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INTRODUCTION 

The.importance ot potassium in plant nutrition has long 

been recognised. However, the specific metabolic role(a) ot 
potaasiua in plant growth has not been clearly elucidated. It 
haa been.suggested that potassium. regulates euch d1ver,e proc-

••••• as.respiration• photosynthesis, carbohyQrate synthesis 
and degradation, protein ayntbesis, chlorophyll formation• and 

translocation of starch. 

It is difficult to elucidate the metabolic role or potaa-

aiwa because of its general effect on many bioch•ical processes 

occurring within plants. Potassium can affect such diverse 

pathways as protein synthesis and carbohydrate metabolism by 

its intlu.ence on the synthesis or metabolism or an intermediate 

oomon to both pathways. An intermediate COIIIIOn to both systems 

is adenoaine triphoaphate (ATP) and related phosphate compounds. 

Any ion which directly er indirectly affects phosphate 

metabolism can greatly alter such important pathway• as protein 

syntbeais and carbohydrate metabolism. Therefore, a study of 

the effect ot potaasiua on general phosphate metabolism coupled 
with a similar study of nitrogen metabolism, may g:lve some 
insight into t.he possible regulatory role or potassium in plant 
metabolism. 

Soybean seedlings, Qlyci9e max, used for this research 

normally have relatively high contents of potasaium, phosphorus, 

and nitrogen, ions that were studied in detail. In addition; 
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soybean plants grow relatively rapid and are well adapted to 

greenhouse ccmditions, making it an excellent indicator plant. 

The main objectives of this study were aa follows: 

1. To detendne a possible f'unction(a) or potasaiwa in plant 
growth or metabolism. 

2. To investigate the hypothesis that potasaiwa is a cofac\or 
in phosphorus me'taboliam. 

). To measure, it possible, the minimum and maximum concen-

trations of potaaeiu.m required for "normal" phosphorv.a 

and nitrogen ae'taboliam. 



-. -
LITW!UU P!IiW 

Bach llineral autrient required by plan.ta, it detioien\• 

eauaea one or more external and/or internal abnormality. 
Potaaaiua ie a ucronutrient or macrometabolic •l•eat found 
in plant• in UlOunta often exceeded only by carbon, oqgen, 
hJtrc,gen, and nitrogen. 

Potaea1wa 1a absolutely easeatial to plants and oumot 
be replaced entirely by another element. In Ylew ot '111• 

and because of the large amount needed by plants, it•••• 
alaoat incredible that tbe apecif1c role of poaaaiwa in 

growth pro•••••• has neYer been fully elucidated. In apite 
ot extena1Ye research, pouaai1111 reuina aa eleaent ot 
ayatery inaotar aa ita function 1n lirtng tissue ia concemed. 
Only by no\ing the effects of ita absence on a plant baa 1ta 

role been deduced (Gilbert, 1957). 
Potaaaium Requirement tor Plant Orowtb 

Rr&11,,, pota111M ooa\1nt 
The reported critical potassium content (per eat dry 

weight, required for normal gronh Tari•• with plaata and 
authors. Gerwig and Ahlgren (l9SS) found the critical per-
centage to vary_trom aeason to season. but probably 11•• 
within the range of 1.42 to 1.s4 per cut. McNaugbt (19SS) 
reported the critical level tor growth for white 

and red cloYer leaYes to be 1.a per cent potaealwa. He alao 
reported the leYel to be approximately 1.6 per cent tor rr•• 
gr•••• orchardgra••• and Yorkshire tog. Many plant• that 



contain one per cent or leas potassium show rather severe 
potassium deficiency sym.ptoma (Kresge and Younts, 1960 and 
Stivers and Ohlrogge, 1952) •. 

Piftr1bgt1on ot potaasiy in 2lanta 
Potassium dietribution 1• not uniform in plants. Whan 

deficiencies occur, potassium is concentrated in the newly-

developed plant parts (Black, 1957). With ample potassiwn 

supplies, the concentration may be greater in older than in 

the younger tissue (Bowling and Brow, 1947). M.icrocbemical 

studies indicate that potassium occurs in the cytoplasm and 

vacuoles, but not within the nucleus (Macallum, 1906 and 

Penston, 19)1). Gamble (1962), working with rat liver m1to• 

cbondria, found that potassium behaves as though it was con• 
tained at a relatively fixed concentration, close to 90 aeq/1. 

Deticiencr smtoaa 
Potassium deficiency usually is first manifested by a 

yellowing ot the tips and edgee of older laaella or leafi•••• 

As deficiencies become more •••ere, the yellowed areas progr••• 

toward the center and base of the leaves. In advanced atagea 
or po,aaaium starvation, the leaf edges become necrotic and 

tbe tlasue disintegrates (Lawton and Cook, 1954). In aeme 
· instances with initial potassium deficiency the leaves are 

dark green or bluish-green in color (Black, 1957;. 



• 10 • 

r.no,1on ot Po\aaaiwn in Plant• 

P111t•l N51!!!11o Wt 
Literature on lb• metabolic role ot pota••1• ha• l»eea 

amart.sed by Black (19S7). He reponed that tb• potaaaiu 
content ot planta 1• poaitively correlated wi tb the ral_• of 
aetaboliaa. Potaaai• appears to be required tor at leaat 
two ditterent metabolic reactions, :ln carbohydrate as well aa 

nitrogen aetabolia. 

Pil"aon (1955) atated that the potassium level~£ the cell 

con,rols tbe processes of pho~aynthesia aid respiration to a 

lllgh degree, and the magnitude ot theae aetabol1c prooesaea ia 
aaaociated wi U't potaeaiwa uptake. Bwalaen (1963) indicated 
that potaaa:11111 attecta transpiration, carbohydrate 
protein ayntheaia, en11yae acti vi tr, aeria tea growth, •~tal 

and water relationabipa in plants aa well as photo-
ayntbeaia and reapiration--all important tor optimum plant 

growth. 

CV)tobJdrate aetabolin 
Potasaiwn deficiencies ha•• been found to both increase 

and deerea•• the level of carbohyct.i:atea 1n plant• (Wall, 19)9). 
Bnvlronmeatal con di tiona, aeYerity of deticienoy, plant 1.iaaue 

analysed aad supply of other nutrients markedly 1ntluence the 

carbohydrat• atatua or lnel obaened in potaeaiu defielocr. 

Wall (1939) attributed the initial carbobydrste aocwmlation, 

under potaaaiwn deficiency to a•••• action• etteet reaultirag 
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from reduced protein syntheeis. He also stated that carbohy-

drates generally decrease in seYere and long-standing potassiua 

deficiency. Eat.on (1952} reported similar results with sun-

flower plants. 

Ward (1959) working with potatoes reported the starch 

content of tbe leaves was a direct function of the amount of 

potassium applied, but the starch content ot \he tubers was 

not. The plant part most serio~aly affected by potassium 

deficiency was the leaf tissue where carbohydrates are ayntbe-

aiaed and the end product, starch, reflected the disorder (Ward, 

1959). 
Tbe role of potassium in carbohydrate metabolism may be 

indirect rather than direct. Potassium may be required early 

in the general metabolic pathway and when a deficiency of 

potassium exists one or more reactions may be blocked causing 

an initial increase then a decrease in the carbohydrate leYel 

(Gauch, 1957). Hoagland (1948) states, "When plants are grown 

for a long period under potassium deficiency. carbohydrate 

synthesis and metabolism will be affected, no matter what the 
essential function or potassium may be"• 

!itrogen metabolism 

The hypothesis inYolYing potassium in a direct relation-

ship to nitrogen metaboli• suggests that organic nitrogen 

fractions are increased as a result of a disturbance in protein 

synthesis (Lawton and Cook, 195~). Wall (1939, l940J and others 
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have attributed the initial accumulation 0£ carbohydrates in 

the early stages ot potassium starvation to this hypothesis. 

It was also pointed out that proteolysia does not occur at a 

high rate if abundant carbohydrates are iresent, thus eliminating 

protein breakdown as the primary source of the increased soluble 

organic nitrogen fraction. 

Richards and Coleman (1952) reported that the accWl\tlation 

of putrescine (1 14-diamino-butane) occurred under potaseiWB 

deficiency in barley seedlings. Similar sy1tptoma were incmced 

when putreacine was adminiaterad to plants with an adequate 

potassium supply. The accwnulation of putrescine, however, 

was not always found with potassiu deficiency ( Coleman and 

Richards, 1956). Recent work by Smith (196)) indicates that 

the accumulation of putreacine and related amine• (apatine) 

under potassium deficiencies is due to the enhanced arginine 

decarboxylase activity. Griffith et al. (1960) reported an 

accumulation of amide nitrogen (mainly asparagine) under high 

nitrogen-low potassium fertilization of orchardgrass, which 

indicated abnormal nitrogen metaboliam. 

Amino acid incorporation into proteins by pea eeedling 

preparations has been shown to require adenosine triphoaphate 

(ATP), magnesium and a monovalent cation (Webster, 1959). 
Tbe monovalent cation, potassium, markedly enhanced the amino 

acid incorporation into proteins. He further indicated that 

the enhanced amino acid incorporation specifically by potasaiWR 
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iona was similar to the necessity of the same ton {I+) tor the 
synthesis 0£ simple peptides. The monovalent cations, Na, Li 
and NB4 bad little effect and lb ions were inhibitory. Vebs••r 
concluded that the observed enhancement of protein ayntbesia 

in potato disks and bacterial protoplasts by the potassium ion 

may be a retlection of a necessity of potassium for the forma-

tion of peptide bonds of protein aolecules. 

Potassium bas been implicated in the syn.thesis of several 

enzymes (Thomas, et al., 1959 and Ward, 1959), and in the td.o-
ayntheais o! nucleic acid baaes 1 adenine, guanine and uracil 

(Okuda and Nakuigawa, l95S). Potassium can not be replaced 

by any other monovalent cation in the biosyntheaia of these 

nucleic acid bases (Okuda and Nakamigawa, 1958}. 

Phoseate 1etaboliSll and easmatic ac\lvU;y 

Luev and Oolubeva ( 1960), working with wheat sprouts, 

stated that potassium deficiencies do not appreciably affect 

the relative distribution of pboapborus in its various frac-

tions. Potassium deficienciea caused sharp reductions in 

phosphorus movament from the roota into the plants, and general 
phosphorus metabolism was severely disrupted. It also caused 

a severe drop in the absolute content or organio-phospboru.e, 

especially in compounds containing both nitrogen and phosphorus. 

Kotyk (1958) suggested that potassium was required for the 

phosphorylation or endogenous substrate by regulating the 

incorporation or inorganic phosphate into the structural 
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components. Preas11an and Lardy (1955) stated that potaaaiwn 

is required in reactions closely allied with esterification 

of inorganic phosphate. They concluded that potassium partic-

ipates in transphosphorylation reactions. but does net directly 

influence the oxidative reactions. 

Hartt (1934} observed tbat potassiua deficient plants 

showed a reduced invertase and increased amylase activities. 

Potasaiwa bas been established ae an GS$ent1al activator tor 

pyruvate kinase (ATP-pyruvic tranaphosphorylaae)• aceto-co.A.-
kinaae, pbosphotranaacetylase and tructokinase (Fruton and 

Simmonds, 1958 and Lardy, 1951). The potasa1wa activation of 

acetylation reactions has been explained in terms of the 

potassiwn requirement of each of the two known pathway• for 

acetate activation by A·l'J>. (Pressman and Lardy, 1955). 

Lardy (1951) reponed that "one generalisation which aeeme 
to be justified is that 'Ule specU'ic requirements for divalent 

cations are met by rather low concentrations, while the mono-

valent cation (I) is, in many cases required ill relatively high 

concentrations•. Gauch (1957) atated tbat th1a generalisation 

by Lardy (1951) might explain the need of a high concentration of 

potassiwn. 

Pbo\o,xntheaia 
According to Rabinowitch (194Slt potaaaiwn deficiency 

causes chlorosis (insufficient development of chlorophyll) and 

therefore a depressed rate of photosynthesis. He .tunher 
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reported "that in addition to this indirect effect, potassium 

bas also a direct effect on photosynthesis, since an addition 

of this element to the medium may cause an immediate increase 

in the rate of photosynthesis". Pirson (1955) also concluded 

that the potassium ion bas a direct effect on photoeyntheais. 

Latsko (1959) postulated that the role of potassium in 

photosynthetic phosphorylation is similar to that of magnesium. 

This baa not, however, been confirmed. Okuda and Makaraigawa 

(1958) have also reported a specific requirement for pottasaiua 

in photosynthesis. Osbun et al. (196)) working with bean 

plants reported that potassium deficiency slightly reduced 

carbon dioxide fixation (uptake) and oxygen evolution in bot'th 

light and darkness. Reepiration, however, waa increased by 

potassium deficiency both in light and darknesa. 
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SXP&RIM&NT I 

PROCSDURES 

Physical and Cultural Conditions 

Eatabl&ahaenj: 
Soybeans (Ol7cine max. Var. Dorman) were seeded unifonnly 

in the greenhouse on February 5 1 196) 1n two flats filled with 

S-meab white qua~s eand. 1 The seedlings were grown for 20 daya 

with a 51 dilution of complete Hoagland'• solution (Hoagland 
and Amon, 19)8) applied at ten daya to maintain satisfactory 

growth. Six seedlings were then transplanted into 2-gallon 

plastic containers filled with the 8-meah white quarts sand. 

Alter a live day equilibration period, the pots were thinned 

to five plants. The seedlings were in the first trifoliate 

leaf stage of development at this time. Juat prior to iapoaing 

the fertility levels, the cotyledons were removed from all 

seedlings to elilllinate these aa a possible potasaiu Stlpply. 

nower initiation was avoided by providing supplementary light 
to obtain approximately a 16 hour pbotoperiod. 

Cultun ,x,tep. 
The culture drainage system consisted of a 2-toot section 

of i inch plastic tubing with a 2-incb section ot capillary 

tabing inserted in the end to restrict the drainage flow rate. 

The solution drained into a 1-gallon black reservoir. The sand 

1obta1ned from Pennsylvania Glass Sand Corporation, aise ~Q-iOI. 
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containers were irrigated or fiooded manually eYery three to 

five hours with three liters of the nutrient solu'td.o~. The 

frequency of irrigation was adjusted to the prevailing rate 

of tranapo-evaporation. 

Nutrie95 solution 
The baaic nutrient solution used was Hoagland and Amon's 

ainua K solution, second method of substitution (Hoagland and 
Amon., 19311 ). The solution contained the following nutrients 

(g/1 h Ca(N03 )2•4820, l.181; MgS04,•1H20, 0.49); Ca{l2P04)2•H20, 

0.1261; 83803 , 0.0025; MnCl2•4H20, 0.0014; ZaCl2, 0.0001; 
CuOl2•2Hi(), O.OOOOS; and Mo0.3, O,OOOOd. Iron was supplied in 
the chelated fora as Pe•EDTA2 at the rate of .036 ral/1 ot 5~ 
Fe. Potassium was supplied aa ICl at the rate• indicated belows 

PB! I ••• Ql/1 ot nutrient solv.t19 
0 

20 
40 
80 

160 

none o.o:,a1 
0.0762 o.1s24 
0.)0.,..$ 

In all cases the nutrient solution was renewed at weekly 

intervals. A small aliquot of each fresh solut.ion was taken 

immediately after preparation for pH detenainations. Juat 

prior to discarding the solution troa the individual pot 

resenoir (after one week), the solution was reoonatitutsd to 

approximately tbree liters and an aliquot taken for aubeequent 

2versenol from Dow Chemical Company, Midland, Michigan 
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The experiment was arranged as a aplit-plot design with 

harvest dates as the main plot and potaaaiwa nutrition levels 

as the sub-plots in each of three replications. At weekly 
intervals, one complete pot (five plants} waa harvested from 

each replication ot the five potassium nutrition levels. The 

plants were cu.t just above the point of the cotyledonary node 
at each harvest. 

B1ochaical Determinations 

After harvesting, the plant material was placed in a cold 

chamber, taken to the laboratory and washed three times with a 

cold dilute CaCl2 (O.Ol~) solution and immediately frozen. The 

plant material was then lyopb.ilf;zed, after this it was weighed, 

ground in a micro-Wiley mill to paaa a 4,0-mesh screen, and 

a'tored over P2o5 in a vacuum desiccator at approximately 00 c. 
One gram of the soybean tissue material was then fractionated 

as follows (Baker and Schmidt, 1963): l. An initial extraction 

with 1~ trichloroacetic acid (TCA) at o° C. for 10 llinutea, 
followed by three similar extractions with 5% TCA to remove 

the acid-soluble phosphate and nitrogenous compounds. 2. The 

TCA, phospbolipid, and lipo-nitrogen compounds were removed 

trom the residue by two extractions with 95% ethanol (ETCH) 
at o0 c. for one hour followed b7 tour extractions with ethanol• 

ether ():l, v/v) for 20 minutes at 45o c. ). The nucleic acids 
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were enracted the lipid-tree residue with 11 IOH tor 6o 

minutes at )7° c. 
Tbe phoapbate components of the cold TCA extract were 

separated using one gram Norit-A (actiTated charcoal) columns 
(1.5 ca x 2 ca). Immediately before adding the extract, tbe 

Norit•A column waa washed with 10 ml of cold distilled water 

then 10 Ill of cold l~ TCA. W11ih the procedure ot Baker and 

Schmidt (196)) the cold TCA fraction was separated into ortho• 
pl!loaphate, organic phosphates and Horit-A adsorbable phosphates. 
The l! KOR extracts were adjusted to approximately pH 6.s with 
HCl before subjecting these to any analyaia. 

Phosphate was determined coloriaetrically at 660 8111 in a 
B &. L "Spectronic 20" spectrophotometer using the method ot 
Fiske and Subbarow (1925). Total N {reduced-I) waa determined 

' 
tor each or the extracts with the modified micro-kjeldahl 
procedure described by Schmidt (1961). A Beckman 11odel DU 
flame spectrophotometer was uaed to detel'lline potassium. 

RESULTS 

The three replications were combined to obtain enough 
plant tissue tor analysis. Therefore, only the dry matter 
data have been subjected to statistical analysis. 

pH oft.be Nutrient Solution 
The pH values of the fresh nutrient solutions ranged from 

6.2 to 6.5, Table 1. The variation in pH was greater be.tween 
weeka than among K leTela within a week. No oonaiaten~ trends 
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1n pl due to I lenla were noted at t.be end ot ooe week. fte 
aoaewbat high Yaluea tor the fourth harvest date (24 da,-.,> 
u.y baT• be• due IO the exudation of orgaaio acids plaat 
roots and alao a higller •ptake or cation• froa a\lt.riat 

eolution .• 
Table l.. pll ot Ille lhatrien\ Solution Ini \ially 81:Ul One Week ., ; 

La\er 

1+ Aclclecl 
II lla:111i 111H ,11.D 4t1ill: 1+ ~,,i 

' ., a u ·11 
·:-;. 

PJIII Initial ft.nal Initial Final Initial 1.lnal Initial Fiial 

0 •. ,. 7.4, ,., 7.0 ,.,. 7.0 ,.,. ?'4 . '.·'• 20 ,., 7 .. 4 ,., 1.0 6.4 1.0 6.4 ?i'7 
lg 6.2 7.3 ,., 1.0 ,.,. 1.0 ,.,. 7,6 , .. 1 1., 6.4 1.0 ,., 7.1 ,.,. 1.6 160 6.2 7.2 6 • .5 ,., 6.3 1.0 6.4 ?~6 

Dr, Jlat,er Yield 

There waa no difference aong the applied I leTela with 

rupeot to tlte cwerall •• tor each le't'el. Hown•r• tile 

,S.eld tor all I l•••l• waa greater than tbe l veataent. 
The •tal aean yield was significantly greater tor each 
auoceaal•• bU'Teat date. 

Tb• Id.ply aigniticant iateraotion indicates \hat the 
p.elcla tr• added potaaaia cbaqecl aaong tbe baneat dat••• 
Partitioning of the interaction (Appendix 1) to vie reapon•• 
ot potasaia within each hanea,, showed that ••••ntially all 
of the yield responae due to poMasiwa occurred a, the 2•-cta1 
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han•••• The different I ln•l• allowed no aign1t1ou\ •tten 
at the 7e 14, or 21-day hane1ta. 'ftlis waa probably a refi••• 
tion ot the enclogenou.a l 8Upply. The miaue I trea•ent at 28 
days waa eignifican-1.J lower 1ilaa any ot the applle4 petaae1• 
leYela. 

rroa tb••• data, it ay be con.eluded Iba\ aoylMan •••cl.• : 
supplied ~•ouch poueaiua tor gNJWtb tor approxiu,ely 21 da7~ 
after adding the I treauenta (a total of 46 day•• ZS daya 

eatabliabMn t ..- 21 day•). 

Total yield lncreaaed exponentially with till•• P1cun 1. 
Thia baa been plotted 1n the Log tona and \hrmgbout thia 
UD.uacr1pt will be r~terred to ae a logaritbaetio •fleet. -~t 
rate ot lacreaae (elope ot the line) waa aoaewhat l••• tor .. , 
min•• petaaaiua tn.ataent than tor tile Yarioua addecl pota••i• 
leYela. Thie difference 1a attri'buted to '11• a1ga1J:1cant 
interaction. 

There was a ali&bt cleYiation troa the logari~e iacreaae 
at the 7•da.J baneat. Thia may ha•• been clue te a llild ••••k• 
erteot• troa the,abl"'1pt change in th• root enri.ron•nt. rrta 
gendn.ation until daJ'•O, a period. of 2S daya, the plant• were 
grown in aancl with only •ter. At d.ay.O, lbe D\ltr1•1 aol•• 
,1ona were applied, thus the aalte plua 1.be cbange 1n oaolic 

pressure may ha•• reduced growth. Therefore, after a ahon 
equilibration: period, tbe increase in dry matter with t1u 
waa logarlthld.c. 
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table a. Dry Mat\er Yield u Iallueaoed bJ ruu•aa t1fl xw , , ,.,,.,>~ · 
1 

.617 

.738 .,., 

.aao· 

.7io 
,760 

Cheaioal Coapoa1 tion and luvieat Upt,ake 

r,e•••• 

,S69a* 
.88]1, .no 
·"'' •. s,sb 

The pouaaiua peroentace lncreaaed with iaoreaaing aaout.e 
of added 1 1 Table 3. The potaaaiu oon,ent a, the 16o aD.4 80 
ppa le••l• waa aillilar throughout the tov WMklf laaneah. 
Wi\b the 4,0 ppa l•••l a decrease 1a potaaeiua penea\age ot 
plant• oecurred at\er tb• aeecmd. week. !he plant• grown with 
o and 20 ppa I le••l• tlecreaaed ln potaaalua ooateat witb 
aclYanoing ac•• 

The per cent potaaaiua •• intlu.enoecl by I laYel ud aa• 
' ' 

ia abown la figure 2. When the po'laaatua content ••• below . . 
l.6()f, detlcieaoy 8JlllPtOII• were detectable. Sl1gbt,potaaa1• 

deEiotenoiea (yellowiq of the older leaf tlaeuej were noted . . 
at 14 daya for tile ainua I 1•••1• At 21 da,-a the Q and 20 
ppn l•••l• ehowed mild and alight deticienciea reapectively. 



Table 3. Potassium, Phosphate., and Nitrogen Content and Uptake as Affected by Age and Potassium 
Nutrition. 

Harvest Added Nutrient Content Nutrient U2take Yield (Drl Wt.) 
Date K p 11 K p N 

Days after 
ICT added ppm '%. '%. % mg/pot mg/pot mg/pot g/pot 

0 0 1.76 .5409 4.28 6.51 2.00 15.84 0.370 

0 1.10 .6040 4.11 6.27 3.44 23.43 0.570 
20 1.65 .5682 3.00 9.52 3.28 17.31 0.577 

7 40 1.27 .5797 4.05 7.33 3.35 23.37 0.577 
80 2.36 .5118 4.58 13.76 2.98 26.70 0.583 

160 3.10 • .5654 3.84 19.78 3.61 24.50 0.638 

0 1.00 .7355 3.7S 16.75 12.32 62.81 1.675 N 
i{:I,. 

20 1.60 .5852 3.69 33.52 12.26 77.31 2.095 
14 40 2.62 .S919 4.21 63.01 14.24 101.25 2.405 

80 2.96 .5624 3.81 62.31 11.84 80.20 2.105 
160 3.44 .5416 3.31 104.23 16.41 100.29 3.030 

0 0.46 .7435 4.50 12.08 19.52 118.12 2.625 
20 1.32 .5424 3.81 51.81 21.29 149.54 3.925 

21 40 2.34 .5284 4.09 101.79 22.98 177.92 4.350 
80 2.80 .5180 3.64 128.80 23.83 167.44 4.600 

160 3.52 .5195 3.93 180.40 26.62 201.41 5.125 

0 0.26 .7841 4.01 17.13 51.67 264.26 6.590 
20 0.92 .4840 3.25 114.49 60.23 404.46 12.445 

28 40 1.64 .4332 3.45 181.22 47.87 381.22 11.oso 
80 2.24 .4470 3.05 291.65 58.20 397.11 13.020 

160 3.16 .43.21 3.12 369.72 S0.57 376.74 11.700 
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After 2i days the plants at the O level showed IIU'kecl poka• 
' 

a1wn deficiency (O.2$), the 20 ppm l•••l allowed a 11114 

detici ency ( o. 9~ I)• whereas the 4,0 ppm level ( l. 6i., l) 

exhibited traces of a deficiency. 

Phoagoo• 
fhe per cent phoaphorus of .the leaves generally .deoreaaed 

with 1acreaaed amoua,a ot l. Phosphate uptake 1ncreaae4 
logaritbllically with \1ae 1 Figure). There waa no appare~, 
relat1onab1p betwsen I. lnela and phosphate uptake. The 
alight deviation ot phoapbate uptake at seven daye may be a 

retleotien ot the initial equilibration of the plant root• 
when nutrient solutions were applied. 

JU:troup. 
There appears to be a general trend tort-be nitrogen 

percentage to decreaae with increaaing K levels, Table l• 
Thia effect waa ll\lCh leas pronounced \han tor pboaphoNa ooa-
tent. The high nitrogen content tor l ia proNbly a 
concentrating effect resulting from the lower yield. 

There appears to be a positive relationship between 
nitrogen uptake and level of po'&ssiua, Table ). Nitrogen. 

uptake generally increased logaritbllically with time, Figure 

i.. The elope ot the line tor nitrogen uptake for minus I. ia 

aoaewbat leas than that for the four l lnela. No differ• 

eaoea were detectable aaong the tour different K rat••• The 
difference in the two indicated slopes could be interpreted 
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a• a at1amlat1ng ettect ot potasaiwa on nitrogen uptake. 
When tme diftereace in the two alopea tor nitrogen uptake 
are coapared to tboee sbown tor the increase in to-tal yield 

(Figure 1), it appears that the difterenoea are aillilar. 
In general, a linear relationabip existed between nitrogen 
uptake and yield, Figure 5. 

Diatribution ot Cellu.lar Phoephorua 
The d1st.r1bution of cellular phosphate tor the initial 

( daJ•O) and tbree of the tour weekly harvests ta shown ln 
Table 4. The plant tissue tor the 21-day harvest waa not 
dried completely attar :ty;~pbiljation. tbua drying waa COIi• 

pleted in a forced-air oven. Subsequent biocbellical analy-

sis showed that oven drying altered the distribution of~• 
cellular phoapbate oomponenta. For tbta reaaon, the 21 day 

analyses were excluded. 
A striking increase 1n trichloroacetic acid soluble 

plloapboZ"Ua (TOA soluble•P) occurred with the Id.ml• I'. nutrient, 
solutioa. The increase became en.dent tor t.he ?-day baneat., 

especially wh• expressed as mg P /1 ( Hereat'1;.er thia will be 

expreaaed aiaply as mg/g.). !be acowmlatioa of TCA aolubl••P 

increased with time, both. 1n act•l concentration (ag/g) ancl 
aa a percentage of the to~ eellular-P. For tJte 28-<lay har-

•••t the 111aua K plant t1aaue was n•arly 2• higher 1a TOA 
soluble•P than the average tor the four I levela. 

The TCA aoluble-P traction waa separated into tree 
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Table 4. F.f'fect of 'l':bne and Potassium Nutrition Level.a on the Dist.ribution of Cellular Phosphorus. 

Harvest ~-t- Addi!! TCA SolµblttP Lipid-P Nucleic lc;lid-f 
PJite . Total 'Ii Qr!:go-P Or .v.an1 c-l! 

Day& alter 
K added PJm m.g/f!}f' ;~ mg/g .,, mg/g ' mg/g mg/g ,,;./ 

I"' ,c;J ;) ~·-,') 

0 0 2.835 52.41 2.520 46.59 .098 1.81 0.898 16 .. 60 1.791 33.u 

0 3.780 62.58 .3.612 59.so .018 1.46 0.866 14.34 1.492 24.70 
20 3.543 62.35 3.563 62.71 .2:14 4.82 0.8Z! 14.55 1.295 22,.79 

7 40 3.512 60.58 3.228 55.68 .on 1..71 0.819 14..13 1.688 29.12 
80 3.268 63.85 2.91.3 .56.92 0.874 17.00 1.543 30.15 

160 .3.449 61 .. 00 3.25s 57.62 .531 9 39 o.906 16.02 l.346 23.Sl 
• 

0 5.165 70.22 4.744 64.50 .669 12.49 0.866 n.71 1.457 19-81 iJ,, -20 4.126 70.51 3.957 67.62 .546 9.33 o.906 15.1,8 1.386 23.68 
14 40 3.575 60.40 3.435 58.0'J ' .330 5.57 0.866 14.63 1.295 21.es 

80 3.512 62..45 3.278 58.29 .315 5.60 o.906 16.ll 1.366 24.29 
160 3.449 6J.68 3.169 58.51 .325 6.00 0.890 16.43 1.252 23.12 

0 6.2/,0 79.85 4.764 60.TI .885 n.29 .7'48 9.54 1.254 15.99 
20 J.228 66.69 2.667 55.10 .581 12.00 .689 14.24 1.213 2; .. 06 

28 40 2.480 57-Z'/ 2.195 50.69 .403 9.31 .689 15-91 1.21.9 23.15 
80 2.815 62.98 2.490 55.70 .423 9.46 .606 13.58 1.<XJ6 22.51 

160 2.303 53.31 2.f:JJ7 47-85 .413 9.56 .689 15.95 1.1.51 26.64 

* mg P/g of plant tissue 

... ;f or total P 
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or\ho-phoaphate (inorcanic pboapborua) and lorit•A nonadaorbed-P 
(organ1c-P)3. The organic•P fraction is composed prlaaril7 of 
eu.gar-phoaphatea. 

Definite venda ebow an accumulation of bolb organio•P 
and Pi under low I nutrition. The trend for organio•P accu-
au1a,1oa ••• ev1den, a, 14 days for mlnua I and at 2, d;aya tor 
the 20 ppa I level. Pl accumulation tends to occur somewhat 

later. The increaae in organio•P may be related to tlle aeverit7 
of viaual potasaiwa deticienoy 8J11ptoma (Figure 2),. 

Lipid-P content was similar tor tiuue of a given age. 
Howe••r• when expressing the data aa per cent ot total oellalar-P, 
there waa a aarked etfeot •• to K. A 4 to ,~ increaae ill 

lipid•P pereentac• waa exhibited at 28 daya 1 wbea coapariag all 
I levels witb Id.nu• 1. 

Tbe nucleic acid•P (1!, IOR extraotable) deoreaaed aliglll1J 
in absolute concentration with inoreaalng l leYela; and it 

alao deoreaaed with time. However, the percentage of aaeleio 
aeid•P in plant tissue lncreaaed witb added 1. A 2 w S~ 

increase occurred a~ 14 daya wit.b added l; and at 28 day• 1, 
inoreaaed \o 6 to 1~. 

Shilts in tbe diatribution of oellalar•P aa iaflaeaoecl 
b7 I l•••l• and age are shown in fipN 6. In. general,- a 
•riced increaae in TCA soluble•P and a eonooaiunt deer•••• 

Jp1 denote• ortbo-phoapbate to simplify the diaouaion. 
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in lipid•P .and nucleic ac1d-P are exhibited for tbe minua I 

level. The extent of the increase and/or decreaa• in diatri• 

bution became more distinct with advancing age or time. 

Diatribution or Cellular Nitrogen 

The distribution of cellular nitrogen ehowed tread• 

siailar to those tor the di atr1but1on of cellular-P, Table S. 
In general, the trends were not evident until the 2.S-day 

hanest. 

Both tbe total amount and percentage ot TOA soluble-I 

increase markedly at 28 days with ~• minus It treatment. A 

alight irun:•eaae in TCA soluble•N was observed at 14 days; 

bu't at 2S days the percentage had more than doubl•d, ldl.en 
comparing the tour IC. levels with minus K. 

The per cent nucleic acid-N increased aligbtly for all 
K levels at 28 daya. However, the protein-N aho,ed a very 

marked increase• l4 to l~ higher• with K treatmenta. The 

lipid•I distribution remained eaaentially oona\ant. 



Table 5. Effect of Time and Potassium Nutrition Levels on the Distribution of Cellular Nitrogen. 

Harvest Date t<+"Added TCA Soluble N Lieid N Nucleic Acid N Protein N 
Days after 

K+ added ppm mg/r tirlr mg/g "1 mg/g % mg/g "1 

0 0 9.244 21.60 4.341 10.14 18.885 44.12 10.33 24.14 

0 4.984 12.13 3.023 7.35 1.2.88 17.73 25.81 62.80 
20 4.555 15.18 2.722 9.07 6.913 23.04 15.81 52.70 

7 40 3.974 9.81 3.612 8.92 13.400 33.08 19.51 48.17 
80 4.001 8.74 3.537 1.12 13.908 30.37 24.35 53.17 

160 4.555 11.8S 2.219 5.78 18. 782 28.08 20.84 54.27 

0 6.056 16.51 3.473 9.26 6.806 18.15 21.16 56.43 
20 4.877 13.22 2.675 7.49 6.945 18.82 22.31 60.46 IJ'l 

14 40 5.681 13.49 3.130 7.43 6.774 16.09 26.52 62.99 
80 5.038 13.22 2.820 7.40 6.692 18.09 23.35 61.29 

160 4.984 16.06 2.497 7.54 6.838 20.66 18.78 56.74 

0 13.692 34.14 3.057 7.62 9.423 23.50 13.93 34.74 
20 4.637 14.27 2.679 8.24 9.231 28.40 15.95 49.08 

28 40 4.627 13.41 2.887 8.37 9.175 26.59 17.81 51.62 
80 4.593 15.06 2.340 7.62 8.177 26.81 15.39 50.46 

160 4.308 13.38 3.019 9.38 8.369 25.99 16.50 51.24 

* mg N/g of dry plant material 

.. 1 of total cellular N 
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ZlPERIMENT II 
After examining tbe data from. Experiment I, it appeared 

desirable to study similar responses in pboaphate and nitrogen 
metabolism with lower levels ot potassium. Several reviaioaa 

were alao made in the greenhouse facilities to provide £or 
automated irrigation. Plant populations were increased to 

provide adequate plant material for analyses to be conducted 

on each replication. 
PROCU:DURES 

Physical and Culture Condition• 
Cultllre getem 

The nutrient solutions were introduced into the plant 
container by the automated sub-irrigation technique described 

by Meyer and Anderson (1952) • The plant containers were 2-

gallon sized glased crocks equipped with aide drainage hol••• 
Hutrient aolutiona were forced up through i•inch plastic 
tubing trom 1-gallon black reservoirs into the plant con-
tainers by compressed air. The air pressure was regulated 

by an air-pressure reducer. The duration and frequency ot 
irrigation was controlled by a solenoid valve-time clock 

combination. The plant containers were irrigated every two 
hours during the day and every tour hours during the night. 
The same type of sand was used for this experiment as described 
in Experiment I. 



EJR•rwntfl. d••kP 
Treatments were arranged in a split-plot design with 

harvest dates as the main plot and 1·1evels aa the aub-plo,a 
in each ot two replications. Hanests ware made at weekly 
intenal.a tor three week a. 

The plant populationa for tbis experiment were set at 
the following levels: 

Harvest It COD.trol, 100 plants haneated wben 
treatments were iai~ated 

Harvest II: 7 days-)0 planta/pot 
IVYeat III: 14 daya-20 plants/pot 
Haneat Il: 21· daya•lO plants/pot 

lu'£iep5 aoi,5191 
The baaic nutrieat aolutioaa were aiailar w those tor 

Experillent I. The I levels ranged troa 0 to 19S ppa l 

expressed in the of ot K per liter ot 
nutrient solution I /1). Potaasiwa was supplied aa ICl 

at the following rates: 

•• , g+IJ. 
0 o.o, 

0.10 
0.2s o.so 
1.00 s.oo 

i•Mbliapept 

pa l;Cl/J. 
0 

0.00373 
Z:~it 
0.03721 
0.07455 
0.37275 

The soybeans (Dorman variety) were seeded direetly into 



the aand filled 2-gallon glased crocks oa October 91 1963. 
The •••dlinga were thianed to the prescribed plant popula• 

tiona when ten daya old. n.ve daya·iater 1 October 2-, 1963, 
the pokaaium treatments were applied. Morpbologically, the 

' seedling• were at the late aeed-leat or early tirat trito-

11ate lea£ stage. A 16 hcur photoperiod ws uaed. 

Bioobea1oal Detena1nat1ona 

The harvesting procedure was similar to Experiment I; 

except that the plants were separated into steaa and lea£ 

plua aeriate•tic tissue. The Mriatematic tiaaue was conaicl• 
end to be the area above the last tr1tol1ate leaf petiole. 

These two separate• were washed individually with the d.ilute 

aolution ot CaC12 (O.Ol~) ae in lxperiaent I. 

The aubaequent biochemical determination• reported for 

th1a experilllent pertain to the leat plus JUriatematic tissue 

only. A jOO mg aample waa uaed for extractioa. Tb• labora-

tory procedures were aillilar to t-bose tor Experillent I. 

USULTS 
Dry Matter Production 

There were marked diftereocea in dry matter production 

per plant due to I levels•• harvea, daiiea, Table:6. The 

aean y1el4 for all K l•••l• was aipifican\ly b1gher tor 

eaoh noceaaive week or barv••~ date. 
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Table 6. Dry Matter Production in Grams per Plant .as 
Inpy.gqed bJ goM••&wa pd Ti'!!• 

x-t-applied 
aeq/l 

o.oo o.o, 
0.10 
0.2s o.so 
1.00 s.oo 
Mean 

7 

.130 .140 

.146 

.162 

.161 

.162 

.14s 

.149 

Hvveat date (daye) 
14 21 

.246 .2so 

.322 

.)43 
• .3;2 
.31• 
.370 
.319 

.60S 

.6;2 

.753 

.149 .696 

.4)4 
1.044 

.1a2 

.)28a* 

.)Stab 

.407abc 

.lt,64be 

.40)abo 

.43labc 

.;19o 

-Values not having the aaae letter ditter signiticantly at 
tht sf lff•l• 

The dry weight of the leaf '1ssue4 increased logarith• 

or exponentially with respect to time, Figure 7. 
Generally as the I level increased the rate (slope) of dry 

material accumulation also increased. 

Chemical Composition and Nutrient Uptake 

Pot1saiwn 
The per cent potassium ot the leaf tissue aa affected 

by age and IC lffel is ahom in Table 7. The potass1wa per-

centage ahowed a highly a1gn1t1cant response to added land 
a significant response to harvest date. 

The potassium levels x harvest date interaotion,waa 

also highly sipificant. Partitioning of this interaction 

4•Leat tissue" will be uaed to designate "leaf pl•• aeriate-
matic tissue". 
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Table 7. Chemical Composition and Nutrient Uptake by Soybeans as Affected by Potassium Nutrition 
and Age.* 

Harvest Date x.+ Applied Chemi£!1 9®?e2sition ,12 Nutrient U2take in slelant 
Days meq/1 K p N K p N 

0 o.oo 2. S01ffl 0.6262 5.94 1.425 0.036 3.39 

o.oo 1.73d 0.7430 5.69 l •. 920 0.825 6.32 
o.os 1.89 cd 0.7316 s.s9 2.268 0.878 6.71 
0.10 1.87d 0.7165 5.60 2.356 0.903 7.06 

7 0.2s 1.82d 0.6848 s.33 2.530 0.952 7.41 
o.so 2.30bc 0.6776 5.56 3.128 0.922 7.56 
1.00 2.48b 0.6574 S.56 3.447 0.914 7.73 tflt. 
s.oo 3.97a 0.6652 5.43 4.962 0.832 6.79 -
o.oo l.39e 0.9876 5.47 2.850 2.025 11.21 
o.os l.59de 1.0352 S.57 3.721 2.539 13.03 
0.10 l.45e 0.9376 5.19 3.814 2.466 15.23 

14 0.25 1.83 cd 1.0492 5.60 5.179 2.969 15.85 
0.50 2.09c 0.8663 5.49 6.145 2.547 16.14 
1.00 2.62b 0.9040 5.28 6.760 2.332 13.62 
5.00 3.95a o. 7584 5.25 12.008 2.306 15.96 

o.oo 0.67 e 0.9602 5.29 3.390 4.859 26.77 
o.os 0.93de 0.8884 5.03 4.948 4.726 26.76 
0.10 1.02d 0.8851 5.29 6.263 5.434 32.48 

21 0.2s 1.25d 0.7927 5.31 9.000 5.707 38.23 
0.50 l.77 c 0.7784 5.09 9.965 4.382 28.66 
1.00 2.19 b 0.7911 4.96 14.804 S.248 33.53 
5.00 4.31 a 0.6930 5.14 36.807 5.918 43.90 

* Average of two replications. 
,1n1r Values within each date not having the same letter differ significantly at the 1% level. 
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(Appendix 2} ahowed a highly aignificant inoreaae of po\aa-
alum content, with 1ncreaaing le..-ela ol K w1 thin each haneat. 

In all casee the addition of 5.00 aeq 1/l gaTe a aigalticatl7 

higher per cent potass1U11. The leaf tissue from the remaining 

K leTela varied with respect to potassium percentage from 

haneat to barveat. Thia may haTe been cauaed by a dilution 

of tile endogenous K and applied K as yields increased witb 

time. 
Visual potaaaiwn deficiency aymptoma were not observed 

unt,11 the laat baneat. Mild , alight, and traoes ot potasaiua 
deficiency symptoms were noted for the o.oo, o.os, and 0.10 

meq of 1/1, respec'1Tely. The per cent potaaaiu 1n the leaf 

tuauea tor th••• I treatments waa o.67, 0.93, and 1.O~, 
respectively. 

The uptake of potaaatu was highly aaaociaMd with the 

uoUD.t of K adcled. la t,he n1arient solutions. 

Phoaehor,a 
The per cent phoaphorua generally decreased with inoreaaiag 

K leTela; this trend la aoat en.dent at the 2l•day hanest, 
Table 7. At this date the leat tissue of tbe ad.nu.a It treatment 
oonkined 0.9~ phosphorus as compared to O.6~ phospbone tor 
tbe 5.00 aeq I rate. 

The differences in pbospborua uptake were small. A ,read 

le indicated for a higher pboapborua uptake with increasing I 

at the 2l•day haneat. This trend appears to be related to 
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the yield increase, Table 6. 
w1tro,cs 

Data on per cent nitrogen showe~ a signiticant effect 

due to harvest date, but not to K. The nitrogen percentage 

at the 21-day harvest was lower t ban at the 14 or 7-day 

harYeat. Tbere was no difference between the 7 and 14-day 
harvests. The decrease in per cent nitrogn with time was 

probably a dilution effect trom the increased yield. 

Nitrogen uptake as affected by Kia shown in Figure'• 

The rate of nitrogen uptake appears to be a linear logarith• 
function of time. The rate of nitrogen uptake increaae4 

with time, when IC was added. A deviation from linearity is 

apparent for the 5.00 meq/1 I level. Thia deviation was 

related to total yield increase rather than to I levels, 
' ' 

Figure 9. Therefore, the increase in nitrogen uptake is a 

linear function of total yield rather than K level eer !!• 
Extraction Till• Study with 11 KOH 

An extraction-time study was conducted on the lipid-tree 
soybean lea£ residue 'to- determine the minilllllm time required 

' 
to quantitatively extract the nucleic acids. Witb ChlopllA 
mepoidoy cells, Baker and Schmidt (1963) reported that 

essentially all of the l!. KOH extractable phosphate was 

extracted in JO minutes at 370 c. Herrmann (1964) • working 

in the same laboratory, observed a similar trend tor RNA-
riboae and ultraviolet absorption at 260111)1 tor a similar 
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extract. 
The data 0£ the continuous extraction of the lipid-tree 

soybean leaf reeidue are shown 1a P'igure 10. The tot.al pboa-

phorus extracted with ll I.OH increased up to 4; minutes. 
Tbere waa no further increase in total pbosphoraa extracted 

between 45 and 7'J miautes. The alight increase in total 

phosphorus at 7S minutes and marked inoreaae at 90 minute• 
indicates extraction ot phoaphoproteina. 

Total nitrogen of tbe same extracts waa determined. Tbe 
extraction ot total nitrogen increased up to 60 ~•tea, with 

ao apparenl 1Dcrease between 60 and 75 minutes. A.tter 7S 
ainutea there waa a gradual,increase in tot;al nitrogen. The 

increase after 7'> minutes indicates,that proteins were being 
hydrolyzed. It waa concluded that the enraction of ••cleic 

acide wae completed at 60 lllinutea; hence the lipid•lree leat 
tiaaue residue was extracted for 60 minutes with 11 lOH at 

370 C for nucleic acid an•lJ••• in tbe abeequent research. 
Distribution of Cellular Pho•phoru.a 

Tbe ettects of varying Kon the d1atr1bu1d.on of cellular 
phosphor.as are shown in Table 4. The aoat marked efteots 
occurred at the 21-day harYest, but the trend• began to occur 
at 'the 7-day han-eat. The mean values tor all phosphate 
eomponenta comb1n•d for all dates tor each I level, along 
with atatiatical significance are shown in Table 9. 
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Table 8. Effect of Time and Potassium Nutrition on the Distribution of Cellular Phosphorus.* 

Harvest r Afelied TCA Soluble-P 
Date Total Ortho-P Organic-P Lipid-P Nucleic Acid-P . -- ii= Days meq/1 mg/gti m.g/g '%. mg/g '%. mg/g % mg/g % 

0 0 3.468 55.38 3.367 53.77 0.081 1.29 0.745 11.90 1.394 22.26 

o.oo 4.350 58.70 3.948 53.12 .288 3.90 1.002 13.53 1.830 24.58 
0.05 3.962 54.64 3.450 45.23 .390 5.24 1.001 13.82 1.874 25.72 
0.10 3.688 51.46 3.258 45.48 .358 4.99 1.019 14.22 1.918 26.76 

7 o.25 3.806 55.63 3.566 52.17 .us 1.70 1.001 14.64 1.754 25.60 
o.so 3.623 53.44 3.462 51.06 .136 2.02 1.014 14.96 1.908 28.17 
1.00 3.652 55.55 3.338 50.76 .273 4.18 0.992 15.08 1.818 27.65 
5.00 3.563 53.56 3.267 49.18 .080 1.22 1.012 15.74 1.758 26.4$ 

o.oo 6.290 63.12 5.801 58.44 .460 4.36 0.948 9.12 l. 776 18.16 .. co 
0.05 7.492 68.87 7.027 64.52 .374 3.46 1.004 9.34 1.844 17.10 
0.10 5.754 61.46 5.478 58.50 .195 2.10 0.981 10.47 1.910 20.40 

14 0.25 7.002 66.76 6.626 63.18 .170 1.60 0.988 9.42 1.982 18.89 
0.50 5.684 65.60 5.427 62.66 .088 1.03 1.003 11.58 1.851 21.38 
1.00 6.103 67.52 5. 712 63.17 .344 3.83 0.969 10.72 1.818 20.11 
s.oo 4.376 57.70 4.094 53.96 .133 1.76 0.987 13.02 1.706 22.48 

o.oo 6.186 64.SO 5.604 58.44 .538 5.59 1.036 10.so 1.957 20.38 
0.05 5.205 58.66 4.773 53.78 .410 4.64 1.050 11.89 1.896 21.46 
0.10 4.972 56.48 4.758 S3.96 .130 1.58 1.066 12.18 2.028 23.10 

21 0.25 4.358 54.94 4.156 52.44 .182 2.22 1.010 12.88 1.951 24.74 
0.50 4.437 56.48 4.060 52.12 .302 3.92 1.067 13. 74 1.960 25.26 
1.00 4.278 54.06 4.018 50.78 .204 2.60 l.013 12.80 1.862 23.56 
5.00 3.780 54.55 3.668 52.93 .068 0.98 0.944 13.63 1.784 25.74 

* Average of two replications * mg P/g of plant material 
+ % of total cellular P 



Table 9. Nean Value for Each Phosphate CClnponent Combined for all Harvest Dates for Each K Level. 

K+ TCA Soluble-P Lim.d-P I,Suclsc 1eid-P 

=,r1 miJg TotlJ: Ortho-P Or$D,i.c-P , 
/, m.g/g ., ~r mi]g ;1, mg/g ---? miJg /\.• ;·~, -'" 

o.oo 5-609a* 62.lQiH 5.ll8a* 56.72 .42&iHI: 4.62 0.995 11.35eH- l.854 21.04cH 
0.05 5.553ab 60.77:a 5.00.3ab 54.51 .392a 4.45 l.OJ.8 ll.68de l.871 21.4Jbc 
0.10 4.804bc 56.47b 4-498abe 52.65 .228ab 2.89 1.022 l2.29cd 1.952 2.3.42abc 
0.25 5-055abc 59.llab 4.78Jabe 55,.93 .156b l.82 1.000 12.32ca 1.896 23.00abc o.;o 4.,Slcd 58-67ab 4.Jl7ed 55.2S .. l75b 2.32 1.0:?S l3./+2ab 1.906 24.94& 
1.00 4.67le 59.04,ab 4-356bed 54.90 .Z"{4ab 3.54 0.992 12 .. 8"/bc l.833 23.'77ab 
5.00 3.90!,d 55.27b 3.676d 52.02 .094h 1.32 0.981 13.96a 1.749 24,.9()a 

*· Val.ues in the same column not having the same letter differ signif'icantly at the 1x; level. 
ff Values in the same colum1 not having the same letter differ signifieanUy at the 51t level. 

Levels of Significance: 

Total r, ~~blt::P , . , , lgi at 1;:,,, potassium levels (K); at 5:o .harvest date (H); at 25;;~,, K x H interaction 
(2) % : at li&, HJ at 5'.f~ K; _at l.~, K x H interaction 

~l) mg/g: at 1,t; K; at 5;s H; at l.Of 3 K x H interaction 
(2) ;.: : at 25% H and K; at 10,,;. K x H interaction 

9.r&W:st-P 
(11 mg/g: at 5_;;~ X 
(2) ;,; : at 10;6~ K 

(1) mg/gi at 25%~ K; <25;,:, Hand K x H interaction 
(2) ;~ 1 at l;~, K; at 5;~,, H; at 25;;, K x H interaction 

KuclJP.C 1c.id-F 
(1 ;Jg:< 25;;, Hand K 
(2) .;; : a.t l':t .. K; at 1o,;, n 
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TCA So;\pble•P 
There was a marked increase in total TCA soluble•P with 

minus las compared to the 5.00 meq K/1 level, Table 9. The 

TCA soluble•P, expressed as either mg/g or per cent, was 

higher for the minus K than for tihe ,.oo aeq K/1 level. 

Increasing K levels d.ecreaeed the TCA aoluble•P at a 

relatively uniform rate tor each succesa1Ye baneat. The 

TCA aoluble•P content (both mg P/g and percentage) was highest 

at the 14,-day harvest, intel"lllftcllate at tbe 21-clay haneat ancl 

lowest at the ?-day haM'est. 

Ortho-pboaphate (Pi) ~owed. a marked accwaulation with 
d•oreaaed l levels, -..en expressed. aa mg/g. The ;.oo, 1.00 
and. o.so meq K levels caused a marted decrease 1n Pi aOCWl\l• 

lation as eompared to min•• K. PotassiWD levels, barveat 

dates and their interaction did not effect Pi s igaificantlJ, 

w!Mn expressed as a percentage ot total cellular-P. MeYer• 

theless, trends similar to those for mg P/g are observable. 

As the amount of K increased, the mg/1 or organic-P 

generally decreased. When expressed as percentage of total 
cellular-P, neither K levels, harvest date, nor their inter-

action was significant at the,. level. However, increasing 

l levels caused the percentage of arganio-P to decrease at 

the l~ level of significance. 

L1Ri4•P 
There were apparently no significant changes in the 
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abaol1&\e aaout (ag/g) ot lipid-P d\le to l or haneat date. 

By expressing the da'ta •• percentages ot total cellular-P, 
,here were a1gn1t1cant dittarences. Increasing l leYela 
increased the per cent lipid-P, Table a. 

L1p14-P was highest at the 7-d.ay haneat and lowest at 

the 14-day harYeat. There waa no difference in the per cent 
llpid•P between either the 7 and 21-clay barYeet or the 14 ud 
21-day harYeat. Tbue the per cent lipid-P increased during 
Oto 7 daye, decreased between 7 and 14 daya, and then inoreaaed 
craclually between 14 and 21 clays. 

l9oleic acid•P 
The percentage of nucl•1e acid•P waa increased by added 

1ncr•ents of 1. At the 21-day harteat there••• an inoreaae 
in nucleic aoid•P with each leYel of K. A allgbt deri.atlon 

occurred with the 1.00 aeq/1 K leYel. Sillilar to tbe reaulta 

found with lipid•P, the per cent nucleic ao1cl•P deoreaaed 
from the 7 to 14-day haneat. An increase 1n per cent naoleic 

acid-P waa round troa the 14-day to the 21-clay haneat. 

Distribution or Cellular Nitrogen 
The distribution ot cellular nitrogen aa etteoted by 

hanest date, and It 1• ahown 1a Table 10. The mean valuea 
tor all nitrogen component• oomb:lned tor all datea tor each 
I leYel, along with the statistical data are presented in 
table ll. 



Table 10. Effect of Time and Potassiw Nutrition m the D:tstributiQ.'1 or Cellular Nitrogen.* 

0 

7 

14 

21 

o.oo 
o.oo 
0.05 
0.10 
0.25 
0.50 
1.00 
5.00 

o.oo 
0.05 
0.10 
0.25 
0.50 
1.00 
.5.00 

o.oo 
0.05 
0.10 
0.25 
0.50 
l .. 00 
5.00 

17.617 

u.534 
10.614 
9.010 
8.861 
9.'J:{2 
t~.694 
7.245 

7.453 7.w. 
6.778 
6.830 
5.626 
5.114 
4.528 

l.1.940 
8.ZJO 
'l. ·751., 
6 .. 002 
:.958 
:;.wi> 
5.350 

z:;.66 

20.32 
19.21 
16.09 
16.58 
16.69 
15 .. 58 
13.34 

13.62 
13.36 
U.76 
12.20 
10.24 
9.70 
8.62 

22.60 
16.30 
15-~ 
12.S8 
u.11 
1.1 .02 
10.40 

* Average of two replications 
ff mg H/g ot dry plant tissue 

;,~ of total IJ 

8.654 

9.774 
9.018 
6.801 
6.940 
7.814 
7.220 
6.055 

6.596 
6.547 
5.831 
5.522 
4.648 
.3.926 
3.250 

7.331 
4.668 
5.l9S 
I:,.-~) 
3.382 
J.261 
3 •. 108 

14.57 

17.20 
16.37 
12.14 
13.01 
14.00 
12.92 
ll.09 

12.(); 
11.76 
10.n 
9.86 
8.47 
7.44 
6.19 

13.86 
9.28 
9.s2 
7.66 
6.64 
6.52 
6.04 

3.046 
9.3s2 
8.676 s.m 
8.806 
8.303 
7.972 
7.fiJ8 

7.378 
7.836 
7.458 
8.832 
8.648 
7.927 
a.593 

6.ll.4 
6.912 
7.110 
7.61B 
'/ .101 
7.Z'/9 
4.9.32 

5.13 

16.46 
15.50 
16.0J 
16.56 
14.96 
14.54 
14.00 

lJ.1$ 
14.06 
12.91 
15.78 
15.76 
15.02 
16.36 

12 • .22 
13.so 
13.42 
14.31 
13.95 
14.61 
9.60 

Wueleic Ac:t¼i-N 
mi}g 

22.24.3 

25.3.34 
25.050 
26.918 
25.798 
26.032 
21>.411> 
24.561 

24.90, 
24.435 
21,.410 
25.960 
Z!.221 
25.674 
24.528 

24.~s 
25.866 
26.426 
26.334 
'Z'/.710 
31.020 
25.s70 

37.45 
44.46 
44.55 
47.96 
,..S.86 
46.84 
47.60 
45.30 

45.54 
43.88 
45.76 
46.35 
49.59 
48.62 
46.72 

45.52 
51.46 
49.94 
49.52 
54.44 
56.18 
50.33 

. ;;;Jg 

16.494 
10.649 
ll.560 
u.099 
9.835 

u.944 
12.53g 
14.926 

14.962 
15-988 
17.~ 
14.378 
13.406 
14.004 
14.851 

10.399 
9.292 

U.4(¥J 
12.346 
10.131 
8.855 

15.248 

27.77 

18.76 
20.74 
19.91 
18.5() 
21.52 
22.53 
27.36 
27.35 
213.70 
2!].57 
25.66 
24.40 
21,.66 
29.30 

19.64 
18.45 
2)..58 
23.30 
19.91 
18.19 
29.66 



Table 11. Hean Value tor F..ach Hi trogen Component Combined for all Harvest t.tes tor Ea.ch K Level. 

K+ TCA S~-N LiPid-1"1 Nu~leic Acid-H ProtmJl:N = ;;;Jg 
Tgtfl 

,} Nori?;j ngw;ts~rb~ mg/g , .. J mg/g ,,,, mg/g ::,? ,,_, g /,, f"I /'1> /'.' 

o.oo l0.J09a* L'1.S5a* 7.901.a 14.37a 7.741 u..os 24.780 45.17d l2.0Q4bff- 2l.92bff' 
0.05 8.76~ 16.29b 6.742b 12 .. 47ab 7.800 14.46 25.117 46.-03cd 12.280b 22.6Jb 
0.10 7-918bc 14 • .3Cl>c 5.943bc 10.69bc 7.s47 14.12 26.585 47.69be lJ.lS/.iab Z3.69b 
0.25 7.498bcd 13.89be 5.507c 10.lSc e.419 15.55 21>.031 '48.07bc 12.186b 22.49b 
0.50 6.952cde 12.SSed 5.282c 9.73cd 8.01"/ 14.89 26.988 5Q.29ab U.827b 21.9u, 
1.00 6.4l&le 12.lOed 4.S02ed 8.96cd 7.721, 14.73 26.713 50.80a ll.8.26b 22.46b 
5.00 5.700e 10.79d 4.138d 7.78d 7.031 13.32 24.986 47.44ed 15.000a 2.8.4,4a 

*Values in the Sat".;d c.Jlunn not having the same letter differ significant4" at the 1:t level. 
HValues in the same column not having the same letter differ significanUy at the 5;:; level. 

Levels of Si~cance 

To;ta\l. fl'; Solub)&-lJ ., 
(imii/gt at i;;;, potassium levels (K), at 25;~, harvest date (H) and K x H interaction 
(2) ;; : at J.:':~, K; at 25X 1 a; <. 25;,: $ K x H interaction 

!,l t-A No sorbed-N 
l g: at ]j), K; at 25,:;;, H; < 25:~, K x H interaction 

(2) ;; , at l;'.l, K; at 25:ci;" H; <.25;,,.K x H interaction 

~) mg/g: at 25),~, H 
(2) % : <251,;~ a,, an'1 K :< harvest date interaction 

:Nucleic, 1£:id-N 
(l~mg/g: at 25~;., K 
(2) ;{ : at l;:, K; at 251; :- K x H interactioo 

Protsin-N 
{1)"" mg/g: at 51;. K; at io,~;, H; at 25:0~ K x H interaction 

;; : at 5;;3 K; at 25~~ H; <.25:;;, K x H interaction 
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TCA 1011bl•::JI 
Tbe accumlation o t TOA soluble-I (mg/ g and per cent ) , 

wae invereel7 related to K levels. •The TOA soluble-I did 
not ditter with barveat date or-with the K level x ba"eat 
elate interaction. Tbua, the decreases in total TCA soluble .. 
with added levels ot I were oonaiatent tor eaeb harvest date. 
Similar ettecta were noted for the Norit•A nonadaorbed-11. 

Liplcl-N 
Lipid-I aa ag/g or per cent ot total cellular-N, waa 

not effected by l or harvest date, 

It appears tba t there was a decrease 1n lipid-N w1 th 
increasing I at the 21 aad 7•d.a7 harveata, However• thie 
trend waa reversed at the l4•claJ harvest. 

If the lipid-N traction can be taken a.a an indicatioa 
of ohlorophJll ccntent• then I may indirectly regulate 
chloropbJll synthesis causing~ general increase in lipid-I 
at the lit-day harvest. The marked decrease in lipid-I tor 
the s.oo aeq/1 I level at the 21-day harvest may be a dilution 

effect due to the rapid dry weight accumulation. In additioa, 
a marked increase in protein-N occurred coaourrently.w1tb '11• 

decreased 11p1d•N tor the s.oo meq K tr••••nt. Thia would 
be additional eridenc, ot tbe dilution ettect auggestec:l tor 

tbe deer•••• in lipid-Nat the 21~d.a1 harvest. 

Juclpic &eid-1 
When the nucleic acid-N was expressed as fl&/g there waa 
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no statistical significance due to treatments. However, 

there appears to be a slight increase in nucleic acid•N for 

the intermediate K levels. 

The same data when expressed as percentages ot total-I• 

ahowed a very striking increase in nucleic acid-N with applied 

K. With 0.50 and 1.00 meq/1 K rates there was a higher nucleic 

acid•N percentage than tor o.oo, 0.0.5, and s.oo meq/1 l ratea. 

The per cent nucleic acid-N increaaed with each increment or 
K up to the s.oo meq/1 rate. There was no significant ditter-

enee among the o.oo, o.os and 5.00 meq/1 K leYels. 

Protein-N 

Statistical analysis showed that there were some signif-

icant effects ot K levels on protein-N. The highest K level 

( 5. 00 aeq) resulted in more protein-N, with no significant 

differences among the remaining K levels. At the 21-day 

harvest there was a 10% increase 1n per cen\ protein-N between 
the ainue Kand 5.00 meq/1 K level. This difference amounted 

to approximtely 5 mg/got protein-N. There was no marked 

effect due to either harvest date or K level x harvest date 

interaction. 
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DISCUSSIOI 
Dry matter acc\UIN.lation was increased logarithmically 

or exponentially with time, regardless ot applied K levels. 
Thie waa found tor both total herbage (Experi•nt I) and 

lea£ 'td.saue ( Experiaent II). The prilllary effect of added IC 

in the nutrient solutions waa to accelerate the rate (elope) 
ot dry matter accww.lation with time. The rate ot locaritb• 
aetic dry matter acoWllUlation proareaaively iaoreaaed witb 
time for each inore•nt ot I in E.xperia-.t II. 

The I level needed to prevent deficiency e711ptoaa increaaed 
with tille,ia Experiment I. A• auoh as 4,0 ppa ot I•• aot 
auttieient to prevent alight potaaaiwa deticienciea at the 
28-day ba"est. !be data indicate that endogenous l troll 

seeds was autticient tor "normal• growth up to '1le 7-day 

harvest or a total ot 32 days atter planting (2S days eakb• 

liahaent plus 7 days after K treataenta). 
The percentage ot phosphorus 1n the plant tiaaue was 

inversely related to tbe •oant ot K supplied. Thia agrees 

with the 11.0rk ot Kroontje (19S6). These data could lead to 
the erroneou concluai~n that I retards the uptake ot phoa• 
phorua. However, further calculations allowed t,bat total 

pboaphorua uptake waa riot affected by applied K. Tbe uptake 
of pboapboru1 was aiailar tor all I levels at a given bar• 

vest date, but increaaed progreaaively with tiM. Phoephortaa 
uptake was a linear logarithmetic £unction ot ti• regardl••• 
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ot I level. Thus, the increased per cent phosphorus waa due 
to the concentrating effect caused by the lower yields ae l 
levels decreased. From these data it appears that phosphorus 
uptake 1s a "passive" reaction, relatively independent of 

growth. Nitrogen upuke waa a linear logar1thaet1c function 
ot time. It appears that increasing K levels stim\llated 
nitrogen uptake, Figures 4 and 8. However, this was found 
to be an indirect ettect of K caused by its direct effect on 
increasing the yield. A direct linear relationship was found 

between nitrogen uptake and total yield, Figures 5 and 9. 
Baker and Scbaidt ( 1964.) reported considerable hydrol-

ysis of lipid•P with increased storage time ot the une.xtracted 

Chlorella pyrenoidoaa cells. The decrease in lipid-P was 
associated with a quantitative increase in TCA aoluble-P. 
They attributed the increase in TCA soluble-P to increases 
in ortbo-phospbate and Norit•A nonadsorbed-P. To obtain a 
quantitative estimation of nucleotide-P (Norit•A adsorbed-P)• 
the cold TCA extract must be passed through the Norit-A colwm 
immediately after ex.traction (Schmidt, 1964). Without this 
precaution, the di• and tri-P nucleotides may be rapidly 
hydrolyzed to the nucleotide mono-P with a concomitant 

increase in ortho-pboaphate (Pi). 
The soybean seedling material used in this study was 

stored tor one to two months before extraction• in most cases. 
Due to limited laboratory space and equipment, it was 
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iapoaaible. to subject the cold TCA extract to Rorit•A adaorp-

tion colana 1 .. diately alter extraction. For tbe reaaona 
aenl.1. oned above, tbe percentage ot Pi touacl ill tbe TOA soluble 

fraction 1a somewhat magnitied. 
Witib the aaalyti cal aetboda used, a direct quan ti ta ti Ye 

eatiation of the di• ap.d tri-P nuoleotidea waa not poaeible; 
tberetore, an indirect ea\illatioa waa calcu.lated. Aaawaing 
tllat tbe ccncentration ot non-nucleotide llorit;-A adsorbed-II 
and P ooapounds was constant, by det;era1a1ng the lfori\•A 

adsorbed Pil ratio an indirect eatimate of the cli•P plua' 

tri•P nucleotidea waa calculated, Table 12. Increases in 

adaorbed P:1 ratios indicate that proportionately more P tbaa 
I wae aclaorbed. Thus, indirect evidence ot an increase 1n tbe 

poly•P nucleotides can be obtained. 
A marked increase in the adsorbed P:N ratio was fOlllld• 

eapecially when ooaparing tbe two extreme I levels. A 2.aa, 
).96 and 2.12-told inor••• in the adsorbed P:I ratio tor the 

1, 14, and 21-day baneat, reapectively, waa noted. !Ilia 
indirect ertd81lce indicate• that potassium taotione either 

directly or indiNctly 1a the pboaphorylating aecbaniaa ot 
\ 

tbe a4•-¥~c acid ayatem (AMP, ADP and ATP). 'ftlia 1• 1n 
., \. 

agreeaent with 1-be work ot Preeaman and Lardy (19SS) tor, coupled 
oxidat1Te pboapborylatloa. A ailllilar faction ot potaaaia 

may be opera,1•• in pbotoaynthetic pboapborrlation. Tbwf, 

low levela ot potaaaiwn aay 1.nb1'!..1t. the f,;ra..,. tlc.-i t;,f •ner11•rloll 



'I'able 12. Distributior, of Norit-A Ad~,orbed Compou ,dn as Influenced by '.l.'inie and Potassiumtf, 

Ha:rv~st date i(~ed !·Jorit-A adsorbed-P l1or1 t-A adsorbed-N Adsorbed. PLN r1t;io 
Da;rs mg P7~ ,, ":'otal p mg N]g'/Mf' 1~: Total-n -;;;Jg }; ,.AJ J,. -

0 o.oo .020 0.32 s.963 15.09 .0022 0.212 

o.oo .114 1.53 1.760 3.l4 .0648 0.487 
0.05 .122 1.n 1.6-02 2.s4 .0762 0.602 
0.10 .072 0.99 2.200 3.96 .OJ26 0.250 

7 0.25 .123 1.75 1.922 3.57 .0640 0.490 
0.50 .024 0.34 1.4.57 2.62 .0165 O.lJO 
1.00 .04.0 0.61 1.474 2.72 .027]. 0.224 
5.00 .216 3.16 1.190 2.25 .1815 1.404 Ul 

..c 
o.oo .030 0.32 0.856 1.56 .o:350 0.205 
0.05 .090 0.90 0.894 1.66 .. 1007 0.542 
0.10 .001 0 .. 86 0.958 1.65 .0046 0.521 

14 0.25 .206 1.99 1.300 2 • .34 .1575 0.850 
0.50 .170 1.91 0.977 l.77 .1740 1.079 
1.00 .047 0.52 1.188 2.26 .0396 0.230 
5.00 .149 1.98 1.27e 2 .. 44 .1166 0.811 

o.oo .045 0.47 4.600 s.75 -0098 0.054 
0.05 .021 0.23 .3.562 7.02, .0059 0.033 
0 .. 10 .004 0.93 2.782 5.24 .0302 0.177 

21 0.25 .02() o.,s 2.742 5.21 .0073 0.054 
0.50 .075 0.95 2.576 5.06 .0291 0.188 
1.00 .055 0.70 2.185 4.49 .0252 0.156 
s.ao ,Qlab o.63 2.242 4.30 ,0196 . 0,llt7 .,_ 

* Average of two replications 

* mg/ g or dry plant tissues 
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pboapbate bonda due to tbe reduced ATP or pol7-P nucleotide 
l•••ls.· 

If a uohaniaa(e) ta preaent, to eatabliab a priority 

or doainance ot oer,a1n aetabol1c pro••••• acb •• reapira• 
tion, tor chemical energy (ATP); then a potaaaiwa atreaa 
could cauae an increase in reapiratioa with reapec, to the 
other prooe••••• With tbia assumption• a at.rilting increase 

; 

in TCl soluble ooapounda or 1ntenaed1atea would be expeo•ed. 
When nitrogen 1• applied as reduoecl-11 (1a 3 or 111.,+) a apeeitio 

aeta'belic pathway is present to reduce the deleterioua ett••• 
of the exoeaa reducecl-1. Tb1a 1• acooapliabed by the tona-

tion of amide 0011tpounda ( pri•rily glutamiae and a aparagiae) • 
Thia reaction also requires ATP (Webster, l9S9), thus cauiq 

a tuRher drain on the ATP pool. An increase 1n ••l•ble-1, 
especially aaparagiae under low l fertilisation ha• beu 

reported by Orittitb et a 1. ( 1960) and ••••ral others. 

It the r1rat Mta'bolio "priority" role ot potaaaiwa ia 

related to general-P ae\aboliaa rather than aeneral•N me'8bo-
11•, 1m.en changes in the diatril:•U~ion ot cellular-P 

occur at lower l l•••l• than l.boae indicated for the dla,ru,. .. 
tion ot cell\lla_.-N. A o•pari1on ot Fiprea 11 and 12 abowa 
that tld.a ocourred. 

Marked change• in P-dietribution were found tor the o.o,. 
0.10 and 0.2s 118ft 1./1 level•• Tb• ndiat.ribution of oellalar-P 
generally leYela otf at the 0.2s ••q 1./1 rate. Tb• . 
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redistribution or TCA aoluble-N and nucleic acid•N did not 

stabilise until the 1.00 ••q I level. 

The marked increase in nucleic acid-N at the 0.05 .. q 

level uy be a retleotion ot tbe "specific" potassium require• 

far nucleic acid base synthesis reported by Okllda and 

Nakalligawa (195a). The initial increase in proteln•N at the 

0.25 meq level may be an indication ot the potaasia require-

ment for peptide-protein ayntheaia reported by Webster (19S9). 
The decreased protein-Nat the 0.50 and 1.00 aeq levels ia 

probably a reflection of a nucleic acid "atr•••"• 

The deer•••• in lipid-I at the 5.00 meq level 11 probably 
oauaed by the dilution effect of increased yield and increased 
cellular protein. 

The observation tha\ K is aomewbat irreYersibly retaia.cl 

in the mitochondria (Oeable, 1962) and the requirement of I 

in coupled oxidatiYe phosphorylation in mitochondria (Preas11a11 

and Lard7, 1955), leads to the oa1cluaion that K in eome way 

regulates general phosphorus metabolism. If tbis is true, 

then the role of K in such di verse pathways aa carbohydrate 

metabolism, protein ayntbeaie, photosynthesis, respiration, 

etc. ia explainable. Since high energy phaJphate bC11ds are 

required for each 0£ these pathways, and it IC regulates 

phosphorus •taboliu (and/or intermediate interconTersiona); 

then K indirectly 1nnuencee essentially all other me\abolic 

proce••••• 
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The highly apeculatiYe aapecta of thi• diacuaeion are 

acknowledged. However, the hypothesis that It r,egulatea the 
level or concentration of polJ•P nucleotide• can be detendned 
experimentally in the laboratory. 

The following studies are suggested to test the validity 
ot this hypothesis: (l} more accurate deterainationa of 
polr-P nucleotides as influenced by applied K levels using 
the precautions previously dis cusaed, and (2) the incorpora-
tion ot inorganic Pinto the various organic tractions as 
influenced by K leYela, utilising radio-active pl 2• 
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SUMMARY AHD C-ONCUJSIONS 

Two experillents were conducted in the greenhouse to study 

the influence or potassium on phosphorus and nitrogen metalto-
liam in soybean seedlings. The sand culture technique tor 
growing the plan ta was used. The herbage was fractionated 
into acid soluble• ethanol-ether soluble (lipid compounds) 
and 11 KOH aoluble (nucleic acids) canponenta. Nitrogen and 
phoapbcrus analyses were made on each of the fractions. 

The increase in yield was essentially a linear logarith• 
metio (exponential) function of time. Increased leYels ot K 
in nutrient solutions increased the rate (slope) of the 
logarithmetic dry mtter accumulation• depending on the amQUJlt 
ot K added. The uptake of K increased with each increment ot 

1. 

Tb.a K level required to JZ"&Yent visual potaaaiwn detl-
ciancy symptoms increased with plant, age. Endogenous K from 

seeds appeared to be suf'f1c1ent to support near "normal" 
growth for at least 32 daya attar planting. A minlllWI potaa-
aium content of approximately l.~ prevented visual potaaaiwn 

deficiency symptoms. When the pot.asaium percentage exceeded 
2.20-.', luxury consumption was indicated. 

Potassium levels did not effect phosphorus uptake. The 
percentage of phosphorus was inversely related to K levels. 
Thie waa explained by a dilution effect caused by the 1ncreaae4 
yield with increasing K. Nitrogen uptake was apparently 
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stimulated by K. However. this was an indirect effect caused 

by higher yields with increasing K. There was a direct linear 

relationship between nitrogen uptake and yield. 

An extraction-time study on the lipid-free soybean leaf 

residue with l!. KOH was made. Essentially all extractable 

phosphorus and nitrogen was removed within 45 minutes and 60 

minutes, respectively. gxtraction for more than 75 minutes 

hydrolyzed proteins, causing a gradual increase in enrackble 

phosphorus and nitrogen. 

Norit-A adsorbed P:N ratios were used to indirectly 

estimate the relative changes in poly-nucleotide-P (ATP+ ADP) 

with increasing K levels. It was found that the calculated 

P:N ratio increased with increased K. This ia indirect evi-
dence that potassium may function in the formation ot high• 

energy phosphate bonds. The inverse relationship found between 

potassium levels and ortho-phosphate accumulation is additional 

evidence that potassium functions ln the eaterification ot 
inorganic phosphate. There is a strong implication that a 

metabolic rol~ oi potassium may be associated with coupled 

oxidative phosphorylation. A similar potassium function may 

be operative in photosynthetic phosphorylation. 

The results agree with the work ot Webster (1959) that 

potassium has a direct function in peptide-protein synthesis. 

Under an energy stress, a defense mechanism that 

establishes a priority or dominance of one metabolic process 
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over another was postulated. It waa concluded that phoapborua 

metabolism exhibited a priority over nitrogen metabolism under 

a general potassium stress. 

B~aed on these results and the work of others, it waa 

concluded that potassium tu.notions 1n the following metabolic 

processes: (1) peptide-protein ayntheais, (2) nucleic acid 

base synthesis, (3) eater1£1cat1on ot inorganic phosphate, 

and (4} enzymatic catalyst or activator. 
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Appendix l. Analysis of Variance ot Ory Hatter Yield in Grams per 
Plant (Experiment I). 

SgytC!;! d:t ss MS f - . 
Total 59 35.845774 
Reps 2 0.197645 0.098822 5-31* 
Harvest date 3 Jl.851578 10.617193 ;70.97ff-
Error (a) 6 O.lll569 O .. OJ.8595 

I{-levela 4 l.ll.4032 0.278500 13.9SM 
KxH 12 1.933325 O.l6ll.10 8.()BiHf-

K within H7 4 0.000375 0.000094 
K within H14 4 0.055122 0.013780 
K within H21 4 0.19367 0.027342 1.37 
K within H23 4 2.882493 0.72062:3 36.16H 

Error (b) 32 0.637625 0.019926 
.-....-, _____ ............... _ 

Appendix 2. Analysis of Variance ot Percent Potassium (l~iment II} .. 

Sqgrce di'. ss HS F 

'l'otal 4.1. 38-9882 
Reps l o.1660 0.1660 8.60 
Harvest date 2 2.2474 1.1237 58.22§' 
!:nor (a) 2 0.0386 O.Ol.93 

K-levels 6 34.47u 5.7452 234.5())Ht 
KxH 12 1.62.33 0.1353 5.5~ 

K within H7 6 7.4679 1 .. 2446 50.8()HI-
K within H 6 9.S9l4 1.~6 67-2.'Jff 
K within I-~ 6 18.7351 3.1225 lZ/-4~ 

Error (b) 1.8 0.44).S 0.02.45 
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ABSTRACT 

Phoapbonia and Nitrogen Metabol1•• in 

Soybeans aa Influenced by Potassiu 

by 

Paul R. Henderlong 
the ettect ot Kon P and N aetaboliam in soybean seed-

lings, Gl7c1ne max, Var. Dorman, was studied in two green-
house experiments. Yield, nutrient uptake I and cb angea in 

the distribution ot cellular P and N compounds eerYed as 
criteria tor evaluating K ettecta. The yield increased 
exponentially with time regardless ot K trea1.llenta; however, 
1noreaa1ng K levels increased the rate of yield accwaulation. 

Phoapbcrua uptake was not associated with K le'f'els. An 

increase in N uptake waa aaaociated with increased dry matter 

production rather \.ban I levels, JlU' U.• Aa inverse rela• 
tionahip was tound between per cent P ucl I le'f'ela. Thia 
waa atvibuted to a dilution ettect due to the increased 
yield with increasing K le•ela. 

An extractioa•time study oa tbe lipid-tree soybean leaf 
residue with l!!, KOH, showed that essentially all of tbe 

extractable P and~ was extracted within 45 and 60 llinutea, 
respecti'f'ely. Longer extraction t1mea caused gradual protein 
hydrolyaia. 

lol"it•A adaorbed Pal ratios were \laed to indirectly 
eati•te the relati't'e changes in poly-nuoleot14e-P (ATP and· 



ADP) aasociated with It l•••l• and ortho•P aecunlation; indi• 

eating that K functions either directly or indirectly in the 
eater1tication of inorganic•P in coupled oxidative pho•-
pborylatlon. Proa tbe data preaented, it waa concluded 

\bat under a general I etresa, P exhibited a 

priority over N aetabo11 .. tor K. 
Baaed on these data, l was found to function in the 

following metabolic processes: (l) peptide-protein ayntbeaia, 
(2) nucleic acid baa• syntheaia, and()) eaterifioatton ot 
1norgan1c•P• 
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