Into the th i rd year. The no P 
treatments were lowest in N uptake. There was no difference in uptake among 
treatments appl ied in the autumn of 1972. 

In 1974 the minus-S ('6) and minus-Ca (#7) treatments were the only ones 
significantly higher in percent ~ than the complete ('2), The mlnus-P 
treatments (#4 and #8) were the lowest in uptake. Reapp I i cat I on in 1972 
produced the, lowest uptakes where N was appl led. 

There were no significant cifferences in forage percent N in 1975, and 
the lowest N uptake occurred where no P was app lied. 

Percent P and P Uptake <Tab I.e 21.. The application of P was the rriajor element 
affecting percent P in the forage. This effect lasted through the first 
four years after application. Reapplication In 1972 increased P percentages 
in 1973 above the residual effects of the 1970 appl jcation, but did not 
significantly increase production. In 1974 and 1975 highest P percentcges 
were on the treatments of reapplied N, probably due to the reduced yields. 

Uptake of P was increased significantly by Nand P in the first year 
after appl jcation, but mainly by P only In the remaining years. 

l:1.!Jtrient ConcentratiQns in Rose Cloyer <Tabl..£L.fi.h The percent ~' in rose 
clover was significantly less in treatments #11 (no micronutrients) and 114 
(no Mo) than in #3 (minus N), indicating a ~10 response. Treatment #1C was 
greater than #3, suggesting that the rate of S may have been too high, and a 
response occurred when it was withdrawn. Treatment k10 (minus S) received 
about 6 kg S/ha in the micronutrient compounds appl ied, which helped fulfill 
the S requirement of the crop. 

The lowest P value was from treatment #4 (minus P). There were no other 
values significantly different from trBatment #3. The lowest S '{clue was 
from treatment tl6 (minus S), with ne other significant differences. Low 
values for K were from trectments (r,'iinus :<), In (rr;inus Ca), and #9 (minus 

.:'n( K), '!iith no other significant differences. Loy; ~u ;c'c~ \,ere feundV<... 

in treatments #1, #4, #5, [7, t and [12, with ether values not being 
significantly different fr·or.; t13. The val ues that \,ie~C si9nifieantly 
10\'Jer than treetment 1/3 vlere freIT t rr3atments #1, #4, and l16. 

CGrJCL US I O~;S 

This Henneke soi I was externely deficient In Nand P, and somewhat 
deficient in K and S. The N cencentration in the clover indicated a signIf
icant response to Mo. Residual yield responses to N were negative. This 
was re I ated to the reduct ion inc lover where N was app I led wh ich reduced N 
fixation and, thus, yields In subsequent years. When N, P, K, and S were 
appl jed, forage yields ranged from 4500 to 5500 kg/ha. Without appl led N, 
highest forage production ws 2500 kg/ha after the clover was wei I estab-
I ished and contributing N to the soil. A single appl ication of 112 kg P/ha 
had the effect of doubl ing yields through the seventh year after application 
when the study was discontinued. 
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Table 1 • 	 Monthly Ra in fa I I at Clear Lake, Ca I i forn i a 

---------_._-----------------------------------------------------------------
YEARS JULY F,UG SEPT CCT NOV DEC JAN FEB f/1AR APR ~1AY JUNE TOT 

------- ----------------------------mm rainfal 1*--------------------------- 

1970-71 0 0 0 18 196 174 85 1 70 12 28 0 586 
1971-72 0 0 2 5 44 167 35 51 10 35 13 2 363 
1972-73 0 0 23 76 143 64 296 227 67 4 1 0 900 
1973-74 1 1 13 70 211 144 146 46 161 35 0 0 827 
1974-75 18 4 0 31 19 115 33 225 194 29 0 1 667 
1975-76 5 5 0 56 18 13 7 22 24 64 0 1 214 
1976-77 1 16 7 13 33 20 41 39 71 3 49 9 303 
MEAN 3 3 6 39 85 116 118 85 80 23 11 3 572 

*2501m = linch 

Table 2. 	 Effect of fertil izing a Henneke soil on the yield of annual 
clovers and grasses. 

--------------------------------------------------~-----------------------
Fert i I izer 
Treatments Yields 

October Apr i I 
----------------- -----------------------------------------------~----

1970 1972 1971 1972 1973 1974 1975 1976 1977 
----------------- -----------------------k£/ha**--------------------- 

I CK 110 190 810 440 390 550 380 
2 Complete 4470 470 2060 760 950 1100 97C 
'Z -f\!.J 180 370 2580 560 860 1180 960 
4 -P 310 250 840 390 410 610 400 
5 -K 3600 470 2490 570 1390 1370 1190 
6 -S 2850 580 2260 910 1270 1150 750 
7 -CA 3970 360 1880 820 1200 1140 1140 
8 -NP 120 240 560 414 490 690 560 
9 -NK 270 310 2360 690 900 1140 850 

10 -NS CK 550 403 2030 740 780 1430 1080 
11 -Nt,! ICRO +N 280 360 5000 410 610 840 920 
12 -NB +P 250 520 3040 760 900 1270 1080 
13 -NCu +S 430 390 2260 710 950 1420 1000 
14 -Nr·10 +NP 190 300 5310 380 640 820 1060 
15 -NZn +NS 180 460 5200 400 680 900 1180 
16 -N+lOCa* +PS 240 290 2200 730 851 1640 920 
17 -N+2K* +NPS 370 350 5530 250 630 870 1150 

LSD (0.05) 1970 FERT. 810 220 1030 200 440 310 490 


LSD (0.05) 1972 FERT. 1360 196 340 447 490 


*Ten times the amount of Ca and two times the K appl led on #16 and '17 

respectively as on other Ca and K treatments. 


Statistical analyses were run separately on normal and bold data each year 

(1973-1977). 


**kg/ha X 0.89 = Ib/a 
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-------------------- ---------------------------------------------------

Tab Ie 3. Effect of fert II iz ing Henneke soi I on the percent of seeded 
clover in the stand. 

Fertil izer treat- Clover 

ments - October Apri I 


1970 1972 1971 1972 1973 1974 1975 1976 1977 
-------------------- --------------------------%-----------------------

1 CK 18 1 6 7 4 5 6 
2 Complete 8 4 18 25 12 24 16 
3 -N 53 14 53 26 14 29 36 
4 -p 8 1 3 4 1 2 10 
5 -K 9 1 1 10 24 14 20 
6 -S 18 14 23 40 16 23 40 
7 -Ca 1 1 9 30 38 19 18 16 
8 -NP 13 3 3 2 1 4 6 
9 -NK 53 15 30 25 14 29 16 

10 -NS +CK 65 18 60 35 15 35 30 
11 -NMICRO +N 45 11 1 11 6 15 26 
12 -NB +P 60 13 50 26 19 38 40 
13 -NCU +S 68 18 73 35 19 28 30 
14 -NMo +NP 35 7 1 10 5 15 20 
15 -NZn +NS 48 8 2 14 6 19 26 
16 -N+10Ca* +PS 55 14 58 25 11 40 56 
17 -N+2K* +NPS 48 10 1 10 6 20 30 

LSD (0.05) 1970 FERT. 24 10 17 16 9 16 29 

LSD (0.05) 1972 FERT. 17 16 10 17 n.s. 

*Ten times the amount of Ca and two times the K appl led on #16 and #17 
respectively as on other Ca and K treatments. 

See note on Table 2. 
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------------------- -------------------------------- ------------------------

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

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

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

Table 4 Effect of fertil ization on percent Nand N uptake in annual forage 
on a Henneke soil. 

Fertil izer treat- t\ in total forage N uptake in forage 

ments - October Apr i 1 Apr i I 


1970 1972 1971 1972 1973 1974 1975 1971 1972 1973 1974 1975 
------------------- ---------------%---------------- ----------kg/ha--------

1 CK 2. 12 1. 69 1.25 1. 76 1. 65 2 3 10 8 6 
2 Complete I . 18 1.21 1.28 1.72 1.71 53 6 26 13 16 
3 -N 2.20 1.49 I .91 1.80 1.78 4 6 49 10 15 
4 -p 2.49 1.92 1.30 1.74 1.63 8 5 11 7 7 
./ '" -K 1. 12 1. 17 1. 17 1.80 1.91 40 6 29 10 27 
6 -S 1.06 1.27 1 .31 2.27 1.87 30 7 30 21 24 
7 -Ca 0.94 1.29 1.57 2. 16 1.83 37 5 30 18 22 
8 -NP 1. 76 1.69 1.36 1.72 1.62 2 4 8 7 8 
9 -NK 1.96 I .51 1.48 1.92 1.62 5 5 35 13 15 

10 -NS ()( 2.51 1.39 2.06 1.61 1.80 14 6 43 12 14 
1 1 -NMicro +N 1.96 1.46 0.99 1.90 1.78 5 5 49 8 II 
12 -NB +P 2.57 1.40 2.23 1.88 1.96 6 7 68 14 18 
13 -NCu +S 2. 10 1.62 2.36 2.00 2.14 9 6 53 14 20 
14 -NMo +NP 1.74 1.60 0.99 1.82 1.78 3 5 53 7 II 
15 -NZn +NS 2.17 1.43 0.98 1.99 1.58 4 7 51 8 I I 
16 -N+10Ca* +PS 2.06 1 .61 1.95 1.78 2.12 5 5 43 13 18 
17 -N+2K* +NPS 1.80 1.46 0.94 1.90 1.49 7 5 52 5 9 

LSD (0.05 ) 0.56 0.30 0.46 0.40 n. s. II n. s. 14 5 1 I 
1970 FERT. 

LSD <0.05) 0.26 n.s. n.s. n.s. 9 n.s. 
1972 FERT. 

Ten times the amount of Ca and two times the K app 1 ied on #16 and #17 respec
tively as on other Ca and K treatments. 

See note Table 2. 
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------------------------------------------------------------------------------

Tab I e 5. Effect of ferti I ization of a Henneke soli on percent P and P uptake 
in annual grassland forage. 

Fertil izer treat P in total forage P uptake in forage 
ments - October Apr II Apr i I 

1970 1972 19711972 1973 1974 1975 	 1971 1972 1973 1974 1975 
-----------kg/ha--------- --------------%------------

1 CK 0.18 0.14 0.16 0.21 0.24 0.20 0.27 1.3 0.9 0.9 
2 Complete 0.22 0.27 0.21 0.28 0.23 9.83 1.27 4.3 2.1 2.2 
3 -N 0.24 0.28 0.20 0.25 0.22 0.43 1.03 5.2 1.4 1.9 
4 -P 0.12 0.13 0.17 0.20 0.19 0.38 0.32 1.4 0.8 0.8 
5 -K 0.21 0.22 0.24 0.29 0.22 7.55 1.03 6.0 1.7 3.1 
6 -S 0.20 0.21 0.21 0.25 0.23 5.69 1.22 4.8 2.3 2.9 
7 -Ca 0.18 0.27 0.20 0.25 0.23 7.14 0.97 3.8 2.0 2.8 
8 -NP 0.14 0.12 0.15 0.23 0.21 0.17 0.28 0.8 1.0 1.0 
9 -NK 0.21 0.23 0.20 0.26 0.24 0.56 0.72 4.7 1.8 2.2 

10 -NS CK 0.18 0.25 0.19 0.27 0.23 0.99 1.01 3.9 2.0 1.8 
11 -NMicro +N 0.20 0.21 0.20 0.32 0.25 0.56 0.75 10.0 1.3 1.5 
12 -NB +P 0.17 0.23 0.26 0.27 0.25 0.42 1.18 7.9 2.1 2.2 
13 -NCu +S 0.16 0.22 0.18 0.24 0.21 0.68 0.86 4. I 1.7 2.0 
14 -NMo +NP 0.17 0.22 0.24 0.33 0.27 0.32 0.67 12.7 1.3 1.7 
15 -NZn +NS 0.17 0.22 0.19 0.29 0.25 O. 30 1 . 0 1 9.9 I .2 I • 7 
16 -N+IOCa* +PS 0.16 0.22 0.22 0.26 0.26 0.38 0.64 4.8 1.9 2.2 
17 -N+2K* +NPS 0.20 0.21 0.23 0.33 0.27 0.74 0.73 12.7 0.8 1.7 

LSD (0.05) 0.03 0.04 0.02 0.04 n.s. 1.78 0.42 2.3 0.5 0.8 
1970 FERT. 

LSD CO.05) 0.02 0.05 0.03 3.1 n.s. n.s. 
1972 FERT. 

*Ten times the amount of Ca and two times the K appl ied on #16 and #17 
respectively as on other Ca and K treatments. 

See note Table 2. 
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---------------------------------------------------------------------------

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

Table 6. 	 Effect of fertil ization of a Henneke soil on percent of five ele
ments in rose clover in April 1971. 

Fertil izer 

Treatments 


October Elements 


1970 	 N P S K Ca Mg
--------------------------%--------------------------

1 CK 2.42 O. 14 O. 15 1.46 1.03 0.60 
2 Comp lete 2.33 O. 14 O. I I 1.20 I. 12 0.75 
3 -N 2.45 0.17 O. 12 1.52 1.22 0.82 
4 -P 2.34 0.12 0.14 1.43 0.96 0.65 
5 -K 2.37 O. 14 O. 10 0.84 0.97 0.85 
6 -S 2.34 0.15 0.08 1.24 1.08 0.76 
7 -Ca 2.38 O. 13 O. 1 1 0.89 1.05 0.90 
8 -NP 2.41 O. 14 O. 15 1.66 1.04 0.68 
9 -NK 2.50 O. 16 O. 14 1.01 I • I I 0.87 

10 -NS 2.66 0.16 O. I I 1.35 1.05 0.77 
1 I -NM icro 2. 17 O. 19 O. 14 1.65 I • 15 0.83 
12 -NB 2.60 0.17 O. 13 1.44 I. 15 0.82 
13 -NCu 2.51 O. 15 O. 13 1.48 I. 12 0.69 
14 -NMo 2.08 O. 18 O. 16 1.66 1.07 0.76 
15 -NZn 2.56 O. 17 O. 16 1.51 I • 18 0.84 
16 -N+IOCa* 2.47 O. 15 0.14 1.35 1.40 0.64 
17 -N+2K* 2.49 O. 15 O. 14 1.60 I. Ie 0.73 

LSD <0.05) 0.19 0.03 	 0.30 0.17 O. 12 

*Ten times the amount of Ca and two times the K appl ied on #16 and #17 
respectively as on other Ca and K treatments. 
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