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i B NTROOUCT i ON 

AlfaHa is among the most important perennial forage crops pro-

duced in Oklahoma. Continued successful production of this legume is 

dependent on sound management and soil fertility practices adapted to 

each of the ~evera1 so!1 and climatic areas within the state. 

A soil fertility research study with alfalfa was initiated by 

the Oklahoma Agriculture Experiment Statibn in 1955. Results from 

these experiments have contributed information necessary for improved 
0 

management and maintenance of alfalfa on important alfalfa producing 

so i1 s in cent ra 1 and eastern Oklahoma. 

The objective of these field and gree~house studies was to deter= 

mine the response of alfalfa to various soil ferti1 ity treatments. 

Treatments used in the field experimell'1lt at the Thomas farm included 

three rates of phosphorus, two rates of potassium and two rates of 

boron. Those treatments used at the Paradise farm included five rates 

of phosphorus, two rates of potassium and two rates of boron. 

The greenhouse experiment was concerned with calcium and magnesium 

ratios app1 ied with and without pho~phorus and potassium fertilizers. 



il REVIEW OF LITERATURE 

Establishment and maintenance of alfalfa under Oklahoma soil and 

climatic conditions are dependent on successful management and soi 1 

fertility practices. Yields, hay qua! ity and stand maintenance are 

greatly dependent in most areas on favorable soil conditions. Alfalfa 

has a high requirement for available plant nutrients from the soil (11)1, 

Lucas and Scarseth (18), with data from various plant sources con

verted the percentage of K, Ca and Mg to a chemical equivalent basis. 

A reciprocal relationship was found to prevail between the K, Ca and Mg 

in the plants, This relationship helps to account for the need of 

potassium in sorghum. 

Schmeh l et a 1. (34) studied the inf 1 uence of so i1 acid l ty on the 

absorption of calcium by alfalfa, with radio-cajcium. They reported the 

rate of absorption of calcium by alfalfa was markedly reduced in the 

presence of aluminum ions. !twas reduced to a lesser degree in the pre

sence of manganese and hydrogen ions of a nutrient solution. They 

suggested the low calcium content usually observed in plants grown in 

an acid soil may be due to the antagonistic effect of aluminum man

ganese and·~ydrogen ions on the absorption of calcium ions, rather than 

a low supply of calcium in the soil. 

Figures in pijrenthesis refer to Literature Cited. 
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Winter survival_of alfalfa is closely related to soil fertility. 

Wang (41) found that in most cases, the additions of lime or 1 ime and 

other fertilizers, increased the water retention of alfalfa by increasing 

the water soluble protein content of the plants. This capacity for re-

tention of water appears to be directly related to the ability of alfalfa 

to withstand winter killing, 

Over! iming of alfalfa is usually accompanied by reduced yields. 

According to Turk and Lynd (39), overl iming not only reduces yields but 
··.. '· . . 

it also reduces the percentage of potassium, manganese and phosphorus 

in the plants and increases the calcium content, In an investigation with 

legumes, Lynd and Turk (19) were able to prevent over] iming injury by the 

appli6ation of manganese sulfate. They found a marked decrease in ex-

change~ble manganese in the soil with increasing rates of 1 ime. The 

quantity of exchangeable potassium and absorbed phosphorus was not appre= 

ciably affected. 

Liming of alfalfa to optimum pH levels is closely related to yield. 

Moser (24) showed the calcium supplied at low pH values was a more im-

portant growth factor than the pH value. His results indicated that 

calcium supplied in increasing increments gradually increa~ed in the 

plant, reaching the maximum where 10 m.e, of calcium was applied at a 

pH of 6.0 to 6.5. 

Woodhouse {42) in North Carolina, concluded that the time and method 

of application of lime were more important than the rate of application, 

Best results were obtained by mixing the 1 ime .in the plow layer before 

planting. A high level of calcium depresses the uptake of magnesium and 



potassium .. It is typical of calcareous soil to [~quire high levels of 

potassic fertilizers. This fact is well known on the thi'l'I chalk soils 

of southern and eastern England (32). 

Alfalfa requires relatively large amounts of phosphorus. Only a 

4 

part of the phosphorus fertilizer added to the soil as available phosphorus 

is used by the plant (25). Seay and Weeks (36), indicated that the best 

time· for application of phosphate fertilizers was in the fall. They 

found ·that phosphorus was taken up by alfalfa during the dormant season. 

Nielson (30), indicated that the time of application of phosphate was 

not critical. Fal 1 applications appeared to be equc1.! ly as effective as 

spring appl !cations._ Woodhouse (43) found that young alfalfa plants have 

a high requirement for phosphorus. 

Phosphate fertil i,zers on Washington soils were compared by Hausenbuil1er 

and Weaver (14). They found that fertilizer phosphorus was neither l~ached 

from the soil nor reverted into an unavailable form. As a result, highly 

available phosphat_e carriers can be applied to alfalfa in amounts sufficiently 

large to last for several years. 

Larson (17) found th~t yields of oats and alfalfa were markedly in

creased by phosphate fertilizer. The yields of the first two crops followed 

a curve of diminishing returns,. Later, however, the first increment of 30 

pounds of P205 per acre became ineffective. The first two years of the 

experiment, a corresponding increase in phosphorus and magnesium uptake 

was observe~ with phosphate applications, while the total uptake of cal

cium decreased. _ Hunter (15) concluded that the 1_evel of available phos-

- phate in the son was the most important factor affecting the phosphorus 

content of alfalfa, 
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Maclean and Cook (20) studied the effect of soil reaction on phos

phorus availability. They found that 1 iming to slightly above the neutral 

point increased the amount of availab~e soil phosphorus. 

Millar (23) reported that over 80 percent of the phosphorus applied 

to Anierican·soils in fertilizers is in forms designated as available, and 

from 5 to 15 percent of it ls recovered in the first crop harvested after 

the application. The loss of available phosphates is due to the reversion 

of phosphorus from a soluble form to an insoluble form known as fixation. 

Murphy (26) has shown that phosphate fixation may occur In soils high in 

!<aoLin clay minerals. Hebel ieved this probably accounts for the phosphate 

that ls fixed at about ne~tral ity. However, the fixation power of most 

clay ·minerals is relatively low. 

Seay (37) found a 1 inear relationship in Wisconsin soils existed 

between the percentage of potassium contai11ed !n alfalfa and the -logarithm 

of the number of pounds of exchangeable potassium in.the soil on which the 

crop was grown. Brown (5) studied potassium and boron fertilization of 

alfalfa on some Connecticut soils. He reported that large applications of 

K2o·, before plarnting, produced alfalfa with a high potassium and low cal

cium content the first year, 

it is well known by soil chemists that certain cations may be sorbed 

by the clay minerals in a nonexchangeable or a difficultly exchangeable 

state. Potassium is the most common ion that is !1fixed11 to any appre

ciable degree (12). Nelson and McEvoy (29) showed that an increase in 

yield and qua1 ity of tobacco was received when MgO was added to the soils 

that had a sufficient supply of available KzO. 
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Chandler et al. (7) found the potassium content of alfalfa to be 

a reliable criterion for predicting the need. of potassium fertilization. 

When the potassium content of th~ alfalfa plant at early 'bloom stage 

was less than 1 .25 percent a profitable yield response usually resulted 

from. fertll lzer appl icatlons. When potassium content was over 1 .25 per-

cent, there was seldom any response to potassium fertll izatlon. These 

workers proposed the critical level of the soil to be 80 pounds of 

exchangeable potassium per acre. ~urphy (27) found that soil containing 

less than 60 P.P.H. of replacea~le potassium generally responded to 

potassium fertll ization if other factors were favorable for plant growth. 

Bear and Toth (1) found that alfalfa plants h_ad the tendency to take up 

excess potassium at the expense of magnesium when excessive appl icatlons 

of potassium were made. 

In many instances the trace elements are the first limiting plant 

growth factor. Boron has received considerable study in soil fertility 

experiments with alfalfa (2) , The concentration range between the minimum 

amounts for plant growth and those which are toxic is . relat·ively narrow . 

Stinson (38) found that the total boron content of alfalfa varied directly 

with the water soluble boron of the soil . Dible and Berger (9) reported 

that the level indicating a boron deficiency was approximately 9 P.P . M. 

Brown and King (6) dec~eased boron deficiency symptoms, ln
0

creased height 

by 15 percent and yield by 16 percent with the- application of boron . 

Boron content of the leaves was increa~ed by 21 to 62 percent with the 

appl lcatlon of 20 pounds of borax per acre as compared with alfalfa that 

was not fertilized with boron. Murphy and Lynd (28) found increases In 
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yield of alfalfa hay ln southeastern Oklahom~ with the application of 

32, 64 and 96 pounds P205 per acre. These phosphorus treatments com

bined with 72 pounds of K20 gave larger increa~~~ over the respective 

P2o5 treatments alone. The add.it.ion of 4o pounds borax to the 0-64-72 
-

treatment resulted in the highest yields in the experiment. 

Manganese def! c i enc i es .common 1 y_ occur on soi 1 s of high pH and of 

high organic matter content (10). Lynd and Turk (19) found that with 

increasing rates of 1 ime there was a marked decrease In exchangeable 

manganese. Garey and Barber (10) found evidence that oxidation of 
.·· 

fonns of sulfur or acid production were important for manganese to be= 

come available from unavailable forms. Vania and Fredrick (40) found 

that oxidation of elemental sulfur. or sodium-thiosulfate applied to the 

soii resulted in a release of soluble manganese accompanied by a 

lowering of pH. 

M~ny cultivated plants need comparatively large amouii!ts of su1= 

fur. In a humid climate the soil loses muc~ sulfur through 1iaching. 

Bear (2) reported a marked increase in yields of crops, especially 

legumes, hat been obtained by appl !cations of sulfur fertll izers in 

ma~y ~reas of the United States. He also pointed out that rainfall de-

· 1 Ivers_ between 5 and 30 pou!'1lds of sulfur per acre annually in most iilreas. 



! I I MATERIALS AND METHODS 

Field Experiments 

A field experiment on a Port loam soil was located on the 

Thomas farm about 2f .miles east of Stillwater in Payne County, 

Oklahoma, near State Highway 51 in the NWiNWi sec. 20, Twp. 19 

N,, R._3 E, 

This soil was formed from materiaJ of al Juvial origin and is 

located on an occasionally inundated floodplain. Port loam soil 

has a brown top soil about 16 inches in depth, which has a medium 

granular structure and friable consistence, H is underlain by 

calcareous, reddish-brown al)uvlal material. A detailed descrip

tion of this soil series may be found In the Manua1 of Soil Series 

of Oklahoma (21). This field h~d been in continuous corn since 1948 

and did not receive any 1 ime during that period. 

The plots on a Norge fine sandy loam soil were located on the 

Paradise farm, about 9 miles south and 7 miles west of Stillwater 

in Payne County, Oklahoma in the SE~SEi sec. 34, Twp. 18 N., R. E. 

This soil was formed from material of old alluvial origin. 

Norge has a ·brown sandy loam topsoil about 8 inches !n depth which has 

a weak fine granular structure and friable consistence accompanied by 

a few fine pores. It grades gradually to the layer ·below. A detailed 

description of this soil may be obtained from the Manual of Soll Series 

8 
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of Oklahoma (21). 

Experiments were started on an .establ I shed stand of alfalfa in 
,. 

February of 1955 at the Thomas fa rm and in Ma rcti of 1956 at Paradise fa rm. 

The annual applications of the treatments used were applied in the 

spring of 1957, These treatments included annual appl !cations of 

the following at the Thomas and Paradise farms. 

P1• 40 pounds P205 per acre as treble superphosphate 
P2• 80 pounds P205 per acre as treble superphosphate 
K1= 100 pounds K20 per acre as KCl (60%) 
K2• 200 pounds K20 per acre as KCl (60%) 
B • 40 pounds borax per acre (11 ,3% boron) 

(45%) 
(45%) 

In addition, the Paradise experimen~ was expanded, which permitted studies 

with increased rates of phosphorus. 

P3: 120 pounds P205 per acre as treble superphosphate (45%) 
P4a 160·pounds P205 per acre as treble supe rphospha te (45%) 

I P5• 290 pounds P205 per acr~ as treble superphosphate (45%) 
K1: 100 pounds K20 per acre as KCl (60%) 
K2: 200 pounds K20 per acre as KCl (60%) 
B • 40 pounds borax per acre (11 ,3% boron) 

These plots were laid out in a spl It plot arrangement in a randomized 

block having al 1 possible combin.ations of the above treiitments wi:th three 

rep 1 i ca t i on s . 

Greenhouse Experiment 

The obje_ctlve of the greenhouse experiment was to determine the effects 

of calcium and magnesium ratios with and without potassium and phosphorus, 

and a combination of these elements, on the yield of alfalfa grown on a 

Norge fine sandy loam soil. 

This soil was selected because it is a deep, well drained, · permeable 

soil that will give high alfalfa yields with proper fertility practices 

and favorable moisture. 
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The soil was collected from the field, screened through a !-Inch 

mesh scree~ and air dried. The containers being used in this experi-

ment were two gallon , glazed, earthenware pots. Nine kilograms of 

soil were weighed Into a sufficient number of pots to enable all treat-

ments to be made in trlpl lcate. Each of the 36 treatments were re-

pl icated making a total of 108 pots. All pots were ad)usted to the 

same level of nitrogen as that supplied In 200 pounds of monoammonium 

phosphate. Honoammonium phosphate was selected as the phosphorus carrier 

to eliminate the application of calcium. The treatments were designated 

as fol 1 ows: .. 

Check 
Ca4 
Hg4 
Ca3Hg1 
Ca2Hg2 
Ca1H93 

Ca4 
Mg4 
Ca3M91 
Ca2H92 
Ca1H93 
K1 
P1 
P2 

II 

• 
:I 

= 
• 
= 
= 
• 

J 

K1 
Ca4K1 
H94K1 
Ca3H91K1 
Ca2H92K1 
Ca1M93K1 

10 ton Caco6 per acre (Tee~.) 
8.4 ton Hgt 3 per acre (C,P.) 
7.5 ton Caco3 and 2.1 ton Mgto3 per acre 
5.0 ton CaC03 and 4.2 ton H9C03 per acre 
2.5 ton Cato3 and 6.3 ton H9C03 per acre 
100 pounds K20 per acre as KCl (C.P.) 
100 pounds P205 per acre as monoanrnonlum 
200 pounds P205 per acre as monoammonlum 

pho1ph•te (C.P.) 
phosphate (C.P.) 

All treatments were mixed thoroughly with the upper !hree Inches 

of the soil. 
I , 

The approximate moisture equivalent value was detennln~d, 

On this basis the soil was watered to its approximate field capacity 

before planting. Certified Buffalo alfalfa, Hedicago sativa, was planted 



September 23, 1957. The seed was treated with an lnoculum, Rhizobium 

specles, before planting. The plantings were made in circular bands 

within,.each pot and covered to a depth of f-lnch. Following emergence, 

the number of plants was adjusted to 10 per pot. 

lhe first, second and third cuttings we re harvested February 28, 

April 8 and May 1. 1958 respectively. The plant material was dried in 

the oven at 65°c. and weighed. 

All alfalfa hay yields were subjected to statistical analyses to 

aid in Interpreting these data. 

Physical and chemical properties of the soils used in the field 

experiment and greenhouse experiment are reported in Tables i and I! 

respectively. Available phosphorus was determined by leaching with 

0.1 normal acetic acid as proposed by Harper (13), Exchange capacity 

and exchangeable potassium were determined by the procedure presented 

11 

by Jackson (16). Total nitrogen was determined by modification of the 

Kjeldahl method (32), The percentage organic matter was determined by 

the procedure out1 i111ed by Schol lenberger 05), Soil reaction was deter

mined using the Beckman glass~e1ectrode pH meter. Mechanical analyses 

were made by the hydrometer method essentially as presented by 

Bouyoucos (4). 



TABLE I 

SOME PHYS I CAL AND CHEM I CAL CHARACTER I ST! CS 
OF SOILS USED lN THE FIELD EXPERIMENTS. 

Texture 
Percent sand 
Percent silt 
Percent clay 

Reaction (pH) 
Percent organic matter 
Percent nitrogen 
Available phosphorus 

(pounds per acre) 
Exchangeable potassium 

(meq. per 100 gms.) 
Cation exchange capacity 

(me9, per 1 00 gms.) 

Thomas fa rm 
Port loam 

43.0 
38.0 
19 ,0 
5.0 
1.42 

.077 

. 21. 76 

.24 

7.96 

Paradise fa rm 
Norge fine 
sandy loam 

72.0 
20.0 
8.0 
6.6 
LOO 

.019 

10.90 

, 19 

4.18 

12 



TABLE i ! 

SOME PHYSICAL AND CHEMICAL CHARACTERISTICS 
OF THE SOIL USED iN THE GREENHOUSE 

EXPERIMENT 

'fexture 
Pe rc:en t sand 
Percent silt 
Percent clay 

Reaction (pH) 
Percent organic matter 
Percent nitrogen 
.Available phosphorus 

(pounds per acre) 
Exchangeabl~ potassium 

(meq. per 190 gms .• ) 
Exchangeable 6alcium 

(meq. per l 00 gms,) 
Exchangeable magnesium 

(meq. per 100 gms.) 
Cation exchange capacity 

' (meq. per 100 gms . ) 

Norge fine 
sandy loam 

72,0 
20,0 
8.0 
7. 1 
1.00 

.019 

10.90 

0 l 9 

L30 

,33 

4.18 

13 



IV RESULTS AND DISCUSSION 

Greenhouse and field experiments were conducted to determine 

response of alfalfa to fertilization. Two soi1 types were studied 

in the field experiment, Port loam and Norge fine sandy loam, the 

latter was also used i the greenhouse experiment. 

Fleld Experiment 

Port ]oam: The 1957 growing season was very favorable for 

alfalfa production because of high rainfall. Four cuttJngs of hay 

were harvestecL Total yields by cuttings with statistical results 

are summe.rized !ri Table u I I amd the actual plot yields are shown 

In appendix, Tables IX, X1 Xu ,:and >UL 

lhe maximum total yield of 11,289 pounds per acre was har= 

vested from those plots receivinig the PiK1f treatment. The lowest 

total meiln yield of 9,358 pounds per acre w&1s obtairned from the Pz 

treatmefl"it. The average total yield from the check (no fertilizer) 

treatment was 9,582 pounds per acre which Is ~1 ightly above the 

lowest yielding plots. 

re were rio statistical, ly si91nificao11t yield differences be= 

tween the treatments In the first cuttirn,g as Indicated by the F value. 

The F value for potassium rates was signlfica!l"llt ;.t the 5% level for 

the second cutting, lhe phosphorus and potassium rates were both 



TABlE i I I 

EFIFECT OF VAR mus so J L rERT I UTY TREATMENTS ON TOT Al 
VIEU) OF ALf'ALFA HAY, THOMAS FARM, 

PORT LOAM SO!L, 1957 

Po~mdiii 1~1% moisture h,!L,!,,t cutti_o5ll datiey l/ 
Tresi/ltment 1/ -=s'729 7/6 8/13 9/28 Av. Total Yield 

f~ds !!§t[ acre 
Check 3258 3513 1616 1 '! 95 9 .582/ 
p 3586 2999 1439 135 2 9, 37&"-1 

,J 

34,28 1545 1212 9,358 3173 
3543 3233 1758 1162. 9,696 

~l 3913 1991 1531 10,689 

~2K1 3658 3488 2012 1595 10 9 75 3 
3403 3394 1808 1205 9,810 

P2K 3509 3628 1978 1467 10,582 1 2 
P2K2 3556 3424 2233 1450 10,663 
13 3586 3428 1637 1127 9,778 
P1B 3956 2935 1535 1347 9,773 

3382 2935 1793 1283 9,393 
357.3 31458 1723 1233 9,987 

r' 'I t3 3977 j68L~ 2105 15 11 , 289 
u 

iP 2~1 :a 3552 3777 2152 1616 11 ,097 
K1B 3684 37614 1829 1 J 8£.i. 10 ~461 
r:"K2B 3573 1301 1991 1 10,294 

il a 

3479 2i61 1616 PzKzB 3777 11 9033 

15 

Sm ·---1, , ILil-==--·s. 76 3,02 --·1:-G9 4:u;---
(; . V. 9, l 1% 12, 53°/o 12, Ol}% 9. 14% 
f' 'lJ®1 ue: Tn.]/ ] , 04n. 5>, 1, Un .s, .3 ,45~\'"k 5 '5 21~.\o 

p I eve1 n,::;,. n.~. 5 0 92:iJ\-"'l~ '1..7. 76'lrl,: 
K I eve; 1 n.~o 3. l 7 .95~1:-k lL 

1 eve l n.~, n. s,, n.$. 2. 91~';' 

J/ ~fit;;:] ,(2 f i 9/tl rn"i:' ©J re the-;;;,®n of th r@@ rep 1 i Ciiilt HO~~:--= 
1/ Tr1e:@tment ~ymboh, ,l;lln:;: 

Check= no fertilizer. 

9, 82°/o 
3. J.!.pl··k 

n.~, 
15.90** 

n.s. 

IP 1 :: 40 proundli; P 2ro5 per acre ~$ t re!:» le' $Jlill'.) 1EH'PhO$?h<1;Jte (45%) . 
P2 ~ 80 pounds P205 ~~r ~ere~~ treble $~~erpho~phate (45%). 
Ki ~: 100 fPiOund::t K20 per acre: cS KCl (60%), 

- WO pound~ K2,0 )'.'JE r ,3c re <B1~ KC 1 ( 60%) • 
8 :;;; 2+0 pio1U1niiJ1s bo rci:;rs; r ~c re ( l l • :r'lo) • 
* = Significant at level, 
'IJ'r:-k :: Sf qin l f ic.@n t cit 1% 1 eve 1 • 
n.~.: Not ~lgn!fk61nt at 5% level, 
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significant at the 1% level in the third and fourth cuttings. The P x K 

interaction of the fourth cutting was significant at the 5% level. 

Phosphorus treatments alone gave a slight decrease !n yields as com= 

pared with the check (no fertilizer) treatment with a mean yield of 

9~582 pounds per acre. The phosphorus treatments when in combination 

with the potassium treatments gave increases of more t.han a thousand 

pounds per acre In all cases over the check (no fertll izir) treatment. 

Wheri the effect of phosphorus and potassium treatments were com-

bi 'W th boron, yiel in al l cases we re increased a bova those re= 

ceivlng phosphorus and potassium alone. 

Potassium treatments Indicated 1 lnear response in all combinations 

. except the PzK1B treatm•nt. The boron treatment gave a slight increase 

in '}field ov,er the no fertn izer treatment. Boron ln combination with 

phosphorus and potassium alsq gave Increased yields. 

Norge fhne sarn,£iy_ l~:i"acn: Two e.xperiments were conducted on this 

soil. E~ch experiment received the same rates of potassium and boron 

but had different rates of phosphorus appl led. One area Is referred 

to as the low phosphorus area, which had the check (no fertll lzer) 

treatment and two phosphorus rates of 40 and 80 pounds Pz05 per acre. 

The other are~ !s referred to as the high phosphorus area ~nd received 

iiilild WO ~IOJ~Wlldt of P;gi,Os; p,ier ilcre. 

Four alfalfa hay Cllttings .;.mid one seed crop were taken from this 

experiment In 1957. 

hay ~nd seed yields for the low phosphate level with the 

st,Histic@l results are summi!r1zed in Tol!bles IV <i!)i11d V respectively, 



Treatment 

Check 
[r l 

K1 
P1K1 
P2K1 
K2 
f' 1 K2 
P2K2 
B 
P1B 
"' B u' 2 
K1B 
~il<>1B 
PzK,,i~, , u ¥ 

K2;B 
P1K2B 
P2K2B 

Sm 
c. v. 

TABLE IV 

ElrFECl OIF VARU:JUS: SOIL FERT HJT'Y TREATMENTS W!TH THE 
LOW PHOSPHATE LEVELS OM TOTAL YIELD OF ALFALFA 

HAY, FIELD EXPERJMENT, !PARADISE FARM, 
NORGE 1FrnE SANDY lOAMD 1957 

Poundls 1.!:J:% mo 1 $J..ldre h~Y....1l,t CU!_!J..Qg __ 3ilate J/ 
ail --s7T6 6/20 7/20 10/18 Av, 

1:.Qllil;.?5 .1::.e r a.£_r~ 
2310 :2088 1 L~ 71 919 
2488 i148 15 31 876 
2:i95 1982; 1361 1076 
1429 221 16 71 914 
2488 2155 1642 961 
25,41+ 2233 1642 1182 
2352 2203 1663 876 
2650 2246 1599 957 
2471 2012 1510 1004 
2339 2394 1425 961 
2!.i-88 2297 1395 982 
2514 1523 970 
2535 2,322 1629 900 
2735 2195 1663 ] 171i, 
2629 2'.£46 1765 1297 
2403 2233 1714 897 
2684 1961 1523 991 
2735 2288 1650 116 i 

2.ar- 3. 13 2.60 ~~4() 
8 .82°/o 9. 74% 12.18% 17.58% 

Tot<SJl Yield 

6788 
7043 
7014 
7226 
7246 
7601 
7094 
7452 
6997 
7119 
7162 
703 I 
7386 
7767 
7937 
7247 
7159 
7834 

4.16 
9 .82'/o 

f V&JJ 1 ue: lrLj/ l . 09n. $. 0.84n.~. 1 .06n, ~. 1 .42n. ~. l.63n.s. 
p 1 e.ve 1 i+. 66,'i' no~'> n.s. 6.0 n.s. 
K 1 eve l n.5. n. :§ , 6. 23.Yrle n.s. 4. 99~·: 

==·="~· ---- ~·--------1/ Y!e1d flgure:s ,~re the me,©Jn of threei replic©Jti101nt . 
. '1:,1 Trn®tment s:ymbols ©Jn,t: 

Check: no fertilizer. 
P1 ~ £.i.o pound~, r 2io5 per <illcrr~ ©JS treble ~t.q,erphosphate {45%) . 
Pi = 80 pournd:5 P:iD5 pier ~icr-e <3l:S trnb1e supie.rpho~ph©lte (45%). 
K1 ;:::: 100 pound:s Ki,O per acre @lSJ KCl (60%). 
K2. ::s 200 poundl;S KiO p,s.r ~c:re. ~:5 Kt] (60%), 
13 :::: 40 pound$ bo n,,ix p:e r <!llc n::1 ( 11 , 3"/o) • 
·k :;;: S!gnlflc©Jnt ait 5% le,vel, 
<J~~: Si~nific~nt ~t 1% level. 
n.s. : not 5>ignoflc@nt <Sit 5% level. 



TABLE \I 

EffEC'T Of VAR!OU$ SOIL fEfUiUTV TREATMENTS wnH THE 
LOW PHOSPHATE LEVELS ON YIELD Of' ALfALrA SEED~ 

f'H:U) EXPER!MENT, PARADISE FARM, NORGE 
t!NE SAN1'V LOAM, SEPTEMBER 6, 1957 

Pounds 
Tre~tment ll Rep 1 

Ciheck 125 
r1 70 
plry 104 
~,<;, 99 "l 
" K 108 ;1K1 '160 
!{2 ] 

57 2 
P]K2 72 
:2!{2 46 

61 
P1B 1 1 l 

81 
Ki i 
P 1 K1 !B 1Cl9 
PiK1B U3 
K0,f6 127 
lo> £,w ~· 87 u I ''2;irii 
IP 1 ICB 103 2 21. 

·;· 

Treatment r, ~ 1,370 n,$. 
SU1n11:famdl· Error <c»f M~~n = 4.80 
t©lirfflclent ©ir V~ri<Btliuin:: 3.53% 

of seed! eer acre 
Rep 2 Rep 

98 68 
80 91 
66 92 

109 45 
93 ms 
q.8 98 
51 21 
52 33 

148 51 
87 108 
92 87 
79 53 

122 61 
113 60 
l 30 79 
83 54'. 

111 6,3 
128 102 

~~--

Sf;e Ti3lb1~ nf f<Clr ©1@t<r111 h tr'~~tmenU. 
n.£, = Nat significant at level. 

3 Av, Total Yield 

97,0 
80,3 
87,3 
84,3 

102.0 
102,0 
43,0 
52, 3 
48,3 
85,3 
96,6 
7LO 
95,3 
94.o 

no. 7 
87,3 
87 ,0 

11 LO 
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The hay and seed yields for the high phosphate levels with statistical 

r'c':sults are summarized 1n 'fables VI a1nd Vii. Actual plot yields of the 

low phosphate ~rea are shown In appen~ix T~blas XI I I, XIV, XV ~nd XV! with 

the iiiictu~·1 plot yields from thli hig1h phosphate h;iveus shown in appendix 

Tables XVI I, XV! I I, XIX ind XX • 

.b._ow p~1,~ve1 s for a1 hl fa._fgrage: Lowest tota 1 mean yl el d 

of alfalfa hay, 6,788 pounds per acre was .obtained from the check (no 

fertil zer) treatme.nt, Highest average total yield, 7,937 pounds per 

a~re was obtained from the P2K1B treatment. 

St.iltisticiinlly significant differeruce.s were obtoiined on the phosphorus 

level with the. first cutting as indicated by the F value, There were 110 

statistical dlffere,nces between the treatments in the second cutting, 

'fhe. potas5lum tre.iiltmei.ruts gave yields different significantly at the. 1% 

L':'!vel in, the third cutt!tru:Sl a ·yrelds from the phosphorus treatments 

fourth cutting. The 

01rd y !:ii gnd f i c.~111c.e.s ! r1 the average tot.a 1 y i e 1 d was at the 5% level as a 

function of pot~s~ium treatme~t. 

J:s,j)! _plmspJJ~J'& ... .L~L!....f.2.C....§.e..~sl) Y ! e. 1 d s of a 1 h 1 fa seed· from thei 

f!:!':'ld e.xperimerital piots th,it rece.lved th(~ low phosphorus treatmemts 

ue s1.imm,H·!zed ln1 'J.;~ble \J, lowest yields of 4;3,0 pmH-i!ds per acre were 

()bUi from the K2, treatme.rits, The highest ylelds of 111,0 pounds per 

acre were obtained from the P2.K2B treatments ,,H1d the P2K113 treatmelilts 

with an average yield of 110.7 pounds per acre. 

The check (no fertll lzer) treatments gave yields of 97.0 pounds 

per acre which was exceeded by only four treatments. These treatments 



were P2KzB, P2K1B, P1K1 and P2K1, 

High phosphate levels for alfalfa forage: The lowest total yield, 

5,702 pounds per acre was obtained from the P3B treatments, Highest 

total yield, 6,908 pounds per acre was obtained from the P3K2B treatments, 

Statistically significant differences were obtained at the .S% level 

for the first cutting on the P treatments and the P x Kand K x B inter= 

actions with significance at the 1% level on the P x K x B interactions, 

The sec6~d cutting had no significance except at the 5% level on the 

P x K x B ir1teractions, The third cutting showe,d no significant differences 

in yield with any treatment, Significance in yield difference was shown 

•t the 5% level on the K treatment and at the 1% level on the P x K 

treatments for the fourth cutting. The only significant difference 

in the average total yield was at the 5% level on P x K treatments, 

The phosphorus treatments alone appeared to give 1 !near response, 

The P3K1, P3K2, P4K1 and P4K2 treatment combinations gave increased yields 

over the P3 and P4 treatments, However, the P5K1 and P5K2 treatments gave 

]ower yield than P5 treatment alone, Jncreases were also noted for the 

boron treatments over the phosphorus alone and phosphorus and potassium 

combinations. 

Seed vle1ds for the high phosphorus levels: Yields of alfalfa seed 

from the field experimental plots that received the high phosphorus treat

ments are summarized in 'fable Vi I. Lowest yields of 65,6 pounds of seed 

per acre was obtained from the P4 treatments, The highest yield, 123,3 

pounds of seed per acre was obtained from the P5B plot treatments. Boron 

with three rates of phosphorus alone, gave higher yields than any of the 



TABLE V! 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS WITH THE 
HIGH PHOSPHATE LEVELS ON TOTAL YIELD OF ALFALFA 

HAY, FIELD EXPERIMENT, PARADISE FARM, 
NORGE FINE SANDY LOAMj 1957 

Poundls 14% moisture h~~ ~t cutting d~te ll 
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Treatment 1/ 5/16 6/20 ·.7/20 10/18 Av. Total Yield 

Pounds e,er acre 
P3 1765 2054 1148 821 5788 
P4 2197 1914 1,046 851 6008 

:sK 2382 2216 1216 914 6728 
2233 2233 1267 893 6626 

IP'3K 1 2382 1727 1161 842 6112 4 1 
P5K1 2254 2020 1182 714 6170 
P3K2 211.i.o 191+8 1255 1054 6397 
P4Kz 2169 1982 1238 757 6146 
P5K2 2254 2110 1204 918 6486 
P3'3 1921 1884 1127 770 5702 
K\B 2205 1978 1212 927 6322 
PsB 2233 2033 1289 876 6431 
P:3K1B 2212 1884 1140 786 6022 
P!j.i<1B 2389 1914 1255 918 6476 
P5K1B 2205 2076 1233 863 6377 
P3K2B 2297 2280 1255 1076 6908 
f'4K2B 2212 1701 1148 893 5954 
?5K2B 2332 1927 1140 936 6335 

$m .503 2.91 L79 1. 61 2.66 
C. V. 5.24% rn. Tflo 11 .03% 13 .49°/o 6. 21% 
F V~lue: lrt.J/ 4.23** 1.52n.s. 0.67n.s. 1 .85n. :s. 1.67n.s. 

IP level 4. 66'.f? i.i,.42* 11.$, n. Si. n.s. 
K !eve] n.:s. n.$. n.s. 3. 70+..: n.s. 
PxK level 3,.62* n.s. n.Si. 3 .98~'!'* 2.851: 
KxB level 4. 30* n.$. n. s. 
Pxl<xB level 8. 2Q"irlr 3 .03,•: n. s. 

ll YieJd figures ~re the me.~n of three replications. 
11 Tre,tment 5ymbols are: 

n.s. 
n.$. 

P3 = 120 pounds P2o5 per acre ~s treble superphosphate {45%). 
IP4 = 160 poi .. mdSi P2o5 per acre aSi treble :superpho:sphate (45%). 
P5 = 200 pounds P2o5 per acre ~s treble $UperphoSiphate (45%). 
K1 = 100 pound$ KiO per ~ere as KCl {60%). 
K2 ~ 200 pound$ K2o per ~ere ®Si KC1 (60%). 
B = 40 pound!ii bor~x per ~ere (11.J/o). 

11 * ~ Significant ~t 5% level. 
"I~= Signlfic~nt ~t 1% lev~l. 
n.~. ~ Not si~niflcant ~t 5% level. 

n.s. 
n.s. 



TABLE Vii 

EFFECT OF VARuOUS SOil FERTILITY TREATMENTS WITH THE 
HIGH PHOSPHATE LEVELS ON YIELD OF AlFALFA SEEDj 

FIELD EXPERIMENT, \PARADISE FARM, NORGE 
Fi~E SAN~¥ LOAM, SEPTEMBER 6, 1957 

Pounds of see~ eer ~ere 

22 

Trei~tment ll Rep 1 Rep 2 Rep 3 Av, Total V:ield 

[Fl 87 
IP.3 57 p4 127 r·\. 47 
r3Kt 53 4 1 
!P5K1 65 
p K 112 
1P 3K:2 106 4 2 
P5Kz 96 
Pi~ 80 
P4B 89 
1P5B 147 
1'3K18 82 
IPi/,:i B no 
?5K1B 8~-
?3K2B 83 
P4K2B 73 
?5K21B 66 

Ir Viii 1 ueili>: 1 ire~tment : 2.601 ~'r'k 
PxK 1eve1 ~ 5,130ih~ 
PxKxB ]evel = 4.449,we 

St©m:~,rJln:1 Error Me<t.Jn : HL 09 
Coefficient of V,@tdt1ltlon::: 18,56% 
'i'rlt'Slgn!flcant ~t 1% nevel. 

106 
67 

11+9 
106 
102 
74 

125 
95 

107 
98 

118 
120 
95 

107 
mo 
102 
88 
70 

ll See T~ble Vi for ~et~il~ of tre~tment$. 

55 82,6 
73 65,6 
79 118. 3 

112 88.3 
93 82.6 
87 75. 3 
96 l l l ,O 

122 107,6 
1 O 1 101.3 
105 94,3 
94 100.3 

103 123, 3 
102 93.0 
130 11,5, 6 
76 86.6 
86 90,3 
84 81.6 
90 75, 3 
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boron, phosphorus and potassium combinations. Potassium application at the 

Kz treatment level with three rates of phosphorus gave higher increases than 

the K1 treatment plus three rates of phosphorus. These data Indicate 

the need for nutrient e1ement balance for seed production with a high rate 

of fertll !zer appl !cation. 

~reenhouse Experiment 

Nor_ge fine sandy loam,: Three, cuttings of aHalfa forage were obtained 

from this experiment. Total yields and results of the statistical analysis 

by treatments are shown In Table VI I I. Forage yields by cuttings with 

statistical analysis of yields are shown In appendix Table XXi. 

The pots recehd11g the Mg4K1 tre&1tm,ents produced the highest total 

yield, 13,52 grams. The lowest total yield of 10.26 grams per pot was ob= 

tained from the check treatme1r11ts {no differential fertilization). An 

apparent I !near type response was noted with decreasing amounts of calcium 

and increasing amounts of magnesium as Indicated by the ~verage of the cal= 

cium and magnesium treatments, Blalock {3) \oJOrked with alfalfa on a 

Waynesboro soil in the greenhouse. He found that plant growth was i~ 

blted with the app1 I cation of 8,4 tons of Mgto3 per acre. The 8;4 tons 

of MgC03 per acre, on the Port loam soil gave the highest average yield 

of 12.91 grams which Is higher than calcium alone or combined calcium and 

magnesium treatments. 

lhe me.an yield of the P1K1 treatmernts with al1 combinations of calcium 

and magnesium w~s higher than the P2K1 tre~tments with the same calcium 

The addition of phosphorus at both the P1 and Pz levels increased 



TA\3LE \f I i I 

TIDTAl Y H:'.U; OF AlFALfA FORAGE AS Ar'rECTED BY VAR !OUS 
son. FERTIUlV TREATMENTS, NORGE FINE SANDY LOAM~ 

GREENHOUSE EXPERIMENT, THREE CUTTINGS, 
STILLWATER, 1958 

Tre~tment ll Check C®4 C<913M91 

G W:&l!Il'll~ 

Check 10.26 11 .88 10.30 

"1 12.66 11.33 12.29 

Kl 112,03 '! 1.82 11 • 19 

P.1 K1 1 l. 62 12, 13 12, 12 

P:z l 1 .59 11 .45 11. 39 

P2K1 l0.86 10.95 11. 79 

A:11. 1 l ,50 11 ,59 l 1 .s 1 

St©Jn<dl<9lrdl Errror of Me<riln :: • 351 
Treatment F Va 1 ue ~ 1 • 90~'\.' 
Coe.fficient of VairL,,itlon::;; 8.76% 

Ca2Mg2 

OV~l;ln, di r-y 
11,45 

W.93 

12. 19 

1.3, 40 

13.03 

12.36 

12.23 

ll 11 frel!"tllity treatment$ were as follows: 

Ca1M93 

forruie J/ 
12. 25 

11 .• 82 

11 0 21 

13.16 

12.86 

12,52 

12.47 

Check::: No tt:11 renti<rii'I fortllity tre<liltments. 
Ca4 = W ton CaC03 per aicre (T1ed1.) 
Mg4 ~ 8 ).~ ton Mg Cr, 3 per acre. 
Ca3M91 ~ 7 ,5 ton C@C0 3 aindl 2. 1 ton Mgco3 perr @ere. 
Ci5J 2Mig 2 ;:;; 5.0 ton C®C03 4.2 ton M'.[';C03 per S1cire. 

i M9J3;; 2..5 ton C,BJC03 ca:nci 6.3 ton,MgC:03 perr acn.,,,, 
Kl = mo po1.md:s K:2,0 per :acre a~ KC 1 {C .P.) 

11 .88 

13.49 

13.52 

13.40 

13.06 

12, 12 

12.9] 
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Av. 

11. 34 

12. 25 

11 • 99 

12.64 

12.23 

11. 77 

1:2.03 

F']: 100 pounds P:z,Os pier s1cre ,85 monoammon!um p,hosplhate. 
P2 - 200 IP>m.m((']hi PiCls per acre @I§ monlf:)lammoni um phosphate. 

All pots.received CO(NH~) 2 in an amoun~ to supply equiva]ent nitrogen 
1 ied by 200 ibs./A of monoammonium phosphate. 

figures resent the mean of rae repllc~te pots. 
Significant ~t level. 
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the total average y!eld over the check. !twas also noted that when 

potassium was applied, the total a1verage yield exceeded the check. The 

check, K1 and P2K1, gave average total yields less than the overall mean 

of 12,03 grams per poL 



V SUMMARY AND CONCLUSIONS 

The objective of the field and greenhouse experiment was to 

determine the differe~tia1 response of alfalfa seed and forage 

yield to various soil fertl1 ity treatments. Field experiments 

were conducted at two locations near Stillwater, Oklahoma, on 

Port loam and No_rge fine sandy loam. A greenhouse study was 

conducted using a Norge fine sandy loam soil. 

The field experimental studies included different rates of 

phosphorus and potassium fertilization with and without boron. 

Four alfalfa hay cuttings were obtained from both field experi

ments, 

Field experimental results indicated the following: -

1. Alfalfa yields were significantly increased by potassium 

fertilization on all but one cutting on the Port loam soil, 

2. Yield increases were obtained with the app1 ication of 

boron with the h I ghes t y i e 1 d obtained from the app l ica ti on of 

40 pounds of borax per acre in combination with 40 pounds Pz05 and 

100 po_uiriids K20 per acre on the Port loam soil. 

3, The mean total yields of alfalfa forage from al1 cuttings 

were significantly Increased wi-th potassium ferti1 izaition in com= 

blnatlon with the low phosphate treatments on the Norge fine sandy 

1 oam soil. 

26 



4, lhe highest average total yield was obtained from the treat~ 

ment combinations of 100 pounds K20, 80 pounds P205 and 40 pounds 

borax applied per acre on the Norge fine sandy loam soil from the low 

phosphate 1eve1 experiment. 

27 

5, Differences in the average seed yields were not significantly 

affected by soil fertil lty treatments at the 5% level. The highest 

average alfalfa seed yield was obtained from 80 pounds P205, 200 

pounds K2o and 4o pounds borax applied per acre with the low phos

phate treatments on the Norge fine sandy loam. 

6. Significance w~s found for the P x K Interaction on the 

average total yield of alfalfa forage in the high phosphate rate 

experiment. Differences between average yields of alfalfa hay as 

affected by vairlous soil ferti1 ity treatments were not signific,ilnt 

at the 5% level with the high phosphate ferti1 ization treatments. 

Highest average yields were obtained from 120 pounds P205~ 200 pounds 

K20 and 40 pounds borax per acre with the high phosphate fertil iz.ation 

experiment on the Norge fine sandy loam soil. 

7, Boron and phosphorus combinations gave higher alfalfa seed 

yields than did boron, phosphorus and potassium combinations on the 

Norge fine sandy loam soil, with the higher phosphate levels. 

The greenhouse experiment was conducted to determine the effects 

of calcium and magnesium ratios with and without potassium and phos= 

phorus ferti1 ization on yield of alfalfa forage. Three cuttings were 

obtained from this experiment. 



Greeruhouse expernmerut~l resu1ts are summarized as follows: 

1. A] nrueilr type h11cre:.i5>e n111 .i]h1f.i yield was hlld_nc.ited 0111 

t~e Norge fnrue s.i111dy ]oiim with nncreasnng .imouruts of magruesium 9 up 

to 8.4 tons· MgC03 per acre combi111ed with decreasing amounts of cal

cium. Alfalfa yields were significantly a_ffected by fertl1 lty treat

ments. The highest average total yield was obtained from the 8.4 ton 

of M9C03 a~d 100 pounds K20 per acre treatment. 

2. No consistent yield response to the three different rates 

of phosphorus and two rates of potassium fertilization alone and 

in combination was apparent with the various calcium and magnesium 

treatments applied to the Norge fine sandy loam soil. 

28 



1 ; 

V! LuTERAlURE CiTED 

Bear, F. E. and S. J. Toth. 
of other soil cations. 

influence of calcium on availability 
Soil Sci. 65:69-74. 1948. 

2. Soi ts and Ferti1 izers. Fourth Edition. 
New York, John Wiley and Sons, inc. 1951. 

3, Blalock, J. H. Effect of various soil fertll !ty treatments on 
alfalfa yield and composition with emphasis 011 calcium and 
magnesium ratios. Unpub1 ished Master of Science Thesis, 
Oklahoma State University. 1957. 

4. Bouyoucos, George J. Directions for making mechanical analysis 
of soil by the hydrometer method. Soil Sci. 42:225-229. 
1936. 

5. Brown, B. A. j i. R. Munsel 1 and A. King. Potassium ,md boron 
fertilization of alfalfa on a few Connecticut soils, 
Soil Sc! • Soc. Amer. P roe. 10: 134-140. 1945. 

6. and A. King. Soil condititions under which alfalfa 
re~ponded to boron. Soll Sci. Soc. Amer. Proc. 4:310-313. 
1939, 

7. Chandler, R. F., M. Peech and R. Bradfield, A study of the 
techniques for predicting the potassium and boron require
ments of alfalfa: !. The influence of potash and borax on 
yield, deficiency symptoms and the boron content of plants 
and soil. Soil Sci. Soc. Amer. Proc. 10:141-146. 1945. 

8. Dennis, E. J. and L. Chesnin. The availability of phosphorus to 
alfalfa in the horizons of four eastern Nebraska soils. Soil 
Sci. Soc. Amer. Proc. 17:49-52. 1953, 

9. Dible, W. l. and K. C. Berger. 
fluenced by boron supply. 
60 0062, 1952. 

Boron content of alfa1f~ as in= 
Soil Sci. Soc. Amer. Proc. 16: 



10. ~arey, C. l. and S. A. Barber. Evaluation of certain factor~ 
involved in inireased manganese avai1abl1 ity with sulfur: 
Soil Sci, Soc. Amer • .Proc. 16:173~175, 1952. 

11. Graumann, H. O. and t. ij. Hanson, Growing alfalfa, U.S.D.A. 
Farmers Bullet in No. 1722. 1954. 

12. Grim, R. E. 
p. 152. 

Cl~y minerology. McGraw-Hill Book Company, inc., 
1953, 

13, Harper, H. J. Determination of the easily soluble phosphorus 
in soils. Soil Sci. 76:415-416. 1932, 

14. Hausenbui11er, R. l. and W. H. Weaver. A comparison of phos
phate ferti1 izers for alfalfa on irrigated central Washing
ton soils. Sta. Cir. 257, Wasb. Agri. Exp. Sta., Pullman, 
Washington, ' 1954, 

15. Hunter, A. S. Yield and composition of alfalfa as affected by 
variations in the calcium magnesium ratio in the soil, 
Soi 1 Sci, 67:53-62, 1949, 

16. Jackson, M. L. Soil Chemical Analysis, Prentice-Hall, inc., 
Englewood Cliffs, New Jersey. 1958. 

17, Larson, W. E., l. B. Nelson and A, S. Hunter, lhe effects of 
phosphate fertilization upon the yield arod composition of 
oats and alfalfa grown on phosphate deficient Iowa soils. 
Agroro·. Jour, 44:357-361. 1952, 

18. Lucas, R. ~. and G.D. Scarseth. Potassium, calcium and mag
nesium balance and reciprocal rea1tionship in plants. 
Jour. Amer. Soc. Agron, 39:887-896. 1947, 

19, lynd 9 J. Q. and l. M. Turk. Overl iming 1nJury on an acid 
sandy soil, Jour. Amer. Soc. Agron. 40:·205-215. 1948. 

20. Maclean, A. J. and R. l. Cook. The effect of soil reaction on 
avaihbil ity of phosphorus for alfalfa in some eastern 
Ontario soils. Soil Sci. Soc, Amer. Proc. 19:311-314. 1955. 

21. Manual of Soil Series of Oklahoma. Division of Soll Survey, 
Bureau of Plant industry, Soils arid Agriculture 
Englneering 9 Agricultural Research Administration, 
u.s.1.».A. 

30 



22. Methods of Analysis, Association of Official Agricultural 
Chemists. Sixth Edition. pp. 14=16. 1945. 

23, Mil hr, C. E. Soil Fertility, John Wiley and Sons, inc., New 
York, p. 152, 1955. 

24. Moser, F. Calcium nutrition at respective pH levels. Soil 
Sci. Soc. Amer. Proc. 7:339-344. 1942, 

25. Fixation and recovery of phosphate from lateritlc 
soils. Soil Sci. Soc. Amer. Proc. 6:328=334, 1941. 

26. Murphy, H. F. Clay minerals and phosphate avai1abil ity. Proc. 
Okla. Acad, Sci. 20:68. 1940. 

27, The replaceable potassium content comparable 
with field response to potash fertilization of some Oklahoma 
soils. Jour. Amer. Soc. Agron. 28:34=37, 1934. 

28. ~nd J. Q. Lynd. Effects of various soil fertility 
treatments on alfalfa production in southeastern Oklahoma. 
Soil Sci. Soc. Amer. Proc. 20-385-387, 1956.' 

29. Nelson, N. T. and E.T. McEvoy. 
production. C. A. 4o:2571. 

Use of potash in tobacco 
19,46. 

30, Nielson, R. Phosphate ferti1 izer increases alfalfa hay yields. 
Utah Agri. Exp. Sta. Farm iilnd Home Sci. 13:14=15. 1952. 

31. Peech, M. airod L. Enctl ish. 
Soll Sci. 57:167-195, 

Rapid ml crochem i CG)1 son tests. 
1944. 

32, Piper, C. S. Soil and Plant Arealysis. !nterscle111ce Publishers, 
!roe., New York, New York. 1950. 

33. Russell, J.E. Soil conditio111s and plant growth. longmans, 
Green and to., New York. 

34. Schmehl, W. E., M. Peech and R. Bradfield. The influence 
of soil acidity on absorption of calcium by alfalfa as 
revealed by radio calcium. Soil Sci, 73:11-21. 1952. 

35, Schollenberger, C. J, A r~pid approximate method for the 
determination of soil organic matter. Soil Sci. 24: 
65-68. 1927. 

31 



36, Seay 9 W. A, and M, E. Weeks. The effect of time of top-dressing 
on uptake of phosphorus and potassium by an estab1 ished stand 
of alfalfa, Soil Sci, Soc. Amer, Proc. 19~458=461, 1955, 

32 

37, , O. J, Altoe and E. Truog. Correlation of the potassium 
content of alfalfa with that avail~ble in soils, Soil Sci, Soc, 
Amer. P roe. 14: 245w249 .. 1950, 

38. Stinson, C. H, Rielat!otu of water soluble boron in illinois soils 
to boron corrtent of alfalfa. Solt Sci. 75;31-36, 1953, 

39. Turk~ l. M, and J. Q. lynd, Too much 1 ime may be harmful, 
11What 1_s New in Crops and S0ils11 • l d3) 10-11. 1948, 

~. Varva, J, P. and L. R. Fredrick. The effect of sulfur oxidation 
on the availab!l ity of manganese. Soil Sci. Soc. Amer. Proc. 
16~141=144. 1952. 

41. Wang 9 l. C,, 0, J. Attoe and E, Truog. Effects of lime and 
fertility levels on the chemical composition and winter sur= 
vival of aiHaiHa. Agron. Jour. 45:381=384. 1953, 

42 .. Woodhouse, W, W., Jr. Effects of pliicement and rates of phosphate, 
potash and limestone on the growth of alfalfa and 1espedeza. 
Soil Sc!. Soc, Amer, Proc, 20:15-18. 1956. 

43. Fert!l izing alfalfa, Research and Farming 



Vii APPEND IX 

/33 



Treatment 

Check 

P1 

Pz 

K1 

p 1 K1 

P2K1 

K2 

p 1 K2 

P2K2 

B 

P1B 

P2B 

K1B 

P1K1B 

P2K1B 

K2B 

P1K2B 

P2K2B 

TABLE !X 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON YIELD 
OF ALFALFA HAY, FIELD EXPERIMENT, THOMAS FARM, 

PORT LOAM, FIRST CUTTING, 
WW 29, 1957 

Pounds 14% moisture ha~ eer 2lot 
ll ~ep 1 Rep 2 Rep 3 

76.0 76.0 78,0 

88.o 74.o 91.0 

73,5 78,0 90.5 

81.0 87.0 82.0 

103,0 90.5 82.5 

93,5 78.o 8605 

96,5 84.0 83,5 

77.0 80.5 90.0 

82.5 83,5 85.0 

93.0 78.0 82.0 

102.5 82.5 94.0 

76,5 86.o 76.o 

88.o 82.5 8L5 

102.5 95,5 82.5 

83.0 86.0 81.5 

91.5 82.5 86.0 

72,5 95,5 84.0 

92.5 96.5 77,5 

ll See l'.aible iii for detai 1 s of t resitment5 <Bind stat LH i cal results. 

Total 

230.0 

253,0 

242.0 

250,0 

276.0 

258,0 

264.0 

247,5 

251.0 

253,0 

279,0 

238,5 

252.0 

280.5 

250.5 

260.0 

252.0 

266.5 



TABLE X 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON YIELD 
OF ALFALFA HAY, FIELD EXPERIMENT, THOMAS FARM, 

PORT LOAM, SECOND CUTTING, 
JULY 6, 1957 

Pounds 14! moisture ha~ eer elot 
Treatment J/ Rep I Rep 2 Rep 3 

I 

Check 9L5 85,5 71,0 

pl 68,0 86.o 57 ,5 

P2 100.0 63,0 61.0 

Kt 75,0 83.0 70.0 

P1K1 78,5 83.5 67,5 

P2K1 9LO 70.5 84.5 

K2 81.0 78.0 80.5 

P1K:z 84.5 81.0 90.5 

P2K2 80,5 86,5 74.5 

B 68.o 90,0 84.0 

P1B 75.0 47 .o 85.0 

P2B 64.5 7L5 71.0 

K1B 78,0 94,5 7L5 

P1K1B 79,5 87 ,5 93.0 

P2K1B 80.0 97 .o 89,5 

K2B 90,5 90,5 84.5 

P1K2B 84.5 76.5 72,0 

P2K2B 77.5 89.5 78,5 

ll See Table ! ii for detail$ of treatments ~nd statistical results. 

35 

Total 

248.o 

211.5 

224.0 

228.0 

229.5 

246.0 

239.5 

256.0 

241 ,5 

242.0 

207 .o 

207 ,0 

244.o 

260.0 

266,5 

265,5 

233,0 

245.5 



TABLE Xi 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON YIELD 
OF ALFALFA HAY, FIELD EXPERIMENT, THOMAS FARM, 

. PORT LOAM, THIRD CUTTING 
AUGUST 13, 195 7 

Pounds 14% moisture ha~ eer elot 
Treatment ll Rep 1 Rep 2 Rep 3 

Check 42.0 41.0 31.0 

pl 34.0 31.0 36.5 

p2 39.5 35.0 34,5 

K1 44.5 46.0 33.5 

P1K1 33.0 47,5 60.0 

P2K1 49,5 46.0 46.5 

K2 46.5 44.0 37,0 

P1K2 51.5 . 44.5 43.S 

P2K2 52.0 62.0 43,5 

B 35.0 44.o 36.5 

P1B 38,5 31.0 39.0 

p:213 49.0 40.5 37.0 

K1B 36.5 46.5 38.5 

P1K1B 50.5 47.0 51.0 

P2K1B 54.5 49.0 48.5 

K2B 41.0 44.5 38,5 

P1K2B 55.0 44.0 41.5 

P2K2B 57.0 51.5 44.0 

ll See T<tilble i ! ! for details of treatments ~nd st~ti$tlc~1 resul u. 
' 

36 

Total 

114.0 

101 .s 
109.0 

124.0 

140.5 

142.0 

127 .s 
139,5 

157 .5 

115.5 

108.? 

126.5 

121 .s 
148.5 

152.0 

129.0 

140.5 

152.5 



TABLE XI! 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON YIELD 
OF ALFALFA HAY, FIELD EXPERIMENT, THOMAS FAR~, 

PORT LOAM, FOURTH CUTTING, 
. SEPTEMBER 28, 1957 

Pounds 14% moisture ha~ eer elot 
Treatment l/ Rep 1 Rep 2 Rep 3 

Check 27,5 32,0 25.0 

pl 3LO 35,5 29.0 

P2 34.5 26.5 24.5 

K1 28.0 27.0 27.0 

p 1 K1 34.o 40.0 34.0 

p 21{1 39.0 38.5 35.0 

K2 30.0 28.5 26.5 

P 11{2 31.i .. 5 36.0 33.0 

P2i\~ 40.5 33,5 28.5 

B 28.0 27.5 24.o 

P1B 35.S 31.5 28.0 

P2B 34.5 27,5 28.5 

K1B 27.5 32.5 27 ,0 

P1K1B 35,5 34.0 38.0 

P2K1B 40.5 36,5 37,0 

K2B 32.5 30,5 20,5 

P1K2B 35,5 36.0 29.5 

PzKzB 37,0 44.0 33.0 

37 

Total 

84.5 

95,5 

85.5 

82.0 

108.0 

112. 5 

85.0 

103.5 

102.5 

79,5 

95.0 

90.5 

87.0 

107 ,5 

114.0 

83,5 

101 .0 

114.0 

ll See T~ble Hi for dleui h of treatment~ ~nd ~t~tistical re~u l t:s, 



TABLE Xi I I 

Eff'ECT OF VARIOUS so! L FERT.i L ITV TREATMENTS wrrn JHE 
LOW PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

, FIELD EXPERIMENT, PARADISE FARM, NORGE 
FINE SANDY LOAM, FIRST CUTTING 9 

MAY 16~ 1957 

Pounds 14% moisture ha~ eer elot 
Treatment ll Rep 1 Rep 2 Rep 3 

Check 44,5 59,5 59.0 

p 
l 5.3. 5 6.3.5 58,5 

P2 59,5 67.0 56.5 

K1 52.0 55,5 6L~ .0 

P1 Kl 54.o 64,5 57 .o 

PzK! 60.5 s4.s 64.5 

Kz 55,0 61.0 so.a 

P1K2 59,5 61.0 63.5 

P2K2 60.0 56.0 58,5 

B 46.0 58.0 61.0 

fP 1 B 51.5 69.0 55.0 

P2B 55.0 67,5 55,0 

K 113 57 .0 65.0 57 .o 

P1K1B 62.0 64.5 66.5 

P2K1B 63.0 56.5 66.0 

K2B 60.0 60.0 49.5 

P1K2B 61.0 64.5 64.0 

P2K2B 62.0 67,5 6.3,5 

ll See Table iV for det~ils of tre~tments and statistical results. 

38 

Total 

163.0 

175 .5 

183.0 

171 ,5 

175. 5 

179,5 

166.0 

184.o 

174.5 

165.0 

175 ,5 

177.5 

179,0 

193.0 

185.5 

169,5 

189,5 

193,0 



TABLE XIV 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS WITH THE 
LOW PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

FIELD EXPERi'MENT, PARADISE FARM, NORGE 
FINE SANDY LOAM, SECOND CUTTING, 

JUNE 20, 1957 

Pounds 14% moisture ha~ eer elot 
Treatment ll Rep 1 Rep 2 Rep 3 

Check 46.0 51.5 50.0 

P1 4,7 .0 52.5 52.0 

P2 35,5 49.5 55,0 

K1 53,5 52.0 50.5 

P1 Kl 50.5 54.5 47.0 

P2K1 49.0 56.0 52,5 

K2 61.5 49.0 45.0 

P1K2 57.0 56,5 45.0 

P:zK2 50.0 45.5 46.5 

B 53 .5 59.0 56.5 

P1B 55.0 59.5 47.5 

P2B 43.5 50,5 49.0 

K1B 59,5 54.o 50,5 

P1 K1 B 51.0 54.0 50.0 

P;2K1B 48.o 51,5 59.0 

K2B 51.0 53,5 53.0 

P1 K2B 45,5 57 .0 36.0 

P2K2,B 59,5 55,5 46.S 

.ll See Tab 1 e IV for details of tre~tments and statistical results. 

39 

Total 

147.5 

151 .5 

140.0 

156.0 

152.0 

157 ,5 

155,5 

158.5 

142.0 

169.0 

162.0 

143.0 

164.0 

155.0 

158,5 

157 .5 

138,5 

161.5 



TABLE XV 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS W!TH THE 
LOW PHOSPHATE LEVELS ON Y!ELD OF ALFALFA HAY,. 

Treatment l/ 

Check 

P1 

"2 

K1 

P1K1 

P2K1 

Kz 

P1K2 

P2K2 

B 

P1B 

P2B 

K1B 

P1 KJ B 

P2K·iB 

KzB 

P1K2B 

P2K2B 

11 See Table 

FIELD EXPERIMENT, PARADISE FARM, NORGE 
FINE SANDY LOAM, THIRD CUTTING, 

JULY 20, 195 7 

.Pounds 14% moisture..!Jai eer elot 
Rep l Rep 2 Rep 3 

33.5 40,5 30.0 

31.5 44.5 32,0 

31.5 30,0 34.5 

42.0 44.o 34.0 

36.5 48.S 31.0 

40.0 39.0 37,0 

44.5 37,0 36.0 

39 .. 0 44.5 29.5 

42.0 32.0 32.5 

33.0 40,5 27 ,0 

33.0 32.0 33,5 

35.0 37,0 35,5 

4LO 4lLO 30.0 

38.0 45,5 34.0 

36,5 43,5 44,5 

45,5 39.0 36,5 

39.0 39,5 29.0 

43,5 37.0 36.0 

IV for detail$ of treatments and stati$tncal resul u. 

40 

Total 

104.0 

108.0 

96.o 

118.0 

116 .0 

116.0 

117 .5 

11 J.O 

106.5 

100.5 

98,5 

107,5 

115. O 

117 .s 
124.5 

121 .o 

107 .s 
116. 5 



TABLE XVI 

EFFECT OF VARIOUS SOIL-FERTILITY TREATMENTS WITH THE 
LOW PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

FIELD EXPERIMENT, PARADISE FARM} NORGE 
FiNE SANDY LOAM, FOURTH CUTTING, 

OCTOBER 18~ 1957 

Pounds 14% moisture ha~ eer elot 
Treatment 1/ Rep 1 Rep 2 Rep 3 

Check 21.0 23,5 20,5 

"1 1.7 ,5 21.5 23.0 

P2; 27.5 18.5 30,0 

K1 21.0 26.5 17,0 

P1K1 19.5 23.5 25.0 

P2K1 28.0 24.5 31.0 

Kz 24.0 19,5 18.5 

P1K2 20.5 29.0 18.Q 

P2K2 30.0 24.5 16,5 

B 21.0 25.0 22.0 

P1B 24.0 22.5 23,0 

P2B 24.5 21.0 23.0 

K1B 19.0 27.0 17,5 

P1K1B 20.0 33,5 29.S 

P2K1B 32.0 30.0 29,5 

K2B 21.0 23.5 19.0 

P1K2B 19.0 31.5 19.5 

P2K2.B 23.0 31.0 28.0 

J/ See T1s1b1e IV for detafls of tre~tments and st~ti~tical results. 

41 

Total 

65.0 

62.0 

76.0 

64.5 

68.o 

83,5 

62.0 

67.5 

71.0 

68.0 

69.5 

68,5 

63.5 

83.0 

91.5 

63.5 

70.0 

82.0 



TABLE XV! I 

EFFECT OF VAR I OUS SOlL FERT i LiTY TREATMENTS WITH THE 
HIGH PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

FIELD EXPERIMENT, PARADISE FARMj NORGE 
. FuNE SANDY LOAM, FIRST CUTTING, 

MAY 16~ 1957 

Pound5 14% moisture hal eer elot 
Treatment l/ Rep 1 Rep 2 Rep 3 

I 

P3 54.o 54,5 46.0 

P4 52,!? 54,5 48.0 

P5 s4.o 59,0 55,0 

P3K1 51.5 52,5 53,5 

P4K1 62.0 52,0 54.0 

P5K1 56.0 52,5 50,5 

PjK2 57.0 46.0 48.o 

P4Kz so.o 52,5 50,5 

P5K2 57 .o 1+9,0 53,0 

P3B 43.0 49,5 43.0 

P4B 5,2.5 56.0 47.0 

P5B 56.5 47 .s 53,5 

P3K1B 55.0 52,5 48,5 

P4K1B 59.5 ,s.o 54.o 

P5K1B 53,5 5.3.0 49.0 
' ' 

P3K2B 65.5 46.o 50.5 
' 

P~K2B 59,5 47,5 q.9.0 

P5K2B 56.0 53,5 55.0 

J/ See Table V! for detail~ of treatments @nd statistical re:Sults, 

42 

Total 

154,5 

155,0 

168.0 

157 .s 
168.0 

159,0 

151 .o 

153,0 

159,0 

135,5 

l.55,5 

15 7 .s 
156.0 

168.S 

155,5 

~62.0 

156,0 

164.5 



TABLE XV! Ii 

EFFECT OF VARIOUS SOIL FERT!UTY TREATMENTS WITH THE 
HIGH PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

FIELD EXPERIMENT 1 PARADISE FARM, NORGE 
FINE SANDY LOAM, SECOND CUTTING, 

JUNE 20, 1957 

fru!.nds 14% moisture ha~ eer elot 
Treatment ll Rep 1 Rep 2 Rep 3 

p3 46.o 48.o 51.0 

f\ 44.o 50.5 40.5 

P5 50.5 55.5 50.5 

P3K1 50.5 54.0 50.0 

P4K1 39.5 36.5 46.0 

P5K1 49.0 45.0 48.5 

P3K2 47.0 45.0 45.5 

f\Kz 5 ·1 .0 41 .o 48.0 

P5K2 47 .s 53.0 48.5 

r3a 55.0 39.0 39.0 

P46 38.0 53.0 48.5 

PSB 50.5 47 .5 45.5 

P3K1B 51.0 46.0 36.0 

P4K1B 43.5 50.0 41.5 

P5K1B 51.0 50.0 45,5 

P3K2B 58.0 59,5 43,5 

I\KzB · 39.5 39,0 41.5 

?5K2B 47.5 39,0 49.5 

J/ See Table Vi for details of treatments and statistic~! results. 

43 

Total 

145.0 

135 .o 

156.5 

154.5 

122.0 

142.5 

137,5 

140.0 

149.0 

133,0 

139.5 

143.5 

133.0 

135 .o 

146.5 

161 . 0 

120 .o 

136.0 



TABLE X!X 

EFFECT Of VAR !OUS SO! L FERT ! LI TY TREATMENTS W !TH THE 
'HIGH PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

FIELD EXPERIMENT, PARADISE FARM, NORGE 
FINE SANDY LOAM, THIRD CUTTING; 

: JULY 20 , 195 7 

Pounds 14i moisture ha~ eer elot 
Treatment ll Rep 1 Rep 2 Rep 3 

P3 26.0 32.0 23.0 

P4 28.0 24.o 22.0 

P5 3L5 3LO 23.5 

P3K1 28.5 32.0 29.0 

P4K1 30.0 25.0 27.0 

P5K1 32.0 28.0 23.5 

P3K2 30.0 30.0 28.5 

P4Kz 33.0 26.0 28.S 

P5K2 32,5 28.5 24.0 

P3B 26.5 29.0 24.0 

P4B 30.0 32.5 23.0 

P,B 34.o 31.0 26.0 

P3K1B 28.0 28.0 24.5 

P4K1B 31.0 32.0 25 .s 
P5K1B 32.0 28.0 27.0 

P3K2B 35.0 27.5 26.0 

?4.K2!3 30.0 19.0 32.0 

P5K2B. 31.0 25.0 24.5 

~LI See T~ble Vi for details of treatments and st~ti®tical res1U11 U. 

44 

Total 

8LO 

74.o 

86.0 

89.5 

82.0 

83.5 

88.5 

87 ,5 

85.0 

79,5 

85,5 

91.0 

80.5 

88.5 

87.0 

88.5 

81.0 

80.5 



TABLE XX 

EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS WITH THE 
HIGH PHOSPHATE LEVELS ON YIELD OF ALFALFA HAY, 

FIELD EXPERIMENT, PARADISE FARM, NORGE 
FI NE SANDY LOAM, FOU.RTH CUTT I NG , 

OCTOBER 18, 1957 

Pounds 14% moisture ha~ eer elot 
T reaitment l/ Rep 1 Rep 2 Rep 3 

p3 13.S 26.S 18.0 

P4 15.5 22.0 22.5 

P5 22.5 2LO 21.0 

P3Kl 16,0 26.5 20.5 

P4Kl 15,5 23.0 21.0 

P5K1 15.5 19.5 15.5 

P3K2 24.5 24.S 25.5 

f\K2 15.0 17 .s 21.0 

P5Kz 23.0 23.0 19.0 

P3B 18.0 20.0 16,5 

I\~ 23.5 23.0 19.0 

PSS 15.0 25.0 22.0 

P3K1B 15.5 22.0 18.0 

P4K1B 19.5 24.S 21.0 

P5K1B 16 .s 22.0 22.5 

P3K2B 23.0 28.5 24.5 

1\K2B 19.0 18.0 26.0 

P5K2B 21.0 22.0 23.0 

1/ See Table Vi for detaih of treatments ~nd statistical resu1 ts. 

45 

Total 

58,0 

60.0 

64.5 

63.0 

59,5 

50,5 

74.5 

53,5 

65.0 

54,5 

65,5 

62.0 

55,5 

65.0 

61.0 

76.0 

63.0 

66.o 



TABLE XXi 

y I ELD OF ALFALFA FORAGE AS AFFECTED BY VAR mus so! L 
FERT!LiTV TREATMENTS, NORGE F!NE SANDY LOAM, 

GREENHOUSE EXPERIMENT, FLRST, SECOND, 
AND HURD CUTT!NGS, STILLWATER, 

FEBRUARY 28, APRIL 8, MAY 1, 
1958 

Treatment ll Check C,a4 Av. 
~-----------

Sm : • 167 

Sm - • 176 

Sm : • 179 

4'.83 
4.86 
5.00 
5. 13 
5.06 
4.83 
4.95 

3,70 
5,00 
4.53 
4.16 
4.40 
3,90 
4.28 

L73 
2.80 
2.50 
2,. 33 
2.13 
2 .• 13 
2,27 

Gramffe dry for@ge per pot first 
4.96 4.80 4.36 4.73 
5.03 5.20 4.60 · 5.26 
4.73 4.83 5,53 4.60 
5,33 5,03 5.20 5,20 
4.66 5.03 4.73 5.60 
4.66 5,33 4.70 4.83 
4.89 5,03 4.86 5,03 

cutting J:,/ 
4.16 
5.30 
5,33 
5,90 
4.93 
4.46 
5.01 

4.64 
5.04 
5.00 
5. 30 
5.00 
4.81 
4.93 

Treatment F : 1.51 n.s. C • \J • = 1 O • 20% 

Gu·.aims 
4°.56 
,3,90 
4.93 
1+,40 
4.36 
3,96 
4. 35 

dry for<gjsieper eot second cutting:)/ 
3.50 4,33 5.06 4.96 4.35 
4.43 4.10 4.73 s.26 4.57 
4. 10 4.80 4.33 5, 13 4.63 
4.43 5.30 5.10 4.80 4.70 
4.23 s.20 4.96 4.83 4.66 
4.00 4.76 4.56 4.53 4.28 
4. 12 4. 75 4. 79 4.92 L~.53 

Tre~tment F : 1,971dr: C. V. :: 11 , 69% 

ICJri'«:ll11S 
2.36' 
2.40 
2 .. 16 
2.40 
2.43 
2.33 
2,35 

cdl_D; fo r~ge Jje r ,;?Ot 
2.00 2.76 
2.66 2.23 
2. 26 1 .86 
2.66 2,90 
2.13 3,10 
,i.46 2.90 
2.36 :2,63 

Tre~tment f = 1 ,52 n.s. 

th l rrd cutt i,!19 ~/ 
2.46 2.76 
2,83 2.93 
2.28 3,06 
2.86 2., 70 
2.30 3,30 
3.13 3.13 
2.64 2.98 

C . V • = 21 • 30% 

2,35 
2.64 
2.35 
2,64 
2.57 
2.68 
2,53 

U See Tab 1 e Vi! I for det~ ! h of treatments~ 
J/ V ! ,e 1 d f i gu nas reto resent the mean of th re-.e rep 1 i ce1te pots. 
n.5. = Not significant ~t 5% level. 
i'o't: :::: Significant @1: 1% level. 
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