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INTRODUCTION

Stalk lodging of grain sorghum before harvest has been a
major problem in much of Kansas in recent years. Southeast
Kansas, in particular, has suffered extremely heavy lodging in
the past because of its shallow (thus drouthy) and old soils
and the consequent molsture and fertility strain these soils
place on crops.

Severe lodging can cause many voroblems including reduction
in yleld and difficulty in harvesting. Graln sorghum has be-
come an 1ncréasingly important crop in Kansas, so the financial
loss from heavy lodging can affect farmer, cattleman, and con-
sumer,

Work in other Midwest states with corn has demonstrated a
correlation between K fertilization and lodging. Various studies
have also suggested that balancing N and K fertilization is
necessary to alleviate lodging of corn. In Kansas, however,
studies were needed to determine the factors affecting the early
lodging of grain sorghum under stress conditions.

Recognizing these needs, a study was formulated with the
following objectives: 1) to investigate the relationship of K
fertilization to stress-induced lodging of grain sorghum, 2) to
study the relationships of N and K fertilization on stalk lodging,
3) to examine the effects of planting date on stress-induced
lodging, 4) to determine the variations among varieties in stalk
lodging response to planting date and K-fertility levels, 5) and
to investigate the factors affecting the morphology of the sor-i

ghum stalk and the relatlionship of these stalk factors to lodging.



hydrate content. They found CO, release and O, uptake (respira-
tion) were accelerated by K-deficiency, while CO, uptake and 0o
release (photosynthetic CO, fixation) were slightly lower in K-
deficlent leaves. Normal leaves were found to contain 2,51 mg
chloroohyll dm~2 leaf area at 27 days while K-deficient leaves

of the same age contained only 0,77 mg dm-z. This reduction in
chlorophyll content of K-deficient tissue could explain the ob=-
served reduction in photosynthesis -- daily productivity reduced
from 8888 moles Cco, dm™2 for normal plants to 4048 moles CO, dm=?
for K-deficlent plants,

Iron 1s necessary for chlorophyll production. In K-defi-
clent plants, iron tends to accumulate at the nodes perhaps in-
ducing an iron deficiency in leaves and thereby reducing the
chlorophyll content (30),

Hartt (8) found that the rate of photosynthetic CO, absorp-
tion decreased when the K content in sugarcane tissue fell below
0.4%. A normal blade containing 1.61% K exhibited a photosyn-

1, while a K-~deficient blade

thetic rate of 17.20 ml CO, dm™2hr~
(0.14% K) photosynthesized only 2.10 ml CO, dm"zhr'l.

Ozbun et al, (24) observed that a K-deficiency slightly in-
creased dark COp fixation, They proposed that K-deficiency leads
to an accumulation of phosphoenol pyruvic acid (PEP), the sub-
strate for 002 fixation by PEP carboxylase. Since pyruvic kin-
ase requires K, a build up in PEP might be expected in K-deficient
tissue. The accumulation of malic acid in K-deficlient tissue

may be a reflection of the observed increase in dark 002 fixa-

tion (24),



REVIEW OF LITERATURE

Potassium has long been assoclated with stalk strength in
corn and other crops, Several workers have demonstrated a cor-
relation between stalk strength, stalk rot, lodging and K fer-
tility level (1,12,13,14,17,20,21,23,25,26,27,36),

The role of K in plants 1is somewhat harder to define than
some of the other elements because 1t does not combine permanently
in cell structures. Rather, K functions in the chemistry of the
cell sap to influence plant growth in the following ways (30):

Relationshio of K to Photosynthesis and Resviration;

Potassium influences total leaf area by increasing the size of
leaves through the size and number of cells, increasing leaf
numbers (in indeterminate plants), and by increasing the length
of 1life of the leaves (30), Other workers (17) have reported a

2 for

leaf area decrease from 1.44% dm® in normal plots to 0.98 dm
K-deficient plots.

002 uptake is influenced by K levels through the function
of K on stomatal opening and closing, and the effect of K-defi-
ciency on chlorophyll content of leaves., Munson (19) cites a
critical level for K of 1,5% in corn leaves for optimum stomatal
opening for photosynthesis. Jackson and Volk (9) cite work by
Moss and Cooper with corn and alfalfa indicating that photosyn-
thesis 1s restricted when leaf K concentrations (in corn or alf=-
alfa) are below 1.,5-2.0%. Ozbun, Volk, and Jackson (24) have

conducted experiments with excised leaves of normal and K-defi-

clent Phaseolus vulgaris in which they made comparative measure-

ments of gas exchange processes, chlorophyll content and carbo-



Respiration rate has been shown to increase with K-deficiency.
Ozbun et al. (24) have provosed that this increase may be due to
increased activity of the pentose phosphate pathway involving
increased activity of glucose-6-phosvhate dehydrogenase and 6-
phospho-gluconste dehydrogenase, This was supported by the pre-
sence of higher concentrations of soluble carbohydrates in K-
deficient tissue than in normal tissue =- 13 mg/g fresh weight
in K-deficient tissue opposed to 2 mg/g in normal tissue,

Light may be assocliated with the effect of K on photosyn-
thesis, since X additions seem to be more effective in cool sum-
mers with less sunlight (30). Jackson and Volk(9) cite work
dating from 1922 to 1966 which historically establishes a rel-
ationship between K-deficlency and decreased net photosynthesis
at light-1limiting as well as light-saturating conditions. Ozbun
et al. (24) hold that the restriction in photosynthesis at low
light intensities in K-deficient leaves may be due partially to

increased photoresvpiration.

Relationship of K to Carbohydrste Manufacture and Translo-

cation; Adeqhate K favors rapid sugar formation and translocation
(30). Sugar levels are of particular interest because of the
positive correlation betwesn the amount of sugar in the pith
tissue and resistance to stalk rot (14), Martens and Arny (15)
have reported that KCl treatment (as compared with no K, no Cl~,
and Cl1~ only) decreases reducing sugar levels and increases non-
reducing sugar levels. From a review of the literature, Jack-

son and Volk (9) concluded that K-deficlency generally hinders



the condensation of simple sugars to more complex carbohydrate
forms, |

Further evidence that K 1s related to carbohydrate manufac-
ture is the faect that K-deflciency produces chaffy ears in corn
due to a lack of proper starch formation and cellulose formation
is low due to reduced carbohydrate and lignin production (30).

The effect of K nutrition on translocation may be one of
the most important aspects of the role of K in plants, Hartt

140

(8) has done extensive work using in sugarcane to trace the

route of photosynthates. Solution-grown sugarcane plants were

fad 1aberten 1

CO0p in a feeding chamber., Plugs were taken from
the fed leaves at various time intervals and analyzed for trans-
location by radioactivity counts. The fed part of K-deficient
blades consistently retained higher percentages of 1“0 than the
fed part of normal blades. The distance 140 was translocated
down the blade and down the stalk at any sampling time was less
in the K-deficient plant than in the normal plant indicating
that translocation was not halted, merely slowed down.,

The greatest percentage of inhlbition of translocation from
the fed part of the plant (75-93%) in Hartt's (8) study occurred
in leaves with no visible symptoms of K-deficlency. Thus, Hartt
concluded that the visible symptoms of K-deflcliency as such did
not cause the decrease in translocation.

When Hartt (8) varied the moisture content of sugarcane
plants and effects on translocation were noted, the effects re-
sembled K-deficiency effects -- translocation velocity in low

moisture plants was depressed, and distribution of 140, trans-



location to roots, and profile development were decreased, With

uC was lower in

short veriods of translocation (90 min,-5 hrs), 1
storage Jjolnts of low moisture plants. With longer pericds of
translocation (24 hrs-6 wks), the trend was reversed with low
moisture plants containing more 140 in storage Jjoints than high
moisture plants., The high molsture plants had used the photo-
synthates for growth, whereas the low moisture plants had simply
stored the photosynthates. The same results were obtained when
K-deficient (corresponding to low moisture) and normal (corres-
ponding to high moisture) plants were compared (8).

Potassium deficiency has been associated with low moisture
content, but since there was no consistent correlation between
K-deficiency and percent moisture Hartt (8) surmised that K-defi-
ciency does not affect translocation simply by its effect upon
moisture content, Translocation was measured 24 hours after
feeding K-deficient and K-adequate sugarcane plants (8). The
K-deficient nlant retained 95.5% of the absorbed 14C and the

IUC

normal leaf retained only 11.3% of the absorbed . Thus, K-

deficiency retards both photosynthesis and translocation.
As K-deficiency becomes more severe, it affects transloca-

tion before it affects photosynthesis (8). Thirty minutes after

14 14

supplyinz +K and -K leaves with COy, C-sucrose was found to

be lower in the fed part of the +K vlant than in the <K plant
indicating inhibition of translocation in the -K plant. However,

when total counts were ascertained, it was found that the =K plant

14 6

contained more C-sucrose than the +K plant (-~K, 12.20x10° cpm;

6

+K, 11.45%x10° cpm), indicating that photosynthesis was not



affected by the K-deficiency.

Translocation from the leaf to the stalk did occur in the
K-deficlient sugarcane plant (8), After 8 days, the relative
total counts in the +K and -K plant stalks were 18,300 and
22,600 counts/stalk respectively. The higher count in the -K
stalk could be explained by the assumption that the photosyn-
thate was slmply stored in the stalk whereas in the +K plant,
photosynthate was utilized for growth.

Importance of Balanced Fertility; Usherwood (36) found that

as N increases yields, the amount of K required by the crop in-
creases, because even when the soil tests medium to high in K
content and some K has been added, the amount of K in the crop
tissue often declines as the amount of N added increases. MNun-
son (20) reports that when N uptake is plotted vs K uptake, an
r value of 0,986 is obtained. Thus, as more N is added to the
soil, more K must be added if the soil can't supply enough X to
match the N added, Parks (27) has stated that stalk lodging in
corn increases when soill available X drops below 202 kg/ha and
becomes acute when the K level drops below 112 kg/ha,

A whole plant N/K (%) ratio of 1 proves most desirable for
corn (36). When the ratio exceeds 1, stalk rot increases. In
experiments with corn in Wisconsin (36), it has been found that
balancing N and K rates have delayed breakdown and death of corn
pith tissue, With the proper N-K balance, percent dead stalks
for a given hybrid was reduced by 40%. Severity of stalk rot
has been found to increase with 1ncreasing N rates and decrease

with increasing K rates (23,26). Where N and K fertilization



were balanced, rot severity was much less than where excess N
was applied (23).

High sugar levels assocliated with disease resistant corn
may be partially responsible for alleviating organismic rot due
to conditions of high osmotic pressures and improper nutrient
supply for the rot organisms (36). Rapid growth associated with
high N rates develops succulent tissue that may be conducive to
the development of disease organisms. Illinois has reported (36)
a high rate of bacterial blight in corn with high N and low K.

Boswell and Parks (1) theorize that if carbohydrates are
utilized for Dfotein synthesis as fast as they are produced (as
with high NOB— fertilization), plants with thin cell walls and
consequently weak stems may develop.r Low K may cause a retarda-
tion in protein synthesis which may result in an accumulation of
nitrogen compounds (e.g. NH4+) which are toxic to plants (30),

The amount of K necessary to balance N fertilization de=-
pends upon: 1) N rate -- no response to N at low levels of avail-
able K; 2) moisture -- best resvonses to K fertilization (in re-
gard to balancing N) occur under molsture stress or excess mois-
ture; 3) temperature -~ low temperature reduces XK absorption (36).

In conjunction with the previously mentioned roles of K in
plants, K has been assoclated with the activation or stimulation
of over 25 enzymes (17). For example, K" activates formyltetra-
hydrofolate synthetase which is necessary for the formation of
coenzyme F, CoF is necessary, in turn, for the blosynthesis of
the purine nucleotide, inosinic acid. Inosinic acid is the pa-

rent compound of other purine nucleotides, dinucleotides and



other metabolites. All of these substances are involved in
energy and group transfers, electron transport, and nuclelc acid
formation.

The Role of K Fertilizers in Lodging; Liebhardt et-al.—{1+3}

have postulated three mechanisms for the breakdown of parenchyma
cells which lead to lodging in corn; 1) cell wall deterioration,
2) excessive translocation due to the polarizing effect of the
ear, and 3) inhibition of protein synthesis. To test these hy-
potheses, fleld corn was grown on K fertilized soil (253 kg exch.
K/ha) and on the same soil without K.fertilization (140 kg exch.
K/ha).

Potassium in the lower stalk on the fertilized plots ranged
from 2.4% at pre-silk to 1.5% at maturity; the upper stalk ranged
from 2.3%-1.2% K at pre-silk and maturity. Without K fertiliza-
tion, the lower and upper stalk K contents ranged from 0.4-0.2%
and 0.5-0.4% respectively at pre-silk and maturity., The K-defi-
cient stalks demonstrated an increase in cellulese content from
20.3% at ore-silk to 38.2% at maturity. The increase in cellu-
lose content was greatest between late dent and maturity -- the
time when stalk breakdown is proceeding most rapidly. The cellu-
lose content in K-adequate plants remained essentially constant
throughout the season. The sugar content of the stalk showed
similar trends, only opposite to cellulose in direction; sugar
content in the stalk was maximum at pre-silk (31.6%) and mini-
mum at maturity (11.6%) in the K-deficient plants, while the K-
adequate plants retained a constant amount of sugar in the stalks.

Other observations made by Liebhardt et al. (3} were;
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1) insoluble N content decreased with time in K-deficient plants
while soluble protéin and non-protein N fluctuated with time,

2) the three N fractions remained relatively constant in K-ade-

quate plants, and 3) K-deficiency symptoms were severe where no

K was applied (breakdown of stalk and roots),

Cell wall deterioration was negated as the primary mechanism
of K-related parenchyma breakdown because cellulose increased as
parenchyma breakdown progressed with time. Liebhardt et al. £33}
supported translocation of carbohydrates from the stalk to the
grain as an ilmportant mechanism of bfeakdown because 1) K-defi=-
cient plants with the ears removed showed no pith disintegration,
2) removal of the lower 6 leaves (ear retained) of a normal plant
caused parenchyma breakdown and typical symptoms of K-deflciency
in the kernels.

Since photosynthate movement and velocity are limited in
leaves of K-deficient plants and the lower leaves of a K-deficlent
plant are an insignificant source of photosynthate (because of
lower productivity and shortened 1life) {13}, a greater proportion
of carbohydrate stored in the lower stalk of a K-deflclent plant
will have to be mobilized to fill the demands of the developing
ear, Llebhardt et al, {13) theorized that as a result of exhaus-
tive translocation from the lower stalk and roots, the parenchyma
cells disintegrate, producing 2 weaker stalk and subsequently
leading to lodging.

Their data support the above theory as there were no signi-
ficant differences in density between fertility levels when the

corn stalks were sampled at 10 weeks from emergence, However,
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after the tenth week, there was a sharp decrease in the pith den-
sity of K-deficlient stalks., The K-deficlent stalks remained con-
sistently lower in pith density than the normal stalks throughout
the rest of the growing season.

Daynard et al., £5) report a similar trend in decline of
corn stalk dry weight 2-3 weeks after mid-silking, corresponding
to a period of rapid dry matter accumulation in the ear. This
reduction in dry welght appeared to be related to translocation
of carbohydrates out of the sfalk, since there was no comparable
decline in stalk residue dry weight..

In a seriles of histological examinations of sections of
brace roots of corn, Liebhardt and Murdock {312} demonstrated that
parenchyma breakdown in K-deflclent tissue began 7 days after
silking, Potassium deflicient plants matured earlier resulting
in accelerated parenchyma breakdown.

Liebhardt et al. €1%) found that where K was not applied,
there was a general trend for the N in the stalk to go from in-
soluble protein to soluble protein to non-protein N as the corn
matured, lmplying an internal enzymatic degradation of protein
to amino acids, resulting in premature senescence., The insoluble
protein may be structural in nature and bound to other structural
material., The scluble proteln may be enzymlc since it appears
in cellular solution or in suspension in the cytoplasm. If these
assumptions are true, the K-deficient stalk may lack sufficient
amounts of enzymatic material needed for normal metabolism, This
would mean that synthesis reactions in this area would probably

proceed at a slower rate, whilch may hasten senescence,
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Nelson LZTT has reported researchers' results demonstrating
a strong negative correlation between percent lodging and amount
of avallable K per hectare while noting that K fertilization
builds strong brace roots and stalks leading to decreased lodging.
Pappelis and Boone L257 have reported that plants (corn) treated
with K fertilization showed much less dead stalk tissue thzn un-
treated (K-deficient) corn plants.

The Effects of K Fertilizers on Stalk Rot Organisms; In work

with rot resistant varieties of corn, Martens and Arny {(34) dis-
covered that KCl and Cl1~ treatments increased the severity of
lesions caused by artificial inoculation of Diplodia sp. They
surmised that thils increase was due to the artificial method of
inoculation, Under natural conditions, the pathogén must enter
through the roots and, thus, to the stalk., This natural advance
may be delayed by KC1l or Cl~ treatments resulting 1in decreased
stalk rot incidence. However, by artificial inoculation, the
roots and lower stalk are by-passed and subsequent fungal growth
i=s rapid.

Christensen and Wilcoxson 3] cite literature reporting
that the accumulation of aluminum and iron in corn plants renders
the corn more subject to invasion by stalk rot organisms and that
application of nhosvhate and lime reduced the severity of stalk
rotting, The accumulation of these Al and Fe comnounds, especially
when K is low in the soil, was thought to interfere with normal
translocation of photosynthates from leaves to roots.

Since much root infection and nodal discoloration usually
occur bhefore silking, Christensen and Wilcoxson }33 discounted

simple breakdown of pith tissue as the major source of stalk rot.
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They further concluded that the Al and Fe compounds predisposed
the plants to rootrinfection and stalk and nodal rot. FExcessive
accumulation of Al and Fe may occur in plant tissue even when
these elements do not occur in toxic concentrations in the soil
A43Y. Aluminum, especially, has a tendency to accumulate in the
plates in vascular tissue and in the scutellum of kernels, thus
interfering with normal translocation. Accumulation of heavy
metals in nodes is a common symptom of K-deficiency in corn (3€7,
Under K-deflicient conditions, nodal disintegration may occur in
the absence of pathogenic organisms L;%f Christensen and Wil-
coxson {3 found applied lime and phosphorus tie up Al and Fe in
the soil and prevent plants from absorbing excessive quantities
of their salts.'/&Frf bt

Thayer and Lansing (34) obtained similar results when working
with Gibberella stalk and root rot of corn.

Katsanos et al., (10) discovered a correlation between Colle-

totrichum graminicola infected areas and dead areas in sorghum

stalks (r=0,97). C. graminicola mycelia were present only in

areas of dead cells which corresponded to dead areas in unino-
culated plants with the same treatment (i.e., inoculated and un-
inoculsted plants with leaves removed, roots cut or inflorescence
removed). In generzal, they found that leaf removal (removing

the distal 2/3 of leaves) and root cutting increased rates of
pith breakdown in sorghum stalks, while inflorescence removal re-
duced the rate of vith breakdown. These results correspond to
the corn experiments by Liebhardt et al. (13) cited earlier.

Comparisons of K Fertllizers; Various K fertilizers have
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been compared to study their ablilitles to alleviate stalk lodging.
Younts and Musgrave (37) compared KCl, K»S0y, and KPOB as sources
of K. They discovered that stalk rot incidence in corn was de-
creased with increased KCl application, but relatively unaffected
with increased K,50, or KPOB applications. The Cl~ ion, they
concluded, was an important factor in K fertilization. 1In the
field experiments, high rates of Cl1~ had 1little effect on the
percentage of other elements in the corn leaves. However, there
was a close negative correlation between the percent plants with
stalk rot and the vpercent Cl~ in the corn leaves. The high C17
rates delayed maturity of the corn which may have delayed Gibber-
ella attack. Potassium source had no significant effect on the

K or N content of the corn leaves,

Research conducted in Alaska by Laughlin et al. (11) showed
K2504 treatments consistently and significantly out-yielded XC1l
treated bromegrass plots. The marked difference between perfor-
mance of the two K sources was interpreted to suggest a S5 defi-
ciency rather than superiority of K2804 as a K source,

The effect of the anions of K-fertilizers on lodging is still
controversial., Results in New York (16) indicate that KCl 1is
much more effective in reducing lodging than KQSOQ, implying
that C1° 1s important in reducing lodging. Conversely, results
from Wisconsin (16 ) indicate that C1~ had little effect on lodging
-- plots with C1~ had 64 lodged plants,plots without C1~ had 65
lodged plants. In the same experlment, K was very effective in
reducing lodging.

Fujiwara and Torii (6) report that increased C1~ supply in-
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creases the contents of K, Ca, and Mg in young rice plants.
However, as the plants aged, Cl1~ produced no significant differ-
ences in nutrient uptake. Greenway (7) states that passive C1~
uptake increases linearly with the growth medium concentration
of C17, thus the more Cl~ added with K fertilizers, the more Cl~
taken up by the plant. Pitman (29) found that beet root tissue
will take up more C1~ from a KC1+CaCl, solution than from a
straight KCl solution of equal Cl~ concentration.

Uptake of anions is limited by diffusion across a negatively
charged membrane (roots) (29). The membrane can be rendered
more permeable to anions in the oresence of divalent cations,
rather than monovalent cations. Thus, when Ca*t is present in
the solution, uptake of Cl1™ may be enhanced, and Cl~ may in turn
limit Kt uptake.

The following lists other factors in the soil or plant which
may influence Cl~ uptake; 1) corn grown with NH4+ nutrition may

2 and Mg™® than

contain more P04'3, 304'2, and C1~ and less Ca’
when grown with N03' fertilization (4), 2) a P deficiehcy may
increase C1~ uvotake (4), 3) increased transpiration rates may
increase passive C1~ uptake (7).

Rogalev (31) eclaims that C1~ and 804'2 ions affect vegeta-
tive mass formation to the same degree. However, sulfate seemed
to accelerate the development of the reproductive organs of clover,
tomatoes, and corn., Mitsul et al. (18) worked with bean plants
to study C17 and 804'2 absorption and translocation. Chloride

is translocated to young leaves and seems to be involved with

photosynthesis, Sulfate was found to accumulate in roots, then



16

be transloccated to young leaves where it was involved in the syn-

thesis of S-proteins,



METHODS AND MATERIALS

Three sites in Southeast Kansas were chosen for experimental
areas 1in 1972. The locations were ln Bourbon, Crawford, and Wil-
son counties and were situated on Lula silt lecam (Bourbon and
Crawford counties) and Bates silt loam (Wilson county) soil types
(Table 1). Nitrogen and potassium variables were used in Bourbon
and Crawford counties in a randomized complete block design (Table
2). A split-split-plot design was used in Wilson county with
planting date as the main plot, K-rate as the sub-plot, and var-
jety as the sub-sub plot (Table 3).

Leaf samples were taken from all plots at the 6-8 leaf stage
and at boot stage for N, P, and K analyses. The top fully ex-
tended lsaves were randomly sampled from the middle two rows of
each plot for the analyses (second leaf from top of plant at boot
stage). The leaf samples were air dried at 60°C for 72 hours,
then ground in 2 Wiley mill to pass a 2 mm screen, 4 0.5 g
sample from each plot was welghed and digested in 10 mls concen-
trated H2804 (with small piece copper wire) on the hot plate,

The digest was brought to 100 ml from which aliquots were taken
for the N, P, and K analyses. Nitrogen content of the samples
was determined by steam distillation (2), vay vanado-molybdate

1/

yYellow procsdure using a model 6C Coleman Spectrophotometer
at 420 mp, and K by flame photometry on a model 146 Perkin-Elmer
flame photometer, The resultant data were subjected to analysis

of wvariance.

1]_Adapted from Chapman and Pratt., 1961, Methods of analysis for
goils, plants, and waters. University of Calif., Riverslde.
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Table 2., Experimental design for Bourbon and Crawford county

studies,
Treatment K-Carrier
N S
kg/ha
0 0 -
84 0 —_—
168 0 ———
252 0 i
0 74 .6 KCl
84 74,6 KC1
168 74,6 KC1
252 74 .6 KC1
0 149.3 KC1
84 149.3 KC1
168 149.3 KC1
252 149.3 KC1
0 298,6 KCl
84 298,.6 KC1
168 298.6 KC1
252 298.6 KCl
0 149.3 K>S0y
84 149.,3 K>50y
168 149.3 K>S0y
252 149.3 K>S0y

Plots 3.66m x 12.19m, All plots received 24 kg P/ha. Nitrogen
as urea. Seeding rate = 123,450 plants/ha, Bach treatment
repliczted three times.

County Variety Planting Date Row Width Prev, Crop

Bourbon Acco 109 May 18, 1972 96.5 cm Soybeans

Crawford Prairie Valley May 8, 1972 91.4 cm Sorghum
PV 735



Table 3. Experimental design for Wilson county study.
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Complete factorial of:

Planting Dates

April 19
May 16
June 16

K-Rates

kg/ha

0
74.6
149.3
298.6

Varieties

Asgrow Dorado
RS 626

Funks G522
Acco R1090
DeKalb Ch2a
NC+ 70X

All treatments replicated three times,

Date plots, 9.,14m x 42,67m,

K-rate plots within date plots, 9,14m x 10.67m.
Variety plots within K-rate plots, 1.52m x 9,14m,.
™wo 76.2 cm wide rows for each variety.

Pre-plant fertilization; 168 kg N/ha and 24 kg P/ha.
Planted at 123,450 plants/ha,

Herbiclde; Herban 21A,

Potassium supplied as KC1,
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Stalk samples were collected from the Wilson county study
at physiological maturity. Physiological maturity was determined
by plucking seeds from the sorghum head and inspecting the scut-
ellum. When the scutellum of seeds from top to bottom of the
head had all dsarkened, the plant was considered to be at physlo-
logical maturity. Five stalk samples from mature plants from the
first 1.5 m of each plot were cut off at ground level and stripped
of leaves, Fifteen-cm sectlons were cut from the base of the
stalk and from the peduncle (including the top node) and these
sections were dried at 38°C for 7 days with the leaf sheathes in-
tact so that the stalks would dry slowly to 1limit cracking and
shrinking.

A 5 cm section was subsequently cut from each dried stalk
sample (Figure 1). The 5 cm pedunclé section included that areza
immediately above the top node. In was attempted to include the
same number of nodes (two) in each 5 cm base section and to be-
gin the section at the same relative vposition on the stalk (the
second internode above the brace roots). The stalk sections
were weighed, dismeter determined by an outside caliper, and
crushed for strength determinations (38).

Cuushing strength was determined by placing stalk sections
individually in a hydraulic press and crushing longitudinally.
The hydraulic pressure was read from a pressure gauge at the
breaking point and recorded (Figure 1)2/. The crushed stalk
samples were then ground in a Wiley mill to pass a 2 mm screen

and 2 1 g sample extracted with 70 ml boiling water, brought to

2/ Equipment and instruments from Dr. M.S. Zuber, Univ, of Missouri.
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Figure 1., Saw used to cut sorghum stzlk sections into
5 cm sections (top). (Bottom) Hydraulic press used
to determine erushing strength of stalks -- stalk
section in press (top-center of picture); strength
recorded on dials (right). Instruments compliments
of M.S., Zuber, Univ., of Missouri, Columbia, Mo.
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100 ml with distilled, deonized water, analyzed for K by flame
photometry and for Cl~ by colorimetric titration.

For the Cl1~ analysis, 10 ml of the extract were titrated
with 0,0282 N AgNO3 with 0.5 ml K20r04 indicator (2 g K20r04/100
ml H,0). The end point occurred with the first permanent faint
red colorB/. The stalk data were subjected to statistical analy-
ses for analysis of variance, simple linear correlation, and
multiple regression.

Lodging notes were taken at all sites at harvest time., All
plants were counted in the center two rows of each olot and any
plant leaning more than 450 from the vertical was considered
lodged. No effort was made to distinguish between main plants
and tillers., Lodging data were subjected to analysis of variance,
simple linear correlation, and multiple regression statistical
analyses.

Harvest at all sites was accomplished by means of hand-
cutting the heads from the center two rows of each plot, air-
dryling at 60°C for 72 hours, then threshing with a plot thresher.
The grain ylelds were ad justed to 12.5% moisture and subjected

to analysis of wariance,

3/ From Method of analysis of irrigation water. Complled by
R.H. Follett. 1966. Colorado State University.



RESULTS AND DISCUSSION

The results will be discussed in the order of leaf tissue
analysis, yileld, lodging, and stalk characteristics with each
site considered individually within each sectlon and a summary
of findings at the end of each section.

Leal Tissue Analysis

Bourbon county. Nitrogen treatments had no dliscernable

effect on leaf composition (N,P,K) at either the 6-leaf stage
or boot stage in Bourbon county.

Potassium treatments, however, affected both N and K levels
in the leaves at the 6-leaf stage (Appendix Table 1). Nitrogen
levels in the leaves decreased as leaf K levels increassed with
increasing K applications. The literature suggests that non-
protein-nitrogen accumulates under K-deficliency conditions
(32,33,35), but the N in question here is total N. However,
Teel (33) cites works which indicate a similar dovmward trend in
N and N-fractions with increasing K concéntrations in orchard-
grass and soybeans. Pesek (28) cites work which reports evidence
that K may interfere with the absorption of N causing reduced N
concentrations.

By the time of the boot stage sampling, all significant
treatment differences in N and K concentrations in the leaf had
disappesared., Nitrozen and K concentrations were lower at the
boot stage than at the earlier sampling date (Appendix Table 1)
probably because of the diluting effect of plant growth, The

N=-treatment by K-treatment interaction on leaf percent K can be
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seen in Figure 2. Nltrogen-treatments appeared to have little
effect on leaf percent K.

Phosphorus concentrations, in contrast to N and XK concen-
trations, were higher in the boot stage leaves than in the young
leaves, perhaps because P accumulation subsequent to the 6-leaf
stage occurred more rapidly than growth-dilution.

Potassium-source affected N and K concentrations in the
young plant leaves, Leaves from Kzsou-treated plots had signi-
ficantly higher N and K concentrations at the 6-1leaf stage (K
concentratlions significant at 10% level). By boot stage, how-
ever, there were no significant differences between KCl- and
K»50,-treated plots in leaf nutrient concentrations (Appendix
Table 1).

Crawford county. Increasing N-rates increased leaf N con-

centrations at both the 7-leaf and boot stages of development

(Appendix Table 2). Phosphorus and K concentrations were rel-
atively unaffected by N-treatment with the exception of a2 low

P value at the boot stzage for the no-N plots compared with the
N-treated plots.

Leaf K concentration response to K-treatments was more
marked at the Crawford county site than in Bourbon county, al-
though again by the boot stage sampling, there were no signifi-
cant differences in nutrient concentrations between treatments
(compare K-summaries in Appendix Tables 1 and 2), In Crawford,
as in Bourben county, N concentration in the leaves tended to
drop as K treatments increas=d, but differences were not statis-

tically significant in the Crawford county data.
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Leaf nutrient concentrations showed the same tendencies in
Crawford as in Bourbon county with respect to plant age; N per-
centages predictably declined with maturity while P concentra-
tions increased between the early sampling date and boot stsage,

Nitrogen-treatment by K-treatment interactions on leaf per-
cent K (Figure 3) showed 1little effect of N-treatments, although
more often than not, where N was withheld leaf K concentrations
were low compzared to N-trezated plots, Note the good response
to K-fertilization in terms of leaf K concentrations.

Effects of K-source were similar to those previously dis-
cussed (comparé K-source summaries for Appendix Tables 1 and 2),
Potassium sulfate-treated plots agaln demonstrated the highest
N and K percentages in the leaf, although non-significant at the
5% level., Potassium chloride and K,50, should be expected to

produce similar results.,

Wilson county. Leaf nutrient concentration responses to

K-fertilization in the two previous studies were substantiated

in Wilson county (Figures 4,5, and 6). Although N concentrations
were depressed by increasing K-rates only in the second planting
date (wher=zas the other sites showed a consistent downward trend
in leaf N as leaf K increased), leaf K concentrations increased
consistently with increasing K-rates in every planting date
(compare K-summaries in Appendix Tables 3, 4, and 5), Increasing
K-rates also alleviated visible K-deficiency symptoms (Figures

7, 8, 9, and 10), Notice the burning of the leaf margins in
Figures 7 and 8 with the low rates of K and the diminishing symp-

toms in Figures 9 and 10 with the higher rates of K.



LA . 0 KG N/HA X
| ¢ 8u -
) X 168 - X
7 X 252
51.52‘ . 8
(4]
a
-
[p)
w10 LU .
w ‘X 2
é ) x
i ®
) 4
l& o
L. 08 i
4
1)
DngD I ¥ L i T i 1 L] 1]
0 75 150 225 300
KG K/HA CR
1.554
®
4 3 4
, e
1.ugd _ x x
a g
= %
» & S &
L 1.ul- . o
)
e J X - "
xl.su-
a~
T
[an
(T}
—1.27
1.20 R T T T a— T T 1
75 150 225 300
KG K/HR CR

Figure 3. Effects of N and K treatments on leaf
K concentration in grain sorghum, Crawford
county, Kansas,., Prairie Valley PV 735.

28



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



29

4.00 el x MEAN VALUE
@ ASGROW OOARDG
- 3 © RS 825
u o 4 FUNKS 6522
3,75 X ©3,5MH ¢ ACCO A1080
= y = . % DEKALA Cu2A
! ] 3 e w £ NC + 70X
z 'J X - X — ® x u]
wi + © ®
13,50 H x I e =32 " - %
@ " * = g §
- 1 5: ful " E 1 3 * *
= A @ m
3.2 = w3, 004 2 =
g | = * :
e ] @
z
. OO : ; — ) 2.75 . , r ;
L 5 75 150 225 300 ) 75 150 225 300
K (KG/HAI DATE 1 (PLANTED APRIL (9 K {KG/HA) DATE L (PLANTED APAIL 19
u.s0 3. 75
] 1 x
g :
Ty, 25 . £3.50 i . ] .
[ip} t w
£ Lo 3 i L
Li x ] E 83 55 5 &
2 o] 5 ] x * E § . .
; ® B =z o
=~ o s ® o u]
L3.75 . £3.001
T 'S &
w 4
P |
<5l 5 P 2.75 . -
3.50 75 130 225 300 ) 75 150 225 300
K (KG/HAI DATE 2 (PLANTED MAY 181 K (KG/HA) DATE 2 (PLANTED MAT 161
NS0y 3.50-‘
| )
Lt —
wt
4. 25) ©3. 25
® | x —
v @
& : g £
z = #

2.0 x z * 5 £3.004 3 o g 8
= ' % 2 6 L 3 ¥
& - i i 4 Y

= u] A B m
~ o fusl - -
3. 75 w2754 5
o m w
w | —~
= §
i 2.50
S T T - T T T T
3.50 0 75 150 225 300 0 75 150 225 300
K (KG/HA) DATE 3 (PLANTED JUNE 161 K {KG/HA) DATE 3 (PLANTED JUNE L8)

Fig., &4, EFFECT OF K TREATMENTS, PLANTING ORTE, ANO SAMPLING
DATE OGN NITROGEN CONTENT OF SIX GRAIN SCRGHUM VARIETIES



30

0.3754 = MEAN VALUE “-“59'!
| m ASGROW OBRADE
] ® RS 628 ] .
. e g S f
= = « RCCe Rt
0. 3507 x x DEKALB CuzA &0-400 @ .
n | x g NC + 70X o= * + 2 n
L { X ¥ b ® u
I3 * = +— * £ *
w b4 o2 ae
-9, 3254 o X S0.350
Ul‘} | A — [ ] o
4 | ] b4 b4
{ e E o o T
a = -
8 U]
~0.300] m ® w3004
T | o g uw
w j 4
= -~
: ; 2504 — T
W e K 75 1%0__ 225 300 5 75 180 285 | 300
K [KG/HA) DATE 1 (PLANTED APRIL 19) K [KG/HR) DRTE ! (PLABNTED RPRIL 13)
0.4254 '?.SDO?
~ |
& _] [ x
T0.400 <45 * g
foz a
o ‘ = g 3 " z
i -
& = x s 2
Lt 1 € E x »*
10,3754 . < S2.u0 x
: | = &
o i E o ®
B b4
. 0.3504 ¥ X A 50.350 ®
a E
S | # B L o
b | ) - o
| o 4 %
0. 3254 : : : ~ 39 -
: 0 75 150 225 ado h) 75 150 225 300
K (KG/HA? DATE 2 (PLANTED MAY 167 K (KG/HA! DATE 2 (PLANTEQ MRY 16)
0.350, 0.425
= 1
4
(‘5’ z i o]
T 0.325 . ©0. 4001 ] x
® i & » =
z
b % 3 P . 5
w " ] g o X
-0, 300 ® : 80.375] #
ur
w 3 8
%: a it (-] ! .
W 0.275 o L 0. 3504 s X x
« * L
] —
_ -
0. 2504 : 0. 3254 : . .
75 150 285 300 75 150 225 300
K (KG/HA! DATE 3 (PLANTEDR JUNE 16] K [(KG/HR) DATE 3 (PLANTED JUNE 16)

Fig. 5[1' EFFECTS OF K TREATMENTS,
ATE ON PHOSPHORUS CONTENT CF SIX GRAIN SORGHUM VARIETIES

PLANTING DATE,

RANC SAMPLING



3

2:407 5 ueaN VALUE L 5]
® ASGRAW OORADC )
- 1 @ RS 626
W s FUNKS G522 &
x2,.004 ¢ ACCBG R1090 x 21.50 x z
= x OEKALB CuU2A 5 =
X NC + 70X »
& s = 8
a
wi & =}
+1.80 . . Sl.25 x s ¥
i 3 - 8 ) %
1 = x
x R =% ¥ []
~ =
W 1.204 % & 1. 004 ®
@ x u] ‘j
Hl ; ul )
]
D.80 ; 0.75+—— R TR R
b 75 150 225 300 K 75 150 225 300
K (KG/nAl DATE L (PLANTED APAIL 19 K (KG/HAI DATE | (PLANTED APRIL 191
2. 40 = 1.754
o :
= & o
T2. 00 m S1.504 5
© ke é g
[T
< 1 a £ 1 ] ol .
1. 60 x ©1. 25 o
= i =
h <
= 3% ¢
W 1.207 EI.DU- 2
& & -
= . 4
=
0.80 : - ——— 2.75 ; : §
4 75 150 225 300 N 75 150 225 300
K (KG/HAI DATE 2 (PLANTED MATY 161 K (KG/HR] DATE 2 (PLANTED MAT 181
2.7 2,004
— -
i &
T2.5 x g 2175 o
w i E ] x n - I
& 8 - * :
& n 5 |
J2.25] x 213 : °
o M - 2 5 o
~ -] =~ * =
~ a
L 2.004 x G1.25 @
w
5 4 =i
) (-]
|
5 ——— — 1.00 ;
ke T 150 255 300 75 150 25 300
K (KG/HA! DATE 3 (PLANTED JUNE 16! K (KG/HR) DATE 3 (PLANTED JUNE 18]

Fig. 6. EFFECTS OF K TREATMENTS, PLANTING DATE AN SAMPL ING
ORATE OGN POTRSSIUM CONTENT OF SIX GRRIN SCORGHUM VARI!



32

SORGHUM STALK SI.

KoO LBS/A
FUNKS G522
PLANTED APR 19

44/ o

Figure 7. K-deficiency symptoms at 0 kg K/ha. Note
marginal firing of lower leaves. Funks G522, 79
days after planting. Wilson county.

K20 LBS/A R0
FUNKS G522

PL# i
JUL 7, 1972

Figure 8. K-deficiency symptoms at 74.6 kg K/ha.
Note marginal firing of lower leaves -- compare
degree of visible symptoms with Figure 7. Wil-
son county. Funks G522, 79 days after planting.
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KoO LBS/A 160
FUNKS G522
PLANTED APR 19
Jus 71972

*

Figure 9, Effect of K-treatments on K-deficlency
symptoms. 149.3 kg K/ha. Note tip-firing on
lower leaves and lack of symptoms on upper
leaves., Compare with Figures 7 and 8. Wilson
county. PFunks G522, 79 days after planting.

'SORGHUM STALK S

KoO LBS/A 320
FUNKS G522
PLANTED APR 19

JUL 7, 4272

Figure 10. Effects of K-treatments on K-deficiency
symptoms. 298.6 kg K/ha. Note lack of marginal
firing or any other K-deficiency symptoms. Wil-
son county. Funks G522, 79 days after planting.
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As at the other sites, P remalned unaffected by K-treat-
ments. Unlike the other two sites, though, there were still
significant differences between leaf K-concentrations at the
boot stage. The general upward trend in K concentration with
increasing K-rates was maintained as plants matured. Increasing
plant maturity was accompanied by declining N and K concentrations
as observed at the other sites. However, the P concentration
of the leaves increased with advancing maturity.

Varietal differences are rather difficult to summarize due
to the variation possible with 6 varieties of differing parentage,
3 widely spaced planting dates, and 2 sampling dates at widely
spaced stagss of maturity. However, some general observations
can be made, Nitrogen and P concentrations showed more varia-
bility between varieties at both sampling dates and three planting
dates then did K concentrations (Figures 4, 5, and 6 and wvariety
summaries, Avoendix Tables 3, 4, and 5). The early sampling
date shovwed no significant X-concentration differences between
varieties in any of ths three planting dates, By boot.stage,
some statistically significant differences in K concentrations
between varleties had develooved, but these differences were small.,

When values for each nutrlent were averaged over both sam-
pling dates and all planting dates for each variety, further
generalities surfaced. DeKalb C42A and NC+ 70X produced more
above-mean values than any of the other varieties., DeKalb C42A
N and P concentrations were above the mean; NC+ 70X was above
the mean in N, P, and K concentrations. Asgrow Dorado and Funks

G522 obrovad to be about average in all values. RS 626 and Acco
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R1090 were consistently lower than the other varieties in N, P,
and K concentrations (Acco R1090 was average in P concentrations,
but low in N and K).

These differences between varieties point out some of the
difficulties encountered when attempting to make general obser-
vations and recommendations for a particular crop. One can re-
.commend a certain ideal concentration of an element for a crop,
but that concentration may represent an adequate amount for one
variety and a deficiency for another variety. Variations such
as these make interpretation of tissue analysis data rather dif-
ficult.,

Significant differences between leaf N and K concentrations
were producsd at both sampling dates by the three planting dates.
Some of the differences could be explained by weather factors
and subsequent effects on soil and plant relationshins. Some
of the differences were possibly due to the differing stages of
maturity of the volants a2t the early sampling dsates for each
planting date, |

Summary. FPlants grown at the Bourbon county site were con-
sistently higher than plants from the Crawford or Wilson county
sites in all leaf N, P, and K values. This may be because the
Bourbon county site had the highest fertility level of the three
locations and perhaps the best weather conditions. The Crawford
county site produced the lowest leaf nutrient concentration
averages for both sampling dates, with the exception of the
boot-stage K concentration average which was between Bourbon

and Wilson county averages.
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Soil and weather differences between sites and effects of
varieties are obvious sources of wvarlation, but general trends
were supported at all lﬁcations. Nitrogen treatments had no
discernable effects on leaf K concentrations, but K treatments
tended to reduce N concentrations. Leaf K concentrations in
young plant leaves rose steadily with increasing K-rates, but
as plants matured the differences between treatments diminished.

Larger differences in K concentrations as affected by K
applications were observed in Wilson county than at the other
two locations, This is probably duerto the increased resvponse
to added K at the lower K-fertility level in Wilson county.

Potassium sulfate produced higher N and K concentrations
early in the season than KCl, but by boot stage, differences
between KC1 and K550, treatments were nil.

In all cases, except for Crawford county, N and K concen-
trations were generally reduced from early sampling date to boot
stage, but P concentrations increased in the same interval,.

Grain Yield

Bourbon county. There were no significant differences in

grain yield produced by varying N rates, K-rates or K-source.
The yields were reasonably high and therefore seemed to indicate
that the crop was placed under little, if any, moisture or fer-
tility stress. However, a statistically significant N-treatment
by K-treatment intersctlion showed that where no N 1is supplied,
increasing K-rates depress yields (Figure 11). Under adequate

N fertility levels, increasing K-rates had a positive effect on

grain yield,
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Crawford county. Although grain yields were not found to

be significantly affected by N-rates, K-rates, or K-sources,
the control plots (0-N and 0-K) produced the lowest yields (Fi-
gure 12). The first increment of N or K (84 kg N/ha and 74.6
kg K/ha) produced yield increases of 689.7 kg/ha and 376.2 kg/
ha, respectively, over the 0 kg N and K plots. This yield in-
crease was generally mailntained with the other fertilizer incre-
ments,

| Potassium chlaride-treated plots produced an average of
318.5 kg/ha more than KpS0,~-treated plots. In Bourbon county,
KCl-treated plots outyielded K,S0, plots by only 62.7 kg/ha.
On the basis of the small numbers of samples involved, 12 plots
at both locations, and the small yield differences, it would be
presumptuous to declare that KC1l 1s the better source of K,

Wilson county. Three planting dates at one month intervals

were established to enhance the possibility of subjecting the
sorghum to environmental stress (particularly moisture stress).
Only two of the three planting dates produced any graiﬁ. The
third date, planted on June 16, 1972, became infested with
sorghum midge which destroyed virtually all of the grain. The
first planting date, April 19, produced yields substantially
lower than the second planting date, May 16, Average yields of
both planting dates were lower than those from the Bourbon or
Crawford county sites.

The low yields of the first planting date can be partially
attributed to poor stand, The site received a heavy rain shortly

after plantinz which compacted the soll and caused poor emergence,
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Figure 12, Zffects of N and K treatments on grain
yield of grain sorghum., Crawford county, Kan-
sas, Prairie Valley PV 735.



ko

Cool temperatures during the early season slowed growth, Al-
though the plants tillered significantly stands remained thin.
There was no yleld response to K fertilization with the first
planting date, but significant differences did exist between
the varieties (Figure 13).

The second plantling date produced better yields than the
first, but again there were no significant differences in grain
yield between K-rates (Figure 14), With this planting date,
however, there was a large difference between the yield of the
no-K plots and that of the 74.6 kg K/ha plots, 1558.5 kg/ha.

As in the first planting date, significant yield differences
existed between varieties with a range of 1077.3 kg/ha between
the lowest yieldinz variety (RS 626) and the highest (4cco R1090).

In comparing yield and leaf nutrient content data, it is
interesting to note that the varleties which were above the
mean in nutrient concentrations were not necessarily those that
produced above-mean yields. Acco R109C and RS 626 which were
below the mean in leaf nutrient content were split, with Acco
R1090 above the mean yield and RS 626 below., Asgrow Dorado and
Funks G522 were average in nutrient content, but both were above
the mean yield. DeKalb C42A and NC+ 70X were above the mean
nutrient content, but both were below the mean yield. These ob-
servations suggest that we need to know more about the correla-
tion of nutrient content to ylield in the various varieties rather
than trying to average nutrient content of all the varieties.
When a better understanding of this correlation is gained, ver-

haps wiser selections of breeding stock can be made to accentuate
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Figure 13, Effects of K treatments on grain yields
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the yield response to nutrient composition.

Summary. Yield was positively affected more by balanced N
and K fertilization than by the influence of either N or K levels
alone in Bourbon and Crawford counties. The varietal trends in
yield in the first planting date at the Wilson county site showed
no consistent response to K fertilization. However, by the se-
cond planting date, K fertilization produced a general upward
trend in grain yield.

Lodging

Bourbon county. There was no lodging at the Bourbon county
site. This site received rainfall at strategic times during the
season and, accordingly, was not subjected to severe moisture
stress. The soil was more fertile than the other locations
(Table 1) and this could have been another contributing factor
to attaining good stalk strength. Acco 109 was not tested else-
where, so the effects of environment and soil cannot be separated
from varietal effects.

Crawford county. The Crawford county site suffered more

from lodging than the Bourbon county location, although the ex-
changeable K at the two sites differed little. This points to
the hypothesis that environmental or varietal factors may have
influenced plant responses to added K more than soil factors.
There was an interesting trend in lodging as affected by N-rates
(Figure 15), although the differences between treatments weren't
statistically significant. The trend suggests that lodging is
increased by added N since there was a 3% difference in lodging

between 0 kg N/ha plots and average lodging of plots treated with
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84 to 252 kg N/ha (Appendix Table 2). The N=-K fertilizer balance
affected the visible symptoms of stalk rotting as well as lodging
(Figure 16). '

Boswell and Parks (1) have theorized that if carbohydrates
are utilized for protein synthesis as quickly as they are pro-
duced (as with high N fertility) plants with thin cell walls and
consequently weak stems may develop.

Illinois workers (37) have noted the same trends with corn
and reason that the succulent tissue produced under high N fer=-
tility may be conducive to the development of disease organisms.
Usherwood (37) cites work which suggests that a whole plant N/K
(%) ratio of 1 should be maintained with corn to reduce lodging.
This study did not entail whole plant analyses to compare a simi-
lar relationship with grain sorghum. The N/K ratio concept sug-
gests that it is not the N fertility level per se that affects
lodging, but rather the balance between the nutrients.

Although lodging was not severe at this location, K fertili-
zation had a marked effect on reducing it (Figure 15). The sor-
ghum was harvested much earlier than normal. If it had been left
standing in the field for a longer period, perhaps lodging would
have been more severe. There was no significant difference be-
tween K-rates, but the difference between no added K and some
added K was striking. Observations like this in the past promp-
ted this study. Much work has been done with corn and other
cereals indicating a relationship between K fertility and lodging
(1,11,12,14,17,20,21,23,25,26,27,37). Tisdale and Nelson (35)

and Salisbury and Ross (32) list lodging as one of the symptoms
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Figure 16, Effects of N and K treatments on visual presence
of stalk rot in grain sorghum. Note that stalk rot

tended to increase with increased rates of N and to
decrease with increasing applications of K. Also note
that N and K exerted more influence at the Crawford
county site (lower) than at the Bourbon county site
(upper).

Rates of N -- 252, 168, 84, and 0 kg N/ha.
Rates of K -- 298.6, 149.3, 74.6, and 0 kg K/ha.
Bourbon county -- variety, Acco 109

Crawford county =-- variety, Prairie Valley PV 735.



46

agssociated with K deficiency. The data from this location help
to establish the relationship between lodging and K nutrition
for grain sorghum.

The source of X had no significant effect on lodging (Appen-
dix Table 2), although the KCl plots had somewhat less lodging
than the K2SOy plots. Although not statistically significant,
the difference between KC1l and KS04 plots supports a trend ob-
served by other workers. Younts and Musgrave (j?) compared KC1,
K550y, and KP03 as K sources and fpund that KC1 reduced lodging
in corn while increased rates of K,S0y and KPO3 had no effect on
lodging. Because the K source did not affect the concentration
of other ions in the corn leaves and because Cl~ ion concentra-
tion in the leaves showed a high negative correlation with stalk
rot, they concluded that the Cl~ ion must be important in pre-
venting lodging. The results from this study do not fully sup-
port the above mentioned conclusions, for K,SOy-treated plots
did reduce lodging as compared to the no-K plots.

Wilson county. The first planting date (April 19) demonstrated

a significant difference between lodging in no-K plots and lodging

in K-treated plots (Figure 17). As in Crawford county, there

were no significant differences between K-rates, but the differ-

ence between no K added and some K added was large indicating

that the lowest K-rate, 74.6 kg K/ha, was sufficient to reduce

lodging on this so0il and under the existing weather conditions.
The sorghum planted on May 16 suffered more severe lodging

than the.first planting date, possibly because stands were

heavier making moisture and fertilizer competition greater.
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Weather conditions may have produced more stress at more sensi-
tive growth stages in the second date than in the first date,
also. Lodging response to K fertilization was less in the se-
cond date than in the first (Figure 18). There Were no signifi-
cant differences between K-rates or between no-K and K-added
plots in percent lodging, however, the no-K plots did have the
most consistently severe lodging.

Varietal differences in lodging were significant for both
planting dates, although varieties responded differently to en-
vironmental and fertility conditions for each planting date.

RS 626 and DeKalb C42A were above the mean percent lodging for
the first planting date, whereas Acco R1090 and DeKalb CU42A were
above the mean for the second planting date (Figures 17 and 18).

Significant variety-K-rate interactions were noted for both
dates, too. For the first date, RS 626, DeKalb C42A, and NC+ 70X
seemed to be affected by K with decreasing lodging as K-rates
increased (Appendix Table 3 and Figure 17). The other varieties
remained unaffected by K additions. RS 626, Funks G522, Acco
R1090, and DeKalb C42A were the varieties responding to K treat-
ments in the second planting date (Appendix Table 4 and Figure
18).

RS 626 and DeKalb C42A evidently were not suited to the en-
vironment for RS 626 yielded low in both dates and DeKalb CL2A
yielded very low in the first planting date and suffered very
high lodging in both dates. These observations may indicate
that these two varieties were under particular environmental

stress. The fact that both varieties responded to added K with
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reduced lodging in both dates may indicate that K may affect
lodging more under stress conditions than under more normal con-
ditions.

Summary. Potassium fertilization tended to reduce lodging
in Crawford and Wilson counties but not to the same degree in
every case. Lodging showed a negative correlation to percent
K in young leaves (r=-0.,429) in Crawford county, but the correla-
tion was nil in Wilson county with both planting dates. Lodging
seems to be more related to morphological, environmental and
varietal factors than to nutrient levels in the plant. The
effects of morphology on lodging are congsidered in the next sec-
tion of this paper.

Stalk Characteristics

Wilson county. In an attempt to find plant characteristics

which may affect lodging, several stalk characteristics (%K, ppm
Cl=, weight, diameter, and crushing strength of 5 cm section)
were measured on stalk samples taken from physiologically mature
plants from the plots of the first and second planting-dates in
Wilson county.

Potassium and Cl1™ concentrations were closely related in the
base and peduncle sections at both planting dates (Tables 5, 6,
7, and 8). This might be expected since the K-source was KC1l
and both ions would be present in approximately equal quantities
in the so0il where KCl1 was applied. Except for the first planting
date, Cl~ concentrations in peduncle sections were not as closely
related to K-rates as were K concentrations, nevertheless the
correlations of Cl™ concentration and K-rates were generally sig-

nificant.
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Table 5. Pearson product moment correlation coefficlents between
sorghum stalk base characteristics., Wilson county, first
planting date.

%K 1.000 ## Significant at 0.01

- # Significant at 0,05

ppm Cl 0.639% 1,000

Strength =0,411# 0,487 1,000

Diameter -0,090 =0.103 0.243% 1,000

Stalk Wt -0,263% -0,503% Q,714%¢ QO 424%¢ 1,000

%Lodging -0,128 -0,117 0,085 -0.200 -0,042 1.000

K-Rate 0.,672%% 0, 414#_.0,187 0.071 0.008 -0.202 1.000

K C1~ Str Dia Wt Lodging K-Rate

Table 6., Pearson vroduct moment correlation coefficients between
sorghum stalk peduncle characteristics, Wilson county,
first planting date.

% X 1,000 *# Significant at 0,01

* Significant at 0.05

ppm C1~ 0.,722% 1,000

Strength 0,047 -0,195 1,000

Diameter 0,302%¢ 0,043 0.687% 1,000

Stalk Wt 0,029 =-0.221 0,777%¢ 0,761% 1,000

#Lodging 0,064 0.010 -0,336%*-0,225 =0,205 1.000

K-Rate 0.141 0.234% 0,043 0.029 -0,004 =0.,202 1,000

K Gl Str Dia Wt Lodging K-Rate
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Table 7. Pearson product moment correlatlon coefficients between
sorghum stalk base characteristics, Wilson county,
second planting date,

% K 1.000 ## Significant at 0.01
*# Significant at 0.05
ppm C1~  0,650*% 1,000
Strength -0,258% -0,389%#%* 1,000
Diameter -0,086 0,042 0.073 1,000
Stalk Wt -0,126 -0.250% 0,777%% 0,501%% 1,000
%Lodging -0,310%%0,210 0.003 0.095 0.013 1,000
K-Rate 0.649%% 0_383%%* 0,085 0.098 0.246 ¥ ~0,206 1,000

K c1™ Str Dia Wt Lodging K-Rate

Table 8, Pearson product moment correlation coefficients between
sorghum stalk peduncle characteristics., Wilson county,
second planting date,.

% K 1,000 ¥# Significant at 0.01
# Significant at 0.05
ppm Cl1~ 0,871%% 1,000
Strength 0,271% 0,295% 1,000
Diameter O,541%##% Q 542%% 0 _618%+ 1,000
St21k Wt 0.285% 0.,286% 0.756%% 0,752%% 1,000
%Lodging 0.047 0,086 0,048 0.216 -0,004 1,000
K-Rate 0.227 0.195 =0.023 -0.104 0,016 -0,206 1,000

K c1l™ Str Dia Wt Lodging K-HRate



53

Due to this close correlation between K and Cl~ concentrations
in the plant tissue, any attempt to separate the effects of the
two elements on plant characteristics was confounded. With the
realization that K and C1~ concentrations in the plant do vary
directly with each other, the effects of KCl treatments on plant
characteristics will be expressed in terms of K effects,

The percent K of the 5 cm base section of the stalks of the
first planting date increased markedly with increasing K-rates,
but remained fairly constant between varieties (Appendix Table 6).
However, the base percent K had only a very small and insignifi-
cant relationship to lodging in the first planting date (Table 5).

The percent K of the base sections of the second planting
date proved to be a better predictor of lodging than the same
measurement in the first planting date (Table 7). Although the
r value is small (r=-0.310) it is significant at the 1% level
and is negative, indicating that increasing plant K concentra-
tions may be related to decreased lodging.

The three morphological characteristics of the stalk bases
for both planting dates, diameter, weight, and crushing strength,
were not affected by K-rates (Appendix Tables 6 and 7) nor did
correlations with stalk percent K show any consistent or pre-
dictable trends (Tables 5 and 7). All three characteristics
were negatively correlated with base percent K, although not all
correlations were significant. This is contrary to what was
expected. It was assumed that since K fertilization was assoc-
jated with decreased lodging, it might also be associated with

improved morphological characteristics which might be connected
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with less lodging (e.g., bigger, denser, and stronger stalks).
However, in this study, neither chemical composition of the stalk
nor measured morphological characteristics had any significant

or consistent correlation with reduced lodging.

Work by Zuber et al. (38) has shown good correlation between
corn stalk characteristics, especially rind thickness, weight and
crushing pressure, and lodging. Rind thickness was not measured
in this experiment, but linear and quadratic regressions between
stalk base section weight, diameter, and crushing strength were
performed against lodging. Extremely low R values were obtained
in all cases indicating that lodging was determined more by physio-
logical or organismic factors than by morphological factors.

In the light of Zuber's work (38) which indicated that stalk
strength was significantly correlated with lodging in corn, sev-
eral regression analyses were performed to determine stalk char-
acteristics which affect cruéhing strength. For base sections
of the stalk, weight and the weight divided by circumference
(wt/cir) were consistently and highly correlated with crushing
strength (Table 4, Figures 19 and 22). The high correlations of
weight and crushing pressure are in agreement with those reported
by Zuber for corn.

The wt/cir measurement is a proposed approximation of rind
thickness derived by considering Zuber's (38) correlation of rind
thickness and weight (r=0.86) and a knowledge of the distribution
of the rind in the stalk. Most of the weight of the stalk sec-
tion is due to rind; the pith is light and porous. The circum=-

ference takes into account the amount of rind present in a stalk
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section for the rind is distributed around the outside of the
stalk. Thus by combining the weight of the stalk and the dia-
meter of the stalk into a single term, it is hoped that an approxi-
mation of the total amount of rind in the stalk will be the re-
sult., This measurement gave good agreement with Zuber's cor-
relation of rind thickness and crushing strength (r=0.87) (38)
{Table 4).

Diameter and density were poorly correlated with crushing
pressure of the stalk bases (Table 4)., Zuber et al, (38) re-
ported a correlation r=0,330 for diameter versus crushing pres-
sure. The data from this study produced lower correlations than
this because many of the large stalks were rotted (Figures 20
and 23). Density proved poorly correlated with crushing pres-
sure because quite often, the densest stalks were also the smallest
which ﬁere simply too diminutive to support any pressure,

Tables 9 and 14 present some of the multiple regression
formulas for cushing strength. Prediction curves for K and Cl~
in the stalk base accounted for only a small portion of the data
variability, but some of the multiple correlations were signi-
ficant indicating that with more data and larger sample sizes,
stronger correlations might result. Regression lines for stalk
section weight versus crushing strength produced highly signi-
ficant R values (Tables 9 and 14, Figures 19 and 22), Stalk sec-
tion diameter versus crushing strength regressions are depicted
in Figures 20 and 23, Notice the large number of large diameter
stalks with very low crushing strengths.

Diameter and weight of the stalk base sections from both
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Table 9. Linear and Quadratic Regressions of Stalk Base Charac-
teristics (X) vs Stalk Base Crushing Strength (Y).
Wilson county, David Voth Farm, 1972,

FIRST PLANTING DATE -- APRIL 19

Treatment X Intercept Regression Coefficients Multiple
' . Correlation
X X2 R
0 kg K/ha 351,345 -128.916 18.685 0.599%
74 .6 387.484 -145,176 28,370 0.460
149.3 785,892 -380.450%% 57 Byg#w g 700##
298.,6 122,736 72.558 -13.643 0.436
0 kg K/ha ppm C1- 287,962 -0.065 -0.001 0.,620%
74,6 28,698 2,298 ~0.006 0.366
149.3 527.366 -2,393% 0.004 0,718%%
298.,6 -90.411 - 2,914 -0.007 0.502%
Section Wt  -68,950 128,812%% 0,714 %%
Section Dia 104,950 ol 714 0.243%

¥ 1Indicates significance at 0.05 level.
## Indicates significance at 0.01 level.

Table 10. Linear and Quadratic Regressions of Stalk Peduncle
Characteristics (X) vs Peduncle Crushing Strength (Y).
Wilson county, David Voth Farm. 1972
FIRST PLANTING DATE -- APRIL 19
X Interceot Regression Coefficients Multiple
5 Correlation
X : X R
ZK 96.872 15.154 -1.368 0.061
ppm C1° 105,150 0.583 -0.002 0.220
Section Wt -53.136 212,280%#% 0. 777%%
Section Dia -116,043 313.893 % 0.687##

##% Tndicates

significance at 0,01 level.



58

Y201 ___ g1@ vS STRENGTH REGRESSIHN
| o 73 gc K/HA
o .
« gy o
;352~ X 29B.6b & o X
a
5 ol
'—
[da]
Z 28U
(2
'._
[dp]
%
D216
an]
x B
|
[a
th1UB
X
80 " p:&: ) r==0.2%3
0.80 1.00 1.20 1.u0 1.80 1.80
, STALK BASE DIA DATE 1
2up- -
M
% (U]
s X o
200 . ©
11p]
o
I
|_
2160-
L
(a )
| d
[1p]
120
oo
ﬁ 4
[an
}—
n B0
ug ¢ X I‘=0.68?
0.55 0.85 0.75 0.85 0.95 1.05
STALK PED DIA DATE 1
Figure 20, Effect of diameter of 5 cm stalk sec-

tions on section crushing strength, Planting
date 1, Wilson county.



59

planting dates showed fair correlation (Tables 5 and 7), but
the r values were lower than might be expected. Quite often,
medium to large diameter stalks had suffered rot and were pow-
dery and light-welight, thus lowering the correlation, Refer
to prediction equations for base section weight in Tables 11
and 16 and Figures 21 and 24,

Diameter of the stalk base sections was not affected by
any of the controlled or measured parameters of this study (ex-
cept variety -- Appendix Tables 6 and 7) nor did diameter affect
anj of the other stalk base charactéristics to any great extent,
except for its correlation with stalk section weight (Tables 4,
5, and 7).

Peduncle K and Cl1~ concentrations were only slightly affected
by K-treatments, The stalk base section response to K-treat-
ments in terms of K and Cl~ concentrations was marked, but not
so iIn the peduncle sections. It can be seen from Appendix Tables
6 and 7 in K-summary blocks that there were differences in K and
Cl~ concentrations in the peduncle between no-K plots énd K-
treated plots, but differences between K-treatments were small.

Potassium treatments affected morphological and strength
characteristics of the peduncle sectlons little more than for the
base sections. The only signigicant correlation in the first
planting date between chemical composition of the stalk and
morphologlical characteristics was a positive correlation between
peduncle section diameter and section K concentration. However,
in the second planting date, K and Cl1~ concentrations signifi-

cantly affected all three measured characteristics, weight,
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Table 11, Linear and Quadratic Regressions of Stalk Base Charac-
teristics (X) vs Stalk Base Section Weight (Y). Wil-
son county, David Voth Farm. 1972
FIRST PLANTING DATE -~ APRIL 19

Treatment X Intercept Regression Coefficients HMultiple
' > Correlation
X X R
0 kg K/ha %K 2.724 -0,364 -0,027 0.686 %%
74.6 3.756 -1,779% 0.453% 0,665%%
149.3 3.867 -0,979 0.139 0.350
298.6 2.360 0,108 -0,040 0.411
0 kg K/ha ppm C1~ 2,748 -0, 004 *# 0,783 %%
74,6 2,652 -0,002 0.459%
149.3 3.210 ~-0,004 %% 0.600%#
298.6 2.746 -0,002 0.334
Section Dia 1.128 0,914 %% 0. 42h %

* Indicates significance at 0,05 level,
#% Indicates significance at 0,01 level,

Table 12, Line=2r and Quadratic Regressions of Stalk Peduncle
Characteristics (X) vs Peduncle Section Weight (Y).

Wilson county, David Voth Farm. 1972

FIRST PLANTING DATE -- APRIL 19

X Intercept Regression Coefflcients Multiple
2 Correlation
X X R
K 0.846 0,016 -0,001 0.030
ppm C1- 1.051 -0,001 0,221
Section Dia -0,130 1,272%# 0,761 %%

#% Indicates significance at 0,01 level,
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diameter, and crushing strength, although the correlation for
diameter was the only one of any magnitude (Tables 6, 8, 13, and
18).

Stalk characteristic correlations with crushing pressure
of the peduncle supported those obtained for the base sections
(Tables 4, 6, and 8). Weights and wt/cir ratios were highly
correlated with crushing strength (Figures 19 and 22), while
density was poorly correlated with strength. However, the ped-
uncle diameter showed much better correlation with strength
than the base diameter (Figures 20 and 23); This can be attri-
buted to the fact that the peduncle dlameter was much more highly
correlated with the peduncle section weight than diameter and
weight of the base sections (Figures 21 and 24)., Perhaps the
better correlation of weight and diameter in the peduncle was
due to less rotting in the peduncle than in the base,

The characteristics of stalk base and peduncle sections
were highly correlated for the data from both planting dates
(Appendix Tables 8 and 9).

Summary, Stalk characteristics for both base and peduncle
sections were only slightly affected by K-treatments and had
little discernable effect on lodging. Weight and wt/cir ratio

were found to be the best indicators of stalk crushing strength.
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Table 13, Linear and Quadratic Regressions of Stalk Peduncle

Characteristics (X) vs Peduncle Section Diameter (Y).
Wilson county, David Voth Farm, 1972
FIRST PLANTING DATE -- APRIL 19

X Intercept Begression Coefficients Multliple

> Correlation
X -« X R
#K 0.427 0.132 -0.011 0.334 #*
ppm C1™ 0.339 0.005 -0,000014% 0,301 %+

# Indicates significance at 0,05 level,
## Indicates significance at 0.01 level.
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Table 14, Linear and Quadratic Regressions of Stalk Base Charac-
teristics (X) vs Stalk Base Crushing Strength (Y).
Wilson county, David Voth Farm. 1972
SECOND PLANTING DATE -- MAY 16
Treatment X Intercept Regression Coefficients Multiple
2 Correlation
X X R
0 kg K/ha ZK 142,917 112,657 -138.629 0.436
. 268.779 ~124,776 22,767 0.440
149.3 234,506 -82.256 11.802 0.291
298,6 Lo7.612 -121,995 10,598 0,614 %
0 kg K/ha ppm C1~ 190,299 -0.122 -0.001 0.393
4,6 288,631 -0,011 0.001 0.561%
29806 1”’9.3“‘!’6 0-598 -0.002 0.496*
Section Wt -97.885 133.197#% 0,774 %%
Section Dia 102,248 23.214 0.073
# TIndicates significance at 0,05 level,

#% Tndicates significance at 0,01 level,

Table 15. Linear and Quadratic Hegressions of Stalk Peduncle
Characteristics (X) vs Peduncle Crushing Strength (Y).
Wilson county, David Voth Farm., 1972
SECOND PLANTING DATE -- MAY 16
X Intercent Begression Coefficients Multiple
2 Correlation
X X R
%K -129,523 97 .589 %% -9,980 % 0,437 %%
ppom C1~ -120,006 2,098 #% ~0.005## 0. 41l s+
Section Wt 47,841 187,948 #* 0,756 %%
Section Dia -120.346 274 ,B7 3 0,618

*#%* Indicates significance at 0.01 level.
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Table 16. Linear and Quadratic Regressions of Stalk Base Charac-
teristics (X) vs Stalk Base Section Weight (Y). Wil-

son county, David Voth Farm, 1972

SECOND PLANTING DATE -- MAY 16

Treatment X Intercept GRegression Coefflclents ultiple
> Correlation
X X R
0 kg K/ha ZK 1,799 -0,090 -0.132 0.278
74,6 2.004 -0,202 0,023 0.269
149.3 2.263 -0,343 0.032 0.453
298.6 3.433 -0,786 0.083 0.455
0 kg K/ha ppm C1~ 1,918 -0.002 0,303
74,6 2.400 -0,004% 0.576%
149.3 1.992 -0.002 0.289
268,6 2.420 -0,002 0.275
Section Dia  0.570 0,933%#%# 0,501 %

# Indicstes significance at 0,05 level,
*#*%¥ Indicates significance at 0.01 level.

Table 17. Linezr and Quadratic Regressions of Stalk Peduncle
Characteristics (¥) vs Peduncle Section Weight (Y).
Wilson county, David Voth Farm. 1972
SECOND PLANTING DATE -- MAY 16

X ' Intercept  Regression Coefficients  Multiple
2 Correlation
X X R
3K 0.146 0.254# ~0.02L 0.3523%
ppm C1~ 0.593 0.00092 * 0.286%
Section Dia -0.293 1.346%% 0.752%%*

¥ Indicates significance at 0.05 level.
*# Indicates significance at 0,01 level.
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Table 18. Quadratic Regressions of Stalk Peduncle Characteristics
(X) vs Peduncle Section Diameter (Y). Wilson county,
David Voth Farm., 1972
SECOND PLANTING DATE -- MAY 16

X Intercept Regression Coefficients Multivle
2 Correlation
X X R
K 0.168 0,249 %% ~-0,023 %% 0.,650%%
ppm Cl1~ 0.141 0,006%% _0,000013%#* 0,644+

##* Indicates significance at 0,01 level.
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CONCLUSIONS

Where lodging of grain sorghum occurred in this three site
study, added K helped to alleviate it and, at low K fertiliza-
tion rates, added N increased lodging. However, lodging did not
appear to be consistently highly correlated with the concentra-
tion of K or C1° in plant tissue (leaves and stalks) or with
morphological characteristics of the sorghum stalks. Welight
and diameter of the sorghum stalks were only slightly affected
by K-treatments, but weight was found to be highly correlated
with stalk strength.

Lodging, under the éxisting circumstances of thils study,
was affected by factors other than those measured., The data
from this one-year study indicate that further work 1s needed
to investigate different fertilizer materials and combinations,
varylng weather patterns (implies more than one year's data),

and genetic variability of grain sorghum,
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Appendix Table 14,
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Analysis of variance -- mean square values,

Stalk characteristics.

Wilson county, across planting dates,

1972
Source of Degrees K C1l- Wt Dia Strength
Variation of conc, conc.

Freedom

BASE
Replicates 2 1,395 33898 0.118 0.035 4298
Planting date 1 0.928 2101 10.541% 0,002 298826
Error (D) 2 0.464 20128 0.160 0.034 16785
K-rate 3 33.535%% 59416%* 0,158  0.020 411
KxD 3 0,701 5278 0.300 0.021 8395
Error (K) 12 0.459 8804 0.351 0.063 7948
Variety 5 4, 692%* 6879 0.858%#% (,588%% 26028%%
Dx V 5 0.456 6118 0.186 0.022 18446%=
KxV 15 0.371 3442 0.098 0.021 4169
DxKxV 15 0.527 2609 0.153 0.016 2843
Error (V) 80 0.513 3132 0.110 0.016 gl n

PEDUNCLE

Replicates ‘2 2.118 6076 0.033 0.016 1048
Planting date 1 7.313 2756 0.532% 0.006 55704 #
Error (D) 2 0.476 9385 0.022 0,005 1954
K-rate 3 2.910% 5357% 0,015 0.006 119
KxD 3 0.476 717 0.039 0.006 2212
Error (K) 12 0.781 1524 0.080 0.016 3201
Variety 5 13,372%% 20746%% 0,090%% 0,090%* 8418%#
Dx V 5 1.045 1285 0.010 0,004 927
KxV 15 0.255 551 0.019 0.004 1659
DxKxV 15 0.472 822 0.016 0.006%* 953
Error (V) 80 0,607 935 0.014 0.003 1188
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Appendix Table 15, Analysis of variance -- mean square values.
Stalk characteristics, Wilson county. 1972
Source of Degrees K Cc1~ wt Dia Strength
Variation of conc, conc,
Freedon

Planting date 1 -- April 19 BASE

Replicates 2 0.817 50741 0.261 0,013 15032
K-rates 3 16.562#% 39780 0,077 0,028 7199
Error (K) 6 0.743 14042 0.512 0.119 11100
Variety 5 1,368 4785 0.470%  0,251%% 2194 1%%
KxV 15 0.359 3975 0.118 0.015 6385
Error (V) Lo 0.795 3761 0.147 0.017 3940
~ PEDUNCLE
Replicates 2 1.493 12181 0.046 0,017 2493
K-rates 3 0.655 L2o4 0.018 0,010 1760
Error (X) 6 0.387 948 0.132 0,029 4925
Variety 5 5.,658%%  7155%#%  (,049%  0,050%% 5675%%
KxV 15 0.507 920 0.010 0,004 1398
Error (V) 4o 0.933 1124 0.015 0.004 1320
Planting date 2 -- May 16 BASE
Replicates 2 1,041 3285 0,018 0.057 2081
K-rates 3 17.674#% 24913% 0,380 0.012 7386
Error (K) 6 0.176 3565 0.190 0.006 4861
Variety 5 3.779%%  B21i1%*  0,573%% (,359%% 26197%*
KxV 15 0.539% 2076 0.133 0,022 1696
Error (V) 40 0.230 2504 0,073 0.015 2111
PEDUNCLE
Replicates 2 1,101 3280 0.009 0.003 360
K-rates 3 2,731 1931 0.036 0,002 808
Error (K) 6 1,176 2100 0.028 0.003 1242
Variety 5 B.759%% 14876%% 0.0514* 0.0l %%  3725%%
KxV 15 0.221 4573 0.025% 0,006% 1195
Error (V) 40 0.280 746 0.012 0.003 1007
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ABSTRACT

Studies were initiated on three sltes in Southeast Kansas,
in Bourbon, Crawford, and Willson countles, to study the effects
of K fertilization on stalk rot in grain sorghum. N-K interac-
tions were studied at two locations and planting date, K-rate,
and variety interactions at the third.

Due to early harvest, only small percentages of lodglng
were observed at Crawford and Wilson counties (none in Bourbon
county) as compared to the potential for lodging that existed
later in the season, However, trends were observed in the
studies,

With no added K, N tended to increase both lodging and
visible symptoms of stalk rotting at Crawford county. Potassium
applicétions at Crawford county decreased visible symptoms of
K-deficiency and reduced lodging significantly.

At the Wilson county site the effects of K on lodging were
not as clear-cut as in Crawford county. The early planting
date showed a significant trend in reduction of lodging with
added K, but the second planting date showed little reduction
of lodging with K fertilization. Visible symptoms of K-deficiency
were alleviated with added K.

Stalk characteristics {weight, diameter, and crushing
strength) were determined for the Wilson county location, but
showed no response to K fertilization. Stalk characteristics
demonstrated no consistent correlation with lodging in this study.
Correlations calculated between stalk characterlistics indicated

that weight and amount of rind are good indexes of stalk strength.





