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THE FERTILIZATION OF IRRIGATED GRASS AND 
GRASS-CLOVER PASTURE SWARDS WITH EMPHASIS 

ON THE RATE AND FREQUENCY OF NITROGEN APPLICATIONS 

DTRODUC TI ON 

Two important factors to be considered in the man- 

agement of pastures are the use of chemical fertilizers 
and the selection of plant species. In this study, cer- 
tain aspects pertaining to the chemical fertilization of 

grass and grass-clover pasture were investiate1. The 

experiment was conducted on the Experimental larm, 
Saanichton, British Columbia. 

The study of fertilization centered around the use 

of nitrogen fertilizer on irrigated grass and grass-clover 
pasture awards. The effects of frequency and rate of 

nitrocen application on yields and botanical and chemical 
cozosition 01' the herbage were studied. 

The study of pasture plants was limited to three 
species; namely, Ladino clover, (Trifoliuni repens), paren- 
ial ryegrass (Loliwn perenne) and orchardgrass (Dactylis 
gloinerata). The productivity of two pasture mixtures v:as 

investigated under varying fertility treatments. One 

mixture consisted 01' the two grass species and the second 

mixture consisted of the two grass species plus Ladino 

clover. The evaluation ol' the comparative performances 
of grass and grass-clover pasture herbage under varying 
nitrogen treatments was considered a major objectiva of 
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this study. 

The effects of potassium and phosphorus fertilizer 

applications on the grass and grass-clover pasture herbage 

were also studied. 

In the evaluation of the various treatments, dry 

matter yields, plant chemical composition, and the distri- 

bution of herbage growth throughout the growing season 

were considered. 

REVIEW OF LIThithTUOE 

The choice of pasture plants and mL&tures for this 

study was based on the performance of pasture species In 

forage test plots on Vancouver Island. peoies which had 

given comparatively high productivity were chosen. Ladino 

clover has been an outstandingly productive pasture legume 

on Vancouver Island under irrigated conditions (7). 

Hollowoll (14) reports that Ladino clover has given ex- 
cellent performance in the Irrigated regions 01 the est. 

Hafenriohter (13) states that the use of Ladino clover has 

become general in Improved irrigated pastures of the .est. 

Nelson and Robins (23) state that Orchard grass with 

Ladino clover is a commonly used pasture mixture under 

irrigation In Central ashington. 

Orchard grass and Perennial rye have been outstand- 

Ing pasture producers in test plots and field experiments 
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on Vancouver Island. Meyers (22) states that, because of 

its vigor and productivity, Orchardgrass is an important 

constituent of high producing, intensively managed pastur- 
es. They also recoinniend Orchardgrass as a component of 

permanent pasture mixtures which include Ladino clover, 
Hoover et al. (15, p.644) consider Orchardgrass to be a 

desirable pasture grass in the humid temperate regions 

of the United States. 
According to Hoover et al. (15, p. 676) the best re- 

suits with perennial ryograss in the United States have 

been on the Pacific and Atlantic Coasts. The principal 
use for perennial ryegrass in the United States is for 
permanent pasture seedings. 

The rate of seeding used in this experiment was 

based on the results of seed mixtures experiments on 

Vancouver Island. The seeding rate used was somewhat 

higher than is often recommended for the Pacific Coast 

area (15, p. 677) but this higher seeding rate has given 

better results on Vancouver Island. 
Several experiments (7) have indicated that grass 

responds to nitrogen applications on Vancouver Island. 
Some of these experiments have indicated that irrigated 
grass reuires frequent nitrogen applications for maximum 

production. Similar results have been obtained in the 

State of washington (16, 1, 33). Also it is iiown (38) 
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that grasses, when grown in mixtures with elovers and other 

legumes, derive nitrogen from the legumes. Therefore the 

nitrogen fertilizer requirements of grasses grown in 

association with legumes should be reduced by comparison 

with grasses not grown in association with legußs. 

Nitrogen applications through encouragement of 

grass growth (3, 6, 8, 18) should tend to increase the 

proportion or grass in grass-legume pasture swards. In 

this study the relative amounts of grasses and clovers in 

the various stands were recorded in an attempt to relate 

fertilizer treatment to the stands of grasses and clovers 

in a mixture containing, these two forage components. 

EXPERIMENTAL L9ThOD3 

Field ilot Design 

The field plots were laid out in the form of a 

split-plot experiment with four replications. The sub- 

plots consisted of two seeding mixtures and the main plots 

consisted of eight fertilizer treatments. The sub-plots 

were randomized within the main plots and the main plots 

were randomized within each replication. The sub-plots 

measured 10 x 4.0 feet and two strips each 30 x 3 feet 

were harvested from each sub-plot for yield and other 

data. 
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Seeding Mixtures 

The two seeding mixtures used in this experiment 

were as follows: 

Table 1. Seeding Mixtures 

Seeding Seeding iate 
Mixture Species (lbs/acre) 

I Perennial Rye 12 
Orchard Grass 12 

II Perennial Rye 12 
Orchard Grass 12 
Ladino Clover 2 

The plots were seeded on June 8, 1954, following a 

blanket treatment of the plot area with an N, FO5, K20 

application of 40, 40 and 20 pounds per acre respectively. 

The seed mixtures were broadcast by hand and the seed was 

covered and packed using a "culti-packer". No yield clips 

were taken in 1954 but the plot area was trimmed to re- 

move excess growth, Sprinkler irrigations sufficient to 

maintain soil moisture levels well above wilting point 

were applied following seeding in 1954. A satisfactory 

stand of grasses and clovers resulted troia this seeding. 

Fertilizer Treatments 

Throughout the experiment N, P2O and K20 were 

supplied as ammonium nitrate, 19 per cent superphosphate, 



and muriate of potash respectively. The following ferti- 

lizer treatments were laid down: 

Table 2. Fertilizer Treatments, 1955 

Total N 
applied 
per 

Pounds per Acre (N - k'205- K20) season 
Treat- (lbs.! 

meat_ March ulj_1_Ag i. ceì 
A O O O O O O O 

B 15-O-O 15-O-O 15-O-O 15-O-O 15-O-O 15-O-O 90 
C 30-O-O 30-O-O 30-O-O 30-O-O 30-0-0 30-0-0 180 

D 45-O-O 4.5-O-O 45-O-O 45-O-O 45-O-O 45-O-O 270 
E 60-O-O 60-O-0 60-O-0 180 
F 60-60-0 6o-O-O 60-O-O 180 
G 60-60-30 60-0-0 60-0-0 180 
H 60-30-30 60-0-0 60-30-0 180 

The plots received a blanket application of borax 

at 25 pounds per acre on tune 4 in an attempt to eliminate 

reddish-brown marginal discoloration of the leaves on a 

small proportion of clover plants. The borax treatment 

was successful in elirrLinating the foliar discoloration. 
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Table 3. Fertilizer Treatnients, 1956 

Total N 
applied 
per 

rounds per Acre (N - P205- K20) season 
Treat- (lbs.! 
ment March acre) 
À O O O O-O-100 O 0-0-loo O 

B 15-0-O 15-O-O 15-O-100 15-O-O 15-0-015-0-100 90 
O 30-O-O 30-O-O 30-O-100 30-O-0 30-O-O 300-100 180 
D 45-O-O 45-O-O 45-O-100 45-O-0 45-O-O 45-0-100 270 

60-O-O 60-O-100 60-O-O O-O-100 180 
F 60-60-O 60-0-O 60-o-o 180 
G 60-60-30 60-0-70 60-0-0 0-0-100 180 
H 60-30-30 60-30-70 60-3-O O-0-100 180 

During the 1956 season severe potassiuni deficiency 

symptome becanie apparent on the clover leaves. As a re- 

su1t, potassluni treatnients were applied to all plots, ex- 

ceptin those under treatments A and F on June 1. Treat- 

nient A received potassium on Tu1y i. Further evidence or 

potassium deficiency in August necessitated a further 

potassium application to all plots, excepting treatment F 

on September 1. A total of 200 pounds per acre of 1C20 

was applied to all plots excepting treatment F in 1956. 

On June II a blanket application of gypsum at 188 

pounds per acre was made to plots receiving treatments A 

to E inclusive. This application was made to supply plots 

A to E with sulfur equivalent to the amount applied to 

plots F to H as a constituent of 19 per cent superphos- 

phate. The sulfur treatment was made in order to avoid 



possible confusion of sulfur and phosphorus responses. 

On Auust 17 soil samples were removed from the 

0-6, 6-12, and 12-18 Inch depths from plots receiving 

treatments B and D. Thus plots receiving both low and 

high rates of nitrogen were sampled. The samples were 

removed from the grass mixture plots in each case and two 

replicates were sampled. 

A 

test for nitrate nitrogen (dlphenylamine) and a 

pli test were run on each sample. The test for nitrate 

was negative in each case indicating no residual accumula- 

tion of nitrate either in the surface soil or sub-surface 

soil down to 18 inches. pli readings also failed to indi- 

cate any residual acidity due to the ammonium nitrate 

applications. 

The pli readings for the lighter nitrogen treatment 

(treatment B) were 5.67, 5.62 and 5.99 for the 0-6, 6-12 

and 12-18 Inch depths respectively. For the heavier 

nitrogen treatment (Treatment D) the pH readings were 

5.53, 5.66 and 6.04 respectively. 



Table 4. FertilIzer Treatments, 1957 

Total 
N 
appi. 

l'ourids per Acre (N - P205 - K20) per 
sea- 
son 

Treat- (1) lbs./ 
ment March i5My1 ue_1_ JuiL i u._1_ Set.1acre 

A O-O-100 O O-O-100 O O-O-100 O O 

B 15-O-100 15-O-O 15-O-100 15-O-O 15-O-100 15-O-O 90 
C 30-0-100 30-0-0 30-0-100 30-0-0 30-0-100 30-0-0 180 
D 45-O-100 45-0-0 45-0-100 45-0-0 45-O-lOO 45-0-0 270 
E 60-o-loo 60-o-loo 60-0-100 180 
F 60-60-o 60-0-O 60-o-0 180 
G 60-60-loo 60-0-100 60-o-loO 180 
H 60-30-100 60-0-100 60-30-100 180 

(1) Gypsum was app1ie to all plots, treatments A to E 
inclusive, at 188 pounds per acre on March 15. 

It Is to be observed In Tables 2, 3 
and 4 that the 

same rates and frequencies of nitrogen application were 

a plied during each of the three years of the experimsnt. 

These are given in Table 5. The treatments used to 

compute mean responses to potassium and phosphorus appli- 

cations over the three-year period of the experiment are 

given in Table 6. 
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Table 5. Frequency and. Rate or 

Nitrogen Applicetions, 1955-57 

Fertilizer No. or N lbs./aore or 

Treat- applica- N applied at 
nient tions per each appli- 

- rear Dates 

A none - - 

B 6 March 15, May 1, Jtm 1 

Ju1y 1, August 1, 
September 1 15 

C 6 -ditto- 30 
D 6 -ditto- 4.5 

E 3 March 15, 3une 1 and 
.iugust 1 60 

Note: for treatments in addition to Nitrogen, see 
Tables 2, 3 and 4. 

Table 6. Potassium and Phosphorus 
Treatments, 1955-57 

'erti1izer Pounds/acre N - ±205 _ 1(20 
Tre a tiiient 
__Q;) --- 195k ----- l56 - 197 

.'K 180-60-30 180-60-200 180-60-300 
-K 180-60-o 180-60-O 180-60-0 

'I' 180-60-0 180-60-200 180-60-300 
-P 180-0-0 180-0-200 180-0-300 

(1) .K means Potassiuxii was applied 
-K means no Potassium was applied 
f.P means Phosphorus was applied 
-P means Phosphorus was not applied 
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$oil 

The experiment was laid down on a soll type 1own 

as Tolmie Sandy Clay Loam on the xperimental Farm, 

Saaniehton, British Coluinbia. The soil is described (30) 

as an imperfectly drained soil developed under Douglas- 

fir, maple, willow, fern or bracken cover and owing its 

origin to iiarine wave action. 

Soil samples for cation exchange capacity and ex- 

changeable K, Ca, Mg, and Na determination were removed 

from plots under Treatment F. Phosphorus determinations 

were made on soil samples from Treatment E. Composite 

samples from the O-6 Inch and 12-18 inch depths were re- 

moved from two replicates in each case. The cation ex- 

change capacity of these soils was determined using i 

normai aizunonium acetate and phosphorus determinations 

were made usina the sodium carbonate method. The soil 

samples were taken in August, 1956. 
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Table 7. Results of 3oil Analysis 

Depth of M.E. per 100 grams of Soil 
Sampling Exeh. Exoh, Exoh. Exch. P 
jinches) C.E.O. K _C,._ M. Na. 

0-6 15.35 0.13 9.2 1.61 0.17 12.1 

12-18 14.10 0.17 11.0 4.00 0.20 3.3 

The soil analysis indicates that the soil had a 

moderately-low cation exchange caaoity and a low level 

of exchangeable potassiui. The amounts of exchangeable 

ca1oiu and magnesium appear to be adequate for plant 

growth. The available phosphorus level was considerably 

lower in the sub-soil than in the surface soil. 

Irrigation 

Bouyouoos gypsum blocks (4, p.37) located at 6, 9, 

12, 18, 24 and 36 inch depths were used as a guide to 

irrigation. iesistance readings were not allowed to ex- 

caed 20,000 ohms which insured that soil moisture was 

maintained well above wilting point at all tines. Sets 

of electrioal resistance blocks were located in each sub- 

plot for treatments D, G and H in two replications. It 

was estimated that these treatments would hìave comparative- 

ly high water requirements. Irrigations were applied as 

blanket applications to the entire plot area with 

sprinklers being used to apply the irrigation water. 
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Irrigation water was applied at each Irrigation until all 

resistance blocks recorded a reading not exceeding 1,000 

Chemical Control of Volunteer Species 

Bi-annual applications of a 2,4-D; 2,4,5-T combina- 

tion at the rate of two pounds active ingredient per acre 

were required to control volunteer white clover and 

certain broad leaved weeds in the grass mixture plots. 

eed and volunteer species control was not a problem In 

the grLss-clover plots. 

ClippIng 

The initial clip each season was taken when six 

inches 01' growth was registered on any of the plots. 

Subsequent clips were taken on a three-week clipping in- 

terval to permit accurate evaluation of seasonal produc- 

tion trends. Clips were performed using a mower with a 

three-foot cutter bar set at a height of one inch. 

Growth on the more productive plots equaled or exceeded 

six inches on each clipping date. The relatively short 

cutting interval probably tended to enhance the percent- 

age stand of Ladino clover and decrease the total 

seasonal dry matter yield. Peterson and Hagan (25) 

found that the percentage of Ladino clover in a grass 



clover pasture mixture increased as the clipping interval 

was decreased stepwise from five to two weeks. They also 

found. that the yield increased as the clipping interval 

was increased from two to five weeks. Brown and Munsell 

(5, p.15) also noted that pasture yields decreased as 

more frequent clipping was performed. 

The relatively short clipping height would tend to 

enhance the percentage stand of Ladino clover. Robinson 

et al.(29) found that the percentage stand of Ladino 

clover in a clover-grass pasture award increased as the 

clipping height was reduced from two to one to one-half 

inches. 

The first and last cutting dates for each year of 

the experiment were as follows: 

Table 8. First and Last Cutting Dates, 1955-57 

First Cutting 
Year Date 

1955 April 22 
1956 AprIl 20 
1957 April 16 

Last Cutting Cutting 
Date Interval 

September 16 3 weeks 
Septeiber 13 3 weeks 
September 9 3 weeks 

Note: Cuttings were performed every 21 days following 
the initial cutting in each case. 

Eight cuttings were taken during each year of 
the experiment. 
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Plant Material 

Green weights were recorded at the time of clipping. 

Weighed samples were removed for dry iaatter and chemical 

analysis and botanical se aration inimediately following 

cutting. Dry matter yields were based on oven drying, at 

95°c (2, p.40/4.) and percentage clover is based on the 

air dry weights ol' all separates. Samples for botanical 

separation were maintained in a creen and succulent state 

by means 01' refrigeration until hand separations had been 

completed. 

Chemical Analysis of Plant Material 

Plant chemical contents are expressed as percent- 

ages of oven dry weight of plant material. 

The protein content 01' the herbage was obtained by 

multiplying the nitrogen content by a factor of 6.25 

(2, p.405). The Kjeldahl method (2, p.26) was used to 

deteriine the nitrogen content of the forage. 

The procedures used in the determination of 

phosphorus, potassium, calcium, and magnesium were report- 

ed by Vard and Johnston (37, p.14-25). The extract was 

prepared by ashing the plant material at 500°C. This ash 

was taken up in a warm solution of HC1 and 1120 and 

filtered. The residue from this filtration was again 



16 

ashed at 500°C, taken up in 11Cl and H20, boiled and 

filtered. The two filtrates constitute the extract. All 

colorimetric or turbidimetric determinations were made 

using a Beckman Model B spectrophotometer. 

khosphorus was determined colorimetrically using 

armnonium molybdate and aiaino-naphthol-sulfonie acid 

solution. The phosphoniolybdate complex is reduced in this 

procedure to the complex niolybderiuni blue which is measured 

colorlinetrically. 

kotassiuia was determined using sodium cobaltinit- 

rite which combines with potassium at a controlled tempera 

turc and pH to form a fine yellow precipitate of sodium 

potassium cobaltinitrite. potassium was measured by a 

turbidinietric determination on a suspension of this fine 

preoipitate. 

Calcium was determined turbidimetrically. Calcium 

was precipitated as a calcium soap by adding a soap 

solution to the planb extract in the presence of amaonia- 

cal citrate solution. 

Magnesium was measured colori.iaetricaily by a 

procedure which is based on the adsorptiOn of thiazole 

yellow on colloidal niagnesiutn hydroxide. 
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Figure a - Partial view of the experimental plots. 
The greater productivity of the grass- 
clover plots as conipared to the grass 
plots is apparent. Photograph taken 
in uly, 1955. 

Figure b - Clipping and weighing herbage from the plots. 



EERIMENTAL RESULTS 

. Yield of Dry Matter 

I. Results Dry Matter Yields 

Table 9. Analysis or Variance - 

Dry Matter Yields 

Degrees 
of Mean Square 

Freedom 1955 1956 1957 

Fertilizer 
Treatments 

Replicate s 
Error " 

Mixture s 
Mixtures x 
Fertilizers 

Error "B" 
Cuts 
Mixtures x Cuts 
Fertilizers x 

C uts 
Fertilizers x 

Mixtures x 
Cuts 

Error "Ca 

7 8261l4* l503325** 
13 18627 1+73602 597921 

21 27976 8507 38291 
1 397246OO* 49633l76** 32349L.53** 

7 334.386** 475Q33** 651480** 
24. 34847 76488 61939 

7 4.462485** 2484731** 394-6500** 
7 6657004* 9901444* 376763*4 

49 126457 86362*4 126109*4 

49 l34l2 4l876 2160" 
336 12718 11910 16761 

* Effect significant at 5% Jrobabi1ity level. 
iffect significant at 1% Probability level. 



19 

Table 10. 1955-57 1ean Liiy ìatter Yields lor Varying 
Fertilizer Treatments (Fertilizers x Mixtures 
x Cuts and Fertilizers x Mixtures) 

Dry Matter Yields - Fart. 
Fort. Mix. lbs per acre (l95-57 Means) x Mix. 
Trtxnt.131 1 2 3 4. 5 5 7 8 Means 
ircir i - 33 46 9I 2r1 To 'l 19 

2 1029 1124. 1009 935 1203 1134 1190 794 1075 

B i 534 883 l39 447 288 214 272 251 4.22 
2 1299 1201 1112 1042 1239 1134 1244 915 1148 

C 1 744 1077 694 731 513 365 534. 477 642 
2 1296 1291+ 1116 1130 1210 1078 1254 896 1159 

L) i 837 1149 830 922 707 508 826 665 805 
2 1268 1287 114.0 1202 1234. 1053 1268 909 1170 

E 1 906 1152 376 686 531 184 769 475 635 
2 1445 1331 998 1109 1294 997 1341 883 1175 

.'K(2) 1 1072 1148 413 803 592 211 818 515 696 
2 1732 1285 1040 1174 1295 1014 1412 937 1236 

-K 1 84.5 1109 384 710 495 200 770 451 620 
2 1265 1312 830 921 912 691 1067 691 961 

fP 1 1001 1183 399 797 572 211 801 474 680 
2 1667 1309 1016 1144 1250 956 1333 879 1194 

-1' 1 906 1154 376 686 531 184 769 475 635 
2 1645 1331 998 1109 1294 997 1341 883 1175 

(1) See Table 5; (2) see Table 6; (3) see Table 1. 
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Table II. 1955-57 Mean Dry Matter 

Yields per Cut - Mixtures 

Mean Dry Matter Yield per Cut 
Mixtures (lbs ./acre) 

1. Grass 582 

2. Grass-Clover 1144 
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Figure e - The greater growth of the grass-clover 
mixture, on the right, as compared. to the 
grass mixture is illustrated in this 
photograph taken in July, 1955. 

Figure d - Â comparison of herbage removed troni grass- 
clover and grass subplots receiving the same 
fertilizer treatment. Grass herbage shown 
on the left. Photographed in July, 1955. 
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II. Discussion of Results - Yields of Dry Matter 

(1) Mixtures 

It is apparent from Figures 3, 4, and 5 that the 

yield of Mixture 2,. the grass-clover mixture, consider- 

ably exceeded the yield of Mixture 1, the grass mixture 

during each of the three years of the experiment. The 

three rear mean annual dry matter yield recorded by 

Mixture 2 and Mixture 1 were 9152 and 4656 pounds per 

acre respectively (Table 11). The inclusion ol' two pounds 

per acre of Ladino clover seed in the seed mixture there- 

fore resulted in almost a 100 per cent increase in dry 

matter production. 

A study of Figures 3, 4, and 5 reveals that the 

least nitrogen fertilized grass-clover mixture produced 

considerably more dry matter during each of the three 

years of the experiment than the most heavily nitrogen 

fertilized grass mixture. This indicates that the inciti- 

sion of Ladino clover in the seeding mixture resulted in 

considerably more economical production of dry matter. 

Over the three year period of the experiment, the grass- 

clover mixture which received no nitrogen fertilization 

produced an average of 8660 pounds of dry matter per acre 

per year (Table 10). The grass mixture when fertilized 

with 270 pounds of nitrogen per year produced 6440 pounds 



of dry matter per acre per year. Non-nitrogen fertilized 

grass produced only 1592 pounds of dry matter per acre 

per year. It is apparent from a study of Figures 2, 3, 

4, and 5 that for nearly every fertilizer treatment, the 

grass-clover mixture gave loss variable production over 

the growing season than the grass mixture. As even 

production is often desirable with pastures, the tendency 

for Ladino clover to enhance this trend is further evidence 

of the value 01 this species in the pasture mixtures under 

study. Thgner (35) also reports more even production 

for an orchard grasa-Ladino clover award as compared to a 

nitrogen fertilized orchard grass sward. 

(2) FertilIzer Treatments 

It is apparent that the dry matter yield of the 

grass mixture increased as the rate of application of 

nitrogen increased (Table 10 and Figures 1, 2, 3, 4, and 

5). Over the three-year period of the experiment grass 

plot dry matter yields were 1592, 3376, 5136, and 6440 

lbs. per acre per year for plots receiving 0, 90, 180, and 

270 pounds per acre of nitrogen per year respectively. 

The first, second, and third 90-pound increments of 

nitrogen applied increased dry matter yields by 1784, 

1760, and 1304 pounds per acre respectively. The first, 

second, and third 90-pound increments of nitrogen 



29 

therefore resulted in dry matter increases of 19.8, 19.5, 

and 14.5 pounds respectively for each pound of nitrogen 

applied. It can thus be seen that the efficiency of the 

third 90-pound nitrogen increment was lower than the 

efficiency of th first and second 90-pound nitrogen 

increments. 

More frequent nitrogen applications resulted in a 

more even production of dry matter by the grass mixture 

over the growing season (Table 10 and Figures 2, 3, 4, nd 

5 - Treatments C and £). More frequent nitrogen applica- 

tions failed to result in consistent dry matter yield 

increases by either mixture. 

Nitrogen applications totaling 90 pounds per acre 

per year increased the dry matter yield recorded by the 

grass-clover mixture (Table 10, and Figures 1, 2, 3, 4, 

and 5) but increasing nitrogen applications beyond 90 

pounds per acre per year tailed to consistently further 

increase yields. 

Over the three-year period o1 the experiment, 

grass-clover plots yielded 8600 and 9184 pounds per acre 

per year of dry matter for the O and 90-pound annual 

nitrogen treatments respectively (Table 10). In 1956 

and 1957 the mean clover content of' the grass-clover 

mixture was 75 and 68 per cent for the O and 90-pound 

per acre nitrogen treatments respectively (Table 18). 
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These results indicate timt the 90-pound per acre nitrogen 

treatment ïncreased the dry in.atter yield and, at the sanie 

time, decreased the percentage stand or c1over. Other 

results reported for this experinient (Table 11) indicate 

that the clover niiture yieldeu considerably more dry 

matter than the grass mixture. It would therefore be 

anticipated that a reduced per cent stand of clover would 

be associated with a reduced dry matter yield. The in- 

crease or dry matter yield which resulted from the 90 

pounìds per acre application or nitrogen is probably 

associated with a substantial increase in the growth of 

grass resulting from nitrogen fertilizer. The increased 

growth of grass probably more than offset the decreased 

yield resultin fron the slight decrease in the per cent 

stand of cloven Applications of nitrogen in excess of 

90 pounds per acre per year resulted in further reductions 

in the percentage stand of clover but failed to further 

increase the dry matter yield of the grass-clover mixture. 

The heavier nitrogen applications therefore apparently 

enhanced the growth of grass to the point where increased 

grass yields offset the loss in yield associated with the 

reduced stand or clover. 

Nitrogen was not nearly as effective in increasing 

the yield of the grass-clover mixture as it was in increaa- 

Ing the yield of the grass mixture. Threeîea. average 
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seasonal dry matter yields of 6OO, 9184, and 9272 pounds 

per acre were recorded by grass-clover plots receiving O, 

90, and 270 pounds of N per acre per year respectively 

(Table 10). 

The dry matter yielcs of both mixtures were in- 

creased by the application of potassium fertilizer 
(Table 10 and Figures 3, 4, and 5). Potassium applications 
resulted in a larger yield increase with the grass-clover 

mixture than with the grass mixture. The yield increases 

resulting from potassium applications became greater as 

the duration of the experiment increased. This is 
probably related to an increasingly acute deficiency of 

potassiwri on the non-potassiunì fertilized plots as the 

duration of the experiment increased. In 1957 three 

applications of 100 pounds per acre of K20 each resulted 

in grass and grass-clover dry matter yields of 5920 and 

9640 pounds per acre resp actively. Non-potassium 

fertilized grass and grass-clover plots yielded 5024 and 

6184 pounds per acre of dry matter respectively in 1957 

(Table A-7). In 1955 a single K20 application of 30 

pounds per acre resulted in grass and grass-clover dry 

matter yielcis ol' 5632 and 9960 pounds per acre respect- 

ively. In 1955 non-potassium fertilized grass and grass- 
clover plots yielded 5232 and d960 pounds per acre of dry 

matter respectively (Table A-l). The rate and frequency 
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of potassium fertilization was increased in 1956 and again 

in 1957 (Tables 2, 3, and 4). Visual potassium deficiency 

symptoms were obvious on Ladino clover plants on non- 

potassium fertilized plots in 1955 and 1956. Reasonably 

frequent potassium applications were required during. the 

second and third years of the experiment to prevent the 

development o1 visible potassiw deficiency symptoms on 

Ladino clover (Tables 3 and ¿). Over the three-year 

period ot the experiment the grass mixture recorded mean 

seasonal dry matter yields of 4960 and 5568 pounds per 

acre for non-potass1u and potassium fertilized plots 

respectively (Table 10). The oorresponding yields for 

the grass-clover mixture were 7688 and 9888 pounds per 

acre dry matter per year for non-potassium and potassium 

fertilized plots. 
Under the discussion on "Per cent Clover", it is 

to be noted that potassium applications increased the 

per cent clover in the pasture sward. The tendency of 

potassium fertilization to Increase the per cent clover 

is probably related to the increase in yield associated 

with potassium fertilization of the grass-clover mixture. 

The increased yield of grass resu1tin, from potassium 

fertilization would also be a factor in the increased 

yield of grass-clover herbage resulting from potassium 

fertilization. 
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Phosphorus applications resulted in a small increase 

of dry matter yield with the grass mixture but did not 

appreciably increase the dry matter yield recorded by the 

grass-clover mixture (Table 10). A 6pound per acre 

application .205 increased the grass mixture seasonal 

dry matter yield from 5080 to 54.40 pounds per acre on the 

basis or the three-year mean (Table 10). The no-phosphorus 

and 60-pound per acre phosphorus treatments resulted in 

dry matter yields of 9400 and 9552 pounds per acre 

respectively for the grass-clover mixture on a seasonal 

basis averaged over three years. Sp1ittinf the phos- 

phorus application and applying half in the spring and 

half in the tall did not increase grass mixture yields 

as much as u single spring phosphorus application. In 

the case of the grass-clover mixture, single and double 

phosphorus applications resulted in essentially the same 

dry matter yields. 

The results indicate that phosphorus was not as 

effective in increasing yields as was potassium. Nitro- 

gen was the most effective of the nutrient elements 

tested in increasing grass mixture yislds, and potassium 

was the most effective in increasing grass-clover mixture 

yields. 



34 

B. Percentage Protein 

I. Results - Percentage krotein 

Table 12. na1ysis oi Variance 
Percentage r rotem 

Degree s 
of 

Freedom 

Fertilizer 
Treatments 7 

Replicates 3 
Error "A" 21 
Mixtures 1 
Mixtures x 

Fertilizers 7 
Error "B" 24 
Cuts 7 
Mixtures x 

Cuts 7 
Fertilizers x 

Cuts 49 
Fertilizers x 

Mixtures x 
Cuts 4_9 

Error "C" 336 

Mean 3quar 
l9 1956 1.97 

9.74 1.36 553** 
78.57 7.4.4 17.7 
6.82 5.95 6.3 

7067** 463O* 884O** 

34.64** 9.90* 68.9** 
7.69 3.60 11.5 

466.1** 307.O** 321.9** 

5875** 38.52** 49,4** 

24_.70** 953** 52.4** 

585** 3.22** 5.5 
1.86 0.623 4.0 

* Effect significant at the 5% probability level. 
** Effect significant at the 1% probability level. 
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Table 13. 1955-57 Mean Percentage Protein recorded by 
Varying Rates and Frequencies of Nitrogen 
Application (Fertilizers x Mixtures x Cuts 
and Fertilizers x Mixtures) 

Percentage Protein 
(1955-57) Means 

Fert. Fart. 
Trtint. Mix. Cut x Mix. j1_j2j ----------------------------- B Means 

A 1 13.5 12.5 14.7 17.2 16.4 16.9 18.2 1B.3 16.0 
2 26.2 24.5 25.5 26.9 26.9 28.2 28.4 30.5 27.1 

, 

B 1 16.0 15.0 15.6 18.7 18.2 16.2 18.8 21.0 17.4 
2 25.5 24.0 25.1 25.5 26.2 27.6 26.9 30.4 26.4 

C 1 18.8 16.7 16.1 18.6 20.9 16.8 19.4 2i.1 18.9 
2 25.9 25.7 23.6 24.8 26.2 25.1 26.9 30.2 26.0 

D 1 19.5 18.4 16.7 19.8 21.9 16.3 21.0 25.8 19.9 
2 25.4 25.4 23.6 24.7 26.8 24.8 26.1 30.4 25.9 

E i 22.3 14.0 14.0 22.7 14.6 14.8 23.7 16.9 17.9 
2 27.6 23.1 23.7 27.8 24.0 26.3 28.5 27.4. 26.0 

(1) See Table 5; (2) see Table 1. 
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Table 14. 1955-57 Mean Percentage Protein recorded by 
Plots receiving and not receiving a) îotassium, 
b) Phosphorus. (Mixtures and Fertilizers) 

Fertilizer 
Treatment 

(1) 

-K 

-P 

1955-57 Mean Per cent Protein 

Mixture i MIxture 2 Fertilizer Mean 

18.3 
18.2 

18 O 
17.9 

(1) See Table 6. 

25.9 
25.5 

25.7 
26.0 

22 1 
21 8 

21 B 
21.9 

Table 15. 1955-57 Mean Per cent Protein-(Mlxtares) 

Mixture Mean Percentage Protein 

i - Grass 18.0 

2 - Grass-clover 26.1 
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II. Discussion of Results - Percentage Protein 

(1) Mixtures 

The grass-clover herbage contained a considerably 

higher percentage protein than the grass herbage during 

each of the three years of the experiment (Tables A-11, 

A-14, and A-17). Average percentages of 18.0 and 26.1 

were recorded for the protein content of the grass and 

grass-clover mixtures respectively over the three rear 

period (Table 15). This indicates the important role 

played by Ladino clover in the production of protein. 

Figure 6 indicates that the grass-clover mixture 

yielded a great deal more protein than the grass mixture. 

Over the three-year period of the experiment the annual 

protein yields recorded by the grass-clover and grass 

mixtures, for the Iour treatments (A to D) involving the 

varying rates of nitrogen application, were 2362 and 750 

pounds per acre respectively. 

Morrison (21, p.1092) reports protein contents of 

20.3 and 14.1 per cent for mixed grass-clover and grass 

pasture herbage respectively. These values are lower 

than the corresponding protein contents reported in this 

study. Morrison's figures do, however, indicate a sub- 

stantially higher protein content for the grass-clover 

herbage as compared to the grass herbage. 
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Wagner (35) reports a protein contenL varying from 

10 to 1.5 per cent for orchard grass pasture herbage re- 

ceiving variable nitrogen treatments. He also reports 

non-nitrogen fertilized orchard grasa-Ladino clover pasture 

produced herbage containing from 12 to 24. per cent protein. 

It is to be observed (Table 13 and Figure 7) that 

the protein content of the non-nitrogen fertilized grass- 

clover herbage tended to Increase in the fall. This 

phenomenon was also observed by :agner (35) in his studies 

of an orchard grasa-Ladino clover pasture sward. 

Further information regarding protein production is 

to be found under the section entitled "Yield of Nitrogen. 

Nitrogen yields can be converted to protein yields using 

a factor of 6.25 (2, p.405). 

(2) Fertilizers 

Nitrogen applications tended to increase the pro- 

tein content of the grass herbage and decrease the protein 

content of the grass-clover herbage (Table 13 and Figure 

10). Grass receiving no nitrogen and 270 pounds of 

nitrogen per year produced herbage containing 16.0 and 

19.9 per cent protein respectively on the basis of three- 

year average results (Table 13). For the same nitrogen 

treatments (0 and 270 pounds per acre) the grass-clover 

herbage recorded 27.1 and 25.9 per cent protein 
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respectively over the three-year period. The decrease in 

the herbage protein content resu1tin. from nitrogen a- 

plications to the gras3-clover mixture is probably 

associatel with the reduced per cent stand of clover in- 

ciuced by nitrogen applications (Table 18). ThIs is 

discussed further under the heading 'Percentage Clover." 

wagner (35) showed that nitrogen fertilization substantial- 

ly increased the protein content of orchardgrass but had 

little effect on the protein content of an orehardgrass- 

Ladino clover pasture sward. 

Nitrogen fertilized grass herbage produced less 

protein both on a yield and percentage basis than a non- 

nitrogen fertilized grass-clover herbage (Tables 13 and 

16 and FIgures 6, 7, 8, and 9). The use of Ladino clover 

in the seed mixture was far more effective in increasing 

protein production than was nitrogen fertilization of the 

grass mixture. 

More frequent nitrogen applications increased the 

protein content of the grass herbage (Table 13 - 

Treatments C and E). Grass mixture plots receiving six 
applications totaling 180 pounds per acre of nitrogen 

produced herbage averaging 19.9 per cent protein over a 

three-year period. Three applications of nitrogen, 

totaling 180 pounds an acre, to the grass mixture resulted 

in herbage containing 17.9 per cent protein. 



4.2 

yore rrequent applieutlons of nitroF)en resulted in 

less variation ol' the crass herbage protein content over 

tue growing season than less frequent nitrogen applica- 

tions (Pigure 7 - Treatments D and E). More frequent 

nitrogen applications did not increase the protein content 

of the grass-clover herbage but resulted in less variation 

of protein content over the gro;ìinr, season (Figure 7 - 

Treatments D and E). 

The application of potassium or phosphorus 

fertilizers did not appreciably alter the per cent 

protein content 01' either mixture (Table 14.). 
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C. Nitrogan Yields 

I. Results - Nitrogen Yield 

Table 16. 1955-57 Me3n Nitrogen Yields for Varying Rates 
and Frequencies of Nitrogen pplication 
(Fertilizers x Mixtures x Cuts and Fertilizers) 

Fert. Nitrogen Yield - .Pounds per icre Fart. 
Trtrnt. Mix. Cut x Mix. 

jl_()_1 __2__4__62_8_ Means 
A 1 5 lO 7 6 3 2 3 2 5 

2 42 45 41 39 51 51 5l 39 45 

B 1 13 21 12 13 8 5 8 8 il 
2 52 46 4.5 41 52 50 54 44 48 

C 1 22 29 18 21 17 lO 17 lB 19 
2 53 53 42 44 50 43 54 43 48 

D 1 25 34 22 28 24 13 28 27 25 

2 49 52 43 47 52 42 53 44 48 

E 1 31 26 8 24 12 4 29 13 18 
2 62 49 38 4.8 4.9 42 62 39 49 

Cut Means 35 36 28 31 32 26 36 28 

(1) See Table 5; (2) see Table 1. 

Table 17. 1955-57 Mean Nitrogen 
Rates and Frequencies 
cation (Mixtures) 

Mixture (1) Nitrogen Yield 

I Grass 
II Grass-clover 

(1) See Table 1. 

Yields for Varying 
of Nitrogen Appli- 

per Cut - lbs.! acre 

16 
48 
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II. Diseusion of .iesu1ts - Nitrogen Yields 

(1) MIxtures 

It Is apparent from Table 17 and 1igures and 9 

that the grass-clover herbage yielded considerably more 

nitrogen than the grass herbage. Over the three -year 

period the mean nitrogen yield per season for the grass 

and grass-clover mixtures was 128 and 384 pounds per acre 

respectively. The non-nitrogen fertilized grass-clover 

mixture (Treatment A) produced an average of 360 pounds 

of nitrogen per acre per season. The most heavily nitro- 

gen fertilized grass mixture (Treatment D) produced an 

average of only 200 pounds of nitrogen per acre per season. 

The non-nitrogen fertilized grass mixture yielded an aver- 

age of only 4.0 pounds per acre of nitrogen per season. 

The inclusion of Ladino clover in the mixture therefore 

Increased the nitrogen yield by 320 pounds per acre per 

season for non-nitrogen fertilized swards. This repre- 

sents a nitrogen yield increase of 600 per cent for the 

non-nitrogen fertilized grass-clover mixture over the non- 

nitrogen fertilized grass mixture. 

(2) Fertilizers 

Table 16 and Figures 8 and 9 show that nitrogen 

fertilization did not appreciably increase the nitrogen 
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yield. recorded by the grass-clover mixture over the three- 

year period of the ex.ierirnent. This was probably due to 

a decrease in percentage stand of clover as nitrogen 

fertilization was increased (Table 19). The nitrogen 

yield recorded by the grass iuixture, however, was sub- 

stantially increased by nitrogen rertilization. Non- 

nitrogen fertilized grass yielded on'y 40 pounds per acre 

per season of nitrogen whereas 270 pounds of nitrogen in 

six applications (Treatment D) when applied to grass re- 

suited in a yield of 200 pounds per acre per season or 

nitrogen. Three applications of nitrogen totaling 180 

pounds per acre resulted in essentially the saae rasan 

nitrogen yield when applied to grass as six applications 

of nitrogen totaling 180 pounds per acre. igure 9, 

however, indicates that the grass plots receiving six 

applications of nitrogen gave a more even production of 

nitrogen than plots which received only three applica- 

tions. 

(3) Nitrogen 1ixation 

It has been indicated under the discussion per- 

taming to mixtures that non-nitrogen fertilized grass 

and grass-clover mixtures yielded 40 and 360 pounds per 

acre per season of nitrogen averaged over the three 

years of the experiment. It can thus be seen that the 
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gras8-clover mixtar yielded 320 pounds or 800 per cent 

more nitrogen per acre than the grass mixture. These 

figures indicate that the Ladino clover in the non- 

nitrogen fertilized rass-c1over mixture probably fixed in 

excess of 300 pounds per acre of nitrogen. 

In an experiment with orchard grass-Ladino clover 

pasture, agner (39) concluded that the fiAation or nitro- 

gen by Ladino clover exceeded 200 pounds per acre. 

it is to be noted (Table 16 and Figure 8) that 

nitrogen applications to the grass-clover iixture failed to 

appreciably increase nitrogen production by this riixttxre. 

The non-nitrogen fertilized grass-clover mixture yielded 

360 pounds per acre of nitrogen per year nd grass-clover 

plots receiving 270 pounds of nitrogen per acre yielded 

384. pounds of nitrogen per acre per year. This indicates 

a lower nitrogen fixation by the nitrogen fertilized 

grass-clover mixture as coripared to the non-nitrogen 

fertilized grass-clover mixture. This is undoubtedly 

associated with the fact that nitrogen applications re- 

suited in a lower percentage stand of clover (Table 18). 



D. Percentage Clover - Mixture 2 

I. Results - Percentage Clover 

Table l. tnalysis of Variance - Percentage Clover 1956-57 

Degrees of 
Freedom 

Fertilizer 
Treatment s 

Replicates 
Error "" 
C ut s 
Fertilïzer Treatiients 

x Cuts 
Error "B" 

Mean Square 
1956 1957 

7 1304** 5437** 
3 237 1645* 

21 122 360.6 
7 1760** 5197** 

49 33 l3O.l* 
168 13 43.15 

* Effect significant at the 5 probability level. 
Effect significant at the l probability level. 

(1) 
Table 19. 1956-57 Mean Percentage Clover (Mixture 2) 

resulting from varying Rates and Frecjuencies 
of Nitrogen Application (Cuts x Fertilizers 
and Fertilizers). 

Fert. 
Trtmt. 1956-57 Mean Percentage Clover -Cut Fert. 
j2j -- Mean_ 
A 62 53 74 75 85 84 85 84 75 
B 56 48 67 69 75 82 72 72 68 
C 45 40 58 59 66 75 58 62 58 
D 32 28 44 51 59 63 50 48 47 
E 38 38 61 59 66 77 60 62 58 

(1) See Table 1; (2) see Table 5. 



(1) 

Table 20. 1956-57 Mean Percentage 1over (Mixture 2) 

recorded by plots fertilized and not 
fertilized with a) Potassium, b) Phosphorus. 

Fertilizer Treatiient 
(2) 

-K 

-P 

Mean Percentage 1over 

(1) Gee Table 1; (2) see Table 6. 
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II. Discussion oÍ Results - Percentage Clover (Grass- 

(1) 

The rate of application of nitrogen had a marked 

effect on the percentage of clover present in the grass- 

clover award, The results for 1956 and 1957 (Pigures 10 

and 11, and Table 19) show that the percentage of clover 

in the award decreased as the rate of nitrogen application 

increased. The average percentage clover in the grass- 

clover sward for the no-nitrogen treatment for 1956 and 

1957 was 75 per cent and for the same period, the average 

percentage clover for the 270 pound per acre nitrogen 

treatment was 47 per cent. Although these results indicate 

a marked reduction in the proportion of clover in the sward 

resulting from a comparatively heavy application of nitro- 

gen, they also indicate that under the conditions of the 

experiment Ladino clover was Quite tolerant to nitrogen 

applications. This was indicated by the fact that Ladino 

clover constituted almost 50 per cent of the stand in a 

grass-clover mixture when six applications totaling 270 

pounds of nitrogen were made during each growing season. 

In an experiment conducted in central .ashington 

(23) nitrogen applications to an irrigated Ladino 

clover-orchard grass pasture resulted in decreased 

percentages of Ladino clover in the pasture sward. 
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The reduction of the percentage stand of clover in a grass- 

clover award resulting from nitrogen apjlications has been 

observed by other workers (3, 6, 36). 

Varying the frequency of nitrogen application 

apparently had little effect on the percentage stand of 

Ladino clover (Table 19 - Treatments C and 

Fertilization with hosphorus had little effect on 

the per cent stand. of Ladino clover (Table 20). i-lots re- 

ceiving 60 pounds of k205 per acre each year recorded 55 

per cent clover and plots not receivin phosphorus recorded 

58 per cent clover in the award in 1951 and 1957. 

The 1955-57 mean phosphorus content of the grass and 

grass-clover mixtures was 0.1+3 and 0.41 per cent respective- 

ly (Table 22). This Is somewhat in excess of the niinimuia 

phosphorus content associated with the satisfactory growth 

of Ladino clover and alfalfa reported by other workers 

(11, 31). It appears therefore that the soil was adequate- 

ly supplied with phosphorus. The fact that no appreciable 

yield response to phosphorus fertilizer was realized in 

this experiment also indicates an adequate level of soil 

phosphorus. The phosphorus content of the non-phosphorus 

fertilized plots was 12.1 p.p.m. using the sodium 

carbonate method (Table 7). 

The application of potassium fertilizer had a very 

marked effect on the percentage of Ladino clover in the 



pastu.re swarcl (Table 20). The mean percentage clover in 

plots receiving potassium in 1956 and 1957 was 55 per cent 

and for plots not receiving potassium the per cent clover 

was 38 for 1956 and 1957. This is in accord with the 

findings 01 Rich and Odland (28) who reported that potassium 

fertilization increased the percentage stand of legumes 

In grass-legume hay. 

The 1955-57 potassium content of the grass-clover 

herbage from plots receiving no potassium applications 

was 1.01 per cent (Table 24). This potassium content 

indicates a somewhat low level of potassium In the herbage 

which was undoubtedly related to a low potassium level in 

the soil as was indicated by the soil test, (Table 7.) 

Plant potassium content is further discussed under the 

heading "Per cent Potassium." 

(2) Fer cent Clover and Dry Matter Yield 

On the basis that .he grass-clover mLture was 

considerably more productive than the grass mixture one 

would expect that an increase in the proportion of clover 

in the stand would tend to increase yields. A study of 

Figure lO, however, indicates that this was not 

necessarily the case. The dry matter yield of the grass- 

clover mixture increased as the nitrogen application was 

Increased from O to 180 pounds per acre, and the 



percentage clover decreased from 75 to 58. The dry matter 

yield of the grass-clover mixture reached a maxinium when 

the nitrogen application approximated 180 pounds per acre 

under which treatment the crass-clover plots averaged 58 

per cent clover. The first 90-pound increment oX nitro- 
gen increased the dry niatter yield o the grass-clover 
mixture by 745 pound1s per acre per season while the second 

90-pound increment further Increased the dry matter yield 
by only 202 pounds per acre er season. Based on these 

results it i doubtful if nitrogen applications o the 

grass-clover niixture would be economical. It is probable 

that yieLì increases due to nitrogen fertilization of the 

grass-clover mixture were associated with the increased 

growth of the grass component. This was discussed under 

the heading "Dry Matter Yields." 

Under conditions whe3 the per cant stand of clover 

was varied due to factors other than nitrogen fertiliza- 

tion, an increase in clover content resulted in an in- 

creased yield or dry natter. Non-potassium fertilized 

grass-clover plots yielded 7688 pounds of dry natter per 

acre on a seasonal basis and produced 38 per cent clover 

over the three year period. otassiwa fertilized grass- 

clover plots yielded 9888 pounds of dry matter per acre 

and produced 55 per cent clover. 

Phosphorus fertilization had no appreciable 
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effect on botanical composition or yield in this experiment. 

This is very likely due to the fact that available phos- 

phorus was not deficient In the soil. 

(3) Pr cent Clover and k-rotein Content of Herbage 

There was e slight tendency for the j.roteln content 

of the herbage to increase as the percentage clover content 

increased. Fertilizer Treatment A, which resulted in 75 

per cent clover in the sward in 1956 and 1957 (Table 19) 

produced herbage cntainlng 28.2 per cent protein whereas 

Treatment D which resulted in 47.0 per cent clover In the 

sward produced herbage containing 27.1 per cent protein 

in 1956 and 1957. The reduction in percentage protein 

content of the herbage resulting from the decreased per 

cent clover in the sward In this example is not great, but 

Treutment i received no nitrogen and Treatment L received 

270 pounds of nitrogen per acre per year. Under these 

circumstances the fact that even a small decrease in 

protein content occurred Indicated the relative iniportance 

of clover In maintaining the protein level of the herbage. 

Also 270 pounds per acre per year of nitrogen when applied 

to a grass sward resulted in herbage containing 19.9 

per cent irotein whereas the crass-clover mixture which 

received no nitroen fertilization produced herbage that 

contained 27.1 per cent protein over the three-year 



period. This indicates that under the conditions of the 

experiment Ladino clover was a much more effective protein 

producer than was grass which was fertilized with 270 

pounds of nitrogen per acre. 

(4) .?er cent Clover and Mineral Content of Herbage 

Figure 12 shows that, or the minerals analyzed for, 

the calcium content varied most with respect to the per- 

centage clover content or the grass-clover mixture. The 

1956-57 average mean calcium content of the herbage as 

1.13 and 0.68 per cent for Treatments i and 1) respective- 

1y. Treatment resulted in 7 and Treatment I) in 47 per 

cent clover in the sward (Table 19). This indicates that 

the calcium content or the herbage decreased as the 

percentage clover content of the sward decreased. It 

will be noted under the discussion pertaining to calcium 

that the calcium content of the grass-clover mixture was 

higher than the calolum content of the grass mixture. 

Figure 12 indicates that the per cent clover 

content in the award had little influence on the phos- 

phorus content of the herbage . The phosphorus content of 

the grass-clover herbage averaged 0.38 per cent for plots 

receivin the varying nitrogen treatments. It will be 

noted under the discussion pertaining to phosphorus that 

herbage from the grass and grass-clover mixtures contained 



59 

similar percentages of phosphorus. On this basis it would 

not be anticipated that the percentage or clover In the 

sward would grettly arfeot the phosphorus content ot the 

herbage. Figwe 12 shows that there was slight tendency 

for the potassium content of the herbage to increase as 

the percentage of clover in the award decreased from 75 

to 68 per cent. The potassium content of the herbage was 

not further decreased by further decreases in the clover 

content of the award. 

Itw ill be observed under the discussion oertain- 

ing to potassium that the grass herbage contained a high- 

er percentage 01' potassiuri than grass-clover herbage. 

On this basis it would be expected that a reduction in 

clover content of the award would be accompanied by an 

increase in potassium content of the herbage. 

Figure 12 shows that the per cent clover in the 

sward had no appreciable influence on the magnesium 

content of the herbage. 



. Percentage À-'hospborus 

I. Results - Percentage Phosphorus 

Table 21. Analysis of Variance - Percentage Phosphorus 

Degree s 
of 

Freedom Mean Square 
1955 

Fertilizer 
Treatments 7 7 .0187** 3.176** .252** 

Replicates 3 3 .0147 .5517 .0111 
Error "A" 21 21 .0032 .2972 .0072 
Mixtures i I .0023 .2743 .1444*4 

Tixtures X 
Fertilizers 7 7 .0037 3949** .0194** 

Error "B" 24 24 .0028 .0910 .0044 
Cuts 2 7 .21094* 1599** .0811 
Mixtures x 

Cuts 2 7 .0163** l.266** .0342** 
Fertilizers x 

Cuts 14 49 .0052 ,1338** .0056** 
Fertilizers x 
Mixtures x 
Cuts 14 49 .0023 .0806* .0035** 

Error "0" 96 336 .0022 .0547 .0021 

* Effect significant at the 5 probability level. 
** Effect significant at the 1 probability level. 
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Table 22. 1955-57 Mean Percentage Phosphorus for 
Different Fertilizer Treatments (Mixtures 
x Fertilizers, Fertilizers and Mixtures) 

Mean Percentage Phosphorus 
Fertilizer Mfxture Fertilizer 
Treatment 1 2 Mean 

A (1) ./i.5 .38 .41 
B .42 .39 .40 
C .37 .37 .37 
D .37 .37 .37 
E .41 .40 .40 
.K (2) .46 .46 .4.7 

-K .44. .50 .47 
qP .45 .45 .45 
-P .41 .4.0 .40 

Mixture Mean .14.3 .41 

(1) See Table 5; (2) see Table 6. 
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II. Discussion of Results - Percentage Phosphorus 

(1) Mixtures 

The phosphorus content 01' the herbage fron the two 

mixtures CUd not differ appreciably (Table 22 and Figure 

12). Over the three-year period of the experiment the 

grass and grass-clover mixtures produced herbage contain- 

ing c43 and c4l per cent phosphorus respectively (Table 

22). Morrison (21, p.1O93) reports 0.32 per cent phosphor- 

us for grass-clover pasture herbage and 0.24. per cent 

phorphorus for grass pasture herbage. Other values report- 

ed by Morrison and other workers indicate that legumes do 

not consistently contain more phosphorus than grasses. 

It is not u.nconuuon for grasses to contain more phosphorus 

than legumes. 

Stivers' et al. (31) results indicate that a plant 

phosphorus content of 0.30 per cent is adequate for good 

growth of alfalfa and Giddens and Toth (11) reported satis- 

factory growth of Ladino clover at plant phosphorus levels 

of between 0.20 and 0.34 per cent. 

(2) 

There was a slight tendency for the phosphorus 

content of the grass herbage to decrease as the amount of 

nitrogen applied was increased (Table 22 and Figure 12). 
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This tendency was not apparent with the grass-clover 

herbage. Over the three-year period of the experiment 

grass plots receiving zero and 270 pounds per acre oT 

nitrogen produced. herbage containing 45 and 0.37 per cent 

phosphorus respectively. Due to the substantial dry 

matter yield increases of grass resultin froLa nitrogen 

applications, the yield of phosphorus increased with 

nitrogen fertilization. 

The grass-clover herbage containedO.3S andO.37 

per cent phosphorus for the zero and 270-pound nitrogen 

applications respectively. 

Fudge (10) studIed the effect of the application 

of various nitrogenous fertilizers on the availability of 

phosphate. He found that nitrogenous fertilizers having 

an acidic residual effect decreased phosphorus availabil- 

ity. Pierre (26) found that ammonium nitrate, which was 

used as the nitrogen source in this study, had an acidic 

residual effect. Soil tests (see discussion under 

"Fertilizer Treatments"), however, did not indicate any 

prolonged residual effect from anuîonium nitrate applica- 

tions in this experiment. The possibility of short periods 

of acidity resulting, from nitrogen fertilization cannot, 

however, be discounted. 3uch short periods of acidity 

could result in reduced phosphorus availability. 

The application of phosphorus fertilizer tended to 
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increase the phosphorus content o1 both mixtures (Table 

22). Over the three-year period the grass plots produced 

herbage containing 0.41 and 0.45 per cent phosphorus ror 

the zero and 60 pounds per acre phosphorus tre3tments 

respectively. Grass-clover plots produced herbage con- 

taining 0.40 and 0.45 per cent phosphorus for the same 

treatments (0 and 60 pounds per acre phosphorus) 

respectively. 

It is to be observed that the phosphorus content 

of even the non-phosphorus rertilized herbage in this 

eer1ment was adequate. This indicates that the soil was 

relatively well supplied with phosphorus which would ac- 

count for the fact that yield increases due to phosphorus 

applications were not appreciable (Table 10). 

j'otassiuni fertilization did not have a consistent 

effect on the phosphorus content of the herbage (Tables 

A-24, A-27, Ä-30 Treatments F and G). Potassium 

fertilization did, however, consistently increase phosphor- 

us yields. This Is related to the fact that potassium 

fertilization increased the dry matter yields of both 

mixtures (Table 24). 

In 1955 grass plots receiving O and 30 pounds per 

acre of K20 yielded 2.44 and 3.38 pounds per acre per year 

of phosphorus respectively bused on three clippings, and 

produced herbage containing 41 and Q45 per cent of 



phosphorus respectively. In 1956 grass plots receiving O 

and 200 pounds per acre of K20 yielded 2.67 and 3.09 

pounds per acre per cut of phosphorus respectively, based 

on eight clippings, and produced herbage containing 0.49 

and 0.51 per cent phosphorus respectively, in 1957 grass 

plots receivinr O and 300 pounds per acre or K20 yielded 

3.06 and 3.47 pounds ier acre per cut phosphorus 

respectively and produced herbage containing 0.4e and 0.47 

per cent phosphorus respectively. Over the three-year 

period of the experiment non-potassium fertilized and 

potassium fertilized grass plots produced 2.72 end 3.31 

pounds per acre per cut of phosphorus und herbage contain- 

ing 0.44 and 0.48 per cent phosphorus respectively. 

Non-potassium fertilized grass-clover plots produced 

herbage containing 0.45, 0.53 and 0.51 per cent phosphorus 

in 1955, 1956 and 1957 respectively. Grass-clover plots 

receiving 30, 200 and 300 pounds of potassium in 1955, 1956 

and 1957 produced herbage containing 0.46, 0.49 and 0.42 

per cent phosphorus respectively. The heavier potassium 

applications in 1956 and 1957 therefore tended to reduce 

the phosphorus content of the grass-clover mixture. Over 

the three-year period non-potassium and potassium 

fertilized grass-clover plots produced herbage containing 

0.50 and 0.46 por cent phosphorus respectively. 
Due to the increased dry matter yield of the 



67 

grass-clover mixture resulting from potassium applications, 

the potassluni fertilized plots consistently yielded more 

phosphor.is than the non-potassium rertilized plots. Over 

the three-year period or the exper1mnt non-potassiwn and 

potassium rertilized crass-clover plots produced 4.82 and 

5.84 pounds oi phosphorus per acre per cut respectively. 

The fact that the yield of phosphorus increased as the dry 
niatter yield increased is related to the fact that the 

soil contained adequate phosphorus levels for plant growth. 

This resulted. in only slight reductions of plant phos- 

phorus content as the dry matter yield was increased. 

For soils whose phosphorus content was near marginal 

with respect to plant grovth an increase of yield would 

probably be accompanied by a d.'creased plant phosphorus 
content. 



F. Percentage kotasslum 

I. Results - Lercentage Potassium 

Table 23. Analysis of Variance - Percentage Potassium 

Degrees 
or 

Freedom Mean Square 
-- 

Fertilizer 
Treatments 7 7 

574* 32.92** 39.23** 

Replicates 3 3 .821 1.55 1.09 
Error "A" 21 21 .185 1.52 .137 
Mixtures 1 1 10.14 401.9** 17.31** 

Mixtures x 
Fertilizers 7 7 .065 5.28 .586** 

Error "Bt' 24 24 .084 3.60 .160 
Cuts 2 7 5.21** 71.50** 7.703** 

Mixtures x Cuts 2 7 2,97** 6.19** .703** 

Fertilizers x 
Cuts 14 49 .346** 4.63*K .567** 

Fertilizers i 
Mixtures x 
Cuts 14 49 .067 l.26** .140 

Error "C" 96 336 .088 .573 .139 

* iffect significant at 5% probability level. 
** Effect significant at 1% probability level. 



Table 24. 1955-57 Mean Percentage Potassium for 
Different Fertilizer Treatments (Mixtures x 
Fertilizers, Fertilizers, and Mixtures) 

Mean Percentage Potassium 
Fertilizer Mixture (3) Fertilizer 
Treatment 1 2 Mean 

A (1) 2.31 1.89 2.10 
B 2.64 2.08 2.36 
C 2.62 2.10 2.36 
D 2.45 2.08 2.26 
E 2.67 2.16 2.41 

'K (2) 2.81 2.17 2.49 

-K 1.65 1.01 1.33 
2 2.68 2.11 2.39 
-P 2.67 2.16 2.41 

ixture Mean 2.47 1.95 

(1) See Table 5; (2) see table 6; (3) see table 1. 
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II. Discussion of Results - Per cent Potassium 

(1) Mixtures 

The grass herbage was higher in potassium content 

than the grass-clover herbage during each of the three 

years of the experiment (Tables A-'34, A-37, and A-40). 

The average potassium content for the grass and grass- 

clover herbage were 2.47 and 1.95 per cent respectively 

over the three-year period of the experiment (Table 24 

and Figure 12). The total amount of potassium removed, 

however, was greater for the grass-clover mixture than for 

the grass mixture due to the substantially higher dry 

matter yield recorded by the grass-clover mixture. 

The reported potassium contents of grasses and 

legumes are extremely variable. Potassium contents of 

grasses and legumes range from 0.75 per cent to 5.00 per 

cent (6, 11, 21, p.1154, 31) with grasses tending to be 

somewhat higher in potassium content than clovers. 

Stivers' and Ohlrogge (31) consider a plant potassium con- 

tent of at least 1.0 per cent to be essential to the sur- 

vival of alfalfa. The work of 3tivers and Ohlrogge and of 

Giddens and Toth (il) indicates a minimum plant potassium 

content of approximately 1.5 per cent to be reçuired for 

the optimum growth of alfalfa and Ladino clover. Brown 

(6) reported that grass tended to remove more potassium 
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than did White clover and Giddens and Toth (11) report 

luxury consuwptlon of potassiwu by Ladino clover. There 

is some evidence of luxury consumption of potassium in this 

experiment with this tendency being most prevalent in 1957 

when the heaviest potassium treatments were applied ('rabies 

A-39, A-40, and i-4l). 

(2) Fertilizers 

Nitrogen applications totaling 90 pounds per year 

Increased the potassium content of the grass herbage dur- 

Ing each year of the experiment (Tables A-33, A-36, A-39), 

Gruss herbage receiving no-nitrogen und 90 pounds of 

nitrogen contained 2.31 and 2.64 per cent potassium 

respeotively, over the three-year period (Table 24). 

Nitrogen applications in excess of 90 pounds per acre tend- 

ed to decrease the potassium content of the grass herbage 

(Figure 12). Due to increased yield of grass resulting 

from nitrogen fertilization, however, the potassium yield 

was Increased by nitrogen fertilization. A nitrogen ap- 

plication of 90 pounds per acre increased the potassium 

content of the grass-clover herbage from 1.89 to 2.08 

per cent (Table 24 and Figure 12). Futher nitrogen ap- 

plications in excess of 90 pounds per acre did not 

further increase the potassium content of the grass- 

clover herbage. As grass herbage contained more potassium 



72 

than grass-clover herbage it would be anticipated that the 

increase in per cent grass In the sward resulting tro 

nitrogen ajplications would tend to increase the potassium 

content o1 the grass-clover herbage. 

Thortas (32), Ulrich (34) and Jenny (17) aU cite 

cases where nitrogen Lertilization has increased potassium 

uptake by plants. Jenny states that small aniounts of 

ions on the colloidal particles seam to stimulate K intake 

by plant roots. 

Other workers (1, 24, p.12) report that the fixation 

of anmionia by 3oils can block the release of potassium. 

It is now known that animonia-potassiuni interactions 

in the soil depend on the clay mineralogy of the soil. 

The frequency of nitrogen applications had no 

appreciable effect on the potassium content of either 

mixture (Table 2t, Treatments C and E). 

kthosphorus applications had no consistent effect on 

the herbage potassium content of either mixture (Table 24). 

Applications of potassium fertilizer considerably 

increased the potassium content of the herbage for each 

mixture during each year or the experiment (Tables A-33, 

A-36, and À-39 - Treatments F and G). Potassium Lertiliza- 

tion increased the potassium content of the grass herbage 

from 1.65 to 2.83. per cent and the potassium content of the 

grass-clover herbage from 1.01 to 2.17 per cent on the 

basis of three years' results (Table 24). 
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G-. Percentage Calcium 

I. Results - Percentage Calcitua 

Table 25. Analysis of Variance - Percentage Calcium 

I)egrees 
of 

- 
Preedox Mean 3q.uare 

Fertilizer 
Treatments 7 7 .698** 12.39** 577* 

Replicates 3 3 .028 .B87 .353 
Error "A" 21 21 .084 .081 .089 
ML.tures 1 1 16.38** 1086. 26.14** 
Mixtures x 

Fertilizers 7 7 .027 1.49 .254** 

Error "B" 24 24 .039 1.27 .051 
Cuts 2 7 1.689 33574* 2.5974* 
Mixtares x Cuts 2 7 .6864* 10.95 .476*4 
Fertilizers x 

Cuts 1/4. 49 .037 1.07k .093*4 
Fertilizers x 
Mixtures x 
Cuts 14 49 .074 1.344* 045 

Error "0" 96 336 .056 .703 .057 

* Effect significant at the 5% probability level. 
Effect significant at the 1% probability level. 
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Table 26. 1955-57 Mean Percentage Calcium for different 
Fertilizer Treatments (Mixtures x Fertilizers, 
and Fertilizers) 

Mean Percentage Calcium 
Fertilizer Mixture (3) Irertilizer 
Treatment 2 Mean 

A (1) .67 1.40 1.03 
B .47 1.20 .83 
C .37 .98 .67 
D .35 .88 .61 
E .38 .98 .68 
K (2) .4J 1.07 .75 
-K .49 1.00 .74 

.39 1.05 .72 
-P .38 .98 .68 

Mixture Means .45 1.07 

(1) See Table 5; (2) see Table 6; (3) see Table 1. 
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II. Discussion of Results - Per cent Calcium 

(1) Mixtures 

The grass-clover herbage recorded a higher calcium 

content than the grass herbage during each year of the 

experiment (Tables -43, A-46, and A-49). Calcium contents 

of 0.45 and 1.07 per cent were recorded by the grass and 

grass-clover herbage respectively over the three-year 

period (Table 26). It can thus be seen that the calcium 

content of the forage was considerably enhanced by Ladino 

clover. 

Other workers (6, 21, p.7) have reported that clover 

normally contains considerably more calcium than grass. 

Calcium contents reported for Ladino clover range from 0.50 

to 1.80 per cent (11, 21, p. 1154). Satisfactory growth 

of Ladino clover has been reported when the plant calcium 

content was as low as 0.50 per cent (12). Morrison 

(21, p.1154) reports 0.48, 1.05 and 1.32 per cent calcium 

for grass, grasa-Ladino clover, and Ladino clover-hay 

respectively. Brown and iouse (6) report satisfactory 

growth of white clover and Dallisgrass having plant calcium 

contents of 3.36 and 1.45 per cent respectively. The soil 

test values obtained for exchangeable calcium in this 

experiment indicate an adequate supply of calcium in the 

soil. 
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(2) Jert11izers 

Nitrogen applications reduced the plant calcium 

content or both mixtures appreciably (Table 26 and Figure 

12). Over a three-year period herbage from grass plots 

receivixt. no nitrogen applications recorded a zaean otalcium 

content or 0.67 per cent and grass plots receiving 270 

pounds of nitrogen per year yielded herbage containing 
0.35 per cent calcium, On the saine basis grass-clover 

herbage contained l.40 and O.33 per cent calcium for the 

non-nitrogen and nitrogen treated plots respectively. 
Undoubtedly the reduced per cent stand of clover induced 

by the nitrogen treatm.ents was largely responsible for the 

reduction in herbage calciwn content with nitrogen 

fertilization of the grass-clover niixture. This is clearly 
depicted in Figure 12. Grass-clover herbage receiving 

no nitrogen and 270 pounds or nitrogen per acre contained 

75 and 47 per cent clover respectively. Nitrogen fertilizo- 

tion reduced the calcium yield of the grass-clover ixture 

and increased th3 calcium yield of the grass niixture. 

The frequency of nitrogen application had no consistent 

effect on the calcium content of either mixture (Table 26 - 

Treatments G and E). 

The application of phosphorus fertilizer had no 

appreciable effect on the herbage calcium content of either 
mixture (Table 26). 
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In 1955 grass .niixture plots receiving O and 30 

pounds per acre o potash produced herbage containing 0.43 

and 0.59 per cent c1c1u.nï r'spective1y. Thirty pounds per 

acre o1 potash therefore tended to increase calcium content 

of grass herbage. 

In 1956 the potash application was increased to 200 

pounds per cefO. This application resulted in a grass 

herbage content of 0.41 per cent calcium as compared to 

0.51 per cent calcium for the grass plots receiving no 

potassium applications. In 1956 therfore, a 20Oound per 

acre potash application tended to reduce tha calciura 

content of grass herbage. The calcium yield for th two 

treatnints was the saae. 

In 1957 a 300-pound per acre application of potash 

reduced grass herbage calcium content from 0.53 to 0.34 

per cent and resulted in a substantially lower yield of 

C aic i uni. 

These results indicate that the ialciwu content of 

grass herbage was reduced as a result of the heavier appli- 

cation of potassium and that the 300-pound per acre potas- 
slum application reduced the calcium yield. 

Several workers (9, 19) have shoìri that calcium 

uptake by plants can be reduced by applications of 

potassium. 

The calcium content of the grass-clover herbage 



was not apreoiab1y affected by potassium applications 

(Table 26). The fact that potassium applications to the 

grass-clover mixture did not decrease the herbage calcium 

content is probably related to the increased per cent 

clover content resulting from the potassium applications. 
s clover herbage contained considerably more calcium in 

this experiment than grass herbage, any treatment which 

tended to increase the clover content ol' a mixture would 

tend to increase the cìlciwn content of that mixture. 
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H. Per cent Magnes1u 

I. Results - Per cent Magnesiwn 

Table 27. Analysis of Variance - Per cent Magnesium 

Degrees 
o1 

Preedcnn Mean Sguare - 1955 i95ól57 1955 1956 1957 

Fertilizer 
Treatments 7 7 .005 .290* .O63* 

Replicates 3 3 .018 .17 .003 
Error "A" 21 21 .007 .080 .0015 
Mixtures J. 3. .137** 22.4.9** .252** 
Mixtures x 

Fertilizers 7 7 .004. .!30** .0023* 
Error 9:3t1 24 24 .006 .023 .0009 
Cuts 2 7 .332** 8.4.2** .101l** 
Mixtures x 

Cuts 2 7 
Q44* .670** .01O4' 

Fertilizers x 
Cuts 14 49 .008 Q77** .0027 

Fertilizers z 
Mixtures z 
Cuts 14 49 .006 .065* .0010 

Error "C" 96 336 .014 .037 .0024 

* Effect significant at 5? probability level. 
** Effect significant at 1 probability level. 



Table 28. 1955-57 Mean iercentage Magnesium for 
Different Fertilizer Treatments 
(Mixtures x Fertilizers and Fertilizers) 

Mean Percentage magne aiuta 
Fertilizer Mixture (3) Fertilizer 
Treatnent I 2 Mean 

A (1) .28 .33 .30 
B .28 .34 .31 
C .28 .33 .30 
D .29 .j3 .31 
E .26 .32 .29 
rK (2) .27 .34. .30 
-K .30 .37 .33 

.26 .34. .30 
-P .32 .29 

Mixture Mean .28 .34 

(1) See Table 5; (2) see Table 6; (3) see Table 1. 



II. Discussion o1 Results - Per cent Magnesium 

(1) MLtures 

Over the three-year period of the experiment 

herbage from the grass and grass-clover mixtwes recorded 

0.28 and 0.34 per cent magnesium content respectively 

(Table 28). The clover-grass herbage therefore contained 

sliht1y more inagnesiwu than the grass herbage. 

Magnesium contents ranging from 0.10 to 0.34 per cent 

for grasses and from 0.20 to 0.44 per cent for legumes have 

been reported (12, p. 33; 20, p. 298). Legumes normally 

contain more magnesium than grasses. Giddens and Toth (11) 

rep ort satisfactory growth of Ladino clover over a plant 

magnesium content ranging from 0.22 to 0.80 per cent. The 

magnesium content of herbage in this experiment indicates 

an adequate supply of magnesium. Also the soil test 

values for magnesium (Table 7) indicate the presence of 

adequate magnesium in the soil. 

(2) Fertilizers 

Applications of nitrogen or phosphorus did not have 

any appreciable effect on the magnesium content of herbage 

from either mixture (Table 28 and Figure 12). 

Iotassium applications slightly decreased the 

herbage magnesium content of both mixtures (Table 27). 
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The tendency for potassium fertilization to reduce the up- 

take of magnesiwu by plants has been observed by other 
workers (29, 4, 28). Prince et al.(27) state that the most 

importint s1nle factor affecting magnesium uptake by plants 

is the quantity of potassium that is available. In 1955 

magnesium uptake was not appreciably affected by potassium 

applications with either mixture (Table -5l - Treatments 

F and G). This was undoubtedly due to the relatively snail 

potassium application made in 1955. 

Thirty, 200 and 300 pounds per acre of potash were 

applied in 1955, 1956 and 1957 respectively (Table 6). 

The 200-pound potash application in 1956 decreased the 

magnesium content of the grass herbage from 0.35 to 0.3]. 

per cent and decreased the magnesium content of the grass- 

clover herbage froni 0.42 to 0.40 per cent (Table A-54 - 

Treatments F and G). In 1957 a 3O0-ound per acre potash 

application decreased th6 magnesium content of the grass 

herbage from 0.35 to 0.27 per cent and decreased the 

magnesium content of the grass herbage from 0.40 to 0.32 

per cent (ifable A-57 - Treatments F and G). These 

rosults indicate that increased rates of potassium applica- 

tion resulted in greater reductions of magnesium content 

of the herbage. totassium fertilization did not 

appreciably affect the magnesium yield of the grass 

mixture as the increased yield of herbage due to potassium 



fertilization tended to oifset the reduced inagnesiwn con- 

tent of the herbage. k'otassium fertilization increased 

the magnesium yield of the grass-clover mixture in spite 

of the fact that the herbage contained a lower eroentage 

of magnesium when potassium fertilized. 



STh1MARY 

Over a three-year period, under Irrigated condi- 

tions, a paeture mixture consisting of orchard grass, 

perenn1a1 rye and Ladino clover outylelued a pasture 

mixture consisting of orchard grass and perennial rye by 

96 per cent on a dry matter basis. The presence of Ladino 

clover in the pasture sward therefore greatly enhanced the 

productivity of the pasture. 

The grass-clover mixture possessed a considerably 

greater content of protein than the grass mixture. Over 

a three-year period the grass-clover mixture produced 184 

per cent more protein than the grass mixture. 

A grass mixture receiving frequent and relatively 

heavy nitrogen applications had a lower protein content 

and produced less dry matter and protein than a grass- 

clover mixture which received no nitrogen applications. 

Ladino clover was therefore a more important factor in the 

production of dry matter and protein than were nitrogen 

applications to a grass mixture. 

In addition to its higher yielding ability the 

grass-clover mixture gave a more equable production of 

pasture herbage throughout the growing season. 

Nitrogen applications greatly increased the 

productivity of the grass mixture with the yield of dry 



matter increasing with increased rates of' nitrogen appli- 

cation. Increasing the f'requency of' nitrogen applications 

to the grass-clover and grass mixtures from three per 

season to six per season failed to increase the seasonal 

yields but was effective in leveling out production over 

the growth period with both mixtures. 

A nitrogen application of' 90 pounds per acre in six 

applications of 15 pounds each per year increased the yield 

recorded by the grass-clover mixture. Nitrogen applications 

in excess of this aniount, however, failed to further 

appreciably increase the productivity of the grass-clover 

mixture. 

Nitrogen applications more effectively increased 

the yield of the grass mixture than the grass-clover 

mixture. 

otass1wn fertilization increased both grass and 

grass-clover yields and two to three applications of 

potassium per year were found necessary to maintain 

production particularly with the grass-clover mixture. 

The potassium level in the unfertilized soil was low. 

khosphorus applications did not appreciably in- 

crease the dry matter yield of either mixture due to a 

relatively high level of available phosphorus in the soil. 

Nitrogen applications tended to increase the protein 

content of the grass mixture and decrease the protein 



content of the grass-clover mixture. The decrease in 

protein content resulting froìi nitrogen applications to 

the grass-clover mixture is probably associated with the 

reduction in the per cent stand of clover resulting, from 

the nitrogen applications. Nitrogen applications tended 

to enhance the growth of grass more than the growth of 

clover. 

The grass-clover mixture yielded considerably more 

nitrogen than the grass mixture. Nitrogen fertilization 

increased the nitrogen yield of the grass mixture but did 

not appreciably influence the nitrogen yield of the 

grass-clover mixture due to the reduction in the per cent 

stand of clover resulting from nitrogen application. 

Non-nitrogen fertilized grass-clover herbage yielded 800 

per cent more nitrogen than non-nitrogen fertilized grass 

herbage, thus indicating a high level of nitrogen fixation 

by the clover component of the grass-clover mixture. 

The percentage stand of clover in the grass-clover 

sward decreased as the rate of nitrogen fertilization was 

increased but Ladino clover exhibited good tolerance to 

nitrogen fertilization. Varying the frequency of nitrogen 

application had little tendency to alter the percentage 

stand of clover in the grass-clover mixture. Potassium 

fertilization considerably increased the per cent stand 

of clover but phosphorus fertilization was not effective 



In this regard. The reduction of clover content resu1tiri 

from nitrogen fertilization did not result in a reduced 

yield by the grass-clover rtiixture due to the increase in 

the growth of the grass cornionent resulting from nitrogen 

rertilization. The calciwn content of the herbage in- 

creased as the percentage stand of clover increased. The 

pOta3SiU.nl content of the herbage increased as the per cent 

stand of clover decreased from 75 to 68 per cent but 

further decreases in per cent clover did not result in 

further decreases of potassiuni content of the herbage. 

The per cent content of phosphorus and rnagnesiw were not 

appreciably affected by the per cent clover content. 

Herbage from the two mixtures differed very little 

in phosphorus content. The grass-clover herbage contained 

more calciujn, slightly more magnesium and less potassium 

than the grass herbage. 

Nitrogen applications slightly reduced the phos- 

phorus content but Increased the phosphorus yield of the 

grass mixture. Nitrogen applications did not reduce the 

phosphorus content of the grass-clover herbage . Phosphorus 

applications slightly increased the herbage phosphorus 

content of both mixtures. Potassium fertilization tended 

to slightly decrease the per cent phosphorus content of 

grass-clover herbage but increased the phosphorus yield 

recorded by this mixture. 



Six nitrogen applications totaling 90 pounds per 

acre per year tended to increase the per cent potassium 

content oÍ the grass herbage whereas heavier nitrogen 

applications tended to decrease the per cent potassium 

content. Nitrogen applications increased the potassium 

yield or the grass-clover mixture. 

Six nitrogen applications totaling 90 pounds per 

acre per year increased the per cent potassium content of 

the grass-clover herbage but heavier nitrogen applica- 

tions failed to further increase the per cent potassium 

content. 

J?hosphorus fertilization had no consistent effect 

on the herbage potassium content o1 either mixture. 

k'otassiuin fertilization increased the herbage 

potassium content of both mixtures. 

Nitrogen fertilization reduced the herbage per cent 

calcium content of both mixtures, increased the calcium 

yield of the grass mixture and reduced the calcium yield 

of the grass-clover mixture. 

ihosphorus fertilization had no appreciable in- 

fluence on the herbage calcium content of either mixture. 

Heavier potassium applications reduced the calcium 

content arid calcium yield of grass herbage. Potassium 

applications did not appreciably affect the calcium content 

of the grass-clover herbage. 



Nitrogen or phosphorus applications did not 

appreciubly affect the magnesium content of either mixture. 

Potassium applications slirhtly decreased the magnesium 

content oi both mixtures. 
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APPENDIX 

Tables reporting yields and nutrient contents of 

the two mixtures on a yearly basis are presented in the 

following appendix. The analyses of variance for the 

data reported are to be found in the preceding portions 

of the thesis. 
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Table A-2. 1955 Mean Dry Matter Yields (Mixtures x Cuts 
and Mixtures) 

Mixture Dry Matter Yields lbs./acre 
Cut Mixture 

---- 2____4__ -------------------------------- 

1 (Grass) 1007 1028 493 783 454 218 498 306 598 
2 (Grass- 

clover) 1635 1113 1048 1417 1148 964 1095 820 1158 

Table A-3. 1955 Mean Dry Matter Yields (Pertilizers x 
Cuts and Fertilizers) 

Pert. Dry Matter Yields lbs./acre 
Trtmt. Cut 

A 765 723 580 755 655 627 
B 1126 101]. 753 925 705 671 
C 1178 1215 900 1093 771 635 
D 1259 ].3l1 1095 1224 901 655 
E 1581 1138 697 1146 818 502 
F 1452 1116 684 1188 792 494 
G 1656 1029 741 1242 888 582 
H 1549 1021 715 1227 880 560 

(1) See Table 2. 

.trert. 

Means. 

574 428 638 
653 516 795 
704 548 880 
793 651 986 
871 565 915 
844 526 887 
989 673 975 
945 600 937 
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Table A-5. 1956 Mean Dry Matter Yields (Mixtures x Cuts 
and Mixtures) 

Mixture Dry Matter Yields lbs./per acre 
Cut Mixture 

------------------------------------------------ 
ens_ 

1 (Grass) 369 1034 534 736 489 176 533 587 557 
2 (Grass- 

Clover) 1000 1423 1165 1028 1458 995 1394 977 1180 

Table A-6. 1956 Mean Dry Matter Yields (Fertilizers x 
Cuts and Fertilizers) 

Fart. Dry Matter Yields - lbs./acre 
Trtnit. Cut Fert. 

(1) --------- 2.__4__. --------- Means 
A 452 829 796 561 804 610 771 493 664 
B 638 1087 974 781 939 625 856 696 824 
C 635 1201 1020 985 1061 645 981 903 929 
D 605 1249 957 1132 1162 729 1071 960 983 
E 601 1310 741 823 1044 599 1061 818 875 

F 729 1338 724 782 762 373 848 724 785 
G 958 144.0 803 1016 1003 543 1035 818 952 
H 857 1373 776 978 1012 558 1084 843 935 

(1) See Table 3. 
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Table 1957 Mean Dry Matter Yields (Mixtures z Cuts, 
and Mixtures) 

Dry Matter Yields - lbs./acre 
Cut Mixture 

Mixture 2 3 5 6 7 8 Means 

(1) Grass 905 987 421 4.6]. 462 333 793 370 592 
(2) Grass- 

C1overl0 1256 888 808 1012 1092 1346 831 1094 

Table Â-9. 1957 Mean Dry Matter Yields (Ierti1izers x 
Cuts and Fertilizers) 

Fort. Dry Matter Yields lbs./aere 
Trtxnt. Cut Fert. 
_(2) ___2_ ___4___.. Means 

Â 679 863 574 402 508 590 577 391 573 
B 986 1028 674 527 646 724. 764 537 736 
C 124.6 1141 795 714 752 883 997 607 892 
D 1292 1094 902 830 849 956 1277 750 994 
E 1343 1277 622 724 875 670 1232 655 925 
F 984 1178 413 4.77 558 468 1063 462 700 
G 1592 1182 635 708 938 713 1322 686 972 
H 1577 1209 620 689 769 693 1324 714 949 

(1) See Table 4. 
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Table A-10, 1955 Mean Percentage Protein (Fertilizers 
x Mixtures x Cuts, Fertilizers x Mixtures, 
and Cuts) 

er cent Protein 
Fert. Pert. 
Trtmt. Mix. Cut X 

_()__(a)__2___4_ ---------- Means 
A 1 11.0 11.8 12.7 14.2 16.4 14.8 16.0 21.1 14.8 

2 19.8 22.3 24.0 23.8 24.8 26.3 27.9 31.8 25.]. 

B 1 12.1 15.9 13.5 14.6 17.6 15.0 17.6 22.6 16.1 
2 19.2 19.0 23.5 21.7 24.5 25.5 27.3 30.5 23.9 

C 1 14.2 18.4 12.9 15.3 19.1 14.5 17.9 26.0 17.3 
2 19.8 25.6 19.9 20.8 23.8 23.9 25.1 30.5 23.7 

D 1 15.7 20.0 13.1 16.3 20.7 14.7 19.3 25.9 18.2 
2 19.7 25.8 19.8 20.8 24.0 22.5 25.2 30.2 23.6 

] i 18.2 13.9 12.6 19.1 13.5 13.8 21.4 17.7 16.3 
2 21.3 20.9 20.9 22.7 21.7 25.4 27.1 29.1 23.7 

: 1 17.4 14.5 12.5 18.8 13.7 13.5 20.5 17.8 16.]. 

2 20.7 20.3 22.3 21.0 25.1 27.0 28.3 23.4 

G 1 17.5 19.1 13.5 18.8 13.5 14.1 22.1 18.4 17.2 
2 21.0 22.4 21.4 23.5 21.3 26.6 26.8 28.6 24.0 

H 1 17.2 14.1 12.2 18.8 13.6 13.6 21.1 17.4 16.0 
2 21.4 23.0 22.2 23.6 21.2 25.1 27.2 29.4 24.2 

Cut MeaxE 18.0 19.2 17.2 19.7 19.4 19.6 23.1 25.3 

(1) See Table 2; 

(2) See Table 1. 
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Table A-11. 1955 Mean Fercentage rrotein (Mixtures x 
Cuts and Mixtures) 

Per cent Protein 
Cut Mixture 

MiXture ------------------- 462UMeans 
1. Grass 15.14. 16.0 12.9 17.0 16.0 14.2 19.5 20.9 16.5 
2. Grass- 

Clover 20.5 22.5 21.5 22.4 22.8 25.0 26.7 29.8 23.9 

Table A-12. 1955 Mean Percentage Protein (Fertilizers x 
Cuts, and Fertilizers) 

Fert. Per cent rotein 
Trtint. Cut Fert 

_(2:) ---------- 
A 15.3 17.0 18.4 19.0 20.6 20.5 22.0 26.4 20.0 

B 15.6 17.5 18.5 18.1 21.0 20.3 22.5 26.6 20.0 

C 17.0 22.0 16.4 18.0 21.5 19.2 21.5 28.2 20.5 

D 17.7 22.9 16.5 18.6 22.3 18.6 22.2 28.1 20.9 

E 19.7 17.4 16.7 20.9 17.6 19.6 24.2 23.4 19.2 

F 19.8 17.6 16.4 20.6 17.4 19.3 23.7 23.0 19.8 

G 19.3 20.8 17.5 21.2 17.4 20.3 24.5 23.5 20.6 

H 19.3 18.5 17.2 21.2 17.4 19.4 24.1 23.14. 20.1 

(1) See Table 2. 
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Table A-14. 1956 Mean Percentage Protein (Mixtures x 
Cuts, and Mixtures) 

Per cent Protein 
Cut Mixture 

Mixt r Means 

1. Grass 22.5 12.1 16.2 20.9 15.7 15.6 21.9 18.7 17.9 
2. Grass- 

Clover 30.8 21.7 25.6 27.1 24.4 26.6 27.0 29.0 26.5 

Table a-15. 1956 Mean Percentage Protein (Fertilizers x 
Cuts, and Fertilizers) 

Pert. Per cent Protein 
Trtnit. Cut Pert. (1)1234TI678Means 

A 24.5 18.3 21.9 24.6 21.8 22.4 23.1 23.8 22.6 
B 25.1 lb.0 22.0 22.8 214 22.2 22.3 24.6 22.3 
C 25.b 16.5 ¿1.7 22.0 1.8 21.8 23.5 25.9 22.4 
D 26.2 15.2 22.3 24.2 22.8 20.6 23.3. 26.3 22.4 
L 28.5 16.5 19.3 24.9 18.6 19.3 26.4 22.5 22.1 
F 27.8 17.1 20.2 25.4 lo.2 20.8 25.2 21.6 22.1 
G 27.5 172 20.5 24.8 18.5 20.8 25.6 23.1 22.3 
H 28.2 16.6 20.0 25.1 17.7 20.7 26.0 22.1 22.2 

(1) 3ee Table 3. 
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Table A-17. 1957 Mean Percentage Protein (Mixtures 
x Cuts and Mixtures) 

ker cent Protein 
Cut Mixture 

Mixture 1 2 3 4 5 6 7 8 Means 

1.Grass 21.1 17.4 15.9 24.3 19.0 17.1 22.8 19.7 19.7 
2 .Grass- 
Clover 28.7 28.]. 24.5 30.5 28,0 27.5 29.3 27.2 28.0 

Table A-18. 1957 Mean Percentage Protein (Fertilizers 
x Cuts und Fertilizers) 

Fert. Per cent Protein 
Trtmt. Cut 
_() --------------------- 8Mean 

A 21.8 20.2 20.0 22.5 22.5 24.8 24.9 23.0 22.5 

b 21.6 23.1 20.6 25.3 24.4. 23.1 23.8 26.0 23.5 

C 24.5 25.0 21.4 25.1 27.5 21.9 24.5 27.4 24.7 

D 23.4 27.6 21.7 26.1 27.9 22.1 25.2 30.0 25.6 

E 26.7 21,7 20.4 29.8 21.6 22.0 27.7 20.5 23.9 

F 29.1 21.5 19.3 31.1 21.4 19.0 28.4 21.0 23.8 

G 26.4 22.4 19.1 31.0 21.2 21.8 27.1 19.3 23.6 

H 25.8 21.6 19.2 28.3 21.4 22.7 27.0 20.3 23.3 

(1) )6C Table 4. 
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Table Â-19. 1955 Mean Nitrogen Yields recorded by vary- 
ing rates and Frequencies of Nitrogen 
Application (Fertilizers x Mixtures x Cuts, 
Fertilizers x Mixtures, and Cuts) 

Nitrogen Yield - lbs./acre 
Fert. Fert. 
Trtnit. Mix. C ut x Mix. 
(1) (2) 1 2 3 4. 5 6 7 Means 

A 1 7 10 5 6 3 2 2 2 5 
2 34 32 35 43 47 4 48 40 41 

B 1 14 24 9 12 8 5 6 6 10 
2 46 33 40 46 45 46 47 41 43 

C 1 20 35 14 18 14 8 12 13 17 
2 47 50 36 4.8 41 36 39 38 42 

D 1 24 4.3 19 26 23 10 19 21 23 
2 49 53 41 48 42 31 39 3 4.3 

E 1 39 24 8 26 11 3 21 9 18 
2 62 39 33 52 39 34. 4.9 38 4.3 

Cut Means 34 34 24 33 27 22 28 25 

(1) See Table 2. 

(2) See Table 1. 



Table A-20. 1956 Mean Nitrogen Yields 
recorded by varying rates and 
frequencies of nitrogen 
application (lFertilizers x 
Mixtures x Cuts, and Fertilizers 
x Mixtures, and Cuts) 

Nitrogen Yield - lbs.Jacre 
Pert. Pert. 
Trtrnt. Mix. Cut X Mix. 

Means 

1 3 8 10 9 3 2 3 3 5 

2 41 50 52 38 64 51 62 43 50 

B 1 9 17 18 16 9 4 8 11 11 
2 48 4.9 56 43 62 49 60 50 52 

C 1 13 19 23 26 17 7 17 24 18 
2 42 47 51 44 61 43 62 54 50 

D 1 16 20 25 35 26 10 23 32 23 
2 36 42 4.5 45 61 43 59 50 48 

E 1 14 23 8 24 11 3 26 18 16 
2 44 4.9 43 43 60 41 66 43 49 

Cut Means 27 32 33 32 37 25 39 33 

(1) See Table 3. 
(2) See Table 1. 
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Table A-21. 1957 Mean Nitrogen Yields recorded by vary- 
ing Rates and Frequencies of nitrogen 
apjlicaticn (ertilizers x Mixtures x Cuts, 
Fertilizers x Mixtures, and Cuts) 

Nitrogen Yield - lbs,/acre 
Fert. Fert. 

Trtnit. Mix. Cut x i1ix. 

Means_ 

A 1 5 11 6 3 2 3 3 2 4 
2 51 52 37 32 43 53 51 33 44 

B 1 15 22 10 11 8 7 10 7 11 

2 61 57 34. 48 55 54 42 4.9 

C 1 32 32 17 20 20 15 21 16 22 

2 69 61 39 39 4.9 51 62 38 51 

D 1 36 38 22 24 24 20 4.2 28 29 

2 63 60 42 47 54 52 61 44 53 

2 1 39 30 8 22 16 7 41 11 22 

2 79 60 37 4.8 49 50 70 35 54 

Cut Means 45 42 26 28 31 31 4.1 26 

(1) See Table 
(2) See Tabi 1. 
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Table Â-22. 1956 Mean Percentage Clover-Mixture 2 
(Fertilizer Treatments x Cuts and 
Fertilizer Treatments and Cuts) 

er cent Clover 
Fart. Fart. 
Trtmt. Cut Trtmt. 

_(ì) ------------------------- 
77 62 83 82 87 89 89 85 82 

B 68 61 75 77 82 87 80 75 76 
C 4.9 ¿f7 62 65 73 82 7 67 65 

D 34 33 4.7 53 66 70 63 54 52 

E 46 45 67 63 73 85 77 68 65 

F ¿1.5 38 58 54 61 67 47 4.8 52 

G 42 44 61 62 78 82 72 61 63 

H 41 43 59 64 74. 88 68 65 63 

Cut Means 50 47 611. 65 74 81 71 65 

(1) 3ee Table 3. 

Table A-23. 1957 Moan k ercentaga Clover-Mixture 2 

(Fertilizer Treatments x Cuts and 
Fertilizer Treatments and Cuts) 

- Per cent Clover 
Pert. Pert. 
Trtmt. Cut Trtint. 

j!) --------------------------- eans 
A 4.7 44 65 69 84 80 82 83 69 
B 45 35 59 62 69 77 65 69 60 

C 42 34 55 54 60 69 52 57 53 

D 30 24 42 49 52 56 37 43 42 
31 31 56 55 59 70 53 56 51 

F 11+ 14 33 26 31 42 22 19 25 

G 22 27 51 50 55 69 49 59 4.8 

H 25 34 53 56 66 74. 54 60 53 

Cut Means 32 30 52 53 59 67 52 56 

(1) See Table 4. 
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Table A-2L.. 1955 Mean Percentage hosphorus (Pertilizers 
X Mixtures x Cuts, 1erti11zers x Mixtures, 
and Cuts) 

Pert. ker cent hosphorus 
Trtmt. Mixture : Cut :Pertilizer x 
(i) ()__:___ -- 
it 1 .31 .44. .53 ,43 

2 .35 .40 .42 .39 

B 1 .31 .41 .46 .39 
2 .j6 .3b .43 .39 

C 1 .30 .3 .4.3 .37 
.37 .38 .4.5 .40 

D 1 .31 .42 .42 .39 
2 .32 .40 .4.4 .39 

1 .37 .41 .49 .42 
2 .36 .4v .50 .42 

F 1 .33 .40 .50 .41 
2 .43 .4.2 .50 .45 

G 1 .40 .43 .53 .4.5 

2 .46 .42 .50 .46 

H 1 .40 .35 .54 .43 
2 .43 .41 .53 .4.6 

Cut Means .36 .40 .48 

(1) See Table 2. 

(2) See Table 1. 
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Table A-25. 1955 Mean Percentage Phosphorus (Mixtures 
x Cuts and Mixtures) 

Per cent Phosphorus 
Cut Mixture 

Mixture Means 

i (Grass) .34 .41 .49 .41 
2 (Grass-Clover) .39 .40 .47 .42 

Table .-26. 1955 Mean Percentage Phosphorus 
(Fertilizers x Cuts and Fertilizers) 

Per cent Phosphorus 
Fert. Cut Pert. 
Trtnat. _________________________ Means j) _________________________ 

A .33 .42 .47 .4.1 
B .33 .39 .44 .39 
C .34 .33 .44 .39 
D .32 .41 .43 .)9 
E .37 .40 .49 .42 
if .38 .41 .)0 .43 
G .43 .43 .51 .46 
H .42 .30 .53 .45 

(1) ee Table 2. 
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Table A-27, 1956 Mean Peroentage i-hoaphorus 
(Fertilizers x Mixtures x Cuts, 
Fertilizers i Mixtures, and Cuts) 

Per cent Phosphorus 
Pert. Fert. 
Trtnit. Mix. Cut x Mix, 
_()__(.) ------- 3_ ----------- 8 Means 

A '43 .31 .35 .40 .60 .58 .64 .65 .49 
2 .44 .36 .37 .41 .36 .48 .50 .56 .43 

B 1 .43 .31 .38 .40 .45 .66 .61 .60 .48 
2 .4.6 .38 .36 .39 .33 .48 .50 .54. .43 

C 1 .36 .30 .31 .32 .36 .54 .56 .53 .41 
2 .37 .34 .37 .37 .33 .50 .50 .52 .4]. 

D i .37 .29 .37 .32 .32 .52 .49 49 .40 
2 .44 .35 .39 .34. .32 .49 .51 .48 .41 

E 1 .41 .29 .39 .34 .41 .59 .52 .54 .44 
2 .42 .36 3d .40 .36 .52 .49 .55 .43 

F 2. .43 .34 .44 .35 .4.8 .64 .63 .63 .49 
2 .49 .45 .47 .47 .51 .61 .59 .67 .53 

G 1 .44 .34 .45 .50 .47 .65 .60 .63 .51 
2 .48 .44 .45 .43 .40 .54 .57 .63 .49 

H 1 .39 .33 .4.3 .45 .45 .62 .63 .67 .50 
2 .4.0 .41 .40 .4.0 .40 .54 .60 .63 .47 

Cut Means .42 .35 .39 .39 .41 .56 .56 .5 

(1) ee Table 3. 
(2) See Table 1. 
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Table a-28. 1956 Mean Percentage Phosphorus 
(Mixtures x Cuts and Mixtures) 

Per ce 
C ut 

Mixture l_ 2 - 4 

1. Grass .4]. .31 .39 .38 
2. Grass- 
Clover .44 .39 .4.0 .40 

at Phi 

-- 
.44 

.38 

Dsphorus 
Mixture 

7 8 Means 

.60 .58 .59 .46 

.52 .53 .57 .45 

Table A-29. 1956 Mean Percentage Phosphorus 
(Fertilizers x Outs, and Fertilizers) 

Per cent Fhosphorus 
Pert. 
Trtnit. Cut Pert. 

_(1) ----------- .. --------- Mas_ 
A .43 .33 .36 .40 .53 .I7 .60 .45 
B .14 .31k .37 .39 .39 .57 .55 .57 .45 
C .36 .32 .34 .j4 .34 .52 .53 .52 .41 
D .40 .32 .38 .33 .32 .50 .50 .48 .40 
E .41 .32 .38 .37 .38 .55 .50 .54 .43 
F .46 .39 .45 .41 .49 .62 .61 .65 .51 
G .46 .39 .45 .46 .43 .59 .58 .63 .50 
H .39 .37 .41 .4.2 .42 .58 .61 .65 ./8 

(1) 3ee Table 3. 
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Table A-30. 1957 Mean rercentage Phosphorus 
(Pertilizers x Mixtures x Cuts, 
Fertilizers x Mixtures, and Cuts) 

Per cent Phosphorus ' 

Pert. - Fert. 
Trtmt. Mix. Cut x Mix. 

_(1)__(.) -------------------- p 
A 1 .32 .36 .40 .0 .40 .39 .51 .57 .i2 

2 .31 .39 .35 .30 .27 .32 .34 .33 .33 

13 1 .33 .40 .4.2 .36 .33 .41 .47 .4.4 .40 
2 .34 .42 .34 .30 .28 .42 .36 .34 .35 

C J. .31 .38 .36 .31 .25 .37 .37 .37 .34 
2 .31 .38 .32 .29 .25 .31 .29 .31 .31 

D 3. .25 .38 .34 .31 .26 .36 .35 .33 .32 
2 .27 .4.0 .31 .29 .25 .29 .28 .32 .30 

E 1 .31 .38 .42 .33 .30 .38 .38 .4.4 .37 
2 .32 .39 .38 .30 .29 .34 .32 .35 .34. 

F 1 .50 .0 .50 .44 .4.2 .35 .51 .58 .4.8 

2 .59 .57 .48 .4.2 .44 .59 .47 .51 .51 

G 1 .49 .4.5 .4.9 .41 .42 .41 .50 .57 .47 
2 .50 .52 .4.2 .37 .37 .38 .39 .4.4 .4.2 

II 1 .44 .44 .4.8 .39 .37 .43 .48 .52 .44 
2 .45 .1.7 .0 .36 .34. .39 .41 .45 .41 

Cut Means .38 .43 .40 .35 .33 .38 .40 .43 

(1) See Table 4. 
(2) See Table 1. 



Table A-31. 1957 Mean Percentage kthos.phorus 
(Mixtures x Cuts and Mixtures) 

Per cent 

C ut 
Mixture 1 2 3 4. 

1. Grass .37 .41 .43 .37 
2. Grass- 

Clover .39 .4.4 .38 .33 
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Phosphorus 

_____________________ Mixture 
_5_6__7_ Means 

.35 .39 .4.5 .4.8 .4.1 

.31 .38 .36 .38 .37 

Table A-32. 1957 Mean k?ereentage ihosphorus 
(Fertilizers x Cuts and Fertilizers) 

Per cent .chosphorus 
Pert. 
Trtxnt. Cut Pert. 
_(:)____:r -- 8 Means 

A .32 .38 .38 .35 .34 .35 .4.2 .4.5 .37 

B .34 .41 .38 .33 .30 .41 .42 .39 3? 
C .31 .38 .34. .30 .25 .34 .33 .34 .32 

D .26 .39 .32 .30 .26 .33 .32 .33 .31 

E .31 .38 .40 .31 .30 .36 .35 .39 .35 

I .-, 
Ç LZI .14 IQ 

.4-, 
I '4 i 7 1.0 '.j _'/ s 

G .49 .49 .46 .39 .39 .39 .45 .51 .44 

H .44 .46 .44 .38 .36 .4.1 .45 .48 .42 

(1) See Table 4. 
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Table A-33. 1955 Mean Percentage Potassium 
(Fertilizers x Mixtures x Cuts, 
Fertilizers x Mixtures, and Cuts) 

Pert. Percentage Potassium 
Trtmt. Mixture: Cut :Fertilizer x 
_(.) (2) 

A i 1.83 2.37 1.82 2.01 
2 1.77 1.60 .97 1.45 

B 1 2.25 2.36 2.26 2.29 
2 2.03 1.91 1.19 1.71 

C i 1.92 2.39 2.02 2.11 
2 1.99 1.89 1.21 1.70 

D 1 2.02 1.99 1.94 1.98 
4 1.77 1.72 1.41 1.63 

E 1 2.37 2.09 2.13 2.20 
2 2.32 1.53 1.40 1.75 

G 

1 
2 

i 
2 

1 
2 

2.06 2.25 1.95 
2.17 1.bL4. 1.09 

2.65 2.45 2.31 
2.79 1.73 1.19 

2.57 2.10 2.13 
2.86 1.75 1.28 

Gut Means 2.21 1.99 1.64 

(1) See Table 2. 
(2) See Table 1. 

2.09 
1.63 

2.47 
1.91 

2 27 
1.96 
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Table A-311.. 1955 Mean Percentage Potassiuxri 
(Mixtures x Cuts and Mixtures) 

.'er cent ±otassiuin 

Cut Mixture 
Mixture 1 5 8 Means 

1. Grass 2.21 2.25 2.07 2.18 

2. Grass-Clover 2.21 1.72 1.22 1.72 

Table A-35. 1955 Mean Percentage Potassium 
(Fertilizers x Cuts and Fertilizers) 

Per cent Potassiuci 
Fart. 
Trtmt. Cut Fert. 

1.80 1.99 1.11.0 1.73 

13 2.14 2.14 1.73 2.00 

C 1.96 2.14 1.61 1.91 
D 1.90 1.85 1.68 1.81 
E 2.34 1.81 1.77 1.97 
} 2.11 1.95 1.52 1.86 
o 2.72 2.09 1.75 2.19 
H 2.72 1.93 1.71 2.12 

(1) See Table 2. 



eg () 
; 99 (t) 

9E 6T 6tYt o' 1717 4ïET ot 479't '( tO 

8t c;'z .t t t ì6o ¿o1 69t 
tLz Ç4s 'i ¿t'C io t ¿t t H 

9t OLz t £L't 7t 6a tO.! Ot Tct 
". E6'z oL' orz 6'T ca t o 

7Lo 'o 9iYO 90't L9'O 9O LO £O 6'o 
at 86t 4iL.t ¿rt c't ¿9't 19t 19'! t 

08t O' ¿7't 66't ¿ìt oï' 6L'c 6o 98't 
6E 4it': 76z 9O' T9 V7 t't r't 09t t 

Yt 97't 6t 9t ¿Y ¿o 'TO'! ri'i 
osz 96 8O tO tt tT ¿1T T 

6't '79.: o;'t o:.t ot 69' 6L0 LO '7ot ? 
o'C 9Z OO 09'2' T'( t t 9t t O 

9't 7't Yt O3t 47Yo ¿6ó Ot ? 
EÇ. t7Ç. rz 97 ¿O 176't t H 

1t 89 99't 17't OO 980 9'O 41L0 T't 
6t' cY2 9Z ¿rt tLt £'t 6't t V 

3U9W 
X 

tLmTssos[ UO '19c1 

(n puEì 'nx x zx x s x s.xztçqxaj) 
SslO 9IOJ9 U9j 96t 9c-v eqa 

6t1 



120 

Table A-37. 1956 Mean ereentage Eotassium 
(Mixtures x Cuts and Mixtures) 

1-der cent k-otassiwn 
Cut Mixture 

Mixtures 1 2 3 4 5 6 7 BMeans 

1. Grass 1.87 1.70 1.4 2.86 2.41 2.09 2.49 2.80 2.26 
2. Grass- 

Clover 1.40 0.91 0.84 2.03 1.64 1.49 1.37 2.49 1.52 

Table a-38. 1956 Mean ier cent kotassiti 
(Fertilizers Cuts and Fertilizers) 

Fert. Per cent rotassiwn Fert. 
Trtnit. -- Cut Means 

_() ---------- 3J_-:--:-:5 
A 1.59 1.28 1.23 1.37 2.31 1.83 2.09 2.70 1.80 
B 1.89 1.45 1.40 2.74 2.21 2.12 2.15 2.88 2.10 
C 1.25 1.16 1.31 2.95 2.20 1.65 2,09 2.94 1.94 
D 1.45 1.19 1.09 ¿.99 2.07 1.70 1.77 2.94 1.90 
E 1.73 1.3 1.30 ,.90 2.24 2.03 2.20 3.11 2.09 
F 1.51 1.17 1.29 1.15 1.09 1.26 1.25 1.16 1.23 
G 2.03 1.4b 1.55 .79 2.05 2.05 1.97 2.al 2.09 
h i.3 1.45 ¿.614 4.Uj i.6ì 1.9J. ¿.bl 1.93 

(1) See Table 3. 
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Table A-39. 1957 Mean Percentaße iotass1um 
(Fertilizers x iiixtures x Cuts, 
Fertilizers x MiÁtures, and Cuts) 

ier cent Potassiutn 

Fert. Fert. 
Trtmt. Mix. Cut x Mix. 

_(:)__(.) --------------------- 
A i 2.60 2.77 2.60 2.39 2.48 2.76 3.19 3.11 2.71. 

2 3.21 3.49 2.88 2.18 2.17 2.34 3.3]. 2.82 2.L30 

.8 1 2.66 2.92 3.09 3.05 2.90 2.89 4.02 3.18 3.09 
2 3,07 3.44 2.72 2.46 2.44 2.29 3.49 2.79 2.8)4. 

C 1 3.55 3.40 3.26 3.35 3.25 3.08 4.28 3.48 3.46 
2 3.54 3.12 2.67 2.67 2.61 2.52 3.72 3.25 3.01 

D 1 3.09 3.11 2.91 3.25 3.24 2,73 4.16 3.73 3.28 
2 3.14 3.16 2.28 2.67 2.72 2.38 3.81 2.94 2.89 

E 1 3.74 3.50 3.06 3.84 3.06 2.63 4.08 3.54 3.43 
2 3.49 3.31 2.41 2.75 2.67 2.20 3.83 2.72 2.92 

F i 1.27 1.50 1.43 1.26 0.52 1.19 0.70 1.19 1.13 
2 0.48 0.85 1.03 0.41 0.30 1.22 0.49 0.50 0.66 

G 1 3.87 3.44 3.05 3.17 2.97 3.03 3.97 3.68 3.40 
2 3.40 3.18 2.41 2.71 2.46 2.61 3.94 2.95 2.96 

H 1 3.5 3.3/+ 3.00 3.44 3.01 2.66 4.11 3.67 3.35 
2 3.13 3.11 2.35 3.02 2.21 1.99 3.87 3.14 2.35 

Out Means 2.99 2.98 2.57 2.66 2.44 2.4]. 3.44 2.92 

(1) See Table 14.. 

(2) ee Table 1. 
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Table Â-40. 1957 Mean .ercentag,e Potassium (Mixtures 
x Cuts and Mixtures) 

Per cent Potassium 

OUt Mixture 
Mixture 1 2 3 4 5 6 7 8 Means 

i, Grass 3.04 3.00 2.80 2.97 2.68 2.62 3,57 3.20 2.98 
2. Grass- 

Clover 2.93 2.96 2.34. 2.36 2.20 2.19 3.31 2.64 2.62 

Table Â-41. 1957 Mean Percentage Potassium 
(Fertilizers x Cuts and Fertilizers) 

)e_____ceuit k otassium 

Fart. 
Trtmt. Cut Fert. 

__() ------------ ----------- 
Â 2.90 3.13 2.74 2.29 2.33 2.55 3.25 2.97 2.77 
B 2.86 3.18 2.91 2.76 2.67 2.59 3.76 2.99 2.96 
C 3.54 3.26 2.97 3.0]. 2.93 2.80 4.00 3.37 3.23 
D 3.12 3.14. 2.59 2.96 2.98 2.55 3.98 3.34 3.08 
E 3.62 3.41 2.73 2.86 2.42 3.96 3.13 3.17 
P 0.88 1.18 1.23 0.84 0.41 1.21 0.59 0.85 0.89 
G 3.64 3.31 2.73 2.94 2.71 2.82 3.96 ..3l 3.18 
H 3.34 3.23 2.68 3.23 2.61 2.33 3.99 3.41 3.10 

(1) See Table 4. 
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Table A-42. 1955 Mean Fercentage Calcium (Fertilizers 
X Mixtures x Cuts, 1ertilizers X 
Mixtures, Qnd Cuts) 

Fort. 1er cent Calcium 
Trtirit. Mixture: Cut : Fertilizer x 

J) ----- (.) ----- MIxture Means 
A 1 .58 .70 1.05 .78 

2 1.24 1.53 1.55 1.44 

B 1 .25 .48 .65 .46 
2 .83 1.27 1.28 1.13 

C 1 .12 .31 .41 .28 
2 .66 .95 .95 .86 

D 1 .30 .31 .42 .34 
2 .72 .91 .93 .6 

E 1 .43 .25 .36 .35 
2 .53 1.13 1.22 .96 

F 3. .32 .47 .48 .43 
2 .64 1.15 1.1 1.00 

G 1 .75 .45 .57 .59 
2 .70 1.28 1.22 1.07 

H 1 .39 .28 .61 .43 
2 .66 1.07 1.32 1.02 

Cut Means .57 .79 .89 

(1) See Table 2. 
(2) See Table 1. 
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Table A43. 1955 Percentage Calcium (Mixture x Cuts 
and Mixtures) 

Per cent Calcium 

Cut Mixture 
Mixtuie ----------------------------- _as___ 
1. Grass .39 .41 .57 .46 

2. Grass-Clover .75 1.16 1.21 1.04 

Table A-44. 

Fort. 
Trtmt. 

(.1) 

1955 Mean Percentage Calcium (Fertilizers 
X Cuts and Fertilizers) 

Per cent Calcium 

C ut Fertilizer 
Me ans 

A .91 1.12 1.30 1.11 
B .88 .97 .79 
C .39 .63 .68 .57 
D .51 .61 .67 .60 
E .48 .69 .79 .66 
F .48 .81 .85 .71 
G .73 .87 .90 .63 
H .53 .67 .97 .72 

(1) See Table 2. 
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Table A-45, 1956 Mean Percentage Calcium (Fertilizers 
X Mixtures x Cuts, Fertilizers x Mixtures 
and Cuts) 

Per cent Calcium 
Fert. Pert. 
Trtuìt.Mix. Cut x Mix. 

(.)_L2! --------------------- 8 Means 

Â 1 .39 .19 .99 1.35 1.18 .60 .89 .54 .77 
2 1.50 1.52 1.98 1.80 1.72 1.74 1.38 1.4.0 1.63 

] 1 .53 .16 .58 .59 .66 .64 .56 .41 .52 
2 1.45 1.41 1.86 1.84 l.7i 1.67 1.30 1.12 1.54 

C 1 .72 .14 .lS .49 .4 .60 .55 .34 .47 
¿ 1.09 1.15 1.70 1.34 1.47 1.58 1.27 .96 1,32 

i) 1 .62 .06 .37 .37 .55 .64. .44 .25 .41 
¿ 1.06 .84. 1.39 1.13 1.31 1.43 1.02 .71 1.11 

E 1 .1 .23 .43 .37 .53 .50 .30 .57 .47 
' .72 1.09 1.36 1.30 1.38 1.66 1.21 .97 1.21 

i' 1 .46 .10 .67 .50 .71 .69 .43 .51 .51 
2 l.3 .97 1.60 1.25 1.4.4 1.37 1.04 .96 1.24 

G 1 .35 .07 .50 .42 .59 .53 .42 .41 .4.1 

2 1.31 .94. 1.60 1.36 1.60 1.76 1.14 .98 1.34 

H 1 .83 .08 .53 .33 .50 .85 .45 .46 .50 
2 .75 .93 1.73 .i.20 1.49 1.72 1.07 1.22 1.27 

Cut Means .87 .t2 1.11 .93 1.09 1.12 .84. .74. 

(1) See Table 3. 
(2) See Table 1. 
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Table A-46. 1956 Mean Percentage Calcium (Mixtures z 
Cuts and Mixtures) 

Per cent Calcium 

Cut Mixture 
Mixture 2 3 4 5 6 7 Means 

1. Grass .59 .13 .56 .55 .66 .63 .50 4 .51 
2. Grass- 

Clover 1.15 1.11 1.65 1.40 1.51 1.62 1.18 1.04 1.33 

Table A-47. 1956 Llean Percentage Oalciu.m Feti1izers z 
Cuts and Fertilizers) 

er cent Calcium 
Pert. 
Trtrit. Cut Pert. 
_j1J ____2__4 

.94 .85 1.48 1.57 1.45 1.17 1.13 .97 1.19 
13 .99 .78 1.22 1.21 1.18 1.15 .93 .76 1.03 
C .90 .64 1.07 .91 .97 1.09 .91 .6 .89 

t) .84 .5 .88 .75 .93 1.03 .73 .48 .76 
E .76 .66 .89 .83 .98 1.08 .75 .77 .84 

F .89 .53 1.13 .87 1.07 1.03 .73 .73 .87 

G .3 .50 1.05 .89 1.09 1.14 .78 .69 .87 

H .79 .53 1.13 .76 .99 1.28 .76 .84 .88 

(1) See Table 3. 
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Table A-48, 1957 Mean Percentage Calcium (ierti1izers 
x Mixtures x Cuts, Fertilizers x Mixtures, 
and Cuts) 

Per cent Calcium 
Fert. - Fert. 
Trtrat. Mix. Cut x dix. 

_(1)__() ------------------- 8 _Mas_ 
A 1 .19 .24 .39 .57 .50 .66 .47 .68 .46 

2 .61 .65 .92 1.72 1.59 1.33 1.04 1.17 1.13 

B i .23 .03 .81 .47 .30 .76 .44 .41 .43 
2 .58 .40 .96 1.39 1.16 1.25 .68 .98 .92 

C 1 .4.6 .06 .44 .32 .25 .66 .28 .31 .35 
2 .58 .37 .95 .72 1.10 1.17 .58 .68 .77 

D 1 .19 .30 .27 .33 .25 .61 .14 .29 .30 
2 .5b .32 .75 .9]. .87 1.08 .45 .47 .68 

E 1 .11 .22 .28 .56 .35 .53 .02 .40 .31 
2 .4E .35 .72 1.00 .89 1.34 .63 .83 .78 

F 1 .4.7 .18 .43 .55 .65 .93 .44 .67 .53 
2 .76 .35 .62 .85 .93 1.18 .48 .81 .75 

G 1 .25 .37 3o .39 .45 .48 .09 .42 .34 
2 .47 .45 .74 1.02 1.06 1.23 .54 .93 .81 

H 3. .18 .12 .36 .60 .38 .48 .08 .49 .34 
2 .38 .52 .73 1.17 1.16 1.3]. .54 .8 .84 

Cut Means .41 .31 .61 .79 .74 .94 .43 .65 

(1) ee Table 4. 
(2) See Table 1. 
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Table A-11.9. 1957 Mean Percentage Calcium (Mixtures x 
Cuts and Mixtures) 

Per cent Calcium 

Cut Mixture 
Mixture 1 2 3 4 5 6 7 8 Means 

1. Grass .26 .19 .42 .47 .38 .64. .23 .46 .38 

2. Grass- 
Clover .55 .43 .80 1.10 1.10 1.24 .62 .84 .83 

Table À-50. 1957 ìean Percentage Calcium (Fertilizers x 
Cuts, and Fertilizers) 

Per cent Calcium 
Fert. - 

Trtint. Gut Fert. 
_() -------------- 45ó7ßMeans 

A .40 .44 .65 1.12 1.04 1.00 .75 .93 .79 
B .4.0 .21 .89 .93 .73 1.01 .55 .69 .67 
C .52 .22 .69 .52 .66 .92 .43 .50 .56 

L) .38 .31 .51 .62 .St .85 .30 .38 .49 
E .30 .29 .50 .78 .62 .94. .33 .61 .54. 

F .61 .26 .57 .70 .79 1.05 .41 .74. .64 

G .36 .41 .56 .70 .70 .85 .32 .68 .57 

H .28 .32 .55 .89 .77 .89 .31 .68 .59 

(1; See Table 4. 
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Ï1ab1e A-51. 1955 Mean Percentage Magnesium 
(Fertilizers x Mixtures i Cuts, 
Fertilizers i Mixtures, and Cuts) 

Pert. - er cent Magnesium 
Trtmt. Mixture : Cut : Fertilizers x 

_(1) ----- ()_ - i -- : _ _ _ 

A 1 .18 .29 .25 .24 
2 .16 .32 .29 .26 

13 1 .l 2b .34 .26 
2 .22 .32 .36 .30 

C 1 .11 .28 .34 .24 
2 .17 .37 .38 .30 

i) J. .18 .31 .30 .26 
2 .19 .37 .31 .29 

E 1 .16 .18 .30 .21 
2 .20 .36 .28 .28 

i .19 .17 .25 .20 
2 .19 .31 .39 .30 

G .1. .17 .18 .32 .22 
2 .23 .39 .26 .29 

H i. .114 .26 .25 .22 
2 .lb .39 .29 .28 

Cut Means .18 .30 .31 

(1) See Table 2. 

(2) See Table 1. 
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Table A-52, 1955 Mean l'ercentage Magnesium (Mistures x 
Cuts and Mixtures) 

ker cent Magnesium 

Cut 
Mixture 1 5 8 Mixture Means 

1. Grass .17 .24 .29 .23 

2. Grass-Clover .19 .35 .32 .29 

Table A-53. 1955 Mean .ercentage Magnesium 
(}rtj1jzers X Cuts and Fertilizers 

- _ ±er cent Magnesium 
Fert. 
Trtmt. Cut Fart. 

_() --------- - i ------------- Means_ 
A .17 .30 .27 .25 

B ..0 .29 .35 .28 

C .i4. .33 .35 .27 

D .19 .34 .30 .28 

E .J.c .27 .29 .24 

F 'J_9 .2k .25 

G .20 .29 .29 .26 

H .15 .32 .27 .25 

(1) See Table 2. 
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Table A-54. 1956 Mean kercentage Manes1um (Fertilizers 
X Mixtuìes x Cuts, Fertilizers x íixtures, 
and Cuts) 

i-er cent Manesiwu 

Fert. Fert. 

Trtnit. Mix. Cut x Mix. 

_(2:)._(.) --------------------- !eans 
A 1 .25 .20 .32 .31 .40 .40 .43 .34 .33 

2 .34 .37 .47 .14.1+ .4' .47 .4.4 .39 .42 

B i .27 .20 .33 .3]. .36 .42 .41 .36 .33 

2 .34 .36 .46 .i+i .4:1 .45 .44 .39 .41 

C 1 .29 .19 .33 .29 .37 .41. .45 .37 3J 
2 .30 .33 .44 .35 .41 .4B .46 .3 .39 

D i .27 .22 .3), .30 .39 .44 .42 .37 .34 

2 .30 .3]. .42 .37 .42 .46 .46 .3 .39 

E j. .30 .22 .j2 .30 .3o .3C .37 .3 .32 

2 .27 .32 .46 .6 .40 .46 .44 .37 .j8 

F i .4). .23 .31! .35 .4.2 .42 .0 .4 .5 
2 .35 .33 .42 .39 .50 .4.6 .47 .48 .42 

G 1 .26 .21 .30 .31 .33 .37 .37 .31 .31 

2 .33 .32 .40 .39 .4.3 .46 .44 .40 .40 

H 1 .29 .21 .32 .30 .34 .43. .39 .35 .33 

2 .27 .31 .4.3 .38 .41 .4.8 .44 .4 .39 

Cut Means .29 .27 .38 .35 .4.0 .43 .13 .38 

(1) See Table 3. 
(2) See Table 1. 
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Table A-55. 1956 Mean ercentage Magnesium 
(Mixtures x Outs 

Fer cent Magne slum. 

t' 4. 

Mixtre --------------------------------------------------- 

1. Crass .27 .21 .32 .31 .37 .1l .40 .36 .33 
2. Grass- 

Clover .31 .33 .41.9. .39 .43 .46 .45 .40 .40 

Table A-56. 1956 Mean Percentage Magnesium 
(Fertilizers x Cuts and Fertilizers) 

Per cent ?4aßfleSiUlfl 

Fert. 
Trtrnt. Out Fert. 

_(!) --------- __4__ ------------------------------ S Means 

A .29 .28 .39 .37 .41 .43 .43 .36 .37 
B .30 .2 .39 .37 33 .43 .42 .37 .37 
C .29 .26 .38 .32 .39 .44 .45 .37 .36 
D .2C .26 .)8 .33 .40 .4 .44 .37 .36 
E .23 .27 .39 .33 .38 .42 .40 .36 ..,5 

F ..9 .28 ..8 .;7 .4u .4.4 .43 .45 .39 
G .29 .26 .35 .35 .38 .41 .40 .3 .35 
H .28 .26 .37 .34 .37 .44 .41 .38 .36 

(1) See Table 3. 
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Talle A-57. 1957 Mean ìercontage Magnosium 
(Fertilizers x Mixtures x Cuts, 
Fertilizers x Mixtures, and Cuts) 

ïer cent Magnesium 

Pert. Fert. 
Trtnt. Mix. Cut x Mix. 

_(i)__()_' ------ 3 J_4_ Means 

A 1 .21 .25 .25 .30 .27 .21. .31 .32 .27 
2 .25 .28 .33 .39 .28 .35 .32 .31 .32 

B 1 .20 .23 .29 .30 .25 .19 .31 .30 .26 
2 .21 .30 .32 .38 .30 .31i. .32 .33 .31 

C 1 .20 .25 .28 .29 .26 .24. .30 .31 .27 
2 .17 .28 .31 .37 .29 .32 .32 .32 .30 

1) 1 .23 .27 .30 .31 .24 .23 .29 .34 .28 
2 .24 .28 .32 .34 .26 .32 .32 .33 .30 

1 .17 .24 .29 .31 .28 .22 .27 .30 .26 
2 .20 .27 .33 .35 .32 .34 .31 .33 .31 

F 1 .27 .29 .32 .39 .36 .35 .4u .45 .35 
2 .28 .34 .39 .43 .40 .39 .46 .48 .40 

G 1 .24 .2, .29 .30 .29 .21 .27 .29 .27 
2 .25 .30 .33 .37 .32 .35 .32 .35 .32 

H 1 .16 .25 .30 .27 .26 .27 .27 .30 .26 
2 .19 .30 .34 .36 .33 .34 .33 .33 .32 

Cut Means .22 .27 .31 .34 .29 .29 .32 .34 

(1) See Table 4. 
(2) See Table 1. 
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Table A-58. 1957 Mean erccntage Macnesium 
(Mixtures x Cuts and Mixtures) 

Per cent Magnesiut 

Cut Mixture 
Mixture--------------------------------------------------------------------------- 

1. Grass .21 .25 .29 .31 .28 .25 .30 .33 .28 
2. Grass- 

Clover .23 .29 .33 .37 .31 .34 .34 .35 .32 

Table Â-59. 1957 Mean kercentae Magnesiura 
(Fertilizers x Cuts and Fertilizers) 

Per cent agnesiuiu 

Pert. 
Trtrnt. Cut Pert. 
_(_) ---------------- óZ8Mens 

A .23 .27 .29 .34 .28 .30 .31 .32 .29 
B .20 .27 .30 .33 .27 .26 .31 .32 .28 
C .18 .27 .30 .32 .27 .28 .31 .32 .28 
D .24 .27 .3i. .33 .25 .2b .31 .33 .29 
E .19 .26 .32 .33 .30 .28 .29 .32 .28 
F .27 .32 .36 .41 .38 .37 .43 .47 .37 
G .25 .28 .31 .33 .30 .28 .30 .32 .29 
H .18 .27 .32 .32 .30 .31 .30 .31 .29 

(1) See Table 3. 


