
FORAGE YIELD AS INFLUENCED 

BY FERTILIZER TRF&TMENTS 

by 

DUAIINE VILLIAM COOPER 

TKSIS 

submitted to 

OREGON STATE COLLEGE 

in psrtial fulfillment of 
the requirements for the 

degree of 

1ASTER OF SCIENCE 

June 1952 



Professor of Rafl'ge Management 

In Charge of Major 

bad of Department of Animal Husbandry 

Chairman of School Graduate Committee 

Dean of Graduate School 

Date thesis is presented July 27, 1951 

Typed by Ruth V. Newcomer 



ACKNOWLEDGMENT 

The ln*iter wihos to acknowledge his appreciation to Professor 

Charles E. Poulton, under whose guidance the study was made. The 

writer also wishes to acknowledge with gratitude assistance troni the 

following persons who have been kind enough to read the manuscript 

while it was in preparation, and to make many helpful suggestions: 

Dean li. P. hansen, Doctor Jerome Li and Doctor Ralph Bogart. 



TA3Lb F CWNTS 

Introduction...,.. e. e cease... i.e..,.. .....................s... i 

Review of i4terature.........,.... .,.,..,.,...,,...,............ 2 

Njtroen,.,........,....,....,........,,..............,.. 2 

P1osphrus. . . . .. . .. . e . . . . . e e s e i s .. i s . e . e e .s s ..e s . 

Liai.. .. . . .s e e .. s e .. e e. s.. s.. . e. es s s s. .0 s e e. sa e e s s.. s s es. 4 
Su1Íu.Xs.e.,s.,....ss.,.........e,.....e...,.........s.e.s 6 

POt&8$iUIfl....s,.e..,.Cs,ØIse.see.Iseee eses cesse.. 1 

Combtnation5 of Fertiits.rs...........,.,................ 7 

M.teria].e .nd othodi. 5*.... e. ses scelle IS Sees... 10 

Experimentil Ares.................. .....s.sses.... see ses, 10 
Experimental DeeiVl. s,s.s.ee.s. ........... 555 5 5 55 Sees 

Fertilizers and pates of Applteation..................... 15 

Field ayout.....s..e.sssee..s.ss.e.........s.e...sss.ss. 18 

Application of Fertilizers..... 19 

Harvestiri Methodsee..,..s,s..ss..e..se..s...e....s..sss. 19 

Experimental ìeu1ts.................... ....... . ssesss.5.. s.s... 26 

I)j$CU3$iQfl....s.,,s....,.,...es....e..s....e...*.,.s....,.,..s.. 32 

Summary end Conclusione.. ........ .s..ss.e5ses s. 35 

Bibliography................s............s.s.ee.....s.....s.s... 36 

Fiurs 

Tablees 

1. Shows part of experimental area shortly after fall 

application of fertilizers..... ..se..s.s..ess..sss 11 

2. Field Layout of Fertilizer Treatment.155............ 16 

35 Experimental Area. rrior to darvestini............... 21 
4 s The Scythette. . . . . e s . e s s s s . e e s s e s e s s * . i . . e s s s e . s e s e s 22 
5. The Scythette in iperatton.,......................... 23 
G. The Uarvest as it nears Completion................... 24 
7. 3he Yield in Response to the iigher Level of 

ttrogen, Phoaphrue and Pot&a*ium.,................. 54 

1. The calcium5 magnesium, potassium, phospiate and 
nitrate content of th s,i1 at three depths in 

the experimental area prior to fertiliser treatments. 13 



ge 

2. Fertilizer CobtnatiQn Used in the Experiment....... 1? 

3. Total Yields eased on Four Plots..................... 2G 

4. A.nk1y$i; of Vrince of the Gr.sn 2? 

5. Mean Yields in Green Yetght tor Different Nitrogen 

Ley e3e...,, . ,..... .1*sS i s. .. ...s.. ... ... . .. . . , . , ,.. 
G , Mean Yields in Oreen Weight Çor Combinstion3 ot 

Sulfur snd Phoephorus................................ 29 

7. 1esn Yields in Green 14eiç,ht for Combinations of 

3ultur end Lijne......u......,...,....a.........,.... *9 

8. An&lysti of VLrience et the Dry Weig)ts............,. $0 

9. Mean Ytelde in Dry Weights for Different Nitrogen 

Le ye3i...,.,..,...,,..,,.,,,,,......,s.....,,...s,,i, 31 

10. Mean Yield. in Dry Veighte tor Combirmtion. of 

Sulfur end Pho.pboru.......,......................... 31 

U. Mean Yjelde In Dry eightø tr Conibinattone of 
Sulfur end Lt,1,,...,,...,,.,, , ,....... ............ 31 



FORAGE YIELD AS INFLUENCED 
BY FERTILIZER TREAT}1ENTS 

The population of the wst has almost doubled in the past ten 

years and the demand for livestock produots, both dairy s*d meat, 

/ 

has correspondingly increased. Thig increased demand for livestock 

products has placed the p*sture lands of western Oregon in a very 

favorable position, as western Oregon has an excellent climate 

for the production of large quantities of grasses and legumes. The 

soils of this area likewise have the potential capacity for high 

production. Under normal conditions, however, maximum production 

is limited by insufficient moisture during the sumer months and 

law soil fertility. The seood factor is under consideration in 

this expeaent. 

Many species of gasses and legumes grow well on unfertili- 

(1S 

zed-ps.str.s in western Oregon. However, from observations of 

fertilized pastures, it seems that the majority of them are not 

producing the forage of which they are capable. 

Review of the literature indicates that Oregon has much to do 

in developing fertilizer practices which will increase the production 

of the pastures to maximum and still maimtain soil stability end 

fertility. 

In this experiment only the so-called major elements were 

used, that is, nitrogen, phosphorus, potassium, sulfur, and limestone. 

This is the basic experiment to determine which of the five elements 

mentioned gives the greatest increase in forage yield on hill pasture 

lands. 



REVIEW OF LITERATURE 

There ii evidence that the matritive requirements of pasture 

crops are high. This rune counter to the previous belief that pasture 

crops, because they have certain desirable effects on the soil, find 

their best use in soils of low fertility. Large quantities of plant 

nutrients euch as nitrogen, phosphorus, calcium and potassiwn are re- 

moved in cropping and the roots of the pasture plants also immobilize 

large amounts of the same plant nutrients (91 pp. 24-25). 

The placement and time of application of fertilizers are im- 

portant considerations because of the tendency for the fertilizer 

elements to become lost from the soil by leaching or to become fixed 

in unavailable forms (12 pp. 129-130). 

Legumes respond moro readily to phosphorus, potassium, and 

sulfur fertilizers as well as to the addition of lime when the pH of 

the soil is law. Grasses show a marked response to nitrogen and a 

lessor response to the other plant nutrients (41 pp. 4-6). 

Nitrogen 

The report of the Nitrogen Utilization Coittee (51 pp. 42-49) 

states that the function of commercial nitrogen is to do what cannot 

economically, under existing conditions, be accomplished by legumes. 

It is possible under farm conditions to use commercial nitrogen on a 

grass-legume mixture without reducing or greatly retarding the legume 

component. Commercial nitrogen in many instancez becomes the quickest 

way to produce the extra hay or pasture needed, and to supply early 

grazing in the spring. Commercial nitrogen should always be included 
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in the fertilizer mixturo when a new pasture is planted to insure rapid 

establishment and better development. 

Nitrogen fertilizers were found to be useful in erosion control 

by building up the soil organic matter, which helped to hold the soil 

in place (85 pp. 615-616). 

Pasture grasses commonly respond to nitrogen fertilizer by in- 

creasing leaf growth and protein content, thus increasing the feeding 

value of the forage (55 pp. 734). 

Robinson and Sprague (63 pp. 43-48) concluded from a fertilizer 

and clipping experiment that heavy usage of nitrogen is not directly 

responsible for the low proportion of legumes as reported by many 

authors. It was concluded that the legume populations are determined 

by the ability of the legume to compete with the grasses for space, 

light, moieture and nutrients. 

If the grazing land can be improved by the application of 

phosphatoa, sulfur, limo and potassium, it usually has been considered 

most unprofitable to apply nitrogen fertilizers in any quantity. The 

uso of nitrogen fertilizers such as ammonium nitrate and sulfate of 

ammonia tends to lower the pR of the soil, retards the growth of 

legumes, and slows up the decomposition of plant roeidue when applied 

for any length of time without the inclusion of phosphates, sulfur 

and lime (3 pp. 40-41, 6 pp. 201-202, 15 pp. 21-22, 42 pp. 16-17). 

Phosphorus 

Phosphorus may be an especially important element when con- 

sidered from the point of view of both yield and quality of forage. 

Adequate amounts of available phosphorus in soils stimulate rapid 
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growth and development of plants, hasten maturity, and improve their 

quality. A high percentage of phosphorus in pasture crops increases 

the feeding value of the forage and improves palatability as shown by 

preference of cattle for herbage on phosphated pastures (6 PP. 149- 

150). 

Some of the phosphorus fertilizers lightly applied to a 

phosphorus-deficient soil will be taken up by the plants causing them 

to make a more rapid growth. The percentage of phosphorus in the 

plant may not be any greater because of the increase in total dry 

matter. If larger applications of phosphates are made, the percent- 

age of phosphorus in the plant may rise (27 pp. 70-74). 

Data show that alfalfa on five different phosphate-treated 

soil types contained 20 percent more phosphorus than that grown on 

the untreated soils. The protein content of the hay also tended to 

increase with the use of phosphate fertilizers. The percentage of 

total digestible nutrients increased 40 percent following the appli- 

cation of phosphates (91 pp. 31-32). 

Elliott, et a]. (34 pp. 44-46) found substantial increases in 

subterranean clover yield when 100 to 300 pounds per acre of super- 

phosphate were applied at seeding time and an annual topdressing of 

200 pounds per acre was used. 

Lime 

The soil reaction is an important factor in plant growth. 

In very acid soils such toxic constituents as aluminum and iron 

come into solution. This may be corrected by the uso of lime. The 

availability of phosphorus and the rate at which nitrates are re- 
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leased for plant use are determined largely by the pR of the soil. The 

best conditions for nutrient absorption are found from approximately 

a pH of 5.6 to the neutral point (25 pp. 527-532). 

One of the most noticeable effects of Boil acidity in old grass- 

land is the way in which it restricts the number of species. iwiost of 

the species found on very acid soil are unpalatable and nonnutritious 

throughout the year (31 pp. 4-5). 

There is considerable evidence that "liiney" soils have an in- 

fluence on the mineral constituents of forage. 'There appears to be 

some grounds for crediting limey soils with that favorable influence 

on the quality of forage which is so easy to talk about but so diff i- 

cult to prove" (74 pp. 15-21). 

Bates (7 pp. 79) found from experiments on grass-legume pasture 

that an annual topdressing of limestone at the rate of 400 pounds per 

acre gave as good results as ari application of two tons per acre every 

three or four years. lie also concluded that the removal and loss of 

the limestone was about 300 to 400 pounds per acre annually. 

A000rding to Burns (22 pp. 329-332) the loss of lime, deterio- 

ration of pastures and the depletion of fertility go hand in hand. 

The first requirement to offset these losses is to replace the limo. 

Lime tends to encourage legumes which help maintain the soil fertility 

and for this reason lime is often called an indirect nitrogenous 

fertilizer. To obtain the greatest value from fertilizers the lime 

content of the soil should be adequate and conversely the greatest 

benefit from lime is received when the soil is well fertilized. 

Coleman and C1ennne (24 pp. 6-7) state that applying lime to 

acid soils improves the tilth and aeration, creates favorable conditions 



for multiplication and activity of beneficial bacteria and other 8oil 

organisms, and increases the availability of other soil nutrients, 

especially phosphorus. Calcium is continually being removed from the 

soil by leaching, cropping, grazing arid by erosion. A calcium level 

sufficiently high to grow legumes should be maintained to provide a 

turnover of decaying organic matter and nitrogen sufficient to produce 

a high crop yield, high quality feed, and to maintain soil fertility. 

The authors cautioned about excessive use of limestone and gave two 

considerations which they regarded important in its uee* 

Sulfur 

1. Limestone application should be confined to lime- 
deficient Boils, and used in a cropping system 
which includes legumes. 

2. Lime cannot substitute for other nutrients. Better 
results will be obtained on most soils where nitrogen 
and phosphorus are used regularly. 

The rolo of sulfur as a major plant nutrient is riot generally 

known. Plants that have insufficient sulfur often show the same 

characteristic symptoms as in nitrogen starvation. Sulfur is 

especially needed by legumes and should be supplied in neutral forni 

to acid soils (41 pp. 12-13). 

Haddock and Vandecaveye (39 pp. 132-133) found that the lack 

of sulfur was the first limiting factor when raising alfalfa on 

Washington soils. 

Conard, et al (26 pp. 275-277) found from the first year's 

application of sulfur to certain range areas of Altaxaont loam in the 

upper Ojai Valley, California, resultad in a three to four-fold in- 

crease in legumes, principally bur clover (edicago hispida). In 
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the years following, yields of non-legumes on the fertilized plots were 

double those of the unfertilized plots. 

Potassium 

Without sufficient available potassium in the soil, plants 

suffer reduced vigor, greater susceptibility to disease, reduced growth, 

and failure to develop normally and translocate starch within the 

plant. The presence of an adequate supply of available potassium L 

the soil results in the followings it promotes better health, in- 

creases the quality of the plant, gives greater efficiency in photo- 

synthesis, increases resistance to certain diseases, corrects the ill 

effects of an over-supply of nitrogen, and helps the plants to utilizo 

soil moisture better, particularly during dry spells. An adequate 

supply of available potassium aids the development of well-filled 

kernels, gives rigidity to the straw, encourages the growth of 

different legumes, and assista in the functioning of chlorophyll 

(85 pp. 397-400). 

Potash alone does not appear to be an effective fertilizer on 

poor grazing land. Potash seems to supresa the yield (28 pp. 186-188). 

Combinations of Fertilizers: 

Sullivan and Wilkins (86 pp. 285-287) say moat of our knowledge 

about the effect of soil fertility on the nutritive composition of 

forages comes from observing the changes following an application of 

fertilizers. These changes are not easily explained, but the appli- 

cation of fertilizers to the soil has certain general results. The 

quality of forage crops is improved when the percentage of protein, 



phosphorus, or calcium is increasod by the use of fertilizers. 

Maximum efficiency in fertilizer use is acoonplished by the 

proper nutrient balance in the soll. Each element has a definite 

physiological role in plant development. If the available supply 

of any one element is deficient, law yields will result and forage 

of poor quality will be produced. For every crop there is a definite 

ratio of the amounts of the elements required to maintain optimum 

growing conditions. The ratio 'v-aries with soil types, climatic condi- 

tions and plant species. Failure to get response to high rates of 

fertilization, provided moisture and other soil conditions are 

favorable may be due to improper nutrient balances produced by the 

fertilizer practices followed (15 pp. 19-23). 

Begga (11 pp. 549-552) conducted experiments on pastures with 

phosphates, potash, and lime. The nitrogen deficiency was overcome 

by growing clover. In all the experiments there was a marked response 

to lime and phosphates and a negativo or depressing effect from 

potash. 

Albrecht, Klemme and Mierko (5 pp. 1101-1109) found sweetolaver 

roots to be more efficient in making plant tops and in increasing their 

nitrogen content when fertilized with lime, phosphates and potassium 

than when fertilized with lime alone or lime plus phosphorus. 

Andrew (5 pp. 61-62) found that on the upkeep of old established 

pastures, lime, phosphate and potash were needed. 

Bentley (87 pp. 1-8) reports good results in range fertilization 

using gypsum, superphosphates and sodium nitrate. The results were 

evident not only in increased forage yields but also in greater palat- 

ability. Bentley suggested that the policy of legume enoouragement 
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by means of sulfur and phosphorus applications appeared to be economic- 

ally more favorable than by direct nitrogen fertilization which 

stimulated grasses at the expense of the clovers on range-land soils. 

The livestock-carrying capacity was increased on many Missouri 

pastures by the use of an annual topdressing of a 1000 pounds per acre 

of limestone, 80 pounds per acre of nitrogen, and 300 pounds per acre 

of phosphorus and every third year an application of 150 pounds per 

acre of potassium. After the second year of the treatment, soil 

erosion was stopped or materially reduced (20 pp. 1-19). 

Dicky, Hoglund and Madson (28 pp. 186-188) found that on annual 

ranges of California an application of 200 pounds per acre of 16-20-0 

advanced range readiness by seven weeks and hay production rose from 

1259 to 3755 pounds per acre. 

Harper (86 pp. 149-153) states the use of manures, lime and 

fertilizers where needed is essential in any good pasture management 

program. Considerable improvement can be made by topdressing many 

permanent pastures. This will encourage the growth of the niara do- 

sirable pasture plants and increase the nutritive value of the forage. 

For the best success the soil-improvement program must be a part of 

the grassland system of management. 

If the agriculturalists of western Oregon were to adopt a 

fertilizer program which embodied the principles set forth in the 

literatura review, the pastures might provide earlier spring grazing, 

supply a more nutritious feed, give higher forage yields, and provide 

maximum soil fertility. Such a fertilizer program would curtail 

erosion and promote livestock production. 
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MA.TERIALS AND METhODS 

Thi8 section is divided into six sections for botter coinprehen- 

sion and understanding. 

Experinental Area 

A well drained area of Olympic Clay which is located on the 

south side of field 105-B in the Oregon State College hill pasture was 

selected for the experiment (Figure 1). This field was tilled in 1944 

and one crop of sudan grass was grown. The area was fertilized with 

loo pounds of treble superphosphate and 50 pounds of anmoniuza sulfate 

per acre on October 3, 1944, and seeded to the following mixture: 
Rato in Pounds 

Common Naine Botanical Naine Per Acre 

1. Alta fescue 
2. Creeping red fescue 

3. Subterranean clover 
4. Alsike clover 
5. Meadow foxtail 
6. Perennial ryograse 
7. Timothy 

Festuca arundinacea 
Festuca rubra) 
rifolium eubterran 

Trifolium Kvbridum) 

en 

) 8 

4 

ean) 3 

2 

5) 1 

5 

3 

A good stand was obtained, but at the time the experiment was laid out 

there was no alsike clover or timothy present and the subterranean 

clover appeared only in small scattered patches. Birdsfoot trefoil 

(Lotus cornioulatus) was seeded in the stubble on March 22, 1947. A 

very poor stand was obtained as there is only an occasional plant. 

It is assumed thnt the annual Spanish clover (Lotus americanus), which 

was fairly abundant, may have been introduced through impurity in the 

birdsfoot trefoil seed. Burnet (Sanguisorba minor) and orchard-grass 

(Dactylis glomerata) may have been introduced as impurities in the 

original seeding, as the stand of these two species are even end 

uniform, 



Figure 1 Shaws part of experimental area shortly after fall application of fertilizers. 



There are several species of annw3l crasses and one annual 

legume that have invaded the area. These species are: 

Common Name 

1. Soft chess 
2. California brome grass 
3. Ripgut grass 
1. Medusa-head grass 

5. Foxtail fescue 
6. hop clover 

Botanical Neme 

Broxaus mollis) 
Brornus carinatus) 
Bromus rigidus) 

1ymus caput medusae 
Festuca myuros) 
Trifolium rroumbezis 

12 

The experinental area was protected from grazing during the 1949- 

1950 growing season. It was clipped and the forage removed prior to 

laying out the experiment. 

The soil analyses do not indicate residual effect from the 

light fertilizer application made in 1944 (Table 1). Soil samples were 

taken at the following depths: zero to two inches, two to six inches, 

and six to twelve inches. A series of five samples at each of the 

depths was taken from each plot on October 12, 1950. These samples 

were composited by rows within replications. The rows of the repli- 

cations ran approximately north and south and were numbered from west 

to east, hi10 the plots ran approximately east and west and were 

numbered from west to east. The "quick test" soil analysis was used 

to determine the amounts of calcium, magnesium, potassium, phosphates 

and nitrates present (Table 3). 

Froni an examination of Table 1 nitrogen would seem to be one 

of the most important elements needed to increase forage production. 

The analyses suggest that the amounts of calcium and phosphates are 

low, although the desirable 1evel for these two elements have not 

been determined on Olympic clay øoils. The analyses indicate the 

anouxits of Potassium and Magnesium to be adequate. 
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TABLE i 

The calcium, magneaiuni, potassium, phosphate, and nitrate 

content of the soil at three depthi in the experimental 

area prior to fertilizer treatments. 

. 

Depth 
in Amounts present in pounds per re 

Reps Rowa Inches Ca g K PO 

i i O-2 1000 750 50 20 0 

1 2 0-2 1500 200 80 iO O 

i 3 0-2 1000 120 300 15 0 

i 4 0-2 1000 300 500 15 0 

2 1 0-2 1800 300 350 15 0 

2 2 0-2 1250 250 250 15 0 

2 3 0-2 1800 100 350 10 0 

2 4 0-2 1600 250 70 25 0 

3 i 0.-2 1000 200 250 15 0 

3 2 0-2 1400 200 360 20 0 

3 3 0-2 1500 340 300 5 0 

3 4 0-2 1600 200 70 15 0 

4 i O-2 1600 200 350 iO O 

4 2 0-2 1250 200 800 15 0 

4 3 0.-2 1400 300 300 10 0 

4 4 0-2 1050 iOO 50 20 0 

i i 2-6 1400 200 150 8 0 

i 2 2-6 1200 350 500 10 0 

i 3 2-6 i000 250 320 5 0 

i 4 2-6 1000 250 500 8 0 

2 1 2-6 1400 200 120 5 0 

2 2 2-6 i000 200 250 5 0 

2 3 2-6 1800 250 350 10 0 

2 4 2-6 l00 200 120 15 0 

3 3. 2-6 1400 340 300 10 0 

3 2 2-6 1500 340 450 18 0 

3 3 2-6 1400 200 300 10 0 

3 4 2-6 1700 200 100 10 0 

4 1 2-6 1000 250 320 5 0 

4 2 2-6 1250 300 1000 10 0 

4 3 2-6 1400 200 300 10 0 

4 4 2-6 1000 750 150 18 0 

1 1 6-12 1400 0O i50 10 0 

1 2 6-12 1000 300 500 10 0 

i 3 6-12 1200 300 450 6 0 

i 4 6-12 1200 250 500 5 0 

2 i 6-12 1400 200 120 5 0 

2 2 6-12 1200 250 300 8 0 

2 3 6-12 1400 300 350 10 0 

2 

4 6-12 1000 200 250 5 0 

3 1 6-12 1260 250 300 10 0 

3 2 6-12 1700 300 800 i5 O 

3 3 6-12 1200 200 350 7 0 

3 4 6-12 1950 250 250 8 0 

4 1 6.-12 1000 250 250 15 0 

4 2 6-12 1200 300 300 5 0 

4 3 
!- 99 99 

299 15 0 
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Experimental Design 

The experiment is of 3x2x2x2x2 factorial design in randomized 

blocks. The fertilizers used were three levels of nitrogen, two levels 

each of phosphorus, potassium, sulfur arid limestone. 

There are 48 combinations of the five fertilizers and four rep- 

lications were used (Figure 2). The 48 treatments are given in Table 2. 

The factorial designed experiment has many advantages. If the 

five fertilizers "are to be tested one at a time this is not because it 

is ideal scientific procedure, but because to test them simultaneously 

would sometimes be too troublesome, or too costly. In many instances 

it has been shown that this belief has little or no foundation. In 

many cases an experimental investigation is made more comprehensive, 

and more efficient, if, by more efficient we mean that more knowledge 

and a higher degree of precision are obtainable by the sanie ni.unber of 

observations" (36 pp. 100-102). Despite the fact that this experi- 

ment has only four replications, each level of nitrogen has 64 plots 

for comparison, while the other four elements have 96 each. 

The first fact contributing to the efficiency of experiments 

designed on the factorial system, is that every plot supplies informa- 

tion upon each of the five fertilizers which the&periment is de- 

signed to examine. The second advantage in a factorially arranged 

experiment is in addition to measuring the effects of the single 

fertilizer with the saine precision as though the whole of the experi- 

ment had been devoted to each of them, it measures also the possible 

interactions between the fertilizers with the sanie precision. These 

interactions may, or may not be considerable in magnitude. It is 

none the less of importance in practical cases to know whether they 
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are considerable or not. There is a third advantage which, while less 

obvious than the other two, has an important bearing upon the practical 

application of the experinental results. That is, any conclusion has a 

wider inductive basis when inferred from an experiment in which the 

quantities of fertilizers have been varied, than it would have from any 

amount of experimentation, in which the fertilizers had been kept 

strictly constant (36 pp. 103-116). 

Fertilizers and Rates of Application 

The rates of commercial fertilizer applications, determined in 

consultation with Doctor A. A. Hunter and Doctor R. E. Stephenson, of 

the Oregon Agricultural Experiment Station, and the kind of fertilizers 

used with the manufacturer's specifications are as follows: 

1. The lower level of nitrogen application was at the rate of 

671 pounds of fertilizing material or 200 pounds of element- 

al nitrogen por acre. Ammonium nitrate was used having an 

available nitrogen content of 33.50 percent. 

2. The higher level of nitrogen application was at the rate of 

857 pounds of fertilizer material or 300 pounds of element- 

al nitrogen per acre. The same source of nitrogen was used. 

3. The phosphate application was at the rate of 1200 pounds of 

fertilizer material per acre. Treble superphosphate was 

used having an available phosphoric aoid content of not less 

than 42 percent. 

4. The potassium application was at the rate of 4O pounds of 
fertilizer material per acre. Iiurate of potash was used 
having a potassium oxide content of 60 percent. 

5. The sulfur application was at the rate of 400 pounds of 

fertilizer material per acre. Landplaster or gypsum was 

used having a sulfur content of 18 percent. 

6. The agricultural limestone was applied at the rate of four 

tons por acre. Oewego ground limestone having a caLium 
carbonate content of 97 percent, W&3 used. 
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TABLE 2 

Fertilizer Combinations Used in the Exooriment 

Plot N P K S L P1t N P K S L 

Number Number 

i. O O O 0 0 25 1 1 0 0 0 

2 0 0 0 0 1 26 1 1 0 0 1 

3 0 0 0 1 0 27 1 1 0 1 0 

4 0 0 0 1 1 28 1 1 0 1 1 

5 0 0 1 0 0 29 1 1 1 0 0 

6 0 0 1 0 1 30 1 1 1 0 1 

7 0 0 1 1 0 31 1 1 1 1 0 

8 0 0 1 1 1 32 1 1 1 1 1 

9 0 1 0 0 0 33 2 0 0 0 0 

10 0 1 0 0 1 34 2 0 0 0 1 

11 0 1 0 1 0 35 2 0 0 1 0 

12 0 1 0 1 1 36 2 0 0 1 1 

13 0 1 1 0 0 37 2 0 1 0 0 

14 0 1 1 0 1 38 2 0 1 0 1 

15 0 1 1 1 0 39 2 0 1 1 0 

16 0 1 1 1 1 40 2 0 1 1 1 

17 1 0 0 0 0 41 2 1 0 0 0 

18 1 0 0 0 1 42 2 1 0 0 1 

19 1 0 0 1 0 43 2 1 0 1 0 

20 1 0 0 1 1 44 2 1 0 1 1 

21 1 0 1 0 0 45 2 1 1 0 0 

22 1 0 1 0 1 46 2 1 1 0 1 

23 1 0 1 1 0 47 2 1 1 1 0 

24 1 0 1 1 1 48 2 1 1 1 1 

The numerals 0, 1 and 2 are used to designate the various 

levels of fertilizers applied. The absence of fertilizer is shown 

by 0, while the levels are designated 1 for the first level, and 

in the case of nitrogen, 2 for the higher level. 
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Ammonium nitrate was ueed because it supplies ammonium and 

nitrate nitrogen without the presence of sulfur. 

Treble superphosphate was used because it contains no sulfur 

which is present and available in superphosphate. 

Murate of potash was used as the potassium carrier because it 

contains no other fertilizing element being considered in this study. 

Laudplaster or rpsum was used as the sulfur carrier because 

it does not possess the acid forming property of elemental sulfur. 

Oswego ground limestone was used because it is a high..test 

limestone free from impurities. 

For convenience in weighing, a calculation was made in which it 

was determined that a weight of 78.1 grams por plot of 5 x 15 foot is 

equivalent to 100 pounds per acre. Nitrogen was applied in the spring 

and in the fall, whereas the other fertilizers were applied only in 

the fall. The fertilizer rates por plot are as follows, 

1. Fall application 

a. Low nitrogen 111.52 grains per plot. 

b. High nitrogen 167.55 grams per plot. 

o. Phosphate 937.2 grams per plot. 

d. Potassium 312.4 grams per plot. 

o. Landplaster or gypsum 312.4 grains per plot. 

f. Agricultural limestone 6248 grame per plot. 

2. Spring application 

a. Low nitrogen 334.71 grams per plot. 

b. High nitrogen 532.07 grams per plot. 

Field Layout 

An area of 152 feet square was selected because of its apparent 

uniformity of soil and species. The experimental area was divided into 

four blocks, each of which was 60 feet square. There was a sixteen- 
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foot alleyway between the blocks. Each block was subdivided into 48 

5x15 feet plots. 

The plots were measured, staked and all corners were turned with 

the use of a transit. The rows were also lined up with a transit. 

Every plot was marked with a 2x2 inch by 4 foot stake. The treatments 

were completely randomized within each block and all plots were labeled 

with metal tags, showing the plot number and treatment. 

Application of Fertilizers 

The fertilizer was hand spread. The spreading of the fertili- 

zers was practiced on canvas of the saine dimensions as the plot size 

until a uniform application at the different levels could be made. 

A chalk-line was strung around the plot edges to mark their boundaries. 

The fertilizers for each treatment were then placed in a bucket and 

thoroughly mixed, and applied. 

The fertilizers were applied on the following dates 

Fall Spring 

Replication Date ReplIcation Date 

i 10/11/50 1 and 2 2/24/51 

2 10/12/50 3 and 4 2/25/51 
3 10/13/50 
4 10/15/50 

klarveeting Methods 

Prior to harvesting, 192 one-hundred-pound cloth sacks wore 

weighed and the weights recorded. The sacks wore identified by two 

tags which were placed in the sacks at the time they were weighed. 

The tags were numbered with the replication and plot number. One tag 

was equipped with a string for tying the sack after harvwst. The tag 
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without a string remained in the sack for identification purposes in 

case the outside tag was lost. Tenpound sugar sacks were used for the 

moisture samples. They were weighed and recorded arid placed in the 

larger sacks. 

Before going to the field the sacks were arranged by plot and 

replication number to facilitate distribution. Figure 3 shows the 

experimental area just before harvest. 

A Gravely mower equipped with a two-foot cutter bar was used to 

out a one-foot border off the side of each plot. The stakea marking 

the plots were pulled up ahead of the mower and replaced as soon as 

the strip was cut and raked clean. This resulted in a clear strip 

two feet wide between each plot. The alleyways between replications 

had been clipped prior to this. 

With the border mowed, the tags in the sacks were checked against 

the plot marker then placed on their proper plot. 

The plots were harvested with a Soythotte (Figure 4). This 

machine handles easily, gives a uniform stubble height, and cuts a 

twenty inch swath. 

A strip twenty inches wide was clipped lengthwise through the 

center of each plot, as shown in Figure 5. A tho plot was clipped, 

the small sack was filled from various locations on the plot. The re- 

rnaindor of the forage was then placed in the larger sack and the small- 

er one placed in the top and the bag securely tied with the tag that 

had the string attached. After all the plots were clipped and the 

yield samples bagged, the remaining forage was cut and raked clear of 

the experimental area. Figure 6 shows the harvest near completion. 
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Figure 4. The Scythette 
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The samples were transported to the laboratory for weighing and 

drying. let weights were taken with the Toledo computagr*m scale. 

After each yield sample was weighed and recorded, the moisture sample 

bag was removed, tied with the plot label tag, and the green moisture 

weight recorded. A hop dryer was used for drying the small samples 

to determine the moisture oontent. The samples were dried in the hop 

dryor for 16 hours at a range in temperature of 100°C. to 150°C. 

Previoua weighings starting at the end of 12 hours of drying on a few 

samples showed that a drying period of 16 hours was sufficient. 

The samples were removed from the dryer and. hung on lines in 

the laboratory equipped with an electric heater-blower and a fan so 

that the humidity and temperature was relatively constant. The 

samples were left hanging on the lines for three days allowing them 

to absorb moisture evenly. They were weighed and the weights 

recorded on the fourth day and these values were used as air dry 

weights. 

EXPERIMENTAL RESULTS 

The total yield of the 48 treatments is given in Table 3. 

The data were analyzed by the analysis of variance, and the five- 

percent level was used in all tests of significance. 

The results of the green weight analysis of variance Table 4, 

show that nitrogen, phosphorus and lime have significant effects on 

the yield of grass. The mean yields by levels of nitrogen aro shown 

in Table 5. These are the green weights expressed in pounds per plot 

and tons per acre for the two levels of nitrogen with each mean based 
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TABLE 3 

Total Yields Based ou Four Plots 

Fertilizer 
Treatments Treatment Green Weight Dry Veight 

N P K S L Number Pounds Pounds 

o o o o o i 12.46 4.88 

o o o o i 2 16.44 7.33 

o o o i o 3 15.61 6.00 

o o o i i 4 16.39 6.40 

o o i o o 5 9.71 3.82 

o o 1 0 1 6 17.04 6.47 

o o i i o 7 15.79 6.22 

o o i 1 1 8 16.86 6.79 

o i o o o 9 15.10 5.83 

o i o o i 10 15.93 7.0]. 

o i o i O 11 16.45 6.76 

o i o i. 1 12 14.85 5.92 

o i i o o i 16,27 6.04 

o i i o i 14 16,78 6.67 

o i i i. O 15 13.53 5.38 

o i i 1 1 16 15.10 5.79 

1 0 0 0 0 17 36.49 13.16 

i o o o 2. 18 39.19 14.31 

1 0 0 1 0 19 36.54 13.51 

1 0 0 1 1 20 39.79 14.17 

1 0 1 0 0 21 38.50 13.49 

1 0 1 0 1 22 37.88 14.28 

1 0 1 1 0 23 38.41 13.77 

1 0 1 1 1 24 40.43 14.73 

1 1. 0 0 0 25 39.69 14.25 

1 1 0 0 1 26 41.99 15.71 

1 1 0 1 0 27 37.58 14.39 

i 3. 0 1 1 28 39.39 14.24 

1 1 1 0 0 29 40.98 15.08 

3. 1 1 0 1 30 41.36 15.44 

i i 1 1 0 31 40.77 15.04 
1 1 1 1 1 32 41.73 15.41 

2 0 0 0 0 33 38.60 13.81 

2 0 0 0 1 34 40.90 15.29 

2 0 0 1. 0 35 41.00 15.35 

2 0 0 1 1 36 39.37 14,58 
2 0 1 0 0 37 40.78 14.45 

2 0 1 0 1 38 40.58 14.48 

2 0 1 1 0 39 42.11 15.56 
2 0 1 1 1 40 39.36 15.11 
2 1 0 0 0 41 41.97 15.03 
2 1 0 0 1 42 41.24 16.01 
2 1 0 1 0 43 42.52 15.19 
2 1 0 1 1 44 41.41 15.42 
2 1 1 0 0 45 41.80 14.41 
2 1 1 0 1 46 46,66 16.62 
2 1 1 1 0 47 43.84 15.45 
2 1 1 1 1 48 43.47 15.60 
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TABLE 4 

Analyeis of Variance of the Green Weights 

Source Degrees Variance 

of Sun of of Mean Ratio 

Variation Squares Freedom Squares F 

Replication 88.6202 3 29.5401 44.35 

N 1694.7414 2 847.3707 1272.09 

P 7.4971 1 7.4971 11.25 

K 1.6170 1 1.6170 2.43 

s 0.0295 1 0.0295 0.04 

L 4.6197 1 4.8197 7.24 

NP 2.8315 2 1.4158 2.13 

NK 2.4468 2 1.2234 1.84 

NS 0.1719 2 0.0860 0.13 

NL 2.0564 2 1.0282 1.54 

PK 0.6394 1 0.6394 0.96 

PS 2.2969 1 2.2969 3.45 

PL 0.6580 1 0.6580 0.99 
g 0.1008 1 0.1008 0.15 

KL 0.0037 1. 0.0037 0.01. 

SL 2.3852 1 2.3852 3.58 

NPK 0.0463 2 0.0232 0.03 

NPS 0.6602 2 0.3301 0.50 

NPL 2.7128 2 1.3564 2.04 

NIS 0.6065 2 0.3029 0.45 

NKL 1.2719 2 0.6359 0.95 

NSL 2.4274 2 1.2137 1.82 

PKS 0.3763 1 0.3765 0.66 

PKL 0.8400 1 0.8401 1.26 

PSL 0.2480 1 0.2480 0.37 

ßL 0.0336 1 0.0336 0.05 

NPZS 1.2249 2 0.6124 0.92 

NPKL 0.8180 2 0.3090 0.46 

NPSL 1.4981 2 0.7466 1.12 

NKSL 0.3248 2 0.1624 0.24 

PKSL 0.0631 1 0.0631 0.09 

NPKSL 1.0284 2 0.5142 0.77 

Error 93.9234 141 0.6661 

Total 1918.8132 191 
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TABLE 5 

Mean Yields in Green Weight 
for 

Different Nitrogen Levels 

Pounds 

Nitrogen Per 

Levels Plot 

0 3.850 

3. 9.859 

2 10.410 

Tons Per 
Acre 

4.547 
111713 
12.366 

*1 LSD (5%) 0.286 0.339 

on 64 plots. The yield plot size used in this experiment was twenty 

inches wide and eleven feet long. The factor used for conversion of 

plot yield from pounds per plot to tons per acre was the pounds per 

plot times the factor of 1.188 equals the tons per acre. 

The first level of nitrogen gave a large increase in yield 

over the zero rato. The difference in yield was 6.009 pounds per 

plot or 7.139 tons per acre. The second level of nitrogen increased 

the yield above the first level, but the increase was insufficient 

to cover the cost of the fertilizer and its spreading. The increase 

in yield of the second level over the first level was 0.551 pound 

per plot or 0.653 ton per acre with a least significant difference of 

0.286 and 0.339 respectively. 

There is an interaction between phosphorus and sulfur. In 

other words, whether phosphorus is effective or not in increasing the 

yield of grass depends on whether sulfur is applied. The mean yields, 

1. LSD stands for Least Significant Difference. 
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in green weight, for the four combinations of phosphorus and sulfur are 

given in Table 6. Each of the four means is based on 48 plots. 

TABLE 6 

Mean Yielda in Green Weight for 
Combinations of Sulfur and Phosphorus 

Pounds Tons 
Per Por 

Sulfur Phosphorus Plot Acre 

0 0 7.720 9.172 
o 1 8.334 9.90]. 

1 0 7.964 9.461 

1 1 8.140 9.671 

LSD (5%) 0.330 0.392 

The examination of Table 6 ahows that phosphorus increased the 

yield significantly when sulfur was not applied. But phosphorus did 

not increase the yield significantly when sulfur was applied. 

The interaction between sulfur and lime gave the same results 

as that between sulfur and phosphorus. This is shown in Table 7. 

Each of the four means is based on 48 plots. 

TABLE 7 

Mean Yields in Green Weight for 
Combinations of Sulfur and Lime 

Pounds Tons 
Per Per 

Sulfur Lime Plot Acre 

o o 7.757 9.216 
o 1 8.297 9.857 
1 0 8.005 9.510 
1 1 8.099 9.622 

LSD (5) 0.330 0.592 
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Nitrogen aignifioantly increased the dry..weight yield of grau. 

Tables 8 and 9. 

The interaction between aulf\ar and phosphorus and that between 

sulfur and lime are pronounoed. The mean yields in dry weight for 

these interactions are shown in Tables 10 and 1].. 

TABLE 8 

Analysis of Variance of the Dry Weights 
Source Sum Degrees Variance 
of of' of Mean Ratio 

Variation Squares Freedom Squares F 

Replication 3.6003 3 1.2001 11.48 

N 203.3160 2 101.6580 972.02 

p 1.1301 1 1.1301 10.81 

K 0.0125 1 0.0125 0.12 

S 0.0441 1 0.0441 0.42 

L 1.4893 1 1.4893 14.24 

Np 0.3463 2 0.1732 1.66 

NI 0.3305 2 0.1662 1.58 
NS 0.0550 2 0.0275 0.26 
NL 0.1007 2 0.0504 0.48 
PK 0.0033 1 0.0033 0.03 
PS 0.5136 1 0.5136 4.91 
PL 0.0447 1 0.0447 0.43 
KS 0.0959 1 0.0959 0.92 
KL 0.0011 1 0.0011 0.01 
SL 0.9962 1 0.9962 0.53 
NP 0.0236 2 0.0119 0.11 
NPS 0.0428 2 0.0214 0.20 
NPL 0.5032 2 0.2616 2.41 
NKS 0.0032 2 0.0016 0.02 
NM.. 0.0232 2 0.0116 0.11 
NSL 0.1750 2 0.0875 0.84 
I'KS 0.0686 1 0.0686 0.66 
PKL 0.0228 1 0.0228 0.22 
PSL 0.0015 1 0.0015 0.01 
KSL 0.1059 1 0.1059 1.01 
NPKS 0.1821 2 0.0911 0.87 
NPL 0.0644 2 0.0322 0.31 
NPSL 0.0800 2 0.0400 0.38 
NCSL 0.0275 2 0.0138 0.13 
PKSL 0.0004 1 0.0004 0.00 
NPKSL 0.2145 2 0.1073 1q03 

Error 14.7463 141 0.1046 

Total 228.3646 191 
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Mean Yields in Dry Weights for 
Different Nitrogen Levels 

Pounds Tons Number 
Nitrogen Per Per of 

Levels Plot Acre Plots 

0 1.521 1.806 64 

1 3.609 4.288 64 

2 3.787 4.499 64 

LSD (5%) 0.113 0.135 

TABLE 10 

Mean Yields in Dry Weights for 
Combinations of Sulfur and Phosphorus 

Pounda Tons Number 
Per Per of 

Sulfur Phosphorus Plot Acre Plots 

O 0 2.829 3.380 48 
O 1 3.085 3.665 48 
3 0 2.962 3.519 48 
1 1 3.012 3.579 48 

L8D (&%) 0.131 0.155 

TABLE 11 

Mean Yields in Dry Weights for 
Combinations of Sulfur and Lime 

Pounds Tons Number 
Per Per of 

Sulfur Lime P1t Acre Plots 

o o 2.797 3.323 48 
o 3. 3.117 3.703 48 
1 0 2.971 3.530 48 
1 1 3.003 3.568 48 

LSD (s%) 0.131 0.15b 



32 

The conclusions based on the analysis of green weights are 

identical to those based ou the dry weights. Nitrogen was the main 

element in increasing the yield. Phosphorus and lime when applied 

without sulfur increased the yield slightly, but when sulfur was 

applied with either, no increase in yield was obtained. 

DISCUSSION 

It is evident from this study and other investigations that in 

pastures where the vegetation is composed primarily of grasses, nitro- 

gen is the iortant element necessary for large forage yields. 

In the present study the socond level of nitrogen was 300 

pounds of elemental nitrogen. This level gave an increase in yield 

over the first level which was 200 pounds, but the forage increase 

of 0.653 ton per acre was so slIght that it would not be economically 

feasible to use the high rate. The increase in yield was not 

sufficiently high to cover the present costs of the nitrogen fertili- 

zer and labor in spreading. 

The pasture in which the experiment was conducted had a grass- 

dominant community with a few 'did annual legumes. The lack of a 

good improved armual or perennial legume may have been the reason 

why there was little response to phosphorus, lime and sulfur. The 

literature indicates that an application of phosphorus, lime or sul- 

fur, or a combination of these on a good improved legume stand results 

in a definite increase in yiold. 

It would be interesting to repeat the study using a good grass- 

legume mixturo and the same experimental design and fertilization rates. 
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In addition, studies should be made on siiuilar pastures to determino 

the optimum rato and time of application of nitrogen. 

An important asect of this experitent may be lost if further 

study of the residual effects of the fertilizers is not made. Linie 

and phosphorus become available slowly, and when applied only as a 

topdressthg, availability Is further retarded for it is dependent 

on the leaching effect that takes place. This process may take two 

or three years for the elements other than nitrogen to reach the root 

zone In sufficient quantities to be of valuo to the plant In increas- 

Ing yield. Therefore, it is suggested that the study be continued 

for at least three years during which yields are obtained on the 

same experimental area. Figure 7 shows the results of the higher 

level of nitrogen coabined with phosphorus and potassium. 

SUMMARY AND CONCLUSIONS 

A factorial designed experiment was conducted from the fall 

of 1950 to the spring of 1951 to test the effects of nitrogen, 

phosphorus, potassium, sulfur and lin on pasture yields. 

The conclusions reached from the analyses of the yield data 

are: 

1. The analysis of the groen weights gave identical results 

to those of the dry weights. 

2. Nitrogen was the most important element in increasing the 

forage yield. 

3. The application of 200 pounds of nitrogen per acre approxi- 

mately doubled the yield, but the additional 100 pounds per aore had 
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only a slight beneficial effect on the yield. 

4. Phosphorus gave a S1IL;ht increase in yield, but when the 

app].ioation of phosphorus and sulfur was combined the yield was not 

increased. 

5. Lime resulted in a slight increase in yield, and sulfur 

had the saiie intorsoting effect with lime as it did with phosphorus. 

6. There was no beneficial effect on the yield from potassium 

or sulfur. 

The phosphorus, sulfur and lime applications might have given 

a largor forage yield if legumos had been more abundant in the pasture. 
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