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ABSTRACT
This study sought to determine effects of waterstress and cultural practices on grain sorghum (Sorghum
bicolor CL.). Moench) plants and to evaluate nutritional
value of sorghum stover.

Six commercial cultivars were

,

grown at two plant spacings under wet and dry treatment
conditions.

The wet treatment plots received optimum

irrigation C56.0 cm); the dry, a single irrigation (30.5
cm).

Precipitation during the growing season was 11.09 cm.
Water-stress greatly reduced grain and stover

yields, but plant population treatments did not signifi
cantly affect yield.

Plants in the dry treatment plots

had a lower grain to stover ratio.

Moisture-stress

decreased number of harvested seeds, 300-grain weight,
plant height, and head exertion, and these reductions were
greatest for plants at the closer spacing.
Moderate water-stress until flowering increased
percentage of in vitro dry matter digestibility (IVDMD),
but severe water-stress after flowering reduced it.

Tall-

type cultivars had a higher IVDMD percentage than did
short-type cultivars in both irrigation treatments.

The

greatest yields of grain and stover were obtained in the
wet plots using the higher population, later maturing, and
tall^type cultivars.
xiv

CHAPTER 1
INTRODUCTION
Water resources in the arid southwest part of the
United States are declining and population is increasing.
Water for crop production in this area is costly and
scarce, and requires great care to assure maximum produc
tion per unit of water used.
Summer temperatures in central Arizona are well
suited for the production of warm-season crops, such as
sorghum.

There are usually two periods of rainfall in

Arizona.

The first occurs during the winter and the second

during July, August, and September.

At Marana, Arizona,

where this study was conducted, approximately 50 per cent
(13.5 cm} of the total rainfall occurs during the summer,
and the annual ratio of evaporation to precipitation is 8:2.
Grain sorghum (Sorghum bicolor (L.) Moench) is the
most important cereal grown in the low-rainfall areas of
the world.
tolerant.

It is resistant to moisture^-stress and is saltGrain sorghum may be used on marginal agricul

tural land more efficiently than most other agronomic
crops.

Under such circumstances it produces both grain

/and forage,
1

The objectives of these studies were (1) to
evaluate -the effect of moisture-stress on the growth and
development of grain sorghum plants, (2) to explore
feasible agronomic practices utilizing selected grain
sorghum genotypes in order to identify those that would
use irrigation water most efficiently, and (3) to evaluate
the nutritional value of sorghum stover from these produc
tion regimes for ruminants.

CHAPTER 2
LITERATURE REVIEW
Plant-Water Relations
Numerous studies have been reported regarding the
effects of water-stress on plants.

Kramer (1963), in his

literature review on "Water Stress and Plant Growth,"
summarized that water serves as (1) the major constituent
of physiologically active tissue;

(2) a reagent in photo

synthesis and in hydrolytic processes such as starch
digestion;

(3) the solvent in which salts, sugars , and

other solutes move from cell to cell and organ to organ;
and (4L the medium required for the maintenance of
turgidity necessary for cell survival and growth.
Water-stress affects stomatal behavior, photo
synthesis, respiration, translocation, and partitioning of
assimilates (Laude, 1971; Begg and Turner, 1976).
Vegetative growth is particularly sensitive to waterdeficits because growth is closely related to turgor and
loss of turgidity stops cell enlargement.

Kirkham,

Gardner, and Gerloff (1972) found that cell division of
isolated radish (Raphanus sativus L., var Red Prince)
cotyledons was stimulated by increasing turgor from five
to six bars.

In these studies cell enlargement was
3
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reduced by even slight moisture-stress.

Smaller cells are

the principal cause of plant stunting under field condi
tions (Slatyer, 1969).

Stunted plants have a marked

reduction in leaf area development (Fischer and Kohn,
1966; Hsiao and Acevedo, 1974).

Cell division is usually

less sensitive to water deficits than cell enlargement
(Hsiao, 1973).

Reduced cell division and enlargement

have been found to be restricted by water-stress in
soybean and sorghum (Meyer and Boyer, 1972; McCree and
Davis, 1974).

Initiation and differentiation of vegeta

tive and reproductive primordia in the apical meristems
and the enlargement of differentiated cells are very
sensitive to water-stress (Slatyer, 1969).
While waterT-stress in plants causes closure of
stomata and reduced water loss, it also decreases the
amount of CO 2 entering the leaf•(Troughton, 1969).
Stomatal diffusion-resistance is controlled by the turgoroperated guard cells and adjacent epidermal cells.

The

rate of exchange of water vapor and COg depends on stomatal
size (Zelitch, 1963).
Plant water-stress change

during the life cycle

of the plant is sometimes related to various biochemical
reactions and the pattern of growth.

Interruption of

protein synthesis and proteolysis are observed when waterstress is imposed, such as in tobacco leaves (Ben-Zioni,
Itai, and Vaadia, 19671.

Deoxyribonucleic acid content

5
per cell in sugarbeet (Beta vulgaris L.) (Shah and Loomis,
1965) and in cotyledonary leaves of radish (Rapharus
sativus L.) (Gardner and Nieman, 1964) is reduced by waterstress .

Water-deficits increase levels of some free amino

acids, especially abscisic acid and proline which are
linked to stomata closure, transpiration reduction, and
drought resistance (Barnett and Naylor, 1966; Jones and
Mansfield, 1970; Singh, Aspinall, and Paleg, 1972).
Water-stress increases the nitrogen percentage in the
seed of small grains and this increases feeding value and
improves milling quality (Campbell, Pelton, and Nielsen,
1969)..

Root growth is generally favored relative to shoot

> growth by water-stress (Davidson, 1969; Hsiao and Acevedo,
1974; Hoftman, Garber, and Cullen, 1971).

However, the

quality of oil in cotton (Gossypium hirsutum L.) and
sunflower (Helianthus annuus L.) seeds is reduced by waterdeficits when they occur during the growing period for
these plants (Marani and Amirave, 1971; Talha and Osman,
1975).

Prolonged and severe water-stress leads to

depression of chioroplast and enzyme activity and there
fore to reduced photosynthesis

(Begg and Turner, 1976).

Although it is commonly estimated that less than one
per cent of the water that passes into a plant is utilized
in photosynthesis (Meyer and Anderson, 1952), waterdeficits in the crop have a profound effect on the rate
of photosynthesis, growth, yield, and quality.
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Experiments to determine the effects of water
levels on photosynthesis are difficult to design.

The

plant-water-balance is affected by the complex combination
of soil, plant, and atmospheric conditions.

Water-deficits

can be caused either by excessive loss of water or by in
adequate absorption, or by a combination of the two.

While

plant growth is controlled by internal water-stress and
turgor, growth and yields are not always correlated
closely with soil-moisture.

During cool, humid weather

when transpiration is low, plants growing in dry soil
may not be subjected to severe stress.

Results from

irrigation experiments may vary greatly depending upon
ai:r temperatures and other factors.

Kramer (1963, 1974)

concluded that plant growth and crop yields were controlled
directly by plant water-stress and only indirectly by soil
water-stress.

Plant water-stress should be measured in

terms of the effects of water supply on plant growth and
plant processes, if the results are to be interpreted
correctly.
Comparative Drought Resistance of Sorghum
Doggett and Jowett (1966) stated that sorghum had
long been considered to be one of the most droughtresistant crop plants.

Under non-irrigated conditions,

its growing season is the period during which effective
rain may be expected.

These authors suggested that sorghum

7
was a more reliable crop than corn (Zea mays L.) in East
Africa where precipitation was only 375 mm during the grow
ing season.
According to Miller (1916) and Martin (1930), the
exceptional drought resistance of sorghum is believed to
be due, in part, to a very efficient root system.

They

stated that sorghum had twice as many secondary roots per
unit of primary root as maize.

Martin (1930) found that

there are 50% more stomata per unit of area on sorghum
than on corn leaves and stomata play a fundamental role in
keeping leaf temperatures cool.

Ehrler and van Bavel

(1267I studied the relationship of soil water depletion
to sorghum stomatal closure.

They found that leaf

temperatures were closely related to soil-water availa
bility.

The leaf-air temperature differential and the

•leaf resistance to evaporation were determined to be
excellent criteria for evaluating leaf-water balance.
San.chez-Diaz and Kramer (1971) studied the
behavior of stomata and changes in leaf-water potential
and saturation deficit.

They used 40-day-old sorghum and

corn plants grown in a vermiculite-gravel mixture in a
controlled environment chamber.

The plants were grown

under water-stress and then re-watered.

Stomata began to

close sooner and at a higher water potential for corn
than sorghum, when water-stress developed.

The stomata

of both species reropened promptly when plants were

8
watered.

Stomatal behavior is probably responsible for

the superiority of grain sorghum over c o m in dry regions.
Even in severe drought, sorghum stomata, especially on the
upper leaves, appear to be open slightly all day (Teare
and Kanemasu, 1972).

Open stomata allow the diffusion of

CO 2 into the leaves for photosynthesis.
The most important differences between sorghum and
corn, according to Sanchez-Diaz and Kramer (1971), con
cerned the relationship between water saturation deficit
and water potential.

The average leaf-water potential of

well-watered corn was -4.5 bars and that of sorghum, -6.4
bars.

The lowest leaf-water potential in stressed corn

was r-12.8 bars, at a water saturation deficit of 45%.
The lowest leaf-water potential in stressed sorghum was
^15.7 bars, but the water saturation deficit was only 29%.
Within the range of -7 to -14 bars of leaf-water potential,
corn lost a larger fraction of its water content than
sorghum at given water potentials.

Sanchez-Diaz and Kramer

(.1971) also found that drought-resistant plants had a
relatively smaller increase in water saturation deficit
per unit decrease in leaf-water potential than more
drought-susceptible plants.
Martin (1930, 1970) also observed that sorghums
exhibited basal bud dormancy during drought conditions and
when moisture became available, these basal buds developed
rapidly into tillers.
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Stewart et al.

(1975) revealed the relative

sensitivities of the three major growth stages of grain
sorghum and corn to evapotranspiration (ET) deficits.

They

called the growth stages (1) vegetative, (2) pollination,
and (3) grain filling.

Grain sorghum yield was much less

affected by the sequencing of ET deficits with respect to
particular crop growth stages than was corn.

Corn grain

yield was especially vulnerable to water deficits during
the pollination period.

They concluded that grain sorghum

would utilize water more efficiently, without requiring as
careful control of irrigation dates and depths than corn.
Also they suggested that maximization of water use
efficiency for sorghum would be achieved by giving special
attention to meeting the plant's water requirements through
the boot stage.
Martin (1930, 1970) called attention to the waxy
and cutinized epidermis of sorghum leaves, which reduced
evaporation.

This is an important reason for the excellent

drought-tolerance of sorghum plants.
Sorghum and Water Stress
Effect of Growth Stage
Lewis, Hiler, and Jordan (1974) studied suscepti
bility of grain sorghum to water deficits at three growth
stages.

Their research was conducted with lysimeters and

used the pressure chamber method to measure leaf-water
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potentials.

This was done to determine the fractional

reduction in yield caused by a given soil-water potential
at a particular growth stage.

The results were expressed

as crop susceptibility which is closely related to stress
day index described by Hiler, Howell, and Bordosky (1972).
They found that grain sorghum yields were reduced 17%
when the soil-water potential dropped to -12.9 bars during
the late vegetative to boot stage of growth.

Similar low

soil-water potentials, which occurred during the boot
through bloom stage or the milk through soft dough stage
of growth, resulted in reduced yields by 34 and 10%,
respectively.

These results were compared with values

calculated from data reported in the literature by Musick
and Grimes (1961) and Shipley and Regier (1975).

Musick

and Grimes (1961) obtained greatest yield reduction when
plants were stressed before boot or after heading.

Shipley

and Regier (1975) found that moisture-stress at the milk
stage resulted in a yield decline of only six per cent.
Effect of Genotype
Some positive drought responses have been identi
fied among sorghum genotypes.

Blum (1974b) suggested that

intergenotypic variation in cell water elasticity charac
teristics was an important factor in drought resistance.
According to Blum (1974b) these differences affected the
amount of water loss prior to complete wilting.

His study
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was performed to evaluate variability within cultivated
sorghums -and was done using 14 and 12 genotypes in 1971
and 1972, respectively.

Blum’s research (1974a) evaluated

physiological responses to water-stress and was conducted
in the coastal region of Israel.

He found that genotypes

differed by nearly 23% in the amount of stored soilmoisture extracted from the soil.

Appreciably inter-

genotypic differences also were found in the amount of
soilr-moisture extracted prior to heading, as determined
by the per cent of the total moisture used at maturity.
The most drought susceptible genotype was Shallu, which
under increasing soil-moisture stress had a relatively
lowrleaf water potential, high leaf diffusion resistance,
and the lowest total soil-moisture extraction.

Blum

(1974a) also found that combine Kafir-60 and the hybrid
RSr-61Q exhibited the greatest drought avoidance.
Some varieties such as Kafir, Hegari, and the
later maturing Sorgos and other grain sorghum species tend
to become dormant when soil-moisture becomes deficient,
whereas early maturing sorghums such as Feteritas, Kaoliang
and Milos are more likely to continue growth until panicle
emergence a,nd flowering (Martin, 1930, 1970).
Martin (1930) found that evaporation from plant
tissues (whole plants, leaves, and culms) differed between
kinds of sorghum.

He observed that plants of Feterita
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sorghum lost water faster than those of Dawn Kafir or
Dwarf Yellow Milo.
Effect of Soil-Moisture Level
The most effective use of water is obtained when
sorghum plants are provided with adequate moisture to
sustain continuous, vigorous growth throughout the growing
season.

It is essential, according to Hay and Pope (1975)

that particular attention be given to soil-moisture status
during (1). germination and seedling emergence,

(2) early

boot, and (3) mid-bloom stages of growth.
Shipley and Regier (1975) determined yield
responses from irrigations applied to grain sorghum at
different stages of growth.

When a single irrigation was

applied at the boot stage, highest grain yields per unit
of wa.ter were obtained.

At the High Plains Research

Station of Texas, where this research was conducted,
irrigation was used to supplement rainfall.
Musick and Grimes (1961) reported that significant
reductions in yield occurred when available moisture in
the top four feet of soil was less than 30%, when plants
were at the boot through the dough stages of development.
The field capacity and permanent wilting percentages were
about 26 and 13% moisture by weight, respectively, for the
soil at the location when this research was conducted.
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Effect of Plant Spacing on Growth
Characteristics and Yield
Effects of Day Length and Temperature
Escalada and Plucknett (1975b) studied the effects
of day length and temperature on tillering and plant
development of ratooned sorghum in which tropical, sub
tropical, subhumid, and semiarid growing conditions were
simulated.

They observed that higher temperature (23.9

to 32.2 C-day/15.5 to 23.9 C-night) and shorter day length
CIO to 14 hours) hastened maturity.

Low light intensity,

short photoperiod, and low temperatures, resulted in short
internodes, fewer heads, and lower grain and stover
yields*

High plant density and tall plants produced

higher stover yields but low grain yields when 5, 10, and
20 plants were grown in a 3.7 liter pot with a diameter
of 28.5 cm.

In their studies, dense stands led to the

production of short panicles, fewer seeds per head,
smaller individual grains, and fewer panicle-bearing
tillers.
Effects of Plant Spacing
Where adequate moisture is provided by rainfall
or irrigation, the yields of many crops have been increased
by reducing the distance between rows and between plants
within the row.
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Bond, Army, and Lehman (1964) studied the effects
of row width and within-row spacing on the yield of dry
land sorghum.

They used the cultivar RS-610 and conducted

their work in the Great Plains area of Texas.

The average

growing season precipitation in this area was about 22.9
cm.

They found that populations of about 4.5 plants/m,

in 1.02 m rows, resulted in the highest grain yields.
Forage production was higher with reduced row width and
increased seeding rates.
Mann C1965) investigated relationships among
varieties (Early Hegari, Martin, and RS-610), rates of
planting [2.6 to 7.8 plants/m in 0.53 m rows and 3.8 to
12.4 plants/m in 1.02 m rows) on yields of dryland grain
. sorghum in Colorado.

The average annual precipitation in

this area during the three years of his research was 38.1
cm. • Precipitation during the growing season averaged
25,1 cm.

He found that grain yield of RS-610 was

significantly higher than that of the other varieties at
all rates of seeding.

Highest yields were obtained using

the lowest planting rate.

Grain yields from plants

spaced in 0,53 and 1.07 m rows were not significantly
different when the same amount of seed per acre was
planted.

Mann (1965) found that increases in the seeding

rate reduced tillering.

He reported that mortality was

less in seedlings of RS-610 than in those of Martin or
Early Hegari,

Many plants failed to produce heads where
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populations exceeded 62,000 plants per hectare.

He

observed that most plants produced heads only when the
lowest seeding rate was used.

He stated that success of

narrowt-row sorghum culture depends on a higher plant
population than does wide-row spacing.
Stickler and Younis (1966) found that grain from
plants in 1.02 m rows was slightly heavier per unit of
volume (2.6%) than that from 0.51 m rows at stand densities
of 2.2, 3.3, and 6.6 plants/m.

Individual seed weight

decreased with increased stand density.

These researchers

found that plants in 0.5 m rows produced more heads per
hectare than those in 1.02 m rows, at the low and medium
stand densities, but the reverse was observed for number
of seeds/head.

When 0.51 m rows were used, the greatest

number of seeds/head was produced when each plant averaged
2,2 plants/m of space.
Effects on Energy Balance
Chin Choy and Kanemasu (1974) determined the effect
of row spacing on the energy balance of sorghum.

Pioneer

846 sorghum was planted in wide (0.92 m) and narrow (0.46 m)
spaced rows with equal linear plant density (12 plants/m)
to measure evapotranspiration, net radiation, and soil
heat flux.

Seasonal evapotranspiration was about 10% more

from wide than from the narrow rows.

They suggested that
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sensible heat and evapotranspiration could be reduced by
reducing -the distance between sorghum rows.
Clegg et al.

(1974) at Mead, Nebraska, studied the

light environment below and within grain sorghum canopies.
They used short and tall types of RS-626 and of 1-814, a
hybrid with erect leaves.

They also varied row spacing.

Visible radiation transmitted through sorghum canopies
was lower in plots with short RS-626 plants in 0.5 m rows
with 143,700 plants/ha than in plots where row spacing was
0.76 or 1.02 m and with the same total number of plants/ha.
They- concluded that more visible radiation would be
available for photosynthesis with narrower row spacings.
Factors Affecting Plant Height
According to Quinby and Harper (1954), tallness in
sorghum plants is partially dominant with height deter
mined by four independently inherited genes plus a modify
ing complex.

Escalada and Plucknett (1975a) found that

while potential height in sorghum is genetically deter
mined, environment determines the extent to which the
potential is achieved.

In their studies dense spacing of

plants increased height and reduced exertion.
Stickler and Younis (1966) at Manhattan, Kansas,
studied the consequences of using different height plants
under regimes of differing row width and stand density.
They grew tall revertant (Dw^) and short genotypes (dw^)
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of three grain sorghum varieties (Martin, Plainsman, and
Redlan) in 0.51 and 1.02 m rows with stand densities
resulting in 774.2, 1,548.4, or 2,322.6 cm

2

per plant.

They found that the mean yield from 0.51 m width rows
exceeded that from 1.02 m rows by 11%.

There was little

evidence of a row width by plant height interaction;
however, plant height by stand density and plant height by
cultivar interactions were significant.
Duncan (1969) estimated the effect of different
plant heights on photosynthesis of corn.

He found that

a plant 10 cm shorter than those surrounding it would
produce about 20% less dry matter at low populations and
about 50% less dry matter at high populations.

When the

difference in height was increased to 30 cm the reduction
in dry matter production increased to 40 and 80%, respec
tively .
Shipley and Regier (1975) found that irrigation at
the boot stage influenced head exertion.

When soil

moisture was limited at the boot stage of growth, head
exertion was restricted.

With poor exertion, the lower

part of the head failed to produce seed.

The entire

grain sorghum head must produce grain for the plant to
achieve its highest yield potential.
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Factors Affecting Grain to Stover Ratio
Welch, Burnett, and Ecke (1966) reported that
optimum populations for both grain and stover production
were between 98,840 and 148,000 plants/ha in 0.51 and 1.02
m rows on a Springer loamy fine sandy soil at Big Spring,
Texas.

In their study plant population had little effect

on grain-residue ratio when soil moisture and fertility
were adequate but not excessive.

When plants were grown

with limited soil-moisture the ratio of grain to residue
was decreased.

In the presence of adequate nitrogen and

moisture, production of grain and residue increased with
increasing populations.
Martin and Wedin (1974) found that increasing
plant population from 9.8 to 19.5 plants/m in 0.76 m
rows produced a 4.7% increase in stover yield and a 5.2%
reduction in grain yield.

They also determined that

increasing plant population decreased the grain to stover
ratio.•
Effect of Cultivar, Cultural Practices, and
Growth Stage at Harvest on Nutritional
Value for Ruminants
Effect of Cultivar and Climate
Heller and Sieglinger (1944) grew 28 cultivars of
-sorghum in Oklahoma and determined chemical composition of
the grain.

They found 7.32 to 10.15% variation between the

protein content of cultivars.

However, differences between
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cultivars were no greater than the variation within a
particular cultivar.

They concluded that drouth decreased

yield of grain and stover but increased protein percentage
in the grain.
Thirty-three grain sorghum cultivars grown at
seven different locations in Kansas were analyzed for
protein by Miller et al.

(1964).

They found great

variation in protein content, with a range from 6.6 to
12.8 in 1961 and 5.9 to 12.1% in 1962.

Plants grown with

the highest nitrogen fertility rates tended to produce
grain higher in nitrogen and also to produce a greater
yield of grain per unit of land area.

In these plantings

applying 134,5 kg of nitrogen per ha increased crude
protein from 7.8 to 11.4% over the no nitrogen treatment.
They also found that crude protein content among sorghum
cultiyars was related to genetic differences as well as to
environmental factors and they concluded that grain from
sorghum hybrids averaged lower in crude protein content
than standard cultivars.

There were, however, no signifi

cant differences in crude protein level related to irriga
tion treatment.
Worker and Ruckman (1968) at El Centro, California,
grew 41 cultivars of sorghum and determined crude protein
content of the grain.

They found that protein content was

higher in seed produced from July than from April plantings
a,nd tha,t protein per cent varied from year to year.
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Protein levels showed a positive correlation with small
;

seed size and high air temperatures and was negatively
related to yield.

They also found that the per cent of

crude protein in the seed increased when temperatures
after anthesis were under 26.5

C-

Therefore, cool

weather after anthesis was advantageous to protein produc
tion.

In their studies the per cent crude protein ranged

from 8.5% to 21.5%, depending upon cultivar, year
(climateL, and planting date.
Effect of Plant Spacing
Worker (19731 determined the effect of row spacing
CO,36, 0,53, 0.71, and 0.89 m) and stage of maturity
(pasture and flowering stage) at harvest on dry matter
(DMl production and chemical composition of Sudangrass
(Sorghum Sudanese Pipe, Stapf.), a sudangrass hybrid (var.
Trudan 1), and a sorghum-sudangrass (Sorghum bicolor L.
Moenth

Sorghum Sudanese Pipe, Stapf.) cultivar (Sudax

SXt-111 grown under irrigation at El Centro, California.
Plants were considered to b e .at the pasture stage when they
were about 96.5 cm high.

When 50% of the culms had open

flowers they were considered to be at the flowering stage.
DM yield produced by all cultivars at both harvest stages
decreased as row spacing was increased.

Total DM produc

tion was higher with harvest at the flowering than at the
pasture stage of growth.

Worker (1973) also found that DM
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production at the pasture stage was significantly higher
for the sudangrass variety than for the hybrids.

Row

spacing affected crude protein per cent significantly, but
not fat, fiber, or ash.

Crude protein (CP) production

tended to increase with narrower row spacing when harvests
were made at either stage of growth.
Martin and Wedin (1974) studied the yields and
nutritional value of grain sorghum stover.

Two combine-

type cultivars, Nebraska 505 and RS-610, were grown at
three populations (9.8, 14.6, and 19.5 plants/m in 0.76 m
rows) from which stover was sampled six different times
between September and December in 1969 and 1970 at
Castana, Iowa.

Percentage CP in the stover gradually

increased (6.1 to 6.9%) with delays in grain harvest until
late December.

Population did not change the percentage

CP in the stover,
In related studies Webster and Davis (1956) found
that protein percentages in stover after frost were three
to four times greater following dry than wet growing
seasons.

While this trend was evident for stalks, the

reverse occurred for leaves.

Population level was not

related to the percentage CP in stover.
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Factors Affecting In Vitro Dry
Matter Digestibility
Martin and Wedin Cl974) also studied in vitro
dry matter digestibility (IVDMD) in stover.

They found

that increasing plant population from 9.8 to 14.6 plants/m
in 0.76 m rows resulted in a significant decline in per
centage IVDMD in all stover components.

These differences

were not significant in plant populations between 14.6 and
19.5 plants/m.

The cultivar RS-610 yielded 12.0 per

centage units more IVDMD in stover than did Nebraska 505.
IVDMD of plants remaining in the field declined after
killing frost (October 91 but remained relatively constant
from early November until late December.

Grain sorghum

plants in this research continued growth during the
interval after grain harvest and before the first killing
frost.

Forage sorghum plants also produced photosynthate

after maturation of seeds and until frost and accumulated
a reservation of water-soluble carbohydrates in the pith
of the stalks (Burns et al., 1970) .
The relative amounts of solubles, cellulose,
hemicellulose, lignin, and powdery-appearing wax or bloom
all affect IVDMD.

El-Tekriti et al.

(1976) found that

lignin percentage in corn stover increased with advancing
stages of maturity and that IVDMD decreased after grain
harvest.

After physiological maturity of corn, lignin

content increased and fiber digestibility decreased
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(Lechtenberg et al., 1974).

Cummins and Sudweeks (1976)

found that forage digestibility of bloomless sorghum, when
harvested at the dough stage, was higher than that of
bloom sorghum for dry matter, crude protein, crude fat,
and crude fiber.
Moir (1973) found that leaves and stems of stunted
oats (Avena sativa L .) had a lower IVDMD than did normal
oats although there was no significant difference in the
regression coefficient.

Water-stress prior to harvest in

sugarcane (Saccharum officinaram L.) prevents undesirable
flowering and increases the accumulation of soluble
carbohydrates (Clements, 19641.
year

jc

There is a significant

cultivar interaction for IVDMD of stalks, leaves,

and stover of grain sorghum arid cultivar differences of
IVDMD occur during the year (Martin and Wedin, 1974).
Swingle et al.

(19761 state that environmental effects or

cultural practices may significantly influence TVDMD of
sorghum stover.

CHAPTER 3
MATERIALS AND METHODS
Field Study
The field research for this study was conducted at
the University of Arizona Marana Branch Experimental Farm
in 1976.

The

soil was a Gila sandy loam and long-staple

cotton was the previous crop.

Plants in the plot area were

aerial sprayed with Disyston at a rate of 7.85 kg/ha on
July 23, and with Diazinon at a rate of 14.01 kg/ha on
July 20 and August 4 for control of green bugs (Toxoptera
gramfrum ( R o n d a r i )).

Normal cultural practices were

employed in field preparation and planting.
Stands were established on July 1, 1976 in rows
I. 02 m apart.

This field study consisted of Experiment I,

hereafter called the wet treatment plot, and Experiment
II, hereafter called the dry treatment plot.

The two

experiments received different amounts of irrigation water
as shown in Table 1.

All water applied to the dry treat

ment plot was in a single irrigation.

It provided 30.5

cm/ha and was applied immediately after planting.

The wet

treatment plots received three irrigations, totaling 56.0
cm/ha.

The total rainfall during the growing season was

11.09 cm (Table 2).

The experimental design was a
24
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Table 1.

Dates and amounts of water applied in the
sorghum field study at Marana, Arizona in 1976.

Dry treatment

Wet treatment

Date

Amount
(cm/ha)

Date

Amount
(cm/ha)

July 2

30,50

July 2

30.50

Aug 9

12.75

Aug 28

12.75

Total

Table 2.

30.50

56.00

Dates and amounts of precipitation during the
sorghum field study at Marana, Arizona in 1976.

Date

Amount
(cm/ha)

Date

Amount
(cm/ha)

Jul 16

.25

Sep 4

.91

Jul 23

.51

Sep 5

.61

Jul 24

.13

Sep 23

1.83

Jul 27

1,42

Sep 24

3.05

Jul 30

.56

Oct 1

.20

Aug 20

.46

Oct 21

.81

Aug 28

.20

Oct 24

.15

£otal

11.09
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split-split-plot for both irrigation treatments, with two
plant populations as whole plots, three different plant
maturities as subplots, and short and tall plant heights
as sub-subplots.

Spacing for the whole plots was 16.4 and

32.8 plants per meter.
medium, or late.

Subplot maturities were early,

Sub-subplot size was four 1.02 m rows,

7.62 m long with a 0.61 m alley between sub-subplots.
treatments were replicated four times.

The

Four border rows

were used between adjacent stand densities, and six
border rows between adjacent irrigation trials.
The subplots were planted using six commercial
combine-type grain sorghum cultivars. Pioneer 894 and
NK 233, CQ 69A and NK 266, NK 278 and DK-BR 64 which
represented early, medium, and late maturities with short
and tall types, respectively.

Eighteen days after

emergence, plants were thinned to the desired plant
population.
' Gravimetric moisture samples were taken by 30.5 cm
increments to a depth of 91.4 cm two days after the first
irrigation and immediately after grain harvest.
Determination of Morphological
Characteristics
Plant height, head exertion, days to 50% bloom,
forage yield at 50% bloom and stover yield when grain was
mature, grain yield, and grain to stover ratio were
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determined in all sub-subplots under both irrigation treat
ments.

Plant height of each cultivar was measured by

taking the mean height from the crown to the top of the
grain head.

Head exertion was determined by taking the

mean distance -between the flag leaf and the first whorl
of the head.

Days to 50% bloom were determined by

calculating the number of days from initial irrigation
to the day that 50% of the heads were in anthesis for a
given sub-subplot.

Plants were harvested by hand from

2.44 m in each sub-subplot to determine forage yield at
the 50% bloom stage including inflorescence and stover
a,nd grain yield when plants were physiologically mature.
Samples of forage and stover from each sub-subplot were
retained for digestible dry matter determinations.

Grain

to stover ratios were computed from the ratio of grain to
stover yield in each sub-subplot.
Plants in. each sub-subplot were combine harvested
during the third week of October.
at that time.

Grain yields were taken

Grain volume-weight and 300-grain weight

samples from each sub-subplot were later calculated.
Laboratory Study
The experiment to assess nutritive values of
sorghum stover for ruminants was conducted at the Animal
Nutrition Laboratory at The University of Arizona.

Plant

samples for determining estimated digestible dry matter
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were taken from forage yield samples obtained in 1976 from
the field study part of this research.

These samples were

taken at 50% bloom and when grain was mature.

The samples

were dried at 55C, ground in a Wiley mill using a 1 mm
screen and analyzed for estimated digestible dry matter
using the in vitro dry matter digestibility (IVDMD)
technique (Tilley and Terry , 1963}.

IVDMD was determined

using 48-hour incubations in buffered rumen fluid followed
by 48-hour pepsin digestion as outlined below.

A rumen

fistulated steer fed alfalfa hay served as the donor for
rumen fluid.
Procedures for In Vitro Incubations
1.

Weigh 0.5 g sample and place it in a 50 ml
centrifuge tube.

2.

Place flasks containing McDougall1s saliva buffer
and phosphate buffer in a 39 C water-bath, the day
before determinations were to be made.

3.

Add 2.0 ml urea solution to each tube and allow it
to stand for approximately 30 minutes.
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Bubble CO 2 through the McDougall and phosphate
buffers for approximately 30 minutes prior to use
to obtain pH of 6,9.

5.

Add 20 ml McDougall buffer to each tube using an
automatic syringe.

Place the tubes containing the

forage or stover sample in a waterbath.
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6.

Obtain rumen contents from a fistulated steer
approximately three hours after the morning
feeding.

Keep rumen material in an insulated

container.
7.

Squeeze rumen contents through four layers of
cheesecloth.

Collect 1300 ml of rumen fluid and

resuspend the pulp in 1,300 ml of warm phosphate
buffer.

Squeeze the resuspended pulp through four

layers of cheesecloth.

Collect the fluid and

discard the dry residue.

Combine the two fil

trates, filter them through eight layers of cheese
cloth, and bubble with COg for approximately five
minutes.

Cover the flask and place it in the 39 C

waterbath until two distinct layers have formed.
Remove the lower layer (inoculum) by aspiration
and then discard the upper layer which contains
-bulky feed particles.

.Next dispense 10 ml into

each tube, using an automatic syringe.

Flush each

tube with COg for 10-15 sec and stopper using a
gas release valve.
8.

Add four drops of iso-amyl alcohol to reduce
foaming and then slowly add 2 ml of 2.2N HCl to
terminate the incubations.

Add approximately

0.1 g of 1:10,000 pepsin and mix by gently
/

swirling the tubes.

Stopper the tubes and

incubate them at 39 C for 48 hours.
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9.

Filter the contents of each tube through tared
filter paper (grade 515) and dry the residue at .
100 C.

Determine weight of remaining dry matter

from forage or stover sample.
10.

Calculate estimated digestible dry matter.

IVDMD (%}. =
Dry sample weight-(Weight of residue-Blank weight)
Dry sample weight
x 100

Statistical Analysis Limitation
Irrigation treatments were not replicated.
Because of this, determination of statistically signifi
cant differences between the several variables observed,
as affected by the wet and dry treatments, was not
possible.

Therefore, each irrigation treatment was con

sidered as a separate experiment for statistical analyses
and interpretation.

Direct comparisons between the wet

and dry treatments for yield and other agronomic charac
ters are not possible.
It will be noted that single, double, triple, and
quadruple letters have been used to interpret the data.
Where this has been done, the single letter is restricted
to wet treatment data, the double letter to its mean, the
triple letter to dry treatment data, and the quadruple to
its jnea,n.

CHAPTER 4
RESULTS AND DISCUSSION
Field Study
Grain Yield
Plants in wet treatment plots produced higher
grain yields than those in dry treatment plots under both
stand densities (Tables 3 and 41.

Water-stress in the dry

treatment plots reduced grain yield of plants an average
of 58.9.%.

The total amount of irrigation and precipita

tion during the growing season was 41.6 cm for plants in
the dry treatment plots and 67.1 cm for plants receiving
the wet treatment.

The grain yield in the dry treatment

plots, expressed as a per cent of the grain yield of plants
in the wet treatment plots at the same stand densities,
was 64:6% for 16.4 plants/m and 53.6% for 32.8 plants/m
(Table 4]_.

Population density did not significantly

affect grain yields in this study.
Late maturity cultivars produced more grain than
early cultivars under the wet treatment; however, differ
ences between late and early cultivars were not significant
for plants grown in the dry treatment plots

(Table 5).

Tall cultivars produced significantly more grain
than short cultivars in the wet treatment plots
31

(Table 6).

Table 3.

Effects of irrigation treatment, cultivar, and plant spacing on the
grain yield of sorghum at Marana, Arizona in 1976.

Grain yield
(kg/ha)

Irrigation
treatment
Wet.

Dry

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Within row spacing
(plants/m)
16.4

32.8

Mean

Early

Short
Tall

Pioneer 894
NK 233

4551
5161

4881
5563

4716
5362

Medium

Short
Tall

CQ69A
NK266

5010
5527

5236
6020

5123
5773

Late

Short
Tall

NK278
DK-BR64

5630
5328

5815
5725

5722
5526

Early

Short
Tall

Pioneer 894
NK233

3158
3192

3138
3438

3148
3315

Medium

Short
Tall

CQ69A
NK266

3464
3447

. 2870
2869

3167
3158

Late

Short
Tall

NK278
DK-BR64

3263
3627

2661
2828

2962
3227
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Table 4.

Effect of plant spacing on mean grain yield* of
six sorghum cultivars grown in wet and dry
- treatment plots at Marana, Arizona in 1976.

Grain yield
(kg/ha)
•Within row spacing
(plants/m)
Irrigation
treatment

16.4

32.8

Wet

5201aa

5540aa

Dry

3358aaaa

2967aaaa

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels1 Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.

Table 5.

Effects of cultivar maturity and plant spacing on mean grain yield* of
six sorghum cultivars grown in wet and dry treatment plots at Marana,
Arizona in 1976.

Grain yield
(kg/ha)
Wet treatment

Dry treatment

Maturity
of
cultivar

Within row spacing
(plants/m)
-----------------16.4
32.8

Early

4856a

5222a

5 039cc

3175aaa

3288aaa

3231aaaa

Medium

5268a

5628a

5448bb

3455aaa

287Oaaa

3162aaaa

Late

5479a

5770a

5624aa

3445aaa

2745aaa

3095aaaa

Mean

Within row spacing
(plants/m)
-----------------16.4
32.8

Mean

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels1 Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 6.

Effects of plant height and plant spacing on mean grain yield* of six
sorghum cultivars grown in wet and dry treatment plots at Marana,
Arizona in 1976.

Grain yield
(kg/ha)
Wet treatment
Height
of
cultivar

Within row spacing
(plants/m)
-----------------16.4
32.8

Dry treatment

Mean

Within row spacing
(plants/m)
-----------------16.4
32.8

Mean

Short

5064a

5310a

5187bb

3295aaa

2890aaa

3092aaaa

Tall

5338a

5769a

5553aa

3421aaa

3045 aaa

3233aaaa

♦Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.
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Differences in yield associated with plant height were not
significant for plants in the dry treatment plots.

For

plants in the wet treatment plots there was a significant
height x maturity interaction for grain yield.

This

appeared to result from higher grain yields obtained from
late and tall cultivars as compared to those from earlier
and short cultivars.
The results from this study suggest that the later
maturity, tall cultivars were superior in yield to the
early maturity, short cultivars when grown without
moisture-rstress and at both plant populations.

In

the dense population there was more competition for light
and this plus other factors probably accounted for the lack
of significant differences in yield between late maturity,
tall cultivars and early maturity, short cultivars in the
dry treatment.
Grain yield per unit area is a product of the
number of panicles per unit area, and grain weight per
panicle (Blum, 1973).

Panicle weight components vary

appreciably with environment.

Water-stress decreases the

number of panicles per unit area and the number of seed
per panicle, thereby reducing grain yield.

Moisture-stress

in the present study also reduced the number of grains
filled in heads of later maturing cultivars in plots with
plants at the closer spacing.
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Consumptive use of water by medium-maturity grain
sorghum planted July 1 and harvested in late October at
Mesa, Arizona is approximately 64.5 cm for the growing
season (Erie, French, and Harris, 1968).

Daily water use

in Erie et al.'s study increased rapidly to about 1.07 cm
per day, August 15-30 and the total amount of water used
by midr-August, when plants were in bloom, was 40.0 cm.

In

the dry treatment of this study, where the water received
up to the last half of August was only 33.8 cm, sorghum
plants were stressed for water during the period when
plants were flowering.

Since later maturity cultivars

flowered later, water-stress for these plants was more
severe than for earlier cultivars.

Stress was greater for

plants at the higher plant population than for those at
the lower plant population (Tables 3 and 5) .
According to Blum (1973), drought resistance is
expressed by the ratio of yield under a moisture-stress
environment to yield under an adequate moisture environ
ment.

The results of this study help to confirm Blum's

hypothesis in which later maturity cultivars, at higher
plant densities
(Table 3).

are more susceptible to water-stress

For the grain sorghum plant to have an

opportunity to achieve its highest yield potential, the
entire head must produce grain (Shipley and Regier, 1975).
When moisture is inadequate at the boot and/or heading
stages of growth, exertion and seed development are
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restricted.

Lack of proper seed development may occur on

parts of the head and may be related to availability of
moisture at fertilization or later (Figure 3, Appendix B).
Stover Yield
The dry matter forage yield of plants harvested at
the 50% flowering stage from plots having 16.4 plants/m was
greater than from those plots having 32.8 plants/m, in
both the wet and dry treatments (Tables 7 and 8).

There

were significant differences in the maturities and the
heights of plants under both irrigation treatments, and
also a significant maturity x height interaction for the
dry matter forage yield at 50% bloom stage (Tables 9 and
10).

Forage yields at 50% bloom for each plant spacing

did not differ significantly because of irrigation treat
ment; however , the highest yields were obtained from plots
having 16.4 plants/m of row.
The yield of stover was not significantly affected
by population, when harvest was at physiological maturity.
Stover yields produced in the wet treatment plots were
41.8% higher than those from the dry treatment plots
(Table 8).

Stover yields of plants harvested when grain

was mature averaged 23.8% less than for entire plants
harvested at the 50% bloom stage of growth.

These differ

ences in yield were greatest for plants in plots with the
closer spacing (Table 8).

These results suggest that the

Table 7.

Effects of irrigation treatment, cultivar, and plant spacing on dry
matter yield for sorghum forage harvested at two growth stages at
Marana, Arizona in 1976.

Dry matter forage yield
(kg/ha)
Within row spacing
(plants/m)
16.4

32.8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

IT* **

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

50%
bloom*

Grain
mature**

Wet

Early

Short
Tall

Pion.894
NK233

3831
6358

3887
5115

Medium

Short
Tall

CQ69A
NK266

6438
6895

Late

Short
Tall

NK278
DK-BH64

Early

Short
Tall

Medium

Short
Tall

Dry

Grain
mature**

50%
bloom*

Grain
mature**

3423
4884 •

4195
5843

3627
5621

4041
5479

4311
5673

5700
5559

4841
6032

6069
6227

4576
5852

7318
6652

5536
6370

5433
4828

5374
6477

6376
5740

5455
6423

Pion.894
NK233

4739
5712

2575
3282

3407
5284

2939
3809

4073
5498

2757
3545

CQ69A
NK266

7443
7056

3255
3580

6071
5308

3397
3826

6757
6182

3326
3703

50%
bloom*

Table 7.— Continued

Dry matter forage yield
(kg/ha)
Within row spacing
(plants/m)

IT***

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Late

Short
Tall

NK278
DK-BR64

16.4

32.8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

5994
6341

3987
5089

4634
5086

4191
4973

5314
5714

4089
5031

*Entire plant harvested, including inflorescence.
**Data are for above ground portion of plants, excluding head.
***IT = Irrigation treatment.
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Table 8.

Effect of plant spacing on mean dry matter yield*
of forage from six sorghum cultivars harvested at
two growth stages grown in wet and dry treatment
plots at Marana, Arizona in 1976.

Dry matter yield of forage
(kg/ha)
Within row spacing
(plants/m)
16.4

32.8

Growth stage
.... at harvest
Irrigation
treatment

50%
bloom

Grain
mature

Growth stage
at harvest
50%
bloom

Grain
mature

Wet

6249aa

5149bb

4971bb

5460bb

Dry

6214aaaa

3628cccc

4965bbbb

3856cccc

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels1 Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each, of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.

k

Table 9.

Effects of cultivar maturity and plant spacing on mean dry matter yield*
of forage from six sorghum cultivars harvested at two growth stages
grown in wet and dry treatment plots at Marana , Arizona in 1976.

Dry matter yield of forage
(kg/ha)
Within row spacing
(plants/m)

Maturity
of
cultivar

16 .4

32 .8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

50%
bloom

Grain
mature

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet treatment
Early
Medium
Late

5095a
6667a
6985a

4501a
4992a
5953a

4154a
5630a
5131a

5019a
5436a
5925a

4625bb
6149aa
6058aa

4760bb
5714aa
5939aa

3374aaa
3611aaa
4.5.82aaa

4786bbbb
6470aaaa
5514aaaa

3151cccc
3514cccc
4560bbbb

Dry treatment
Early
Medium
Late

5226aaa 2928aaa
7250aaa 3417aaa
6168aaa . 4.538aaa.

4346aaa
5690aaa
4860aaa

*Values possessing the same letters are not significantly different at the
Oi05 level of probability according to the Student-Newman-Kuels1 Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

^
10

Table 10.

Effects of plant height and plant spacing on mean dry matter yield* of
forage from six sorghum cultivars harvested at two growth stages grown
in wet and dry treatment plots at Marana, Arizona in 1976.

Dry matter yield of forage
(kg/ha)*
Within row spacing
(plants/m)

Height
of
qultivar

..

16 .4

32. 8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

50%
. bloom

Grain
.mature
r

Short
Tall

5862a
6635a

4578a5719a

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet treatment
4852a
5090a

4803a
6117a

5357aa
5863aa

4691bb
5918aa

Dry treatment
Short
Tall

6059aaa
. 6370aaa

3272aaa
3984aaa

4704aaa
5226aaa

3509aaa
4202aaa

5382aaaa
. 5798aaaa

3390bbbb
4093aaaa

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels’ Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.
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incipient accumulation of carbohydrate for growth and
development was suppressed when there were 32.8 plants/m
in the row.

The dense plant population increased water-

stress and competition for light.
Welch et al.

(1966) found that optimum populations

of RS-610 hybrid grain sorghum, for both grain and residue
production, were obtained using between 9.7 and 14.6
plants/m of row with rows 1.02 m apart.

Their research was

conducted on a Springer loamy fine sandy soil in Texas.
The average precipitation during the experimental years
was 48.32 cm, with about 25.5 cm occurring during the
growing season.

Bond et al.

(1964) also used RS-610 in

research conducted in the Southern Great Plains of Texas.
They reported that plant populations of 4.4 plcints/m in
1.02 m rows resulted in the highest grain yields.

Forage

production was higher with reduced row width (from 1.02 m
to 0.51 m) and increased plant populations (30,500 to
89,000 plants/ha).

Greater stover yields resulted from

higher plant populations, and narrow rows.

Plants in the

highest yielding plots contained a higher per cent of soil
moisture at harvest.

At low soil moisture levels most

water is used for stover production with little left for
grain development (Bond et al. , 1964) .
The above results are cited here to show the great
variations between optimum spacing as determined by
different researchers.

Each researcher above also reported
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that the ratio of stover to grain as well as the yield of
each varied greatly from year to year.

In the present

study, the widely spaced plants produced the highest
forage yield when harvest was at the 50% bloom stage of
growth.

Irrigations applied after heading of closely

spaced plants increased stover and grain yields (Tables
3 and 7) .
Grain to Stover Ratio
Plants at the low population had a significantly
higher ratio of grain to stover in the dry treatment
plots but this difference did not occur for plants in the
wet treatment plots (Tables 11 and 12).

The sorghum plants

in the wet treatment plots produced a higher grain to
stover ratio than in the dry treatment plots for both
plant populations: 16.4 plants/m (7.2%) and 32.8 plants/m
(31.6%)

(Table 12).
Early maturing cultivars produced a significantly

higher grain to stover ratio in both irrigation treatments
(Table 13).

Shorter cultivars had a significantly higher

grain to stover ratio than taller cultivars in both
irrigation treatments (Table 14).

Sorghum plants produced

under the dry treatment had a lower grain to stover ratio.
Later maturing, taller cultivars in the higher population
treatment produced a significantly lower grain to stover
ratio.

Table 11.

Effects of irrigation treatment, cultivar, and plant spacing on the
grain to stover ratio of sorghum grown at Marana, Arizona in 1976.

Grain to stover ratio

Irrigation
treatment .
Wet

Dry

Within row spacing
(plants/m)

Maturity

Height

Name

nf

of

of

cultivar

cultivar

16.4

32.8

Mean

Early

Short
Tall

Pioneer 894
NK233

1.17
1.01

1.18
0.96

1.17
0.98

Medium

Short
Tall

CQ69A
NK266

1.18
0.98

1.10
1.00

1.14
0.99

Late

Short
Tall

NK278
DK-BR64

1.04
0.84

1.10
0.89

1.07
0.87

Early

Short
Tall

Pioneer 894
NK233

1.24
0.99

1.07
0.90

1.16
0.95

Medium

Short
Tall

CQ69A
NK266

1.07
1.00

0.85
0.75

0.96
0.87

Late

Short
Tall

NK278
DK-BR64

0.81
0.71

0.63
0.56

0.72
0.64

. cultivar

47
Table 12.

Effect of plant spacing on mean grain to stover
ratio* of six sorghum cultivars grown in wet
and dry treatment plots at Marana, Arizona in
1976.

Grain to stover ratio
Within row spacing
(plants/m)
Irrigation
treatment
Wet
. Dry

16.4

32.8

1.04aa

1.04aa

0.97aaaa

0.7 9bbbb

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels’ .Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.

Table 13.

Effects of cultivar maturity and plant spacing on mean grain to stover
ratio* of six sorghum cultivars grown in wet and dry treatment plots
at Marana, Arizona in 1976.

Grain to stover ratio
Wet treatment

Dry treatment

Maturity
of
cultivar

Within row spacing
(plants/m)
-----------------16.4
32.8

Early

1.09a

1.07a

1.08aa

1.12aaa

0.99aaa

1.OSaaaa

Medium

1.08a

1.05a

1.06aabb

1.03aaa

0.80aaa

0.92aaaa

Late

0.94a

0.99a

0.97bb

0.76aaa

0.60aaa

0.68bbbb

Mean

Within row spacing
(plants/m)
-----------------16.4
32.8

Mean

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 14.

Effects of plant height and plant spacing on mean grain to stover
ratio* of six sorghum cultivars grown in wet and dry treatment plots
at Marana, Arizona in 1976.

Grain to stover ratio
....... Net treatment
Height
of
cultivar ..

Within row spacing
(plants/m)
-----------------16.4.... . 32.8

Dry treatment

Mean

Within row spacing
(plants/m)
------------------ *
..... 16.4
32.8.

Mean

Short

1.13a

1.12a

1.13aa

1.04aaa

0.85aaa

0.95aaaa

Tall

0.95a

0.95a

0.95bb

. 0.90aaa

0.74aaa

0.82bbbb

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.
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The results of this study were in agreement with
results obtained by Welch.et al.

(1966) who found that

grain to residue ratios were affected more by nitrogen
rates than by plant population under non-water-stress
conditions.

Data obtained by these researchers also

indicated that the grain to stover ratio increased with
increasing nitrogen rates , especially when moisture
conditions were favorable from heading to maturity.

When

soil moisture reserves are used for earlier vegetative
growth, the grain to residue ratios are reduced (Welch
et al., 1966).

Other researchers have determined that

grain and stover yields are increased with increasing
amounts of soil moisture at seeding.

Lower moisture level,

higher seeding rates, and narrow row spacing tend to
increase stover yields, decrease grain yields, and result
in smaller grain-stover ratios (Bond et al., 1964).
300-Grain Weight
The 300-grain weights for plants in the wet treat
ment plots were greater than for plants in the dry treatment
plots, in both populations, 16.4 plants/m (42.1%) and 32.8
plants/m (44.1%)

(Tables 15 and 16).

The effect of

moisture-rstress on plants in the dry treatment plots
greatly reduced the 300-grain weights for plants in both
plant populations (43,1%).

The weight of individual seeds

from plants was not significantly affected by population

Table 15.

Effects of irrigation treatment, cultivar, cultivar maturity, and
plant spacing on weight of 300 seeds for sorghum grown at Marana,
Arizona in 1976.

Weight of 300 seeds
(g)

Irrigation
treatment
Wet

Dry

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Early

Short
Tall

Medium

Within row spacing
. .
(plants/m)
16.4

32.8

Mean

Pioneer 894
NK233

6.26
7.04

5.91
6.93

6.08
6.98

Short
Tall

CQ69A
NK266

6.68
7.12

6.59
7.19

6.63
7.16

Late

Short
Tall

NK278
DK-BR64

7.84
6.37

7.54
6.20

7.69
6.28

Early

Short
Tall

Pioneer 894
NK233

4.79
4.93

4.71
5.04

4.75
4.98

Medium

Short
Tall

CQ69A
NK266

4.92
5.19

4.59
4.51

4.76
4.85

Late

Short
Tall

NK278
DK-BR64

4.76
4.48

5.03
4.14

4.89
4.31
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Table 16,

Effect of plant spacing on mean weight* of 300
seeds of six sorghum cultivars grown in wet
and dry treatment plots at Marana, Arizona in
1976,

Weight of 300 seeds
(g)
Within row spacing
(plants/m)
Irrigation
treatment

16.4

32.8

Wet

6.88aa

6.73aa

Dry

4.84aaaa

4.67aaaa

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels1 Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.
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density; however, the 300-grain weights for plants from
plots at the closer spacing were slightly smaller than
those from plots having 16.4 plants/m.

These findings are

in agreement with those obtained by Stickler and Younis
(1966) .

The 300-grain weight for late maturing hybrids

was significantly greater than that for early hybrids in
the wet treatment plots.

Differences in maturity were

clearly expressed for plants in the wet treatment plots
but these differences were not significant for plants in
the dry treatment plots.

In the wet treatment plots, later

maturing, short cultivars produced the heaviest grain
(Tables 16, 17, and 18).
Blum (1973) found that increasing the number of
2
panicles per m reduced the weight of individual seeds,
when plants were grown without moisture-stress.

Liang,

Oyerley, and Casady (1969) found that kernel weight was
negatively correlated with kernel number and head number,
while kernel number was positively correlated with head
number.

Hybrids that do poorly under drouth conditions

perform better under favorable moisture conditions,
because of the larger number of panicles per unit area
and heavier 1000-rgrain weight (Blum, 1973) .

The number of

grains per panicle is affected mainly by interplant
competition while the weight of 1000 grains is influenced
mainly by intraplant competition (Blum, 1970).

When a

sorghum plant is subjected to limited, constant (and

Table 17.

Effects of cultivar maturity and plant spacing on mean weight* of 300
seeds of six sorghum cultivars grown in wet and dry treatment plots at
Marana, Arizona in 1976.
*

Weight oi: 300 seeds
(g)
Wet treatment
Maturity
of
cultivar

Dry treatment

Within row spacing
(plants/m)

Within row spacing
(plants/m)

16.4

32.8

Early

6.65a

6.42a

6.53bb

4.86aaa

4•87aaa

4.86aaaa

Medium

6.90a

6.89a

6.90aa

5.06aaa

4.55aaa

4.SOaaaa

Late

7.10a

6.87a

6.99aa

4.62aaa

4.58aaa

4.60aaaa

Mean

16.4

32.8

Mean

♦Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 18.

Effects of plant height and plant spacing on mean weight* of 300 seeds
of six sorghum cultivars grown in wet and dry treatment plots at
Marana, Arizona in 1976.

Weight of 300 seeds
(g)
Wet treatment

Dry treatment

Height
of
cultivar

Within row spacing
(plants/m)
-----------------16.4
32.8

Short

6.92a

6.68a

6.80aa

4 .23aaa

4.77aaa

4. SOaaaa

Tall

6.84a

6.77a

6.81aa

4.87aaa

4.56aaa

4.71aaaa

Mean

Within row spacing
(plants/m)
-----------------16.4
32.8

Mean

♦Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels1 Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.
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decreasing) water input, interplant and intraplant competi
tion may -determine the allocation of input between the
number of grains and the increase in weight of each grain
(Adams, 1967).

These relationships are associated with the

duration of growth (of various genotypes) in the way of
determining whether water-stress should prevail at panicle
initiation or grain development.

The most optimal (or

deficient) allocation between the two components can be
obtained through the manipulation of plant density and
maturity of genotypes with respect to the prevailing moisture
regime (Blum, 1970).

The results of the present study are

in agreement with those of Adams (1967), Blum (1970, 1973),
Liang et al.

(1969), and Stickler and Younis (1966).

Grain Volume-Weight
Density of seed produced by plants in the wet
treatment plots was greater than that of seed from plants
in the dry treatment plots in both plant populations:
16.4 plants/m (5.3%) and 32.8 plants/m (3.3%)
and 20).

(Tables 19

Grain volume-weight was significantly greater

for plants at lower populations in the wet treatment plots
but volume-rweight differences, as a result of plant
populations were not significant for plants in the dry
treatment plots.

The grain volume-weight from plants in

the plots with 16.4 plants/m was slightly heavier than in
those having 32.8 plants/m (2.8%) in both irrigation

Table 19.

Effects of irrigation treatment, cultivar, cultivar maturity, and
plant spacing on grain volume-weight of sorghum grown at Marana,
Arizona in 1976.

Grain volume-weight
(g/D

Irrigation
treatment
Wet

Dry

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Early

Short
Tall

Medium

Within row spacing
(plants/m)
16.4

32.8

Mean

Pioneer 894
NK233

744
780

733
773

739
776

Short
Tall

CQ69A
NK266

738
776

733
771

736
774

Late

Short
Tall

NK278
DK-BR64

760
748

754
742

757
745

Early

Short
Tall

Pioneer 894
NK233

731
753

727
750

729
751

Medium

Short
Tall

CQ69A
NK266

716
751

699
734

707
743

Late

Short
Tall

NK278
DK-BR64 '

702
703

707
707

704
705
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Table 20.

Effect of plant spacing on mean grain volumeweight* of six sorghum cultivars grown in wet
and dry treatment plots at Marana, Arizona in
1976.

Grain volume-weight
(9/1)
Within row spacing
(plants/m)
Irrigation
treatment

16.4

32.8

Wet

75 Baa

751bb

Dry

726aaaa

721aaaa

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels' Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.
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treatments.

There were significant differences in grain

volume-weight associated with cultivar maturity and height
of plants in both irrigation treatments (Tables 21 and 22).
The results of the present study are in agreement
with those obtained by Fischer and Hagan (1965).

They

found that early water-stress reduced the number of seeds
produced and that later water-stress reduced grain volumeweight .
Plant Height
The heights of plants in the wet treatment plots
were much greater than in the dry treatment plots in both
plant populations: 16.4 plants/m (16.7%) and 32.8 plants/m
(25.3%).

Moisture-stress in the dry treatment plots

greatly reduced plant height (20.9%)

(Tables 23 and 24).

Plant population did not significantly affect the height
of plants in the wet treatment plots but plants at the
lower population were significantly taller than those with
the higher population, in the dry treatment plots.
Water*-stress imposed on plants in the high popula
tion and dry treatment plots reduced plant height; however,
the effect of high population on height of plants was
greater in dry than in wet treatment plots.

Close spacing

of plants also reduced the uniformity of plant height and
head exertion CFigures lb and Id, pp. 97, 98).

Later

maturing hybrids were significantly taller than those

Table 21.

Effects of cultivar maturity and plant spacing on mean grain volumeweight* of six sorghum cultivars grown in wet and dry treatment plots
at Marana, Arizona in 1976.

Grain volume-weight
(g/D
. Wet treatment
Maturity

...... Dry treatment

Within row spacing
(plants/m)

Within row spacing
(plants/m)

v J JL

cultivar

16.4

32.8

Mean

16.4

32.8

Mean

Early

762a

753a

758aa

742aaa

739aaa

740aaaa

Medium

757a

752a

755aabb

733aaa

717aaabbb

725bbbb

Late

754a

748a

751bb

703bbb

707bbb

704cccc

♦Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test, Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 22.

Effects of plant height and plant spacing on mean grain volume-weight*
of six sorghum cultivars grown in wet and dry treatment plots at
Marana, Arizona in 1976.

Grain volume-weight
(9/1)

\
.....
Height
of
cultivar

Net treatment

'

Dry treatment

Nithin row spacing
(piant s/m}

Within row spacing
(plants/m)

U J L

16.4

32.8

Mean

16.4

32.8

Mean

Short

748a

740a

744bb

715aaa

711aaa

714bbbb

Tall

768a

762a

765aa

736aaa

730aaa

733aaaa

*Values possessing the same letters are not significantly different at the
0,05 level of probability according to the Student-Newman-Kuelsr Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 23.

Effects of irrigation treatment, cultivar, and plant spacing on
plant height of sorghum grown at Marana, Arizona in 1976.

Plant height
(cm)

Irrigation
treatment
Wet

Dry

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Early

Short
Tall

Medium

Within. row spacing
(plants/m)
16.4

32.8

Mean

Pioneer 894
NK233

94
132

95
135

94
134

Short
Tall

CQ69A
NK266

103
132

111
139

107
135

Late

Short
Tall

NK278
DK-BR64

117
141

115
151

116
146

Early

Short
Tall

Pioneer 894
NK233

83
113

82
110

82
111

Medium

Short
Tall

CQ69A
NK266

86
114

87
109

87
111

Late

Short
Tall

NK278
DK-BR64

98
121

88
119

93
120
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Table 24.

Effect of plant spacing on mean height* of six
sorghum cultivars grown in wet and dry treat• ment plots at Marana, Arizona in 1976.

Plant height
(cm)

Irrigation
treatment

Within row spacing
(plants/m)
---------------------16.4
32.8

Wet

120aa

Dry

103aaaa

124aa
99bbbb

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels* Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretaton of that specific
part of the table.
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maturing earlier and tall hybrids were significantly taller
than shorter hybrids (Tables 25 and 26).
Stickler and Younis (1966) found that the effects
of stand density, row width, and plant height were greater
for components of yield than for yield, per se.

In their

studies, plant height at maturity of tall and short
cultivars averaged 145 cm and 94 cm, respectively.

When

they used a stand density within row of 4.4 to 13.1 plants/n
and a row width 1.02 m, plant height was not significantly
affected under non-water-stress conditions; however, plant
height x stand density and plant height x variety inter
actions were significant.

Under extreme moisture-stress,

more incipient wilting was noted with tall cultivars than
with shorter cultivars.

The results of the present study

were in agreement with Stickler's observations (Tables
25 and 2 6)..
Head Exertion
Head exertion of plants in the wet treatment plots
was greater than for plants in the dry treatment plots, in
both plant populations (207.8%)

(Tables 27 and 28).

Head

exertion of plants in plots at the higher population was
significantly greater than for plants at the lower popula
tion and this was true for plants in both irrigation
treatments (29.5%).

For head exertion, there were

significant differences between plants in each maturity

Table 25.

Effects of cultivar maturity and plant spacing on mean height* of six
sorghum cultivars grown in wet and dry treatment plots at Marana,
Arizona in 1976.

Plant height
(cm)
Wet treatment
Maturity
of
cultivar

Dry treatment

Within row spacing
(plants/m)

Within row spacing
(plants/m)

16.4

32.8

Mean

16.4

32.8

Early

113b

115b

114cc

98aaa

96aaa

97bbbb

Medium

117b

125ab

121bb

lOOaaa

98aaa

99bbbb

Late

129a

133a

131aa

109aaa

104aaa

107aaaa

Mean

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 26.

Effects of plant height and plant spacing on mean height* of six
sorghum cultivars grown in wet and dry treatment plots at Marana,
Arizona in 1976.

Plant height
(cm)
Wet treatment

Dry treatment

Height
of
cultivar

Within row spacing
(plants/m)
------------- :
----16.4
32.8

Short

104b

107b

106bb

89aaa

86aaa

87bbbb

Tall

135a

142a

138aa

116aaa

113aaa

114aaaa

Mean

Within row spacing
(plants/m)
-----------------16.4
32.8

Mean

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuelsf Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 27.

Effects of irrigation treatment, cultivar, and plant spacing on head
exertion of sorghum grown at Marana, Arizona in 1976.

Head exertion
(cm)

Irrigation
treatment .
Wet

Dry

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Early

Short
Tall

Medium

Within row spacing
(plants/m)
16.4

32.8

Mean

Pioneer 894
NK233

14
20

19
24

17
22

Short
Tall

CQ69A
NK266

15
19

23
23

19
21

Late

Short
Tall

NK278
DK-BR64

11
17

15
23

13
20

Early

Short
Tall

Pioneer 894
NK233

7
14

10
15

8
14

Medium

Short
Tall

CQ69A
NK266

6
12

10
14

8
13

Late

Short
Tall

NK278
DK t-BR64

3
6

3
8

3
7
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Table 28.

Effect of plant spacing on mean head exertion*
of six sorghum cultivars grown in wet and dry
treatment plots at Marana, Arizona in 1976.

Head exertion
(cm)

Irrigation
treatment
Wet
Dry

Within row spacing
(plants/m)
---------- -----------16.4
32.8
16bb
Sbbbb

21aa
lOaaaa

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels1 Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.
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group (Table 29).

Taller cultivars had a greater head

exertion -than shorter cultivars, in both irrigation treat
ments (Table 30) .
Head exertion was suppressed more by water-stress
associated with high than low plant population.

Higher

plant density increased plant height but most of this
increase appeared to result from an increased length of
lower internodes, as indicated by the ratio of head
exertion to height.

For plants in the wet treatment

plots, the ratio of head exertion to height was greater
for plants at the higher than at the lower population
density.

The results of this study are in agreement with

those obtained by Voigt (1976) who found that head exertion
was more environmentally influenced than plant height.
Shipley and Regier (1975) found that availability
of moisture at the boot stage of growth was a very
important factor associated with head exertion.

When

plants did not receive an irrigation at the boot stage of
growth, head exertion was greatly reduced.

The results

of the present study, for plants receiving the dry treat
ment, are in agreement with Shipley and Regier's observa
tions.

Data in Table 29 show that the later maturing

cultivars in the dry treatment plots had very poor head
exertion.

Escalada and Plucknett (1975a) also found that

dense spacing of sorghum plants resulted in great differ
ences in head exertion and plant height.

Such differences

Table 29.

Effects of cultivar maturity and plant spacing on mean head exertion*
of six sorghum cultivars grown in wet and dry treatment plots at
Marana, Arizona in 1976.

Head exertion
(cm)
..... Wet treatment
Maturity
of
cultivar

Dry treatment

Within row spacing
(plants/m)

Within row spacing
(plants/m)

16.4

32.8

Mean

16.4

32.8

Mean

Early

17a

22a

19aa

llaaa

12aaa

llaaaa

Medium

17a

23a

20aa

9aaa

12awa

lOaaaa

Late

14a

19a

17bb

5aaa

6aaa

Sbbbb

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels1 Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 30.

Effects of plant height and plant spacing on mean head exertion* of
six sorghum cultivars grown in wet and dry treatment plots at Marana,
Arizona in 1976.

Head exertion
(cm)
Wet treatment
Height
of
cultivar

Within row spacing
(plants/m)
-----------------16.4
32.8

Dry treatment

Mean

Within row spacing
(plants/m)
-----------------16.4
32.8

Mean

Short

14a

19a

16bb

5aaa

8aaa

7bbbb

Tall

19a

23a

21aa

llaaa

12aaa

llaaaa

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.
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were observed visually in the present study (Figure 2,
Appendix -B) .
Days to 50% Bloom
The period of time required for plants to reach
50% bloom (half of plants flowering) was not affected by
irrigation treatments in this study (Table 31).

These

results are in disagreement with Whiteman and Wilson
(1965). who found flowering to be delayed for sorghum
plants grown under water-stress.

Perhaps water-stress

treatments in this study were not severe enough to delay
flowering.

Table 31.

Average number of days for cultivars of
different maturity and height to reach 50%
bloom at Marana, Arizona in 1976.

Days to 50% bloom
Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Early

Short
Tall

Medium
Late

Irrigation treatment
Wet

Dry

Pioneer 894
NK233

48
54

48
54

Short
Tall

CQ69A
NK266

61
56

61
56

Short
Tall

NK278
DK-BR64

63
64

63
64
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It was also interesting to note the very short
period required from planting to 50% bloom for the plants
in this study (Table 31).

Fryer, Pauli, and Stickler

(19-66). found that total degree hours above 21.1 C during
the first 20 days after planting were positively, con
sistently, and significantly related to time to half
bloom.

The higher temperature at Marana during July and

August probably caused flowering to occur early.
Laboratory Study
In Vitro Dry Matter Digestibility
In vitro dry matter digestibility (IVDMD) of the
stover portion of plants was not significantly affected by
pla,nt spacing in either irrigation treatment (Tables 32 and
33),

These results were similar to those obtained by

Martin and Wedin (1974), who found that plant spacing
from 14.6 to 19.5 plants/m did not significantly change
IVDMD of sorghum stovers.

Also, cultivar maturity did not

affect IVDMD of plants in either irrigation treatment
(Table 34).

The IVDMD for tall-type cultivars in the

present study was significantly higher than that of shorttype cultivars in both irrigation treatments

(Table 35).

In the dry treatment plots, forages harvested at 50%
bloom had significantly greater IVDMD percentages than
stovers harvested when grain was mature (10.9%).

There

wa,s no significant difference in IVDMD between plants

Table 32.

Effects of irrigation treatment, cultivar, and plant spacing on
percentage of in vitro dry matter digestibility (IVDMD) of sorghum
forage at Marana, Arizona in 1976.

IVDMD percentage
(%)
Within row spacing
(plants/m)
16,4

32.8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

jrp***

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

50%
bloom*

Wet

Early

Short
Tall

Pion.894
NK233

58.96
56.97

54.36
56.29

57.63
58.09

54.41
56.96

58.30
57.53

54.39
56.63 '

Medium

Short
Tall

CQ69A
NK266

54.89
56.49

51.53
57.82

57.02
55.38

55.21
57.45

55.96
55.94

53.37
57.64

Late

Short
Tall

NK278
D K t-BR64

53,79
55.97

53.74
56.01

54.81
54.96

55.92
58.02

54.30
55.47

54.83
57.02

Early

Short
Tall

Pion.894
NK233

60.21
59.12

49.78
53.36

58.12
57.72

49.57
53.63

59.17
58.43

49.68
53.50

Medium

Short
Tall

CQ69A
NK266

57.56
57.97

48.41
54.73

59.46
58.33

51.57
53.98

58.51
58.15

49.99
54.36

Dry

.

Grain
mature**

Table 32.— Continued

IVDMD percentage
(%)
Within row spacing
(plants/m)

IT***

Maturity
of
cultivar

Height
of
cultivar

Late

Short
Tall

16.4

32.8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

Name
of
•cultivar

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

NK278
DK-BR64

57.23
59.38

54.20
55.47

58.03
59.53

52.55
56.09

57.63
59.46

53.3d
55.78

*Entire plant harvested, including inflorescence.
**Data are for above ground portion of plants, excluding head.
***IT = Irrigation treatment.
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Table 33.

Effect of plant spacing on mean IVDMD per
centage* from six sorghum cultivars harvested
at two growth stages grown in wet and dry
treatment plots at Marana, Arizona in 1976.

IVDMD percentage
C%)
Within row spacing
(plants/m)

Irrigation
treatment

16.4

32.8

Growth stage
at harvest

Growth stage
at harvest

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet

56.18aa

54.96aa

56.32aa

56.33aa

Dry

58.58aaaa

52.66aaaa

58.53aaaa

52.90aaaa

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels' Multiple-Range Test.
Double and quadruple letters are used to interpret analyses
of each of the table components. Each grouping of letters
is restricted to use in an interpretation of that specific
part of the table.

Table 34.

Effects of cultivar maturity and plant spacing on mean I.VDMD per
centage* from six sorghum cultivars harvested at two growth stages
grown in wet and dry treatment plots at Marana, Arizona in 1976.

•

IVDMD percentage
(%)

Within row spacing
(plants/m)
16 .4.....

.

Growth stage
at harvest
Maturity
of
cultivar

50%
bloom

Grain
mature

......

32 .8

Mean

Growth stage
at harvest

Growth stage
at harvest

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet treatment
Early
Medium
Late

57.96a
55.69a
54.88a

55.32a
54.68a
54.88a

57.86a
56.20a
54.88a

55.68a
56.33a
56.97a

57.91aa
55.94bb
54.88bb

55.50bb
55.50bb
55.92bb

51.60aaa
52.78aaa
54.32aaa

58.79aaaa
58.33aaaa
58.54aaaa

51.58cccc
52.17cccc
54.58bbbb

Dry treatment
59.66aaa
Early
57.76aaa
Medium
.
.
58.31aaa
Late ,x. .. .

51.57aaa
51.57aaa
54.83aaa

57.92aaa
58.90aaa
58.78aaa

♦Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are. used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

Table 35.

Effects of plant height and plant spacing on mean IVDMD percentage*
of six sorghum cultivars harvested at two growth stages grown in wet
and dry treatment plots at Marana, Arizona in 1976.

IVDMD percentage
(%)
Within row spacing
(plants/m)*
16 .4

32 .8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth state
at harvest

Height
of
50%
cultivar .. . .. . bloom

Grain
...mature

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet treatment
Short
Tall

55.88a
56.47a

53.21a
56.71a

56.48a
56.14a

55.18a
57.48a

56.18aa
56.31aa

54.20bb
57.lOaa

51.23aaa
54,57aaa

58.43aaaa
58.68aaaa

51.Olcccc
54.54bbbb

Dry treatment
Short
Tall

58.33aaa SO.SOaaa
58.82aaa . 54,52aaa ..

58.54aaa
58,53aaa

*Values possessing the same letters are not significantly different at the
0.06 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test, Single t double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.
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harvested at 50% bloom and stover from plants harvested
when grain was mature, in the wet treatment plots; however,
IVDMD averaged slightly greater for forage at the earlier
harvest (Table 33).
The forages harvested at 50% bloom in the dry
treatment plots averaged 4.1% higher IVDMD than those in
the wet treatment plots but IVDMD of stovers harvested
when grain was mature in the wet treatment plots was 5.4%
higher than that of stover from plants at the same stage
of maturity in the dry treatment plots.

Moderate water-

stress of sorghum plants until the flowering stage of
growth appeared to increase IVDMD.

Clements

(1964) found

that water-stress prior to harvest in sugarcane (Saccharum
officinaram L,). increased the accumulation of soluble
carbohydrates.
Severe water-stress of plants after flowering in
the dry treatment plots seemed to reduce IVDMD.

This may

have been the result of suppressed tillering, increased
cutinization and lignization and waxenization of sorghum
plants.

These changes resulting from water-stress may

account for the reduced IVDMD.
There were significant interactions between IVDMD
percentages associated with growth stage at harvest x
maturity of cultivars and between growth stage at harvest
x hei.ght of cultivars, under both irrigation treatments.
In the interaction for growth stage at harvest x maturity
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of cultivars, the highest IVDMD was obtained for early
maturing -cultivars harvested at 50% bloom in both
irrigation teatments (Table 34).

The most significant

IVDMD interaction for growth stage at harvest x height of
cultivars was obtained for stovers from tall-type
cultivars, harvested when grain was mature, in the wet
treatment plots (Table 35); however, forage from tall-type
cultivars in the dry treatment plots, harvested at 50%
bloom, had the highest IVDMD.
In Vitro Dry Matter Digestibility
Yield
There were significant differences between in
vitro dry matter digestibility yields (IVDMD yields)
associated with plant population, maturity, height, and
the growth stage' at harvest under both irrigation treat
ments (Tables 36, 37, 38, and 39).

There were also

significant interactions for height x cultivar maturity,.
growth- stage at harvest x population, growth stage at
harvest x cultivar maturity, and growth stage at harvest
x maturity x height for IVDMD yield under both irrigation
treatments.
The highest IVDMD yields in the wet treatment
plots were obtained with late maturing, short cultivars
harvested at 50% bloom at the low plant population, and
from plants harvested when grain was mature, with late
maturing, tall cultivars at the high plant population,

In

Table 36.

Effects of irrigation treatment, cultivar, and plant spacing on yield
of in vitro dry matter digestibility (IVDMD yield) from sorghum
harvested at two growth stages grown at Marana, Arizona in 1976.

IVDMD yield
(kg/ha)
Within row spacing
(plants/m)
16.4

32.8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

pp***

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

• 50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

Wet

Early

Short
Tall

Pion.894
NK233

2262
3628

2110
2854

1985
2838

2280
3337

2124
3233

2195
3096

Medium

Short
Tall

CQ69A
NK266

3528
3895

2217
3280

3247
3070

2673
3480

3388
3483

2445
3380

Late

Short
Tall

NK278
DK-BR64

3938
3724

2989
3561

2973
2781

3009
3746

3456
3253

2999
3654

Early

Short
Tall

Pion.894
NK233

2855
3391

1285
1757

1979
3050

1455
2040

2417
3221

1370
1899

Medium

Short
Tall

CQ69A
NK266

4284
4088

1560
1970

3598
3088

1747
2063

3941
3588

1654
2017

Dry

Table 36.— Continued

IVDMD yield
(kg/ha)
Within row spacing
(plants/m)

XT***

Maturity
of
cultivar

Height
of
cultivar

Name
of
cultivar

Late

Short
Tall

NK278
DK-BR64

-

16,4

32.8

Mean

Growth stage
at harvest

Growth stage
at harvest

Growth stage
at harvest

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

50%
bloom*

Grain
mature**

3425
3761

2161
2816

2697
3030

2200
2783

3061
3396

2181
2800

*Entire plant harvested, including inflorescence.
**Data are for above ground portion of plants, excluding head.
***IT = Irrigation treatment.
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Table 37.

Effect of plant spacing on mean IVDMD yield*
of six sorghum cultivars harvested at two
growth stages grown in wet and dry treatment
plots at Marana, Arizona in 1976.

IVDMD yield
(kg/ha)
Within row spacing
(plants/m)
16.4

32.8

Growth stage
at harvest

Growth stage
at harvest

Irrigation
.treatment

5 0%
bloom

Wet

3496aa

2839cc

2816cc

3088bb

Dry

3634aaaa

1925cccc

2907bbbb

2048cccc

Grain
mature

50%
bloom

Grain
mature

*Values possessing the same letters are not
significantly different at the 0.05 level of probability
according to the Student-Newman-Kuels' Multiple-Range Test.
Double and quadruple letters are used to interpret
analyses of each of the table components. Each grouping
of letters is restricted to use in an interpretation of
that specific part of the table.

Table 38.

Effects of cultivar maturity and plant spacing on mean IVDMD yield*
from six sorghum cultivars harvested at two growth stages grown in wet
and dry treatment plots at Marana, Arizona in 1976.
IVDMD yield
(kg/ha)
Within row spacing
.
(plants/m)
...... 16. ,4
Growth stage
at harvest

Maturity
of
Grain
50%
cultivar.... ....bloom .. .mature

. 32 .8

Mean

Growth stage
at harvest

Growth stage
at harvest

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet treatment
Early
Medium
Late

2945a
3711a
3831a

2482a
2749a
3275a

2411a
3158a
2877a

2809a
3076a
3379a

2678bb
3435aa
3354aa

2651bb
2912bb
3327aa

1748aaa
1905aaa
2491aaa

2818cccc
3764aaaa
3228bbbb

1634eeee
1835eeee
2490dddd

Dry treatment
Early
Medium
Late

3122aaa
4186aaa
3593aaa

1521aaa
1765aaa
2488aaa

2514aaa
3343aaa
2862aaa

♦Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels1 Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in an interpretation of that specific part of the table.

00

•t*

Table 39.

Effects of plant height and plant spacing on mean IVDMD yield* from
six sorghum cultivars harvested at two growth stages grown in wet and
dry treatment plots at Marana, Arizona in 1976.

- IVDMD yield
(kg/ha)
Within row spacing
(plants/m)
32 .8

Mean

Growth stage
at harvest

Growth stage
at harvest

16 .4 . .
Growth stage
x... at. harvest
Height
of
cultiyar

50%
bloom

Grain
mature

50%
bloom

Grain
mature

50%
bloom

Grain
mature

Wet treatment
Short
Tall

3242a
3749a

2439a
3232a

2735a
2896a

2654a
3522a

2989bb
3322aa

2546cc
3381aa

ISOOaaa
2296aaa

3139aaaa
3401aaaa

1734bbbb
2238bbbb

Dry treatment
Short
T a l l ......

3521aaa
.. 3746aaa

1668aaa
2181aaa

2758aaa
3056aaa

*Values possessing the same letters are not significantly different at the
0.05 level of probability according to the Student-Newman-Kuels' Multiple-Range
Test. Single, double, triple, and quadruple letters are used to interpret
analyses of each of the table components. Each grouping of letters is restricted
to use in ■an interpretation of that specific part of the table.
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the dry treatment, the highest IVDMD yields were obtained
from medium maturity, short cultivars in the low plant
population harvested at 50% bloom and from late maturing,
tall cultivars at the low plant population harvested when
grain was mature (Table 36).
IVDMD yields from plants harvested at 50% bloom
in the dry treatment plots were greater than those from
plants in the wet treatment plots at the same growth
stage at both plant spacings; however, the stover IVDMD
yield of plants, in the wet treatment plots, harvested
when grain was mature, averaged 22.6% more than that from
plants in the dry treatment plots (Table 37).

A moderate

water-stress during the vegetative stage increased IVDMD
yield and IVDMD percentage at 50% bloom.

Similar dry

matter yields of forage were produced when plants were
harvested at 50% bloom in both irrigation treatments
(Table 8) .

CHAPTER 5
SUMMARY AND CONCLUSIONS
The influence of irrigation treatment, cultivar,
and plant spacing on grain sorghum yield, stover produc
tion, and nutritional value was studied at the University
of Arizona Marana Branch Experimental Farm in 1976.

Two

identically designed split-split-plot areas were used.
One plot area (wet treatment) received a normal amount of
irrigation water (56.0 cm/ha) for Marana, Arizona condi
tions.

The other plot area (dry treatment) received a

single irrigation (30.5 cm/ha) following planting.

Plant

spacing varied from 16.4 to 32.8 plants/m in rows spaced
1.02 m apart.

The subplots were planted using six commer

cial combine-type grain sorghum cultivars which represented
early, medium, and late maturities with both short and tall
types represented.
1976.
cm.

Stands were established on July 1,

Total rainfall during the growing season was 11.09
Measurements were made during the growing season to

determine grain yield, forage production, 300-grain weight,
grain volume-weight, plant height, and head exertion.
After harvest, IVDMD of sorghum stover was determined in
the laboratory.
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The results showed that water-stress in the dry
treatment plots reduced grain yield of plants an average
of 59.0% and stover yield of plants an average of 37.5%
but plant spacing differences did not significantly affect
yield of grain or stover in either irrigation treatment.
The later maturing, tall cultivars produced higher yields
of grain and stover than did the early, short cultivars,
when grown without serious moisture-stress before the
flowering stage.

The results from this study confirmed

Blum’s (1973) hypothesis which states that later maturing
cultivars, grown at high plant densities are very
susceptible to water-stress.

In the dry treatment plots,

the higher plant population combined with later maturing
cultivars resulted in decreased grain to stover ratios.
Moisture-stress in the dry treatment plots greatly
reduced 300rgrain weights for plants in both plant popula
tions (43.1%).

It also reduced the number of grains filled

in heads of later maturing cultivars at the closer spacing.
Density of seed from plants in the wet treatment plots was
greater than that of seed from plants in the dry treatment
plotsf at both plant spacings used.

Early maturing,

tall cultivars produced seed that were more dense than
did late maturing, tall cultivars.

This was true for

plants in both irrigation treatments.

Water-stress during

and after flowering appeared to be a major factor associ
ated with decreased seed density.
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Under non-water-stress conditions, plant height was
not significantly affected by plant spacing; however,
plants spaced a greater distance apart were significantly
taller than those at the closer spacing in the dry treat
ment plots.

Water-stress imposed on plants at the high

population in dry treatment plots greatly reduced plant
height.

The effect of high population on height of plants

was greater in dry than in wet treatment plots.

Head

exertion was suppressed more by water-stress associated
with high than with low plant population.

Higher plant

•density increased plant height in the wet treatment plots,
with most of this increase attributed to an increased
length of the lower internodes.
Moderate water-stress of sorghum plants until the
flowering stage of growth appeared to increase IVDMD per
centage; however, prolonged and severe water-stress of
plants after flowering reduced IVDMD percentage.

The

IVDMD for forage of tall-type cultivars was significantly
higher than that of short-type cultivars, in both irriga
tion treatments.

Data concerning IVDMD of sorghum stover

harvested when grain was mature suggest that it would be
suitable

to maintain pregnant beef cows or other ruminants

requiring a ration containing at least 50% total digestible
nutrients (National Academy of Science, 1970).
Waterr-stress associated with the highest plant
population and later maturing cultivars greatly reduced
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grain yield per cm of water (Table 40, Appendix A).
Stover yield per unit of water, using later maturing
cultivars, was greatly increased.
It can be concluded that use of later maturing
cultivars and a closer plant spacing, under prolonged
water-stress conditions, decreases water use efficiency
of sorghum grain production.

When water is not a limiting

factor, as in the wet treatment plots, the highest yields
of grain and stover will be obtained with higher seeding
rates and with later maturing, tall-type cultivars.

APPENDIX A
EFFICIENCY OF WATER USE AND STATISTICAL ANALYSES
OF DATA
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Table 40.

Estimated yield of sorghum grain and stover per ha-cm of water* at
Marana, Arizona in 1976.
•

•
Maturity
nf
cultivar

Height
of
UJ.
cultivar

Name
of
cultivar

Early

Short
Tall

Pion.894
NK233

Medium

Short
Tall

CQ69A
NK266

Late

Short
Tall

NK278
DK-BR64

Mean ...

Grain yield
(kg/ha-cm of water)

Stover yield
(kg/ha-cm of water).

Within row spacing
(plants/m)

Within row spacing
(plants/m)

. 16 .4

32 .8

16 .4

32.8

Irrigation
. ^treatment

Irrigation
treatment

Irrigation
treatment

Irrigation
treatment

Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry

67.8
76.9
74.7
82.4

75.9
76.7

72.7
82.9

75.4
82.6

57.9
76.2

62.5
87.1

70.6
91.6

83.3
82.9

78.0
89.7

69.0
69.0

64.2
84.5

61.9
78.9
78.2
86.1

72.1
89.9

81.7
92.0

83.9
79.4
77.5

78.4
87.2

86.7
85.3

64.0
68.0

80.7 . 82.,.6.

7.1.3

82.5 95.8
94.9 122.3
76.7 87.2

80.1 100.7
96.5 119.5
81.4 92.7

*The first irrigation filled the soil to field capacity to a depth of
1,83 m. These data assume that plants in the dry treatment plots had used all
available moisture to 1,83 m at harvest time.*
**The amount of irrigation applied is shown in Table 1.
fall during the growing season was 11.09 cm (Table 2).

The total rain-

Table 41.

Irrigation
treatment

Observed F values of yield and other agronomic data for sorghum plants
in the wet and dry treatment plots of the field study at Marana,
Arizona in 1976.

Variable
source

Forage yield
----- :--------50%
Gram
bloom
mature
stage
stage

Grain
yield

Wet

Plant spacing3 7.80
Maturity*3
62.93**
M x p
0.30
Height0
8.25*
H x P
0.52
4.86*
H x M
0,05
H x P x M

Dry

Plant spacing
Maturity
M x P
Height
H x P
H x M
H x P x M

3,97
0.14
1.45
1,24
0,01
0.40
0.28

Grain
to
stover
ratio

300grain
weight

Grain
volumeweight

Height

Head
exer
tion .

40.70**
8.99**
0.74
9.92**
4.13
19,49**
2.15

3.82
13.36**
0,83
128.68**
0.64
1.62
0.67

0,00
3.98*
0.56
21.42**
0.01
0.20
0.39

4.46
13.71**
0.99
0.00
1.01
99.10**
0.06

49.74**
6.31
9.67** 222.33**
5.33*
0.86
186.05** 182933**
0.35
8.05*
113.91** 19.66**
6.07**
0.10

61.83**
20.44**
1.09
98.48**
0.38
10.42**
3.06

26.39**
45.02**
1,86
7,53**
0,48
14.50**
1.52

0.91
12.77**
0.25
69.42**
0,01
3.99*
0.81

46.53**
19.64**
0.36
12.40**
0,15
1.21
0.17

0.44
1.11
1.22
1.13
2,59
10.19**
2.12

16.53*
1.09
47.15** 37.43**
4.17*
1.38
53.58** 101100**
0.03
0.00
2.52
14.62**
0.01
6.85**

11.54*
66.49**
1.49
91.95**'
0.63
1.56
0.49

3P = Plant spacing.
= Maturity of cultivars,
CH = Height of cultivars.
♦Values are significant at the 5% level.
♦♦Values are significant at the 1% level
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Table 42.

Observed F values of percentage of in vitro dry
matter digestibility (XVDMD) and IVDMD yields
' of forage from sorghum plants in the wet and
dry treatment plots of the field study at
Marana, Arizona in 1976.

Observed F value
IVDMD percentage
Irrigation
treatment

Irrigation
treatment

Variable source

Wet

Plant spacing3

1.07

0.03

15.25*
*

Maturity*3
M x P

3.56
0.57

3.09
1.34

21.66**
1.44

11.40*
26.32**
0.50

Height0
H x P
H. x M
K x P x M

12.88**
1.61
0,94
3.14

42.05**
0.58
0.37
3.86*

139.15**
1.99
21.42**
2.10

55.12**
0.07
14.53**
2.29

1.61
1.70
4.45*
8.53**
0.25
0.02
1.00
0.33

198.57**
0.12
5.41**
16.11**
0.96
0.00
2.75
0. 88

10.24**
59.94**
7.59**
17.43**
0.29
2.95
8.44**
0.69

363.55**
39.88**
26.63**
3.24
0.29
0.11
4.52*
0.48

Growth stage at
harvest^
G x P
G x M
G x H
G x P x M
G x P x H
G x M x H
G. x P. x M x H

Dry

IVDMD yield

Wet

9P = Plant spacing.
^M = Maturity of cultivars.
CH = Height of cultivars.
= Growth stage at harvest,
*Values are significant at the 5% level.
**Values are significant at the 1% level.

Dry

APPENDIX B
PHOTOGRAPHS OF SELECTED GRAIN SORGHUM
CULTIVARS IN THE FIELD STUDY
Figure 1: Effects of irrigation treatment and
plant spacing on physiological maturity and on number and
size of heads produced by a medium maturing, tall cultivar
(NK 266)

(September 17, 1976).

There were 16.4 plants/m

in plots shown in Figure la and 32.8 plants/m in Figure lb.
Plants in both plots received the dry treatment.
1c and Id show plants in wet treatment plots.

Figures

In Figure

1c, thinning was to 16.4 and in Figure Id 32.8 plants/m.
Note drying of lower leaves of plants in dry treatment
plots.

Also observe that plants spaced further apart

(Figures la and 1c) have fewer but larger heads in both
irrigation treatments.

Plants at the greater spacing .

interval are more uniform in height than those spaced
more closely.
Figure 2: Effects of irrigation treatment and plant
spacing on head size and exertion of a late maturing,
'short cultivar (NK 278).

Note that head exertion was

much greater for plants in the wet treatment plots in
photo at top.

Also, observe that head size is larger for

plants harvested in plots having the lower plant popula
tion.
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Figure 3;

Effects of irrigation treatment and

plant spacing on seed development of a late maturing, tall
cultivar (DK-BR 64).

Note that seeds in heads from the dry

treatment plot with 16.4 plants/m are smaller than those
from a wet treatment plot at the same plant density.
Seeds from the dry treatment were especially small at the
base of the head.
very tight.

Also, glumes enclosing these seeds were

Glumes on the head at left were much lighter

in color than glumes on the head at right.
Figure 4:

Effects of cultivar, irrigation treat

ment, and plant spacing on seed size.

Note that name of

cultivar, irrigation treatment, and plant spacing are
indicated on the photo.

Seeds from plants receiving the

wet treatment are larger than those from plants receiving
the dry treatment.

This difference in seed size was

greater for the late and smaller for the early maturing
cultivars. .Plant spacing did not significantly affect
seed size.
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(a) Dry treatment (16.4 plants/m)

(b) Dry treatment (32.8 plants/m)
Figure 1.

Effects of irrigation treatment and plant
spacing on physiological maturity and on
number and size of heads produced by a
medium maturing, tall cultivar (NK 266)
(September 17, 1976).
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(c) Wet treatment (16.4 plants/m)

Figure 1.--Continued
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16.4
32.8
Within row spacing (plants/m)
Wet treatment

16.4
32.8
Within row spacing (plants/m)
Dry treatment
Figure 2.

Effects of irrigation treatment and plant
spacing on head size and exertion of a late
maturing, short cultivar (NK 278).
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Figure 3,

Effects of irrigation treatment and plant spacing
on seed development of a late maturing, tall
cultivar (DK-BR 64).
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Effects of cultivar, irrigation treatment, and
plant spacing on seed size.
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