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Soybeans w.iicn were fertilized witny wiuely varying
rates ang Coiwingtions of nitroen, pPacspiaorus, Fovassiua,
Calcium, anga Magnesiua were Lrown on a Conover silt-loan
S01l in tae field in 1960. Ia aduition o seed yisla
aeterminaticns, tue leaves and sieuns were .arvested an.
analyzs i for nitrosen, Paosp.aorus, Potassiwa, calciun,
llegnesium, total S4,8rs, anu amuino nitroen contenss.

‘e use of nitroen, paospnorus, and Calcium increassy

4

Petassiwn or ma_ nesiunm a2t

D

Seed yields, wiile +tue use o

)

moiergte rgtes dlu not affect geeaqy yields. At aiza rates,
tie use of Taese elements iad a teniuency to decrease yielus.,

Lae leaves containesd nmore nitrogen, D:10spaorus, cal-—
Cclui, any Lagnesium than aid tue stens. Lae potassiwa
content of tae leaves was muca lower taan that founu in tae
Stem. At the Tlowsring stasz the leaves, in seneral, con-
tained nore total susars and a2lpaa amino nitrozen than cig
tae stens,

Lile nitrosen levels in tas leaves and tue magaesiua
levels 1in tane leaves and stems diw not ciaange sreatly during

[RE! sTowing seacson, Tiae nitrogsea levels in tile stems andg
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the potassiun levels in the leaves Gecreasey with Tine.
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EFRES lacivuse . until flowerin; tine anyg
tien uecreaseqy., This also CClurreu witn Jiospuorus levelg
in bota tas leaves anyg stems. The Calcium levels in t.e
leave, SHCTe s Witi Tie, Doe Teverse cceurre ] in tae
stems,

Zdtro_en appli=d ¢ ths s0il si;nificantly Increase,
the 21tro cen content of votn o Lowves oud 5 Steuse  Lai
Wwas associated with an incregse in calciun any nasnesiun
levels, Das use of aisaly zctivs nitrate ions acceleratey
Tile uptake of tie less active calciwa and dagnesiua ions,

Tae use of nitro_en resulted in lower total suiar ang
Algner alpaa aming nitro_en levels. Tuis Was probadly due
to the role tanat nitroen Plays in tae Loruation of aiino
aciu from alpiag ketolutaric aclud.

Tae use of triple SUDerphnespaate resultey in increase

®

acCunulations of tie uivalent ions, calcium and nagnesium,
fals was assoclated with lower levels of potassiuvm. _ilfap-

: [ L Sy - A e =9 A A
SHCES Lu accumulabion of caticns by soyoveans are atiribused

+

vO0 tas morpaclosy and piaysiclosy of the rocts.
The 2pplication of VACSPAOTUS inereesed the total suar
224 alpha awmine n1trs jen contous of Seyvean plants. Phgs-—

plorus ig taousnt to increase the efficiency of carvon uioxias

utilization. Iin acdition Giiis element is essential Tor
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paosphorylation reactions waich could aid in 4ne formation or
alpna amino acius.
Potassiun chlorice applications ¢ tiae soil rasultey

11 aa iacreassz in Potassiwa levels 14 vota ta2 stens ailu

P Nepen - i B N G ST . T S . - — R
leaves . Lower Levels of nl Ltooen L Lot vooe loaves and <o,
WAL A IR IOT~ Sy Il e AR D IS IR RN L
weELe L 0Wila e re bevo o siuwn el R S O N SR LN s}
CLoIls B amen o HER L - S S e T - ded A -
LLZILS oo VI OBIAL. el ilee ot el el feuai-ded ouule fOf;’“a—

tion, taus Gecreasing: t.ie azouns of nitro en fizeud, wasne=
siua levels in bota l:zvel ong stems were reduce. witi the
application of Potassium caloride, A hisa potassiun to
Rasnesiwna ratio in the soil was taousnt to be the reason,

Potassiun cialoride applied at rates up to 300 pouads
Per acre increased t.e total susar content of bota tiue leaves
anda tie stems. A% Alsler rates tue quantity of total su_ ar
Was decreased, Tae explanation cof tiais was related to tae
effect potassiwa nas on tue polymerization rate of susar to
starcn or otaer complex carboayirates. Low rates of poly-
Lerization were associated wits low levels of povassiw:.
Potassium also played an esseantial role in the syntnesis of
Proteins from amino aclds. Tnis accounted for tie observeud
decrease in anino acid content.

ITae effect of calciun ayaroxide applications upon t.e
calcium content of the leaves and stems was sli_ht and not

Consistent,
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Tne application of ma_nesium tendeu to increase tue

accunmulation of plhospicrus in soyovean leaves. ..a_nesiun

seens to act as a carrier of phospuaate. The application of
masnesiwm uvecreasea tae conceatration of potassium ia tae

leaves ana stems of soyveans. An antajsonistic relationsul_

vz ozen pobtassiwg ana wasnesiwl was observad.
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It is wiuely recogsnized tiaat the response of soybeans
to ulrect fertilization is iacoasistent. Tie avera e yielu
in the Uniteda Sitates during tae last 20 years siuows little
cnan;e. Tals is significant because otier crops, especially
corn, nave siaowi a remarkable increase in yield per acre. A
linear regression analysis, for tae l939~1959 periou, indi-
cates tnat corn yields increaseu 02 vus.el per acre per year,
w.ille soybeans increased only oane-=fourta vusiel for tine sane
periou (72).

As pointed out by Hewell (45) and Calrosse (72) con-
siuerable stuuy nas been carried out in soybean nutrivion
wita respect to srowta, ury natter prouuction, yield, and
uptake of nutrients. ilowever, muc.a less information is avail-
able relative to invteractions between applied fertilizers,

native soil nutrients, and The root system cuaracteristics o

|3}

soyoveans., Taere is very litvle ia tiie literature on tie
effects of wiuely varying nutrient levels on tie Jdevelopment
of tne soyvean plant, especially waere the levels resuliea
in a paysiolosic unbalance ana a growtil uepression. waere
nutrient level studlies were conuucteu, Tie data collected
were lar:ely confined to absorption of mineral eleneats, aid
except for isolated greennouse experiments, tie nutrient
levels were relatively low. witrogen applications seluon

exceeied 100 pounus per acre (56, 70, and 100). imilarly,

1
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p:iospnate anu potasi adultions to mineral soils _enerally
fell in the ranze of 50 to 200 pounus of PZO5 or KZO per
acre.
It 1is generally recosnizeu by a_ronomists aiu plaant

paysiologists that higin levels in a growta nediuwn of any
single nutrient may uepress tae uptake orf otier nucrients.
Tails 1n turn may upset tiae puysioloical process of assimi-
lation, metabolisu, and floral initiation (52). Accumulation
of carbohydrates, proteins, and otaer or_anic constituents
may be urastically altered. As a result, tiey may be in
iirect contrast to a more balanced nutrient envirommens (64).
Thwus, tihne many instances of ionlc interactions anu antajonis:
that may Dbe possible are reat (55, 86, aid 91).

The purpose of tals investijation was to stuuay tae
effects of wide variations in soil nutrient content upon Tue
caemical composition of soyvbeans jrown cnuer tiae complex
variaole enviromment of fielu conultions. llore specifically,
tue researci was uesi_jneu To ueternine tie influence of nitro-
sen, pnosplorus, potassium, calcium, a.ad magnesium singly aad
in comovination on tne ury matster prouuction aand tie yielu of

oyveans. A furtuer anu more fundanental objective was to

w

<

uetermine certain bvasic relationsiips waiica are operative in
estavlisaing variations in plant composition so that tae
result mint be of value in interpreting data from siwmilar

studies in tne future.
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Literature dealing witn tue effect of cuaemical fer-~
tilizers upon tiae accumulation of mianeral elements anu
carbonyurate-nitrosen mnetabolisn in crop plants is volumi-
nous. This review, therefore, is restricted to tae func-—
tions, interactions, accunulation, and redistribution of tne
elenents nitrojen, piospunorus, potassium, calciun, and na;-—
nesium in soybean plants.

Tae review of literature is ulviced into six partse.
Tne first five are related to eacn of tie elenents coxnsidered
in tnls researci, nitrogen, piaosp.iorus, potassiun, calciwai,
and magnesiun. The sixtn part deals witn amino nitrogen ana

carboihydrate metabolisne.

ditrozen

Differences in nitrosen content witn respect to aif-
ferent parts of tie soybean plant at various stages of
development were recojnizeu in tae early anineteenti century,
Webster (100) workins on nitrogen metabolism of soyveans,
reporteda that the leaves and stems, at an early sta_e of
srowtil, contained as muci as 8.0 per cent nitro_ea. Tie
concentration oy blossom time decreased to 2.7 and 1.0 per
cent, respectively, in the leaves and stems. Tozari et al.
(89) stated that for Japanese grown soybeans at the blooming
stase, the leaves contained four times more nitrojen than

the stems. Iurneek (65) observed that tue leaves and stems
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of six~day o0ld plants eacn contained about 9.0 per cent
nitrogen., After 40 days of ysrowtn, tiese values decreased
to 4.0 and 3.0, respectively, for leaves anu stems. il aptly
commented tiaat tne nitrogen contents of leaves and stems de-
creased with ase. ZErdman (26) workins with inoculated soy-—
beans grown unuaer field conditions, found tinat in tue early
stases, there was a gradual aecrease in per cent nitroen.
After 95 days, the per cent aitrogen increased and usually
reacned a maximum at maturity. Toe concentration aifferences
in the plant parts became Lacjess 1 tie pow—riliing sua_e.
Hammond et =21. (34) working with a problem of nutrient uptake
by soybeans on Iowa soils, observed in mature plants, taat
tne aistribution of total nitrogen was 4.0 per cent in tae
stems and roots, 12.0 per ceat in tie leaves, and 4.0 per
cent in tae pods and 80,0 per ceat in tne seed.

Translocation of nitro,en from the cotyledons to tue
soybean seedlings is well understoou. iwchllister et al. (58)
concluied tnat the concentration of protein in tae cotyledons
decreased witin time. At emerzence time, the cotyleuons con-
tained 70 per cent of the protein. Iine days later taey con-—
tained only 25 per cent. At a2 still later date tie concen-—
tration dropped to 7 per ceat. Yosiaira et al. (106) also
Observed tinat most of tne nitrogen in the cotyledons was
translocated to the seedlinys during the first taree weeks.,

lammond et al. (34) observed that durinz tae period

from the eighty—seventin day to the one nundred tairty-fifta



5
day of maturity, the total nitrogen content of the plant in-
creased 48 pounds per acre. However, tne nitrozen content
of the sead and pods increased to 121 pounds per acre., Tie
nitrogen in tne remainder of the plant decreased to 73 pounas
per acre.

Tae rate of uptake of nitrogen by a soybean plant
varies with the staze of growti. Analyses made by Jammond
et al. (34) indicated that maximun absorption rate of 4.4
pounds per acre occurred during tae seven-day interval be-
tween 94 and 101 days after planting.

dampton et al. (35) working with tne problem of
influence of variable supplies of potassium and calcium ¢
aitrogen fixation by soybeans found tinat plant zsrowta and
fixation of nitro:en were affected by the auddlition of Dbota
potassiun and calciuwm. :dsnher levels of calcium stimulated
nitrozen fixation to a2 _reater extent tnan potassiuwm. Potas—
sium functioned cniefly in tne proauction of carboayurates.
The influence of calcium on nitrogen fixation was more pro-—
nounced at lower than at aigner levels of potassium. A low
rate of potassium to calcium was necessary for maximum
nitrogen fixation.

The need for applying nitrogenous fertilizers for
hizher yields is muca Gebated. Investigators in Japan (106)
reported that additional nitrogen, if needed, would Dbe needed
only during tne first five weeks. Thney concluded that appli-

cations of nitrozen did not increase yields. Data from the
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investigations of ILatinewell and Evans (50) suaowed taat for
maximum yields nign levels of available nitrozen were neces-—
sary durinz tiae bloom period. Tae yield of beans was closely
correlated with the amount of nitrogen accumulated througnout
tue life cycle. Allos et al. (4) studied tue influence of
increasing applications of available nitrocen (. 7=15) on _rowtn
and aevelopment. They observed tnat the fixation processes
never supplied sufficient nitrogen for maximum srowta anad

S

exnibited an apparent capacity to supply only one-unalf +o
taree=fourtiis of tie total nitroen that could be used vy tae
plant. Tae influence of seasonal variations in response of
soybeans to additional nitrojen was observed by Lyons and
Early (56). In 1947, waich was warm and dry, marked yield
responses to added nitrogen were obtained. The numoer of
nodules per plant decreased 80 to 90 per cent, out tiere were
appreciable increases 1n seed yields and in t.e nitrosen con-
tent of the seed, A year later witi adequate rainfall,
moaerate temperatures, ana 30 to 40 additional srowing days,
there was little to no response from added nitrosen. Tae
numper of nodules per plant on thne untreated plot was lar_er
taan tne previous year. Tae larzest application of ammoniun
nitrate resulted in a 35 per cent decrease in tne number of
nodules,

The investijations carried out by liederski et al., (61)
and Lyons et al. (56) indicated that the use of lower rates

of nitroyen resulted in an increase of two to four bushels
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of seed per acre, waile tue use of hijaer rates resulted in

a yleld depression.

Zxtensive woric nas been completed on the utilization
of phospnorus by soybeaans. Piaospanorus serves as a building
material in tiae formation of nucleoproteins, flowers, and
seeus. In greerulouse studles witl sanu cultures lL.edersxi
(60) saowed tnat soyvean leaves, steus, and total tops coa=-
tained 0.69, 0.58, 0.65 per ceat puaospiorus, respectively.
Forty days after planting, btie upper leaves contained 0.74
per cent paosp:aorus and the lower leaves coantained 1.6 per
cent. At tie same tiwe tiae stem contained 0.76 per cens
paospaorus, waile tuae total aerial portion contained 1.05
per cent. At blossom time tue concentrations were egual 1o
O.74 per cent in tie upper leaves, 1l.54 per ceant in t.e lower
leaves, 0,67 per ceat in t.ae steas, and 1l.14 per ceat puos—
paorus in thne entire serial portion of tie plant., Tie per
cent pnospnorus for tne same parts of the plant during tue
pod-filling: staze were 0.76, 0.90, 0.53, 0.34, and 0.54,
llederski (60) reported tuat tiae concentration of puospuorus
varied greatly between various parts of tue soybean plant.
Tiile lower leaves acteu as stora.e or_ans w.ere excessive

nounts of punospaorus were absoroed by tiie roots.

In a s reennouse experiment waere magnesium levels were
extremely low, Webb et al. (¢9) founu tue hijhest per cent

puospiorus in mature plants. Tae leaves contained 1.03 per
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cent, the petals, 0.75 per ceant, tae stem, 0.96 per cent, tae
roots 1l.32 per cent, and tne poas, 1l.84 per cent plospaorus,.

wwaximal concentrations of piospiorus in field grown
soybeangiusually are mucih lower auna frequently are equal to
about ohé—half of those concentrations measured in nutrient
solution studiies. Wilkinson (104) using a bana application
of 40 + 160 + O in the field, found 0.5 per cent p.ospirorus
in the tops of 42-uay o0ld soybean plants. Tae investigations
carried out in tiae field by Borst et al. (10) in Caio, Welca
et al. (102) in Jorth Carolina, Hammond et al. (34) in Iowa,
Bureau et al. (15) in Chio, and Tosari et al. (89) in Japan,
revealed tnat thne most general ranze of concentration of
paospaorus in soybean tops at tine prevloom staje was between
0.25 and 0.30 per cent. From fertilizer tests wita soybeans
in lilchizan, Austin (6) reported tiue aishest value of 0.3 per
cent pliospaorus in toe total tops of 73=day old plaats.

Studies made by lierdeski (60) wita solution culture
experiments, indicated tnat minimal concentrations ia tue pre-
oloom staze were 0.30, 0.15, and 0,25 per cent phospiorus
for tie leaves, stems, and total tops, respectively. Piaos—
paorus concentrations decreased to Q7 per cent in tiue upper
leaves, 0,06 in tae lower leaves, 0.03 in stems, 0.07 in tae
pods, and 0,05 in tine total tops of soybeans at tie mature
staze. licderski concluded tiuat these would represent nininun
values.,

liinimal concentrations in fiela-grown soybeans may bve
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much lower. Dureau et al. (15) stated taat with phosphorus
deficient field-zrown soybeans tiae concentration of phos—
paorus in the total tops during tihe prebloom staze was often
less than 0.02 per cent. Iliatrone et al. (57) reported tanat
at the blossom bud stage of field-grown soyveans the pnos—
piaorus concentrations ranged from 0,06 to 0.08 per cent in
tne stems and from 0,16 to 0.18 per cent in the leaves of
plants zrown on tune "minus phosphate" plots.

Chlrosze (72) in nis article, "ildneral Jutrition of
Soybeans" made a review of the cardinal concentrations of
phosphorus in soybean plants. e stated, "Examination of
numerous aata sussests an optimum ransze for tone total tops
of between 0.25 and 0.45 per ceat pnospnorus for the prebvloom
stages. Hizner concentrations would represent accumulations
resultinz from other factors limiting growta, and lower con-
centrations would represent inadeguate pinosphnorus supplies
or interference in pihospliorus absorption." Onlrosse (72)
indicated that tne most common concentrations reported at
the bloom stase for soybeans zrown on fertile soil was aboud
0.25 per cent phosphorus. e commented, "Consideration of
all of the reported values indicates that concentrations be-
tween 0,25 and 0.35 per cent represent optimal nutrition,
wita values found above or below representings luxury con-
sumption aand deficiencies, respectively." TFurtiher, the
critical concentrations for tie tocps exclusive of tiie seels

for mature soybeans, were 0.05 minimum, 0.25 to 0.35 optinum,
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and 0,60 maximun (72).

The mooility of paosphorus in tae plant was recoznized
early in tine mid=1920's. Taou.a Lorst et al. (10) observed
a2 decline in pnospilorus concentration in leaves, stens, anu
pous of soybeans at tue mature staje, taey indicateu taat
phrospaorus moved only from tne pod into thae seed. 1iCAllister
et al. (58) reported that at emer.ence, 40 per cent of the
paosphorus had translocatea to tiie seecdliny from the cotyle-
dons witiain the first 15 aays. After 38 days, 75 to 90 per
cent nad migrated into tune plant. A Jreennouse stady by
Calrozce (72) indicated that low levels of mineral nutrition
were correlated with early yellowin; of tae cotyledons, waiile
nizn fertility levels uelayeu tue yellowing. Investigzations
carried out by l.ederski (60), iamuwond et al. (34), To,ari et
al. (8S) clearly indicated that 40 to 75 per cent of it.e
paospiorus in tae seed translocated from t:e pods, leaves,
and stems. Iammond et al. (34) observed tuat tue larjest
nigration took place at low soil piosphorus levels. From an
investigation on tne effect of ma_ nesium from phospaorus
absorption and translocation in soybeans, webb et al. (99)
stated, "Omission of magnesium from nutrieat solutions did
not retard puosphorus absorption, out did nave a siznificant
effect upon the movement and final location of puosniorus in
tne plants. Tae cinemical composition of tie component parts
revealed tunat maznesiwm deficient plants contained a hijaer

bercentase of pnospiaorus in tie vejsetative or_ans ania a lower
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percentaze in tiae seeds tnan in normal plants. A definite
positive relationsalp existed between tile majnesiuvm and pnaos—
paorus content of the seed ana a definite nejative relation-
snlip vetween the content of tiuese two elements in the leaflets,
This findinzy offers support to tae taeory that masiesium acts
as a carrier of phospiorus.”

A different picture of p.aosvilorus uptake by soybeans
exists between field and nutrient culture experiments. 1.
findings of illederski (60) susjested an increased rate of up—
takxe up to 50 days from planting aad tiaen a fairly constant
rate until t.ae leaves vecaane yellow. Field experiments by
Welch et al. (102), Haumond et al. (34), Bureau (15), and
Wilkinson (104) demonstrated tnat a constantly increasing rate
of paospihiorus uptaie occurred after tiue initial seedling; lag
and tnat a maxinun rate of uptake of 0.40 pounds of pios—
paorus per day occurred durinzy tae pod filling stajse. dammond
et al. (34) stated that tie increasing rate of phospiorus
uptake was a result of uiher demands by tae seeds,.

With tne adveant of P32, the contrioution of fertilizer
paospuorus could be easily estimated. Iowever, tae probvlen
of not beinz able to consistently increase soyovean seed yields
with the application of paospaorus even on soils known to be
low in available pliosplorus still remains,

Colwell (18) in 1944 and uelson et al. (67) in 1947,
reported that soyoveans responded to applications of pnos—

77

Paorus on many soils in tie soutieastern part of tne United
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States. Tae ma mnitude of yield increase was related to t.e
level of available paospnorus in tue soil. From a stuuy on
tihe utilization of fertilizer and soll pilogpaorus, usSing
radiocactive tracer tecinniques, Welch et al. (102) observea
tiuat tiae percentagse of phospuorus derived from fertilizer was
inversely related to the level of soil puospilorus and ai-
rectly related to tue rate of application. Tae toval uptaie
was greater from nigan paospaorus soils. Zarly absorption of
PROSpLOruUsS was IuCil aljgaer wiien p.aosp:oras was placed in banus
tiaan wien 1% was broadcast ana diskea intvo tne soil. Paos-
paorus applied to a previous crop was avallable to soybeans
whlcn were grown as a second Crop. Increased production of
ary matter, and in some instances of seed, was brou at about
by applications of prnosprorus.

Krantz et al. (49) also found similar results. luch
of tie applied paosphorus was utilized in tie later sta_es
of srowta,

Bureau et al. (15) from a stuuy involvin: t.ie use of

4

P32, maue tne followinz conclusions: "The phosplioras content
of the plant was found to increase with an increase in tue
level of soil puospiiorus and with the application of plhos-
paratic fertilizers. The residual phospuate level appeared
to influence tile phospnorus content of tie plant to a sreater
Gezree than did tne application of pnospaatic fertilizers,
An increase in tne level of soll pnosphorus tended to produce

larser quantities of dry matter, but suowed an apparent de=-

Pressing effect upon soybean yields."
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Wilkinson et al. (104) in 1957 and 1958 noticeu a con-
sistent decline in tihe per cent ¢f fertilizer derived plos-
paorus talten up duria eaca staje of srowta. Tiere was no
si_nificant increase in seed yieluds, altnougn a significant
early response in dry weiznt and total phospaorus content of
plants was obtained.

On reviewin; tne effect of phospuorus fertilizers on
soybean yields and growta cnaracteristics, Oalros.e (72)
aptly commented, "Certainly, a larze part of tne plospiaorus
can be derived from tie fertilizer. Also, tne total uptaxe
of pnospnorus may be and frequently i1s increased somewiat.
There is, nowever, no assurance of an increase in yield.
Thus, pnospinorus Goes not appear to provide tue exclusive key

to unlocking tiie soybean mystery."

Potassium
Thiere nas peen a great anount of research voti in tae

o A
v

field and in tie _Jreeniouse on tue role tnat potassium plays
in tae nutrition of soyveans.

From a sreeniouse study futcaings (46) reported taat
the total tops of soybeans at t.ie prevloom stase contained
as nisn as 5.70 per cent potassium. A study of tine effect
of varying concentrations in a nutrient medium led Allea (3)
to report that total tops of tine Virginia ana ilorse variety
at the prebloom stage contained 2,7 and 3.5 per cent potas-

sium. Evans et al. (27) observed a wiae ranje of potassiun

concentrations in different parts of a flowering soybean
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plant grown in sand cultures. Tuae maximum concentration was
1.75 per cent potassium in tne upper leaves., Waien tne nutri-
ent solution contained no magnesium tne upper and lower
leaves of soybean plants grown on complete solutions con-—
tained 0.84 and 0.60 per cent potassium, respectively.

Field studies carried out in Japan by Tozari et al,
(89) indicated that stems and leaves of soybeans at tie pre-
bloom stagze contained more than 4.0 and 2.5 per cent potas=—
sium, respectively. At tae onset of blooms, tie total con-
centration of the top varied from 2.0 to 3.5 per cent potas-
sium. iflammond et al. (34) reported a range between 1.0 and
l.5 per cent potassiuwm 1n total tops at tne prevloom stae.
In the bloom stage tile potassium concentration of the total
tops ranzed from 0.80 to 1.0 per cent wnile in tie pod-fillin
stase the concentrations were vetween 0,5 and 0.7 per cent,
Borst and Thatcher (10) after six years' investization found
tnat at tae prevloom stage tihe leaves and stems contained
2.3 and 3.6 per cent potassium respectively., At the bloom
stase total potassium concentration ransed between 0,9 and
1.2 per cent for the total tops. In the pod=-filling stae
the leaves declined from 1.0 per cent to 0.3 per cent, wiile
the stem decreased from 0.3 to 0.3 per ceat. Tney stated
tnat tne leaves and stems decreased in per cent potassium as
the plants approacned maturity.

From a nutrient culture experiment, Allen (3) reported

a minimal concentration of 0.3 per cent potassium in tine tops
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of plants at tze prevloom stase. =Evans et al. (27) reported
a minimum of 0.1l8 per cent potassium in tiue lower leaves of
soybeans at tiie bloominz stase wien plants were gZrown in
solutions with toxic levels of magnesium. From a field studldy
in lichizan, Austin (6) found tnat total tops of 35-day old
plants contained 0.5 per ceat potassium,.

Calro;:e (72) reviewed the cardinal concentrations of
potassium in soybean plants. .le stated that the uwata for
tne prebvloom stase would suscest a minimum of 0.3 per ceat,
optimum ranse 1 to 4.0 and an upper limit of 5.7 per ceant
potassium for tne total tops. TFor tae blooming stase minimal
optimal and maximum concentration in ftane tops of 0.3, 0.7 To
2.0, and 4.5 per cent potassium were su;sested. Juring pou—
filling stase tie potassium in tne stems ran_ed from over
3.0 to less t.ian 0.3 per ceat. Tae leaves ranzed from 0.4
%0 3.0 per cent and tiae pods from 0.8 to 3.0 per cent potas-
sium.

The concentration of potassium at tine onset of foliar
deficiency symptoms was reported by lelson et al. (66) fron
field experiments in Ilorta Carolina on a Coxville very fine
sandy loam soil wiica was low in exciangeable potassiunm,

Tne potassium content of tune blade and petiole of leaves waicnh
showed foliar deficiency symptoms were 0.48 and 0.7 per ceat.
The levels in the normal leaves from the plots tiat received
120 pounds per acre of KZO were 2.1 and 1.6 per cent in the

blade and petiole respectively.



16

Tae influences of cations upon tue absorption of otaer
cations represents a very complex paenomenon. L.any plant
cation relationsiips have veen proposed. Evans et al. (27)
observea tnat a deficiency of potassium in the nutrient so-
lutions caused a decrease in potassium. A deficiency of majs-
nesivm increased tuie potassiun content of soyvean leaves
twofold, wiaereas ma_nesiuwum in toxic amounts caused 7v.e potas—
sium contents of the leaves to decrease to near trace levels,
A deficiency of paospaorus .ad a marxed effect on increasing
tae potassium coantent of tiue leaves. Allen (3) noticed tuat
witn increasin; supplies c¢i calciuwan in tihie nutrient meulun
tiere was an increasin; perceata;e of calcium aad a ue=-
creasin; percentage of potassium in tue foliaje, With an
increasing supply of ma_nesium tue per ceat ma_nesium in-
creased in tne foliae and tie potassiwa levels decreased.

The pnenomenon of potassiuwm translocation las veen
studied in detail., Ili.cAllister et al. (58) observeu tiat a
rapid loss of potassium from tne colytedons occurred fron
planting until emersence. Thaen tie rate decreased to tue
final level. One nalf of the potassium moved out of t.e
cotyledons 15 days after plantinz. After 30 cays, only 20
per cent of the original potassium rewmainea in the cotyle-
dons. From a nutrient free medium in a darkroom Von Cihlen
(S4) ovserved taat in 25 days all of the potassium moved out
of the cotyledons. Cunlrogse (72) commented taat the extent

of translocation would proobaobly be dependent upon tie potas—
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sium availavbility to tie roots of tie seedling,

Differences witn respect to rate of uvtake of potas-
sium by soybeans exist in tae literature. Ilammoand et al.
(34) observed a peak rate of potassium uptake of 1.7 pounis
per acre per day durinz a week period between 87 and 94 days
after plantinz. Taey reporteda that potassium anad s.own more
week to week variations in uptake rate tiian calciun, mnajaresi-
um, nitrosen, or phosphorus. Tosari's (89) results expressed
on a per plant basis siuowed a muca more constant trend. Re-
sults from six years' Tield experiments at Calo by Borst and
Thatcner (10) inuicated a constantly decreasing rate of up-
take during the pou~filling period,

Sone of the most strilting responses to fertilization
nave been obtained witi potassiuvm salts. Counsistently lar e
srain yield increases were oovtalned from potassium fertiliz-—
ers on almost all of tiae povassium deficient soils of tie
souti—eastern part of tie Unlted States wien ;00d production
netihods were used. In the ldidwest, response unas not been so
consistent. i0st of tTihe responses were oovtained on tae
sandier soils and on tnose pralrie soils nijn in or_anic
matter. The poorly dreined liszht colored silt loams nave not
responced consistently to potassium applicatioas even w.en
potassium deficiencies were prevaleant. Dot droadcast ana
band applications of potassium resulted in increased levels
of potassium in plants (72).

From a field experiment on a sandy loam soil low in






excnanzeable potassium lelson et zal. (656) made the followiing
summary :

1l. Additions of potassium more tinan doubled tune nuuver
of poas per plant of each variety, exerted a beneficizl in-
fluence ia retaining pods until harvest, resulted in an in-
crease in tie numver of two=caviity sized pods and a decrease
in tne number of tiree—cavity sized podis. A si;nificant
influence was tiat of increasing tie desree of filling.

2. Potassium mariedly lmproved the seed guality by
reducling tane number of siariveled, sarumiken, moldy, ani off-
colored seeus.

3¢ laturity was retarded by auaditions of potassiui,.

4, DPoitassium increased seed wel;nt of all varieties
and the oll content of tie seeds of two varieties out of
tiree,

5. As an averase of all varieties tue aduaition of 60

pounds of K20 increased the yield fourfolld.

Calcivn

The beneficial effects of adequate guantities of
calcium upon the structure of tae soil, microbial activity,
anu tiae availability of otuer essential natrients nas been
known for some time. Tae effect of various calciun levels
upon soyobean srowth caaracteristics, nowever, is complex,

The investizations of iarston et al. (37), ilampton et
al. (35), Allen (3), Granam et al. (30) and Browa et al. (14)

with clay and sand caltures indicated that the calcium con-
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tent of tine total soybean plant at the prebloom staje ranged
between 0.25 and 0.75 per cens.

Siesel (84) reported a range of 0.7 to 1.25 per cent
calcium in soybeans tnat were srown in nutrieant soluations.

At tne prebloom staje Evans et al. (27) observed that
tne calcium concentration in tne leaves of nutrient solution
grown beans varied from near O to 6.5 per cent. Tae lower
leaves containea 5.0 per cent walle the upper leaves con=-
tained only 1.0 per cent. Studies in Japan by IHaszimoto
(40) showed tuat ranzes in calcium content of the leaves and
stems were between 0.5 and 1.5 aad 0.3 and 1l.14 per cent re-
spectively. During tie pod=filling svase as reported by
llasnimoto (40) the leaves ranzed between 2.0 and 2.4 and tae
stems between 0.7 and 1.6 per cent calcium. TField stuiies
by Austin (6) showed tiat the calcium concentration of the
total tops of soybean plants after 30 days from planting
varied between 2.0 and 2.75. ammond et al. (34) recorded
concentrations of 1.9 and 1l.25 per cent calcium in tae total
plant 22 and 55 days respectively after planting. In tiae
study of Iashimoto et al. (41) the calcium concentrations
ransed from 2.3 to 2.6 and 1.6 to 1.9 per cent in the leaves
and stems of soybean plants at tihe preblossom staje.
Wilkinson (104) reported tuat at tie onset of flowers tue
calcium concentration of soybean tops varied from 0.5 to
slizhtly nigner than 1.0 per cent. Austin's (6) 73-day old

bPlants ransed between 1.7 and 2.0 per cent calcium. :lasiimoto
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et al. (42) reported a ranse of between 2.2 and 3.3, and 1.5
and 1.9 per cent calcium, respectively for leaves and stems
at the bloomin; stase. In the pou-=filling stae, Austin (6)
found a range of between 1.2 and 2,0 per cent. Vilkinson
(104) from a nutritional survey of farmers' fields found a
ranse of between 0.9 and 4.5 per ceat calcium. Chlro;se (72)
stated, "iere ayain, as is true for many otuer nutrients,
tihe widest range in calcium content is found in tie youngest
plants."”

The effect of complementary nutrients on tiie uptake of
calcium has been studied. Ivans et al. (27) noticed that a
deficiency of potassiun in a nuatrient solution caused an in-
Crease in tne uptake of calcium. DJeficiencies of ma nesium
did not produce any chanze in the calcium concentration in tne
leaves whereas toxic quantities of majnesium caused the cal-
cium content to decrease to a nere trace amount. Granam et
al. (31) observed taat tae use of masnesium resulted in an
increase in the uptake of calciuwm. Allen (3) found that an
inverse relationsnip existed between tiue percent of potassium
and calcium in the foliaje, and wita an increasing supply of
maznesium tiere was little caanze in the calcium concentra-
tions.

Translocation of calcium from cotyledons is almost
absent, The investigsation carried out by licAllister et al,
(58) led to tne conclusion taat tine calciwa content did not

chane appreciably duringz seed germination. Iowever, during;
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the 20 days after emergence, tine calcium content of tie coty-
ledons increased 300 per ceat. The only discussion found on
the rate of uptake was that made by lammond et al. (34). Ie
observed taat the rate zradually increased, reaciin; a peak
of 2.8 pounis of calcium per day for a week interval between
73 and 80 days after planting.

The immobility of calecium in soyvean plants as stated
by Onlrosze (72) is well recognized. "Tais immobility lends
increasing importance to saining a complete uvnuaerstanuing of
the day-to-day requirements of tue plant. The abundance and
low cost of calcium nas apparently discourajed researci in
calcium nutrition, but tanis does not precluue tine possibility
of a vital role for it as a factor limiting yields of soyovean."

Cialrosze (72) further cormented, "Soybeans at low yield
levels are unusually tolerant to soil acidlty but do respond
markedly to lime applications. A constant supply of calciun
is required by the plant because of its inmobility i1 tle
soyovean, There are many other positive effects of limin_,
in addition to makings calcium available to the plant. Since
liminzs is a widespread practice on acid soil areas of the
soybean belt, little worlk has been done to evaluate calciun

as a nutrient in field soils."

L.anesiun

iumerous sreemnnouse ana field experinents nave been

A

designed to solve tne mystery ol 75..e soyoean yield plateau,

Some of +the research involved evaluations of the role of
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magnesiwa in the nutrition oI soybeaas.

From a nutrient culture stuly Allen (3) reporied a
ranse of 0,09 to 1.5 per cent najnesiwm in the leaves at tae
prebloom stase. wWebo et al. (99) reported that at tie onset
of blooms tine concentsrations of majnesium in tae votal teps
varied between 0.08 and 0.63 per cent. During tae pod—-fillin_
sta_e Iasiimoto (39) observed an equal concentration ran_e
for ma_nesium in tiie stens and leaves. Tuae rance varied be-
tween 0.2 and 0.5 per cent. <are daistribution and range of
nasnesiwg concentration 1a mature plants were evaluated by
Webb et al. (S9). fuey found that leaves varied between
0.05 and 0.68 per ceat ma_nesiur. Petioles varied between
0.03 and 0.56 per cent. Tie stems varied vetween 0.2 and 0.45
per cent. Tae roots varied vetween 0.06 and 0.53 per cent.
Trne pods varied between 0.05 anu 0.88 per cent. Tae seeus
varied between 0.14 and 0.30 per cent and tue waole plant
varieu between 0,05 and 0.53 per ceat ma nesium,

The field investizations of Austin (6) and .lamacnd et
al. (34) snowed a ran_e of 0.27 ani 0.60 per cent ma_nesiun
in trne total tops of tie soyveans at tue preovloom staze.

The mignest concentration was 1.0 per cent majnesium in tae
tops of 73-day old plants (6).

The effect of complementary nutrients on tae uptake of
magnesium by soybeans nas been noteds Stuules on tue chemi-
cal composition of soybeans grown uwnder various nutrient con-

ditions by Evans et al. (27) indicated that a deficiency of
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calcium in nuatrient solutions caused an increase in the up=-
take of ma_nesium walile increases in calcium in tae nutrient
solution apparently aid not effect tiie ma;jnesium uptake, Allen
(3) noticed tnat witn an increasing supply of calcium in tae
autrient solution tnere was a decreasin, percentase of mag—-
nesium in tae foliaze and also an inverse relationsiiip be=-
tween tne percentazes of potassium and magnesiun.

Tne content of magnesium associated wita the onset of
foliar cCeficiency syamptoms was reporteld oy a number of inves—
tisators. Webb et al. (39) observed a concentration of 0,09
per cent magnesium in the tops of soybean plants walcih s.aowel
ma;nesium deficiency symptoms at tae prevloom staze. Has..imoto
(39) sugsested that at the oaset of foliar deficiency symptons
field grown soybean plants contained 0,10 per cent ma_ nesiun,
iiebb et al. (99) furtier susested taat tie onset of defi-
ciency symptoms in tiie leaves of flowerin; plents was associ-
ated with a mamesium conceatration of 0.25 per cent for all
of the leaves of tae plant. Tae leaves of tie normal plant
nad a concentration of more tionan 0.3 per cent ma_nesium.

Tne translocation of magnesiwa from cotyledons is muca
less than for nitrozen, paospnorus, and potassiwie. LicAllister
et al. (58) observed taat from gsermination to emer_eacy only
one~fourtih of the masnesiwa moved out of the cotyledlons.

This was in contrast with almost complete removal c¢f potas=—
sium and paospiorus and no removal of calcium. Ajsain, like

calcium the cotyledons galned manesium from taoe 238%1 to tae
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37tn day, out tae nanitude was mucl lower t.oan for calciun,
dammond et al. (34) noticed a g radual increase in itLe uptake
of ma_nesiwa wiicia reaciled a maximum absorption rate of 1,5
pounds per acre per day during tae iaterval of 37 to 80 uays
after plantin;. Data from t:ae nutrient culture experiment
of Webb et al. (99) inlicated a peak uptaxe of five milli_ raus
per plant per day for a five-dey period vetween tie ©65th and
70th day after plantin..

From a stucy of caelated,excuaan,eavle anu reaully sol=-
uvoble magnesiuwnm as factors in tiae nutrition of soyveans
Graiam et al., (31) concluded +tnat on 11 of the 15 soils yield
increases occurred w.en ma nesium was added o tae soil, Iae
nignest correlation between thie auount of na_nesiwa silown by
soil tests and per cent increase in crop yielua was obtalaed
waen tie soil was extracteda with 0,05 normal ayurocinloric
acld, In jeneral, tie soils wita less tuan 10 per ceat ma -
nesium saturation of tie total excuanse capacity were tue
ones wiere yielld responses to tiie nutrient were obtained.
Tnis fact re—enforced tae su_sestion that the 10 per cent
level wouvli be a nelpful sulde wnen attenpting to aefermine
a desirable nanesium level in the soil. ielson et al. (66)
obtained an increase of seven busiiels per acre by tae use of
36 pounds of ma-nesium oxide per acre on a soil low in

exciangseatvle masnesiunme
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Amino itrocen and Carbonyirate letnbolignm

There are not as many publications oa amino nitro_en
and carvoiydrate metabvolism in soybeans as tiere are on
direct utilization of mineral elements by tais crop. Tiere-
fore, this section incluuaes comments on researciy completed
on other crops as well as soybeans.

Scruti (79) uetermined ithat puospliorus played an inpor-
tant role in tie formation of amino acids,

In studying the effects of various mineral Jdeficien-
cies on nitrosen metabolism, Durrell (15) observed tiat tae
leaves and stemns of nagnesium ceficient plants containeud
smaller aqsounts of starch and insoluvle nitroen as well as
larser guantities of soluble nitrojen than did tue leaves

and stems of tue control plants. Wita potassiuvn defici
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plaants, ue observeu vuat e leaves accumulated sitarc:, Tue
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amino nitro._en was usually gl ‘e concluded, "Potassiun

seenns to functiol in the translocatioa oid atilizatios of

starcihh and is especially importa.t in btie formatich of pro-
teln and carbouyarates," Iu calciun veficient plants he notold

that the leaves accumlateld aitrate vitroen. M2 anio ni-
trosen content, however, was lower. !le concluded, "Calciun
may play some important role in nitrate reuuction."

Ligntingale et 2l (68) atiridates tue folluwin, func-
tions to potassiuna:

1. Potaossiun appears to ve uwirectly or iacirectly

esseniial for coarvon cicXxiue oosiunilation ane taereiorse
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gouceniratiuns O carco.ryeraves ey ve low 1:a potassliun
«2ficient pla:iis.

2. Curvonydrates frequently accumnilate in potassicn
weficiens planvts aprarently because tiie rate of nitrate
assimilation 1s retsardaed.
3. Potassium appears o ve ulirectly or inuirectly
cgsential for tuae 1aitianl stege in nitrate reducsion.
4, Potassiunm 1s direcily essential for tiae syntviesis
tematlic ti

of protsein in the eri S8 .

9
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Janssen et al. (47) working wita cowpeus srown in nu-—

1

trient solutions reporteu taat plants Jrowa wit. low levels
of potussium coatained :ore raaucing susars as well as totel
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slsers.  Also tuey coatuined smaller guuatities ol ctarch

than thiose growa witi uisa levels of potlassiui.  The nitro-
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wen contant was usually srecver in "low potassiia" plants
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saan in "Lish potossion" plants. I nearly 2ll liistances tle

ner cents anino nitrosen was reater 1n plants w.ilc.a contvalie

a- s
close walcea contoined i

,,.‘1
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low levels of potnssium dhan in
levels.

Jigatingnle et 21.(09) cuserved biat calciunm deficie:t
tonatoes grown in o sreeniouse foile
After calciwa wos added Yo the nutrieat solutbion wiich ori -
inally contained no calciun, absorption sturied instantly.
After only a few hours nitrate nitrosen was obsorvel ani
srowth was resuned.

Phillips et al. (73) observed that the poitassiunm

1ieficient leaves of tonato plants were high in reducii;
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suzars as well as inscluble nitro en. Janssen et al. (43)
also working witn tomatoes founu tihiat tne protein content was
somewiaat proportional to tie level of nitro_sen in tue nutri-
ent solution. Taey also observed tiat a deficiency of potas—
sium caused an accunulation of amino nitro_sen. The amounts
of reaucin; and total susars were approximately proportional
to tue amount of ary matter prouauced.

Haart (38) reported taat tie blales and the stems of
potassium starved suar cane contained hiin guantities of
arino nitro_en anu reducin; sujars. The blaues and stenls
also contalned lower quantvities of protein anu sucrose taan
did taose of control plants. Tae total susar nowever renained
tile same., .e concluded taat tne syntaesis of protein was
diminisined in plants _rown at low ypouitucesiuwl levels., "A vo-
tassiwa ceficiency resulted in ue-=rezrran enents in tl.e
transforrmation of nexoses and sucrose.”

Gre_ory et al. (32) woriin_ wita bvarley Tounu that a
nitrosen deficiency uad no consictznt effect on tie quantiiy
of free reiucin_ su_ars even tiousy tie guantity of total
suzars increased. A paospiorus qeficiency increaseu tue free
rewucing suisars. Total sujars were not reatly affected. A
potassium deficiency lowereda tne cuantity of free reducing
susars as well as the total sujar content.

Otier studies witn barley by Gresory and Sen (33)
su;.ested that potassium deficiencies led to a reduction in

tiie total su_ar concentrations witinin the plant. Tae total
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protein was decreased walle the auino nitro.en content in-—
creased. A nitrogen deficiency led to a greatly increased
susar level and a reuauced protein and amino nitro_en level,

Wall (95) stated taat a deficiency of potassium "seems
to curtail protein syntaesis anu tils seems to occur in tae
sta_e amino acilua-protein after amino acius nave been formed."
In anotiner project ne (96) furtier noticeu that potassiun
aeficient plants accuzulated ammonia, amilde, and amino nitro-
cen, wille tae protein convent uecreased. Ie concluueu tuat
tie results demonstrated tuat tie protein syntaesis from an

"elabvorated form" of nitro. en was affected by a potassium

deficiency,
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"ield Studies

A field experiment was initiated in 1960 on tie Soil
Science farm of Lidchizan State University on a mediun fer—
tile Conover silt loam soil. Tae purpose of tne experiment
was to determine the effect of wide ran;es in rates any com-—
binations of nitrosen, piosplorus, potassium, calciun ana
magnesium applied to tie soil on tue status of certain inor-
sanic and orianic constituents of soybeans at various sta_es
of development. A total of 63 treatments were useu, ZJach
treatment was replicated 3 times. Zach plot was 10 feet wiile
and 25 feet lon; anua contained 4 rows.

Lae Tertilizer materials included awmonium nitrate,
33.5 per cent nitrosen; triple super paospuate, 45 per cent
P205; potassium caloride, 60 per cent K20; calcium aydroxiue,
54 per cent calcium; aid ma_mesiun oxide, 60 per cent ma_ae-
sium. Tue 5 nutrient levels, expressed on an elemental bvasis,
including tae zero level and the rates of application used
in this experiment are shown in Table 1.

Zach nutrient was accompaiied by otier autrients at
Wiat was consiaered to be "low," "medium," and "hi_a" levels.
One-nalf of tihe fertilizer and lime were broadicast before
plowin: on lLiay 14 and 15, ana tie otiher nalf after plowing
on June 4 and 5. Tae materials were worked into the top 3

or 4 inches of soil.
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Inoculatel Cihippewa soyveans were planteda on June 25
in 28 incha rows at the rate of 60 pounds of seey rer acre,
The middle 2 rows were narvested by hand for seed yield eval-
uations on October 20 ang 21,

S0il samples were token froin eaci plot before ani after
tie epplication of fertilizer., Zgch saiiple representel a
composite of 15 cores wiica were taken to a deptih of 8 incues.

Plants were selected at rancon from the midile 2 rows
on July 12 wiaen tue plants were 13 days 0ld, on July 25 waen
tie plants were 256 ways old, and on Aujust 3 wien tiie plants
were 34 days old, Ausust 11 wiea tae Plants were 42 days olc,
Adust 30 wien tae plants were 61 days old, and on September
13 when the plants were 74 days olde. Tae numbver of plants
narvested from each plot on tue aifferent dates were 30, 30,
20, 10, 10, and 10, respectively., Thae plants were cut off
at the ground level. On tane third sanpling; Jdate, 10 plants

were frozen immediately after samplin.
Lavoratory Studies

Soil Analvses

The so0il samples obtained from eaci plot were air Jried
and screened tiarou_n a 2 millimeter sieve. After mixin_, 200
: ' + : L £ xeiical
grall sanples of soil from each plot were saved for cieid
tests,

. . . 1wl Beckman
Tae pid of eacn sample was evaluated with a Beckna

. . — . 4 %) -'\'_"—'
bPotentiometer using a 1 to 1 soil water ratio.
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Avallable Paosplorus was determined by tae retihol of
Lray (12). The extracting; solution consisteu of 0.03 normal
ammonium fluorise ang 0.025 normal nyuarociloric acid. A
s0il extracting solution ratio of 1 to & was usedi.

Ixchanseable bpotassium, calciwm, and magnesiunm evalu-—
ations were madle by leacuin; the soil witi neutral ammonium
acetate. A s0il extract ratio of 1 to 10 was used, Leter—
ninations for Potassium and calcium wer maue wita a Colenar
mouel 21 flame plhotometer. A beckman model . U, flame pio-—

toneter was used in evaluating the magnesiwn content,

Plant Anclvyses

All plant sanples were separateud into 3 parts, leaves,
steims, and pods waien present. llese were oven dried at 140°
Faarenneit, welsaed, and tiael srounu in a Wiley mill. Sauples
of July 12, Aosust 3, and Au_ust 30 were usel in Geternmining
t.ie elemental composition of tue leaves and stens of t.ie soy-
bean plants.

Values for total nitrogen were obtained with tae
Kjeldaal netiod as outlined by Pierce and liaeniscu (74) anu
later modified by Prince (77). Samples of tie plaat nate-
rial were wet iiesteld wibti nitric and perculoric acig as
T:iie crystalline residue was Cissolved

outlined by Piper (75).

a

11 0.05 normnal aydrociloric azcid, filterei and diluted to

known volume. Tue puosp.orus content was measured wita tae
. e ~ - sy R SR

ammoniu molybdate——colorimetric procedure as outlined by

- s e e A - ng oy 1 Dy
Fiske and Subarrow (28). llajnesium was determined by a
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tiuiazole yellow tecinique outlined by Jrosdoff and i

)

arpass
(22). Potassiwa and calcium concentrations were evaluate.
usin; a Coleman mouel 21 flame puaotoneter,

Ia tiue susar and amino nitrosen ueterminations, plant
tissue was jrouna in a Warin_ blencer to wuaica alcolaol and
calcium carbonate were adued., The filterel extract was
neated imneudlately to stop all enzymatic activity. e nate-
rial was finally evaporated to uryness. Tie resiuue wos
tien dissolved in a known volune of water. Alpha anino nisro-
sen was cetermined witih tue nin ayarin colorimesric metlod
ceveloped by ilarding and icLean (36). Totel su_ars were

estimated vy tae use of tue picrimate colorimetric tec.iiigue

ueveloped by Taomas and .Jutcier (87) .



Tavle 1.

Element
N
P
K
Ca

Mg

- Dates of elements used in tae fiel. experiment

on soyoveans.

level and Rate of Application

0]

0

[N}
(U]

1

50

50
150
800

100

2
100
100
300

1600

200

in Pounds per Acre

3
200
200
600

3200
Loo

L
Loo
Loo

1200

6400
800




RuSULTS ALD DISCUSSIOLN

The nitrosen, piaospiorus, potassiun, calcium, and nag

nesium content of bota leaves and stems of soybeans waicn
were collected at taree stajes of plant development, tae
total susar ana anino nitrogen conteat of bota leaves and
stems at tne flowering stage, and the yield are sumnarized
in Tables 2 tarouza 46.

The averase effects of a jiven nutrient level associ-
ated witin the various levels of a specific nutrient are
included witn tnis discussion. Tnerefore, tils discussion
i1s diviued into five major sections; eacn secvion uescribes
tiie results taat were obtained from tae use of one of tae
autrients used in tails project. Eacn section 1s subuivived
into four parts: 1) soil nutrient contents as measured witi
ciemical soil tests; 2) crop yields as the dry wei_ut of tae
soybean leaves, stems, and seed; 3) tae chemical composition
of the leaves and stems; and 4) a discussion of results.

In order to facilitate discussion, tie data nave been
keyeu; tie rates of application of thne various nutrients are
numbered from O to 4 as 1s described in Table .o, 1. For
exanple, =0 refers to no nitrogen; .=1 to 50 pounus per acre
or level 1 of nitrogzen; P-2 to 100 pounds per acre or level
2 of phosporus; X-3 to 600 pounds per acre or level 3 of
potassium; and so on,.

The term "complementary nutrients" is useld to describe

34
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the seneral level of application of nitrosen, paospaorus,
potassium, calcium, and ma nesium waen one of these elements
is omitted or is evaluated at different levels.

The complementary nutrients are considered at turee
levels: low, medium, or nish. Tie word "low" 1is used to
indicate a zero level of all nutrients except one. Tae
effect of tanis one element is tnen evaluated at each of the
five levels of application.

The word "medium" denotes tue second level of all
nutrients except one. This is egquivalent to 100, 100, 300,
1,600, and 200 pounds per acre of nitro,en, piospuaorus,
potassium, calciunm, and masnesium respectively,

"Hish" represents tae nizihiest level of application of
eacn of taese nutrients, Tais is equivalent to 400, 400,
1,200, 6,400 and 800 pounds per acre of nitrogen, piospirorus,
potassium, calciuwn, and rmasnesiuwm respectively.

Tie symbol C=0 refers to an avera_e of tie five levels
of a given treatment witaian tne low sroup of complementary
nutrients. For example: C-0 (.[) denotes an avera_e of all
tihe nitrogen treatments waen the coumplementary treatments
were at the zero level; C-2(.i) represents an averaje of all
of the nitrosen treatments waen tae complementary nutrients
were neld constant at tihe medium level; C—4(¥) represenis an
averaze of tne nitrogzen treatments wien tine complementary
nutrients were maintained at the nigh level.

The averase for a particular rate of application of a

single nutrient at three complementary levels—low, nediun,



36
ana nign==is aesi_nated by btae symwvol of tiie element and tae
unber that represents tiie level of tne treatment. For
example: =3 is the symbol usea to indicate an averase of
all the treatments taat receive 200 pounds of nitrogen per
acre wnicin is tuae taird level of applied nitroen.

Lelow tne value reported in eaca table are one or more
letters. Tinese symbols are ranses of equivalence as defined
by Duncan (23). Witain cclumns of these tables nwaerical
values witih tae same letters below tnem are not statistically

Zifferent at thne 5 per cent level.
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Soil atrienyv Levals, Crov YVislous, on.

Coumositicn of Scybsan Plants as Affecher Ly J.res Levels

of Coummle 2oy ToSrients Aszociotel wity Five Levels of
Iitro cen,
Soil .utrient Contents.

Soil samples were collected from eaca plot vefore fer-
tilizer was appliec. Analyses of tiae soil test results,
wnile not incluued in tnis thesis, silowed g wide ranse in
results, especially in re_ard to tue calcium and majnesium
results,

S0il samples were aszain taken anu tests maie six weeks
after the fertilizer anu line were applieu. A swamary of
tne soll test results as related to tae turee levels of con-
plementary nutrients and associateus witi tine five levels of
nitrosen is siown in Table 2. As woula e expected, b€ use
of complementary nutrients increased tile level of eaci ele-
ment. Thne five levels of nivtrosen uia not effect tae pil
level or the level of phospilorus or potassium. Ine varia-
tion associated wita tie calcium and masnesiuwm results
probably reflect ori_inal aifferences from plot to plot in

eacii of tiiese elements.

Crop Yield.

Ihe avera e leaf and stem yilelus at tiree sta_.es of

Gevelopment are siown in Table 3. Ca July 12 the plants

37






33
were thlrteen days olu and reflected tne effect of the use
of complementary nutrients by a reuuction in tue weijat of
botn leaves ani stems. After tais date eitier tae difference
dlsappeared or tae sample size was not adecuate to evaluate
the cdifferences in tne weignts of the leaves and stems. On
the first samplin, date, the use of nitrojsen at tue nijuer
rates resulted in a seneral decrease in weili_at of bota tie
leaves and stems. ilowever, at blossom time and at pou-
formings time tuese differences were not evident; in fact,
wialle the values statistically are sinilar, tae wata sujsest
an increase in the weig;nt of botin leaves and stems caused by
tae use of nitrozen.

The soybean seeu ylelds are swmarized in Tavle 4. A
five-businel per acre increase in seed yield was odtained
wnere the second level of complementary nutrients was used.
At the nizh complementary nutrient level, yielas daropped 1o
a position velow taat ovtained wiere only nitrogen was used.
The seneral effect of nitrogzen was to increase tae yields
slishtly. The nighest yields were obtained where tile taree

nizsnest rates of nitro_en were usedi.

Chenical Compositiocne.

Tne nitro;en content of tne leaves ani stems are
summarized in Table 5. The leaves contained a anigher per-
centase nitrogen tnan did the stems. Tae nltrojen content

of the leaves did not vary sreatly durinz tne season. Tae
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level was niznest on Auzust 3 ana then uecreased dauring tae

pod=filling staje. The levels in tae stems decreased wita
each sampling.

Tne use of complementary nutrients decreased the nitro=-
gen level in botir the leaves and tie stems witl one exception,
Tne first level sinificantly increased the nitroen content
of the stews on tie first sampling date.

Witrozen fertilizers generally increased tue nitrogen
levels in bota the leaves anu the stems except on the second
sampliny of tae leaves., At tuis time the values for per cent
nitrosen were relatively similar.

The phospnorus levels in tae soyvean leaves and stemns
are swamarized in Table 6., Tae phospaorus levels i Luta
tne stems and tiie leaves, jenerally speaking, increased
wuirin; the flowering sta_e anda decreased auring tie poa-
formin; stase. With one exception, the avera e phospirorus
levels in the leaves were ni_ner than in tie stems.

In tae leaves tiae use of complenentory aatrients in-
Crease.l tihe phospiorus levels even tiaoush on tiae second san—
plinz date the increase was not statistically ei mificant.
Tais was also the situation in the stems,

I se o itrosen 4id not affect tiie paospiorus con-
The use of nitrosen 4id not affect tae ospaoru

5]
(¢

tent except on tihe first samplin; sate. In tae aves
sampled on July 12, the variation uild not su;.est a trend;
in tile stems the use of increased quantities of nitro_en
fertilizer were associated with slisntly lower phospaorus

levels,
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e potassiun contents of botn stems and leaves are

shown in Table 7. In most instances tie stems contoined tne

hi_hest per cent potassiun. Tae potassiwn content of the
leaves decreased wita eacnh samplin;. In tiae stens t:e potas—

ium content increased curing tine flowerinzy stose and tien
decreased 1o a level below tiat found on the first sampling,

The use of complementary nutrients increased tie potas—
siun content of botlh the stems and thie leaves. e use of
nitrozen had a tendency to decrease tlie potassium content of
bota tile leaves and tae stems on the first sampling uate but
only tnat of the leaves on tue secona sampling date. By pou-
forming time, no statistically different values were obtained.

The averase calcium content of votn leaves and steus
is snown in Table 8. Tae calcium levels of tile leaves in-
creased wita maturity of tie plants. In tne stems, espe-
cially after tiae blossomn stzje, calclwn levels decreased at
a rapliu rate. In tne leaves, thae calcium levels generally
aecreasel where tie complementary nutrients were useu waile
in tue stems, tne use of the first level of complementary
mitrients caused an increase. On Aajust 3 and 30, Jdifferences
in calcium levels were neither consistent nor statistically
siznificant,

The use of nitrosen, especially at the nijaest levels
on July 12, nad a general effect of increasiaz the calciunm
levels in both the leaves and the stems. This was less

eviaent in samples collected on Aujust 3. llo statistically






41
different values were obtained from samples collected on
Augzust 30.

Tne averase masnesium levels are siown in Table 9,

The stems Jdid not contain as muca magnesium as did tine leaves.
In the leaves, tiae ma nesium levels were ninest uurin; tne
blossom staze. With one exception tinis was not tae situation
in tune stems. Thne use of complementary natrients reatly
decreased tane maznesium levels in both the leaves anu tae
stems. On the first sampling Jdate, tie use of nitro_.en in-
creased tine masnesiuwm levels in botn thne leaves and t.1e stens.
By Avzust 30 no statistically different levels in ma nesium
were measureu.

Tne averaze total suzar and amnino nitro_en contents of
soybean leaves and stems at the flowering sta_je are s.aown in
Tavle 10. Thae suzar content percentases of tae leaves were
mucn nigzher tnan those of the stems. In botlh parts of the
plaat, tne ni_iest levels of susar were obtained at tane seconu
level of complementary nutrients. Tae inclusion of nitroen
in the fertilizer aad the jeneral effect of lowerin; tue
sugar levels in tue leaves and tiae stems.

Wlth one exception, tile leaves contalned more amino
nitrogen wilere the hignest rate of nitrojen was used. Tae
complementary nutrients uecreased the amino nitro_en levels
wnile tne use of nitrogen increasea tie amino nitrogen levels,
The higliest levels in the leaves were obtained at -2 wiere

100 pounds of nitro_:en had been used while tae hishest level
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in the stems was obtalined at =4 waiere 400 pounus of nitro-

sen nad been used,

Discussion,

Soil test results increaseu wita levels of cpplied piios—
piaorus, potassium, calcium, and ma: nesiwi. Soybean yielus
were increased approximately five busiaels per acre as a
result of usin, the complementary nutrients up to tie second
level, C-2. Zeyond this level, yielis fell rapiuly; thus
reflecting an unbalances nutrient statis or a toxic level of
nutrients in tie soil,

In tals experiment soybeans responued to tie use of
nitrogen in combination wita tue conmplenentary nutrients.
Tais is not unasual. Wilson (105) %aeorizes +tiat wien p-icto-
synviiesis occurs at a uaign rate, it is wifficult for nitro-
oen to ve fixeuw at a sufficiently rapid rate. Unier these
conultions tie use of extra nisrogen in tue soil would de
aelpful in increasing plant srowftin. Otuers in votn field ana
sreenunouse experiments suaoweu tiaat the awount of nitroen
fixed by soyveans may sometimes be inaldeguate to supply tie
nitrosen neeus of tae plant (25, 34, 70, 71, &3).

The data sugsest tuat the use of nitrojen had a tenui-
ency to increase tiue uptake of calcium anu ma_jnesiva. Tals
was more evident early in tne season. Drooks (13)ana
Joezzland et al., (44), working wita several crops, noteli a

similar situation. ‘They (44) stated that, “Tie raite of
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accunulation of tie anion was coaditionel primarily by toe
presence in sultavle coacentration of a cation canavle of
ready penetration axd accumulatioi ratier than upon altera-—
tions in the protoprlasi resulting; from uifferent proportions
of mono and daivalent ions." They also postulated tuat tiers
w2s a Jefinite competition bpetween ilons of the sane cliar_e.
Thie more active ilons repressed tie accuzulations of tie less
active ions. Also t.ie more active anions accelerated tohe

upftaike anu accunulations of tiie less aciive cations. Accoru—

ins to the rates of penetration, Seifriz (80) listed %ue

~

oruer of uptake of cation as follows: pctiassium sreater ian

S

rasnesiugm ana magmesiuwn greaver than caleciune. In rejora o

e to we greatver tiian pnospaate and
seneral efiect of nitroen was to ldecrease tae
total su_ar content of leaves and stems but to increase tuie
content of tue alpha amino nitro_en. wWelton and lLorris (103)
stated in their work wita soyveans tarat, ".leavy applications
of nitrate tended to iniaibit the accumulation of carboiy-
drates."

The increases in alpna amino nitrogen aad tine decrease
in total sugars sugjsest thiat nitrosen may exert an influence
on tne Krebscycle in the formation of alpha keto lutaric acid,.
This compound, after reacting witn ammonia reuuced fron
nitrate, forms amino acii. Furtier applications of nitroen

tended to reduce the uptake of potassium walca played an
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essential role in tne synthesis of proteins from amino acids.

Tnerefore, tae accumulation of amino acids would oe possible.
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Tavle 2. = Avere_e soll test results as affected by taree
levels of complementary nutrients associated

with five levels of nisroen.

Treatment Available soil nutrients
Nutrient Rate
Level Per Acre Soil Pounds Per Acre
Code (Pounds) Reaction Phosphorus Potassium Calcium Magnesium
C-0(N) - 6.9 31 90 2683 866
b c c c c
c-2(N) - Tk 53 131 3807 998
a b b b b
C=-L(N) - Tk 104 355 5100 1040
a a a a a
N-0 0 T.2 61 201 Loky 1023
a a a a a
N-1 50 Te3 70 201 3850 890
a a a ab b
N-2 100 7.2 67 194 3917 993
a a a ab a
N-3 200 7.2 54 172 3844 920
a a a ab b
N-4 Loo 7.1 63 191 3660 1013
a a a b a

C - Complementary nutrients = P, K, Ca and Mg
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Table 3. = Avera_.e leaf ana stem yielus of soyveans at taree
stazes of development as affected by tiree levels

of complementary nutrients assoclatea witn five

levels of nitrosen.

Treatment Dry Weight of 10 Plants (gms)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
C-0(N) - 1.96 11.9 654 0.8k 6.8 62.6
a a a a a a
c-2(N) - 1.81 13.4 71.1 0.82 8.0 69.3
c a a b a a
C-4(N) - 1.84 11.5 65.0 0.8k 7.0 61.5
b a a a a a
N-0 0 1.91 12.2 5642 0.87 7.5 5643
a a a a a a
N-1 50 1.93 11.k4 635 0.83 7.0 61l.1
a a a be a a
N"2 lOO 1088 1206 68.7 00811' 701 66.1
b a a b a a
N-3 200 1.89 13.1 76.9 0.82 7.8 T3.2
b a a c a a
N-l Loo 1.73 12.1 TOWh 0.80 7.0 65.6
Cc a a d a a

C - Complementary nutrients - P, K, Ca and Mg
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Taole 4. = Avera e soyvean seed yilelus as affected by taree
levels of complenentary nutrients associated wita

five levels of nitro_en.

Treatment Yield
Nutrient Rate Per
Level Per Acre Acre
Code (Pounds) (Bushels)
c-0(N) - 22.5

b
C'2(N) - 2708
a
Cc-4(N) - 21.2
b
N=0 0 21.0
c
N-1 50 23.2
b
N-2 100 24k.8
ab
N=3 200 25.9
a
N-4 400 2k.2
ab

C - Complementary nutrients - P, K, Ca and Mg
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Table 5, = Avera_ e nitrogen content of soybean leaves ani
stems at three stazes of development as affected
by taree levels of complenentary mitrients

assocliated wita five levels of nitro_en,

Treatment Nitrogen in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
C-0(N) - 5.27 557 5.12 3.23 3.01 2.49
a a a b a a
Cc-2(N) - 5.01 5.41 L.83 3.37 2.57 2.20
b a b a b b
C-4(n) - L7 5.36 k.93 3.0k 2.36 2.27
c a b c c b
N-0 0 4. L1 5.48 L,51 2.45 2.33 1.78
c a c d c c
N-1 50 5.06 5.31 L,76 3.06 2.4k 1.94
b a be c c be
N-2 100 5.29 5.49 L4 .84 3.53 2.69 2.19
a a b ab b b
N-3 200 5.01 5.5k 5.23 3.47  2.85 2.72
b a a b a a
N-4 Loo 5434 5.40 5.45 355 2.90 2.97
a a a a a a

C - Complementary nutrients - P, K, Ca and Mg
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fable 6, = Avera e piaospiorus content of soybean leaves and
stems at taree stases of developiment as affected
by taree levels of complerentary nutrienss

associated witn five levels of nitroen,

Treatment Phosphorus in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

C-0(N) - 0.237 0.411 0.258 0.193 0.216 0.153
b a c c a b

Cc-2(N) - 0.254 0,432 0.297 0.231 0.232 0.202
a a b a a a

C-4(N) - 0.258 0.k29 0.342 0.212 0.247 0.212
a a a b a a

N=O 0 0.281 0.k2g 0,294 0.228 0.231 0.178
a a a a a a

N-1 50 0.184 o0.k412 0.318 0.214 0.242 0.186
d a a b a a

N-2 100 0.285 0.431 0.314 0.208 0.232 0.198
a a a b a a

N-3 200 0.235 0.425 0.284 0.209 0.232 0.189
c a a b a a

N-k Loo 0.263 0.421  0.286 0.200 0.221  0.194
b a a c a a

C - Complementary nutrients - P, K, Ca and Mg
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Toble 7. = Average potassium content of soybean leaves and
stens at tuaree sta_.es of cevelopnent as affected
by tuaree levels of complementary nutrients

associated wita five levels of nitrogen.

Treatment Potassium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
Cc-0(N) - 1.66 1.33 1.15 1.53 1.94 1.15
c b b c c c
c-2(N) - 2.0 1.94 1.59 2.89 3.40 2.05
b a a b b b
c-4(N) - 2.52 2.00 1.66 3.52 3.99 2.41
a a a a a a
N-0 0 2.55 1.8k 1.46 3.15 3.30 1.94
a a a a a a
N-1 50 2.15 1.82 1.k2 2.50 3.20 1.78
be ab a c a a
N=-2 100 1.99 1.73 Lok 2.52 3.02 1.82
d b a c a a
N-3 200 2.17 1.68 1.47 2.65 2.96 1.80
b b a b a a
N-L4 Loo 2.09 1.73 1.52 2.40 3.07 1.99
c b a a a a

C - Complementary nutrients - P, K, Ca and Mg
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Table 8. — Averase calcium content of soybean leaves and

stems at three stazes of developnent as affecteud
by tiaree levels of complementary nutrients

associated with five levels of nitrojen.

Treatment Calcium in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-0(N) - 1.53 1.72 1.79 1.58 1.60 0.99
a a a c a a

C-2(N) - 1036 1068 1067 1069 1057 1.0)4
b ab b a a a

c-U(N) - 1.37 1.63 1.74 1.61 1.61 1.03
b b ab b a a

N-0 0 1.28 1.62 1.70 1.52 1.56 1.02
d b a d b a

N-1 50 1.37 1.65 1.74 1.68 1.55 0.99
c b a a b a

N-2 100 1.46 1.70 1.75 1.65 1.61 1.02
b ab a be ab a

N-3 200 1.49 1.67 1l.72 1.63 1.54 1.01
ab ab a c b a

N-L Loo 1.50 1.75 1.77 1.66 1.71 1.06
a a a ab a a

C - Complementary nutrients = P, K, Ca and Mg
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Taole 9. = Avera,e manesium content cf soybean leaves anud

stems at tiaree sta_ses of developnent as affectew
by tiiree levels of complenentary nutrients

associated witih five levels of aitro_en.

Treatment Magnesium in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-0(N) - 0.535 0.729 0.672 0.376 0.539 0.519
a a a a a a

Cc-2(N) - O0.4ks5 0.5k 0.kk42 0.3k0 0.301 0.338
b b b b b b

c-4(N) - 0.39%  0.403 C.386 0.337 0.368 0.331
c b b b b b

N-0 0 0.373 0.504 0.457 0.268 0.359 0.358
e a a d b a

N-1 50 0.489 0.561 0.540 0.373 0.363 0.430
b a a b b a

N-2 100 0.475  0.569 0.498 0.377 0.451 0.389
c a a b a a

N-3 200 0.502 0.508 0.472 0.40T7  0.405 0.437
a a a a ab a

N-4 Loo 0.451  0.502 0.533 0.330 0.436 0.368
d a a c ab a

C - Complementary nutrients - P, K, Ca and Mg
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Tavle 10, = Avera e total su_;ar and amino nitro_en convent
of soybean leaves and stems (flowerin; sta_e)
as affected by tnree levels of complenmentary

nutrients associated witn five levels of

nitrogen,
Total sugar and amino nitrogen
Treatment in soybean tissue (per cent)
Nutrient Rate Leaves Stems
Level Per Acre Total Amino Total Amino
Code Pounds Sugar Nitrogen Sugar Nitrogen
c a c a
Cc-2(N) - 3.1k 0.146 1.34 0.120
a b a b
C-4(n) - 2.65 0.139 1.18 0.121
b c b b
N-0 0 2.94 0.117 1.37 0.076
a d a d
N-1 50 2.79 0.109 1.28 0.107
b e b c
N-2 100 2.79 0.205 1.17 0.137
b a c b
N-3 200 2.54 0.196 1.21 0.131
c b c b
N-4 koo 2.66 0.179 0.91 0.190
c c d a

C - Complementary nutrients - P, K, Ca and Mg



Soil Nutrient Levels, Crop Yields, and tne Chemical

Composition of Soybean Plants as Affected by Three Lavels

of Complementary lfutrients Associated with Five Levels of

Phospihorus.

Soil Iutrient Contents

The averase effects of fertilizers upon soil test
results are saown in Teble 11, Iacreased rates of tne com—
plementary nutrients significantly iancreased tioe pil levels
from 7.0 to 7.5. Tue soil test values for puospiorus were
senerally uecreased wille statistically sisnificant increases
in potassium, calcium, and ma;nesium levels were leasured.

The use of cdifferent iacrements of pnospnorus aia not
affect tne pii levels. As would be expected, tine soil test
values for pihospilorus were increased. The application of
pinospaate fertilizers did not si nificantly influence tle
soll test results for potassiun. Walle statistically differ-
ent values for calcium and naznesium were obbtained, tiue dif-
ferences do not sugsest any trend so the variations were
provably associated witin naturally occurrin: differences in

the soil.

Crop Yields

The averaze weignt of botin stems and leaves as related
to turee levels of complementary nutrients and five levels
of phosphorus are suown in Table 12. Cnly on tioe first sam-

Pling date were significant Jdifferences measured. Iicreasing



levels of complementary nutrients decreasec tihe wei_nt of
tie stems and leaves at tinis time. 0On tae last two sanmpling
dates differences were measured but tae differences were not
statistically sinificant.

The use of pnospiaocrus up to level P-=3 senerally in-
creased toe dry weiznt of leaves and stems on tue first sam=—
pling date. Beyonua tuis level tiae leaf weisihts decreased,

Lo significant differences were meazsured on samples taken on
Auzust 3 or August 30,

Avera e soybean seed yields are snown in Table 13. Tiae
vyields of seeds were increased by use of thie complementary
nutrients up to level C-2. At level C-4 tihe yields were sim—
ilar to tiose obtained w.iere only PilOSP.lOrusS was USEi.

Tane nighest seed yields were obtaineu waere 200 pounus
per acre of puospuorus was used, P-3. ILevels avove or below
resulted in lower yields but in some instances tiie daifferences

were not statistically si_nificant.

Cnemical Composition

Tne nitrozen contents of tie leaves and stems are siown
in Table 14. Tae use of the complementary nutrients in-
Creased the per cent nitrosen in wotil parts on tane first sam-
vlinz date. These aifferences were not statistically si.nif-
icant on the secona sampling date. ilowever, by Ausust 30
differences asain were wide enousi to be si nificant,

The use of phospaorus containing fertilizers increased

tne nitrozen levels in Dbotn the leaves ancd the stems oa tue
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first sampling uate. Tiue eifect of aifferent levels of plos-
puorus, iowever, was not cousistent so far as tiie leaves are
concerneu. In tae stems tae nijnest nitrogen levels, 3.41
per cent, were neasurea at P-2 wiere 100 pounis of pnospaorus
was used. daere nore tinan tais rate was used tiae nitro.en
content ajain Jdecreaseu, uropping to 3.01 per cent.

S0 siznificant differences were measured at tne second
or talrd sampling cates in eitaer toe stems or tae leaves.
On all taree uates tie leaves coantained almost twice as muca
phospnorus as did t.ae stens.

Te pnospuaorus contents of vota t:ae leaves and stens
are saown in Table 15, Tie leaves contained more p.l0Spilorus
taan toe stems. In ovota tiie leaves and stemns tie prospaoras
levels were decreasea waere increasing levels of tae cou-
plementary nutrients were used. Ca tie last two sampling
uwates uifferences were not as zreat anu were tiuerefore less
significant.

Tne hiczher levels of application of paospiaorus on the
avera e resulted in an increase 1a tie pliospnorus coantent of
botn tae leaves ana tue stems on all taree sampling dates.
Tols effect, nowever, was not as noticeable nor as si_nifi-
cant on tiie last date, Ausust 30,

Tlle averacse potassium content of leaves and stems is
saown in Table 16. The levels of potassiwi ia tie steus,
especially on the last two sampling dates, were jenerally
Qlgoer toaa in the leaves. The use of tae complemeantary

nutrients in eacn case significantly increased tne potassiunm
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levels. The seconu level of complementary ions did not,
aowever, cause a furtaer increase in tiie potassium content
of leaves on tine last two samplingy uates. In the stems tie
ilfferences resultin; from variable rates of complementary
ions were significant on all taree dates.

The use of pnospirorus aad a tendency to decrease tie
potassium content of both the leaves and the stems on all
taree sampling aates altaouza tne differeaces were neitaer

consistent nor sreat. On every date tiue use of 400 pounus

of pnosphorus per acre, P-4, resulted in a sijnificant de-
crease ia tihe potassium content of bota tane leaves and steus.

Tae averase effect of using tie complementary autri-
ents and tne five levels of piosp.iorus upon tie calciun
content of soybean leaves and stems 1s siaowa i Taovle 17.

Cn the first sampling date t.e calcium content of tune leaves
was lower tnan in tae stems. On tle seconu and taird da
the levels were reversed.

In tle leaves, on all t.ree dates, tiae use of tue com—
plementary nutrients decreasea tue calciwm contents. Taere
was no furtiner decrease nowever as a result of increasing
the rate of application of the complementary nutrients. In
tae stems, differences were very snmall, but some were statis—
tically significant. Tais was also the case in resard to the
averae effect of various levels of applied prospiiorus upon
tiie calcium content of the leaves and stems.

The averagse manesium percentaes in soybean leaves
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and stems are saown in Table 16. They were iai_hest in tae
leaves in every iastance., Tne levels in tie leaves were
generally hisnest at tine time of tie second sanpling during
blossom. DTnls trend was not as evident in tue stems. Sta—
tisticelly significant reductions resuliteu from tine effeet of
complenentary nutrients at tiie time of the first sampling.
The masnesium levels were lowest winere tiie C-4 level of com—
plementary nutrients were used except in tne case of stems
at the July 12 samplinge.

ae=—

)

Tiie use of complementary nutrients resulted in
creased masnesium content of tie leaves on all taree sam~
pling dates, althousn tne differences resulting from t.ae C-4
over tne C-2 levels were not signirficunt on Aujust 3. A
similar situation was noticel in tie stens.

Tne use of paosp:orus resulted in a jenerzal iicrease
in na_nesium levels in bota tie leaves ana stems 2ltiaousy tue

oo 4

wifferences found in tuae stems caused vy various rates o

H,

paospiorus were insisnificant on the last sampling; date at

)

pou=formin: tine.

The effect of phospiorus upon the total su_ar anu amino
nitro en coatent of leaves andi stems 1is snown ia Table 19.
Ine suzar content of tae leaves was more tnan that measured
in the stems anu tae use of tie C-2 level of complementary
nuitrients increased tne suzar coantent of tiie leaves. Aa
increase to the C-4 level nowever, causeua a decrease 1a sugar
to approximately tie same level as was measured w.iere only

Plospnorus was used., In the stens tue use of complementary
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autrients at votin levels cefinitely resulted in uecreases 1.a
susar levels. Tae use of paospiorus up to rates of 100 pounus
per acre, P=2, resulteu 1an an increase in sujar levels in t..e
leaves waile ia tue sveus tie maxinum susar content was oo=
taineda waere 200 pounuds per acre, P-3, of puospnorus nad
been used.

The use of paospraorus anad 2 _eaeral tenuency to lncrease
tine percentases of amino nitrojen in bota tae leaves anu tae

STEIS

JL3SCusslon

As mint e expecteu, tie use of paospuate fertilizers
increased tae soll test values for paospiaorus. Lie iacrecse,
nowever, was not proporiional to tie amount of fertilizer
used, unuwoubteuly consiuveraznle fixation of plospunorus vy
tile soil occurred. Chemicol precipitation wita calcluwn ana
masnesiun introuscea turous tue use of linme attrivuted to
tihe uecrease in soil test values.

The ni_nest yielu of seed was ovtalned wiere pPi0sSp.Oras
was applied at tae rate of 200 pounus per acre. At tiis
level soil test results were eguivalent to 72 pounus per acre,
walca is consiuered to be in tne "ai n" ranse for soyveans,

The levels of pihospilorus ia tae leaves and stens,
witain tae range taat fertilizer increased yieluis, uld not
vary greatly. DSeeson (9) commented taat "the absolute ciane

in panospunorus coatent of tie plant is small, generally nucl
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less taan 10 per cent." Cook et al. (20) explains tuis by
stating tnat the plant or plant part merely makes tie amount
of srowtn wialcn the nutrient supply permits, keepins tae
caemical content of tue plant tissue almost constant.

The use of phospinorus increased tiae calcium and ma;nesi-
umn contents in soybean plants as is siown in fisure 1, Tuis
was associated with a general uecrease ia potassium levels.
Pretty (76) sug.ested that tiae inclusion of p.lospiorus re-—
sultea 1n more viorous root . rowiti, tuaus iacreasing cavion
accummalation. .loaslanua et al. (44) indicated tuabt the use
of anions tended to increase tne uptaoke of cations. In tais
researca tuls occurred wita calcium and ma_nesium but not
with potassium. Others (62 a2ad 63) have hypothesized cation
uptake is related to base saturation. Taese data, nowever,
do not sugsest tils relationsaip. Zifferences observed in
tne accuwaulation of cation have veen attributea to the mor-
piaology and paysiolosy of tie roots of tiils plant. DIreke e%
al. (21) observed that tue avility of plants to take up
cations was lar.ely countrolled oy t.ie cation excaanse capac-
ity of the plant root anu tae valence of the cation., At low
concentrations, divalent catlions were absoroved relatively in
sreater amownts than monovalent ions from tae soil colloid,
tiie sreater tie cation excuange capaclity of tue plant root
colloid. Tuaey also ovuserved tuat soydbean roots nad tue
sreatest cation exciaanie copacity. Taiese wouldld probaoly
explain in tne increase accumulation of divalent cations,

The suwm of tue cations tends to be a constant, luence, if
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lar;er amounts of calcium anu ma_nesium are avsorbea vy tae
root, tuae lower woulld be the content of potassiuii,

Thne application of pnosphnorus, on the avera e, increased
tne su:ar and tae alp:iz amino nitrosen coantent of tiie soybvean
plant. Wita tie identification of ribulose diphospaate (7)
tiie role of puosvnaorus 1n paotosyniisesis has been siressed.
Arnon (5) stated, "Tue intimate association of paosphate
witii pnotosyntinesis necessitates a realisnment of traultional
concepts of plant nutrition. It :aas been often assumed in
tie past that carbon dioxide assimilation in puotosyntuesis
proceeds by an autonomous patil witaout a direct participation
of toe inorgsanic elements absorbea by tae roots from viae
soil. Tae term mineral natrition nas veen used to uescribe
tiie events assoclated wit:i avsorpiion and uwtilization of
inor_anic elements derived from tiie root eavironment. It
appears, anowever, tiat mineral nutrition and paotosyntaesis

an no longer e treated separavely. Ia tne early eveats of
pnotosyntiaesis paosprave assimilation caniot be separatea
from carvon assimilation. Tiere is 1litile coubt wuat as our
knowledse of photosyatiiesis awvances, otuer intimate rela-
tions between inorganic elements werived from tue roos
environment and assimilation of carvon, will come to li_ant."

The formation of susars sucin as nexoses aind suCroses
in photosyatiaesis aideu by paospaate has been explained in
tie works of Benson and Calvin (8). Asain, participation of

inorganic phospanate in the conversion of starcn to susar nas
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been recosnized by .assiu (43). In aiuition, paospliorus
takes part in tie paospaorylation reactions leadin; to
pyruvic acii woicik 1s a startiag material for tiie rebs-cycle
Alpha ketolutaric aciu, a bullaliiy nmaterial in tue syat.ie—
sis of amino cciu is a product of tue Krebs-cycle. \ell-
wefined rnechanisms could 0% ve nale as innumeravle reactliong
takin; place ia a plant are still unkaown.

In tals researc., the use of piaospiorus tenued 1o ue-—
crease tae levels of potassiuvm in tie plant wien at tae
flowerin; sta_e. Accorainz to isiutingale et 2l. (63) ana
otiaers (95, 16) potassium is essentiacl for tie syatiesis of

ielps to explain

[_—

proteins from amino acidis. Tuerefore tils
the accumalation of amino aitrocen toat occurrel at tiuls

=

stage of development,
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Table 1l. — Averae soil test results

o
oxit

as affected by taree

levels of complementary nutrients associated

wita five levels of phospiaorus,

Treatment Available soil nutrients
Nutrient Rate
Level Per Acre Soil Pounds per Acre
Code (Pounds) Reaction Phosphorus Potassium Calcium Magnesium
C-0(P) - 7.0 72 87 3057 810
c a c c c
c-2(P) - 7.3 67 130 3830 938
b a b b b
Cc-4(P) - 7.5 45 363 5143 1192
a b a a a
P-0 0 7.3 31 192 Lot 1080
a d a ab a
P-1 50 7.3 Lo 186 3856 917
a cd a b c
P-2 100 7.2 51 229 4250 1003
a c a a b
P-3 200 Tolt 72 182 3944 1014
a b a ab b
P-4 Loo 7.2 112 181 3983 886
a a a ab (o]

C - Complementary nutrients N, K, Ca and Mg



)
Table 12. = Avera_e leaf and sten yields of soyoeans at taree
staes of develovment as affected by t.aree levels

of complementary nutrients assoclated wita five

levels of pliospacrus.

Treatment Dry Weight of 10 Plants (gms)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(P) - 2,17 12.8 67.4 0.87 7.3 65.0
a a a b a a
c-2(P) - 2.00 13.0 70.9 0.89 7.9 664
b a a a a a
c-4(P) - 1.78 13.0 76.5 0.75 7.1 66.1
c a a c a a
P-0 0 1.77 12.1 59.7 0.7T1 T.l 54.0
d a a d a a
P-1 50 1.92 12.4 T2.4 0.83 6.5 64.8
c a a b a a
pP-2 100 1.97 14.0 T79.2 0.83 T.9 T2.5
b a a b a a
P-3 200 2.22 13.7 76.5 1.00 8.5 T75.0
a a a a a a
P-4 400 1.99  12.3 70.3 0.81 6.9 62.7
b a a c a a

C - Complementary nutrients N, K, Ca and Mg
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Table 13. = Averase soyovean seea yielus as aff
levels of complementary nutrients

wita five levels of puospiaoruse.

Treatment Yield
Nutrient Rate Per
Level Per Acre Acre
Code (Pounds) (Bushels)
c-0(P) - 23.7

b
c-2(p) - 26.3
a
c-4(P) - 23.8
b
P-0 0 23.3
c
P-1 50 24.2
be
P-2 100 25.7
ab
P-3 200 27.6
a
P-4 Loo 22.3
c

C - Complementary nutrients N, K, Ca and Mg
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Table 1l4. — Average nitroen content of soyvean leaves anu
stems at three stages of development as affected
by taree levels of complementary autrients

associateld with five levels of piiospaorus.

Treatment Nitrogen in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
Cc-0(P) - 5.03 5.23 L.62 2.83 2.59 1.93
c a b c a c
c-2(P) - 5.31 5.36 4.83 3.31 2.54 2.27
a a b b a b
c-Lk(P) - 5.1k 5.42 5.15 3.4 2.67 2.65
b a a a a a
P-0 0 5.0k 5.47 5.04 3.10 2.66 2.42
d a a c a a
P-1 50 5.21 5.37 L.87 3.32 2.57 2.26
b a a b a a
P-2 100 5.16 5.36 L.78 3.4l 2.70 2.24
be a a a a a
P-3 200 5.09  5.33 4.79 3.1k 2.7 2.17
cd a a c a a
p-k 400 5.29  5.16 4.8l 3.00 2.6l 2.32
a a a d a a

C - Complementary nutrients N, K, Ca and Mg
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Table 15. = Average phosphorus content of soybean leaves and
stems at three stages of development as affected
by three levels of complementary nutrients

associated with five levels of phnosphorus,

Treatment Phosphorus in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-0(p) - 0.381 0.513 0.324 0.306 C.291 0.230
a a a a a a

c-2(p) - 0.285  0.4ok 0.312 0.200 0.236 0.208
b b a b b ab

C-4(P) - 0.257 0.39 0.282 0.192 0.225 0.188
c b b c b b

P-0 0 0.261 0.365 0.279 0.196 0.193 0.171
d c b c d c

P-1 50 0.246  0.373 0.287 0.196 0.217 0.190
d c b c cd be

p-2 100 0.280 0.449 0.281 0.225 0.253 0.204
c b b b be be

P-3 200 0.347 0.456 0.278 0.181 0.300 0.222
b b b d a ab

P-4 400 0.405 0.546  0.k05 0.36k 0.290  0.255
a a a a ab a

C - Complementary nutrients N, K, Ca and Mg
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Tanle 16, = Average potassiun content of soybean leaves and
stems at turee staes of uaevelopment as affected
by taree levels of complementary nutrients

associated witly five levels of p.aospioruse.

Treatment Potassium in Boybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(P) - 1.62 1.31 1.09 1.55 1.89 1.15
c b b c c c
c-2(P) - 2.38 1.91 1.62 2.84 3.35 2.10
b a a b b b
c-k(P) - 2.48 1.94 1.72 3.37 3.90 2.43
a a a a a a
P-0 0 2.38 1.82 1.59 2.89 3.25 2.11
a a a a a a
P-1 50 2.02 1.69 1.50 2.36 3.05 1.92
d ab ab e ab ab
pP-2 100 2.10 1.7h 1.45 2.50 3.07 1.84
c ab ab d ab ab
P-3 200 2.15 1.75 1.45 2.61  3.01 1.75
b ab ab b ab b
P-k LOO 2.13 1.60 1.39 2.57 2.86 1.83
be b b c b b

C - Complementary nutrientsN, K, Ca and Mg
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Tavle 17. = Averaze calcium content of soyovean leaves and
stems at tiree sta_es of Jdevelopnent as affected
by tiree levels of complementary nutrients

associated with five levels of paospiorus.

Treatment Calcium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(P) - 1.49 1.72 1.91 1.55 1.53 0.95
a a a b a b
c-2(pP) - 1.35 1.63 1.69 1.55 1.54 1.05
b b b b a a
c-4(P) - 1.35 1.63 1.66 1.58 1.62 1.C7
b b b a a a
P-0 0 1.38 1.63 1.60 1.54 1.60 1.05
b b b b a a
P-1 50 1.39 1.60 1.76 1.53 1.54 1.01
b b a b a a
P-2 100 1.40 1.68 1.76 1.59 1.58 1.03
ab ab a a a a
P-3 200 1.42 1.76 1.79 1.61 1.53 1.00
a a a a a a
P-4 400 1.k0 1.74 1.84 1.55 1.56 1.01
ab a a b a a

C - Complementary nutrients N, K, Ca and Mg
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Table 18, — Avera_e ma_ nesium consent of soybeaa leaves anu
stems at turee stages of development a2s affected

by tuaree levels of complerentary nutrients

(0]

associated witih five levels of prospioris,

Treatment Magnesium in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-0(P) - 0.581  0.840 0.606 0.338 0.605 0.531
a a a a a a

c-2(p) - 0.435 0.k60 0.453 0.296 0.375 0.392
b b b c b b

c-4(P) - 0.402  0.hik 0.390 0.308 0.3:8 0.303
c b c b b c

P-0 o} c.k32  0.L482 0.46k 0.230  0.373 0.386
c b be e c a

P-1 50 0.482 0.546 0.429 0.317 0.408 0.416
ab ab c d be a

pP-2 100 0.477 0.607 0.428 0.324 0.431 0.416
b a c c abc a

P-3 200 0.486 0.608 0.527 0.338 0.488 0.446
a a ab b ab a

P-4 Loo 0.485 0.564 0.568 0.363 0.513 0.380
a ab a a a a

C - Complementary nutrients N, K, Ca and Mg
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Table 19, = Averaze total sacar and amino nitro_en content

of soybean leaves and stems (flowering stze)
as affected by tiree levels of complementary

nutrients associatea wita five levels of

pilosplnorus,

Total sugar and amino nitrogen

Treatment in soybean tissue (per cent)
Nutrient Rate Leaves Stems
Level Per Acre Total Amino Total Amino
Code ( Pounds) Sugar Nitrogen Sugar Nitrogen
C-0(P) - 3.01 0.131 2.00 0.121
b b a c

c-2(P) - 3.33 0.163 1.36 0.135
a a b b

C-4(P) - 3.05 0.165 1.26 0.146
b a c a

P-0 0 2.70 0.131 1.34 0.099
d c d d

P-1 50 3.05 0.139 1.k6 0.100
c b c d

P-2 100 342 0.160 1.69 0.126
a a b c

P-3 200 3.26 0.126 1.77 0.133
b c a b

P-4 ITel) 3.23 0.165 1.4k 0.179
b a c a

C - Complementary nutrients - P, X, Ca and Mg
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Composition of Soyobean Plan

of Complementary :utrieats Associatedl with Pive Levels of

Potassiun.

Soll utrient Contents

The averce effects of potassium oa soil test results,
are saown i1 Tavle 20. Tie use of complemeantary nutrients
ncereased tie p.r and tae avellable piospaorus, calcium, aniu
masnesium levels in tae soil. Thae application of potassiun
alone ana at uifferent rates hau no effect .pon p.i or tuie
veilable calciwa levels in tae soll bus sucil treatmeant aid
secrease soll test volues for piocsp.lorus anu magnesium ald

lncrease the levels of availavle poiassiun threefold,

Crom Yiells

e use of complenentary natrients, as assoclated wita

potassiun increased on tare first sampling uat

D

oaly, taie airy

O]

wel it of botia leaves anu stems. (Tavle 21) Various levels
of potassiun fertilizer cpplied to the soil also affecteud
tae ary weil_at of leaves ana stens on tie first saaplin
obut 0t in a coiigistent manner.,

The efrfects of t.ese treatients upon soyovean seed yielos
are szlowl 1in Table 22. 1Tae use of complementary nutrients
increased thne seed yield approximately five bushels per acre.
Potassium had tie jeneral effect of decreasing yields waen

tais element was used at tiie K=4 level, 1200 pounus per acre,
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Chemical Composition

e nitrogen levels in tiue leanves ond stemns are siowil
in Table 23. Agaln, tie leaves contalned adproximately two
times tae amounrt of nitrogen tiiat was found in tlie steums.
Tiie use of complementary nutrients geaerally increased tile
nitrogen content of bouar tiie leaves and tiie steas. Tie Lif-
Terences in t..e leaves on tie second saapling date were 10t
statistically sisnificant.

The use of potassiun applieu at Jdifferent rates, o:
tle average, resultea 12 a lower level of tils element in
botii Tae stems and lsaves, Statisvically sisnificont cif-
Terences were ovbtalied on each sannling Jate except the

gcond. In this dinstaice tue treiuw wos present ovat vhie Lif-

6]

ferences were not statistically sijnificaut,

The effect on p.oospuaorus levels in tiie plants 13 s.iown
in Pable 24, The use of complenentary nutrients .n2d tue
seneral effect of i.creasing piosprorus in vote tie stems
and leaves. On the first samplinyg wate tae levels at C-4
were lower than at C=2. 3y poo—filliug time thie plants srowa
on plots receiving tie C—4 levels coatol.el more plospiorus

O

ae plants ol e C=2 plotse.

-

B

e use of potassiuvm at different levels generclly de-—
Creased piosgp:lorus in t.ie plaats oxn tue Tirst sampling dote.
By pou-filling time suckh differences were not simificant.

In bota tize stems and leaves on tae first sanpling
wate, tle potassium levels were decreased by tae use of com—

Plenentary ~utrieats. (Tavle 25) Such Jdifferences becane
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insisnificaent by pod-=filling time. 1ae use of potassiunm ia-
creased tiie potassium levels in boti tiae stems and leaves on
all of tie tiree sampling dates and increasing rates _ener-—
ally resulted ian furtier increases.

Calcium levels in tiie leaves were 1ncreaseud as a result
of using complementary nutrients. (Iable 26) Differeaces,
hlowever, were not sinificant at pod-filling time. Ia tae
stems, significant aiffereinces were measureu ovut e JifTfer-
ences were actually very small, Tals was also tie situatlon
in resard to the effect of potassium upon tiue perceatae of
calcium in tie plants votal leaves anu stens.

Tae use of complementary nutrients lnacreased masnesiun
levels in boti leaves ainu stems on all taree sampling wates.
(Table 27) 0On all dases, tie levels were hiiest in tue
leaves at tae C-4 treatment level. Ia t.e stems, on t..e last
sanpling date, uifferences resulting from tue C-2 anu C-4

treatiments were not svatistically significant. Thie plants

()

from tue plots wiica received tue K-4 level, 1200 pounus o
potassiwn per acre, were as low or lower in ma_nesium in boti
tile stems and tine leaves on all saupling uates than were t.e
plants from plots tiuat received less potassium.

Tae use of complementary nutrients resulted in a de-
Crease in total susars in votil tue leaves and tie stens,
(Tavle 28) The use of potassium increased tiae gquantity of
total suzars in the leaf. ZIfeyond the K-2 level tihe quantity
of sugar decreased. In tie stems tie maximwa suzar content

was also measured at level K-2 waere 300 pounds of potassiunm



per acre nad veein useu.

Tae amino nitrogen levels were increased ia vota tue
leaves and tiie stems by tne use of complementary nutrieats.
The use of potassium senerally decreasea tae amniio nitro_en
levels in botia tae leaves and tie stems except ia one in-
stance, tie X-2 level waere 300 pounds of potassium per acre

Was used,

~iscussion

Tne lack of a seed yielu response to potassium ia tils
experiment was probably uue to tie fact taat the soil ini-
tally contained a rataer alga level of potassium. Lawton
and Cook (51) stated, "Good acre yielis of alfalfa and sweet
clover require from 100 to 130 pounus of rotassium, wilereas
for red clover, crimsoa clover, soybeans, cowpeas ald vetca,
tne profitadle requirement is 50 o 75 pounds." elsoa (6G)
reported tuaat tie use of potassium increased soyuveans yields
wiere the soil contained 25 pounus of excaaneable potassiun
per acre., Tae goil in tals experiment on tie averasje, con-—
tainea 100 pounuas of exchanseable potassium. Iie use of
potassium at 1200 pounuis per acre caused a wecrease in tle
uptake of ma_nesium and nitrosen. Tidls possipdly explains
t.ae decrease in seed yields at tals level,

Tine effect of potassiwa fertilizers upon Tiae levels in
tne leaves and stems are in agreement witih otaer work.
Lawton and Cook (51), in a compreasnsive review of literatare,

pointeu out that tiae potassiun conteat of thae crop is
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senerally increaseu as tne level of excnan.eable potassiun
in the soil is increased by tie use of fertilizers proviued
the level of soil potassium initially present is not ex-
tremely ia.

In tuis study tiae use of potassiun decreasea tae nitro-
cen content of tiue leaves and stems. A aunber of workers
nave suyzested taat there is a close relationsinip between
soil fertility and nitrogen fixation. Albrecat (1) sugested
tnat the avsorption of larjer amounts of potassium in rela-
tion to tiie quantity of calcium in tae early vegetative
srowtn nay reuuce tre nitrogen fixation rate. Potassium nay
replace calcium to tie extent taat tae wilder poiassium to
calcium ratio results in a reuuction of tiae nitrogen fixing
ability of tne plant. “lampton and Albrecat (35), in a study
involving a clay culture, ovserved tinat a low ratio of potas-—
sium to calcium was necessary for maximum nitro_en fixation.
sleavy applications of potassium caloride probadly retarueld
nodule formation, tauas decreasinzy tiae zmount of nitroen
fixed.

The data inudicated taiat tae application of potassiun
significantly reduced tne uptake of ma_nesium. ilanesiunm
deficiency symptoms were observea on tie plots taat receiveu
oanly potassium at tie rates of either 600 or 1200 pounds per
acre,

Several investisators have sujsestea that manesiwa
ueficiency develops not only at low levels of excaangeable

ma nesiwa, bdbut also taat it may be induceu by tine use of
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Aign rates of potassoum on mediuwm or aijn ragnesium sollse.
This relations.uip was obvserved by Soutiwick (85) ani Weaunt
and Purvis (101) in apple orcunaras, Joyton aad Zurrel (11)
in apple trees, and Walsa and 0'Donanoe (97) in potatoes.

Telson et al. (66). in .lorta Carolina, studied the
relationship of foliar deficiency symptoms in soyoveans to
ma_nesiun levels in tue leaflets and tae petioles. Tue
leaflets and petioles from ma_jnesium deficieant plants con-
taineu 0,13 and 0,18 per ceats wasnesium, respectively., Tie
cata obtained in tiiis investi ation saowea taat foliar ue-
ficiency synptoms were associatsed witi ma_nesium concentra=—
tions in tae leaves of 0.295 per cent or less. The reason
for tne niizner ccncentration tian was found by llelson et al.,
is probably due to the aifference in soil, climate, and soy-—
bean variety. In aduition, all of tie leaves of t.ie plants
were usea in tiais evaluaztion. Webo et 2l. (99) workin: witli
all of tihe leaves from floweriny plants taat were just

starting to snow symptoms of ma nesiun deficiency, su_ . ested

-

N

aat tue veficiency occurred wuaen tiie leaves containel less
tiion 0.24 per cent ma nesium. Carclus (17), in explaininag
tile cause of masnesium aeficilency, reasonea taat tne deficiency
was not always associatea with a low ma_resium conceatration

in the plant vut oy ve tae result of wipropertional zbsorp-
tion of cations anua taat nogaesium deficiency coulua occur

wien a uisi potassiwn plus calcium to manesium ratio existe.a
in tae soil. Walsh and Clark (98) felt iaat tue potassium to

magnesium ratio in tae soll determined tae de;ree of ma ne-
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sium uptake by tomatoes. If the potassium to maznesiua ratio
was significantly nign, cinlorosis develoned even w.aen the
nutrient medium nad a relatively aign level of availaole
masnesiug,

Iunde rari: (54) explained the antasonistic pienomenon
of potassium as related to magnesium avsorption as follows:
Potaseivm in 2igh amounts exerts a dezenerative influence on

t:

o
[©)

tiie protoplasnic menbrane of the roots by uecreasing

U

sle

!
-
Ty
v

cause

]

nesative potential to below a minus 50 m.v,
protoplasm to be nore liquia as a result of the nyuration.
Also, the nyirozen ion concentration of tue surface loyer is
iecrease.., Liagnesgiun acts 1in tie opposite woy vy atiracting
water molecules from tue surrounding membrane arez, Laus

-~ 3. - -~ . de - .
Lrocess 1LACr2a8e 3 Tt Ll

aeayurating the mexbrans. Tils

o]

surface tension, and stability of the membrane, as well as

its tolerance to a nigner electrostatic cuaarge.
.
UL

Tae data in tnis investigation support the views of

Carolus (17) and alsh ana Claric (S3), and are consissent wita

the views of Lunadegarii.

itn lower rates of application, t.ae total su,ar con-
teat of tue soybean plants increasead, walle at nlgier rates
there was a decrease. Several iavesti_ators (2, 24, 47, 03
and $6) nave observed similar results in dJdifferent crops.

Nizatingale (68) found thaat potassium was essential for
carbon dioxidie assimilation. Sideris et al. (83), ovserved
taat total sugar values were greater in low than in aigh

Potassium plants. They concluded tiiat a low rate of



o10)
polymerization of sugsars to starcues or ot.uer complex carbo-
nydrates occurreu in plants coantaining a low level of potas=—
sium. Tie data ootained 1n tanls investigaetion are consistent
witll tals view.

Plant paysiologists and azronomists (16, 18, 3
nave eacly reported tiiat potassium plays an esseatial role in
the syatiesis of protein from anino nitro_en.

senteu nere support these views.
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Tavle 20, = Avera e soil test results as affecteu by taree
levels of complementary nutrients associated

witn five levels of potassiwa.

Treatment Available soil nutrients
Nutrient Rate
Level Per Acre Soil Pounds Per Acre
Code (Pounds) Reaction Phosphorus Potassium Calcium Magnesium
Cc-0(K) - T.1 30 161 2779 823
b c a c c
c-2(K) - Tols 56 155 3797 936
a b a b b
C-4(K) - Te5 100 171 LogT 1195
a a a a a
K-0 0 T.3 T2 85 3872 1060
a a c a a
K-1 150 Tolt 65 97 3867 1056
a ab c a8 a
K-2 300 7.3 61 131 3799 920
a ab c a c
K-3 600 Te3 54 191 3789 987
a b b a b
K-L 1200 Te2 57 307 3961 901
a b a a c

C - Complementary nutrients - N, P, Ca and Mg
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favle 21, — Averaze leaf and sven yielis of soybveans at turee
staes of development as affected by three levels
of complementary nutrients assoclatea witn five

levels of potassiune.

Treatment Dry Weight of 10 Plants (gms)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

C'O(K) - 1082 1003 5306 008)'" 6.0 514-.’4-
(] a a C a a

c-2(K) - 2.00 13.6 69.7 0.89 8.1 664
b a a a a a

c-L(K) - 2.12 12.5 78.7 0.87 T.1 68.6
a a a b a a

K"O O 2.01 1309 7009 0090 7.9 6)4'.)4
b a a b a a

K-1 150 1.95 12.0 65.0 0.79 7.2 60.8
Cc a a e a a

K-2 300 1.89 11.5 Thok 0.88 6.7 71.6
da a a c a a

K-3 600 2.19 12.5 66.2 0.95 7.6 64e3
a a a a a a

K-l 1200 1.85  10.8 60.2 0.81 6.1 54.9
e a a d a a

C - Complementary nutrients N, P, Ca and Mg
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Table 22. = Avercze soyvean seed yields as affected Ly tiaree
levels of complementary nutrients associated

with five levels of potassiwi.

Treatment Yield
Nutrient Rate Per
Level Per Acre Acre
Code (Pounds ) (Bushels)
c-o(kx) - 21.h

b
c-2(K) - 2649
a
c-4(K) - 26.1
a
K-0 0 25.0
a
K-1 150 27.0
a
K-2 300 26.2
a
K-3 600 255
a
K=b 1200 §0-2

C - Complementary nutrients = N, P, Ca and Mg
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23« = Avera_e nitrojen content of soyvean leaves anua

stens at turee stajes of uevelopment as affected

by tiree levels of complementary nutrients

associated wita five levels of potassiun.

Treatment
Nutrient Rate

Nitrogen in Soybean Tissue (per cent)

Level Per Acre Ieaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
C-0(K) - L.46  5.13 L.k 2.19 2.25 1.72
b a c c c c
c-2(K) - 5.16 5.32 L.73 344 2.66 2.08
a a b b b b
c-L(K) - 5.15 5.36 5.08 3.61 2.92 3.00
a a a a a a
K-0 o} 5.18 5.33 4,83 3.34 3.03 2.48
a a a a a a
K-1 150 4.99 5.31 4.90 3.11 2.58 2.32
b a a c b ab
K-2 300 L.76 5.31 4.73 3.22 2.58 2.19
c a ab b b be
K-3 600 .70 5.20 4 .68 2.90 2.47 2.27
c a ab d b be
K-4 1200 4,99  5.20 k.56 2.82  2.38 2.06
b a b e b c

C - Complementary nutrients N, P, Ca and Mg



35
Table 24. - Avera_e puospllorus conient of soyvean leaves anu
stems at tiaree sta_es of tevelopnent as affected
by turee levels of complementary nutrients

associated with five levels of potassiunm.

Treatment Phosphorus in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

Cc-0(K) - 0.255 0.400 0.257 0.185 0.215 0.165
b b b b a b

c-2(K) - 0.269 0.450 0.292 0.212 0.227 0.210
a a b a a a

c-4(K) - 0.260 0.435 0.3%5 0.191 0.24k 0.226
b a a b a a

K-0 0 0.320 0.43k 0.310 0.21%  0.250 0.205
a ab a a a a

K-1 150 0.259 0.411 0.277 0.179 0.212 0.198
c b a d a a

K-2 300 0.276 0.466 0.304 0.202 0.237 0.189
b a a b a a

K-3 600 0.21% 0.408 0.289 0.188 0.213 0.210
e b a c a a

K-k 1200 0.238 0.423 0.311 0.198 0.232 0.199
d b a b a a

C - Complementary nutrients N, P, Ca and Mg
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Table 25+ = Averae potassium content of soyovean leaves and
stemns at taree sta_ses of developument as affected
by tiuree levels of complementary natrients

associated wita five levels of potassium.

Treatment Potassium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
C-0(K) - 2.36 1.82 1.52 2.83 3.28 1.89
a a a a a a
c-2(K) - 2.12 1.77 1.46 2.51 3.13 1.79
b a a b ab a
c-4(K) - 2.03 1.60 1.47 2.31 2.92 1.83
c b a c b a
K-0 0 1.67 1.30 1.09 1.47 1.90 1.10
d d d e d d
K-1 150 1.97 1.64 1.42 1.97 2.69 1.55
c c c d c c
K-2 300 2.22 1.81 1.57 2.55 3.18 1.93
b b b c b b
K-3 600 2.52 1.91 1.65 3.25 3.78 2.10
a ab ab b a b
K-4 1200 2.48  2.00 1.69 3.52  3.99 2.51
a a a a a a

C - Complementary nutrients N, P, Ca and Mg
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Tavle 26+ = Avera.e calciun centent of soyoean leaves and
stemns at tiaree stajes of uevelopuent as affected

by tuaree levels of complementary nutrients

assoclated witia five levels of potassiwa.

Treatment Calcium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(X) - 1.32 1.59 1.75 1.54 1.67 0.89
c b a b a b
c-2(K) - 1.39 1.67 1.78 1.67 1.56 1.03
b a a a b a
c-4(K) - 1.48 1.72 1.81 1.49 1.62 0.98
a a a c ab ab
K-0 0 1.36 1.70 1.81 1.52 1.52 0.93
cd a a c c b
K-1 150 1.48 1.67 1.78 1.51 1.58 1.03
a a a c be ab
K-2 300 1.35 1.62 1.75 1.53 1.58 1.01
d a a be be b
K-3 600 1.40 1.64 1.78 1.55 1.66 1.06
b a a b ab ab
K-k 1200 1.39 1.67 1.78 1.71 1.73 1.10
be a a a a a

C - Complementary nutrients N, P, Ca and Mg
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Table 27« = Avera_e magnesium content of soybean leaves ana
stems at tiree stases of development as affected
vy tiree levels of complementary nutrients

associated wita five levels of potassium.,.

Treatment Magnesium in Soybean Tissue (per cent)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-c(K) - c.350 0.h12 0.387 0.263 0.338 0.318
c c b c b b

c-2(K) - 0.476  0.551 0.445 0.326 ©.333 0.393
b b b b b a

C-4(K) - 0.512 0.615 0.606 0.403  0.506 0.420
a a a a a a

K-0 0 0.581 0.808 0.740 0.343  0.544 0.543
a a a b a a

K-1 150 0.458 0.499 0.561 0.305 0.399 0.389
b b b c b b

K-2 300 0.428  0.504 0.4L0 0.373 0.hk49 0.38%
c b c a b b

K-3 600 0.391 0.4k84 0.332 0.340 0.285 0.304
d b d b c be

K-4 1200 0.373 0.333 0.32k4 0.292 0.285 0.264
e c d d c c

C - Complementary nutrients N, P, Ca and Mg
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Table 28, - Average total sugar and anino nitrocen content
of soybean leaves ani s*tems (flowering; sta;e)
as affecteld by tiree levels of complemnentar

natrients associateld with five levels of

potassium,

Total sugar and amino nitrogen

Treatment in soybean tissue (per cent)

Nutrient Rate Leaves Stems
Level Per Acre Total Amino Total Amino
Code (Pounds9 Sugar Nitrogen Sugar Nitrogen
C-0(K) - 3.25 0.099 1.57 0.066
a C a (o]
c-2(K) - 3.17 0.151 1.45 0.122
b b b b
C-k(K) - 2.98 0.21k4 1.22 0.184
Cc a [¢] a
K-0 0 3.01 0.175 1.52 0.157
c b b a
K-1 150 3.19 0.134 1.52 0.101
b d b d
K-2 300 3.58 0.186 1.62 0.126
a a a C
K-3 600 2.93 0.137 1.15 0.101
c cd d d
K-k 1200 2.95 0.1k2 1.25 0.136
c c c b

C - Complementary nutrients - N, P, Ca and Mg
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Composition of Soybean Plants as Affectel by Three Levels

of Complenentary utrients Associate. witi Five Levels of

Caolcium,

0}
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Soil Jutrient Con

Hy

Tiie avera e effects of fervilizers upon soil test re-—
sults are siown in Table 29. Ihae use of complementary nutri-
ents reauced viae p.a level sliatly. Soil test values for
PACSP.I0TrUS, povassiwn and ra_neslun increased sinificantly,
altiou_n tue higaes?t level of conplementary autrients was
required to bring about a si;nificantly increasel potassiun
test, Soil test values for calcium were unaffecteus as a
result of usin. tae complementary natrients,

Tine use of calcium up to Ca-3, 3200 pounus per acre,
increased the pii level., Tails was assoclatad with lower soil
test values for puospiorus. Levels of potassiun were un-
affected but tie test for calcium reflected tae various cucin-
tities that nad been adced to Ttae soils e tests for mo ne-—

sium varied greatly and were not closely related to tlie use

of calciwn,

Crom Yiells

The use of complenentary nutrients increaseua tae yielu
of boti tihe leaves anli stems only on tae first scunpling date,
(Table 30) Tuis was also tie situation in re ari o tie
effect of tae use of Jifferent rates of calcium. e use of
up to 1600 pounds of calcium per acre, level Co-2, 1acreased
the yield of leaves and stens. Deyond tils level yielis ware

g0



requced.

Seeld yiells are suaown in Tavle 31. The use of ccemnle-~
mentary nutrients at level C-2 increaseu gceed yiellis tlree
busaels per acre, waille at level C-4 t.ie yielis were re.uced
to a level Dbelow thet wilica was obtalned on the zero level
of complementary autrients., The use of tie lowest level of

alcium, 800 pounds per acre, Ca-l, resultea in a sinifi-

cantly increasca sced yieli. Tie use of more calcium taan
tils Gid not furtaner increase yields. In fact, yielus were
sisnificantly reduced wierse tne aiglhiest rate Co—-4 or 6400

pounds per acre, ad been used.

Chemiczl Commroszition

J—‘)

Tae nitrojen convent of the leaves was lacreassa s o
recult of using tlie complenentary autrients oaxly on the first
somplin: date. (T2ble 32) In tae stems, an increase was
measure. on tie first date. AL thils
effect upon the nitrosen coanteat of tue stams. Ca the tiird
wate thie use of complenentery nutrients at the C~2 level in-

a0

creased btine nitro en coatent of tihe stems. e increase,
aowever, wos not statistically significant. The use of the

C-4 rate increazsel tae nitro en content siznificantly over

=

-

taiat which was obtaineld waere tie second rate a1al teen
Used.
Tiie use of calcium likewise affectes tiie nitro =2n con-

tent of leaves anl stems only on the first samplin: late.

In tae stems the highest levels of nitrosen occurred waiere
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3200 pounds of calciwm per acre had been used, level Ca=3.

The phosphorus contents of leaves and stems as affected
by complementary nutrients and calcium are snown in Tavle 33.
In the leaves, tie use of complementaery nutrients at level
C-2, on thne first samplingzg date, sisnificantly decreasea tae
paospiorus level., Cn tae laver gsampling s tae p:aosphaorus con-
tent increasea, altaough the difference was not statistically
significant on tiie last cate. The same occurred in the stens
except tihe difference was sisnificant on the tnira date and
10t sisnificant on the second uate.

Tiie use of calcium generally aecreased the pilospaorus
content of votn tne leaves anua stens on tae first sampling
aate. Statistically sijnificant differences aisappeared by
tne time of the third sampling.

The use of complementary nutrients resulteld in a _en-
eral iacrease in tae potassium levels in vota tae stems and
tiie leaves on all taree sampling dates. (Table 34)

The use of calciuwm decreased tie potassiun content of
leaves in samples taken on July 12 and August 3. Tae aif-
ference on tue latter date, however, was not siznificant.

In the stems a siznificant difference was obtained only on
the first sampling date, July 12.

The use of complementary nutrients dida not affect tae
calcium content of the stems. (Tabvle 35) 1In tue leaves
the use of complementary nutrients reduced tne calciwm level
on tie first and tiuird sampling date.

he effect of calcium upon tae calciun content of
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leaves and stems was slisiut ana not conslistent., The calcium
content of leaves jenerally increased during tiae season waiile
tae level in tae stems was constant or reflected a decreaseu
guantity. The level ia tue stems at pou—-fillingz tine was
wiusually constant and 4id not reflect any differences in
celcium uptake.

Thie use of complementary nutrients decreased tiie ma jne-
sium level in tne leaves. (Table 36) Tais also occurred in
the stems except on tie first saapling date.

The use of i rates of calciwa aac a tenuency to
reuuce ma_nesiwan levels i Dot tue stems aid tue leaves,
Jifferences, wiile statistically sisaificant, indirectly
reflect original Jdifferences in +tiie moesium conteat of tie
s0ll and cifferences resulting from iateractions iavolving
otaer applied elements.

The use of conmplementary nutrients teaued to reuuce
the total susar level in vota tae leaves and the stens.,
(Table 37) The use of calciun up to rate Ca-2 increasel t.e
total suzar levels. Ia the stems tue hisuest level was
observed at Ca-l.

The use of complemnentvary nutrients _reatly ilicreased
tiae amino nitro_en coatent of ti.e leaves. T.e increases
were not as great in tiue stems.

The use of calciun increased amino nitro_en slijatly
in both tue leaves and tlle stems. Variations, Jdue o uif-
Terent rates of calcium, however, were suci taat they aid

not sujsest any particular trend.
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Jiscussion

The use of calcium in comvination with tie compleuen=—
tary nutrients increased yield epproximately t.uree ous.iels
per acre. 1iitls relatively small increase in yield was
provably wue to tie fact taat the soil natirally containea
aaequate quantities of celcium and ioa a rataer savisiactory
p-i level., A review of literature su_
to calciwn nignt be expected oaly on relatively acid soils

walca contain low gquantities of exciaangeavle calciwun,
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rfable 29. — Averac_e soil test results as affectel by taree
levels of complementary nutrients associated

witn five levels of calciws.

Treatment Available soil nutrients
Nutrient Rate
Level Per Acre Soil Pounds Per Acre
Code (Pounds) Reaction Phosphorus Potassium Calcium Magnesium
c-0(Ca) - 7.k 32 83 3877 829
a c b a c
c-2(Ca) - T3 58 119 3777 888
ab b b a b
c-4(ca) - 7.2 127 397 4083 1127
b a a a a
Ca-0 0 7.0 92 209 2917 1030
d a a e a
Ca-1 800 7.2 76 195 3428 820
c b a d c
Ca-2 1600 73 70 201 3928 929
be b a c b
Ca-3 3200 7.5 67 22k 4350 9ko
a be a b b
Ca-4 6400 T4 55 169 4939 1022
ab c a a a

C - Complementary nutrients = N, P, K and Mg
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Table 30. = Averc_e leal and stem yields of soyoveans at taree
es3 of Levelopuent as alffecteu vy tiuree levels

of complementary nutrients associated wita five

levels of calciun.

Treatment Dry Weight of 10 Plants (gms)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-0(Ca) - 2.02 12.0 671 0.88 6.8 65.6
Cc a a [ a a

c-2(ca) - 2.05 13.5 1.2 0.91 8.1 69.4
b a a b a a

c-4(Ca) - 2.07 12.0 80.3 0.93 6.9 TL.6
a a a a a a

Ca=0 0 2.04 12.3 70.3 0.90 7.3 67.1
Cc a a (o] a a

Ca-1 800 2.13 13.9 767 0.90 8.k 7243
b a a c a a

Ca-2 1600 2.19 12.9 75 4 097 Tok 72.7
a a a a a a

Ca=-3 3200 1.96 11.9 7248 0.92 7.0 675
d a a b a a

Ca-L 6400 1.91 11.7 69.1 0.81 6.3 64T
e a a d a a

C - Complementary nutrients = N, P, K and Mg
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Tavle 31. = Avera e seed yielus as affected vy taree levels
of complementary nutrients associated witia five

levels of calciun.

Treatment Yield
Nutrient Rate Per
Level Per Acre Acre
Code (Pounds ) (Bushels)
c-0(ca) - 2k.o

b
c-2(Ca) - 2Te2
a
c-L(ca) - 23.6
b
Ca-=0 0 23.8
be
a
Ca-2 1600 26.1
ab
Ca-3 3200 25k
ab
Ca-k 6400 23 -0

C - Complementary nutrients = N, P, K and Mg
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Table 32. — Average nitrogen content of soybean leaves and
stems at three stages of development as affected
by three levels of complementary nutrients

associated with five levels of calcium.

Treatment Nitrogen in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(Ca) - 4.9k 5.35 L.67 3.00 2.63 1.92
c a a b a b
c-2(Ca) - 5.06 5.43 4.89 3.40 2.71 2.13
b a a a a b
c-4(ca) - 5.32 5.36 5415 3.36 2.70 2.78
8 a a a a a
Ca-0 0 5.28 5.53 4.95 3.06 2.76 2.4o
a a a d a a
Ca-1 800 L.12 5.30 4.85 3.01 2.65 2.30
d a a e a a
Ca-2 1600 5.28 5.37 L.8L 3.35 2.70 2.14
a a a b a a
Ca-3 3200 5.20 5.32 4.89 3.56  2.59 2.27
b a a a a a
Ca-k 6100 5.06 5.39 k.99 3.29 2.70  2.26
c a a c a a

C - Complementary nutrients N, P, K and Mg
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Table 33. — Averase phosphorus content of soybean leaves and
stems at three stages of development as affected
by three levels of complementary nutrients

associated with five levels of calcium.

Treatment Phosphorus in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(ca) - 0.284 0.413 0.281 0.197 0.227 0.178
c b a c a b
c-2(Ca) - 0.266 0.456 0.309 0.185 0.242 0.212
b a a b a a
C-4(ca) - 0.301 0.k23 0.319 0.217 0.2k45 0.222
a b a a a a
Ca-0 0 0.326 0.437 0.325 0.223 0.24kL 0.208
a ab a a a a
Ca-1 800 0.265 0.kb5 0.305 0.193 0.243 0.212
d ab a b a a
Ca-2 1600 0.282 0.k6h4 0.288 0.186 0.233 0.201
c a a be a a
b c a a a a
e c a c a a

C - Complementary nutrients N, P, K and Mg
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Table 34. — Average potassium content of soybean leaves and
stems at three stages of development as affected
by three levels of complementary nutrients

associated with five levels of calcium.,.

Treatment Potassium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(Ca) - 1.72 1.33 1.12 1.68 1.94 1.19
c b b c b c
c-2(Ca) - 2.30 1.94 1.60 2.59 3.58 1.99
b a a b a b
c-4(Ca) - 2.62 1.96 1.71 3.58 3.7 2.41
a a a a a a
Ca-0 0 2.45 1.86 1.50 2.95 3.24 1.91
a a a a a a
Ca-1 800 2.20 1.77 1.52 2.71 3.17 1.89
c ab a b a a
Ca-2 1600 2.00 1.78 1.42 2.36 3.01 1.79
d ab a d a a
Ca=-3 3200 2.15 1.64 1.41 2.53 2.96 1.77
c b a c a a
Ca-L 6400 2.26 1.68 1.53 2.53 3.0k4 1.96
b b a c a a

C - Complementary nutrients N, P, K and Mg
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Table 35. = Average calcium content of soybean leaves and

stems at three stages of development as affected
by three levels of complementary nutrients

associated witn five levels of calcium.

Treatment Calcium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(ca) - 1.51 1.69 1.87 1.55 1.60 1.03
a a a a a a
c-2(Ca) - 1.34 1.65 1.69 1.57 1.56 1.01
b a c a a a
c-L(ca) - 1.38 1.70 1.78 1.54 1.58 1.00
b a b a a a
Ca-0 0 1.37 1.65 1.73 1.48 1.51 0.99
c a b d b a
Ca-1 800 1.35 1.72 1.80 1.56 1.58 0.98
c a ab c ab a
Ca-2 1600 1.54 1.69 1.82 1.61 1.63 0.99
a a ab b a a
Ca-3 3200 1.42 1.67 1.8k 1.46 1.53 0.98
b a a a b a
Ca-4 6400 1.38 1.67 1.73 1.68 1.64 1.03
c a b a a a

C - Complementary nutrients N, P, K and Mg
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Table 36, — Average magnesium content of soybean leaves and
stems at tiaree stases of uevelopment as affected
by tiree levels of complementary nutrients

associated witihh five levels of calciw..

Treatment Magnesium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(ca) - 0.522 0.694 0.706 0.307 0.534 0.530
a a a Cc a a
c-2(ca) - 0.433 0.530 0.411 0.320  0.34k 0.3k2
c b b b c b
c-k(Ca) - 0.477 0.410 0.456 0.371 0.ko2 0.332
b c b a b b
Ca=0 0 0.487 0.553 0.548 0.327 0.394 0.412
c a ab c b a
Ca-1 800 0.508 0.499 0.492 0.363 0.435 0.430
b a be a ab a
Ca-2 1600 0.519 0.542 0.551 0.350 0.429 0.407
a a ab b ab a
Ca-3 3200 0.451 0.573 0.594 0.308 0.38L4 0.LkoL
d a a e b a
Ca-kL 6400 0.4k23  0.556 0.436 0.315 0.492 0.354
e a c d a a

C - Complementary nutrients N, P, K and Mg
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Table 37. = Average total sugar and amino nitrojsen content
of soybean leaves and stems (flowerin: staze)
as affected by tinree levels of complementary

nitrients associated wita five levels of

calciuwm,
Total sugar and amino nitrogen
Treatment in soybean tissue (per cent)

Nutrient Rate Leaves Stems
Level Per Acre Total Amino Total Amino
Code (Pounds) Sugar Nitrogen Sugar Nitrogen
c-0(ca) - 3.29 0.131 1.66 0.112

a c a c
c-2(Ca) - 3.3k 0.173 1.31 0.134

a b b b
C-k(ca) - 2.89 0.201 1.09 0.161

b a c a
Ca-0 0 2.87 0.160 1.25 0.121

c c c c
Ca-1 800 3.16 0.173 1.51 0.160

b b a a
Ca-2 1600 3.36 0.175 1.37 0.132

a ab b b
Ca=-3 3200 3.23 0.179 1.31 0.109

b a be d

b d b a

C - Complementary nutrients -~ N, P, K and Mg
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Composition of Soyvean Plantgs as Affected by Taree Levels

of Complerentary ‘utrients Asgsociated with Five Levelgs of

- -

Llaoesiunm.

Soil Tatrient Contents

The soil test results taat were associateus wit.: none-—
sivm treatments are siown in Table 308. Tie use of comple-—
mentary nutrients sinificantly increased tie pl levels al-
thous no differences vetween tne pli at C-2 and C~4 were

noted. Tae tests for paospuorus increased wita eaca level
of complementary nutrients. This also occurred in the tests
for potassium and calciunm, altiaousn tiie cifferences in tests
for potassium between C-0 ana C-2 were not statistically
significant. e test for majnesivm increased and tien de-
creagsed witi increasiny rates of coumpleneatary natrients.
Tals uncoudtecly reflects sgone of tie orijinal variations in
tae nma_nesium content of tie soil tiat was usea in tils ex~
veriment.

Tiie use of ma nesium at the uia rates of 400 and &S00
pounus per acre increased tae pd level 0.2 units., Tilie levels
of puospnorus, potassiwm, aid calciom were not affected vy
tile use of majnesiun. Tie soll test values for majnesiun
were increased at tae ;-3 and lLig=4 levels wixere 400 and G600

bounis per acre respectively anad beea used.

Crop Yields

The welsnts of leaves ani stemns were ciaanjed oy tue

104
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treatments only on the first sampliag date. (fable 39) A

N

this time tine usge of compleiientary nutrients at the i e

6]

level increased tie weiat of bota tae leaves anu tae stens.
wasnesiunm aad tie seneral effect of decreasing tiie weiut of
tile leaves anda stems on tue first sampling date.

Tie yilelds of seed were increased wita tae use of com-
plementary nutrients approxinmately turee busiels per acre.
(Dable 40) Yielus at tne C—4 level, nowever, cecreased to
tile same ran e as was neasured waere no complementery autri-
ents were vsel. Tie use of ma nesiuvn d4id not affect seed
yields except wiere tie uisnest rate was used, In tiils case
tie seed yielils were si nificantly reduced more taaa 2

ouas.iels per acre.

Cihenmical Composition

The nitroen levels in tlle leaves aad sitems are s.unown
in Table 41. Tue levels in the leaf oa tue first samplin
aate were simificantly increased by tiie use of compleientary
nutrients. Jiffereances in nitro_en content were so snall oa
Au_ust 3 that differences were not statistically si_aificant.
On Ausust 30 the use of tae niijliest rate of complementary
nutrients significantly increasew tie nitro_en coatent of tle
leaves.

Tie nisnest aitrosen levels at tiie time of tiie first

)
sampling occurrel in the stems at the C-2 level., Cn Arjuss

3 the levels of nitrosen were very similar. Illowever, by

Av_ust 30 tae use of e C—=4 level of complementary nutrients
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resulbted in significant increase in nitrozen coatents.
T N vy - 4o me iy b o . o . . 3
The punosphrorus content of the soyveans is siowm in

nTs increasea tile

(@]

Table 42. The use oI complementary nutri
level of paospuaorus in the leaves on 21l of tle sampling

an o N
.1 I1IrSwe

es. In the steuns, tie levels were sinllar on

! .
ua

zate except waiere n1est rate of complenentory auvtrien

was useu. On the secona date, tae gquantities of p.osprorus

a4 .

tcixe stems were similar., Cn tie lost dave vie use of

2

in tize

complementary nutrients increased tlie piospiiorus coatents.
Tuere was, aowever, no uifference beuween tiae C-2 and C=4
levels.

The use of majnesium nad a tendency vo uecrease tlie
paosplrorus levels in tie leaves on tiie first sompling cate.
0 ulfferences were observed o1 tiie seconu uate. -owever,

da

by tie last sampling tinme tne use of nmao_nesiuwn tearced to

[

increase the cuantity of vihospiorus present even thouzl in

mony instances it was n soii ) 1easure ullfere:
mony lastances 1t o not possivle to measure udilfere

ro

ce

w

15

tiiat woulld pe considerel to e statistically si_nificant,
In the stems no definite trena on any of tie sampling
uates coull be estavlisied.
Potassium levels in tie leaves and stens care sicowa in
Table 43, Tie use of complementary nutrients increased

levels of potassium in both tlle leaves and steus. Tie oif-

H
0]
3

ences in potassiwa levels in tlie leaves on tae seconc
sanpling date resulting from tiie use of complementory nutri-

ents at two rates were not statistically iiffereit.

Tie use of ma_nesium _enerally decreased the aiouat of
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potassium in the leaves and stems. Differences in tne potas-
sium contents associated with the various rates of nmagaesiun
tended to uecrease witn time. Wille tue trend was preseat
in the stems at tne last sampling time, wifferences were not
statistically significant.

Ine average calcium content of thae leaves and stems is
saownl in Tavle 44, For any one sampling period only very
small uifferences were neasured. .evertaielsss, statistically
significant Jifferences were measured. In the leaves tie use
of the niga level of complementary anutrients caused aa incr
in the calcium conteat. IDiils occurred on t.ue first two san-
plin: aates but not on trne tairua. In tie stems tae use of
tae aisn rate of cowmplenentary nutrieats significally in-
creased the calciunm level on all tiaree uates.

The effects of increasing rates of magaesiwa on tae
calcium contents of leaves anu stemns were small. DZecause of
tais, it is doubtful that even tiese uifferences tant were
statistically significant naave any value in iaterpretin; waat
took place insiue tiie plant.

The average nmagnesium contents of soybean leaves anl
stems are saown in Tavle 45. The use of complementary nutri-
ents generally uecreased tie ma nesium levels in bota the
leaves and stems on all taree sampling dates. In the stens
the averase differences between tue last two rates were not
Zreat enousil to be consiuered statistically significaat.

The use of masnesiun increased ftane magaeciun lsvels in

botn the stems and tae leaves, altiouga cifferences vecane
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(@)
<

less si_nificant on tiae last samplia; cate. ILicreasiiy rates
cf maiesiun _enerally increased xne_aesiun levels ia Loty tae
leaves and stens.

The total suar anda anino altrogen values are showa in
Tavle 46. In tie leaves, t.e use of compleneantary nutrients
ot tne C-2 level increased tae total sujars. At the C-4
level +iie total susor convent was sinificantly lower tiiza ot

tine C=2., Iicreasin; rates of comnplementary nutrieats si nif-

icantly reducew the total sucar coantent of tue steus.
Tie use of ma_.iesium i:ncreased toval susars in vota the

stems and leaves. At rates above 1.;-3 (400 pounis par acre)
in tue leaves, and avove i.5=1 in
total sujars wecreased.

Tae amino nitro_en wos _recatly aua significoatly in-
crease. in botn toe leaves ziia stems vy tiie use of comple-—
mentary nutrieatvs. Scca _reat uliferences masieu tne effect
of tne ma nesiuvm levels so that wille statistically sijnifi-~
cant differences occurre., thie values vary in suci a way taatb

interpretation is difficult.

i~ .
~lscussion

e

The wel_ its of Dboth stems ana leaves ana tie yileluis of

[

soyveans were not improveu with tiie use of 1ma_nesiun vecause
tiie soil used in tiese investijations initlally contalied
sufficient guantities of exciaangeable maiesivi. The we-—
crease ia yield taat was obiteined wiere GO0 pouncs of mojie-

J.

sium per acre ~ad been applied may Dbe explainew on T2 vasis
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&)

407

tiat magnesiuvnn suppresseu tiie absorption of povassium by
tiie soyvean plants.
e concentration of na_nesium in soyveans was de-—

creased wien usew in counvination witn sie conplenentary nutri-

ent. Tuails coulu e uuve to tile antasonistic effect taat potas-—
sium 11as ox tlle absorption of ma_mesium. Prince et al. (78)

in stulying tie release of ma_mnesiun from soils in .Jew Jersey,

concluded tiat tiie nost important sinjle factor influencing

PP ——

ma_nesium uptake by plaats was tae quantity of availavle

potassium in t.ie soil.

Several ianvestisators reporteu that tie use of ma ne-
sium increases tae uptaize of paospaorus. Tils tenwency was
found in tae leaves on tiue last sanpliag Gate. Treos et al.
on nutrient solution stuacies, su__este. taiat
JOTA PLrosnilorus alu najnesiwa 1n peas iacreasew ajprecilably

nu consistently wita lacreasin couceatrations of ma jne-
sium, ai1d tiaat increasin tie supply of metesiun resulted
in an iucreasea level of plrospliorus more L.iq:l occurre. wien

g

tro. iucrenents of plhosgplorus were usew. In explainia; the
necianisn, Zimmerman (107) stated tuat nonesiun may be a
carrier of pnospuate and taerefore Dbe closely relateu to
parosprolipid formation aand to tiae syntiesils of nucleoproteins
in plant cells,

A

Thie cecrease ia concentration of potassiwui associateld

witn The use of majnhesiwm was also observed vy Allex (3) aa
o

Zvans et al. (27). Tie antajonistic relationsiin vetween

nasnesium and potassium was explalaeld by Landezardan  (54).
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Table 38, — Average soil test results as affected by taree

levels of complementary nutrients assoclatea

witi five levels of manesiun,

Treatment Available soil nutrients
Nutrient Rate
Level Per Acre Soil Pounds Per Acre
Code (Pounds) Reaction Phosphorus Potassium Calcium Magnesium
c-0(Mg) - 7.2 32 8h4 2930 860
b c b c c
c-2(Mg) - Tk 57 127 3837 936
a b b b a
c-L(Mg) - Tl 101 345 5157 892
a a a a b
Mg-0 0 T.2 63 189 3972 857
b a a a c
Mg-1 100 Te2 65 191 3911 8eT
b a a a c
Mg=-2 200 T.2 66 181 3828 867
b a a a c
Mg~3 Loo Tk 63 196 4189 1140
a a a a b
Mg-k 800 7.4 57 170 3972 1206
a a a a a

C - Complementary Nutrients - N, P, K and Ca
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Jable 39. = Avera_je leaf and sten yielis of soyveans at turee

stajes of development as affectel vy turee levels
of complenentary nutrients associated witi five

levels of ma_nesiwi,

Treatment Dry Weight of 10 Plants (gms)

Nutrient Rate

Level Per Acre Leaves Stems

Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30

c-0(Mg) - 1.83 12.0 60 .4 0.81 6.7 58.7
b a a c a a

c-2(Mg) - 1.83 13.4 T4e5 0.83 8.1 72.5
b a a b a a

C“u(k“lg) - 200 1207 78.7 009)4' 7.)"' 70.7
a a a a a a

Mg-0 0 2.11 13.2 T70.8 0.95 T.9 67.5
a a a a a a

Mg-1 100 1.84 12.8 71.1 0.86 7.3 68.6
b a a b a a

Mg-2 200 1086 1.2.,4' 7607 0083 7.0 69.7
b a a c a a

Mg-3 Loo 1.86 13.0 1.7 0.85 8.0 69.8
b a a b a a

Mg-L 800 1.76 12.0 65.6 0.80 6.8 6L.b
c a a d a a

C - Complementary Nutrients - N, P, K and Ca
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Tavle 40, = Avera_e soybean seed ylelus as affectea by taree
levels of conplenentary autrients associated

with five levels of mo_nesiume.

Treatment Yield
Nutrient Rate Per
Level Per Acre Acre
Code (Pounds ) (Bushels)
c-0(Mg) - 23.3

b
C-2 (Mg ) - 26 ° 6
a
c-4(Mg) - 22.8
b
Mg-0 0 25.2
a
Mg-1 100 2k.8
a
24,2
- OO .
Mg-2 2 ob
a
Mg-k 800 §2-3

C - Complementary Nutrients - N, P, K and Ca
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Table 41, — Averase nitrozen content of soybean leaves and
stems at tiree stazes of development as affected
by taree levels of complenentary nutrients

associated with five levels of ma_nesiwi.

Treatment Nitrogen in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(Mg) - 4 .65 5.34 4.60 2.91 2.73 1.85
c a b c a b
c-2(Mg) - 5.06 5.35 L.T7 3.51 2.62 1.99
b a b a a b
C")"'(Mg) - 5.’4‘6 5037 5.18 3015 2069 2.7)4
a a b a a
Mg-0 0 5.14 5.48 4.95 3.03 2.73 2.32
a a a c a a
Mg-1 100 5.03 5.22 4,88 3.26 2.59 2.23
a a a a a a
Mg-2 200 5.12 5.51 4.85 3.23 2.73 2.11
a a a ab a a
Mg-3 Loo 5.08 5.27 4.73 3.20 2.64 2.07
a a a b a a
Mg-L 800 L.91  5.29 L.83 3.23 2.73 2.23
b a a ab a a

C - Complementary nutrients - N, P, K and Ca
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Table 42, = Average phosphorus content of leaves and stens
at tiree sta_es of developuent 2s affected by
three levels of complenentary nutrients associ-

ated witn five levels of ma_nesium.

Treatment Phosphorus in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
Cc-0(Mg) - 0.247 0.385 0.295 0.181  0.245 0.172
c c b b a b
c-2(Mg) - 0.288 0.L418 0.330 0.176 0.233 0.227
a b ab b a a
Cc-4(Mg) - 0.280 0.452 0.349 0.190 0.245 0.241
b a a a a a
Mg-0 0 0.305 0.433 0.296 0.180 0.249 0.220
a a b be a ab
Mg-1 100 0.267 0.395 0.325 0.175 0.237 0.203
b a ab c a b
Mg-2 200 0.262 0.431 0.306 0.200 0.22k 0.197
b a ab a a b
Mg-3 Loo 0.262 0.k2k 0.355 0.187 0.253 0.237
b a a b a a
Mg~k 800 0.263 0.408  0.342 0.168 0.243  0.209
b a a d a ab

C - Complementary nutrients = N, P, K and Ca
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Table 43. — Averz e potassiua content of leaves ana steams
at taree stajes of uevelopment as affected by
taree levels of complementary nutrients associ-

atea wita five levels of maznesium,.

Treatment Potassium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(Mg) - 1.67 1.33 1.10 1.57 2.07 1.17
c b c c c c
c-2(Mg) - 2.31 1.92 1.59 2.84 3.40 2.03
b a b b b b
C-4(Mg) - 2.51 2.00 1.73 3.33 3.83 2.33
a a a a a a
Mg-0 0] 2.40 1.91 1.61 2.92 3.34 1.92
a a a a a a
Mg-1 100 2.12 1.78 1.4k 2.40 3.13 1.88
b ab b c ab a
Mg-2 200 1.98 1.73 1.48 2.2 3.01 1.86
c be ab c ab a
Mg-3 ITole) 2.33 1.76 1.48 2.7k 3.13 1.77
a ab ab b ab a
Mg~k 800 1.99  1.58 1.37 2.k2  2.88 1.79
c c b c b a

C - Complementary nutrients - N, P, K and Ca
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Table 44, = Average cslciun content of leaves and stens at
tiree stajses of aevelopment as affecteld by taree
levels of complementary nutrients associated

wita five levels of nmasnesium.

Treatment Calcium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(Mg) - 1.33 1.61 1.77 1.k1 1.51 0.94
b b a c b b
c-2(Mg) - 1.31 1.61 1.75 1.52 1.56 0.98
b b a b b b
Cc-k(Mg) - 1.53 1.77 1.85 1.77 1.70 1.07
a a a a a a
Mg=-0 0 1.46 1.64 1.79 1.57 1.58 1.03
a a ab c ab ab
Mg-1 100 1.41 1.69 1.86 1.61 1.65 1.08
b a a b a a
Mg-2 200 1.43 1.69 1.81 1.70 1.63 1.07
ab a a a a a
- 400 1.32 1.62 1.79 1.49 1.51 0.97
Me=3 c ] a ab d b be
- 1.34 1.66 1.70 1,47 1.57 0.94
Mg-k4 800 ! 3 . . 3 o .

C - Complementary nutrients - N, P, K and Ca
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Table 45, = Avera:e maznesium content of leaves and stems at
taree stazes of development as affected by taree
levels of complementary nutrients associated

witn five levels of ma nesiuil.

Treatment Magnesium in Soybean Tissue (per cent)
Nutrient Rate
Level Per Acre Leaves Stems
Code (Pounds) July 12 August 3 August 30 July 12 August 3 August 30
c-0(Mg) - 0.519 0.719 0.639 0.331  0.553 0.570
a a a a a a
c-2(Mg) - 0.436  0.u4Bk4 0.393 0.277 0.352 0.396
b b b b b b
c-4(Mg) - 0.379 0.391 0.378 0.264  0.345 0.308
c c b c b b
Mg-0 0 0.402 0.398 0.4lk 0.220 0.340 0.352
d c be e c b
Mg-1 100 0.413 0.517 0.400 0.280 0.363 0.k27
c b c d c ab
Mg=2 2C0 0.457  0.497 0.494 0.343 0.401 0.381
b b ab a bc ab
Mg-3 olo) 0.459  0.660 0.512 0.298  0.u4T72 0.431
b a a c ab ab
Mg~k 800 0.493 0.585  0.580 0.312 0.508  0.466
a a a b a a

C - Complementary nutrients - N, P, K and Ca
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Table 456, = Avera_e total su ar and amino nitroen contents
of soybean leaves and steans (flowerin,; staze)
as affectea by tiiree levels of complementary

nutrients associated witi five levels of

mnasnesiwie.
Total sugar and amino nitrogen
Treatment in soybean tissue (per cent)

Nutrient Rate Leaves Stems
Level Per Acre Total Amino Total Amino
Code ( Pounds ) Sugar Nitrogen Sugar Nitrogen
c-0(Mg) - 3.03 0.104 1.78 0.078

c c a c
c-2(Mg) - 3.39 0.164 1.33 0.116

a b b b
c-4(Mg) - 3.26 0.192 1.08 0.178

b a c a

d b d d

b a a b
Mg-2 200 3.43 0.160 1.L45 0.142

a a b a
Mg-3 400 3.k2 0.1k2 Lolk 0.110

a c b c
Mg-L 800 3.12 0.160 1.32 0.130

c a c b

C - Complementary nutrients - N, P, K and Ca



SULLARY A0 CO.LCLUSI0.S

K - A oA 2 aha . mAtraT ot
e field experiment was estvablisned oa a Conover silt

~

loam soil in 1G60 to cetermine the effect of wilely varying

)

<y
6]

a4 conoinations of nivro_en, p.iospiorus, potassiull,

<

calcium, and manesiun upoa tie rowii, yield, anxl ciemical

ciaracverisvics of soyveans,
Zaca of the nutrients wes applield at five rates. Zac.

autrieat was associated with tihree roses of comnleneniar

[
(,|

autrients. Soil samnles were collected six weeks affter fer—
tilizer was applie.. Tiese souples were tested for pli,

-

availovle pllospaorus, aad excualseable potassium, caleiuin,
ana ma_nesium.

Plonts were lLarveste. at tiaree sita _es ol uevelonmentd
walcia were labeled as "early vegetative," “Ifloweria " and
"podi=formin;." Tie plant samples were Civiasd 1nto two

YA,

sroups, tae leaves and tae stens. Laca of tue sasples was
analyzed for nitro_en, plrosnaorus, potassium, calciwa, ard
mnajnesivn,  Total susar acd cmino altrogen evaluatiowns were

nadae on samples that were collected auring tie flowerin:;

The results of these i1nvestijatlons are swmlarized as
follows:
A. Viell
A

l. Taie use of amaoniwa nitrate iacreasel tue seed yield

of soyveons approxinately five vusiiels per acre. 1T

120
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was co.xcluauec tiat nitro_en obtal.iea by Tie soyvbean

plaat thurou.: Tixavioa was inacegaiate for noxinun

L

Srowea anla yiela.

)

2. e use of triple superpaospiate at rates up to 200

[

5

pouids of piiosplorus per acre iacreased Tie ary

wal bt of botl leaves and stems. The yield of sesd
was sisnificantly increasel by tae 200 pouns aonpli-

2

cation of paosp.iorus. LTaie use of rates avove Tals

reduced tae upntalke of potassiun wiica tercew o ue
reflectoa 11 recscen ceol yicloo.
Je Juo uso of povassiwa collorie ot i roates resulios

..o wry owel sats of leaves and stems.
Soyvean seed yleluds were a0t sinificantly iacreased
0y u-ie application of potassium cualorive. liere
1200 pounus per acre was usel, tie yield was si_ni-

Ticantly decreased. The application of potassiun

Al

'—

caloride resulted it a reaaction in tie uptaze o
majnesiwa ana nitrosen. Liis provavly accouats for

tile depression 1in yield,

4, The use of calciun hydroxide iiu not _reatly affect
tiie yleld of eitier leaves or stems. Seeu yields
were increassa waere 600 pouands per acre was applied
to tiae soil., The use of nore tuan tals ala 1ot

affect seedl ylells.
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5 e use of ma_nesium oxlde at nijl rates uecreasea
tie ary wel uts of votu leaves and scteils. Seed
yields were si;aificantly lower wiere t.ae gpplicatio.:
equaled 300 pounis of ma unesium per acre. Tie appli-
cation at t.uis rate Cecreaseu t.ue accunulasion of
potassium walcah probably caused tue depression i

yielu.

6. Diie use of each nutrient except potassivi assoclateud
witis "meaiwn" levels of complenentary autrients re-—
sulted ia sinificantly uisher seeld yiells o were
produce.s wiere tie ".ai " levels of complementary

nutrients were usel,

Ze Cliemdlcal composition—-leaves versus stews

l. The leaves contalied nore nitro_el, DiOSP..OTUS,
calcium, aid nasnesiwa tan wld tiie steils. Lie
poivassium content of tue leaves was maici lower tlian
taat founa in tiie stems. At tiie flowering stase, tue
leaves in _eneral contalned more total su_ars alu

alpaia amiino altrogea taan Jdid tie stells.

C. Clemical composition--sta_e of plant developuent
1. The nitrosen content of the leaves iid not vary
sreatly Quring tiae growin season walle the nilirogsen

content of tue stems decreasea uuring tils tinme.

no
.

Prospiorus levels ia ot tae leaves and t.ae steils
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iacreasea uvp to t.ee Tloweriii; tlie ains G.ae:id ae-

creasew auring tue pou=rillin; pericd.

Jo In tTlie leaves, potassiwi levels uecreuseu as o..e
UTOWL; seasdon prosressew. 1.l G.ae ste:ms, petassiua

levels increased up ©o Iflowering tine aiuw taien de-

reased wuring tie pou-filling sta_e.

4o The levels c¢f calciuwm in tiie leaves i.acreased wivoa

time wille wtiiey Gecreased 1 t.e stels.

5. .a_nesium levels in votir tie leaves aiu steus ula

20t exuivit any stron, trenu.

—e Cuaemical composition——iutrient levels in plaant tissue
l. .itrosen applied to tiie soil sinificantly iacreased

t.ie nitroen coatent of Lot t.ae leav

I}

es oia u.ie stens.

2. Applications of nitro_exr resulited in a1 increase in
calciunm ana masuesiva levels 1 tiie plant. Thie use
of ninly active nitrave l1ons accelerateld

Cumd

of tie less active calciluwna znw majnesiom ions.

Je 112 use of nitro_en resulteld i lower toval
Algner alpaa anino nitrosen levels. Tuls was proo-
avly due to tle role nitrogen plays ia

of amino acida from alpia kebto lutaric acid

.,
e
l—.x

ple superpiospiate applied to the soil at tae rate
of 400 pounis per acre of paosphorus significantly

increased tie plospiorus content of thie leaves and







(o
.

lz4
stens. Waien less tuaa 400 pounds was usel, D1OS—
phorus levels in tiie tissue were not iicreased
creatly but tiie treatment did coatribute to plant

Srowsa: anda yield.

Al -

Tite use of triple superpiospiaate resulted ia in-
creased accwanlation of tie divelent lons, calciun
and masnesium. Tals was assoclatea wita a lower
conceartration of potassium. oJifferences ia t.e

accunulation of cationzs by soyveans are attributed

to tae morpuaolosy aand piysiology of the roots,
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