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CHAPTER I
INTRODUCTION

This study was designed to determine the influence of rates
of potassium fertilization on yield, chemical composition and amount
of root lodging and stalk breakage in corn. The effects of potassium
application on the potassium, calcium, magnesium and phosphorus com-
position of corn at several stages of growth were also determinasd.



CHAPTER II
REVIEN OF LITERATURE

The literature relating potassium functions to vital processes
in plant metabolism and growth is extensive. However, definite con-
clusions as to the exact functions of this element are difficult to
establish since it occurs in plants principally as soluble inorganic
salts and in the ionic form, Meyer and Andsrson (18)1 state that the
fundamental role of this element in plant metabolism is undoubtedly
regulatory or catalytic.

Lawson and Cook (16) states that evidence is now available which
shows that potassium affects the following processes: (a) synthesis of
simple sugars and starches, (b) translocation of carbohydrates, (c) re-
duction of nitrates and synthesis of protein, particalarly in meri-
stematic tissues, and (d) normal cell division. In addition, it has
been suggested by others (11) (21) that potassium may play a part in
the maintenance of turgor in plant cells as well as in the formation
of oils and in the enhancement of disease resitance.

Bartholomew and Janssen (1), Nightingale (20), and Hoffer (11)
report that the potassium ion is genarally absorbed in larger quanti-
ties than any other mineral element. Bartholomew and Janssen (2) stated
the absorption of potassium takes place at a high rate throughout the
life of the plant, and consequently a deficiency at any time should be

]'lunborl in parentheses refer to references in the literature
cited, pages 51-53.



very important.

Hoffer and Krantz (12) state that the initial symptom of
potassium deficiency in young corn plants is a decrease in rate of
growth. Very soon the leaf tips of lower leaves become yellow, and
this chlorosis proceeds in a streak alang each leaf margin and between
veins which later turns brown. In severe cases leaves become damaged
and growth of the plant is dwarfed because the tissue between nodes
does not develop fully. Other characteristics of potassium-deficient
corn plants are weak stalks, ears poorly filled at the tips, and
susceptibility to ear rot organisms.

Experiments by Gregory (8), Hoffer (11), Wall (26), Nightingale
(19), and others have clearly shown that plants well supplied with
potaseium contained significantly more carbohydrates than did plants
deficient in this element.

Although a decrease in carbahydrates is associated with severe
potassium deficiency, Nightingale,et al (21), Hartt (9), and Wall (25)
have reported an initial accumulation of carbohydrates in potassium-
deficient plants. Wall (26) indicated that nitrogen metabolism is
affected prior to carbohydrate metabolisa. If this is true, the
initial accumulation of carbohydrates is probably the result of a
lack of utilization of soluble organic nitrogen. Janssen and Bartholo-
mew (14), bowever, found that there is not always a correlation between
the percentages of sugars and starches in the plant and uptake of
potassimm. In soms cases it appears that the highest percentages of

sugars and starches were produced at a potassium concentration which



was cemducive to maximum growth; while in other cases high percentages
ef sugars and starches were found with a small uptake of potassium and
with decreased plant growth. Steinberg (24) reported that potassium
deficieacy causes a greater increase in reducing sugars than in total
carbehydrates. In most plant species, it has been shown that the per
cent of potagsium is inversely related to the per cent nitrogen content,
both total and water-soluble, These results suggested that potassium
might be directly or indirectly concerned in the synthesis of proteins,
that the lack of condensation of amimo acids to protein prevented growth,
and this in turn caused the high water-soluble nitrogen fraction,

Ievels of potassium, directly or indirectly, influence the
structure of stems and cell walls. Observations and experiments indi-
cate that stiffness of straw or stalk is related to an adequate supply
ef potassium within the plant. Nightingale (20) noted that when carbe-
hydrates are abundant, stem structures are likely to be strongest.
Certainly the develepment of lignim and cellulose will be limited in
cases of low carbohydrate accumulation. However, Lawton and Cook (16)
state that if carbohydrates are utilized in protein synthesis as fast as
they are produced, as when nitrate supplies are high, cell walls may be
thin and stems weak even though plant tissues contain adequate levels of
potassium. Janssen and Bartholomew (14) found in a study of cowpeas and
soybeans that thick cell walls are associated with low potassium in the
plants. In general, there seems to be a greater development of the
schlerenchyma cells and mechanical tissue of the vascular system and a

smaller development of the cortex cells, both in number and size, in low



petassium plants than in high petassium plants of the same variety.
Cortex cells are impertant in reducing the amount of stalk breakage.

Krantz and Chandler (15), Wittels and Seatz (27), and Fisher (6)
found a relationship between stalk brealage, lodging and the level of
potassium, Krantz and Chandler obtained an increase in yield and a de~
crease in lodging from applications of up to eighty pounds of K20 per
acre but no further lodging reduction with applications up te three
hundred and twenty pounds of KpO per acre. Wittels and Seatz, using
rates of nitrogen of sixty and one hundred and twenty pounds per acre,
observed no further consistent decrease in the amount of stalk breakage
on yield increase over the check plot at petassium applications greater
than forty pounds per acre. At the lower potassium level, stalk break-
age was less severe in the low nitrogen treatments than in the high.

It has been pointed out by Hoffer (10) that iren cempounds
accumulate in the joints of corn plants when the supply of available
s0il potassium is deficient. These iron accumulations disrupt transle-
cation of foods from the leaves to the roots, and the latter are starved
and weakened. They then become predisposed to injuries by fungi. When
the roots become sufficiently rotted the weakened plants may lodge.

Krantz and Chandler (15) and Brady (3) also related lodging te
varietal and plant population differences.

Stanford, et 3&}(23) emphasize that potassium/calcium and
potassium/magnesium antagonism becomes promounced with increasing con-
centrations of potassium and causes a reduction in the absorption of

divalent cations. Drake and Scareth (5), Janssen and Bartholomew (1l),
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and Lundegardh (17) support the contention that as potassium levels de-
cline, calcium and magnesium uptake by the plant tends to increase.
Thus, it is important that these three elements be kept in balance.

Luxury consumption of potassium is reported by Nightingale, et
al (21), Bartholomew and Janssen (1), Krantz and Chandler (15), and
Stanford, et al (23).

James and Penston (13), Bartholomew and Janssen (1), and Night-
ingale, et al (21) show that potassium present in potassium deficient
plants apparently is transferred from the older regions to the meri-
stematic tissue as needed. The older leaves may then exhibit de-
ficiency symptoms and die as a result,

Sayre (22) found that the greatest potassium accumulation in
corn took place just before and after tasseling, He found the greatest
accumulation in the stem about three weeks after silking. There was
an actual loss of potassium after that time, largely from the leaves
and stems of the plants, He states, "A probable explanation is that
potassium was partly washed from the leaves and stems back inte the

seil or simply moved back inte the soil threugh the root system."



CHAPTER III
METHODS AND PROCEDURES

Five varieties of corn, three single crosses and two double
crosses, were grown on a soil low in Mavailable” potassium. Potassium,
calcium, magnesium, and phosphorus contents of plant samples were de-
termined periodically throughout the growing season. Stalk trealage was
determined periodically and grain yields were obtainad,

The soil on which the expariment was conducted is classified as
Holston loam, The Holston series is developed from moderately coarse-
textured old alluvium on stream terraces under conditions of adequate
drainage, The surface horigon is a brown (10 YR 5/3), very friable loam
with weakly developed fine to medium granular structure. The "B" horizon
ranges from yellowiah trown to brownish yellow clay loam that is slightly
firm and which has weakly developed fine and medium subangular blocky
structure,

Where a similar experimsnt had been located the previous year, soil
samples were obtained from bstween the old corn rows (and thus would not
reflect row fertilisation in the experimental plots) and analyzed. The
results of these analyses are shown in Table I,

Rates of Bleck ) |
fertiliser - 3 mwr ’z% H%‘
used in II 100 Lo 50
1954 were: III 100 IFe) 150
Iv 100 ko 250
Rates of I 100 S0 -0
fertilizer b 100 50 25
used in III 100 £0 25
1955 were: v 100 50 25



TABIE I

EXCHANGEABIE POTASSIUM, CALCIUM, MAGNESIUM, AVAIIABIE PHOSPMORUS,
AND pH OF SOIL SAMPIES OBTAINED FROM EXPERIMERTAL AREA

'1955 Soil Test Spring Sampled , | 1955 Seil Test Fall Sampled
o Randomt zed . Row Middle

TR TR

Pownds ) Pounds
- K 3 Ca 8 ‘? .. : pH :-'T 3 : acr: : pH _
80 110 22,1 : B 905 887 98 5.0

3

H

: S5 905 20.7 120 5.4
II : 82 1045 19.3 : 58 9O 73.9 89 5.2

:

$

5¢3
S.ls 55 895 19.3 105 5.5
IIT :1 122 1060 19.6 213; $ 95 915 1775 77 5.2: 78 880 19.6 100 5.5

H
H
]
$
3
4
H
H
s "

SEed

3
T —



In 1954, nitrogen was applied at the rate of thirty pounds of N
per acre in the row at planting and seventy pounds per acre as side-
dressing. Phosphorus was applied in the row at the rate of forty pounds
of Pp0g per acre at planting, Following plowing and preceding disking,
one hundred and two hundred pounds of K90 per acre was spplied broadcast
to blocks III and IV respectively. Blocks II, III, and IV received fifty
pounds of Kp0 per acre in the row at time of planting.

In 1955, nitrogen was applied at the rate of thirty pounds of N
per acre in the row at planting and seventy pounds per acre as side-~
dressing tweaty-six days after planting or when corn was about eighteen
inches high. Fhospborus was applied in the row at the rate of fifty
pounds of P,0 per acre at planting. Blocks II, III, and IV received
twenty-five pounds of K50 per acre in the row at time of planting.

The experiment was laid out in a modified randomized block design
with fowr replications. The five varieties and four rates of potash
fertiligation made a total of twanty treatments., Plot size was ten and
one-balf by thirty feet or 1/138.29 acre, each plot comnsisting of three
rows forty-two inches apart.

The five corn varieties used were:

(1) T115 x T111

22) T105 x T101

3) T4 x T13

(hg Tenn. 29 (TL1S x T111) (rd05 x T101)
(5) pixie 33 (T61 x T13) (7205 x T101)

The corn was planted on May 7 at the rate of two kernels every
nine to twelve inches. 7Twenty-six days after planting, the plots were

thinned to one plant svery fifteen inches or twemty-four plants per
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thirty feet row, making a stand equivalent to 10,000 plants per acrs.
The experimental plots were cultivated two times during the growing
season. The crop was harvested October 5, which was 151 days after
planting.

The first leaf tissue samples were taken June 4 when the plants
were eighteen to twemty-four inches tall. Two more samples were ob-
tained at intervals of about three weeks. The sampling procedure con-
sisted of taking the youngest mature leaf on the first two sampling
dates and the first full leaf below the lowest ear on the third sampling
date. Six plants, selected at random, were sampled in each plot.

All tissue samples were dried in an oven at 70° C. The dried
samples were ground in a Wiley mill, mixed thorvughly, and stored in
bottles until analyzed.

A modification of the wet oxidation procedure of Gieseking,
Snider, and Getz (7) was used for ashing all samples.

The potassimm, calcium, and magnesium contents of the samples
were dstermined with a Beckman DU flame spectrophotomster equipped with
a photammltiplier attachment. The Beckman B spectrephotometer was used
t0 measure blue color intensities in the phosphorus determinations.

Each ingtrument was calibrated with known concentrations of the element
for which the analysis was being made. Sample readings were then com-
psred with the calibration curve ottained from these standard solutions,

Per cent stalk breakage was obtained by counting all stalks which
were broken below the highest ear. Stalks which were leaning more than
forty-five degrees were considered to be root lodged.
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Yield data were determined by harvesting all plots and recording
field weights which were then converted to bushels of shelled corn per

acre on a 15.5 per cent moisture basis.



CHAPTER IV
RESULTS

Yield

Yield data are summariszed in Table II. These data were sub-
Jected to analysis by statistical procedures as outlined by Cochran
and Cox (k).

A comparison of the O-pound K50 treated plots with an average
of those plots receiving K20 showed a significant yield difference. The
least significant difference in yield at the .05 level was 6,7 bushels.

In comparison of variety means, Tenn. 29 showed a significant
yield increase over Dixie 33 and T61l x T13, Single cross T115 x T1ll
gave a significant yield increase over Dixie 33.

At the same level of Ky0 fertilisation, Tenn. 29 showed a sig-
nificant yield increasse over T115 x Tlll, T6l x T13, and Dixie 33 at the
O-pound K20 level. At the 75-pound level of K;0, T115 x T1ll gave a
significant yield increase over T105 x T10l, T6l x T13 and Dixie 33.
Tenn. 29 showed a significant yield increase over Dixie 33 at the 75-
pound level of K20. There were no significant yield differences among
varieties at the 175~ and 275-pound lsvels of K20.

When camparing the same variety at different K20 levels, 75~ and
275-pound levels of K20 gave a significant yield increase over the O-
pound K20 level for T115 x Tlll., For the single cross T6l x T13, 175
pounds of K20 gave a significant yield increase over the O-pound K20
level, Dimie 33 showed a significant yield increase at the 175-pound



TABIE II

YIELD OF GRAI’/ IN BUSHELS PER ACRE FOR FIVE VARIETIES OF
CORN AT FOUR IEVELS OF POTASSIUM FERTILIZATION

Variety =~ ——g— T ? Average
H
TS x 111 ¢ 52.6% 70.6 60.3 63.4 61.7
T105 x T101 : 57.0 60,0 61,9 63.4 60.6
P61 x T13 : 52,1 56.9 65.17 57.5 58.1
Tenn. 29 : 63.3 65.0 64,2 63.7 64.1
Dixie 33 H 205 22.2 61'2 5,08 56.7
4
Average s__55.1 1.5 62.1 61,6
H H 3
Ve 1O Kg $ t 3
V8.  § 5501 ﬂ" 3
ISD (+05)* between variety means « = = = = = = = = = 4.6 bu.
ISD (.05)* between no K20 vse K20 = = = = = = = = = 6.7 bu.
1SD 2.05 * betwsen varieties at same level of K20 - 9.1 bu,
LSD (.05)* botween K20 levels of the same variety - 10.6 bu.
c. V. For mi“i.. ------------ 10.7%
Co Ve For no KO vs8e K20 = = = = = = = = = = = - - 15.5%

&/ orain yields are based on 15,5 per cent moisture.
h/ricms represent an average of four replications.
* No significant difference at .0l level,
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level of K0 over the O-pound K20 level. There was no significant yield
difference between K20 levels for Tenn. 29 and T105 x T10l. The varia-
tion among replicates was significant at the .05 and .0l levels as indi-

cated by the F test. The yleld results are shown graphically in Figure 1.

Root Lodging and Stalk Breakage

The data on root lodging and stalk breakage are summarized in
Tables ITI through XI. Root lodging and stalk brealage were most preva-
lent in ths O-pound K70 treated plets. Figure 2 shows that as the season
progressed the amount of combined root lodging and stalk breakage in-
creased.

At all three root lodging count dates, the O-pound K70 treated
plots showsd a higher per cent lodging than did the 75-, 175-, and 275-
pound levels of Ky0. This difference was significant at the .0l level.
Single cross T6l x T13 showed a higher per cemt root lodging, signifi-
cant at .0l level, when compared with the other four varieties at 2ll
three dates. Dixie 33 showed a higher per cenmt root lodging than did
T11$ x T111, T105 x T101 and Tenn. 29. This difference was significant
at .05 level,

The per cent stalk breakage at all three dates showed a highly
significant increase in lodging for O-pound K20 treated plots over the
75-, 175- and 275-pound levels of Kg0. At all three dates, T61 x T13
gave a greater difference for per cent stalk brealsge than T115 x Tl1ll,
T105 x T101 and Tenn. 29. This difference was significant at .0l level.
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TABLE III

PER CENT ROOT LODGING 108 DAYS AFTER PLANTING

Variety

$
H
™S x T11 ;3.5 0.7 1.0 0.4 1.4
T105 x T101 s O.h 0.0 0.0 0.7 0.3
161 b < T13 H 9.7 2.1 100 107 306
Temn., 29 : 3.5 0.0 0.7 0.7 1.2
Dixie 33 H 296 2.1 1,0 0.7 2.3
'] :
Average t kS 1.0 0.8 0.8
1SD (.05) between rates of Kg0 == - === - - - - - 0.76%
ISD (.O1) between rates of Kg0 == = = == = = = = = 0.83%
CoVoForrates of KO = =« m e - c e c e e e oo 27.1%
ISD (.05) between varioties - = = = = = = = = = = - = 0.92%
ISD (.0l) between varieties - - = = = = = = = = = = = 1.10%
Co Vo For varietieos = = -« = c c c c e e e e e 2 = = = L48.7¢

l/n‘mo represent an average of four replications.
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TABLE IV

PER CENT STAIK BREAKAGE 108 DAYS AFTER PIANTING

Variety : T I Aversge
:
Tlls x T111 H 3.# 0.7 107 2.1 2.0
T10S x T101 H 1.0 1.4 1.0 1.4 1.2
61 x T13 t 115 L5 2.8 2.1 5.2
Tenn. 29 $ 305 o.h 3.5 Oc? 2.0
Dixie 33 S § b2 5.2 3.5 ko0
H
Average : 45 2,2 2,8 1.9
ISD (.05) between rates of K0 = = = = = = = = = = = 0.78%
ISD (.01) between rates of K90 = = === = = = - = = 0.88%
CoVoForrates of K0 --------------- 23.8%
ISD (405) between varieties - - - - - = - - - - - _ . 0.89%
LSD (.01) between varieties - - - - - = = = = - - _ _ 1.06%
Co V. Por variotios - - - - - c c c c c e c o = = = = 37.4%

l/nxmc represent an average of four replications.



TABIE V

PER CENT COMBINED ROOT LODGING AND STALK BREAKAGE
108 DAYS AFTER PLANTING

Variety '::%% T 1 :mmso

3
:
Tns x T111 $ .91/ loh 208 20“» 3oh
7105 x T101 : Lk 1l.h4 1,0 2.1 1.5
761 x T13 : 21,2 6.6 3.8 3.8 8.9
Tem. 29 : 6.9 0.4 4.2 LU 3.2
Dixie 33 H 807 602 6.2 h.2 6.3
g
Average : 9.0 3.2 3.6 2.8
IsSD (.OS; between rates of K0 === === ==-- - 0.83%
ISD (.01) between rates of K0 = = = = = = = = = = = 0.99%
C.VoForrates of K0 -=-=--=-=-=---=---- 25,0%
1SD é.OS) between varieties - = = = = = =« 2 = = = = - 1.04%
I1SD (.01) between varieties - = = = = = = = = = = = = 1.32%
C.V.Forvarieties —-c-cccccccccccaca-a k0. 3%

l/unru represent an average of four replications.
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TABIE VI

PER CENT ROOT IODGING 131 DAYS AFTER PLANTING

T L T

s
msxm  : 9. L4 2.4 0.7 3.5
T105 x T101 s 2.8 0.0 0.4 O.h4 0.9
Tél X T13 H 17.7 201 l.o 2.1 5.7
Tenn. 29 T b Ok 0.7 0.7 1.5
Dixie 33 i_30:8 24} 160 L.l 3.8
3
Average s 9.0 1.2 Ll 1.0
ISD (.05) betwsen rates of K0 == = == = = = = = - 0.88%
1SD (s01) between rates of K0 = == === === == 1.07%
C.VoForrates of K0 == - - - ccccececa-- - 35.7%
_ISD E.OS) between varietios - - - - - c c c o o - - a 0.94%
ISD (.01) between varieties - - = = = = = = = = = - - 1.12%
C.VeForvarieties - - ccccccccaccacaaa 42,19

l/!'umn represent an averags of four replications,



TABLE VII

PER CENT STAIK BREAKAGE 131 DAYS AFTER PIANTING

Variety 0 : %E %@ = i 575 :Avorago _

$
3
3
TS x T111 ¢ S.60 1.7 3.8 2.8 3.5
T].OS x T101 H 1.0 ]wh 1.0 208 1-6
T61 X m tH 20.8 803 305 6.2 9.7
Tm. 29 H 7.6 1.7 308 3-1 hol
Dixie 33 s _10.1 1.3 1.2 5.6 7.6
Average : 9.0 kel 3.9 k.1
ISD (.05) between rates of Kg0 = ===~ ---= 0.75%
1SD (.01) between rates of Kp0 = == === == === 0.81%
C. V. For rates of K0 - - = - - = R 15,74
ISD (.05) between varieties - - -~ - - - - --- 0.92%
ISD (.01) between varieties = = « - « - - - oo 1.10%
c. V. For mieti" ---------------- 29.8%

blmml represent an average of four replications.



TABIE VIII

PER CENT COMBINED ROOT LODGING AND STAIK BREAKAGE
131 DAYS AFTER PILANTING

Variely : 0 : 3 .?;—. s 275 : Average
msxT1 s 9y 31 602 3.8 6.9
Tms x T101 4 308 10h loh 3.1 2oh
T61 x T13 : 38,5 10.4 4.5 8.3 15.4
Tenn. 29 : 1.0 75 § | 1 3.8 5.6
Dixle 33 2.8 9.4 83 &9 1wk

4
Average s 18.0 5e¢3 5.0 5.1
LSD (.05) between rates of Kg0 = == == = = = = = = 0.86%
ISD (.01) between rates of K30 = = = = = = = = = = = 1.03%
Cs Vo For rates of Kzo -------------- 2005%
18D (.05; between varietios - - = = = = = = = = = = - 1.0k%
'ISD (.01) between varieties - - - = = = = = = = - - - 1.32%
C. VoFor varieties o« « - v c ccccwococaa-a-- 30.6%

l/ﬂcmn represent an average of four replications.
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TABLE IX

PER CENT ROOT LODGING 149 DAYS AFTER PLANTING

Variety ; %E;Eim T 215 :Average

$ 0
3
Tll5 x T111 H 9ON loh 2oh loh 306
'.l'lOS x T101 $ 208 0.0 O.h O.h 0.9
261 X TB H 1707 201 loh 2.1 5.8
Tenn. 29 : 3.5 0.k 1.0 0.7 1.4
Dixie 33 20,8 2.1 1,0 1.7 3.9
$
Average H 8.8 1.2 1.2 1.2
ISD (.05) between rates 0f KO0 = = = = = = = = = = = 1.03%
ISD (.01) between rates of KO o = = = = = = = = = = 1.11 %
C.cVoPorrates of I0 - - - cccccccacaaa-a 38.0%
ISD (.05) between varietios = = « = = = =« =« = = = = ~ 0.94%
ISD (.01) between varietios - - = = = = = = = = = = = 1.12¢
Co Ve Forvarietiges e c c c ccc v cceccacaec-a- hﬂ.sﬂ

o/ Figures represent an average of four replications.
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TABLE X

PER CENT STAIX BREAKAGE 149 DAYS AFTER PIANTING

}

:
msxmn  : 7. L7 1S k.S 1S
‘1'1.05 x T101 H loh 2.8 loh 2.8 201
‘!61 X 1'13 H 21.2 9o° 308 609 10.2
Tenn. 29 : 8.3 3.1 k.9 5.2 S
: -
Average 2 9.6 b9 4.6 5.2
1SD (.05) between rates of kg0 =« =« < == - v« 0.74%
ISD (.,01) betwesn rates of K90 o = = = = = = = = = = 0.79%
C.Vo.Forrates of Kg0 ----=-===-c=-c--=- 1.6%
ISD (.05) between varieties o - - = - = = - - -- - 0.92%
I1SD (.01) between varieties =« -« cccccec-a- 1.10%
Co Vo For varietiof e - cccccceccacacaaa 27.7%

l/mml represent an average of four replications,
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TABLE XI

PER CENT COMBINED ROOT LODGING AND STALK BREAKAGE
149 DAYS APTER PLANTING

Variety :%o - e 1 * Average

:
,115 x Tl H 1601” 301 609 5.9 8.2
T205 x T101 H k.2 2.8 1.7 3.1 3.0
™61 x T13 s 38.9 n.l1 5.2 9.0 16.1
Tenn. 29 H 11.8 305 509 509 608
Dixie 33 1 20,8 10.1 9.4 8.3 12,2
3
‘m‘g‘ H 18.5 6.1 508 6.5
LSD (.05) between rates of K0 = === == === 0.81%
ISD (.01) between rates of K0 = === === = = 0.9U¥
C.VoForrates of kg0 = = = = = c w c c o - - o - o 16.8%
ISD (+05) between varieties - = - - - - - - e --- 1.04%
1SD (.01) between varisties o« - - === - ==« - - 1.32%
Co Vo For varietiof - - v c cc ccecceca---a 29.1%

!/ngun- represent an average of four replications.
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At the three different dates, the O-pound K,0 treated plots showed
a higher per cent combined root lodging and stalk treakage, significant
at .0l level, when compared with the 75-, 175-, and 275-pound levels of
K20. There was no significant differencs among the 75-, 175- and 275-
pound levels of Xo0, Variety T61 x T13 showed a higher per cemt combined
root lodging and stalk treakage when campared with the other four varie-
ties. This difference was significant at the .0l level., With the ex-
ception of T115 x T11l over Temn. 29 at the first combined count date
(108 days after planting), there was a highly significant increase in
per cent combined root lodging and stalk trealmge for T6l x T13 over
Dixie 33, Dixie 33 over T115 x T111, T115 x T111 over T105 x T10l and
Tem, 29 over T105 x T10l. Therefore, from Figure 2, the standing
ability for the five varieties could be ranked as:
1. T105 x T101
2. Temn. 29
3, TS5 x ™

k. Dixie 33
50 761 x 1'13

Mineral Composition

The summary of potassium, calcium, magnesium and phosphorus con-
tents of the corn plants are given in Tables XII through XXIII, The data
from these summary tables are plotted in Figure 3. Varieties were not
considered in Figure 3 since there were no significant differences amang
varieties,

The per cent potassium for the three sampling dates averaged 0.78
for the O-pound Kp0 treated plots, 1.80 per cent for the 75-pound level,
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TABLE XII

PER CENT POTASSIUM IN CORN LEAF TISSUE
28 DAYS AFTER PLANTING

4 2
msxmu ;.20 310 3,02 3.28 2.65
1'105 x T101 3 1.06 3.16 3061 3.85 2092
T61 x T13 : 1.25 2.72 3,21 3.3 2.63
Tenn, 29 H 1016 2076 3ch2 3059 2.73
Dixie 33 1_1.26 3.28 3% 3.60 2,88
H
Average s 1.19 3.00 3.32 3.53
1SD (.05) between rates of Kg0 = ===~ - = = = - 0.20%
ISD (.01) betwsen rates of EO ===--=c=--- 0.29%
C.Veforrates of (g0 - == c-w--ce---= 5¢3%
ISD (.05) between varieties =~ ==« = = = = = - N.S.

sampls,

Vngms represant an average of four replications,
h/ngma represent per cent of elemsnt in air-dry weight of
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TABLE XIII

PER CENT POTASSIUM IN CORN LEAF TISSUE
53 DAYS AFTER PIANTING

Variety  ;——pF— A g Average
msxnn  : 0S8V 1.5 1.76 2,08 1.50
T105 x T101 : 0.56 1L.39 1.80 2.50 1.56
T6l X ‘ﬂ.j H 0.75 1029 1081 10% 1.‘6
Tenn, 29 H Ooﬁh 1055 1078 2.25 1.60
Dixie 33 :_0.62 2.0 1.99 2,15 1,52

:
Average : 0.66 1.42 1,83 2.19
ISD (.05) between rates of K,0 = == = = = = = = = 0.29%
1SD (.01) between rates of K30 = = == === = = = 0.11%
C.Vo forrates of K30 = = = = = = == = = - - = - = 13.7%
ISD (.05) between varieties - - - = - - - - - -- Ne.S.

sample.

I/Yumn represent an average of four replications,
h/Figuru represent per cent of element in air-dry weight of
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TABLE XIV

PER CENT OF POTASSIUM IN CORN LEAF TISSUE
76 DAYS AFTER PLANTING

H
msxm  : o5 11 128 1.86 1.19
T105 x T101 : 0,38 0.89 1.3 1.85 1.12
T61 b 4 1.'13 H 0060 OQBh lom 1060 1.11
Tenn. 29 : 0.4 0.98 1.52 2,044 1.2k
Dixie 33 H gga w 10” 1021
H
‘w 3 0.,‘8 0.97 1.39 1085
ISD (.05) between rates of kK0 = === === = - = 0.15%
ISD (.01) between rates of K90 = = = = == - = = = 0.21%
CoVoforrates of kg0 = = = == e c = = = = = = - = 9.3%
ISD (.05) between varioties « - - = = = = = = - - - N.S.

l/mml represent an average of four replications.

mea represent per cent of elemsnt in air-dry weight of
MIQQ



TABIE XV

PER CENT CALCIUM IN CORN IEAF TISSUE
28 DAYS AFTER PIANTING

:
§
g

:
MmSxTl s 0.50MY o, 0. 46 0.36 0.kS
T].OS x T101 H 0.97 0063 0056 0.50 0.66
161 X '1'13 H 0.” 0061‘ 0.66 006!‘ 0073
Tenn. 29 s 0.7 0.U5 0.56 0.l 0.5k
Dixie 33 : 0.88 0.65 0.52 0.58 0.66
:
Average : 0.82 0.55 0,56 0.50
ISD (.05) between rates of K0 = = = = = = = = = = 0.10%
ISD (.01) between rates of Kp0 = ===« = - - -- 0.1l
C. Vo for rates of k0 = = = = = = c e e e o o - oo 11.3%
ISD (,05) between varietios « « = = = = = = = = = = 0.08%
ISD (.01) between varietios - - - - = = = = = = - - 0.10%
Co Vo for varietios - c-ccccccecccececaa 8.8%

sample,

!/mtrn represent an average of four replications.
h/murn represent per cent of element in air-dry weight of



TABLE IVI

PER CENT CALCIUM IN CORN LEAF TISSUE
53 DAYS AFTER PIANTING

s $
Variety : 0 ,%%, 1 2[5 Average
3
msxmu : o.9WW 066  o.52 0.52 0.66
TI05x TI01 : 1.33 2.12 1.01 0.96 1.10
T61 x T13 s l.25 1,03 0.88 0.89 1.01
Tenn. 29 H Ll‘ 00" OOn 0013 0089
Dixie 33 1_1a28 200 0% 0%k 104
Average ; 1.19 0095 0.82 0,81
18D (.05) between rates of Kp0 = = = = == == - = 0.12%
ISD (.01) between rates of K0 = = === = = = = = 0.17%
Co Vo for rates of ko0 = = = = = = e c e c o o o = 8.3%
ISD (.05) between varieties =- - ====== === 0.10%
ISD (.01) between varietios - - - - - - - = -« 0.13%
c. V. f“ mi‘uea ---------------- 7.)‘%

/) Figures represent an average of four replications.

ymma represent per cent of elsment in air-dry weight of
.‘QI.Q
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TABLE XVII

PER CENT OALCIUM IN CORN LEAF TISSUE
76 DAYS AFTER PLANTING

szt : 0.8M® 063  0.56 0.5k 0.6k
T105 x T101 : 1.15 1.28 1,10 0.77 1.08
T61 X T13 : 1031‘ 1.02 0099 0092 1007
Tean. 29 1 L.k 0.76 0.92 0.70 0.88
Dixie 33 :_1e29 1,20 0,92 0,93 1.10
3
Average : .15 0.99 0.90 0.77
ISD (.05) between rates of kK20 = = c c c e e = = = 0.12%
ISD (.0l) between rates of Ko = = = = @« = = = = = 0.18%
C.Voforrates of K0 - = = = = === = = === = = 9.4%
ISD (.05) between varieties - - - - - co-- .- 0.15%
ISD (+01) between varieties - - = - - ------ 0.20%
Co V. for varieties -cccceccccccacaaa 1N.3%

y Figures repressnt an average of four replications.

Vriglru represent per cent of element in air-dry weight of
sample.



TABIE XVIII

PER CENT MAGNESIUM IN CORN IEAF TISSUE
28 DAYS AFTER PIANTING

3

Variety :-rm, = ;gﬁ gy Average

3
Tlls x T111 $ OOM 0026 0028 0,20 0.36
T105 x T101 S 1009 0031 0-” 0018 0-'47
761 x T13 : 1,08 0.43 0.34 0.28 0.53
Tm. 29 H 0085 0028 0033 0019 O.hl
Dixie 33 H Oﬂ 0,}1 9_.!2 03_2“, OQM
H
Amm H 0. 93 0. 33 0. 29 o. 22
ISD (.05) between rates of KO === === ===« 0.11%
ISD (.0l1) between rates of K90 = == = = = = = = = 0.17%
C.o V. forrates of £)0 = = = = = = o - - - - - - - - 20,2%
ISD (.05) between varieties « - « = =« - - - - - 0.09¢
ISD (.01) between varieties - - - - = - - ---- N.S.
Co Ve for varieties --c-cccccccccacaa-a 15.2¢

!/!‘iguru represent an average of four replications,

y Figures represent per cent of elament in air-dry weight of
!Ilpleo



TABLE XIX

PER CENT MAGNESIUM IN CORN LEAF TISSUE
53 DAYS AFTER PLANTING

3 Pom acre 3
Vartety 5T S e T e Average
:
msxm : LAWY ol o 0.2l 0.64
T105 x T101 : 1,90 0.95 0.84 0.46 1.04
T61 X m g 1.73 0.9& 0061 006h 0.98
Tenn, 29  § 1035 0059 0.60 003,4 0072
Dixie 33 i_1:9 0,20 0,69 0,53 1,01
gk
Average : 1.65 0.77 0.64 O.Lks
LSD (.05) between rates of Kp0 o« === === - - - 0.20%
LSD (+01) between rates of K0 = - === - - - - = 0.29%
CoVeforrate of K0 = -=- - -« cccacaaa. 17.3%
1SD §.05; between varieties - - =« - = = = = - - - . 0.16%
ISD (.01) between varieties - - = = = = - = = = = = 0.20%
Co V. for varietiod e c cccccccacccea - 13.3%

sample,

‘/!'iguru represent an average of four replications.
?/ Figures represent per cent of element in air-dry weight of



TABLE XX

PER CENT MAGNESIUM IN CORN IEAF TISSUB
76 DAYS AFTER PLANTING

g
;I..
"
.g .

Vari
' H
misxtu1 o« .62 o068 0.3 0.3k 0.77
'1'105 x T101 3 1089 10"2 1007 0038 1019
T61 x T13 : 2,04 1,50 0.96 0.91 L35
Tenn, 29 : 1,76 0.82 0.70 0.46 0.94
Dixie 33 12317 .15 0,70 1,24
3
Average t 1.90 L16 0.78 0,56
1SD (.05) betwesn rates of ?0 ---------- 0.24%
LSD (.01) between rates of Kf0 = == == ==« - = 0.35%
C. Vo for retes of K30 = = « = e« c c c c c c e = = - 16.7%
ISD (.05) between varieties = =« - - -« ---- 0.21%
ISD (001) beween mieti.' ““““““““ 0028%
Co Vo for varietios - = =« c c c c cc e e e c c = = 1. 6%

8/ Figures represant an average of fmxrlmneatio‘na.

b/ Figures represent per cent of element in air-dry weight of
sample.

3¥»



TABIE XXI

PER CENT PHOSPHORUS IN CORN LEAF TISSUE
28 DAYS AFTER PLANTING

4
7115 x T111 H 0.3W 0.32 0.1 0032 0.32
T105 x T101 : 0.3 0,32 0.3 0,32 0.33
T6l x T13 3 °.3h 0.30 0.36 0036 003“
Tenn. 29 : 0.35 0.3 0034 0.30 0.3
Dixie 33 =_M 002 012 0,2 002
H
Aw 3 0035 002 0033 0032
ISD (.05) between rates of K90 = = = = = = = = = = 0.02%
Co Vo forrates of K30 =~ e s e c e c c e e c o == Lke3%
ISD (QOS) b‘mn “ri“i.. ----------- N.S.

5’ Figures represent an average of fowr replications,

V?uml represent per cent of elsment in air-dry weight of
sample,



TABLE XXII

PER CENT PROSPHORUS IN CORN IEAF TISSUE
53 DAYS AFTER PLANTING

3 asxre s
Vari .ty 3 3 T 3 zL s A'W.

H
msxru  : o200 o2 02 0,22 0.2
T105 x T101 : 0.21 0,22 0.21 0.23 0.22
T61 x T13 s 0,20 0.25 0.21 0.26 0.23
Tenn. 29 : O.2 0.22 0.24 0.25 0.23
Dixie 33 10,24 0,23 0,22 0,23 0.23
H
Average 1 0.21 0.23 0.22 0.2l
LSD (.05) betwesn rates of kg0 = = = = = = = = = - N.S.
Co Vo for rates of Kg0 = = = = @ c c c = c = = = = - 7.2%
ISD (.,05) betwean varieties - = =« = = = = = = = = = N.S.

sample.

./riglru represent an average of four replications.
yriguru represent per cent of element in air-dry weight of



TABLE IXIII

PER CENT PHOSPHORUS IN CORN LEAF TISSUE
76 DAYS AFTER PLANTING

Variety :_"6:% s""OTEI?S‘““ 1275 :Awr&ge

3
msxmn  : 0.20M% 029 0.5 0.18 0.18
T105 x T101 s 0.21 0.1k 0.18 0.18 0.18
T61 x T13 s 0.18 0.17 0.17 0.18 0.18
Tenn. 29 s 0.19 0016 0.20 0'18 0-18
Dixie 33 3_&2 o;_]_‘ 0,& 0917 00}7
3
Average : 0.20 0.16 0.17 0.18
LSD (.05) between rates of KO - wwe-- - - 0.01%
ISD (.01) between rates of K20 = = = = = = = = = = 0.02%
C. V. for rates of K30 = = = = = = = = = = = = = = = 5. 4%
ISD (.05) betwesn varieties = == ==« = =« -« N.S.

yHaros represent an average of four replications.

b/rigures represent per cent of elament in air-dry weight of
sample.
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2.18 for the 175-pound level and 2.52 per cent for the 275-pound level
of K50.

As indicated by Figwre 3, the potassium content of the leaves
was greatest at the first sampling date (twenty-eight days after plant-
ing). The potassium content decreased as the season progressed and
tended to level off from the second to third sampling dates, fifty-three
and seventy-six days after planting, respectively.

Potash fertilization generally decreased the leaf content of
calcium and magnesium of all varieties, but did not apprecisbly affect
the phosphorus content. The ratio of potassium to calcium plus mag-
nesium was 5 to 1 at the first sampling date (twemty-eight days after
planting) at the 275-pound level of K;0. The ratio was approximately
2 to 1 at the second sampling date (fifty-three days after planting)
and approximately 1,5 to 1 at the third sampling date (seventy-six days
after planting) at the 275-pound level of K,0.

Table XXIV presents the milliequivalents of total cations
(potassium, calcium and magnesium) per one hundred grams of oven-dry
tissue throughout the ssason. The milliequivalents of total cations
decreased as the rate of potash fertilization increased (Figure ).
However, the milliequivalents of total cations increased the greatest
with age of plant at the O-pound K,0 level of fertilization. The magni-
tude of this effect decreased with each increment of Ky0 and there was
1little change in the milliequivalents of total cations with age of
plants at the 275-pound level of K,0.



TABIE XXIV

MILLIEQUIVALENTS OF TOTAL CATIONS (K, Ca, Mg) PER 100 GRAMS
OF OVEN-DRY TISSUE IN CORN LEAVES AT FOUR LEVELS OF K20
AT THREE DATES FOLLOWING PLANTING

i s T

0 ¢ 19,0 213.9 228.1 197.0
(4 : 13,9 8.1 171.0 150.4
175 s 137.3 1.2 145.6 Uk
215 :_133.8  133.3 126 13.2

:
Average : 138,0 159.1 169.3
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CHAPTER V
DISCUSSION AND CONCLUSIONS
Yield

A significant yleld difference was obtained between the O-pound
Ko0 treated plots and the average for the plots receiving the 75-, 175-,
and 275-pound levels of K20 (Table II). There was no significant dif-
ference among the three levels of K20. These results are in agreement
with data on root lodging and stalk breakage (Tables III-XI), which
decreased progressively with increased levels of potash fertiligzationm,
but was only significantly different between the O-pound K30 treated
plots and the three levels of K>0. There was no significant difference
among levels of K20. These results also agree with the minmeral content
data (Tables XII-IXIII) which shows the potassium content increased as
increments of K20 increased.

An explanation for the significant increase of the average of
the 75-, 175-, and 275-pound levels of K,0 over the O-pound K0 treated
plots only, and the lack of significance among levels, might be that
the major yield response was obtained by the first increment of K20 and
no subsequent yield response was obtained from additional increments of
E50. The 75-, 175-, and 275-pound increments of applied K»0 would cor-
tribute to error of variance and yet be essentially equal as far as
yield is concerned. Dus to this increased error, a larger difference
would be required for significance.



Root lLodging and Stalk Breakage

Root lodging and stalk breakage tended to decrease as potash
fertilization increased as shomn by Tables III-XI. This is in agree-
ment with the work of Janssen and Bartholomew (14), who found that
under low potassium conditions, there was a smaller developmaent of the
cortex cells which are important in reducing stalk breakage. The
nitrogen-potassium-carbohydrate relationship (20) in the plant seems
to be a major factor in determining the strength of the stalk and
this could be an explanation for the lack of significant differences
in the 75-, 175-, and 275-pound levels of K»0.

Single cross T61 x T13 and Dixie 33 showed the greatest per
cent root lodging and stalk breakage at all levels of x20 and at all
dates of sampling (Figure 2). T61 is the seed parent of the singls
cross T6l x T13 which in turn is the seed parent of Dixie 33. They
apparently have a genotype which conditions in a weak stalk in their
progeny. Single cross T115 x T1ll held an intermsdiate position as
to root lodging and stalk breakage while single cross T105 x T10l had
the least per cent of lodging and breakage, followed by Tenn. 29,
which is the progeny of these two single crosses. During the growing
season, T6l x T1) and Dixie 33 began lodging before any of the o‘t;har
varieties. Lodging on these two varieties was first noticed ninety-
five days after planting.



Mineral Composition

The highest percentage of potassium found in the leaf tissue of
the plants was at the first sampling date (twenty-eight days after plamt-
ing) for all four levels of potash fertilization. This was probably
because the root system was in the zone where the twenty-five pounds of
K20 was applied in 1955 and also being able to utilize a portion of the
exchangeable K20 remaining in the soil from the previous year and
utilizing other exchangeable K20 present before any applications.

It bas been suggested (1) that potassium can accumulate in large
quantities, be translocated and re-utilized. These resultis are in agree-
ment with this suggestion as is evident from Figure 3 in that at mid-
season and later the potassium content decreased rapidly. A portion of
this decrease can be attributed to a "dilution effect" but the smaller
decline in the O-pound K;0 treated plots, compared to the 75-, 175-,
and 27S-pound level treated plots, tends to indicate translocation. The
corn ears were being formed between the second and third sampling dates
(fifty-thres and seventy-six days after planting, respectively), there-
fore, an explanation for the potassium decrease would be the translo-
cation of this element from the lower leaves to the meristematic region
where it was re-utilized in carbohyydrate symthesis.

Other reasons for a decrease in potassium content as the season
progressed are a leaching of the applied potash and a fixation of a
portion of the applied potassium in a less available form by the soil
colloidal systea.

In all varieties, increased potash fertilization gemerally
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decreased the leaf content of calcium and magnesium, but did not affect
the phosphorus content appreciably. The potassium content of the plants
in the O-pound K70 treated plots was approximately 1.2 per cent, cal-
cium 0.8 per cent, magnesium 0.9 per cent and phosphorus 0.3 per cent,
whereas, in plots with high x20 fertilization, the potassium content was
about 3,5 per cent, calcium 0.5 per cent, magnssium 0.2 per cent and
phosphorus 0.3 per cent. These results are in agreement with the work
of Stanford, et al (23), which showed a calcium plus magnssiua/potassium
ratio of 3,5 to 1 to be most favorable.

Nutrient deficiency symptoms observed in the field were correlated
with mineral content as found by laboratory analysis. Deficiency
symptoms were first observed about fifty-three days after planting on
the O-pound K20 treated plots and were most noticeable on the older
leaves (which were approximately the first five leaves from the ground).
Moderate to severe deficiencies and reduced growth were observed on the
O=pound K,0 treated plots at sixty-five to seveaty-five days after plant-
ing. There was no noticeable difference in corn growing at the 75-, 175-,
and 275<powmnd levels of KoO. These observations are in agreement with
yield data, root lodging and stalk breakage data, and mineral content
data.

Figure k4 showes that the greatest difference in cation content is
between the O-pound K0 treated plots and the three levels of K,0 treated
Plots and there is not as great a difference in cation content among the
three levels of K,0. Since the potassium in the leaf is inversely re-
lated to the calcium and magnesium content (23), the greatest difference
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would be between the O-pound K20 level treatment and the three treat-
ments receiving K20.

At the O-pound level of K;0 fertilization, there was a lower
content of potassium in the plant and a higher content of calcium and
magnesium than at 75-, 175-, and 275-peund levels. This difference,
along with the extreme differences in equivalent weights, thirty-nine
for potassium, twenty for calcium and twelve for magnesium, resulted
in the milliequivalsnts of total cations in the plants being wvery high
for the O-pownd K0 treatments. It is evident from these results that
the equivalent weight of the cation present has a great effect in de-
termining the milliequivalents of total cations present in a plant.

At the 275-pound K20 level, the milliequivalents of total cations were
almost a constant for all sampling dates even though the per cent
potassium decreased from 3.53 per cent to 2,19 to 1.85 per cent at
twenty-eight, fifty-three and seventy-six days after planting, re-
spectively; the per cent calecium increased from 0.50 per cent at twenty-
eight days to 0.8 per cent at fifty-three days and dropped to 0.77 per
cent at seventy-six days after planting; and the magnesiur increased
from 0.22 to O.kly to 0,56 per cent at twenty-eight, fifty-three and
seventy-gix days after planting, respectively.

Since the 75-, 175-, and 27S-pound levels of Kp0 yielded essen-
tially the same, resulted in appraximately the same amcunt of reoot
lodging and stalk breakage, and field observations indicated no appre-
ciable difference in plant growth, it is suggested that, under the
conditions of this experiment, applications above 75 pounds of K20 do
not materially benefit the cxop.



CHAPTER VI
SUMMARY

Five varieties of corn, three single crosses and two double
crosses, were grown on a soil low in "awvailable" potassium. Root
lodging and stalk breakage were dstermined periodically throughout
the growing season. FPotassium, calcium, magnesium, and phosphorus
contents of leaf samples also were determined periodically through-
out the growing season. Finally, grain yields were obtained.

The major results were as follows:

1. There was a significant increase in yield between the
O-pound K20 treated plots and “bhe average of the 75, 175 and 275
pounds of Kp0 treated plots.

2, There was no significant difference among the 75-, 175-,
and 275-pound levels of K,0.

3. Variety Tenn. 29 showed a significant yield increase over
Dixie 33 and T61 x Tl3. Single cross T1l5 x T1ll gave a significant
yield increase over Dixie 33.

. Potash fertilisation significantly decreased both root
lodging and stalk breakage.

5. Single cross T61l x T13 showed a highly significant increase
in root lodging and stalk breakage over all other varieties at three
dates.

6. The maximm potassium content of the plant was observed
twenty-eight days after planting. The potassium decreased percentage-



wise during the latter atages of growth.

7. The calcium and magnesium contents of the leaf tissue were
generally inversely related to potash fertilization; the phosphorus
content was relatively unaffected.

8. The milliequivalents of totel cations decreased as the rate
of potash fertilization increased.
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APPENDIX A

PROCEDURE FOR DETERMINATION OF EXCHANGEABLE
POTASSIUM, CALCIUM AND MAGNESIUM OF SOILS

1, Place 10 grams of air-dry soil (ground to a fineness that
will pass a 2 mm. sieve) in a 125 ml, erlenmsyer flask.

2. Add 50 ml. of neutral normal ammonium acetate.

3. Shake for 30 minutes and let set overnight.

4. Shake for 30 minutes the following morming.

5. Filter, using Whatman No. 42 filter paper, with suction
flask and wash with an additional 50 ml. of neutral ammonium acetate,
collecting entire filtrate.

6. Procure a small portion of the filtrate (about 5 ml.) and
determine exchangeable potassium and calcium content with a Beckman
DU flame spectrophotomester equipped with a photomultiplier attachment.
A wavelength of 766.5 is used for potassium and 422.7 is used for
calcium.

7. Sample readings are compared with the calibration curve
obtained from standard solutions and the potassium and calcium content
of the s0il is calculated.

8. Samples for determining magnesium are obtained by procuring
a 50 ml. aliquot of the original filtrate and taking to drynsss on the
hot plate.

9. Destray organic matter with 30% hydrogen peroxide.



10, Add 20 ml. of O.1N hydrochloric acid.

11. Procure a small portion of this solution (about 5 ml.) to
determine exchangeable magnesium with a Beckman DU flame spectrophoto-
meter equipped with a photemultiplier attachment. A wavelength of
285.2 is used.

12, The sample readings are compared with the calibration
curve obtained from standard solutions and magnesium content of the
soil calculated.
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APFENDIX B

PROCEDURE FOR DETERMINATION OF
AVAIIABIE PHOSPHORUS IN SOIIS
1. Transfer 6,25 grams of air-dry soil (ground to a fineness
that will pass a 2 ma. sieve) into a 125 ml, erlameyer flask.
2, Add small amount of activated carbon and mix,
3. Add 25 ml. of extracting solution (0.,05N sulfuric acid con-
taining 1% ammonium sulfate).
4. Shake for five minutes.
5. Filter, using Whatman No. 1 filter paper, collecting eatire
filtrate.
6. Pippette 10 ml. of filtrate into 25 ml. erlemmeyer flask.
7. Add 0.5 ml. of molybdic acid solution and mix.
8. Add 8 drops of reducing agent (amino~naphthol-sulfonic acid)
and mix immediately.
9. Read in spectrophotemeter at 650 wavelength 15 minutes after
adding reducing agent.
10. Convert readings to ppm. phosphorus from standard curve
plotted from readings obtained from phosphorus standards run in a

similar manner.
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APPENDIX C

PROCEDURE FOR DETERMINATION
OF pH OF SOILS

1. Place about 25 grams of air-dry soil (ground to a fineness
that will pass a 2 mm, sieve) in a 50 ml. beaker.

2. Add distilled water until thin pasty mixture is obtained.

3. Allow to set until soil becomes well saturated.

4o Re-mix and place electrodes of pH meter into the soil
mixture and read pH directly.
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APPENDIX D

PROCEDURE FOR DETERMINATION OF POTASSIUM, CALCIUM,
MAGNESIUM AND PHOSPHORUS CONTENT OF
PLANT TISSUE

1. Plant samples are oven dried at 70° C., stored in air-tight
bottles until analyszed.

2. Weigh a 0,5 gram plant sample into a 150 ml. beaker.

3., Add 5 ml. of concentrated nitric acid and take to dryness on
hot plate.

4o Add 5 ml. of diluted nitric acid (1 to 1) and 5 ml. of con-
centrated perchloric acid (70-72%) and take to dryness on hot plate.

5. Add 5 ml. of diluted hydrochloric acid (1 to 1) and emough
distilled water to wash off watch glass and gently wamm,

6. Filter, using Whatman No. 42 filter paper, into 250 volu-
metric flasks,

7. Make up to volum with distilled water.

8. Mix well and procure a small portion of the solution (about
5 ml.) to determine potassium, calcium and magnesium with a Beckman DU
flame spectrophotemeter equipped with a photomultiplier attachment.
Wavelength required for potassiwum is 766.5, for calcium is )22.7 and
285.,2 for magnesium,

9. The sample readings are compared with the calibration curve
obtained from standard solutions and calculated.

10. A 2 ml., aliquot of the 250 volumetric flask sample is

transferred to a 25 ml. erlenmeyer flask for phosphorus determination.



11. Add 8 ml. of 0.05N hydrochloric acid.
12, Add 0.5 ml. of molybdic acid solution and mix,
13. Add 5 drops of reducing agent (ameno-naphthol-sulfonic
acid) and mix immediately.
4. Read in spectrophotometer at 650 wavelength 15 minutes after

adding reducing agent.



APPENDIX E

YIELD OF @Am/ IN BUSHELS PER ACRE FOR FIVE VARIETIES OF CORN
AT FOUR LEVELS OF POTASSIUM FERTILIZATION

Rates s : ons : t Ra
K20 ; Variety ' v ; Average :Average
0  T115 x Tl : 52.2 §3.2 U6.9 i 52.6 i

58.1 2
3!105 x T101 : 66.0 50.6 6 52.9 : 57 0 :
P61 x T13 : 51.9 50.5 7 55.3: 521 : 55.1
:Tenn. §9 : ';2.ﬁ 22.17‘ 52.3 5;; : gg.g s
:Di!i. $ ° - . : .
75 sT115 x T11l : 92.1 72.! Eg.B 6.4 70.6
STIOS x T101 : 72.9 630,‘ hB-S 550 H 60.0 e
:T61 x T13 : 7.4 59.2 50.5 W.6: 56,9 : 61.5
g::in- 29 7h.7 55-k 65.0 65.0 : 65.2 -
: e oy 2 - :
—175  :Ti15 'x"uﬁrr é 9 g 9 %ﬂi 5‘% 3 %1
$T105 x T101 : 71.1 61.6 61.0 . 53.9 : 61.9 :
tT61l x T13 : 72.1 78.0 60.8 52,0 : 65.7 : 62.7
:Tenn. 29 ¢ Thol T2.7 51.)4 58.6 : 64,2 :
:Dixie 33 : Th.7 69.9 51.2_._’{ :  6l.2 :
215 eT115 x T111 ¢ 19 1 ¢ O3k
:T105 x T101 : 66.1 69.5 58 h 59.4 2 63.4
sT61 x T13 : 60.7 56.5 62.0 50.8 : 57.5 : 61.5
Tem. 29 : 75,6 60.1 59.5 59.7: 63.7 :
sDixie 33 : 67.9 64,3 59.7 LT.2 : 59.8

2/Yie1d based on 15.5 per cent moisture.

8 of V.
g Ty o8 Taees F

(1]

Yariation Freedom Squares Variance Value
Main Plots:
Rates of K20 3 712,56 237.52 2.73
Replications 3 3130.55 1043.52 11.99
No K20 vs. K0 1 696.00 696.00 8.00%*
Error (a) 9 783.27 87.03
Sub Plots:
Varieties h 5“80 “2 137 «10 30 31*
Varieties x K,0 12 715.96 59.66 l.uk
Error (b) L8 1988.32 .2
¥*significant at .05 per cent level.
C. Vo for varietie8 =~ = = = = = = = = = 1007’

C. V. for no K20 v8. KgO0 = - - - = - - 15.5¢%
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APPENDIX F
COMBINED ROOT LODGING AND STAIK BREAKAGE 149 DAYS AFTER PLANTING

Rates o? : Replications
K50 . Variety W ek AN AR IR , Average
0 1215 x T i 9 16 10 13 & 12.00
sT105 x T101 3 3 2 4 : 3,00
:T61 x T13 : 29 45 28 10 : 28.00
sTenn., 29 é 12 A 1]6; %8 : 8.50
3
™ % t 0 0 LY § %’8_
:T105 x T101 : 0 4 2 2 : 2,00
tT61 xT13 s 10 7 9 6 : 8.00
tTenn., 29 : 2 I 1 3 : 2.20
3 9 o
m— W R
iT105 x T101 : 3 1 0 1 ¢ 1,25
sT61 x T13 Tl 3 7 S 2 : 3,75
3 10
pg—— e — g g
17105 x T101 & X 3 2 2 : 2.25
:T6l x T13 RS 5 N 5 6.50
:Tenn. 29 : 2 6 L 5 3 l.25
32 2 1 6 [ k 8 :+ 6.00
e %:"i—f'”@ y
Variation Squares Variance Value
Total 79 9k.15
Main Plots:
Rates of K0 3 27.79 9.26 Sk LT
Replications 3 1.77 0.59 3.47
Error (a) 9 1.49 0.17
Sub Plots:
Varieties N 25.35 6.34 12, 43*
Varieties x K20 12 13.20 1.10 2,16
Error (b) L8 24.55 0.51
*#¥g{gnificant at .0l per cent lsvel.
C. V. for rates of KgO = = = = = = = = = = 16.8%

c. V. for mi“ies ----------- 29.1%
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APPENDIX G

PER CENT POTASSIUM IN CORN LEAF TISSUE 76 DAYS AFTER PIANTING

Ra:es of : ] Reglications :
I .

K20 ; Variety 3 ;L : Average

0 311.15 x T111 i o.hal/ 0.35 0.70 0.50 { 0.50
:T105 x T10l : 0,43 0,30 0.35 O0.45: 0,38
761 x T13 : Ook5 O3 0.58 0.95 : 0.60
:Tenn, 29 : 8.30 8.35 8.50 8658 :

H o¥ ] 3 o o o . 3

AR AT TO T

:T105 x T101 H 0075 00” 0095 0095 H

e

°

O0.0P
o oo
£8b

:T61 x T13 : 0.60 0.90 0.90 - 0.96 : ¢
:Tenn. 29 H 0035 1015 0085 1055 H 098
3 [ ] 3 0. 0. H 1
AL iR R
17105 x T101  : 1.35 150 1.35 1l.15: 1.34
761 x T13 s 1,15 0.85 1.55 2,05 : 1.0
x'l.‘enn. 29 H 1.35 1025 log 2.10 H 1052
:Dixie 3 1. 0. 1 gl A
e e R — P
STm x TIOT H 2.15 1.& 10]5 2.50 H 1.85
:T61 x T13 ¢ 1,55 1,25 1.7 1.85 ¢ 1.60
sTemn, 29 : 1,85 2,05 1.95 2,33 : 2,04

:Dixie 33 : 1.78 2,00 1.95 _1.85.: _1.90

Figures represent per eent of element in air-dry weight of

sample.
el of Bdere 3
~Sowroe of F
Variation Freedom Squares Variance Value
Total 79 213.76
Main Plots:
Rates of K20 3 162. 62 sh.21 174.87**
Error (a) 9 2076 0031
Sub Plots:
Varieties i 1.08 0.27 0.39
Varieties x K0 12 555 0.k6 0.66
ExTor (b) L8 33.25 0.69

*gignificant at .0l per cent lsvel,
C. V. for rates of K30 = = = = = = = = = = 9.3%
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PER CENT CALCIUM IN CORN LEAF TISSUE 76 DAYS AFTER PLANTING

64

Rates of : cations :
K20 Variety e o g s T b : Average
0 S xTI1  :0.85% 0.83 0.73 0.95: 0.8
$T105 x T101 s 0.93 1.08 1.25 1.33 ¢ 1.15
3!61 x T13 H 1038 1015 1.30 1055 H 1031‘
:Temn. 29 : 0.63 1.33 1.23 1.35 ¢+  1l.14
:Dixie : 1.%% 1. g& 1.1 1,28 : 1.2
15 T x T t O. 0.53_5'—0 0.78 : —o'.'623'
3T].°5 x. T101 s 1.10 1028 1ow 1.35 H 1.28
$T61 x T13 : 0.75 1.03 1.15 1,13 : 1.02
tTenn. 29 s 0.33 " 1,00 0.93 0.80 : 0.73
:mxh 3 1 1.20 ¢ 1,2
Lt PSR L . S R
8'1‘105 x T101 : 1.13 0.85 1.30 1.10 : 1.10
$T61 x T13 : 1.35 0.63 0.88 1.10 : 0.99
:Tem. 29 : O.gg O.g 1.20 0 85 0.92
8“. ! $ 10 lo 0 2
— T S oot
:T105 x T101 s 0. 0.60 0.63 0.95 0.77
tT61 x T13 : 1.00 0.68 1.08 0.90 : 0.92
tTenn. 29 : 0.73 0.75 0.68 0.63 : 0.70
m a $ OQH 10§ 0.22 10m 3 0022
zrigms represent per cent of element in air-dry weight of
sample.
4 s of Varianes
~Tource oF Eﬁ'——- T of F
Varistion Freedom Squares Variance Value
Total 66079
Main Plots: e
Rates of K20 3 13.49 4.50 16,67
Replications 3 2.58 0.86 3.19
Error (a) 9 2.43 0.27
Sub Plots:
Varieties L 23. 46 5.86 15.03*%
Varieties x K0 12 5.93 0.49 1.26
Error (b) L8 18.90 0.39
*gignificant at .0l per cent lsvel.
Co Vo for rates of KgO0 = = = = = = = = = = 9.\

C. V. for varieties
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PER CENT MAGNESIUM IN CORN LEAF TISSUE 76 DAYS AFTER PLANTING

“Rates

g
K,0 Variety o e:t o38 5 Average
0 :'1'1.15 x T111 : 201ﬂ 1065 1.00 1070 H 1.62
$T105 x T101 : 1,38 2.28 2.05 1.85 : 1.89
tT6l x T13 : 2,15 2.15 1.93 1.93 ¢ 2.04
:Tenn. 29 : 1.13 2.05 1.8'85 2,00 : 1 76
tDixie : 2. 2.20 2,2 Ls
RN 153 o VR R S A VR R
:T105 x T101 : 1.33 1.38  1.38 1.58 : 1.h2
:T61 x T13 : 0.80 1.85 1 78 1.58 : 1.50
:Tenn. 29 : O.gg 1.33 0.88 : 0.82
s 0. l 10 H lo
YRR VU Sy a‘% P
$T105 x T101 : 113  0.63 1.38 1.13 : 1.07
T61 x T13 : 1.58 0.63 0.63 1.00 : 0.9
:Tenn. 29 : 0.63 0.80 0.95 0.43 : 0.70
tDixie 0.95 1.00 0. 0.63 : 0.7
= x 0. 30 0.13 6.3& "o‘.S%‘:‘__o.BE
¢T105 x T101 0.50 0.25 0.38 0.38 : 0.38
:T61 x T13 0.95 0.80 113 0.75: 0.91
tTenn. 29 3 0.38 0.63 0.h3 0.38 : 0.46
:Dixie : 0.50 0.688 0.80 : 0.70
a/Figures represent per cent of element in air-dry weight of
Banploo
is of Varianee
~Source of Dagrews of B of F
Variation Freedom Squares Variance Value
Total 19 247.86
Main Plots:
Rates of K20 3 156,01 52.00 55,91
Replications 3 2.28 0.76 0.82
Error (a) 9 8.38 0.93
Sub Flots:
Varieties L 34.46 8.62 12,1
Varieties x K0 12 12,79 1.07 1.51
Error (b) 48 33.94 0.71
Si.cnificant at .0l per cent level.
Co Vo for rates of KO0 = = = = = = = = = = 16.7%

C. V. for varieties
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PER CENT PHOSPHORUS IN CORN TISSUE 76 DAYS AFTER PLANTING

EO H H H
Ragzcs) i ; Variety YR Reglic:ltigs G : Average
0 :T115 x Tl : 0.285/ 0.16 0.17 0.17 : 0.20
$T105 x T101 : 0.19 0.2l 0.22 0.18 : 0.21
P61l x T13 : 0.1k 0.16 0.21 0.20 : 0.18
:Tenn. 29 s 0.20 0.19 O.Ig 0.20 : 0.19
tDixie s 0,2 0,1 o A7 3 0.2
: x : 6.& ~ g.'io 0.18 : 0.19
$T105 x T101 : 0.14 0.15 . 0.16 : 0.14
sT61 x T13 : 0.17 0.16 0.18 0.18 : 0.17
3Temo 29 H 0016 o.lh 0015 0.19 : 0.16
ﬁ 3 001‘ 0012 0018 0.16 H 0016__
175 s_m x T 0.16 0.12 - —0.15
37105 x TIOI ¢ 0.18 0.15 0.20 0.18 : 0.18
:T61 x T13 : 0.20 0.1l 0.17 0.18 : 0.17
tTenn. 29 : 0.2l 0.18  0.20 0.20 : 0.20
:Dixie 33 :015 0.12 0.6 0.1y ¢ 0.1k
275 eT115 x T111 ¢ 0.20 0.19  0.19  0.16 : 0.18
$T105 x T101 s 0.20 0.1h4 0.19 0,18 : 0.18
:T61 x T13 s 0.20 0.17 0.18 0.16 : 0.18
:Tenn. 29 : 0.19 0.12 0.19 0.20 : 0.18
:Dixie s 0.20 0.16 0.18 0.1 : 0.17
Eelaesmnssi
Figures represent per cent of element in air-dry weight of
sample.
— g g ¥
Variation _Freedom Squares Variance Value
Total 9 3.49
Main Plots:
Rates of K0 3 0.50 0.17 8.50%*
Replications 3 0.62 0.21 10.50
Error (a) 9 0015 0002
Sub Plots:
Varieties L 0.07 0.02 0.67
Varieties x K0 12 0.76 0.06 2.00
Error (b) L8 1.39 0.03
¥gignificant at .OL per cent level.
C. V. for rates of Kx0 = === ===« - 5.U%





