THE EFFECT OF POTASSIUM FERTILIZATION ON THE GROWTH
AND CHEMICAL COMPOSITION OF GRASSES AND LEGUMES GROWN

ON SOILS LOW AND VERY LOW IN EXCHANGABLE POTASSIUM.



ii

THE EFFECT OF POTASSIUN FERTILIZATION O THE GROWTH
AND CHEMICAL COMPOSITION OF GHASSES AND LICUMES GROWN

O SOILS LOW AND VERY LOW I EXCHANGABLE POTASSIUM.

By
BILLY Jom OIT
Bachelor of Seience
Oklahoma Agricultural and Mechanical College
Stillwater, Oklahoms

1949

Submitted to the Department of Agronomy
Oklahoma Agrienltural asnd Mechanical College
In Partial Fulfillment of the Requirsments
for the Degree of
HMASTER OF SCIENCE

1949



APPROVED:

iii

ORLARDMA
AGRICULTORAL & MECUANICAL COLLEGH
LIBRARY

NOV 4 1949

Chairman, Thesis Committee

0.y Fliae

Member, Thesis Committee

©40208



ACINOWLEDGMERD

The avnthor wishes to express his
gratitude to Dr. Horace J. Harper for
his encouragement and constructive
eriticisn in commection with this
study and in the preparation of this

thesis.



II.

III.

Iv,

Vi,

TABLE OF CONTERYS

Inbroduction. « « « ¢ ¢« ¢« &« « o o » &
Review of Literature. . . « « . . . .
Bxperimental Procedure. . . « .« o . .
4. Source and Composition of Soils
B, Plan of CGreenhouse Experiment .,
¢. Methods of Chemical Analysis. .
Experimental Hesults and Discussion .
A. Daba on the Bowle Soil. . . . .
B. Data on the Bates Soil, . . . .

SUMBATY o o o o ¢ = v o s o o 5 ¢ o o

Page Ho.

1

O 0

16
26
29



THE EFFECT OF POTASSIUM FERTILIZATION ON THE GROWTH
AND CEHEMICAL COMPOSITION OF GRASSES AND LIGUMES GROWN
OF SOILS LOW AND VERY LOW IN EXCHANGABLE POTASSIUM,

INTRODUCTION

Recent studies in eastern Oklahoma have shown that a lack of ex-
changable soil potassium is, in many cases, a limiting factor in crop
production. Test plots in eastern Oklahoma have shown that some leg=-
umes and grain crops have a much higher potassium requirement than
others. Consequently variations in the exchangable potassium of a soil
is only one factor which may affect the response of a crop to potassium
fertilization.

When the exchangable potassium of a soil is very low and other plant
nutrients are not limiting factors in plant development characteristic
physical symptoms of potassium deficiency will appear on the leaves of
many crops. On many soils a marked response from potassium fertilization
is obtained where plant deficiency symptoms do not appear; indicating
that a deficiency of exchangable potassium great enough to reduce yields
can occur without being detected by plant symptoms.

At the present time very little accurate information is available
showing the relationship between exchangable potassium in soil and the
growth and response of plants to potassium fertilization. The correl-
ation between exchangable potassium content of soils with response of
plants to potassium fertilization appears to be a soil type problem and
does not follow simple arithmetic values.

The purpose of this investigation is to study the effect of potass-
jum fertilizers and soil on the chemical composition of grasses and leg-

umes and, if possible, determine which of those plants studied have the



highest and lowest potassium regquirements, and which ones produce the
greatest inerecase in yield of forage for a given fertiliser treatmenty

on a given soil.
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REVIEW OF THE LITERATURE

As early as 1756 Homes in Scotland noticed that plants responded to
potassium fertilization (30).

Jones (14) states that alfalfa is a tremendously heavy feeder on pot-
assium, pointing out that a soil producing 1.69 tones of hay per acre will
lose 45 pounds of Kz0 per acre while 16.6 bushels of soybean seed would
decrease the K;0 content 15.8 pounds per acre.

Bear et al, (5) (6) (7) have reached the conclusion that the crit-
ical lower limit for the optimum production of alfalfa is between 60 and
80 pounds of exchangable potassium per million pounds of soil.

Winters (32) reports that soils should contain 160 pounds of ex-
changable potassium per acre to produce 90 percent of the maximum yield
of alfalfa.

Munsell (17) recommends that an application of 200 pounds of 60 per=
cent KC1 annually should be applied to alfalfa grown on Connecticut soils.

Chandler et al (8) state that when the potassium content of alfalfa
was below 1.25 percent the majority of stands showed a yield response
greater than 20 percent and when the potassium content was about 1.25 per-
cent the yield response was less than 20 percent.

Snider (25) points out that alfalfa hay increased in potassium con-
tent when potassium was added to soile containing 60 to 100 pounds per
acre of exchangable potassium,

Chandler et al (8) checked 57 soils that contained less than 80
pounds per acre of exchangable potassium and 44 of them showed yield
responses in excess of 20 percent.

Ensminger (11) found that lespedeza responded to potassium fertiliz-

ation when grown on a Leon fine sand containing 60 pounds of exchangable



potassium per acre, but to a lesser extent than White Dutch clover which
showed a 300 percent inecrease in forage production compared to 20 percent
for lespedeza.

Ginsburg (12) reported that soybeans suffering from potash deficiency
develop very few lateral roots. This finding is confirmed by Eckstein,
Bruno, and Turrentine (10).

Albrecht et al (1) state that potassium fertilization on Putnam silt
loam raises the concentration of nitrogen in sweet clover and presumably
increases nitrogen fixation. McTaggart (16) concluded that potassium fer-
tilization exerted its greatest influence in increasing the nitrogen con=-
tent of Canada field peas and alfalfa and in decreasing the nitrogen con-
tent of soybeans. McTaggart's work was conducted in sand cultures.

Nelson and Caldwell (19) reported that soybesns responded to potass—
jum fertilization when grown on a very low potassium Norfolk loamy sand
which was fertilized with 36 pounds of K,0 per acre. Viltum and Mulvey
(29) report the same results when a Crosby silt loam was fertilized with
400 pounds per acre of 0-10-20.

Drake and Scarseth (9) have shown that alfalfa and sweet clover can
utilize about 65 and 80 percent of the exchangable soil potassium respec—
tively on Crosby silt loam soil. They also point out that the response
of crops to potassium fertilization was entirely different from the abil-
ity of the crop to absorb potassium from a less available form. Crops
that can use less of the exchangable potassium in a soil will give the
greatest response to potassium fertilization. The response of plants to
potassium fertiligzation was almost inversely proportional to the abil-
ities of the plant to absorb exchangable potassium from the soil.

Snider (26) states that in many cases sweet clover yields can be

doubled by potassium fertilization when grown on light colored Illinois



soils containing approximately 80 pounds per acre of exchangable potass—
jum. Snider (26) also states that sweet clover tops and roots in the
spring of the second season's growth, had a considerable increase in pot-
assium content due to potash treatment. Lespedeza, vetch, and soybeans
also showed a marked increase in total potassium content when potassium
was applied to soils containing eighty pounds of exchangable potassium per
acre.

Murghy (18) points out that in order to get a crop response from
potassium fertilization in most cases it is necessary to supply phosphorus
as well,

Baver (4) states that grasses seem to show the least response to pot-

assium fertilization



EXPERIMENTAL FROCEDURE

Source and Composition of Soils

The two soils used in this study were obtained from different areas
in Cklahoma. Both were cultivated scils with a low to very low exchang-
able potassium content,

Bates loam and Bowie very fine sandy loam were chosen for the exper-
iment. Bates loam is a prairie type soil and developed under grass veg-
etation., Bowle very fine sandy loam is a coastal plains soil, and developed
under timber. The Bates soil was obtained from an area near Chelsea, Ckla=-
homa in Rogers County and the Bowie =oil was obtained from an area near
Atoka, Oklahoma in Atoka County.

Both soils were very low in fertility. The Bowie soil contained 38
pounds per acre of exchangable potassium, 0.39 percent organic matter, and
16.0 pounds of easily soluble phosphorus per acre. The soil reaction was
moderately acid. The Bates soil contained 82.2 pounds per acre of exchan-
gable potassium, 1.9 percent organic matter, and 6.4 pounds of easily sol-
uble phosphorus per acre by the acetic acid method (13). The soil reaction

was moderately acid.

The two soils used in this experiment were screened through a four-
mesh sieve and weighed into two and one-half gallon glazed pots. Each
pot of the Bowie series contained twenty-six pounds of soil vwhich was
covered with one pound of coarse silica sand. ZEach pot of the Bates ser-
ies contained nineteen pounds of soil which was covered with one pound of

coarse silica sand. The silica sand was used to cover the surface of each



pot of soil to prevent puddling by the periodic addition of water.

Ten crops - Rye grass, brome grass, Ladino clover, crimson clover,
alfalfa, hairy vetch, hubam sweet clover, Korean lespedeza, soybeans, and
big hop clover were planted and fertilized in the winter of 1948. In each
case the number of pots per crop was five; each series consisting of one
limed pot of soil, duplicates of lime, nit;ogen, and phosphorus, and of
lime, nitrogen, phosphorus, and potassium.

The rate of fertilization was 300 pounds of 20 percent superphosphate
per acre on all pots which received phosphorus. The grasses received
ammonium sulfate at the rate of two hundred pounds per acre. The legumes
received ammonium sulfate at the rate of one hundred pounds per acre.

Each of the potassium fertilized pots received two hundred pounds per
acre of potassium chloride. Finely ground limestone necessary to correct
soil acidity was added to each pot.

At the beginning of the experiment each pot was assigned a specific
veight., The weight was determined by weighing the pot plus the weight
of soil, sand, and a volume of water required to bring the soil moisture
up to 75 percent of field capacity. At regular intervals throughout the
experiment the original weight of each pot of soil was restored by the
addition of distilled water. These intervals were weekly at first, but
as the plants grew and water requirements increased the plants were wat-
ered twice a week. At each watering the pots were rotated in such a man-
ner as to have all of them subjected to as nearly identical light con-
ditions as possible.

Each crop was harvested for chemical analysis as soon as it appeared
to be nearing maturity. Analyses were made for total nitrogén. phosphorus,
potassium, and celcium., The magnesium content of crops on the Bowie soil

also was determined.



FITROGEN -

Methods of Chemical Analysis

Organic and ammonia nitrogen was determined by the method
recommended by the Association of Official Agricultural Chem—
ists (3) with the exception that selenium was added as a
catylst instead of copper, or mercury, and sodium sulfate was

added to the digestion flask to raise the boiling point.

PHOSPHORUS —- Total phosphorus was determined by the colorimetric moly-

MAGNESIUM

POTASSIUM w—

CALCIUM =

bdenum blue method suggested by Shelton and Harper (24) for
the analysis of forag_e and grain.

Magnesium was determined by precipitating with 8-hydroxy-
quinoline, a method proposed by Alexander and Harper (2)
for the determination of magnesium in soils and modified by
Harper (13) for the determination of magnesium in plant mat-
erial.

This element was determined by the perchlorate method as
recorded by Tredwell and Hall (27) with modifications by
Harper (13) especially for plant material,

Calcium was determined by the official method of the Ascoc-
jation of Official Agricultural Chemists (3) with the ex-
ception that the initial aliquot was neutralized to the end
point of brome cresol green with ammonium hydroxide (pH 4.6
- 4,8) and buffered with a sodium acetate-acetic acid buf-
fer solution. Acetic acid is desirable in the solution

as it is well known that calcium oxalate is insoluble in
acetic acid and that iron and aluminum are not precipitated
from such a solution, therefore, calcium precipitated from
solutions containing other metallic salts is generally ob-

tained in a purer form (31).



EXPERIMENTAL RESULTS AND DISCUSSION,
ta o So

The yield of grasses and legumes produced in greenhouse pots filled
with Bowie very fine sandy loam and receiving different fertilizer treat-
ments are given in Tables 1 and 2. The growth of brome and rye grass on
the limed pots was very low. Lime, nitrogen, and phosphorus inecreased the
vields approximately 200 percent over the limed pots. An addition of pot-
assium to the soil with nitrogen, phosphorus, and lime produced a 12.98 per-
cent increase in forage yield of brome grass and a 15.36 percent increase in
forage yield of rye grass. The second cutting of both grasses showed that
the potassium applied increased the forage production of brome grass 24.18
percent while the rye grass yield was decreased 4.70 percent. These fig-
ures indicate that potassium is probably necessary for a sustained yield
of brome grass. Observation of the brome grass after the first clipping
indicated that those plants growing on the potassium fertilized soil made
a more rapid recovery end faster growth than those plants growing on soil
that had not received potassium. Observations and yield data of the rye
grass indicate that this crop will respond to potassium fertilization
wvhen grown on a soil very low in exchangable potassium after lime, nit-
rogen, and phosphorus have been added. The second cutting of rye grass
did not benefit from potassium fertilization. This waes probably due to
a further decrease of other elements that were not added by fertilization.

Yields of legumes on the Bowie s0il were not too high and in many
cases erratic. Big hop clover, crimson clover, and alfalfa gave the best
response to potassium fertilization. Big hop clover presented an inter-
esting problem in that the only plants that grew and developed were those

that had been fertilized with potassium. Orimson clover showed a 24,44



TABLE 1. Ytdid of Grasses Grown in Pots on Bowie Very Fine Sandy Loam with Different Fertilizer Treatments.

Air Dry Forage Per Alr Dry Forage Average % Forage Increase Due
Crop P N = Pounds Per Acre %o Potassium Applied.
1st Cutting 2nd Cutting 1lst Cutting 2nd Cutting 1st Cutting 2nd Cutting 1lst Cutting 2nd Cutting
Brome grass* 3.5 2.9 713 606
Brome grass*® 9.9 L.8 2017 978
Brome grass** 9.3 4.3 1894 876 1956 927
Brome grass*** 10,9 5.6 2220 1141
Brome grass®** 10.8 o 2199 1161 2209 1151 12,98 24,18
Rye grass* 1.91 2.5 389 509
Rye grass** b, 56 5.1 929 1039
Rye grass™* 4,93 5.5 1004 1120 967 1080
Rye zgrass*** b T i L 6 & 1175 1039
Rye grass™** 5.40 5.0 1055 1019 1115 1029 15.36 =4,7

® Spil received 1.5 tons of lime per acre.
®% S0il received 1.5 tons of lime, 300 pounds of superphosphate, and 200 pounds of (Hﬂh)z S0y per acre.
®&®  So0il received 1.5 tons of lime, 300 pounds of superphosphate, 200 pounds of (Hﬂh)z S0y, and 200 pounds
of ECl1 per acre.

0T



TABLE 2. Yield of Legumes Grown in Pots on Bowie Very Fine
Sandy Loam with Different Fertiliger Treatments.

Adr Dry Adr Dry Average % Forage

Forage Forage Pounds Inerease
Per Pot Per Acre Per due to
in in Acre Potassium

Ladino* 3.7 754

Ladino™* 4,5 917

Ladino** 4,95 1008 963

Ladino%** 4.3 876

Ladino®** 5.8 1182 1029 6.88
Big Hop* e Ui L

Big Hop** ™ —

Big Hop** R i i

Big Hop*** SeT 1161

Big Hop*** 4,0 815 988 100
Crimson® 3.5 713

Crimson** 4.3 876

Crimson** 4.7 957 917

Crimson*** 5.6 1141

Crimgon*** -— — 114 2 b
Alfalfa* 4.9 998

Alfalfa®* 4.7 957

Alfalfa** L.7 957 957

Alfalfa*** 5.4 1100

Alfalfa*** 55 1120 1110 15,96
Sweet Clover* 8.3 1691

Sweet Clover** 10.0 2037

Sweet Clover®* 11.9 2424 2231

Sweet Clover*** 12,0 2hlys

Sweet Clover*** 9.8 1996 2221 - 456
Lespedeza® 6.2 1263

Lespedeza** 8.3 1691

Lespedeza** 7.5 1528 1609
Lespedeza*** 7.45 1518

Lespedeza™** 7.20 1467 1492 -7.28

¥ Soil received 1.5 tons of lime per acre.
»%  S0il received 1.5 tons of lime, 300 pounds of superphosphate, and
100 pounds of (NHj), SOy per acre.
*#%  S04]1 received 1.5 tons of lime, 300 pounds of superphosphate, 100
pounds of (¥Hy), S0y, and 200 pounds of KC1 per acre.
-==%* Sgeds germinated but plants failed to grow.
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percent increase in forage production due to potassium applied. Alfalfa
and Ladino clover responded with a 15.86 and 6.88 percent increase, respect-
ively. OSweet clover and lespedeza, the crops that did not respond to pot-
assium fertilization, grew best on the Bowie soil. Both appeared healthy
and produced more forage than any of the other legumes. The only visible
effect potassium had upon these two crops was the development of larger
and stronger stems. Nelson et al (20) and Pague (22) report that potass-
ium aids in developing stronger, healthier stems. The negative results
indicate that phosphorus was the deciding factor and that when the potass-
ium content of the plants increased the yield response decreased. Ulrich
(28) has recorded similar results while working at various fertility levels
with Ladino clover.

Soybeans and vetch were originally included in this experiment but
both were excessively damaged by red spider infestation, therefore, yield
data were not reported.

The low yields and poor appearance of the legumes grown on the Bowie
soil indicate that one or more plant nutrients, other than those added,
were deficient. The leaves of Ladino clover and big hop clover had a
white-green appearance dotted with chlorotic spots. Crimson clover devel=-
oped a pale red color in the leaves and stems early in growth and this
condition remained until the plants were harvested. The leaves of alfalfa
often appeared yellowish or pale green with chlorotic spotting. Further
work, probably with minor elements, would be required before an explanation
of these observations could be made. b

Data on the chemical analyses of the grasses grown on Bowie very
fine sandy loam are given in Table 3. These results show that a definite
pattern was established in the potassium content of each crop. In every

case plants fertilized with nitrogen and phosphorus had a lower potassium



TABLE 3.

Chemical Composition of Grasses Grown in Pots on Bowie
Very Fine Sandy Loam with Different Fertilizer Treatments.

13

Brome grass*

Brome grass™*
Brome grass**
Brome grass™**
Brome grass®¥*

Rye grass"
Rye grass**
Rye grass™*
Rye grass*»*
Rye grass***

3.22 2.17
2.& 2.02

3.52 2,13
2.37 1.61

FEN
SER
SRR
2B

14
«13

«29
l26
.28
.28

29

.24
.23
.23
.26
af

T
BRI V3B

.32
.31

1.27 1.13
1.31 1.11
1.36 1.36
1.2 .98
1.18 .97

2.71 085
2.52 .81
2.10 .81
2-19 b?j

¥ Soil received 1.5 tons of

lime per acre
¥ Soil received 1.5 tons of lime, 300 pounds of superphosphate, and
200 pounds of (NHy), SOy per acre.

Soil received 1.5 tons of lime, 300 pounds of superphosphate, 200
pounds of (NHy), SOy, and 200 pounds of KCl per acre.
¥ot enough sample for analysis.
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ccn%ent than those plents that received lime alone. In this case the
total potassium content of the plant was diluted by the increase in growth
brought asbout by phosphorus and nitrogen. The addition of lime, nitrogen,
phosphorus, and potassimm sgain incressed the potassiun content of the
grasses to a point comparable to the percentsge obtained when only lime
was added.

The potmesium percentages as recorded for rye grass in Table 3 prob-
ably approaches a maximum. These figures indicate that the plant takes
up large amounts of easily available potassiuvm. Potagsium percentages
comparable to those found here have been recorded by Jones (15). Compar-
able figures for the potassium content of brome grass may be found as
recorded by Price et al (23).

Potassium fertilization 4id not have any aporeciable effect upon
the phosphorus content of brome grass or rye grass. There is, however,

2 slight indication tﬂat as the potassium content of rye grass goes down
the vhosphorus content goes down also. Calcium and magnesium decreased
as the potassium increased.

A comparison of the nitrogen content of the two grasses indicates
thet potassium fertilization tends to lower the nitrogen content.

The chemical snalyses of legumes grown on the Bowie soil are presented
in Table 4, In every case potassium fertilization increased the potasse
ium content of each of the legumes, but had very little effect upon the
phosphorus conbtent. Orimson clover wag the only crop that showed a
reduection in phosphorus percentage due to potassium fertilization, An
inerease in the potamsium content caused a reduction in the uptake of
both ealeium and magnesium, It should be pointed out at this point that
in every case there is &n unbalanced condition in the ecalcium-magnesium

ratic of the legumes. The normsl ratio is aporoximately 3 to 1. In the
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TABLE &, Chemical Composition of Legunmes Grown in Pots on Bowis

Yery Pine Sandy Loam with Differeat Fertilizer Treatments.

Percent Percent Percent Percent Percent
Cron Potassivm  Phosvhorus ; i Hitrogen

Ladino® 1.97 21 2.41 « 52 REEX
Loding¥® 1.38 .21 2.62 <53 XXEX
Loding®® 1.53 o 24 2.32 . 50 KEXX
Lindino™ss 2,34 o 20 1.95 37 XXX
Liading®en 2.77 22 Z.03 2 TEEX
Big Hop* o I I o sttt
Big Hop*® S B I e ¥
Big Hop** crmame e - N )
Big Hophw* 260 2N 1.91 .36 1.66
Big Hop*¥# 2.70 o 2H 2,10 .38 1.67
Crimsont 2.15 L3N 2.52 « 57 oo's

Crimson®¥ 2,38 <35 2.5 52 KEXX
Crimgon®® 2.05 ¢ 30 2.32 .70 XXX
Crimson®¥% 2.83 26 2.19 o7 SEXT
Crimgons# 3,13 26 3.28 o34 xXIX
AlTalfa® 1.23 22 Ze 1l A7 2.16
ALTalfa®* 1,12 23 2.13 A8 2.24
Alf2lfah* 1.25 23 2.12 L8 2.18
S1Tnlfalkek ZeR2 + 23 1.99 ¢35 2.35
AlfalfaMws 2.26 o2k 1.85 36 2.26

e
g

.12
20

<51
. ’,“f'l

®
O
(%33
L% 1

Sweet Clover¥
Sweet Clover®®

frad
L]
<
=
=

.
L

=t et B B R
*®
NV © N D
RENE SRS
[ B AR

t
Sweet Clover®® .98 17 0 7 o
Sweet Cloverws® 2,10 .18 o3 .35 W49
Sweet Clover®s ¥ 1.68 .17 61 <38 .08
Lespedena® .77 21 1.64 <33 1.30
Lesnedeza®® .87 23 1,80 .38 1.90
Liespedeza*™ .90 o2 2.05 Az 1.81
Lespedeagx® 1.05 25 1.9Y 39 2.03
Lespedega®re 1,00 23 2,08 438 1.99

% Spil received 1.5 tong of lime per acre.
¥ Soil received 1.5 bonsg of lime, 300 pounds of cuperphosphate, and
100 pounds of (¥H,), S0 per acre.
% 5031 received 1.5 tons of lime, 300 pounds of superphosphate, 100
pounds of (¥Hy,)s 86y, =nd 200 pounds of ECL per acre.
—=¥ Seeds germinated bubt uiants failed to grow.
xxxxr Hot enough cample for Ayaig.




the Bowie soll the wagnesium conbtent was very

®

mit

;-’-

iz deficient and probably one of the 1in

“act of potassium upon the nitrogen content

of legumes grown on the Bowle soil cannot be made ne insufficient forage
wes obtained for & nitregen determination on Lsdine znd erimson clover.
e only big hopn clover nlants were in those pots receiving potsssium

fertilization., Totaseium fertiligation hsd s tendency to incresse the

nitrogen content of alfalfa and lespedeza.

Dats on the Bates Soil.

Tields of brome and rye grass produced on Bates loanm are given in
Table 5. Lire, nifrogen, and phosphorus produced much higher yields than
line alone. YWhen potassium vas added with lime, nitrogen, and vhosvhorus
the first entting of brome and rye grass responded with & 17.81 percent
increase and 10,47 percent increase respectively in Torage yield. The
gsacond cutting of both grasses showed that potassiun incressed the fore
age production eof brome grass 5.77 percent while the rye grass yleld was
inereased 26,89 .ercenﬁ; This indicates that not encugh potassium was

2dded to maintain a high yield of brome grass. Thore was still suffiecient

o0d, however, for rye grass to continue growing vigorously, tiller,

L)

nlant

’1

and produce zn incresse in forage over the first cutting. A comparison
of the two grasses bears oub the fact that ryve grass has a lower fer-
$ility reguirement thon brome grass.

Yields of legunes on the Bstes soil are given in Table 6., These
yields with the exception of Ladine clover were satisfactory. The stand

of Dedino clover was not wniform, therefore, data from this crop were not



TABLE 5, Yield of Grasses Grown in Pots on Bates Loam with Different Fertilizer Treatments,

Air Dry Forage Per Air Dry Forage &verage FA Iorage Increase Due

100 GRMINE ot cotting 108 AUIATIE Tt auating 1ot cutting 2nd cutting 1 Tet cutting 2nd‘cutt1ng

Brome grass* 8.2 7.2 1670 1467

Brome grass** 13.3 10.15 2709 2068

Brome grass™* 14.8 9.60 3015 1956 2862 2012

Brome grass*** 16.0 11.10 Lo11 2261

Brome grass%®* 13.3 9.79 2709 1994 3360 2128 17.41 5.77
Rye grass® 2.84 15.0 579 3056

Rye grass** 7.0 13.0 1426 2648

Rye grass™* 8.2 17.5 1670 3565 1548 3007

Rye grass"™** 8.46 19.2 1723 3911

Rye grass*»* 8.33 19.5 1697 3972 1710 3942 10,47 26.89

* So0il received two tons of lime per acre.
*%  So0il received two tons of lime, 300 pounds of superphosphate, and 200 pounds of (HHQ) SOu per acre.
*#* Soil received two tons of lime, 300 pounds of superphosphate, 200 pounds of (NHy), SOy, and 200 pounds

of ECl per acre.

4T
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ineluded in this discugsion. Big hop clover produced the greatest respouse
to potassium fertiligation, shoving a 33.5 percent increase due to the pot=
a 3.

assium spplied. 4 comparison of the yleld response of big hop clover due

to potassium fertilization on the two scils tende %o estoblish the fact

that $his plant will not produce satisfacltorily unbil its 1

otassium reguire-

£

ment is satisfied. Soybesns responded to potassiuvn fertilizabion, produce
ing a 23.73 percent incresse In forage yisld. Those soybesn plants that

£

were fertilized with potassiun were toller, had larvger stems and were

mere vigorous and healthy in appearasnce than similar plants on the pots

d phosphorus., It is belisv
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4, however,
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fortilized with lime, ni
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hat tue bhundred povnds of potassivm chloride per acre on this soil was
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not enocugh for soybessns as sild pobtash deficiency sympbeoms on the lsaves
of the soybemn plants wers observed.

Crop responses to potassium fertilization were as follows: Lespedeza

12,586 percent, crinson clever 12,173 percent, alfalfa 11.13 percent, vetch

3

¢ increase in lespedeza
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production indlicates that even though lespedesza is sdapted to and will
produce o falr yield on very low fortility soile it will regpond to good
sroeainent. The stand of crimson clover was good in 21l pots, but there

108 Very little differense in height bebween those plants on the soilsg

nitrogen, snd phosphorus and those receiving lime, nit-
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, potassiuw fertilization
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rogen, phosphorus, and potassium, Nevertheles:

incressed the yield by spiroximately one thousand pounds ner acre. A4lfalfa

e e.a

aronee of the plants

e
fend

did not zrow toce well ox the Babes zo0il and the

indicated that other plant nutrients were liniting development other than

those spplied. Vebtch gave very little response to peotassium, but responded
to lime, zmitrogen, and phosphborus. Lime and phosphorus vequirements should

he eonsidered Fivst vhen groving vebteh, and potaseive should be applied



TABLE 6. TYield of Legumes Grown in Pots on Bates
Loam with Different ¥ wrnliw"er Treatments,

Alr Dry  Air Dry Average % Forage
Yoragze Forage Pounds Ineveaze
Per Pot Per Acre Por due to
in in dere Potassiun
Groy Grans Pounds Aonlied
10,7 2180
18.9 3850
17.3 3520 3687
24,55 5001
23.80 hgha 1928 33. 56
Grimgon® 10.6 2159
Crimson®¥ 23.1 706
Crimsonihs 22.65 a1l 1660
Crimson®a® 26,20 5337
G ims ok 25.10 5113 5225 12,13
A1lfalfs® 8,0 1630
ALTalTads .9 3035
Alfalfa®* 15.3 117 3076
Alfalfolks 18,15 3697
Alfalfaien 15.41 3139 318 11,13
Soybeans® 15,76 3210
Soybhenng®* 20.80 Lyp37
Soybeang®® 211,30 hose 1593
Soybeang¥ ik 28.20 5745
Soybeangka® 27.60 5622 5683 23.73
Sueat Glover® 5,10 1039
Sweet Clover®® 13.20 2689
Sveat Glover®*® 12.10 2465 2577
Sweat Cloverw® 12,60 2567
Sueet Clover®*® 13,00 2648 2607 1.19
Vebch® 5,9 1202
FTeteh®® 18,7 2810
Vetch® 16.6 3382 35%6
Fobolhte® 19.5 3972
Tatohhas 18.1 2687 3836 6.25
Lespodeza® 8.6 1752
Lespedepa®™® 13.8 2811
Lespedeza®® 15.6 3178 2995
Lospedeza®* 16.7 3102 :
Lesxpedena®® 161 3341 3372 12.58

¥ Ssil received two tons of lime per acre.
% Sp31 received two tons of lime, 300 pounds of superphosphste, and
100 pounds of (WHyls SCy per acre.
#8% 5,17 received btwo tows of lime, 300 pounds of superphosphate, 100
potnds of Oﬁ&n)g 80y, and 200 porinds of KC1 per acre.
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to those soils thol are very low in exchangsble potassium, Sweet clover
did not respond to potassium fertilization indleating that it has a strong
foraging power for polaseium which does not exist in an exchangable form.

The chemical analyses of the gragses grown on the Bates soil are
given in Table 7, These results show the same potassium pattern as those
grown on the Bowie soil. Potassium fertilization inecressed the potagsium
content of ecach of the grasses. The phosphorus content was not appreciably
changed by an increase in the potassium content of the plant, however,
there was & tendency for the phosphorus content to drop slightly. The
calciun content decreased as the potassium inereased. HNitrogen was not
constant in the grasszes. The nitrogen conbtent of brome grass decreased
while the nitrogen content of rye grass incressed slightly due to the pob-
assiun applied.

The chermical aﬁalyses of legunes grown on Bates soil are presented
in Table 8. In every case potassiunm fertilization increased the potosse
ium content of each legume. The phosphorus content of big hop, corinmson,
sweet clover, and soybesns was lowered slightly while the phosphorvs con-
tent of alfalfa, vebch, and lespedeza was slightly higher than the limed
soil. A somporison of the caleciwn anslysee shows that the calcium cone
tent of the legnmes deereased zo the potassimm inereased with the excep-
tion of lespedeza and 2lfslfa, both of vhich exhibited a slight caleium
increase. The effeet of potassium fertilizabion upon the nitrogen con-
tent of lezumes is very obscure and further work should be devoted to
this problem. The effect of potassivm fertilization upon the nitrogen
content in all species of plants under all circumstances is not too
cleayr because many other factors may have some influence om the intake
of nitrogzen (21).

During the growing period the lower leaves of the soybeans began to



TABLE 7, Chemicsl Composition of Grasses Crown in Pots on Bades Loswm with Different Ferdilizer Trectmenss.

Fercant Percent Pereceoent Pereent

Potassiun Fhosnhorus __B i

ting 2nd eutting lat cutting 2nd cutiing lst euntiing 2nd cutiting ist o
»

ot
(x.h
J]
€9
Dy
o
@
o

1s% eunt 2 ting

.12 11 LE9 1.20 z

.13 16 .95 1,10 2.55

b .19 .96 1.07 2.52
2.33
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crasa® 4,03 2.11 .19 <10 Y 1,02 377 2.38
Zrassh 2.91 1.29 23 17 xxx 1.11 3.09 1.67
grassh® 2.61 1.18 23 <15 XX 1.09 348 217
graggne 4,7l 1.84% .20 «15 kim .02 3.50 2.30
orasgiin L.70 1.98 022 <15 =T .98 3.62 2.35
B S0il reccived two tons of line per asnre.
B Goil recelived twe toms of lime, 300 pounds of superpvhosphste, and 200 pounds of (ﬁH@)E 80y per acre.
BER Sni1 received twe tons of lime, 300 pounds of superpvhosphate, 200 pounds of {EH&)Z 8Oy, and 200 pounds
¢f ELL per acre.
xxz Results inascurate due to the improper adjustment of pH,



TABLE 8, Chemical Composition of Legumes Crown in Pots on
Bates Loam with Different Fertilizer Treatments,

Percen Percent Percent Percent

Big Hop* 2.08 ¥ 1, 1.4 3.01
Big Hop** 1.58 .19 1.52 2.84
Big ok 1.44 .19 1.65 2. 77
Bigz Hop*** 2.20 .18 1.46 2.82
Big Hop*** 2.09 .15 1.53 2.52
Crimson* 2,00 .15 1.97 2,62
Crimson®* 1.56 .20 2.04 2.79
Crimson®* 1.49 19 1.97 2.73
Crimson®*** 2.24 .16 1.80 2.71
Crimgon®** 2.43 a2 1.86 2.63
Alfalfa®* 1.85 1 3.71 2.76
Alfalfa*® 1.05 .15 1.57 2.72
Alfalfa®® .13 .16 1.47 2.92
Alfalfa%se 1.98 .17 1.56 2.85
Alfalfa¥e* 1.80 «17 1.53 2.90
Soybeans® 1.22 .21 2.09 2,62
Soybeans** 1.05 25 2.28 2.70
Soybeans** 91 2h 2.53 2.86
Soybeans®** 1.77 ool 2.3 2.94
Soybeans®** 1.57 .22 2,09 2,61
Sweet Clover® 1.59 .12 2.21 3.05
Sweet Clover™* 1.32 JAh 1.76 2.77
S'IQQt clovar.‘ 1.18 .15 1.73 2.75
Sweet Cloverts* 1.82 1 1,42 2.70
Sweet Clover¥*# 1.95 S % 1.61 2.90
Vetch* 1.70 37 1,54 3.53
Vetch** 1.3% .19 3.2 2.90
?etch" 1.30 22 19% 3.02
Votch®** 2,03 .17 1.24 2.86
Vetch*** 2,26 .18 1,38 2.97
Lespedeza* - 4 1.71 2.58
Lespedeza*™* 97 R 1.71 2.81
Lespedeza** N .18 1.60 2.65
Lespedeza®** 1.17 .19 1.67 2,74
Lespedeza*** 1.27 .21 1.65 2,78

® Soil received two tons of lime per acre.
»%  So0il received two tons of lime, 300 pounds of superphosphate, and
100 pounds of (NE)), S0 per acre.
%%  Soi1 received two tons of lime, 300 pounds of superphosphate, 100
pounds of (NHy), S0y, and 200 pounds of KCl per acre.
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die and fall from the plant, Ab this point it was decided to analysze the
top leaves, bottom leaves, and stems of the soybean plants separstely in
an effort to determine if o variation in chemical conbtent might exist.
These data are presented in Table 9.

‘Az sbated previocusly potassium fertilization increassed the potassium
content of the entire sovhenn plant. Sinilar results were obisined vhen
aifferént parts of the plant were analyzed. The potassivm content was
higher in the bop 1eéves, bottom leaves, and stems as a result of potass-
jum fertilization. The bottom leaves showed a decrease in potassium con-
tent when compared vwith the top leaves. This indicates that potassium is
mobile and migrateé from the older leaves to the younger ones., The per-
centage of potassium in bthe gtems was intermediaste bebween the beotton and
top leaves. |

The rhosphorus content of the top leaves was greater than either the
botton leaves, or stems, with the highest percentage occuring in the
leaves of those plants that received potassium fertilization. ZEvidently
phosphorus tends to move to the younger tissue also. The bottom leaves
showed a marked decrease in phosphorus content vhen compared with the top
leaves and a slighﬁly leeser value vhen compared with the stems.

The calcium contend afmthé top leaves was less thon that of the bot-
tom leaves but greéﬁer than the stems. The higher caleium concentration
oceuring in the bottom leaves indicate that calcium does not move about
in the plant, but tends to accumlate gs the bissues become older. In
every c¢ase the calecium percentage was lower in the leaves and gtoms of
those plants that had received potassium fertilization,

The top leaves contained more nitrogen than the bottor leaves os
would be expected in the younger parts of the plant, but there wss no in-

dication that potassiuvm fertilization increased the nitrogen content.



TABLE 9, Chemical Composition of Top Leaves, Bottom Leaves, and Stems of Soy-
beans Grown in Pots on Bates Loam with Different Fertilizer Treatments,

Percent Percent Percent Percent
Fhogphorus Calcium B 45T .
Top Bottom Top Bottom Top Bottom To Bottom
1= 1.68 - 1.02 .25 a7  +&D 2,02 2,63 1.62 3.78 2.80 1,29
m 1.3""’ 097 ¢85 -31 .3’4' .21 2-13 3-25 101"7 3.9“ ""‘" 1.23
LNP 1.5 .52 81 .32 g9 A 2,16 L.oh 140 412 ——* 140
Im 2.05 1.% 1-73 -2? 019 020 1095 3022 1.3“' l'l’oos B 1073
LEPK 2,04 9. 167 .28 A7 22 1,66 320 1.1 372 —* 1%
® Lime
--=%* Hot enough sample for analysis
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The btop leaves showing the greatest nilirogen content had been feriiligzed

2

with lime, nitrogen, and phosphorus. The stenms contained a smaller amount

-

ther the bottom or top leaves.

e

of nitrozen than e
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SUMIARY

A study was made of the response of two grasses and eight legumes
to potassium fertilization when planted on soils low and very lov in ex~
changable ;potassium.‘ These experiments were conducted in & greenhouse
on a Bates loan, from Chelsea, Oklszhoma, which had an exchangable potass-
inm content of eighty-two pounds per acre and a Bowie very fine sandy
loam, from Atoks, Oklshoma, vhich had an exchangable potassium content
of thirty-sisght pounds per acre.

Five pots of each soil were fertilized as follows. One pot of soil
was btreated with lime alone, duplicate pots were fertilized with line,
nitrogzen, and phosphorus and with lime, nitrogen, phosphorus, and potsss—
ium. The moisture eontent of eéch s0il was a_d.justec},. to seventy-five per-
cent field copacity, at the time of planting, and this value ves maine
tained by adding distilled water at regular intervals. After sach waber-

ng the pots were rotated to insure as near identical light conditions

1]

a8 possible. The plants were harvested for analysis as soon ag they
appeared to be noaring malurity.

Hesponse of the different crops to potassium fertilization was deter-
mined by calculatiﬁg the percentage increase of air dry forage produced
by the potassium fertilized plants and using those that were fertiligzed
with linme, nitrogen, and phosphorus ag a basis for comparison.

The crop showing the greatest response to potassium fertilization
on the Bowie soil was big hop clover. The saeor;d cutting of rye grass
and all of the clovers, exceplt lespedezs and sweebt clover, appeared to
be affected by a lack of other soil nutrients, probsbly maguesium and
sone of the wminor elements. Lespedesza and sweet clover 4id not res-

pond to petassiuvm fertiligation on the Bowie soil but they made a good
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growvth indicabing that both sve well

s e % e Fie) o g A )
otassiom., Bye grass appears to res;

grovn op solls vory low in exchangable potassium.

all plants. Pobassium

lization always increased the potassium percentage of the planbts and

Hy
{&
Ly
<t
e

had very libtcle effect upon the vhosphorus content of plants, raising it

o

in gome cases and loverimg it in others. Ag the potsssivm content of a

plont increased the ecaleiun and mapnesiun content decreased. The Bovie
soil showved a definite lack of wagnesiun ag the ecaleoimm-rsgnesium rabic
of the plants was very wide. A correlation of the effect of potassimm

8

fertilization upon the nitrogen content of the plants could not be deter=

The erop showing the greatest response te potassivm fertilisation
on the Bates soil was big hop clover, with goybeans second. A decrease
in bthe yield of brome grass oceursd on the second cutting, The response
on the second cutting.
b with the exsepbion of

s

atipngs that gome other

(rimson clover responded to potassiuvn fertilizsiion with a 1000 pound

forags incrTease per acre.

Vetch and sweet clover produced enly a snell respouse to pobassium,
but o large response te lime and phosphorus.
Chemical asmalyses of plants produced on the Bultes soll had & sinilar

Potassitum fertilisation decreased the caleium conbent of sach of ths
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crops except alfalfa and lespedeze and had very 1ittle effect uvpon the

phosphorus content. Big hop clover, crivson clover, soybeans, and sweet

clover showed a decresse iz pbosphorus content as the potassium content

The top leaves, bottom legves, and stens of soybesns, cub at the
bloom stage, were znalyzed separately, and it was found that potassium
and phosphorus meve from the older leaves b0 the younger ores. The nite
rogen content was greaber in the top leaves than any other part of the
plant. Caleium did wobt wmove o the younger bissues, the bottom leaves

containing a higher percenitage than the top leaves.
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