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SmiQDUCTlOH 

Variety^ cliaate, soil treatment^ and soil con^osltion are believed 

to be the princ^al factora causing variation in yields composition, and 

stalk breakage in com but the specifio effects of each factor are not 

well understood. Although ehen all but one of these factors are con 

trolled it should be possible to deteraine definite relationshipB betsmoi 

variations in this factor and plant grosth and composition, relatively feir 

such relationships have been established. The Interrelations among soil 

fertility status, crop yield, plant composition, and growth habits on 

specific soils shoiild be known for more efficient soil management and 

fertilizer use. 

As a contribution to this general objective, the objectives of 

the present research have been tot 

(1) to study the influence of time and rate of 
potassium fertilization on yield and amount 
of stalk breakage in com at diffsrsnt 
nitrogen levels. 

(2) to determine the effect of time and rate of 
potassium application on the potash and cal* 
clum coB^osition of a com hybrid. 
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LITmm£ REVIEff 

The literature dealing with the eeeential functions of the potae» 

slum ion only indieates the relationship that apoarently exists between 

potassium and sone of the vital prooesses in plant metabolism and growth. 

Hie exact mechanism by which this ion functions is still unknown since it 

occurs in plants mainly in the ionic form and as soluble inorganic salts. 

Hoffer (12)^, Wall (2U)« Loew (17)» Chvgory (10)^ and Hoagland (11) 

agree that potasslim in sone way controls the i^thesis of starch and 

carbohydrate ii»tabolism. These same investigators present conflicting 

experimental data ooncemtng the role of potassium in the synthesis of 

proteins. The American inveatigatora believe that potassium directly 

affects nitrogen metabolism; itiereas the Ehglish investigators claim 

potassium has no direct effect on nitarogen metabolism, stating that the 

increase in soluble organic nitrogen usually found in potaasium-deficient 

plants, is due to abnormally rapid synthesis and hydrolysis of protein. 

The literature dealing wi^ iniluances of potassium upon the 

structure of stems is mostly concerned with work done on grains to 

determine Influences of potassium ̂ qoon stiffness of straw. Almost 

without exception this work is considered solely on the basis of the 

potash treatment of the plants. Nightingale (19) believes that the 

carbohydrate content of the plant, aa brought about by seasonal con* 

ditions or treatments imposed, should be emphasised. He states that 

^Numbers in parentheses refer to references in the bibliogra;^, 
pages and hi* 
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stiff straw is most fraquently obtained when earbolvdrates are abundant* 

The potassium-nitrogen relationship in this respect is an essential factor 

in detezninlng the carbohgrdrate status in the plant* Carbohydrates tend 

to accumulate most readily when the nitrate si^>ply is not excessive* 

It has bean eiqpliasised that» directly or indirectly^ potassium 

is essential for carbohydrate synthesis and therefore it is obviously 

lcq)ortant in relation to cell wall formation and stiffness of stems* 

Jensen and Bartholomew (13) indicate that com plants low in potassium 

contain well-developed solemnohyma cells aiKi mechanical tissue of the 

vascular system and a smaller development of the cortex cell8« both in 

number and sise^ whereas in plants containing an ai^ple Bi:^ly of potassium 

the reverse is true* The cortex of ti» com stem predominantly supports 

the corn plant. 

Beckenbach et al* (2)investigating the nutrient ion effect upon 

growth in com using nutrient solutions^ reports the relative concentra 

tion of cations is di^endent tqp<m the amount of nitrate preeent in the 

sutotrate. At low concentrations of nitrate little Ijqportance can be 

attached to the relative proportiona of the three cations Ca"^ nitit 

^^* At high concentrations of nitrate the necessity for higher rela 
tive px^oHions of IT* and Ca"*^ in the substrate for raaxlmun response 

to the nitrate is brought out* Soagland (11) siapports these ideas in 

e general discussion of the potassium-nitrogen relationship* 
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Woodruff (27)* relating the introduotion of lime and legumes on the 

fertllilgr plote of the Missouri Agricultural Experiment Station in the 

early twenties^ believes these practices aided in exaggerating potassium 

deficiencies. The removal of large legume h^ crops, which feed heavily 

upon potassium, drained the available potassium supply. The calciim 

applied as lime hindered the absorption of potassium* Ctom yields de* 

clined and severe lodging oc<mrred presunably due to the diminishing 

potassium supply. Stanford et al. (23), investigating the relation of 

potassium deficiency in corn gTOwn on high lime soils natxirally low in 

potassium, concluded thatt (1) poor growth of com on these soils was 

due largely to a failure of the plants to absorb adequate amounts of 

potassium from the soil, and (2) a consequence of the low rato of 

potassium absorption is an unfavorable balance between cations in the 

plant. 

Foureman (6) studied the potassium relation in com by analysing 

com sasples periodically throughout the growing season* % reports the 

content of potassium, as par oent dxy weight, varied fron 1 per cent to 

3.6 per cent in the early stages of growth, and from O.U per cent to 

1.06 per cent at maturity. This variation was due to differential 

potash applications. These percentages agree with the ccaqjilationa of 

Beeson (3), Wlmer (26), aand Qoodall and Oregoxy (9)$ however, these 

authors relate greater variation In the maximum and miniaim percentages. 

Wseka and Fergus (25), Investigating composition and yield of 

com crops grown m Kentucky fertility plots, found that applications 
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of potash and nitrogen fertnizera had alight effect on composition and 

little effect on com yields. The fertility level of theee plots prctoably 

was <iiite high} therefore, additional applications of these nutrients did 

not materially affect composition or yield. Duley and Miller ($) state 

that ear production is deterained largely tgr the nuiarient supply avail 

able during the period of sixty to ninety diys from planting. Fair ears 

were produced with a lower supply of nutrients provided the com had re 

ceived an asq>le supply of nutrients in the pmvious period of growth. 

This was said to indicate that the nutrient suiterial had been stored in 

the stalks and leaves for later use in developiasnt of the ears} therefore 

agreeing with the investigations of Bartholomew and Janson (1) who found 

that plants absorb considerably more potasslus during the early stages 

of g2>owth than is necessary for the nozml processes of growth. It was 

Buggeated by (1) that the luxury consuiqption of potassium followed by 

translocation and reutUization of the potassium in the plant la an 

portant prooeae in the assimilation of potassium by plants. Qerdel (3) 

states that the maxiimim leaf area, stalk diameter and height of the com 

plant were produced at levels of fertility considerably below that aAiioh 

still produced increases in yields. Translocation and routiliaation of 

potassium would themfoire be of more concern at low levels of fertility. 

Sayre (20) noted the potassium accumulation reached a maximum about three 

weeks after silking. There was a loss of potassium after that time, 

largely from the leaves and stems. He states, "A probable explanation 

is that potassium was paartly washed frcmst the leaves and stems bade into 

the soil through the root lystem. 

''I"® 
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Both Frear (7) a«i Scovoll arri Pater (21) fovuad the potassium con 

tent In the etOTer to be more variable than in tlw grain* Uhsn potassium 

«ae applied vith either nitrogen or phosphorus, or both, large increases 

in yields were obtained. The difference in compoaiti<m of either stover 

or grain due to fertilizwr treatment were ge*ieral]y less than those caused 

by soil vajriation. Woods and Gibson (23), conducting a similar investiga 

tion, found that the great variation in the eo^osition of corn stover was 

less d^endent upon fertilization than it was upon the difficulty of secur 

ing representative stover saiiples and xspon the yield of grain. The large 

variation in conposition of mature corn stover may be explained by the 

"leaching effect" of potassiim from dead plant tissue. 



SXPERIUENXAI. MXHODS 

aiiigle cross T13* T61| known to bo susceptible to stalk break* 

age, was grown on a soil low In "available" potash at two different nitro 

gen levels* Potash fertiliser was applied at different rates and at 

different periods* Potassiuia and calcium content of the plants was deteiv 

mined periodically throughout the growing season* The amount of stalk 

breakage and final yields were determined* 

The soil type on which the experiment was condueted is classified 

as Staser fine sanify loam* This soil type develops from alluvial material, 

is slightly to medium acid, gr^ brown in color and friable to a depth of 

approximately thirty inches* Ths surface and internal drainage is good* 

However, the internal drainage of the experimental field was not 

uniform* 

Soil saa^lee were obtained from the experimental field and 

analysed* The test results indicated a pH of 5«U# 60 pounds per acre 

of available potassium and vezy low in available phosphorus* 

Ck>ncentrated superphosphate (U8 per cent) at the rate of 60 pounds 

^05P®'acre, was applied in the row at planting* nitrate was 

applied in the row at the rates of 120 pounds and 60 pounds nitrogen pejp 

acre, one half at planting and one half forty eight days after planting* 

Potash was applied in tlw form of 60 per cent mnraite of potash* Ths 

various potash treatments are sumarised in Table I* Where potash was 

side dressed the fertiliser was applied by hand irith the nitrogen side 
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dressing* The deep placenent potash treatments were placed approximately 

6 inches below the surface* Before planting^ the row was opened and the 

deep placement treatments applied by hand* The row was then closed and 

the remaining applications were applied in the usual manner* 

The field plan was laid out in randomised block form* Each plot 

was 1/100 acre in sise, being 31 feet long and lU feet wide and consisting 

of k rows 3*1/2 feet apart* Eight different potash treatments were applied 

in one block at the high nitrogen level and the same fertilizer treatments 

were applied in a block at the low nitrogen level* These eight treatments 

at the two nitrogen levels, replicated four times, represented the total 

of sixty four plots in the entire experiment. 

The com crop was planted on Ibqr 10 at a rate of one kernel every 

nine Inches* When the crop emerged,^field was thinned to an individual 

plant every eightews inches making possible a o<»g>lete stand* The experl* 

mental plots were cultivated three times during the growing season. The 

crop was harvested on October 22* 

Representative samples were taken at two*week intervals throiigfaout 

the growing season until plant metabolism was quite low. The plant part 

obtained for analysis depended upon the stage of growth of the com crop 

at that particular saiqpling date* The sampling data are summarised in 

Table II* The samples collected were obtained from the outside rows of 

the fouzvrow plots* The two inside rows of eaoh plot remained intact 

for the determination of grain yields and stalk breakage* 



• • • • 
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RilTE AND TIME OF K3TASH APPLICATION AT EACH NZTROGEN 1^11 

Potash In Pou^s Per Acre 
IT Deep Side 

Treatment 

1 No potash applied 

2 20 
«'« 20 

3 Uo Uo 

k 80 
•# 80 

5 Uo Uo 80 

6 Uo ko 80 

7 80 80 160 

8 do 120 200 

'I 

\ 
A' ''i . 

i'" 
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TiLBLS II 

aAliH.lHQ DiTE, AGE OF PLANTS, AND PLANT PART TAKEN 
FOR AKALTSIS AT EACH DATE 

Siuaq>l« 
Number 

1 

2 

3 

k 

5 

Sample Date 

June 12 

June 26 

Juljr 10 

Juljr 2lt 

August 7 

Age 
Days 
from 

Planting 

3U 

18 

62 

76 

90 

Entire plant 

Entire plant 

Leaves, stalks^ 

Leaves, stalks, and husks 

Upper leaves 
L^r leaves 
Stalks 

-MSaoqpling 3 snd 4- middle leaves 

3, U, S- loser part of stalk 

1 

-'l 
■■'.IS 

■ ■I 

i 
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ThiB first two sanqpllngs conslstad of six plants £toih sach plot and 

ths remaining san9>ling8 cwxeisted of two plants per plot# Siaiilar portion# 

of ths plants from each plot were combined for analjrsls* 

Each bi«aonthly sampling was brought to d*y weight using a hsjr drier 

at 65 degrees C. The dried 8anQ>le8 were ground in a Idiley adll^ ndjced 

thoroughly, and a representative sample was bottled for analysis. Samples 

from each of the four replicates were analysed separately. The reeulta 

recorded for each treatment consisted of the average analyses of the four 

replicates* If the analysis of a sai^le varied more then 20 per cent 

from the mean, a diiplicate sample was analysed. If duplicate 8aiiq>les 

varied more than 25 per cent from the mean, only three plots were aver* 

eiged# The analytical results, with few exceptions, indicated no appreciable 

variations from the assn and it was assumed the eampling procedure was 

adequate in representing the eaperimentel plots. Zedd (16) found that 

the probable error of the mean of sixteen plants was only slightly less 

than that of sight plants. Therefore, a larger nwnber of p3.ants probably 

would not have increased appreciably the accuracy of the work, although 

it would have added greatly to the problma of celleotion and preparation 

of the samples. 

The percentage of plants with broken stalks in the two inside rows 

of each plot was determined prior to harvesting. 

Yields were deteradx»»d W harvesting the grain from tiie two inside 

rows of each plot and the field weights were then converted to bushels per 

acre on a 15*1/2 per cent moisture basis. 
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Tor ehiffldcaX analyses a 1.00 ga oaai^e of dried plant tissae nas 

eeighed into a 150 ml.beaker. Five ml. of concentrated nitric acid sas 

added, the beaker covered, and heated gently until 1/2 el* of eolutloct 

remained, lihmii cool, $ al. of a Itl eolution of nitric acid and 5 el* 

of 70 per cent perohlorio aoid eere added. The beaker was again covered 

and the solution evaporated to almost dxyness by boiling* Five ml. of a 

Itl hydrochloric acid solution and 10 ml. of distilled water were added 

upon cooling. The solution was warmed gently and filtered into a 100 ml. 

volumetric flask. The beakers were rinsed carefully and the soluticoi 

broiight to volume. The above procedure is a modification of the "Wet 

Afib. Method," as related in (22). 

The potassium and calcitm content was determined by the "direct 

mel^tod," using a Perkiiv-Elmer Model 5^0 Flaae Fhotcsaeter. ]bi the 

determination of potassium and calcium ths gaises used mere propane and 

acetylene respectively* 



 

B£SUXJ!S 

Stalk Breakaft 

Actual etalk Inreakagt of the corn plants mts the only phase of 

lodging liwestigated in this experiaent. Root lodging and plants dsaitged 

tgr insects, although no serious dsns^ by either occurred, sere not 

considered. 

The data conceraing stalk breakage, ae sunnariaed in Table III, 

indicate that potaeh fertiliaation at the high nitrogen level decreased 

the number of broken stalks. Stalk breakage was most prevalent in the 

chedc plots and plots receiving the lowest potaSh ai^lication at this 

nitrogen level. During the growing season, especially in late August 

and early September, stalk breakage was noticeabls In these plots, la 

the plots receiving larger applications of potash (UO pounds potash per 

aors or more) the stalks did not break until early October, The per 

centage of stalks standing in the check plots at the hi^ nitrogen 
r 

level was approximately 2U per c»nt, whereas in plots receiving morC™" 

than UO pounds of potash per acre the percentage ranged from 6? to 

87{wr cent. 

Potash fertilization at the lower level of nitrogen showed little 

effect in reducing the nuadjer of broken stalks. The percentage of stalks 

standing at this nitrogea level ranged from 79 pef cent in the check plots 

to a low of 66 per cent in one of the potash treated plots. Where no 

potash was applied the low nitrogen level contained approximately three 



>' 
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tlMi th« mnbrnr of plants standing than did the highor nitrogen level. 

Except for the check plots and those receiving the lowest rate ©f potash 

at the high nitrogen level, there is no ̂ preoiable difference in stalk 

breakage between any 2 potash treatments at either nitrogen level. The 

different methods of potash application, as soamarited in Table I, pro 

duced similar effects upon stalk breakage. 

Yield 

The yield data presented in Table 17 mas subjected to statistical 

analysis by analysis of variance as somaariaed in Table 7, 

k signifleant yield difference at the ,0^ level was approximately 

ll( btt. The only potassium treatment indicating a significant yield in 

crease over the check treatment at the high nitrogen level was 1^0 pounds 

potaih per acre at planting. Significant yield increases over the check 

treatment at the low nitrogma level were applications of 20 pounds potash 

per acre at {^.anting and 80 pounds potash per acre at planting plus 120 

pounds potash per acre deep plaoenent. These increases chove the check 

treatments amounted to apprcxxiDiately 20 per coat, 22 per cent, and 19 per 

cent respectively, At both nitrogwa levels a majority of the potassiuie* 

treated plots, although not quite significant at the .0^ level, show con 

siderable yield increase over the clMck plots. 

By averaging the yields of similar potassitua-treated plots at both 

nitrogen levels another may be obtaiiwd, £y averaging these i0.ot8 

A 



 � 
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the <liffer«ntial response to the nitrogen fertilizer me elJainated, On 

this basis, 10 bushels per acre was the significant yield difference. A 

majority of the potassium-treated plots gave significant yield increases 

over the check plots, Cteitting the deep plac«aent potash treatnwnts 

whioh were someadiat retarded In growth, no significant difference is shown 

between any two potash treatments. The yield data also indicate that in 

general there is no significant difference between the various methods of 

potash application. The statistical analysis la Table V also rfiows the 

effect of the fertiliser constituents on plant growth and yield. A 

definite responee to the different treatments is indicated by the F test. 

The treatments were separated to determine the effect of potassium, nitro-
gen, and ̂ e interaction of these constituents. There was very little 

response to nitrogen, potassium response borders on significance, but the 

interaction of thaee two constituente brought about a definite response 
in plant growth and yields, as shown the F test. The variation between 

replicates was not significant as indicated by the F test. 

Mineral Coi^>o8lti(»t 

Tables VI-7III represent the eummary of potassium and calcium c<»-

tent of the com plants. The data in Figures 2^8 were extracted from 

these mmmaxy tablea. 

The plant potassium levels for the different potash applications 

at both nitrogen levels were quite similar throughout the growing season 

(Figures 1-1^), At the first two samplings the entire aerial portions of 
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tba plants were analyzed since the plant mis not well differentiated at 

this tiioe* 

l%:e potaasituB oontent of the entire plant (Figures l-U) varied 

considerably because of the different potash applications* Maxiimim 

variation due to potassium fertilization occurred at the second saaiCling* 

The potassium content ranged from 6*3 per cent potassium in the highest 

potash treataaent to 1*1 per cent in the check plots. 

Durixig the early periods of growth the calcium oontent of the 

crop (Figures ̂ 8) shawed little variation because of the different 

potash treatments except for the check plots which were higher than the 

potaesiuia-treated plots. The calcium content of toe treated plots at 

both nitrogen levels was approximately 0*5 per cent;, deviating ozily 

0*05 per cent due to the different potash applioations* Ths cheek 

plots at both levels were somewhat higl^wr in calcium content^ ranging 

from 0,59 per cent to 0,68 calcium at the high and low nitrogen levels 

respectively. 

Two months after planting the potassium content of both leaves 

and stalks (Figures 1»U) dropped considerably except for the check plots 

which did not isarkedly accumulate potassium at the early samplings* The 

cbedk plots contained approximately 1*0 per cent potassium at this timS| 

whereas the potassium content of the treated plots ranged from this 

percentage to a maximum of 2*5 per cent potassium at the highest potash 

treatment* 

nsa calcium content of the stalks (Figures 7 end 8) in mid-season 

was approximately the same regardlese of the potash or nitrogen treatment. 
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TABLE m 

THE BTFECT OF TIME AHD RATE OF POTASH APPLICATION ON STALK BHEAKAOB 
IN COiffl AT DIFFERENT NITROQEN LWELS 

j^roeni Stalks Standing 
Botaah Treataeirt Prior to Harvest 

12)8./A 120 Lba.N/A 66 Ibs.N/A 

No potash 2U» 79 

20 at Planting 1*0 78 

ikO at Planting 19 81 

80 at Planting 67 82 

Uo at Planting 4 UO Side Dsresslng 70 80 

UO at Planting 4 Uo Deep Plaoeasnt 80 76 

80 at Planting 4 80 Deep PLacwnent 87 85 

80 at Planting 4 120 Deep Placement 73 66 

•—'Average of U plots 

i 
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TABLE I? 

CORK IIEU)AS AFFECTED BX DIFFffiSiT POTASH TREATflSNTS 
AT TM) KITRiOGES LEFELS 

Bushels Per Acre 
Treatment (Potash/A) lio tbs.N/A 60 Its,a/A Average 

Check 82» 79 80^ 

20 at Planting 88 101* 9k* 

I4O at Planting 10> 83 93* 

80 at Planting 93 79 66 

UO X kO Side Dressing 92 38 90* 

LO X kO Deep Placement 79 89 84 

80 X 80 Deep Placement n 65 78 

80 X 120 Deep Placement 87 97 92* 

L.S.D^ at th« ,05 level—lLBu/A 
L.S.D* at the ,0^ Xcr<rel<~-10 ̂ i/A (Average of Potash Treatment oJf 

Both Nitrogen Levels) 

a » Average of plots 
b - Avera^^e of 8 plots 
*- Significant yield increase 



S/U3LE T 

OF FARmCS 

Degrees Sum of 
Source of Variation Freedom Squares Variance F Valu* 

Total 63 I3»6i|i^ «•' •• 

IU»]^icatee 3 $liO 180 1.51 

Treatments 15 255 3rl2»» 

Potassium 7 2,038 251 3.08# 

Nitrogen 1 9 9 •• 

Nitrogen and Potassloa 7 2,378 31*0 3.70** 

T X B (Error) U5 it,251* S'l*.53 •• 

* Significant at *0^ lorel 
«* Highly significant at tQl 
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The calcium content of Uie leaves (Figures $ and 6) was considerably higher 

than in the stalks at both nitrogen levels and increased as the potash 

application decreased* Also the calcium content of the leaves varied con* 

siderably at the different nitrogen levels* At the high nitrogen level 

the calcixm content varied from 0.25 per cent in the potash-treated plots 

to 0*65 per cent calcium in the check plots, wl-iereas these same plots at 

the lower nitrogen level range firom 0*27 per cent to 0*50 per cent calcium* 

Towards the latter part of the growing season the potassium content 

of both leaves and stalks (Figures 1*U) at both nitrogen levels seemed to 

approach a constant level regaxxlless of potash treatment* The potassium 

content of the leaves varied from 1*2 per cent in the check plots to 2*1 

per oent in the plots receiving the highest potash application. The 

potassium content of the stalks was considerably lower than the leaves 
I 

and varied as in the plots mentioned above from 0*1 per cent to 0*9 per 

cent potassium* 

The calcium content of the crop (Figures 5*8) in the latter stages 

of growth in both leaves and stalks was approximately the same at both 

nitrogen levels* The stalks, regardless of the potash application, con 

tained about 0*1$ per oent calcium* The leaves, although considerably 

higher in calcium content, varied inversely in calcium content with the 

potash application. Calcium content of the check plots was approximately 

0*65 per cent, whereas the calcium content of the plots receiving the 

highest potash application was 0«U per cent* 

Total mineral content throughout the growing season at both nitro 

gen levels followed the same pattern as potassium alone* Table VIII 
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represents the summation of total cation content of the crop throughout 

the growing season* The inverse calcium or potassium relationship again 

is shown since the cation content tended to be lower at high potassium 

contents and higher at low potassium contents when compared with respective 

potash levels* 

nM» potassium content of the crop was approximately the same at 

similar rates of potash application regardless of the method of application* 



DlSCUSSlOi 

stalk Breakage 

Although aanj Inreetigators (27, l5) have found positive correlationa 

beteeen potaseina and stalk breakage in oereal crops, other irvestigators 

ik, 19) report little correlation. 

The potassiuHHnltrogeii relationship in the plant (19) seens to be 

a aajor factor involved in determining the strength of stalk, if the in«. 

herent morphological structure of the plant tends to be weak. The single 

cross com, used in this eaqperiment is believed to have an inherently 

weak structure. 2V>ta88iiim fertilization at the high nitrogen level — 

to have overcosM this defect somstdiat as shown ty the comparison of the 

percentage of stalk breakage between the treated end cheok plots. 

At the low level of nitrogen sufficient potaseiun was present In 

the check plots, becauee there is little difference in percentage of 

broken stalks. 

The data in Table III indicate that potassium in some manner le 

related to stalk breakage* Botash application id)ove UO pounds per acre 

at the high nitrogen level has no beneficial effect in further reducing 

stalk breakage. 

Individual cell wall structure which is essentially the basis 

factor determining stalk strength is influenced markedly ty the potassium-

nitrogenf-carbohydrate ratio. The cell walls consist of carbohydrate 

coi^unds predoBlnwitly. If the potassium supply is below the critical 
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level needed for the physiological functions of the plenty complex carbo— 

hydrates irLll not accuanilate in the cell walls* Wi'U:^ an anqple supply of 

potassium these carbohydrates may accumulate and form 'Uiick cell walls* 

The nitrogen factor becomes increasingly in?>ortant idien the avail-" 

able potassium supply is abundant* Carbohydrates will not be utiliised 

in this manner at high nitrogen levels* 

Stalk breakage would probably be more influenced by other factors, 

such as variety and seasonal conditions, when the supply of potassium 

and nitrogen is plentiful* 

Carbohydrate synthesis is influenced greatly when sufficient 

potassium is present* Nitrogen, in the nitrate fozmi in the plant, aids 

in directing the utilization of carbohydrates* It is believed (19) that 

the accumulation of carbohydrates in the cell walls is associated with 

stalk strength. Therefore, it is suggested that the potassi\iia-nitrogen-

carbohydrate relationship in the plant is one of the major factors 

Influencing stalk breakage* 

In this experiment the check plots at ttie high nitrogen level 

exhibited the largest amount of stalk breakage* The limited supply of 

potassium in the plots containing a high rate of nitrogmi may have 

affected the potassiun^-nitrogen-carbohydrate ratio to the extent of 

materially decreasing the strength of the stalk* The abundant supply 

of nitrogen resulted in more of the carbohydrate material going into 

the growing portions of the plant and less being synthesized into cell 
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walls* Ih those plots reoeivlng over UO pounds potash the potasslun* 

nitrogen-carbohydrate equilibrium may have been more balanced as indicated 

by a much smaller percentage of broken stalks* 

field 

The yield data, as summarized in Table 17, indicate that the higher 

nitrogen level had no appreciable effect in increasing yields. This may 

be accounted for by the non-uniformity of the experimental field and the 

retarded growth of the deep placement plots. Comparing the first five 

treatments in Table 17 one may note a slight increase in yield due to 

the larger nitrogen application. Statistical analysis indicates that 

crop response was not materially influenced by this element. The yield 

response at the high nitrogen level might have been greater if the 

moisture conditions during the growing season had been isq^roved. 

Apparently the nitrogen supply in the soil plus the nitrogen application 

constituting the lower level were sufficient for adequate growth and 

appropriate yield. Daring the growing season "firing" occurred at both 

nitrogen levels; however, it was noticeable much earlier at the lower 

level. Toward the latter part of the growing season considerable differ 

ence in the degree of "firing" between nitrogen levels was shown. 

field response was greatest at the high nitrogen level idiere UO 

pounds of potash per acre had been applied. Twenty pounds of potash 

per acre gave the highest yield increase at the low nitrogen level* 

Potash application above these levels had no significant effect upon 

yield. 



37 

The nitrogen'«potassluffl relationship (11) may explain the greater 

utiliBation of potassium at the higher nitrogen level* Potassium utilizao 

tion might have been improved if more moisture had been available during 

the growing season* There was no significant yield difference shown be 

tween any potash treatment when similar treatments at both nitrogen levels 

were averaged. Probably sufficient potassium became available during the 

growing season or potassium was not utilized to the fullest extent* The 

majority of potashwtreated plots showed some increase in yield over the 

check plots* The P test indicated that this general response to potash 

bordered on significance. 

The statistical analysis also revealed a significant response to 

the BRitual effect of potassium and nitrogen but yields were only slightly 

increased as indicated in Table V* 

Uineral Content 

Throughout the growing season the potassium and calcium content 

of the com crop varied inversely at the respective potash treatments* 

It is generally believed that potassium and calcium are negatively 

correlated (5« 13)* This investigation indicated similar results for 

larger applications of potash resulted in a decrease in the calcium 

content* The potassium content of the plants in the check plots was 

approximately 2 per cent and calcium 0*6 per cent, whereat in plots 

receiving large applications of potash the potassium content of the 

plants was about 5 per cent and calcium 0*5 per cent* Apparently 
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a rather large potassium increase is needed to bring about a small decrease 

in calcium as reported by Stanford et al. (23)« 

Potassium content of the plant at the first two sas^lings and the 

leaves at later sai^lings mere practically the same at botti nitrogen levels 

at the respective potash treatments* During the same periods the potassium 

content of the com plants varied somewhat between nitrogen levels in the 

check plots in the first two samplings* 3h the remaining samplings the 

potassium content of the leaves obtained from the check plots was similar 

at both nitrogen levels* The percentages of potassium in the stalks were 

correspondingly alike t]iro\ighout the growing season in all treatments and 

at both nitrogen levels* 

The potassium curves in Figures 1-U indicate that potash trea^Dsnt 

at the same rate of application produced similar potassium contents isi. 

plants at both nitrogen levels* The larger application of nitrogen did 

not materially aid the utilization of potassitim agreeing with the results 

of the statistical anaD^sis idiich indicated that the yield response to the 

larger nitrogen application was not signifioant* 

The calcium contents of the stalks at both nitrogen levels were 

similar throughout the growing season* The calcium contents of the 

leaves varied considerably throxi^hout the growing season at the two 

nitrogen levels* Since calcium is relatively immobile in the plant the 

potassium-nitrogen relationship probably affected the absorption of 

this element* 
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Forty eight days after seeding the maximum potassium content per 

unit dry weight was obtained# At this stage of growth the com plants 

had developed extensive root systems enabling the plants to absox^ con* 

siderable quantities of this element# The percentage potassium increase 

above the check plots (Figures 1-li) ranges from 0.5 per cent to U per 

cent potassium or a maximtm increase of 200 per cent# Luxxxry consuniption 

of potassium (1) at this stage evidently had occurred# 

It is believed (1) that potassium can be acc\imulated in rather 

large quantities^ translocated^ and reutilised# Translocation of 

potassium is evident because in mid-season there was a mailed decrease 

in potassium^ especially in the stalks# The intensive growth of the 

crop at this time probably exerted a "dilution effect," but the marked 

decrease of potassium in the plants growing on the potash-treated plots 

as compared to plants in the check plots indicates translocation* Field 

observations at this stage of growth indicated no appreciable difference 

in the size of stalk between plants in the potash-treated plots and the 

check plots# lieristematic tissues usually contains a constant potassium 

content (6) and potassium probably was transported to these regions# 

Some investigators (6, lU) have suggested that the potasslixm 

content of plants may be decreased as the plant approaches aiaturity by 

the potassium moving back into the root system or potassium leaching from 

the leaves# It seems doubtful if these two processes could account for 

Uie reduced percent potassium found in this study. 



liO 

A potassiusHnltrogeiv-calciam relationship is indicated (Figures 1*8) 

tor the side dressing of potash caused a marked decrease in calcium content 

at the high nitrogen level, whereas the sane application had no apparent 

effect at the time upon calcium at the lower nitrogen level. This result 

probahly was caused by the different rate of potassium utilization by the 

plants at the different nitrogen levels. 

The potassium content of both leaves and stalks at boUi nitrogen 

levels approached a constant level towards the latter part of Uie growing 

season. As noted in Figures 1-U the potassium content of both leaves and 

stalks at both nitrogen levels is someirtiat higher ndien potash had been 

applied as compared with the check treatment. Goodall and Gregory (S>) 

list potassium contents of the lower stem of corn plants during late 

summer as inadequate for normal growth idien the per cent potassium is 

less than 0.083 and ample when the per cent potassium is more than 0.166. 

In this inveatigaticm the com plants in the potash-treated plots showed 

potassium contents well above com plants in the check plots until the 

latter part of the growing season. At this time field observations in 

dicate that potassium deficiencies were prevalent in corn plants growing 

in toe check plots at both nitrogen levels. Figures 3 and U show toe 

potassium content of the lower stems to be approximately 0.10 per cent 

at boto nitrogen levels, which agrees with the conclusions listed above. 

In the three instances itoere 60 pounds of potash were applied by 

different methods it seems that applying all at planting is as efficient 

as a split application. Applying liO pounds of potash at planting and 
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ho pounds in deep placement was Just as efficient as 80 pounds at planting 

and slightly more efficient than UO pounds at planting and UO pounds as a 

side dressing. 

The data indicate no apparent relationship between the potassixia 

content of the plants from the different potash applications and the 

yields obtained. An application of UO pounds of potash at the high 

nitrogen level gave the highest yield. The data concerning percentage 

composition shows much higher potassium contents tduroughout the growing 

season because of greater rates of potash application. Even though no 

increase in yield was obtained beyond toe l^Opound potash application 

at the high nitrogen level^ the potassium content of the plants can be 

increased materially by increasing the available potassium supply to the 

plants by potash fertilization. 

Stalk breakage at the low nitrogen level was similar in all plots 

regardless of the potash treatment indicating that sufficient potash was 

available in the soil without added potassium fertilization to keep stalk 

breakage at a minlmunt.* The potassium content of the plants on the check 

plots wais the same (Figures l-h) at both nitrogen levels but stalk break 

age was three times as great at the high nitrogen level. The hO-pound 

potash application at toe high nitrogen level decreased toe number of 

broken stalks, yrhereas further increments of potash increased toe potassium 

content of the plant but was not more effective in decreasing stalk 

breakage, 

When stalk breakage was noticeable in the high nitrogen level 

plots the potassium content of the stalks in the check and UO pound 
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per aore potash treated plots vas 0.21 per oent aiid 0*25 per cent potassltm 

respectively* The critical content in the upper leaves at this same period 

of growth wae 1*7 per cent potassium* Throu^out the entire growing season 

plants fertilized with the l^O-pound potash application contained 0.3 to 

1 per cent more potassium than plants in the check treatment* 

Since the UO»pound application of potash at the high nitrogen level 

produced the highest yield, was as effective as any other treatment In 

decreasing stalk breakage, and field observations indicated no appreciable 

difference in plant growth, it is suggested that applications of potash 

above this level do not materially benefit the crop \mder the conditions 

of this experiment* 



 

SUMUARX 

The elagle-crosB T13* T6l was grown with eight different potash 

treatnents at two nitrogen levels. Qraln yields, per cent stalk breafc-

^e, and the potassinn and caloiun content of the com plots was deter* 

wined—the latter periodically throughout the growth period. The 

following results were obtainedt 

1. The potassium content of the plant was dimctly related 

to the aiBount of potash applied. 

2. The msxIbwiw potassium content of the plant was observed 

U8 days after planting. The potassium content decreaeed 

percentage-wise during the later stages of growth. 

3. The potassium content of the plants at each potaah treat* 

wnt was approximately the same at the two nitrogen levels. 

U. ^e liO*pound potash per acre application at the high 

nitrogen level and 20-pound potash per acre application at 

the low nitrogen level were tiae only potash treatments to 

. yield significantly more than the check treatments at their 

respective nitrogen levels. 

5. Cns faondmd twenty pounds of nitrogen per acre did not 

result in a significantly greater yield than 60 pounds of 

nitrogen per acre. 

6, At the low nitrogen level none of the pota^ trealmwnts 

wore effective in reducing the amount of stalk breakage while 

at the high nitrogen level an application of UO pounds of 

potash or more per acre resulted in decreased stalk breakage* 



hh 

Applications greater than UO pounds of potash per acre were no 

more effective than the UO-pound treatment. 

7. A general reciprocal relationship was found between the 

potassium content and the calcium content of the plants. The 

calcium content was greatest in the check plots and least in 

the heavily potash fertilized plots. 

8. Hhen con?>aring the three methods of potash application at 

the same ratSi no method was superior to the other in affecting 

yieldf lodging, or plant composition. 
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