
CORN GROVI/T H RESPONSE VVITH 

T vVO N ITROGEN CARRIERS AT 

T WO PHOSPHORUS L EVEL..S 

B y 

E mmo R ojas Mendoza 
I/ 

Bachelor of .:3clence 

U nJversldad A grarla de L a Mollna 

Lima, P eru 

1947 

S ubmitted to the faculty of the 
Graduate C ollege of 

the Oklahoma S tate University 
In partial fuHHtment of the requirements 

for the degree of 
M A S T ER O F S81ENCE 

~v1ay, 1967 



CORN GROVITH RESPONSE '.,VITH 

TWO NlTROGEN CARRtERS A T 

T NO PHOSPHORUS L E V E L S 

T hesis Approved: 

n a 11~---=-
Dean o l the Graduate Schoof . 

• 

660243 

u 

OKLAHOMA 
tf'ATE UNIVERSITY 
LIBRARY 

~N 18 1968 



A8KNO\fl/LE: DGME NT3 

The a uthor Is slncerety grateful to hfs wffe • 1'1e11y Mattlde, 

for her patience and encour-agement and her spirit of sacrifice. 

I wlsh to thank my par-..-..s. Mr. and Mrs. Manuel N . A . Rojas,. 

for thefr constant encouragement and support during my under

graduate work . 

The author ts gr ateful to the Agronomy Department of 

Oklahoma state Ltnfver$1ty for their teaching, advice and help 

gfven to me duri ng my sojour-n on thls campus and to the 

Agronomy D epaMment for the fecUlttes given for the research .. 

A speefat note of appreefatton and gratttude la extended 

to my major advfser, and chairman of m y gr aduate eommfttee, 

Professor C . E . P enman . A tso I woutd ltke to extend my 

thanks to Dr. J. o. Lynd, my thesis adVfser. end Dr. Wayne 

w. HufRne and D r . Wilfred Mc-Murphy for their advice and help . 

I am Indebted to the A . I . D . P rogram of u . s .. A . 

Government directed for the North Caronna State Unfvershy 

Mtssfon ln Peru, and S . I . P . A . of Agrtculture M fnlstry of 

P eru of vvhleh made t1 possible for me to attend Oklahoma 

S tate University . 

HI 



T AOL C: o r- c.::ONT ENTS 

Chapter P age 

I . Introduction • • • • • .. • ·• • • •· • • • • • . . .. t 

u. Literature R eview • • .. • • • • • • • • • • • 2 

m. f•,,1aterfats and Methods • • • .. • • • ·• • • • • • 5 

IV . R esults and D iscussion • • • • • .. • • • • • 7 

v . S1,.1mmary and C oncJusJons • • • • • • • • • .. • t3 

LIT~RAT URE CtTED .. • • • • • • •· • • • • • • • • 14 

AP( EN'..JJ;< • • • • • • .. • • .. • • • • • • .. • • • • t6 

iv 



LIST OF TABLES 

Table 

I. E>q,ertment one. Average Wel~t of Plant 
Materlal Given tn Grams per Pot of Oven 

P age 

D ry Matter tor Each Treatment •••• • •• ·• • 9 

If. Experiment Two.. Average Vv'elght of P lant 
Material Glven tn Grams per P ot of Oven 
D ry fv1atter for E ach Treatment • • • • • • • • • 10 

ltt.. E xperiment Three. Average \rVelght of P tent 
rv1aterlaJ Given tn G rams per P ot of Oven 
Dry Matter ·for E ach Treatment • • • • • • • • • 11 

IV. Temperatures fn F Degrees of B oth H arvests 
of Three E :,,q:,ertnients. • • • • • • • • • • • • .• I 2 

V. Total Dry Plant Meterfat of E xpe.rlment One . 
W eight fn ("",rams for B oth H arvesls from 
E ufaufa F tne S and • • • • ... • • • • • • • • • • 17 

VI. Totaf Dry Plant Material of 1=..xperlmenl Two. 
Wetght In Grams for Both H ervosts- from 
E ufaufa Fine Sand • • • • • • • • • • • • • • • 18 

VII. Totat Dry Ptant Materl'al of ExperHment Three. 
Vvetght tn Grams for B oth Harvests from 
E ufaula Flne Sand • • • • • • • • • • • • • • 

VOi. Oven Dry C orn P f ant Material VVelghta l,n 
Grams from E ufaula ffne Sand• First Harvest 
of E xperiment One • • .. • • • • .. • • • • • 

tx . Oven Dry Corn Plant Materlat Weights tn 
Grams fro.m E ufaula Fine Sand• F irst H arvest 

• .2@ 

of E xperiment Two • • • • • • • • • • .. • .. • • 2 .1 

X .. Oven Dry Corn P lant Material Weights ln 
G rams from E ufauta Flne Sand, First Harvest 
of E xperiment Three • • • • • • • • • • • • • .2 2 

V 



Tabl·e 

X I . O ven Dry C orn P lant Material Weights fn 
G rams from E ufaula F ine S and, Second 

Page. 

H arvest .of Experiment One • • • • • • • • • • • 23 

XII . O ven Dry C orn P lant Mate.rial Weights in 
G rams from E uf.aula. F ine Sand,. Second 
H arvest of Expe.riment Two • • • • • • • 

X lll. O ven Ory C orn P lant M aterial Weights tn 
G rams from Eufaula F tne Sand., Second 

• • • • 24 

H a rvest of E xperiment Three • • • • .. • • • • • 25 

vi 



CHAP TER I 

INTRODUCTION 

P roper use of nitrogenous fertJUzers fs very Important ln 

the maintenance and Improvement of crop producUon. P roper 

ferttllzallon contributes to Improved crop quality as well as 

production quanltty. 

O ne of the problems confronting agrfcuftural workers ts 

an abftlty to determine the kinds and optim um amounts of nitro

genous ferttffzer matertats required to achteve the most desirable 

results. 

Cultivated Oklahoma softs are generafly deft-clent In organic 

matter and the problem of avattabfe soft nitrogen Is dfrectly 

related to the amount and actfvtty of soH organic matter. M any 

sources of nitrogenous fertl-ffzers are available for use In cor

recting this deficiency for crop productfon. These materlats 

differ In relative efficiency depending on son and olfmatlc factors. 

The objective of this study was to determine growth res

ponse of corn plants to nitrogen from two different carriers on 

E ufaula tine sand ln combination with two phosphorus levels. 

I 



CHAPT ER II 

REVIE\/V OF LITERATURE 

Urea and other types of nitrogenous fertlflzer are fnereas-

tng tn Importance for crop pr"'oduetJon In America . \\'hen nttro-

genous fertmzers are apptled Jn any form to the son • tosses 

are known to occur and wJth urea forms this toss may be 

sizeable ( 7) • 

The pH reactfon of the soff fs a factor (n nitrogen absorp-

tton. H oagland ( 3) presented data In f9f9 showing that the ab-

sor-ptfon of several a.nfons, tncfudfng NO- , was greater from 
3 

solutions with act d reactions of pH 5. 0 to pH 5 • 5 than from 

the neutral pH 6 . a. 

Mevlus and E nget ( 6) reported an fncreased rate of absorp-
' 

tfon of 1'..'H 4 + nltrogen by maize from a culture sol'Utfon that was 

neutral or s.ffght!y alkaltne . 

Urea Is readily soluble tn wat-er,, and the df ssolved urea 

ts hydrolyzed to ammonJum carbonate by son bacteria and enzymes. 

The rate o.f hydrolysls apparently varies a great deal between 

sofls and different envtronmental condtttons. The optimum tempera-

ture for urea hydrolysis was reported by Van S tyke and Allen 

2 
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( 10) to be about 55 degrees centigrade. Jones ( 4) reported 

the hydrolysts of urea to be more rapid at moderate soft mois

ture condltfons than at ffefd capacity. Wahhab., et at~ (H) re

ported the problem of nftrfftcatfon and foss of tree to be bfo

chemfcat In nature. The enzyme urease, secreted by MJcrococ

.Q.!a. ureae' hydrolyzed tree to ammonium carbonate vvhleh decom

poses to gfve f'...'H 3 , co2 , and H 2o. NH 3 Is then oxidized to 

nftrttes and nltr-ates by NftrosomoQ!!! and NIJcobacter. Under 

an condftlons they found fess urea was nftrH1ed and more time 

was needed for fts nhrtffcatfon fn sandy than fn sandy loam soH. 

'NJtrfffcatfon was favored at tower concentratfons of urea, at 

moisture levels equJvalent to one thfrd of' the mofsttre hokffng 

eapaefty, and at neutral to afkeffne pH. 

S carsbrook and Cope ( 8) found both ammonlum nitrate and 

urea to be satfsfactory sources of nitrogen for corn provided the 

aefdlty produced by the acid forming sources was neutraftzed. 

Thefr experiments showed no evidence of superforfty for either 

the ammonia or nitrate forms of nitrogen for corn provided other 

factors, such as soft acidity,. were not llmfdng yletds. Loomis,. 

et at. (S) found nitrate carriers to be more suitable than am-mon

fum carrfers for late season or emergency appl.fcatlons. 

App ( t) pubJtshed a.n artlcle fn C rops and Sorts stating that 

a,mmonfa sources of nitrogen produce a much more Intense color 

In many crops. This ls readlly seen In corn and all leafy 



vegetabtes. Wfth sr.,fnaeh, for exampfe, It was found to be very 

fmportant to use thfs form of nf-trogen because of the better qua

Hty, cofor , and uniformity of Jeeves. 

Several fndfvfduats have noticed some toxfc effects of urea 

on seed germtnatfon.. According to B rage, et at . ( 2) , trans

formation processes through YJhlch urea proceeds tn the soft to 

the ffnat nfrate form a-re not entirety clear, but they propose 

tfiat urea · hydroty2:e!I to esrbamate and thence to carbonate. 

C arbemates are used as weed kfflers so ft might be postu1ated 

that carbamate could be the troublesome factor. 



CH.APT ER Ill 

MAT ERIALS AND MET HODS 

Two nitrogen carriers, urea and ammonium nitrate, were 

app1Jed at five tevets and phosphorus at two 1evefs on a E ufaula 

flne sand. 

The 

Na 
N2 

NJ 

N4 

NS 

C orn was the experimented pfant used . 

experf ment consisted of ffve nitrogen treatments: 

(cheek) O parts per mRHon (ppm) 

100 ppm nitrogen 

200 ppm nitrogen 

300 ppm nitrogen 

400 ppm nitrogen 

VVtth these tevets of nftrogen, two levels of phosphorus were 

used, O ( P 1) and too ppm ( P 2 ) • The phosphorus was suppHed 

by monooalclum phoephorus, Ca(HiPo4 )2.H2o with 24 .57% P . 

The pots used for growtng the corn plants contained 400 

grams of solJ.. The hybrid corn v arfety • Texas 31 • vvas used 

for the experiment. Ten see:Js were planted to each pot and 

lhey were thinned to ffve plants pe.r pot after emergence of the 

seedl1ngs. The study was conducted under both laboratory and 

greenhouse condftlons using artlflelal and normal lfght • respec

tlvely. D lstllfed water was used to keep the son moist at al1 

5 



tlrnes . 

The corn plants were harvested when the lower leaves 

of the plants in the check treatment ( 0 ppm n1trogen) showed 

nitrogen deftcleney symptoms and began to dry and curl . The 

corn plants were cut one Inch above the son Une to aUow for 

regrowth. A razor blade was used to remove the plants In 

e ff-ort to reduce Injury to the sklm CE>Us. The plant material 

was then oven dr-ted and weighed to determine the dry matter 

from each p ot and treatment. 

6 

TI,e fJ:rst harvest In exper.f ment one was made eleven days 

foUowlng planting In the taboratory. The e)(J'.')ef'lment wa.,; then 

moved to the greenhouse and was harvested a second time 

twenty-stx days after replanlJng. The pfants were harvested 

nfneteen days aft.er planting fn exp,erJments two and three . The 

flrst harvest fn experiment two was also conducted In 1he labor

atory. This experiment two also was moved to the greenhouse 

and the saeeond hal'\i'est came t,,,vent)'-seven days after replantJng 

and In three the second harvest came seventeen days following 

the first harvesl. 

S tatistical analysts of the data was conducted accordlng 

to S nedecor ( 9). 



C HJ.\PTCR IV 

S tatlstlcat analysts of the data showed no significant yield 

d ffference among th.e dffferent treatments for the first harvest. 

This v-,,1vufd indicate that there ls no real difference In the effect 

of the nf1rogen on corn growth from elther of the carriers , 

urea or ammonium nitrate . There was , however , a slgnfff

cant difference among treatnients from the second harvest of 

experiment tvvo . Thi s dffference c outd hav e resulted fl"om the 

extr eme v arfatton tn temperature \,vhJeh varied from a minimum 

of 68 F degrees to a ,naxfmum of 126 F degrees .. The tempera

ture .vartatlon for tho second harvest tn experi ment one , and 

three rangod from a tow of 72 F degrees to h igh of f 24 F 

degrees ( Table IV} . 

Yleld resufts for the various experln119nts can be obse,rve.d 

fn Tabl es I, U, and lU for both harvests at alt treatment level$. 

ft should be note-d that l n experiment one and two , the pots 

were in the laboratory up to the time oi the first harvest. The 

experi ments were i-noved to the greenhouse and replanted for 

the second harvest. Yields in experiment.$ one and two w ere 

7 
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greater tor the second harvests. Probably as a re suit of 

J-ncreased photosynthet1c actfvlty caused by more sunllght • 

• 
E>tpertment three was conducted e,ntlrely In the greenhouse 

without a subsequent ylefd Increase In the second harvest. This 

may have been the result of sunlight being adequate through the 

the second harvest was taken from plant regrowth. 

In experiment two there- was more ytetd when 100 ppm 

nitrogen was used for both carriers but the yfeld was greater 

when ammonium nitrate was, the carrier. The yfetd of dry 

phosphorus at too ppm and no nitrogen produced more yleld 

than check. Phosphorus at 100 ppm Increased yields whh 

urea Up to 300 ppm N and with ammonium nitrate onty at the 

!00 ppm N tevet. Higher rates of ammontum nftrate wbh 

phosphorus depressed yields.. 



T ABLE I 

EXPE:1-lJiv'IE NT ONE 

AVERAr;E 'vVEIGHT OF PLANT MAT ERIAL G IVEN tN 
GRAMS PER POT OF OVEN DRY MATTER FOR 

EACl-4 T REATMENT . 

f'.tftrog:en F irst H arvest Second Harvest 
and (Laboratory) (Greenhouse) 

Phosphorus 
Source of Nitrogen Source ot Nitrogen Level 

9 

Ammonium Ammonium 
U rea Nitrate Urea. l'Jltrate 

NI p l o.277 o .27'7 1.473 l.4?3 

N2P1 o . 323 0 ., 390 f . 67 0 1.800 

N3Pt 0 . 363 0 . 373 2 . 063 f.890 

N4 P 1 o . 303 0 .313 2 .136 1.686 

Ni P2 o . 346 0 . 346 t . 640 t. 640 

N2P2 0,.386 0 . 356 1. 890 J.763 

N3P2 0 .. 360 0 . 363 2 . 063 2.136 

N4P2 0 .300 0 .. 373 2.006 1.873 



to 

TAB L E f l 

EXPERIMENT T WO 

AVERAGE V\/E. IGHT OF PLANT MAT ERIAL G lVEN JN 
GRAMS PER POT OF OVEN DRY MATT ER FOR 

EACH T REAiMENT. 

Nitrogen F irst H arvest S econd Harvest 
and {Laboratory) (Greenhouse) 

P hosphorus 
Source of Nitrogen. Source of Nltroge-n Level 

Ammonium Ammonium 
Urea Nitrate Urea NJ tr ate 

Nf P t 0.413 0.413 1.926 1.926 

N2P 1 0 . 443 0 .506 I. 910 t .6&3 

N3P1 0 .406 0.406 t.?'?3 t.813 

N4P1 0.366 0 .380 1.916 1.740 

N S P I o .246 o.3?o 2.040 t.726 

f""tPz o.533 o.533 t.700 I. '700 

N2P2 0.466 o.546 1.873 2.026 

N3P2 o.446 0.446 l.906 1.976 

N4P2 0.436 0.440 1.823 1 .. 900 

N5P2 0.206 0.373 1.883 1.aao 
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TAB L E HI 

E XPE R IMENT THREE 

AVERA GE \iVEIGHT OF PLANT MAT E R IA L G IVEN IN 
GRAMS PER POT OF OVEN DRY MATTER FOR 

E ACH TREATMENT. 

Nitrogen F irst Harvest Second Harvest 
and (Laboratory) (Greenhouse) 

Phosphorus 
Source of Nitrogen Source of Nitrogen Leve! 

Ammonium Ammonium 
Ure-a Nitrate U rea Nitrate 

N t P l 0.813 . 0.8f3 0.910 0.910 

N2P 1 1.02-6 1.263 o.943 1.000 

N3P f 1.170 1.046 1.083 0.916 

N4P l 1.026 t.096 1.030 1.003 

N 5 P 1 0 .. 986 o.933 t.083 0.913 

Ni Pz 1.063 1.063 t.136 l.t36 

N2P 2 1.190 1.143 t.193 1.166 

N3P 2 t.193 1.123 t.210 1.370 

N4P 2 t.266 0.853 1.186 1.283 

N5Pz 1.130 0.613 1.230 1.203 
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T ABL E IV 

T EMPERATURES INF DEGREES OF B O TH HARVEST S 
O F T HREE EXPERIMEN T S . 

M in. Max. Min .. M ax .. E xtrem A verage 
A ve. Ave. Variation V artatfon 

E xperiment one. 

1st. h arvest 78 92 83 .I 90 14 6 . 9 

2nd . harvest 72 124 83.6 101.s 52 18.2 

E xperiment two. 

1st . harvest 80 98 87 .I 90. 8 18 3.7 

2nd . harvest 68 126 ?5 .7 m •. 4 58 35.7 

E xper fment three. 

tst. harvest 6 2 112 70 .. 3 tos.s 50 35.2 

2nd . harvest 72 124 76 .5 U&.2 52 39 .7 

Note. T he e>eperlrnents were conducted during M ay 26 until 
July 19 • 1966 • 



CHAPTER V 

SUMMARY ANO CONCLUSIONS 

Corn seedUngs were grown ln small pots fffled wlth 400 

grams aaJt of the E ufaula sand series ln both the laboratory 

under artlftelal nght and In the greenhouse undel"" natural sun

Hght. The pots were treated wfth nitrogen using two carrlet-S • 

urea and ammonium nhrate at ffve levefs and ln eombfnatfon 

wffh ph0$flhorus at two levets. 

In the ffrst harvest a:mmonfurn nitrate produced more plant 

growth than dtd urea . There was: a further rncrease tn yfeld 

by the arldfflon of 100 ppm of phosphorus to the pots . 

Ylefds \N'ere greater fn the greenhouse than In the labora

tory . ·rtt1s was probably due 'to fncreased phot0$yn&hetlc acti

vity produced by the Increased fntenslty of tight. 

13 
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TABLE V 

T O TAL DRY PLANT MATERIAL OF EXPERIMENT ONE . 
WEIGHT IN GRAMS FOR BOTH HARVESTS 

FROM E UFAULA FINE SAND . 

Carriers Nitrogen levels 

0 ppm 100 ppm 200 ppm 300 ppm 

Urea 5.25 5 . 98 7 .. 28 7 . 32 25 . 83 

AmrnonJum 
nltr . 5 . 25 6.57 6 . 79 6 .. 78 25 . 39 

Urea + p 5.96 6 . 83 7 . 27 6 . 92 26 . 98 

A mm. nftr . 
+ p 5 . 96 6 . 36 7 . 5·0 6.?4 26 . 56 

22 . 42 25 .. ?4 28. 84 27. 76 104 . ·76 

-X 5 .. 605 6.435 7 . 210 6 . 940 

·-X 

6 . 4575 

6 . 3475 

6 . 7450 

6 . 6400 

6 . 5475 



TAB L E VI 

TOTAL DRY PLANT MATER IAL OF EXPERIMENT TWO . 
WEIGHT IN GRAMS FOR BOTH HARVESTS 

FROM E UPAULA F INE SAND . 

Carriers N itrogen Levels -0 ppm JOO J)l.",m 200 ppm 300 ppm 400 ppm X 

Urea 1 .02 7.06 6 .54 6 . 85 6 . S6 34.33 6.866 

Ammonfum nftr. 1.02 6.36 6 .66 6 . 36 6 .29 32.69 6..538 

Urea+ P 6 .70 1.02 7.06 6.78 6 .27 33.Sl 6.786 

Amm . nltr. + P . 6 .70 1.12 '1.27 7.02 6 .76 35.47 7.094 

27.,44 28.16 21.53 27.0t 26 .te f36.32 

-X 6«86 7.04 e.ae2 6.752 6 .545 6 .816 

<» 



Carrlers 

Urea 

Ammonium nftr. 

Urea+ P 

Amm. nltr. + P 

-X 

TAB L E VII 

TOTAL D R Y PLANT MATERIAL OF EXP ERIMENT THREE . 
WEJGHT IN ORAMS FOR BO,H HARVEST S 

F R OM E UFAULA F INE SAND. 

Nitrogen tevets 

0 ppm 100 ppm 200 ppm 300 ppm 400 ppm 

5.17 5 . 91 6 .76 6 ,1? 6.21 

5 .,, 6 , 79 S . 89 6,30 5.54 

e.60 7 .15 7.21 7 . 36 1.oa 

6,60 6 ,93 7,48 6.4f 5.45 

23.54 26 .78 27.34 26 .24 24.28 

s.ees 6,695 6 . 835 6 .560 6 ,0'10 

30.22 

29.69 

35.40 

32.87 

t2a.1a 

X 

6.044 

S.938 

7.080 

6.574 

6.409 

1-.,;1 
~ 
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TABLE VIit 

OVEN ::>RY CORN PLANT MATERIAL WEIGHTS IN 
GRAMS FROM EUFAULA FINE SAND,. 

F tRST HARVEST OF EXPERIMENT ONE . 

Treat- R epllcatlons -Number ment Carrier I u ltl X LI 
1 N l P l Check 0 .24 0 .30 0 .2s 0 .83 0.277 

2 N2P1 Urea 0 .31 0 . 32 o •. 34 0 . 97 0.323 

3 N3P1 Urea 0 .42 o . 33 o.34 t.09 0.363 

4 N4P1 Urea o •. 32 o. Jt o.28 0 . 91 0.303 

5 N.zP t A mm. nltr. o.4t o . J9 0 .37 t. t? 0 .390 

6 N3Pf Amm. nltr . 0 .35 0 . 38 0 .39 1.,2 0.373 

7 N4P1 Amm. nttr . o .36 o. 36 0 .40 t.12 0 . 373 

a NfP2 p o . 34 0 . 38 o.32 1. 04 0.346 

9 N2P2 U r ea + p 0 .37 o.39 0 .40 l.t6 0.386 

to N3P2 Urea + p 0 .,36 0 .37 0.,35 l . 08 o.36o 

fl N4P2 Urea + p o,. 31 0 ., 36 0 . 23 0 . 9-0 0 .300 

l2 N2P2 Amnl . nftr. 
+ p 0 .,34 0 ., 37 o . 36 l.07 0.356 

13 N3P2 Amm .. nltr .. 
+ p 0 .• 33 0.39 0 .. 37 t.09 0 .363 

t4 N4P2 Amm. nftr. 
+ p 0 .36 0 . 3S 0 . 38 1.12 0.,.373 

4 . 86 5 . 03 4 .78 '4.67 o .349 

JI Not significantly different. 

p ·:a Ca(H2P04 ) 2 . H 20, 24.57% P . 

l . .Jrea - 45o/s N • Amm. nilr'. - t"1H4No3 , 33.5% N . , 
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TAB L E IX 

OVEN D R Y CORN PLANT MAT E R IA L WEIGHT S IN 
GflAM.;;:) FROM EUFAULA FINE SAND , 

F l f-":?S T HARVE.-..::>T OF EX PE R IME t-n" TWO. 

Treat- Replications x 11 Number- ment 0 .ar:rler I II m 
Nr p t Check o.44 o . 36 0 . 44 1. 24 0 . 4f3 

2 N2Pt Urea o . 53 o.4o 0 . 40 f. 33 o . 443 

3 N3Pf Urea o.so 0 . 42 0 .. 30 f . 22 0 . 406 

4 t'·!4 P 1 U-rea o.Js 0 . 35 0 . 40 1.10 o .. 366 

5 N 5Pf U rea 0 .. 38 0 . 20 0 . 16 0 ,. 74 o . 246 

6 N 2 t-=·1 A mm .. nltr . o.so 0 . 52 o.so t .,52 o. }06 

7 T •~3? 1 ~ -mm . nftr . o ... 37 0 . 40 0 . 45 1.22 0 . 4-05 

8 t, !4PI. Amm . nftr . 0 .. 35 0 -.40 0 . 39 1. 14 0 . 38-0 

9 N5Pt Atnrn. nl-'tr •. 0 . 32 0 .,.40 0 . 39 ' . t! o. J?o 
to N t P2 p 0 . 60 o.so o.so f . 60 o . S33-

II N2P 2 U r ea + p o.so 0 .. 40 o.so 1. 40 0 .,.466 

12 NP 3 2 Urea + p 0 .. 44 0 . 48 o . 42 J . 32 0 . 446 

IJ N4P 2 Lfrea + p o.46 o . 45 0 . 40 1.31 o . 436 

J4 N5P 2 Ure.a + p 0 . 21 0 . 20 o . 15 0 . 62 0 . 206 

15 NzFJ2 ... ~mm . n1tr .. 
+ p o. sa o.st o.ss 1 .. 64 0 . 546 

16 N3P 2 Amm. nhr . 
+ p o ... 4t 0 . 48 o . 45 1.34 0 . 446 

t7 N4P2 Amm. +nJ!r• 0 . 47 0 . 44 o . 41 1.32 0 . 440 

18 N5P2 Amm . nttr . 
+ p 0 ., 40 o. lo 0 . 42 t . 12 o .373 

'1 . 8? 7 . 21 7 . 23 22 . 31 0 . 413 

J/ 1'1ot slgnfffcantly dlUerent . 
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TABLE X 

O V EN DflY COR N PLANT MAT ERIAL VI E IGHTS IN 
GRAMS F ROM EUFAULA l=tNE SANw t 

FIF~ST HARVSST OF EXPERff\,'\ENT THREE 

Tr-eat- R eptfcattons 
Number mem ,...;arrler I II x 11 

t 

2 

3 

4 

5 

7 

a 
9 

to 

II 

f.2 

13 

t4 

15 

16 

17 

N 1P l 

N2P1 

N 3F)1 

N4 P l 

N5P1 

!''-i2 P 1 

!',J3P I 

N,/~ t 
N5P1 

i'-l4f;'.)2 

N5P2 

N2P2 

o . 86 o.ao o. 7S 2 . 44 o.et3 

1 ~28 0 ,.90 0 ,.90 3 . 06 1.026 

Urea 

t .. n o.eo 1 . 06 3. oa 1 . 026 

Urea t ,.04 Oi.80 1 ... t2 2 .,96 0 . 986 

Amm. nJtr . 1 . 32 1 . 22 1 .. 25 3 . 79 t . 263 

Amm., n.rtr . 1 . 04 t . 02 f .,08 3 . 14 1 .,046 

Amm. nttr- . 0 . 93 1 .-20 t . 16 3 . 29 1. 096 

Amm .. ntw. 1 . 03 o.rt 1 . 00 2 . ao o . 933 

P 0 . 97 1 . 12 1 . 10 3 . 19 

U rea + P t . 10 1 . %3 1 .. 24 3 . 57 

Urea -t· P 1 • 1 o 1 • 38 1 ., 1 o 3 .. 58 

Urea. + P t . 30 1 . 20 1 .- 30 3 •. oo 

Ure a + P f .,20 0 . 9EI t . 2t 3 . 39 

,.!\mm. nftr-. 
+ P t . t 6 1 . 2% 1 ~05 3 . 43 

,r~mm . nflr. 
+ P 1 .10 t .. 2:0 1 . o7 3 . 37 

Amm. nftr . 
+ P o. e1 0 . 90 o.as 2 . 56 

A mrn. nllr . 
+ P o. 72 o .. so 0 . 62 1 . 04 

19 . 36 18 . 56 Hl . 9 0 5 6 . 82 

t . 063 

1 .. 190 

1.-193 

1 . 266 

t . 130 

l .143 

1.123 

o. es3 

0 . 613 

1.052 
J/ Not slgnlftcant1y dffferent . 



T.,<1.GLE Y.J 

OVEN DRY CORN PLANT t,itAT ERIAL \.VEJGHTS IN 
GRAt .... 'iS FROtv1 E U FAULA FlNE SA1·JD , 

SECOND HAflVEST OF EXPERIMENT ONE 

Treat- R ep1fcatJons 
Number ment Carrier f ti tit xJ! 

t N t P 1 Check 1.30 1 . 50 1 . 62 4 . 42 t . 4?3 

2 f. p 
-'-..!2 t U rea 1 . 77 1 . 60 . l .. 6 4 5 . 0 1 1 . 670 

3 ;",! f .. ) U rea 2 . 18 1.,,04 2 . 17 6 . 19 2 . 063 . '' 3 ' I 

4 N4P 1 Urea t . 96 2 . 3? 2.oa 6 . 41 2 . 136 

5 ~2p 1 r"'-mm. nltr . t.e1 1. 6 3 l. 9 0 5 . 40 1 . 800 

6 I 13[::,) 1 ,..~mm . nftr . 1.77 2 .1 0 1. ao 5.67 1 .. 890 

7 N4P1 ,•\mm . nitr .• 1 .. 74 2 . 02 1 . 90 5 . 66 1 . 886 

e N 1P 2 p 1.57 1.84 1.5 1 4 . 92 1.640 

9 N2P 2 Urea + p 1 . 83 1 . 97 1 . 07 5 . 67 1.890 

10 N4P 2 Urea + p 1.98 2 . 10 2. n 6 . 19 2 . 063 

1 1 ?<.l p 
. ·•. 2 Urea + p 1. 10 2 . 3·7 1 . 95 6 . 02 2 . 006 

12 ~I r; Amm . nftr . · 2 r 2 + p 1 . 62 1. 72 1,.95 5 . 29 1 . 763 

13 N3P2 Amm.- n1·1r. 
+ p 2 •. 2, 2 . 21) a .. oo 6 . 41 2 . 136 

14 N4P2 Arnn, . nitr. 
-t· p 1 . 76 1 . 84 2 . 00 5 . 62 t . 873 

25 . 28 2?;10 26 . 50 78 .,88 1 . 878 

JI Not sJgntflcantty diff.erent .. 
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TAB LE X II 

OVEN DRY CORN PLANT MATERIAL \iVEIGHT S IN 
GRAMS FROM EUFAULA FlNE SAND , 

SECOND HARVEST OF EXPERIMENT TVVO. 

Treat,.. Repffcattons 
xJI Number ment Carrier I 11 Ill 

1 N 1P 1 Check 1.60 t.97 2.21 5.78 1.926 

2 N2P1 Urea 2.15 t . so t.78 5.73 1.910 

3 N 3P 1 Urea 1.56 1.86 t.90 5 .32 ,1.??'3 

4 N4P l Urea 1 .. st 2.17 1.77 5.75 1.916 

5 N5Pt Urea t.68 2.18 2.26 6.12 2.040 

6 N2P1 Amm. nitr .. 1.53 1.51 t-.eo 4 .84 1.613 

7 N 3P 1 Amm. nltr. 1,.60 2.21 t.63 5 .44 1.813 

a N4P1 Amm .,_ nltr. 1.ao 2'. 05 1.37 s.-22 1 .. 740 

9 N 5 P y Amm. nttr. 1 .. 70 t ... 81 t.67 5.18 1.'126 

10 N 1P 2 p 1.90 1.32 1.as s.to 1. '100 

11 N2P2 Urea + p 1.85 2.10 1.67 5.62 1.8'73 

12 N 3P 2 Urea + p 1.75 2.07 1.90 5.12 1 ... 906 

13 N4P2, Urea + p 1 .. 62 2.02 1.83 S.4? 1.823 

14 N5P 2 Urea + p f .so 2.00 1.85 5 . 65 1.883 

15 N2P2 Amm .• rdtr. 
2.0S6 + p 1.98 2.14 1.96 6.08 

16 N3P2 Amm. nftr. 
+ p 1.62 2.2s 2 . 03 5 . 93 1.976 

17 N4P2 Amm ,. nftr. 
+ p 1. 70 1.84 2 .1 6 5 .. 70 t.900 

18 N5P2 Amm .. +"f!r· 2.00 1.so 2 .14 5 . 64 1.880 

3!.65 34.84 33.at t00.29 1.857 

JI Significantly different at 1% level. 
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TABLE. xm 

OVEN Dr1Y CORN P L A NT MAT ERIAL \'\/EIGHT S IN 
GRAtv1S FROM EUFAULA F INE SAND. 

SECOND HARVEST o r= E X PERtti-AENT T HRE.:E . 

Treat- Reptlea.tfons -Number ment C arrier J II tft X J/ 
1 N 1P 1 Check o.as o.se t.oo 2 .?3 0 . 9 10 

2 N2P1 Urea 1.00 0.93 0 .. 90 2.83 o. 943 

3 N 3P 1 Urea 1.00 1.20 1.05 3 .25 1.083 

4 N4P t Urea 1.0? 1 •. 02 t . oo 3 . 09 t . 0.30 

5 NSP 1 Urea 1.00 I .to 1.15 3 .25 1.083 

6 N 2P 1 Amm. nltr. 1.0-8 1.00 0 ., 92 3 . 00 t.ooo 

7 N 3P 1 A mm. nrtr. o.eo 1.04 0 . 91 2 .?5 0 . 916 

8 N4P1 Amm. nttr. 0 . 9'7 1.04 1.00 3.01 1.003 

9 N 5P 1 Arnm. nltr . o .. 9a 0 .-90 0 . 86 2 .74 o.913 

to N 1P 2 p 1.10 f .16 1.15 3.41 t.t36 

t1 ~p2 Urea + p 1.00 t.30 1.as 3.58 t .193 

12 N 3P 2 Urea + p 1.03 1.40 1.20 3 •. 63 1.210 

l3 N4P 2 Urea + p 1.28 1.ts 1.13 3 .• 56 1.186 

14 N5P2 Urea + p 1 .. 16 1.13 1.40 3 .. &9 1.230 

15 N2P 2 Amm. +~· t.04 1.15 t . 31 3 .• so 1.166 

. 16 N3P2 Amm. n1tr • 
+ p 1.10 t.23 1.78 4 .11 1 .370 

1'1 N4P 2 A mm. nltr . 
+ p 1.18 1.40 1.27 3 . 85 t.283 

ta N5P2 Amm. nltr. 
+ p t . 20 1 • 11 t . 30 3 . 61 1 .. 203 

18 . 84 20 .. 14 20.61 59 . 59 1.103 

J/ Not sfgnUlcantly different. 
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