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INTRODUCTION

Grain sorghum (Sorghum bicolor (L.) Moench) production has become very

important in the Great Plains in recent years. One of the most serious production
problems encountered is delayed harvest due to adverse weather conditlons in the
fall, especially in the more humid regions. Severe economic losses have occurred
in recent years because of unfavorable weather which slowed normal grain drying
and delayed conventional harvest. An effective and economical practice to allow
earlier harvest of grain sorghum would be a major breakthrough in grain sorghum
production,

Two general approaches are possible. One is the harvest of high moisture
grain, which has been investigated and shows much potential, however, it requifes
specialized storage and handling equipment or drying facilities. The other
approach is to speed the drying rate of the grain in the field so harvest at a
normal moisture content can be done earlier. This approach has been investlgated
some, however, no dependable, practical, and economical method has been found.

The grain sorghum plant is naturally a perennial, thus it does not die at
maturity. Therefore, any attempt to accelerate drying of the grain necessarily
involves killing all or part of the plant soon after all of the dry welght of
the grain has been produced. Various studies have shown that killing the plant
chemically or mechanically can effectively speed the drying rate of the graln in
the field to permit earlier harvesting, however, an acceptable and dependable
method of killing the plant has not been established for field use.

Chemical desiccants and defoliants have been used successfully for varlous
aspects of production for numerous other crops for many years. For sorghum, the
most reasonable method should be some type of chemical desiccant or mechanical
treatment (such as flame) which will kill or partially kill the plant. Desiccatior

treatments applied to the plant after it has reached maximum dry welght



(physiological maturity) should kill the leaves and possibly the stalks without
affecting grain yleld. The killing and dehydrating of other plant parts caused
by the treatment should allow for more rapid drying of the grain. An additional
advantage of desiccation should be reduced harvest losses because less green -
material would have to be handled by the combine which would allow better
separation of grain from residug.

Various materials have been evaluated as desliccating materials for grain
sorghum, however, some major problems have been encountered. The most effective
chemicals for killing the plant and speeding the graln drying rate often leave
residues which make the treated crop unfit for animal consumption. There is an
economical limitation on desiccation pfactices, since the gain from earlier
harvest should pay for the cost of desiccation. In spite of the problems, the
magnitude of loss that can occur due to delayed harvest certainly warrants
investigations in the area of pre-harvest drying of grain sorghum.

With this in mind, this study was designed to evaluate the use of 32%
nitrogen solution as a desiccating material for grain sorghum. Nitrogen solution
could have some major advantages over some of the other materials which have
been used if it proves effective as a desiccant. It will not leave restrictive
residues like many of the chemical desiccants which have been tried, and it
should be economical. If nitrogen solution can be used to speed the drying rate
of the grain, then part of the nitrogen applied should be recovered in the grain
or forage, or be carried over and utilized by the succeeding crop. Thus the cost
of desiccation would be only the cost of the nitrogen not recovered plus the

cost of application.



REVIEW OF LITERATURE
Desiccation and Defoliation

A very limlted number of studies have been conducted on pre-harvest
desiccation of grain sorghum. Desiccation and defoliation have been practiced
on a field scale for many years on varlous other crops (1,11). Studies have been

performed to evaluate desiccants and defollants for cotton (Gossypium herbaceum L.)

(8,11), small seeded legures harvested for seed (7,20,25), spring wheat (Triticum

aestivum L.) (15), and other crops including rice (Oryza sativa L.), flax

(Linum usitatissimun L.), potatoes (Solanum tuberosum L.), castorbeans (Ricinus

communis L.). and grasses harvested for seed (1,11).

Hall (11) in 1956 described renewed interest in the use of pre-harvest
chemicals because of the trends toward complete mechanization of crop production
and harvesting, combined with improved varietles, effective use of plant pesticides,
fertilizers, and irrigation, which have contributed to later maturation and delayed
harvesting. The use of pre-harvest chemicals on cotton was already well established
at that time, as approximately 18% of the total acres in production in 1955 were
treated, primarily with defoliants, to improve harvest efficlency, stop active
growth, cause more uniform opening of the bolls, and to control second growth.

Brown and Rhyne (8) showed that species and varietles of cotton differed
in the amount of defoliation produced by treatment. Defoliation was also influenced
by the stage of boll maturity at the time of treatment.

The use of chemlcal desiccants for seed production of small seeded legumes
was also reviewed by Hall (11). Use of pre-harvest conditloners to kill
succulant follage and green weeds allowed direct combining of seed within 4 to 5
days. The most successful chemical seemed to be DNBP (dinitro-o-secondary-

butylphenol) in diesel fuel.



Phillips (20) studied the desiccating properties of DNBP, PCP
(pentachlorophenol), and Endothall (3,6-endoxohexahydrophthalic acid) on

alfalfa (Medicago sativa L.) heavily infested with Kochia (Kochia scoparia (L.)

Schrad.) and other weeds. DNBP in dlesel fuel was the most effective treatment
for reducing moisture content of both the alfalfa and weeds, but a second applica-
tion was needed before the seed'could be satisfactorlly combined.

Shafer (25) found DNBP and PCP in diesel fuel to be the most effective

chemicals for aiding seed harvest of Madrid sweetclover (Melilotus officinalis

(L.) Lam.). Harvest 3 days after application resulted in about an 8% decrease
in seed moisture with these treatments compared to direct combining without
treatment.

At Nebraska, Bovey and Kehr (7) investigated diquat (6,7-dihydrodipyrido
(1,2-a:2,1-c)pyrazidiinium salt) and paraquat (1,1'-dimethyl-4,4'-bipyridinium
salt) for desiccation of alfalfa for seed production. These chemicals have
much lower mammalian toxicity than DNBP and PCP which had already been proven to
be most effective in drying legume crops and weeds in Nebraska. Paraquat in water
was as effective as DNBP in diesel fuel for drying weeds and alfalfa follage and
seed pods three days after treatment. Diquat was effecfive on alfalfa, but not
as effective as DNBP or paraquat on weeds.

McNeal et al. {15) concluded that chemical treatments on spring wheat were
ineffective in reducing head moisture when sprayed at weekly intervals starting
four weeks after heading. Only swathing was effective in speeding drying, but
both swathing and chemical treatment caused yleld reductions.

Desiccation of grain sorghum to speed the drying rate of the grain has been
studied by several researchers since 1950, and many of the popular materials used
on other crops have been evaluated. Research has primarily involved the evaluation
of various chemlcals and flame treatments as drylng agents, and the effects of

rate of application, timing of application, method of application, and variety



and hybrid differences. In addition, the effects of desiccatlon on physiological
processes within the plant have been studied by observing grain and forage yleld,
germination, residues, etc.

Hall (11) reviewed early work on grain sorghum desiccation in Texas in the
1950's., Endothall did not kill the leaves and stems completely, but reduced the
moisture content of the grain to 10 to 11% within 10 days, while controls were
still at 15 to 20%. In another test in 1956, magnesium chlorate, Endothall, and
sodium chlorate-sodium borate solutions significantly reduced grain molsture
within 10 days. |

Applications of PCP or DNBP in diesel fuel or Endothall in water failed to
reduce grain moisture when applied at an initial grain moisture of 18% in a
study by Phillips (19). The DNBP and PCP formulations effectively dried the leaves,
but did not seem to affect the peduncle or head, while Endothall was not visibly
effective at the rates used. A warning was also issued concerning the possiblility
of chemical residues remaining on the grain after desleccation treatment.,

Shafer (24) sprayed triplicate two acre plots of Martin milo with desiccants
and harvested one week after treatment. Control plots showed 18.5% grain moisture,
while PCP in diesel fuel reduced molsture to 11.5%., DNBP in diesel fuel and
sodium mono-chloroacetate in water were less effective (14.9 and 13.6% respectively)
and hydrin, a highly aromatic hydrocarbon, was not effective at any rate.

A similar study by Shafer (26) in 1954 included Endothall and magnesium
chlorate. Molsture content at treatment was about 20%, and the untreated control
area averaged 18.2% one week after treatment. All of the desiccants did affect
grain moisture, with DNBP and PCP having the greatest effect and Endothall and
sodium chloroacetate having the least effect.

Shafer (27) treated one acre blocks of male sterile Combine Kafir-60 when
the moisture content of the graln was from 36 to 42%. PCP in dlesel fuel gave the

best drying results when moisture samples were taken at 8 and 30 days after



treatment., DNBP, DEF (S,S,S—Tributylphosphorotrithioate), magnesium chlorate,
and ammonium nitrate solution at various levels all gave similar drying results,
reducing graln moisture to about 21 to 23% after 30 days As compared to 28%
for the untreated control. Ammonium nitrate solution was used at a rate of 34 kg
of nitrogen per hectare and produced the least response after 8 days of any of
the treatments, and still had one of the higher moisture contents at 30 days, 23.6%.
In addition, Shafer (28) showed a significant variety x chemical interaction
for the three varieties and ten hybrids used in this test, varylng from great
response to no response at all for different varieties. This differential response
of varleties and hybrids to desiccation was very important for interpreting past
results and designing future experiments.
Alvey and Pendleton (2) compared defoliation, severing the plant at the soil
surface, and spraying with DNBP in diesel fuel or magnisium chlorate in water
on DeKalb variety D-50 hybrid grain sorghum at three initial grain moistures. The
chemicals and severing caused great reductions in moisture soon after treatment,
but the loss was very slow after the treated plots had reached about 18% moisture.
Grain yields were significantly reduced by all treatmenis at 48.2% initial moisture,
but only by magnesium chlorate at 37.5% initial moisture, and were not reduced
at all at 22.7% initial moisture, However, lesser drying effects were observed
as initial moisture declined, and only severing the plant produced any significant
drying effects at 22.7%. No difference in the drying effects of DNBP and
magnesium chlorate was observed, and only on one occaslon was severing more
effective than the chemical desiccants. Defoliation was not effective in drying
the grain, indicating that chemicals did more than just kill the leaves. Effect
on the stalks was apparent when chemically treated stalks became brittle and
lodged much worse than the control treatment.
A slightly different approach to grain sorghum desiccation 1s the use of

heat and flame as a deslccant. Parks (17) reported significant increases in



drying rates of grain sorghum using flame cultivators and field drying, which
involved the use of heat under metal hoods. Applying the treatments at 25%
initial grain moisture, drylng rates to 14% moisture were 1.18% per day for field
drying, 0.77% per day for flame desiccation, and 0.50% per day for the untreated
control. Applications at lower initial moistures were successlvely less effective.
Despite poor weather conditions and inconsistent results in his earlier studles,
he concluded that field drying or flaming was still advantageous because of
jncreased harvest efficiency. Increased grain yilelds of 300 to 500 kg/ha in

565Q kg/ha sorghum were attributed to reducting the grain normally carriéd out

of the combine with the heavier, greener residue of the untreated plots. Residue
handled by the combine was reduced from 7,722 kg/ha to 6350 kg/ha for flame
desiccation and 5,618 kg/ha for field drying, making better separation and faster
ground speed possible.

Reece et al. {21) concluded that desiccatlon of grain sorghum with flame,
diquat, or paragquat significantly reduced grain moisture in a study at Manhattan,
Kansas, Maximum effects occurred two weeks after application. Greater drying
was observed in 1963 than in 1964 which was attributed to the initial grain
moisture. Treatment at 35% grain moisture in 1963 was assumed to be closer to
physiological maturity than treatment at 26% molsture in 1964, Nitrogen solution
at 67 kg of N per ha was also used in this study, and was nearly as effective as
paraquat or diquat as a desiccating material.

Bovey and McCarty (6) compared several desiccants with defoliation and
severing the plant at the soil and below the head on two sorghum varieties,
Martin and Combine Kafir-60., Magnesium chlorate and DNBP in diesel fuel at an
initial grain moilsture of approximately 50 or 40% gave grain drylng results
similar to leaf removal for Martin, indicating that the main effect was on the

leaves, contrary to Alvey and Pendleton's (2) findings. A gain of about 10



days in harvest time was observed for the chemicals and leaf removal, while
slightly greater gains were obtained by severing at the soil surface and even
larger gains by severing below the head. Although producing the best drylng
results, seed welght and test welght were significantly reduced by treatment at
50% and 40% initial moisture. At 30% initial moisture, seed weight and test weight
were not affected.rbut drying responses were not as great. In general, Combine
Kafir-60 was more resistant to desiccation than Martin, confirming the variety
x chemical interaction reported by Shafer (28). Results in 1962 differed only
slightly from 1961 results.

in 1963, Bovey and McCarty (6) also found Diquat to be an effective chemical
desiccant, comparing equally with cutting the plant at the soll. Its effectiveness
at low concentration and 1ts low toxicity to animals were reported as added
advantages. Flaming the plant just below the panicle was effective at 50% initial
grain moisture, but was not as effective at 33% initial moisture. Flaming near
the base of the plant was ineffective, apparently because thg leaf sheaths afforded
protection for the stem.

Anatomical studies by Bovey (4) indicated that rapid cellular changes
occurred in leaf and stem tissue within a few hours after chemical desiccatlon.
An altering of cellular function allows water and other contents to be lost from
the cell which causes desiccation. In general, reduction of seed and test welghts
were observed for nearly all desiccation treatments at moisture levels above
40%. Germination of seed from desiccant treated plots was generally not affected
for any treatment, and successful desiccation methods even gave some higher
germinations.

A later study by Bovey and Miller (5) evaluated various herblcides, herbicide
dosages, placement, and mixtures to increase desiccating and defollating propertles.

Most desiccants produced maximum visible effects within one week, Diquat was



found to be the most effective deslccant at low concentration for both fleld
grown and greenhouse grown sorghum. At high concentrations, PCP and AP-20
(cis-2,3,5,5,5-pentachloro-4-ketopentenoic acid) produced more rapid desiccation
within the first few hours, but were no more effective than diquat after 1 or

2 days. Cacodylic acid (dimethylarsinic acid) and a mixture of 2,4-D, 2,4,5-T,
and plecloram (h—amino—j,5.6-tr19hloropicolinic acld) caused desiccation at
intermediate dosages. Various synergistic and ;ntagonistic effects were observed

using several mixtures on hibiscus (Hibiscus rosa sinensis L.), but no similar

conclusions can be made for sorghum because of large differences in species

response to chemicals.
Physiological Maturity

Based on results reported in the literature, it was apparent that best
desiccation responses were obtained when treatment was made as soon as possible
after physiological maturity to give maximum grain drying effects without reducing
yleld or quality. The relationship of grain drying patterns to physiological
maturity is not clearly definable, however, and the determination of physlological
maturity for desiccation in the field will be a problem,

Vanderlip and Reeves (31) described growth and dry matter accumulation of
sorghum in detall and determined the relative proportion of each of the plant
parts at each developmental stage. They defined physiological maturity as the
point at which maximum dry weight of the plant has occurred. The time from
flowering to physiological maturity and the graln moisture at physiological
maturity vary with genetic material and environment.

Maximum dry weight of sorghum graln was observed by Clegg, Webster, and
Grabouski (9) approximately 30 days after bloom at which time the grain contained

35 to 38% moisture.



10

Wikner and Atkins (33) found a range of 31 to 39% grain moisture at maximum
dry welght for six varieties and hybrids evaluated in a grain drying study.
Norghum and Midland ranged from 31 to 35% grain moisture at physiological maturity,
while Martin, DeKalb. variety Cldia, RS610, and Double Dwarf Milo ranged from 34
to 39%, indicating significant variety differences. Forty to forty-six days
elapsed between mid-bloom and physiological maturity in this study.

Kersting, Stickler, and Pauli (13) found that with Combine Kafir-60, maximum
dry weight occurred 45 days after pollination at 23% grain moisture in 1958 and
after 33 days at 30% moisture in 1959. This showed significant differenées in
both time between pollination and physiological maturity and grain molsture content
at physiological maturity in successive years.

| Pauli, Stickler, and Lawless (18) studied the effects of planting date,
location, and variety on the developmental phases of graln sorghum, and found no
differences in moisture content of the grain at physiological maturity due to
date of planting, however, earlier planting dates tended to reduce the number of
days from half-bloom to physiological maturity, which was attributed to higher
temperatures. All varieties tended to be later and develop slower at Colby, Kansas
than Manhattan, Kansas, which was attributed to the lower night temperatures at
Colby. Moisture content of the graln was higher for the two hybrids (RS501 and
KS701) than for the six open pollinated varieties, and differed significantly from
Norghum and Combine Hegari. Varieties did not differ significantly in time from
half-bloom to physiological maturity, however.

Nearly all of these studies indicated great varlability in physiocloglical
maturity, whether based on per cent moisture at maximum dry weight or days from
half-bloom to maximum dry weight, because of the several factors discussed. A
more practical way of determining physlological maturity in the field has been
proposed. Eastin, Hultquist, and Sullivan (10) showed that visual appearance of

the dark closing layer near the placental area of the sorghum kernel coinsided
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closely with the end of translocation of radioactive 'C labled assimilates to
the kernel. They concluded that dark layer formation was an accurate method of

determining physiological maturity in graln sorghum.
Grain Drying Patterns

Studies on thé rate of water loss from the maturing sorghum caryopsis have
been conducted by several researchers and should be considered when evaluating a
desiccation study. A well defined pattern has not been established due to the
magnitude of environmental influence on grain drying.

Wikner and Atkins (33) had exﬁeptionally favorable temperature and moisture
conditions for plant maturation and grain drying in 1958. B8ix entries varying in
relative maturity and growfh habits, particularly compactness of the head, showed
comparatively uniform moisture loss from the grain for seven sampling dates and
a linear regression was fitted to the data. Except for Double Dwarf Milo, no
real differences in rate of water loss for the entries werelobserved. The drying
rate averaged about 1.5% per day for the seven sampling dates, and then leveled
off as the molsture content became low, as expected. Any major fluctuatlons were
associated with light rainfall or frost before sampling. They found no consistent
association between the rate of moisture loss from the grain and from other plant
parts: pedicle, rachis, peduncle, leaves, or stalk. Moisture loss from stalks
was very slow, and moisture remained at about 80% throughout the seven samplings,
while other parts declined to about 15%, but not linearly like the grain. No
relationship between moisture loss and head type was observed; although other
genetic differences may have offset this effect.

Kersting, Stickler, and Pauli (13) showed that molsture content of the
developing caryopsis decreased rather uniformly from 85% in the unfertilized
ovary to about 40%, After the molsture reached 25%, it fluctuated greatly with

changes in environmental conditions.
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McBride, Singleton, and Zuber et al. (36) demonstrated that the influence
of rainfall or humidity is reflected by an increase of molsture content in the
entire plant, with the stems showing a larger increase than the heads.,

In a study to evaluate maturity differences in grain sorghum hybrids, Warﬁes
(32) found an overall average drying rate of about 1% per day. However, he
found that hybrids differed ;igpificantly in the rates at which the grain fills
and drys after blooming, and that this could account for differences in relative
maturity classification of the hybrids., Climatic conditions had a major effect,
as grain moisture loss was slowed and head-stem moisture content actually increased

during periods of wet weather.
Nitrogen Accumulation Patterns

Since this study involves the use of nitrogen solution as a deslccant,
patterns of nitrogen accumulation in sorghum should be understood to evaluate any
residual nitrogen effect or uptake of nitrogen which may be possible, and to
evaluate the effect of carryover of nitrogen to the succeeding crop.

Much natural variation is expected in total nitrogen content of sorghum
grain. Miller et al. (16) showed significant differences in protein content of
Kansas sorghum grain due to location and variety, ranging from 5.9 to 12,8%.
Nitrogen fertilization increased both protein content and yield.

Worker and Ruckman (35) found variation of 8,54 to 21.53% crude protein
depending on cultivar, year, and planting date.

Kersting, Pauli, and Stickler (12) found that percentage of nitrogen in
the grain decreased steadily until about 18 to 24 days after pollination due to
the dilution effect of carbohydrates, but then remained constant until maturity.
Total nitrogen accumulation in the graln followed the same pattern as total dry
matter accumulation in the developing grain. Nitrogen was apparently translocated

into the developing graln as long as dry weight was increasing.
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Vanderlip (30) reported that nutrient uptake preceded dry matter accumulatlon,
and that the nutrients were required for further growth and dry matter accumulation
throughout the plants' development.

Roy and Wright (22) found that the contribution of head welght to the total
dry weight increased when nitrogen was applied. Nitrogen content of the grain
was increased significantly by N fertilization.

Further studies by Roy and Wright (23) showed that nitrogen accumulated
almost linearly until maturity, with higher rates corresponding to peak vegetative
growth and grain-filling stages. They concluded that nitrogen translocation from
the stem and leaves to the head started at initiation of heading, however,
translocation was not sufficient to account for all of the nitrogen recovered
in the heads for fertilized plants, Unfertilized plants, however, accumulated

nitrogen primarily at the expense of translocation from the leaves and stem.
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METHODS, AND MATERIALS
Field Plots

Two grain sorghum hybrids, RS671 and DeKalb variety E57, were treated with
three rates of foliar application of 32% nitrogen solution, 0, 67, and 134 kg
N/ha, to evaluate ﬁesiccation effects.

The hybrids were similar in maturity, but differed in that RS671 was a compact
head type while E57 was an open head type. The study was conducted in 1972 and
repeated in 1973 at two locationss the Kansas State University, Ashland Research
Farm at Manhattan and the East Central Kansas Experiment Field at Ottawa. Two
dates of planting were used as main plots in each study to test desiccating effects
under different drying conditions in the fall. Nitrogen solution was applied with
a high clearance ground sprayer as soon as possible afier physiocloglcal maturity,
as determined by the grain black layer development (10).

Dates of planting and corresponding dates of follar application for both years
and both locations are summarized in Table 1.

Table 1, Dates of planting and corresponding dates of foliar N apprlication at
Manhattan and Ottawa in 1972 and 1973.

Year Location Date of Planting Date of Treatment
1972 Manhattan 5-24 (Date 1) 9-4
6-21 (Date 2) 10-6
1972 Ottawa 5-17 (Date 13 9-15
6-23 (Date 2 10-5
1973 Manhattan 5-15 {Date 13 8-20
6-12 (Date 2 9-5
1973 Ottawa 5=17 EDate 1; 8-22
6-11 (Date 2 not applied
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The experimental design for each complete study was a split-plot with dates
of planting as main plots and hybrids x N rates randomized as subplots, with three
replications. In 1972, subplots were four 91.5-cm rows 22.9 m long. In 1973,
four 76.2-cm rows 22,9 m long were used. All samplings for molsture and yleld
data were taken from the center two rows of each subplot. Border rows were planted
between main plots; and 7.6 m alleys were maintained between replications to aid
foliar N application.

Each of the four complete studies (location x year) were laid out on separate
field sites. Soil types at Manhattan were a Muir silt loam in 1972 and a Reading
silt loam in 1973, The Ottawa studies were both on a Woodson silty clay loam,
Preplant applications of 84 kg N and 28 kg P205 per hectare as 30-10-0 were made
across the entire plot area both years., Herban 21A herbicide was used and the
plots were machine planted.

Nitrogen solution was applied with a high clearance ground sprayer with
nozzles directed to provide uniform application over the entire Y-row width of
the individual subplot area. The spray volume and ground speed were calibrated
to deliver 67 kg N/ha and a double pass ﬁas made to apply 134 kg N/ha.

Grain samples were obtained for grain moisture determination from each subplot
at the time of treatment and on a weekly basis until harvest. The sampling
schedule was altered in several cases, however, due to unfavorable weather condi-
tions which hindered the study both years, particularly at Ottawa., Ten head
samples were obtained by taking every tenth head from the middle two rows from
one end of the individual plots., Head samples were collected in closed plastic
bags and were threshed with a single head thresher. A 200 g sample of grain was
oven dried at 70-900 C for at least 48 hours to determine moisture content by
loss of welght.

When the graln had reached a molsture level acceptable -for harvest, 4.57 m

sections of the center two rows of each plot were harvested, opposite from the
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end where moisture samples had been obtalned. Heads were harvested by hand and
then the forage was harvested with a one-row plot chopper, wéighed. and a sample
retained for moisture determination. The molsture content at harvest was above
that sultable for safe storage (13%) but was at a moisture level (;5-17%) at which
harvest 1s started by many producers in this area because of the danger of further
delays due to bad ﬁeather.

Yield data and nitrogen content were determined on an individual plot basis
and then converted to a hectare basis for all studies. Harvesting and sampling
was designed so yleld data were partitioned into three partss_ threshed heads,
grain, and stover. Samples of each component were retained from the harvested
material, ground, and stored in glass containers for nitrogen analysis. Total
nitrogen was determined using the macro-Kjeldahl technique (3). Nitrate-nitrogen

was not determined separately.
Statistical Procedures

Analysis of variance was performed on per cent grain moisture, rate of grain
drying, and all yield and nitrogen data, including per cent nitrogen and total
nitrogen content, according to Snedecor and Cochran (29).

Grain moisture and rate of drylng data were anlyzed separately for each date
of planting. &ffects of hybrids, N rates, days after treatment, and all inter-
actions were evaluated.

Yield and nitrogen data were analyzed and the error due to different dates
of planting and application (replicate x date interaction) was partitioned out
so effects of deslccation could be viewed independent of date. Hybrids, N rates,

dates of planting, and all interactions were evaluated.
Nitrogen Carry-over

Data have been collected in 1973 to study carry-over of nitrogen applied as

a desiccant in 1972. Carry-over data for 1973 will not be avallable until the
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end of the 1974 growing season.

Soil samples were taken on an individual plot basis on the 1972 plot sites
before application and again in the spring of 1973 before planting and were
analyzed for nitrogen content. Grain sorghum was then bulk planted over the
entire plot area with no additional nitrogen fertilization. Plant tissue samples
were taken in the summer of 19?3 and were analyzed for total Kjeldahl nitrogen.
Yield data and nitrogen data were collected and analyzed in the fall of 1973 in
exactly the same way described for evaluating desiccation effects. A complete

discussion of carry-over effects cannot be made until data from the 1973-1974

carry-over study are obtained.
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RESULTS AND DISCUSSION

The maln objective of this study was to evaluate the desiccating effects of
32% nitrogen solution applied to two grain sorghum hybrids to accelerate
pre-harvest grain drying. In addition, the study was performed to determine the
.effects of timing of desiccatlon on graln drying and yleld response. The potential
advantages of using nitrogen solution as a desiccant, increasing the quality of
the grain or forage by the added nitrogen and the carry-over of nitrogen to the
succeeding crop, were also evaluated.

Important results are discussed with the ald of tables and figures within
the text. All analyses of variance performed are summarized in tables in the
Appendix, which identify significant (5% level) and highly significant (1% level)

F wvalues.
Grain Drying Effects

In general, the first visual effect of desiccation was apparent within two
or three days. The leaves were burned severely where application was uniform,
thus the upper leaves were the most noticeably effected. Burning of leaves was
the first and primary result, however, treated plants generally began to show
drying of the peduncles within two or three weeks, which was noted when molsture
samples were collected. |

Effects on the stalk tissue were more variable. At Ottawa in 1973,
deslccation caused severe effects on the stalk tissue because treated plants
completely died, became brittle, and lodged severely., At Manhattan, peduncles
appeared dry, however, lodging was not noticeable and at harvest, considerable
branching was noted on treated plants, indicating that the stalk tissue was still
alive. Visual observations indicated that the Ottawa plots were desiccated more

rapidly and completely than the Manhattan plots in 1973. Heavy rains in the perlod
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2 to 5 weeks after treatment apparently helped to deteriorate the already dead
plants at Ottawa, but stimulated branching on the plants that were not as
severly effected at Manhattan, Most visual effects were slightly more severe
with the 134 kg N rate than with the 67 kg rate, and no obvious difference
between hybrids was noted.

Both per cent grain moistu;e at sampling dates and rate of moisture loss
between successive sampling dates were analyzed to evaluate desliccation effects.
A significant interaction between nitrogen rate and days after treatment (Appendix
Tables 17 and 18) shows significant effects of desiccation on acceleration of
grain drying. Differential hybrid response to deslccation shows in the
interaction of hybrids x N rates x dayé after application.

Figure 1 represents highly significant differences in grain drying with N
application at Manhattan for the first planting date in 1973. The greatest effect
occurred the first 9 days after treatment, somewhat sooner than reported by Reece
et al. (21) and others. Moisture content was reduced from 37.3% to 22% with
nitrogen application within 9 days, while control plots were still at 28%.

A close examination of grain moisture values, however, shows that the effect
of desiccation on speeding drying seems to level off after 9 days, when the
treated plots were still at about 22%grain moisture, confirming the findings of
Alvey and Pendleton (2). In addition, 1.56 cm of rainfall two days before the
16 day sampling may have influenced the results. After 16 days, the no treatment
plots showed a greater drying rate than the treated plots, and by harvest, no
difference in grain moisture was observed. The average moisture was still at
17%, too high for safe storage.

The influence of rainfall can probably account for much of this loss of
response after 16 days. This is the time when numerous heavy rains started in
the Manhattan area, which persisted for the remainder of the study. Daily
precipitation (Figure 1) is shown directly below the grain moisture curves.

No samplings are reported from 23 to 43 days, because noticeable galns in grain
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molsture from the level at 23 days were fcund, even when samplings were made
3 to 4 days after heavy rainfall. The effect of rainfall and high humidity on
grain moisture content proved to be more important than the effect of desiccation
after the 1nitial desiccation response.

The rate of moisture loss between consecutive sampling dates also showed
highly significant‘N rate x days after application interaction for Manhattan,

date 1, 1973 (Appendix Table 18). Table 2 shows the average rate of molisture loss

(% per day).

Table 2. Rate of moisture loss (% per day) between successlve sampling dates
as affected by days after treatment and N rate: Manhattan, date 1, 1973.

N Rate Days After Treaiment

(kg/ha) 0-3 3-9 9-16 16-23 23-43
0 0.42 1.21 0.14 1,12 0.14
67 0.90 1.97 0.15 0.49 0.04

134 1.55 1.94 0.18 0.54 0.01

LSD(.05)=0.53

The first moisture sampling date was used as the initial moisture for each
plot, and the rate of drying was calculated from the loss of molsture between any
two consecutive sampling dates. The mean values show that treatment with nitrogen
solution definitely increased the drying rate of the grain for the 134 kg rate
the first 3 days and for both rates 3 to 9 days after treatment. However, between
16 and 23 days, the drying rate of the control exceeded the drying rate of the
treated plots, which resulted in the absense of difference in grain noisture at
harvest. The greatest positive effect of desiccation occurred in the period 3 to
9 days after treatment. Drying rates of 1.97 and 1.94% per day for treated plots
were significantly greater than 1.21% per day for the control.

A good comparison of observed drying rates to normal dfying rates cannot be

made because of the great variability in grain drylng rates between different
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periods for the control plots. These results are certainly not ln agreement
with the linear drying rates reported by Wikner and Atkins (33) under good drying
conditions. This disagreement can be partlally explained by the influence of
climatic effects as shown by several researchers (13, 14, 32, 36).

The Manhattan study, first planting date, 1973, was the most promising for
showing grain dryihg effects, but significant interaction of N rates x days after
application (Appendix Tables 17 and 18) was also found for three other cases.
Highly significant effects were found at Manhattan for the second planting date
in 1973. Although the same general trend existed (Figure 1), it was not as
consistent. The 67 kg rate caused its greatest effects on grain meisture the
firs? seven days after treatment, while the 134 kg rate accelerated drying the
second week (Table 3).

Table 3. Rate of moisture loss (% per day) between successive sampling dates as
affected by days after treatment and N rate: Manhattan, date 2, 1973,

N Rate Days After Treatment

(kg /ha) 0-7 7-14 14-27 27-34
0 0.71 0.83 0.75 0.73

67 1.26 1.10 0.70 0.40

LSD(.05)=0,36

Although both rates do accelerate grain drying, a good reason for this pattern
is not clear and must be due to sampling error. As with date 1, thé 0 kg rate
showed significantly greater drying rate than the 134 kg rate for the last
sampling interval, resulting in no real difference in actual moisture at harvest
(15-17%). Initial moisture in this study was 44.2%. Drying rates for the control
were nearly linear in this study.

Although no interaction was found for per cent grain mbisture due to the

large error mean square (Appendix Table 17), highly significant response of graln
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drying rate to nitrogen application was found at Ottawa in 1973 (Appendix Table
18), The effect was only for the first eight days after treatment, but was
quite large for both N rates (Table 4).

Table 4. Rate of moisture loss (% per day) between successive sampling dates as
affected by days after treatment and N rate: Ottawa, date 1, 1973.

N Rate Days After Treatment

(kg/ha) 0-8 8-29 29-41
0 1.43 0.57 0.06

6? 2-30 0.31 -0-01

134 2.24 0.33 0.04

LSD(.05)=0, 31

Moisture content dropped 2,30 and 2.24% per day with 67 and 134 kg N/ha,
compared to 1.43% per day for the control. Heavy and numerous rains (Figure 2)
essentially destroyed the remainder of this study, however, as no grain moisture
loss was found between 29 and 41 days after, while moisture content remained
at about 17.5% (Figure 2). One set of samples taken in this interval the day
after a rain averaged 25% moisture, and were discarded.

At Ottawa in 1972, date 2, greatest drying acceleration is shown for the
treated plots between 8 and 15 days after treatment (Figure 4). The rate of

moisture loss is shown in Table 5.

Table 5. Rate of moisture loss (% per day) between successive sampling dates as
affected by days after treatment and N rate: Ottawa, date 2, 1572.

N Rate Days After Treatment
(kg/ha) 0-8 8-15 15-22
0 1.05 0.36 1.17
67 1.22 0.73 0.96
134 1.17 0.57 0.93

LSD(.05)=0.22
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Actually, only the 67 kg N rate produced any significant increase in drying
rate. Some of the N rate x days after interactlon was accouhted for by the
significantly greater drying rate of the control plots between 15 and 22 days.
Again, all desiccation effects on grain moisture after treatment at 39.7%
initial moisture had completely disappeared by the time the grain was harvested
at 18-22% moisturé. Poor drying conditions due to rainfall and cool temperatures
prevailed, and frost occurred two weeks after application.

In summarizing grain drying response to desiccation, it appears that
desiccation actually just causes the normal grain drying pattern to be pushed
ahead one or two weeks. In no case was there an extended graln moisture response
to desiccation averaged over all days after application (N rate factor alone).
Usually the control plots showed a period of rapid drying later, even under poor
drying conditions, which allowed them to catch up to the treated plots. A similar
rapid drying periocd occurred immediately after desiccation of the treated plots,
however, the effect occurred only if treatment was made near physiological
maturity. Any response to desiccation would naturally be expected to level off
after a period of time. As the grain molsture content gets lower, there is
actually less moisture available in the grain thus the rate of water loss should
andldoes slow down normally. With desiccation, the period of rapid water loss
occurred sooner, thus the point of slower water loss was reached sooner. This
point appears to be at about 20-25%., After this point, the effect—of rainfall
and humidity became more important than the effect of desiccation on grain moisture,
confirming the findings of Kersting, Stickler, and Pauli (13).

From these results, the potential for using nitrogen solution to speed
harvest in a conventlonal harvest system 1s not good, particularly under poor
grain drying conditions, which is the exact problem that must be overcome 1if
desiccation 1s to be helpful. However, in combination with a high moisture harvest

system, the initlal, positive effect of desiccatlon on grailn drying could be
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utilized to speed harvest. Results from Manhattan in 1973, date 1, showed that
the time required to-'reach 20-22% graln moisture when nitrogen application was
made near physiological maturity was reduced from about 21 days for the control
to 9 days for treatment (Figure 1). Similar trends were obtained in the other
studies which had significant grain drying effects. With a high moisture harvest
system, conslderable galns in hgrvest time may be possible with desiccation. 1In
addition, staggered applications could be used to spread harvest time so the
entire crop would not be ready at one time.

Four of the seven studies showed significant N rate x days after application
interactions for grain molsture and/or rate of drying (Appendix Tables 17 and 18).
Lack of response in the other cases cah perhaps be explained. Table 6 shows the
grain moisture at treatment averaged over all individual plots for each study and

identifies those that resulted in significant acceleration of grain drylng.

Table 6., Relationship between grain moisture at treatment and acceleration of

grain drying.
Study Average initial Significant Acceleration
grain moisture of Grain Drying
1972 Manhattan Date 1 28.0
1972 Manhattan Date 2 42.4
1972 Ottawa Date 1 26.2
1972 Ottawa Date 2 39.7 x
1973 Manhattan Date 1 37.3 x
1973 Manhattan Date 2 Ly, 2 X
1973 Ottawa Date 1 40.3 X

All studles that showed significant acceleration of grain drylng were made
at or above those molstures generally reported for physiological maturity
(9, 13, 33). Treatment at 28.0% and 26.2% initial grain moisture at Manhattan
and Ottawa for the first planting date in 1972 clearly was delayed too long. The

plots showed physlological maturity by the black closing layer of the grain, but
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rain and mechanical problems with the sprayer delayed treatment too far beyond
physiological maturity and no grailn drying response to desliccation was observed.
An 8.7 cm rain 3 days after treatment at Manhattan could alsc have reduced any
desiccation effects which would be most likely to occur 1n the first sampling
interval (Figure 3).

The second application at Manhattan in 1972 was made at 42.4%, which should
have been before physiological maturity. Application was hurried, because it
was getting late in the growing season and temperatures were low. Frost occurred
within two weeks after treatment, which would have made further study of desiccation
effects invalid, so the plots were harvested to complete the study before severe
weather set in, No grain dryling effecis were cobserved after treatment, perhaps
because of the several light rains and low temperatures which prevailed during
the period from treatment to frost. There was also great variability in initial
plot moisture, ranging about 10%, which made results difficult to interpret.

In general, per cent moisture of individual plots was less variable in
1973 than in 1972 which allowed more meaningful interpretation of results,
Analyses performed were based on the individual plot initial moisture as the
starting point. An alternative approach would be to use the overall average grain
moisture content at application. The great variability which was found in
individual plot initial moistures, even within hybrids and within replicates,
especially in 1972, seemed to justify the individual plot approach.

No significant difference in hybrid response to nitrogen application was
found for grain moisture content at different sampling dates (hybrids‘x N rates
x days after application) in any study (Appendix Table 17). Although significant
hybrid differences in grain drying rate in response to N rates and days after

treatment were found in two cases (Appendix Table 18), they were not consistent

and reliable.
At Ottawa, date 2, 1972, different hybrid drylng rates were found in the

control (Table 7). DeKalb variety ES7 showed faster drylng rate the first 8 days
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and RS671 was faster 15-22 days after. The 67 kg N rate showed the same pattern
of differences.. Drying rates the first 8 days were not different between hybrlds
at the 13% kg N rate, however, and RS671 dryed faster during the 8-15 day interval.
These results indicate that the 134 kg rate caused RS671 to dry as fast as E57
after treatment.

Table 7. Rate of moisture loss (% per day) between successive sampling dates
as affected by days after treatment, hybrid, and N rates Ottawa,

N Rate Hybrid Days After Treatment
(kg/ha) ' 0-3 8-15 15-22
0 RS671 0.77 0.41 1.33
E57 1.32 0.32 1.01
67 RS671 1.06 0.67 1.18
E57 1.40 0.79 0.74
134 RS671 1.05 0.74 0.81
_ E57 1.30 0.41 1.05

LSD(.05)=0.31

The only other study which showed significant hybrid x N rate x days after
treatment interaction on drying rate was at Manhattan, date 1, 1973, but the
interaction must be attributed to sampling error. All of the difference was at
the 67 kg N rate. E57 had a much greater drying rate the first 3 days and then
a much slower drying rate the next 6 days compared to RS671, while no hybrid
differences were found in these same intervals for the 0 and 134 kg rates. These
results are not explainable,

In general, no differential grain drylng response to desiccation between the
compact (RS671) and open (E57) head type hybrids was established. Significant
differences in overall grain drylng patterns were observed between hybrids, however
(hybrids x days after applicatlion) (Appendix Tables 17 and 18). Although not

directly related to the objectives of this study, they are worth noting.
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RS671 had significantly higher initlal grain moisture than E57 in all three
studles in 1973 (Figures 5 and 6). However, the overall drying rate of RS671
was greater than that of E57, which allowed it to reach the same or even
significantly lower grain moisture at harvest. The consistency of the 1973
results showed that RS671 and E57 did show different grain drying patterns, as
indicated by Warnes (32).

In 1972, hybrid differences occurred only at Ottawa, but were different than
in 1973, E57 had higher initial moisture than RS671 for both dates, followed by
a greater drying rate the first week (Figure 7). Year and location effects
may explain part of the opposite patterns obtained, however, the 1972 results are
not as conclusive. For date 1, initial grain moistures were at 24 and 28%, while
initial moistures in the 1973 studies were all near 40%. This really represents
two different portions of the overall drying curve, thus valid comparisons
cannot be made at initial moisture sampling.

Differences in hybrid drying patterns were certainly not as well established
in 1972 as in 1973, and probably should be assumed non-existent. Year effects
apparently can determine whether hybrids differ in grain drying patterns. Although
not related directly to desiccation since no hybrlid x N rate x days after treatment
interaction was established for grain moisture, differential hybrid dryling
patterns may be important for speeding grain drying by genetic incorporation. A
better understanding of the physiology of grain drying could result in a different

approach to accelerating drylng rate.
Yield Effects

A major problem of successful deslccation methods reported by Bovey (&)
and others has been the reduction of yleld and quality when desiccation was
performed early enough to provide good grain drying effects. Analyses of varliance
on yleld data for both years and locatlons in this study are presented in Appendix

Tables 19, 21, 23, and 25.
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The relationship between positive acceleration of grain drying and initial
moisture content at treatment has already been discussed (Table 6). In general,
these two factors also correlated with the effect of desiccation on yleld.
Acceleration of grain drying was observed only when nitrogen solution was applied
at an initial grain moisture above about 37%. However, if this was before
physiological matﬁrity, killing the plant probably stopped the accumulation of
assimilates in the head, which was the portion of the plant that was still
increasing in dry weight at this time (31). Thus, desiccation too early could
be expected to reduce grain ylelds.

A relationship between initial grain moisture, significant acceleratlon of
grain drying, and yield reduction due to nitrogen rates was observed (Table 8).

Table 8., Relationship between initial grain moisture, significant acceleration
of grain drying, and grain yield reduction.

Significant ' Acceleration
Year Location Grain Yield Initial Moisture of Graln Drying
Reductlon Date 1 Date 2 Date 1 Date 2
1972 Manhattan 28.0 42,4
1972 Ottawa 26,2 39.7 x
1973 Manhattan X 97,3 4,2 X X
1973 Ottawa x 40,2 —_—— x -

In 1973 at Manhattan, significant grain drying effects due to nitrogen
application were observed for both dates when initial moisture was at 37.3
and L4 ,2%, However, grain yields were significantly reduced by application of
nitrogen at both rates (Table 9).

Yields were reduced by 409 and 610 kg/ha from 5132 kg/ha for the 67 and
134 kg N rates. No significant difference was observed in yleld respcnse to
N rates between dates (dates x N rates) or hybrids (hybrids x N rates). For

both dates, application was apparently made before physiological maturity and
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resulted in yleld reductlon. Since no serious lodging was observed, physlcal
loss of grain did not contribute to the reduced ylelds.

Table 9. Grain yield (kg/ha) as affected by nitrogen rate at Manhattan and
Ottawa in 1972 and 1973.

N Rate ’ Manhattan ° Ottawa
(kg/ha) 1972 1973 1972 1973
0 5237 5132 5585 3422
67 5067 4721 5340 2663
134 4515 4522 5284 1983
1sD(.05) NS 410 NS 630

Stover ylelds were also reduced by nitrogen application in 1973 at Manhattan

(Table 10).

Table 10, Stover yield (kg/ha) as affected by nitrogen rate at Manhattan and
Ottawa in 1972 and 1973.

N Rate Manhattan _ Ottawa
(kg/ha) 1972 1973 1972 9773
0 3150 4349 2901 2925
67 2828 3653 2783 2251
134 2539 3473 . 2682 2110
1sD(.05) 408 L6y NS 524

This can probably be attributed to physical loss of dead leaves before harvest
from the desiccated plants. When the plots were harvested, visual observations
indicated considerable defoliation of leaves from the treated plants. The
combined reduction of grain and stover ylelds explains the significant reduction
of total dry matter due to nitrogen application (Appendix Table 25). No

differences between the two rates of application were found for any harvested

portion,
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At Ottawa in 1973 (one date only), 1nitial graln moisture averaged 40.3%.
Again, deslccation increased drylng rate, and significant reduction in grain
yleld with nitrogen rates was found (Table 9). Part of this effect must be
attributed to physical loss of grain due to lodging, however. Visually, the
plots treated with the 134 kg rate appeared to be lodged worse, which may
explain the difference between the two rates (Table 9). The large reduction
in stover yield (674 and 815 kg/ha) was quite obviously due to leaf loss in
this study, as many of the treated plants were almost completely defoliated.

The effect of the wet weather must not be overlooked as a contributor to this
serious deterioration of leaf tissue and grain, thus we cannot attribute the
entire difference directly to nitrogen application.

In 1972, no significant effect of N rate on graln yield was observed at
either location (Appendix Tables 19 and 21). However, in only one case (Ottawa,
date 2) was any effect on grain drylng observed. As indicated before, date 1
treatments at both locations were probably made after physiological maturity
(28,0 and 26.2%), which explains the lack of drying response and explains the
absense of grain yleld reduction for date 1. Stover ylelds were reduced at
Manhattan by the 134 kg N rate, which can be explained by physical loss of
desiccated leaf tissue.

Since no date x N rate interaction was observed for grain yield at either
location, yields were not reduced for date 2 treatments either, in spite of
higher initial moistures. Although 39.7 and 42 ,4% initial moistures at Ottawa
and Manhattan were higher than some initial moisture contents which resulted in
yield reductions in 1973, Kersting, Stickler, and Pauli (13) have indicated that
grain moisture at physiological maturity may vary conslderably from year to year.
At Manhattan, low temperatures and rainfall prevented both visual and grain
drying responses to desiccation, thus grain ylelds should not have been effected
elther since the plants were not effectively killed. FEven though the N rate

factor was not significant for elther locatlon in 1972, the trend in grain ylelds



35

(Table 9) indicated possible effects at Manhattan, which could have been due
primarily to date 2.

Certainly this experiment has proven the necessity of correct timlng of
desicecation practices to achieve the greatest drying effects without yleld
reduction, Application must be made as near physioclogical maturity as possible
as shown by Reece ét al, (21), Bovey and McCarty (6), and others. However, this
experiment has shown that this standard is rather difficult to measure. The
lack of reliable and practical method of determining physiological maturity in
grain sorghum may limit the effectiveness of desiccation practices.,

Some differences among hybrids and/or among dates of planting were found
for harvested portions particularly in 1972 (Appendix Tables 19 and 21). However,
they are not really important to this study, since no differences in yield
response due to desiccation was found between hybrids or dates (hybrids x N

rates) (dates x N rates).
Nitrogen Effects

Analyses of varlance for per cent nitrogen in the threshed heads, grain,
and stover, as well as the total kg of nitrogen removed per hectare with each
portion are presented in Appendix Tables 20, 22, 24, and 26. One of the
advantages o} using nitrogen solution as a desicecant is the possibility of
increasing the quality of the grain or forage by increasing the nitrogen content
followlng application.

Significant increases in grain per cent nitrogen were found with nitrogen
application at Ottawa both years, but not at Manhattan (Table 11). It cannot
be determined whether nitrogen may have been on the grain itself or taken up by
the plant and translocated to the grain. The heavy ralns which occurred after
application should have removed any nitrogen on the plant tissue, however, so it

was prebably accounted for within the grain. Lack of nitrogen content lncreases
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at Manhattan, however, make definite conclusions on the effect of applicatlion on
grain nitrogen content questionable, since there is no apparent reason for the
location differences.

Table 11. Grain per cent nitrogen as affected by nitrogen rate at Manhattan and
Ottawa in 1972 and 1973.

N Rate Manhattan Ottawa
(kg/ha) 1972 1973 1972 1973
0 1.95 1.76 1.79 1.71
67 1.99 1.85 1.92 1.93
134 1.99 1.85 1.93 1.98
LsD(.05) NS NS 0.10 0.22

The increase in per cent nitrogen of the grain at Ottawa with N rate was
not great enough to cause a significant increase in the total amount of nitrogen
removed in the grain in 1972. In 1973, total removal of N was actually signifi-
cantly reduced with N rate, because of the large decrease in dry weight of the
grain caused by physical loss from lodged plants (Table 12).

Table 12. Grain total nitrogen content (kg N/ha) as affected by nitrogen rate
at Manhattan and Ottawa in 1972 and 1973.

N Rate Manhattan Ottawa
(kg/ha) 1972 1973 1972 1973
0 101.1 90.4 100.0 58,2
67 99.9 86.9 102.5 51,1
134 89.2 83.1 100.6 38.8
LsD(.05) NS NS NS 12.2

In 1973, significant reductions in stover nitrogen content were found at

both locations (Table 13).
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Table 13. Stover per cent nitrogen as affected by nitrogen rate at Manhattan
and Ottawa in 1972 and 1973.

N Rate . Manhattan Ottawa
(kg/ha) 1972 1973 1972 1973
0 1.36 1,43 1.21 0.79
67 1.39 1.26 1.34 0.67
134 1.3 1.13 1.34 0,69
LSD(.05) NS 0.09 NS 0.07

At Manhattan, E57 showed greater reduction than RS671 (hybrids x N rates).
These results can probably be explained by the difference in the ratio of leaf
to stalk tissue in the treated versus the untreated plants. Plants which had
lost numerous leaves would be expected to show a lower nitrogen content in the
forage than plants with all the leaves attached, since leaf tissue is naturally
higher in nitrogen content than stalk tissue. This was found with the treated
versus the untreated plots in 1973, resulting in a lower leaf to stalk ratio
and correspondingly lower nitrogen content in the harvested stover from treated
plots. In addition, when the plant is killed, translocation of nitrogen from
the leaves to the upper portions of the plant may stop, thus loss of leaves from
treated plants may result in relatively more nitrogen loss than natural loss
of leaves from untreated plants.

Highly significant reductions in kg of nitrogen removed with the stover due
to N rates were observed in 1973 (Table 14). Reductions are obviously a result
of the lower nitrogen contents and lower stover ylelds, which have both been
attributed to physical loss of leaves because of desiccatlon. Clearly,
harvestable forage quality and quantity were both reduced by desiccation.

Date 2 showed significantly greater nitrogen content in the threshed heads
in all three studies where two dates were used (dates factor) (Appendix Tables

20, 22, and 26). Date 2 also gave higher nitrogen in the graln and stover at



Manhattan in 1972, These were the only differences which may have been attributed
to residual nitrogen. Nitrogen probably remained on the treated plants until
harvest because of the late application and short interval untll harvest at
Manhattan in 1972,

Table 14, Stover total nitrogen content (kg N/ha) as affected by nitrogen rate
at Manhattan and Ottawa in 1972 and 1973.

N Rate Manhattan Ottawa
(kg/ha) 1972 1973 1972 1973
0 43.3 61.9 36.0 23.6
67 39.8 46,7 37.9 15.0
134 35.0 39.5 36.4 14,3
L3D(.05) NS 6.4 NS 4,9

Nitrogen may have remained on the threshed head tissue longer than on other parts
because it was not completely exposed to rainfall which washed most of the residual
nitrogen from the leaves and grain. Effects showed only for date 2, indicating
that any residual nitrogen decreased with time after application.

Significant differences in nitrogen content of plant parts were found between
hybrids (Appendix Tables 20, 22, 24, and 26), In every study, RS671 was higher
in per cent nitrogen in the grain than E57. At Manhattan in 1973, the effect
was only for date 2. These results confirm the findings of Miller et al. (16)
and Worker and Ruckman (35) on the variation of grain sorghum nitrogen content.
RS671 also showed higher nitrogen content in the threshed heads where slgnificant
differences were observed (hybrids) (dates x hybrids), however, significance
was not found in every study. No consistent differences 1n nitrogen content of
the stover were found between hybrids. Significant differences in total kg of
nitrogen in plant parts between hybrids or dates correspond to differences in per
cent nitrogen or total yleld of the respective plant parts which determine total

nltrogen.
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Carry-over Effects

The carry-over data for the 1972 deslccation study have been analyzed and
are presented in Appendix Tables 27, 28, 29, and 30. Graln yield and total
dry matter production of bulk planted grain sorghum in 1973 were increased signifi-
cantly at Ottawa on the plot areas desiccated with nitrogen solution in 1972
(Table 15).

Table 15. Grain yleld (kg/ha) and total dry matter (kg/ha) of grain sorghum
in 1973 as affected by nitrogen carry-over from desiccation in 1972.

N Rate Manhattan Ottawa
(kg/ha) Grain Yield Total Dry Matter Grain Yield Total Dry Matter
0 3576 9903 3669 8990
67 3709 10191 4078 9703
134 3809 10262 L 527 10463
LsD(.05) NS NS 381 784

Grain yield increased from 3669 kg/ha to 4078 kg/ha and 4527 kg/ha with
67 and 134 kg N/ha. Total dry matter increased only with the 134 kg N rate,
but the LSD was larger, thus the overall difference in means was greater than
for the grain yield alone. This indicates that stover and threshed heads also
contributed to the increase in total dry matter due to nitrogen application.

No difference in per cent nitrogen was found due to carry-over of nitrogen
at Ottawa (Appendix Table 30) in any of the harvested portions or 1n the plant
tissue samples taken in July. However, nitrogen uptake was significantly
greater (Table 16) because of the increased ylelds of these portions.

Nitrogen recovery in the grain increased 7.4 kg/ha for the 67 kg N rate
and 13.0 kg/ha for the 134 kg N rate, Total nitrogen uptake increased 13.2

and 18,7 kg/ha, again indicating the contribution of the stover and threshed

heads, which was verified by examination of the means. Since no signiflcant
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amount of nitrogen was accounted for in the fall of 1972, these values represent
the total recovery of nitrogen applied as a desiccant. The increased ylelds can
also be attributed to desiccant nitrogen for an economic analysis.

Table 16. Grain nitrogen recovery (kg N/ha) and total nitrogen recovery

(kg N/ha) by grain sorghum in 1973 as affected by nitrogen
carry-over from desiccation in 1972,

N Rate Manhattan Ottawa
(kg /ha) Grain Total Grain Total
0 41.0 91.8 39.6 72.0
67 45.4 99.5 47.0 85.2
134 47,6 103.8 52,6 91.3
LSD(.05) NS NS 6.6 12.5

At Manhattan, however, results were even lessﬁpromising. No differences
in yield were found due to carry-over of nitrogen (Appendix Table 27). The
inerease in per cent nitrogen in the threshed heads with nitrogen rate is not
explainable (Appendix Table 28). Differences in per cent nitrogen in the tissue
samples due to 1972 hybrids could have been attributed to removal of more
nitrogen in the grain in 1972 with RS671, since it did have a higher grain
nitrogen content, and all grain was harvested from the plot areas in the fall of
1972, However, no difference in total grain nitrogeﬂ removal in 1972 was
observed, and since differences were gone by harvest, they are probably not
important. Differences in nitrogen removal in the grain or threshed heads found
in the previous year for any factor must be subtracted off when analyzing carry-
over data. The harvested stover was returned to the plot area, thus differences
in N content of the stover should have no effects.

Lack of consistency in carry-over effects between locatlons gives questionable
conclusions about any advantage of nitrogen solution as a deslccant because of

carry-over of nitrogen. Recovery was not nearly as great as expected, although
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the very wet fall of 1972 and spring of 1973 certainly may have reduced nitrogen
carry-over. A very large portion of the nitrogen solution originally applied
as a deslccant may have been lost by volatilization after treatment, since

there was not any way to measure this loss., If carry-over effects are not
highly significant, then perhaps lower N rates should be tried for deslccation
to avold any possible waste of costly nitrogen. Completion of the 1974 studies

should lead to more definlte conclusions.
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SUMMARY AND CONCLUSIONS

Although nitrogen solution did show some potential as a deslccant for grain
sorghum, several significant problems were revealed. In general, differences
in response could be best explained by the timing of application and the sub-
sequent weather conditions., Correct timing of application seemed to be a very
critical factor affecting the results. Significant acceleration of graln drying
was observed only when application was made at or before physiological maturity,
when grain moisture content was above 37%. However, application before physiolo-
gical maturity using the grain black layer development was difficult.

The effect of rain and high humidity which produced poor drying conditions
proved to be greater than the effect of desicecation on grain moisture after an
initial, rapid increase in drying rate which usually occurred the first few days
to two weeks after treatment. In no case where significant acceleration of grain
drylng was observed after treatment, were differences in grain moisture still
observed by the time the treated plots had reached a molsture level acceptable
for harvest. The slowing of drying was attributed to poor drying conditions,
since increases in grain moisture of treated plots were often recorded in response
to rainfall. Good drying conditions would probably have resulted in more
positive results, however, if good drying conditions were guargnteed. there
would be no need for desiccation, Since desiccation with nitrogen solution did
not overcome the effects of poor drying conditions to reduce moisture to an
acceptable harvest level, its potential for field use would appear to be limited,
since this is the very problem which desiccatlon must eliminate to be practical.

Lodging of killed plants also proved to be a problem in one study, which
resulted in negative effects on both grain and stover yield. The economics
and avallability of nitrogen solution and application methods may also limlt

its practical use.
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No consistent differences 1n the effect of nitrogen solution on grain drylng
were found between dates of application or between the open head and closed head
type hybrids, even though the hybrids differed in overall grain drying pattern
themselves, Yields differed between dates and between hybrids, but this was ndt
important to the objectives of the study, since no interaction between hybrids
and N rates was found for any harvested portion. Grain ylelds were reduced by
N rates when application was made before physioclogical maturity.

Increased quality of the grain or forage by nitrogen application was not as
promising as expected. Increased nitrogen content of the grain was found in
two studies, and some indicatlion of residual nitrogen, particularly on the
threshed heads, was found when time beﬁween application and harvest was short
(date 2)., Combination of desiceation with a high moisture harvest system would
reduce this time interval, and could make this factor more important. Nitrogen
content and total yield of the stover were decreased because of loss of leaf
tissue from the treated plants, thus both quality and quantity of harvestable
forage were reduced by desiccation.

The use of nitrogen solution as a desiccant in combination with a high
moisture harvest system appears to be the only way harvest could be successfully
speeded under poor drying conditions. This system would take advantage of the
initial effects of desiccation, and could speed harvest one week or more if
timed correctly. Restrictive residues from herblcides would be more likely with
this system, which would give nitrogen solution an advantage. The added ad-
vantage of improving combine harvest efficiency by reducing green resldue as
reported by Parks (17) should be even more important, since greater threshing
losses are possible at higher grain moisture (34).

Recovery of nitrogen by the succeeding graln sorghum crop was significant

at Ottawa, but actual recovery was only about 15 to 20%. Yield increases were



also recorded, which could be attributed to carry-over nitrogen. However, no N
recovery or yield increases were found at Manhattan. The 1974 studies will

permit more definite conclusions on carry-over effects.
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Delayed harvest due to adverse weather conditions in the fall is one of

the major problems facing producers of grain sorghum, Sorghum bicolor (L.)

Moench. One possible solution is to speed the drylng rate of the grain in the
field by application of chemical or mechanlcal desiccants which kill or partially
kill the plant.,

This study evaluated the effects of foliar application of 32% nitrogen solu-
tion as a desiccant for grain sorghum. In addition, the possibility of increasing
the quality of grain or forage by added nitrogen and the carry-over of nitrogen
to the succeeding crop were evaluated.

Nitrogen solution was applied at 67 and 134 kg N/ha to two grain sorghum
hybrids, RS671 and DeKalb varlety E57, planted at two different dates, at Manhattan
and Ottawa in 1972 and 1973. Treatment was made when the grain was near physiologi-
cal maturity. Grain moisture samples were taken at weekly intervals until harvest.
Yield and nitrogen content were determined at harvest. Graln sorghum was bulk
planted on the plot areas the followlng spring to evaluate carry-over effects.

Nitrogen solution effectively killed leaf tissue within two or three days,
and peduncles and stalks were usually affected within one or two weeks.,

Significant acceleration of grain drying was usually found within a few
days to two weeks when application was made at or before physiological maturity.
Heavy precipitation'immediately after treatment or treatment delayed too long
after physiological maturity prevented grain drying effects., In no case were
the effects of desiccation on grain moisture still apparent by the time the
grain had reached a moisture level safe for conventional harvest and storage,
however. After the initial, significant effects which reduced grain molsture to
about 20-25%, the effects of precipitation and high humidity became more important
than the effects of desiccation on determining grain moisture. Poor drying
conditions hindered the study both years, however, this 1s the very problem

which must be overcome if a desiccation method is to he useful.



No differences in deslccatlion effects were found between the closed head
(RS671) and open head (E57) type hybrids, although differences in the overall
grain drylng patterns between hybrids were noted. No consistent difference
between the two planting dates and corresponding application dates was observed
for response to desiccation.

Graln ylelds were significantly reduced when application was made before
physiological maturity. Accurate timing of application to achieve maximum
drylng effects without yield reduction was difficult. Harvestable stover yields
were also reduced, which was attributed to physical loss of leaves in response
to desiccation, Severe lodging was attributed to desiccation followed by heavy
rains at Ottawa in 1973.

Grain nitrogen content was significantly increased by nitrogen application
in some cases, but increases were small, Stover nitrogen content was decreased
by nitrogen application. Loss of leaves from treated plants decreased the leaf
to stalk ratio of the harvested stover, which caused lower nitrogen contents.
Results indicated 1little potential for increasing grain or forage quality with
pre-harvest nitrogen application.

Carry-over nitrogen caused significant grain yleld increases at Ottawa in
1973, but not at Manhattan. No difference in per cent nitrogen in the plants
was observed, however, and the total kg of nitrogen recovered was only about 10%
of that initially applied as a deslccant.

Nitrogen solution may have some potentlal use as a desiccant for grain
sorghum in combination with a high moisture harvest system, however, its use
with conventional harvest systems appears to be limited because of its inability

to overcome the effects of poor environmental drying conditions.



