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ARSTRACT

Leaf and rrain samples of corn ~rown I~ a fleld exreriment
located on a Kalamazoo sandy loew soll were anplyre? “or =itro-
ven, thosprorus, npotassian, racnesiam, sodinm, »nd calcium,

Tre corn had been fertilized with fifty seven different comhi-
nations and rates of ritrogen, phosrhroric acid, and potash,

The nitrcgen, phosphorus, end potassium contents of the
leaf were sipnificantly affected by the respective amounts of
fertilizer nitrogen, rhosphoric acid, and potash, The nitroren,
phosphorus, and potassium content of the rrailn was relstively
constant regardless of the rate of fertilizer used.

Nitroren and potash fertillzers tended to incresse corn
ylelds. The use of phosrhorus fertllizers had little effect
on corn ylelds.

The followinr reversitle relationships were found to be
sirnificant at the indicated level of probsbilitys

Leaves of low vieldinr corn wera »ich in sodium and

marnesivm. (57)

Leaves of hirh yielding corn were i-h in nitrogen. (1%)
An increasse In the ritrogen content o7 the leaf was
associated with a iccrease in the leaf's potassium con-

tent., (57)

Leaves with a ligh nitrogen content were low In sodi-

ame (1

l

|

=7 e



Leaves w’th a tish caleiam ceontent centelred the l-orcect
percentares of sodium (£4) end marnesium (1%).

Leaves hi:h in manesium vwere Yirh in phosnthorus, (5 7)

Leeaves with elttrer a Yirh calcium or marnesium content
were lcw in potassium. (15)

An increase In tre grain's nitroren content was occcorm-
panled by e decreszse In marnesium. (54)

Grain containing tre most marnesiivm also contalined thre
most potassium, phosrhorus, (54) and calcium (13).

Leaves with hich nitrocen contents viere sssociated with
graine of hirh nitroren content. (55)

A negrative correlaticn existed hetveen the mapresium

content of leaves and srain. (53)
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INTRODUCTION

The genetic composition of a plant specles 1s relnted to
its chemical comnosition., Variations in environment, e.s. nu-

trient supply, may modify the chemical comnosition in such a

n

way that the ouality or r~rowhth Tcetors, as well as yleld, »re

f " B,
slgnirficartl, aflected. ’
- |

Fary investizations Yieve recn Je<igned to show the efllect

L

of nitrogen, phosphovus, and potasslama fertillzers on lent j
characteristics such az rowli, color, maturlty, snd chiemlcal r Ji
ccmpesition. Such studies hiave (lven variadle results, They s
indicate that veriations in use cf nitroren, phosphorus, and
votasslum fertilizers may affect grcwth and chemical composi-
tion, The plant lesaves and stems often vary sre~tly in cremi-
casl composition, cepending on the fertilizer ftreatment. Thre

cliemical covnposition of tre leaf 1s frequently more Indlcative

of nutrient supply than the rrain,

This study, a part of a nutrient level and balance pro-
Ject, was designed to deternine the effects cf various levels
and ratios of fertilizer on the crerical comnosition of corn.
The ob jective of the study was to determine the eflfect of
Several widely varying combinations of nitrogen, pbosphoric
acid, and potash fertilizers on the yield of sgrain and the
nitr’oren, phosphorus, potassium, magnesium, calcium, snd so-

dlum contents of zrain and leaves.

e s 1 e e B Wt . o M



LITERATUKYE K&V IR

N.an has always been puzzled and awed by those surroundings
of nature which supplied him with food, fuel, and srelter. As
time passed, he 1lnvestipgeted in great detail, his surroundings
and lezrned more concerning therse natura1~phenomena. He learned
to use this information for hilis own betterment.

As early as 1839, somne wcendered if it micht be possible
to alter the chemical composition of corn by usinec different
treatments of nitroren, phosnhrorus, or notessium, Several
investigators (5, 19, 1¢, °C, 2?1, ©6) found that nitrocen used
alone increaced tre nitrocen content ol either the corn leaf,
erain, sap, or a combination of these plant parts.

Other investigators (11, ?1, ?6, 30, 3?) demonstrated thrat
potassium fertillzer us=ed alene increased the potassium content
of the corn lealf. They noted also that potassium fertilization
resulted in a reduced calcium »nd mernesium content of tre »lant,
From fleld exrerimental plots locested on nonproductive soills,
Stanford, et 21 (2?) showed that the additicn of potassium
repressed the oplants' uptake of calcium 2nd magnesium, Boswell
and Parks (6), in a field experiment, found that the phosphorus
cortent of the rrain was unaffected by different levels of ro-
tassium fertilization. According to treir exrerimental data,

the uae of 75 pounds of KoO per escre rave significant yield

i ,
‘Ntre mses, Rates above this reduced the corn yleld,




Litreren fertillzers, vwicen supplemented with rhosphates,
effect reither tle nitrocer ner the thosrlorus content of corn
rrain, sccording to Jacob snd Gottwick (2). Lowry, et al (1)
found an incressed calcium content in tre plent sap when nitioc-
can fertilizers were sucplemented witm phosrhates. Trey found
thhat the combinstion of nitroren and potash resulted in a de-

creased calcium content of the plant sep. r-m]

Vandecaveye (29), in a summarizoticn of the literature
prior to 1940, reported that only the l=te or very larre ap- !

plications of nitroren affected the comrosition of the frain,

Complete fertilizers rave irreruler resialts, slthourl in a {“J’
substantial number of cases, the fertilizer treatments produced
rrain with an incr=2-=zed content of nitroren or prhosrhorus or
both. Xling (10) reported that complete fertilizzrs had no
sigonificant effect on the nitrogen, phosprorus, or potassium
content of the rrain, but increasing amounts of nitrocen pro-
duced rreen corn with a high nitrosen content, Weels, et al
(3C), from a field experiment, resorted thnt fertilizer treat-
ments affectec the amount of celcium, rotassiun, phosplrorus,

ang marmesium and to a lesser extent the nitrocen content of
the ¢rain. Other investigators (11, 20, 21, 31) did not find
ANy consistent differences in the grain composition resultine

r om vhospliorus or potassinm fertilizer applications. Munsell
and Brown (14) reported that the phosphorus and calcium contents
OF +the leaf and rrain were not incrras=ed with increasing rates
Of fertilization. From their field studies they noted a decresse
In tne calcium to potassium ratio and the mapnesium to potas-

S 3Iwam ratio with each increase in a-plied potassium fertilizer,




Stubblefleld snd Deturk (?3) obsecrved that seeds nsd a
more constant chemical conposition than leaves, They indlcated
that the composition oi" the le=al can be expected to be varisdle
since it represents the mirerals left over in the plant after
tlre s=eeds have formed., They slso noted that westher concditions

exert a profound influence upon the yield and chemical compo-

=3ition of corn rrown on a riven rlot from yvear to year. r"-
Lawton and Browning (1?), from treir field study of how |

diffarent methods of tillare effect the miner=l composition of

corn, observed a righer percentare of potarsium In plantes crown k

on plots i at were plowed than in plants grown on plots which L J

were tilled by other means, Trey reported that applications
Oof fertilizers usually cdecrea=ed the nitrogen content of the
rlant.

Bee=zon (3) znalyzed corn grain grown on different lew York
soils for the riineral composition of the grain and found some
wWidely variable data. The sodium content ranged from .175w
to ,001% with an average of .043,. "The notassium content ranred
from .925 to .224 with an average of .40/5. The calcium content
Varied from .C454 to .C067 with an sverare of ,0105, The mag-
Ne siym content veried from 275 to .097 with an averars of ,164.
The rhosphorus content ranged from .80% to .235 with an averare
Of ,43,, The averares presented were for tre total nurber of

Samples analyzed for each of the specified elements,



NATERIALS A”D METFODS

The samples analyzed in this study were obtained from the
nutrient level a2nd balence clots on the John Carmrbell farm. (17)
The so0il on this farm was mapped as Kalamazoo sandy loam. (1)
This is one of the more drou-hty scricultural soils of Southern
wichignn,

Field Plot Design

One hundred forty plots, measurins 14 by 50 feet, were
planteé to corn in 1955, There plots viere arranrecd in a ran-
domized Ylock desipgn, Sixty-two of the 140 plots were selecteqd
to be sampled for chemical analysis., This selection incluted
six "no fertilizer" plots. A minimum of nine plots, which rep-
resented one level of a glven nutrient, were sampled. The
field key to the levels and the pounds of fertilizer nutrients
apr:lied per acre for sach plot sarmpled is ahown in Teble 1,

Fertilizer

The fertilizer csrriers of the tl'ree major plant nutrients
were ammonium nitrate (33.55 N.), superphosphate (455 Fo05),
2nd potassium chloride (GC4 Ko0). The roil had recently been
limed to pH of 5.9 to 6.3.

The nitrocen and potecsium fertllizer was broadcast on the
Dlots prior to plowing. If the plot was to receive more tran
fOI%y pounds of PoQCs per acre, the amount of PoOg over forty
POunds was broadcast prior to plowing. Threrefore, all of the

Nitrogen and votassium and the smount of P60y over forty pounds




TABLE

I

Z2Y TO APPLIED FERTLLIZLR :1J7rIXUTS

Treatment key

T
Ne
—
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Pounds per acre

PoOg
0
40
160
430
0
40
40
40
80
150
150
320
480
480
480
40
40
80
80
80
80
320
320
320

40
40
40
30
80
160
160
150
160
3?20
320
480
40

80
160

240
20

20
240
160

240

40

20
80
240
40
160
20
40
80
240
20
80
240
380
20
80
240
40
160

20
80
240

160
20
40
160
40
40




|2

QOO DD NN

Treatment key
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Ti3LE I "continued"
founds per acre
N PoOg
160 320
160 320
160 320
160 480
1560 480
240 0
240 40
240 80
240 150
240 1580
240 160
240 430
240 480
240 430
240 430
240 480

Ko0

20
16
240

40
160
240

80
160

20

30
240

20
80
150
240




ner acre vias Dlowecd down. Forty pounds of PeCsz per acre was
sed as a starter fertilizer on all plats excert t*s "no fer-
tilizer"™ plots. Cne holf was placed in 2 band two inches balov
and two Inches to the sicde of the seed; and the other ralf in
a band two inclhes to tlie side and six inches below the se=sd,
The seed bed was prepared by plowine witl a rotatineg snale
tiller trailed behind the plow. Certified iichigan 2?50 corn
seed weas planted imrnediately after plowing.

veother

[

The rroving season for corn (Arril through Se teriber) ves

j""— B B T . .....,51

not normal in 1556 as 1is shiown in Iisures 1 snd 2. Trese Cata
were obtaincd from trs Brttle Creelk, Michicren airport westher
bureesu., (27, ?7) Aprll and July vicre wetter than sverage in
1926 but the other months were drier tran sverace, September,
1956 was very Aéry in comparison with the tventy year averare,
The totsl rainfall for these six :onths in 1976 ves 2,2 inches
lower tbtan for the twenty vear averare, June, 1955 was 2,4° F,
warmer tlen the twenly year zverace, July, 1056 was 1.8° F,
cooler than the twenty year averace, The temperature differ-
ences for the other montlis were small,
Sauples
Leaf sarples consisting of ten basal ear leaves per plot

Were taken on Adugust 1Z, 1956. The leaf, 2t thz base of the
& | vwes sampled Leacause it is considered to be representstive
Of tre chenical status in the plant at sampnlinc tinc. (23
Pc’llinaticn wae complete and seeds had started to forn at ttre
time of sampling. The samples were ~sround and stored in card-

D oarg contziners until the analyses were mnade,
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The «rain zangles were obtainael at harvest timc. Tventy
rars vere taksn from eoch plote The:e were dried snd then
shelled. Subs-nples ware taken Cfrom £le shells? corn, Trer
vere reond and stored in gflass bottlaa until tle =naly-es uere

.
D'OIC o

Clierical Analysiz of OSampless
Wet Asting

The nlant tlazi e samples were vet astel witl certain mod-

1"ications ol thle nitric ~»cid - perchloric acid method descrihe’

Ly Piper. (18) & two .re. sanple o naterial wes ashed, Tre
residue was taken up to voluwe (£17ty milliliter) in 0,1 11,
brdrochloric acid, This rolution wes filtered throush Wratian
i 42 filtsr payer Intc 2 clesn rlass Mottle and stored s a
stock zolution.
; itrocan Latarrinstion
The nitror-en content was ceter-:ined by the Xjeld=h1l nro-
cedure witr certai: wodiflcationy ¢f tre methiod described by
Pierce sné Faenirch, (12) Thre nitroren determinations eie
nades osrior o tle autnor's study.
Fhosproorus Determination
The »l.osphcrus contenly vas determined by ths o orian
s olypdnte metrod. one 11liliter o8 tr2 stock solution wos
placed in = F£Ifty milliliter volurwtric flask and diluted to
volume Q0,5%. rydrochloric =cld. Ten millilitzrs of this solu-
tion was then placed in « Colsasv color'ieter tub=, Six dreps
of ancmoniwn moly Zote rescent and six drops of Fiske-Sutarrow

(8) rea "=t veres o Jed "7 1 the combterte of the colorin:ier

P
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ta e von L alken troroachly.s AFter standing twenty rinutes,

the transatttancy of the olabtlens o veores v ine -

f1lter (050 wu) »n the Colemzn VUnivapsal Svectroshotsmets

Lodel 14, Trese readings wers compeor=? Yo Llosa cn a previogs-
ly develope:d stand-rd curve,

»

Potasatum Latevrtinattion

soSassiun was Ysteoralved oo e Perkin-Zlmer Tlaune ohoto-

A}

whar Lodel SP4 using toliflcotiors of the metto? Joocpthed b

Yoth, 2t =1, (¢8) 1 ztoek ealutli-v oo seurcid Mrectlr i-lo f

the flame oreoloscbor 07 0 pe i om0 Mo Ehage o rhar T e ‘ | ad
arda of known notassziam content, inj

Coletun =nd Sodtuam Leternination
Crlctum mn? s2diay comtente wrapra Jdatenafpad on tha Tl o
shecktrentotoretar Votal 17 vttt v flace ottachnent,  Tha rend-
inrs obtaired var: cor cre’ to trore o standards of 'mown
calcium and sodiur contenbts, The elo ate vere - ob debapcsina?
s Limaltanaously.  In ench cace the stoc) solutlon vas ponpesd
Airesctly into tve cup ard then rleced ir the £l -ne, & anecht-
rophotonet=ar waa ~djusted as z2loun 1n Table I,

Lzineoin Lntarnination

llagnesium was determnined by the metho® Jescribved by Dros-

a -
SOFP and lesrposs. (7)

It
.




TABLE II

ADJUSTMENTS OF THE BECKMAN SPECTROPFOTOWETTIR
FOR THE DETERMINATION OF CALCIUM AMD SODRI'M

-

BT N s s e e e
i
'h )

Ca. Ma,

Vave length (mu) 492 ,7 589.,3

Phototube filter Blue Blue o
Phototube resistor 2. P

Phototube selector 0.1 0.1

S11t width .01 .01

Photomultiplier sensitivity Full Full

Photomultiplier zero depression 1. 1.




RTSJLTS ~n7 DISCUSSINT
Grain Connosition s Affected by Various Katcs and Ratins
of Fertilizers

The corn rrain tad a relatively constant chericazl cornn-
sition as s=hown by Table IlI, It d'c nct reflect larce 11f-
ferences cruze” by various fertillzer tre-t ents,

Nitrocen fertilizers frecguzatly Increase the nitroren
content of corn grz=in, This wsz not tre case in thisz =tudy,
The plants ap: arently weres 20le to obtailr sufficient nitroren
from the soil to prciuce rrain wvith a relstively constunt ni-
tromen content, In thia experimnent, the corn followad clover
- alfalfas hay, The niltrorsen content of the rraln voried hHe-
twasn 1.15 and 1.87 percant, and =2veraced 1,55 nercent, The
Wlch nercentece Iin prain was produced on a plot wh’ch received
forty vounds of nitro~en per acre., The 1low percantare in
fFrain wes produc~d on o plot wrich did not recsive nitroren
fertilizer., Cne plot vhich recesived “40 pounds of nitroren
per acre oroduced rain cont:zining 1.”8 gercent nitrocen,

The phosprorus contsnt of the grain was not sirmificontly
effected by the various ratec of phos 'orus fartilizers, Tre
rhosphorus content of ths rrain cvsrared 21 gercent and
renced between .13 znd .?3 percent, Beeson reported corn of
a hirler pesrcent phosphorus content (3). Two plots, one of
which recaived 4320 pounds of prosphoric acid per acre snd
another which receive.l 80 pounds, nroduced =zrain with ttre

same phosprorus content,
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ﬂl\.tlu
Pounds Fertilizer 7o Actre Jercent (ovan Apy welsht)
M P Oc Xo0 o r X b Ca 1’
‘ L .

C 0 1,52 .73 .35 .12 LCLT L.C07
£0 o0 1.15 .12 .7C .19 .C09 .0790
150 cc 1.30 .17 .2 17,005 L0068
1.7 .13 G330 .13 011 .009
0 Oo 1.4% W17 37 .15 .CC3  .010 !
ac .. 1.53 .03 37 1D J0IC LCCR ;
c o0 1.21 J1a B0 LOC  JoC L,010 i
o 40 040 1.01 .°7 .35 .17 .C1lC .Cl1 i
20 a8c 100 1.72 .2 .75 .12 ,CC3 007 i
) 170 2le 1.56 .12 .30 .17 .CCe  ,007 ¢
20 160 240 1.71 .17 .25 ,19 .C04 ,CCD s
20 720 4C 1.3 .17 .33 .16 ,0C? ,CO7
20 430 20 1.67 .3 ,°5 ,18 ,CCE ,0C7
20 450 1o 1.3 ,°3 .33 ,1% ,C07 ,CCH

oNoNoNoNOXoRe N
o~
2D
@]
Ay ]
b:\
O

N 0N

-

20 470 ~20 1.22 .70 .35 L.°C  L0C2 L0011
40 £0 40 1.77 .19 1 .15 ,006 ,008
40 40 150 1.65 .79 20 W15 .0C3 0 000
20 C ?0 1.5 .4 «2C .17 J0CT  ,CT7
40 20 < U 1.71 .71 e 50 <15 007 Neern
40 AO ’O 1. “‘ oﬁv 05‘) .95 (\(Jb oClO
40 e °4C .77 .90 L2 .10 JCCO o LCOD
4C 770 “C 1440 .73 «2C W10 W CCS .ClO
40 e 80 1.5¢ .75 .30 .20 ,006 .Cll
40 320 240 1.73 .?3 OO W73 ,0CO L,C11
80 « ce 1.67 .70 35 W13 010 L0110
oG 36 e loi4 W13 ST RO A ¢l B o [
",‘A ‘:C -'CJ 1.:}3 01'7 4G .?5 o LD ooll
£0 <Q 24C l.44 .12 30 W7 LCCG6 L0110
30 30 40 l.45 .18 .33 20 L0133 .CCB

30 x\C lUO I.GC ol o 095 .OOO QC’CV
20 158G G 1.0 .10 «3Y  L105  JCC 003
3 150 ~0 1.71 .16 «33 33 LCCT7T  LCO2
130 1c0 £0 1.38  .2C A1 73 WOl 007
3 lCO h‘.‘o 1.74 019 O'JU 005 .Flo 0007
30 370 <0 1.1 .27 .39 .20 007 ,0C8
a0 220 160 1.7 .2 38 410 L,0CS ,CC3
3C 430 ~0 l.64 .17 30 L13 0C5  ,C1C
160 40 40 1.75 .18 .34 08 008 L,C10
160 4 150 1.78 .73 41,5 ,0C3 007
1560 20 40 1.59 .70 .37 «18 007  L,CCO

16C 1650 40 1.42 .1@ O W13 L0065 LT
150 720 ~C LS8 W17 .27 .C5 .07 ,01C
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h Poly “2 x 3 b e C
16C 320 1.C 1.39 .2° B30 LGP0 L0(C?
160 320 20 1.7 .0 L7 W10 007
160 430 40 1.72 .23 W20 L0 .006
150 48C 1:3C 1.13 ,°° e 0 G133 LCO7
240 G a0 1.°0 PR o <17 .C11
P40 40 -0 1.73 .12 L2 L1000 00D
240 316 13C 1.47 .93 R S Y N 0161°
240 150 ~C l.24 .19 LT W7 L0090
240 160 210) 1.7 .19 70 L0
240 160 740 1.22 .71 9 L1 L0CO
Pe 100 C l.04 .19 o J10 ,oro
~: 0 27C e 1.53 .12 L W13 00D
°20 4°C 30 1.7 W17 ¢330 P23 011
~L0 420 1°C 1.5 .15 e S A e
240 430 rde 1.50 .70 eD7T O LCC2
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o ancesraat correlstion wes m0bel T resard Yo 4T A sont
o7 potan’ fertilizer nsed »ni Lhe rrain's potesziias content,
The grain's notassium content varied between ,“1 and 47 ner-

70

cent with an avera~e of .37 jercent., The rrain contalning

N

"1 i~rcent colnssiun v s srown = - nlot which received forty
pouncds of potash par ascre, whereas, the Y1-hest testing crain
rad not received potash fzortiliczer,

Relatlonships Between Chenicsl Composition of Groin -3 Corn
Yield

A statisticsl ~nrlysls of tis~ deka 11 Tole IIT = cesta
saveral corrslations, These are suinarized in Tahle IV, Tre
coefficient o° multiple correlation, +.47?, 1s sirnificant
at the 14 level of nrobability. T-is correlation coefficient
relatss yisl® as the derendentl variahls 40 tra nitra~an, ~hos-
ntorus, potaczilam, omeslum, cnlelun, and acdLiyn content of
trie rrein,

Fi-ures 3 and 4 show the significant relationships be-
tween ti2 rrain's nitrogsn and marnesiam content to yiel:,
The atrzight line in eachi fil-ure rcnferents 2 line of L=t

1

1t for thrhe at~ cr a line which «inini:

[

£z the =1m of scuars]
deviations fro: regression.

II'i~h yields were associatel with rrain that had a hish
nitrogen content., The *icshest ylelding plot produced grain
containing 1.25 -rrcent nitrocen, The lowest yi=1lding plot
produced crain containing 1,51 “ercent nitrocen, The posi-
tive correlation tetwaen yv:eld »2nd the crain's nitrocen con-
tent, re +.517, 1s sigrificant »t th» 15 1eval of prohshility

(Fi~. 3).

J

IR Uk e e b e —



17,
TABLE IV
CORUBLATICT COENI ICI®LTS 34T,Ld' YISLD, LITROTIT,
PUCSPC0dS, S CIASSIVI,, 207 S1JY CALVIJ ,"D Sn
Dlui CC! T “S (I CORW “KAI™

N L X lig Ca a Yield
N 10 0056 -0160 "0254* -.lOO 0010 .510’::";"‘
P 0036 lo 029?* 0058 .133 -0038 -;039
K -.160 oog?* 1. .982* 0309'}* 0004 - 205
Mg | =.254% .058 282x% | 1, 071 |-.118 1| -.259:
Ca | -.100 «133 « 309 %4 071 1. 100 | -.045
Na 0010 -0038 0004 "0118 « 100 1. 0119
#2# Significant at the lﬁ level of probability
# Significant at tre 5% level of prohability
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Tleh ylelds were eczsoclated with crain of 2 1o rarmastlas
comtent., Tie "irkest yi~1iinc olot prolaced roin cortainir-
.10 parcent marnesium. The ¢frain fro. the lowest yisldine

plot contained .13 parcent masnesium. The nezntive correl-ticn

«W
pie

etueen 3 1sld and tre ~yvaln's aacnesius coatent, r= -,95%,

sirnificent 2t the [ level of prov:nility (ITiv. 4).

]

Therc were no sirnificant coryelzti-1 detvzen orain yislie

]

a1d rercentacses of rhosslioras, tobssatar coletan, and sotiam
* , B - I ’ ’ .

Interactions o Tutrient Lle-ents in Cora frein

T™ere ware « v simmifleant rel: tionakips within the

Hicanmmssvran s

corn roin parcent:-as N nitroosn g rhosprorus, votasolae,

vgrmeatlamn, coleiam, -nd solilume TPy sre shown in Fi~ures

S t¥rrouxh 3,

Srain with a rel-tiv.1ly bl nitro-=zn content o3 v low
we-neslun contant (Firce £)e Tre rai» with tle hil-hest ni-
Lroren content (1.27 nerceat) izl a low magnesium content (.13
nercent). The necative correlation between the crain's ni-
trogen and macnesium, rz -.”54, is significant st the 57 level
of probability.

I'ire € stows tie rel-tionshiy between the crain's ner-

centores of phosphorus and potarsium. The rain with the

low=st i dsphorus contsrt (.13 vercent) wss very low in po=-

toseiun (1.2° s-~rcent). The oositive corr=lation Letisen

. Ny a o . . . on * - . -
Stospboras and potangiun, re £,757) 1z stentflceont ob the ©

evel of probability.
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Locoslcive o latlons” Uoowas a2l T o tslie e et e et a0l
- LR r IR T . * g~ LI e e
Aty (Lt 7). e osrein vl trha Y L-hent Lot Sl o=
[ A o " - s . . . > 3 ™
L (o241 rorcer b)) Loe Ao 3 oma ~tun (73 rercaal). The

corral-tron Yietwown 1 crein's nobtresium cnd nermesiut col-

ONO . 2 . * * . [nd - " < A~ I~ Y.
tcr’t r= +o 3 > b 1700 L Tt t LI R 1 v T4 ol T > \‘/". 11th .
- R - L. PO O U T N - ~ - -
Five  zlows tle 12l -tilioachin betuee the ~vratn's c-lcin
- 5 e e ., T ISR N I - $.a .-
~r potessium contate Il radtnm LB Lls lowsmat c-lelu

(.CCP wvercent) wrs veory lew in votsssiam (.70 porcont)., Trs

rositive ¢ rielation tetwean the vainta coalcefuim ond potasaius

ra+,300, 1a &1 £

t4
vrercentas s, mificant ot tre 15 12vsl of roh-

e statlatlicsl wnelyecs cYowed Lhevs vee oy velottorohis

A

Lotueen mitroren and tcupborus, potascium, caleliny, or so-

IS S IS

1

dium content. Lilkewicre the 1aln's rrosphoraz content wves

rot sicatlicunbly corrsleted with acresium, celciuy, or 3=
dium, and ootussium and sodlum percentages were not sienifi
cantly relatec. Further thers vere no significant cerrelaticr:

vetween magnesium, calciun, 2nd sodium,

Leof Ccmposition ac Affected by Varlous Rates and Hatilos
of rertilizers

T™as duts in Table V stow that 1l+:f ti=zcue vari=2d more in

chende-l cospositizsn, ~s 2llectz2di by fertilizer, th-n 212 -roiv,

Tre ¢ffect that £he difTsrert levels of nitro~en fertild. «

Yord om peraevitaces of Aattrocen 1n zhora Ty Flee 2. TV ocorr-

n

elction com!

Ticlient Letveen Lle soount of nitroesn fertilizer
spplisd and the percent nitrosen In the leaf, r= +.564, is

. 7
gl mificant 2t £~ 1. level of probability, The - itroczn con=

tent v ried from 1,735 Lo .15 psrcent with s wyrrape of .00

i""m‘-mu.\ v ]
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- £aCr KoC I P
o 0 0 2.75 .15
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0 150 S 1.83 .11
o 450 240 010 14

CO C QC h.s . Z
OO 40 @) /076 015
20 40 C 2.0 .18
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percent, The leaf g-mple cortuinit i 7,186 crcent nitro-on wuer

taken fron a vlot wiich receive? T40 ~cnnio o F o hrorsvm ooor
seres A o Llob wrich receivedl no aitrocen proluced tie leaf con-

L

tatning 1.20 percert nilroron,

Tic dete In I'1oe 1C stow that tre vhonpharaes contert of

ot

D L ot of tonvyertc

i -

trie 1a=f wae Jirectly rroportional

actd aprlied., T correlation Detiucsw - p»nlisl theovloric ~ci?

ard thes plosphorus cortent 0 tle 107  rz 4,447, ¢ eirnif-
icant <t tha 1. l1avel of npchanh 1170y, 1 orrbhorue content va-

ried “roa 11 tn U0 vrreeat o wttYoan cverccoe of (10 1rercont,

The Jeaf sornle w1t covrtadns 770 ver ot - T o v oras was L-;;
tgltan from s plot which had received <420 nonvds of nhasnboric
acid rer scre, Two plots which received 1¢C pounds prer acre
produced leef samples containinc .11 percent phosplorus,
Increacsin: ircreqse~nts of obrsl "crtilizer incre<zed the
potassiun conbtert of cora 1lmsf (Fi;. 11). 7Tre correlstion
coefficient tetvueen applicd potastr - nd thie =1 cent potassiuv

in tlie leaf, ra +.0CC, i~ 2i-17lcunt at tic 15 level of prob-

gbility. Totuszia varied from .99 to 2,43 percent with on

N

averare of 1,70 .srcent, The le~T 2ainnle vl ich contaired 2,47

rercent potassium was produced on 5 Hlot which receivel 240

nounds of potash ser scrs, L -ot which receiveld 0 nonnds

o~

of potash per acre produced the leaf - miple conteinine 9D

nercent notassiiun,
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Aoloticomshlou Cetveen Crhemlcal Cowicsitics of Leof +md Corn
Yield

The “ato In Tacla VI summerizes the relaticnships [ound
ir » stotiestical :n.lysis of the ceta siown In Tible V. The

coefficlent of multiple correlaticn, +.,417, iz sirnificent

st tl'e 1p level of probability. This correlation coefficient

relstes yleld as the depen’eant variahle to %re percentaras of r’“j
rltros~n, phrosyhsruz, votasslurn, mepresinm, calcelum, and so- :
dium,

Corn v"1ch h»d leaves with a tTich nitroren content ylelden :
nors than corn vith loove:r of » low nthro er contant, Tre 5;.;
Yirhert y1ellis-~ plot producsldl lesves containi-e Z,18 nercsant
nitrore while tie lowecst ylelding nlol reduced l=aves con-
talning T.04 Lercont nltroven, The vositive corrsl-ticn be-
tween yield =nd tre lez2f's nitro:sn content, r= +,415, is
siratficent at the 1le level of prouwxbility. This rel-tionzhip

is shown in Ii-. 17,

Corw «' lci had leives witii a4 ish sodlur content vielded

less th~n corrye vi4%h leswan o7 o low -~odilum conteat, Tre Y1 V-
et yi~lding plot iroduced lauves containins ,C04 nercent sn-

diuam wiiil~ the lowest yleldiny plot produced leaves containing
.C06 percent sodium. The neerative correlztion hetween yield

and the lesf's sodiur content, rs -,724, is sionificont =t

tve 57 level of prova=ility. Fir. 13 shows this relationah?;,
Tvepe were no significant relstionships Latween vield

end percentuces °f proephiorus, potasslum, marmesium, or cr-l-

ciorm,



TA3LE VI

[ate
e

CORRELATICY SOWFFICIEYTS 3sTwWzs. YIWLD, NITRCGEN, PC3-
rToRUS, PCTASCOIUN, MATHROIUN, CALCIUM, ATND SODIV. CC..-

TRYITS CF CORY LLAF

2 S K (24 Ca N3 Yield
N 1, .108 =219 .082 -.,017 ~o337%% L4153
P »108 1. -.?03 «231% .034 -.133 -,040
X | =.P19% | -.203 1. -.806%4 -.667% -.17° | -.018
I\‘g 0082 0?31* = ¢ 30633 lo .817%7‘(‘ .190 -.031
Ca "'0017 0034 "0667*':? 0817*':17 10 .900* "0184
‘Ia -.337'*'):1-0153 -017? 0190 .?‘?O* lo -0234'*
x% Significant at the 1% level of probability
# Significant at the 5% level of probanility
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Inteructlicns of Hutrient Sle:nts: In Corn Len?
An 1nverse ral-tionsbin veoe Tound ebveen the ~tlirorsa=
‘03 poabarssian prreenteias 1 e 1e-war (Tie. 14), The lear
camnle whiceh 1od Lle Pilohest nitroren content (72.15 percent)
Yad e boleow pverare sotcroius content of 1,73 c1cont,  The

1n © somnle vhled rad ths Tiohest poteacli. ootent (2,47 oerp-

cent) also Tad o low ritrocen conbtart (T.C3 veresat). Tle

nesotive correlsticon hatween _ercentsres Of nitro~en and -o-

~ . . . ) 4 o 3\ * =~ e
tassfum, r= -,%17, is simificant =t the C,H level 57 probabliliiy.

;
‘
|
|
|
Fice 10 :ious tha inverse relotlions’ 1p) rs =,327 (1;), L
noted Hotwean mitrocen avdl soltuwe Tha ss-pie with the lownrct I
nitrogen contot (1.23 percsst) ha2 the hil~hect 503l content
(.C14 percent).
A Sir=ct rel-.tionerniln ory noted Hetween phoabaras ond
naurmesium,  Tre s 3- wtlen T3 Ut T ivhiest OV osrborus con-
tent (30 snrcert) wes 707 1v uivseium (.77 cerceat).  The
correlastion, r= #.,731, ¢ simmificanrt at the 5.5 level of prov-
ahility (Fie. 16).

4 statisticnlly =i--1f1cit inverse rel: tlonship wis noicd
Letween ot -ssiun -nd cmagnesiunm (Fif. 17). The cmmp
tl.e ' i;hezt potasrcium content (.43 _crcent) were low 1. mar -
nesium (99 peroent). The neontlive correlstion, r= -,205, is
slgalficant at the 15 1avel of probasility,

Corn le~ves with 1 ! 1¢h potoscolum content »'ad a low cal-
clam cosxsent (Fig. 12). Tie lsaves wit® the most pol-ssiun
(2.43 percent) were Lsrlow averase in calcium (.75 percent).,

The necative correlation, r = -,3887, is =1 miflcant at the 15

level o probanllity.
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Calciurm =md Loo.ne3lin ~rcenbares ware foaned Lo o clesely

J

correlatsd (fFir. 12). The leaves with the hichest c.lcium
(1.29 percent) rad the highest marmesium content (.93 s-rcent).
Tre ~ositive correlation betwsen calclim rd warmmestwn, r=4$,717,
1s sicnificant at iYe 15 leval of onrobarility.

ma
<!

£z lacver with » hish calclum content vers 1iish in ac-

diun (Fic. 20)s The - pls with the rost cnleiun (1.73 per- _“—T
cent) w-¢ cvarare in conbent of :odiun (002 pcrcant). Tte

positive correlaticn, re #.7°C, 33 =ic21ficant «t the CTJ level

of prob -b1lity,

Tlere was 10 =z1pniflica~t rel=tionslilp Hrlucen tle nitro en qj

15

content of corn leaves nd perce~taces of phosphorus, sotasciun,
celecium, or sodium. Also vhcsphorus content was not related
to percentases of rotassium, colcium, or zodium. Potassiun
end sodium percentares and the lesf's magnesium end sodium
contents were not related.,

Interchangeable Chemical Elements of Leaf and Grain of Corn

Percenta~~s of nitrogen in crain end leaves wers “irectly
related as shown In Fie, 1, Tre plot wrich nroduced the lecves
with the richest nitroeen content (3.15 percent) nlso producs?
“reir with  “irk nitroren content (1.75 nercent)., The nos-
itive correlation, r= ¢+.219, is =irnificant at the 57 level
of probability.

The data in Fies, 7? show that tlte erain with ¢ high mag-
nesium content wus zssoclated with lsuves of low mamncsiug con-
tent., The plct whick »roduced the rcrain with the hi-hest ue-
nesium content (.33 percent) produced leaves averare ir mec-
nesium content. The ne;ative correlation, r= -.238, is sirn-

ificent at the 55 level cf probability,

e ———
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There were no conaietart relstionships hatieen nrpcenth-

coteertun, celedlur, ond =sollum in the

g7t of Toorrboras,

i

rrair with the papceiba~mz O the co2we sleionts in the le - veo,

Yield -2 AfTected 3 Vorious Forlilizer Retes and Ratios
The effect T ~itrogen, r~hosvhoric acld, -~nd ootast or
corn yield is shown in Table VI, Tie yields r-nread from

32.8 to 73.2 “urhels shelled corn oov scre with an gvera~e of

05.?2 bpurhels per scre. The ylelcds were probably affscted by
tte lovisr than gverace precipitation which Fell in 1-E6.

The lowest yleldine plot (33.¢ bushels per acre) =nd the

Firhest 1s1ding plot (76.2 bushels) eack received ?24C vnounds ; j
of nitroren par acre, The Mirhert yielding pleot received

160 pounds c¢f phosaphoric acid and 240 rrunis of potash p=r

acre, Thre lowesct ylelding plot receive”™ 430 »oundz »f nhoa-

rroric acid =nd °C »Hounda of potash per scre, The low potzeh

anplication was provably =« vield limitins factor. The hish

vhosolroric acid application salso ma” have hean a -fald 1linit-

ing factor.

Nitrosren fertilizers were founl to increace the loaf's
nitroren centertes As tie lecl's nitro 2a content increcsed,
ylelcs increazcsd, Leaves of = Fiszh nltrogen content were
sssociated with leaves of - low codiwm content, Hirh yields
were =aszsnci.ted with 1lsavees of 2 low sodlim contert, Corn
frain froa hipgh ylelding plots contrnined o Tipl nercentars of
nitroren, Grain from low yieldin; plots contained = low per-
centeare of marnesiume, A hich macnesiam content in ths “rain
wers assocleted with a low yileld of corn. In this study, nit-

rocen fertlilizers increus~7 tke corn yleld,
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rotasl, T rtilicars iocreased the 1+-0': ~oftoassium con-
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The ~v=in ~rd the "--1 1~ " of asp s v ieh Ya@ haen

fertilized with vericus vide crrinctions ~o3 ot 2™ rnit-
ro v, vlicsthorice reid, +»7 potash vere cnmliio Topr AT troper

phoxploran, otasslioo, ngnesiun, calcia, -nl sollun,

Tre coefficients of :ultirle correlation wrich relatesd
corn ,izld to s ultro-en, Yoesrhorus, [ cbosclum, racnesium,
calciay, =»nd c>rxlTum cnrtente o0 the rrain asnd leaf were sico-
m{flcant ~t tl= 1. level 7 provamility.

Seversl Hirrr rAl ticnsiiis were rot>r) in =z statistlcel
analysls of tie dete, Tie follocing rovarsidle rel tionabins
were fourd to 2e ci-onificont -t tihe Inticated level »7 pol-
shilitye

Lox 3121 ins cora bal leoves vBich were Yirh i1 =o0-

Ed
Aium and ragnesium. (55)

~ .

1o vieldisr corn Fad leaves an” cpsia o0 oY wepe Wi

. . 7
n nitro:en., (12)
L~ drcresrse in tre witrooa covtent ol the leaf wor

e leafle notargium CcOn-

Lovowe w0 V10 nitioren content el 0 low wodlun
CQ:L"‘:‘..T’:t' \1/0)
Levves with o ik ¢~lcelum content 21ls> had ~ "¢t

soliunn content, (57)
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Leavee wilt™ - 213 e lelu: content 70 o “4ob marme-to
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Ieavas withh - Yirl nmaonesium content had =z iz

(r

clorus coabe o Le o (T

it ocalceium or mapgnesium contrng
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an Snerscca T otre rain's nitrogin content was accena-
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Jraln with oo -ichonerresiuwa content had o« D10 otus-

)

sium cortant, (5.)
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Srain with o rich potas=:ium content had
) 4
Soras ceosent. (55)

rotn Wity oo T el potuaeclam contant be4d risr calciun

]

content, (1.3)
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Leaves with hiph nitroren contents were -~sa3octi:
with grains of Virch niltroren cortent, (5J7)
Leaves with hi:h 1 nesiur contents were associated
with grains of low marmesium content. (5)
The nitrogen, phor Yorus, o.d potassiun content ol the
1o 0 naee ol nilicontly :ffectel Uy the L .ouant o wnitrosen,

ctiveploric weid, -nd jotesh oplieds The nitrogen, phosphorus,

and potassium content o tle _roin vie relutivaly constunt
rescrllars o tre rath of fertilicsr sy plication,

Niltroren smd potazsh fertllizavs tanled to Increase the
corn yiell, [Pho=zphoric aclad frriillzers dild ot altor the
corn yield,

The cvowing sesson of 1050 vas tect noracl (7.0 inckes

Incs crecti 3t tion then the tweniy yerr avarcoe ),
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