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ABSTRACT

Two hybrid grain sorghums, Asgrow Topaz and Colt,
were grown at three populations (64,583, 129,167 and
387,501 plants/ha) in two dates of planting simulating local
full season and late planted double cropping practices.

Increased plant populations produced: significant
increases in grain yield, number of heads, main head dry
matter and peduncle length; no effect on seed weight, and
test weight; and significant decreases in main plant leaf,
stem and total plant dry matter, head length and main plant
leaf area.

The later date of planting produced: a significant
increase in grain test weight; no effect on number of heads
per hectare, main plant head dry matter and head length and
significant decreases in grain yield, seed weight, main
plant leaf, stem and total dry matter, main plant height to
upper leaf collar, peduncle length and total plant height,

days to 50% bloom and main plant leaf area.

xiv



CHAPTER 1
INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) has achieved
importance as a well-adapted crop of the arid and semi-arid
tropics, wheére water, temperatures and nutrients constantly
limit yield. Sorghum is grown for total plant production in
most areas of the world. 1In the United States it is grown
primarily for grain only, but for both grain and forage in
many developing countries. It is also a staple food for
millions of people of the semi-arid tropics.

The world area of sorghum currently exceeds 50
million hectares; it has been increased by only 0.33%,
i.e., 170,000 ha per annum over the period of 1961 to 1979
(Ryan and Oppen, 1984). In recent years, 1its economical
benefit has been considerably extended by the development of
high-yielding hybrids and new varieties.

The high-yielding hybrids are more specific in
their agronomic production requirements than traditional
varieties. Use of the optimum plant population for a
particular environment, and the proper sowing date of

the crop, will produce higher yields, when the growth
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requirements such as water, nutrients, and light are not
limiting.

The objective of this study was‘to evaluate the
effect of three plant populations and two planting dates,
on the agronomic performance of two grain sorghum hybrids.
The two planting dates used were full season (May planting)
and mid-season double crop (July planting) which are typical
of local farmer field crop rotational practices. Asgrow
'Topaz', a medium maturing grain sorghum hybrid, and Asgrow
'Colt', a medium-late maturing hybrid were the sorghum
genotypes selected to be evaluated under the three popula-
tions and two dates of planting. The research was conducted
on the University of Arizona Marana Agricultural Center at

Marana, Arizona in 1984.



CHAPTER 2

LITERATURE REVIEW

Effect of Planting Date on Hybrid Sorghum
Early planting as compared to late planting in-

creased sorghum grain yield (Blum, 1972). He attributed
this to increased tillering, number of panicles per unit
land area, and increased weight per grain. Very early
maturing sorghum and maize hybrids appeared to be satisfac-
tory for grain when planted in June (Camper, Geﬁter, and
Loope 1982). Mirhadl and Kobayashi (1981) stated that an
optimum planting date resulted in an increase in plant
height, panicle length, number of leaves per plant and
number of grains per panicle, all of which are associated
with increased grain yield. They also stated that postpone-
ment of planting from 1 May to 1 June and 15 June causes a
decrease in number of grains per panicle. Pauli, Stickler
and Lawless (1964) reported that date of planting greatly
influenced time of half-bloom and of'physiological maturity
because of lower temperatures in late summer and early fall.

In a study of planting date associated with day and
night temperatures, Downes (1972) reported that grain

production and maximum dry matter accumulation on primary

%
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stems wére greater at 27/229C. Yield, however, had been
drastically lowered at 33/280°cC.

Planting date 1is a determinihg factor of production
for all crops. Examples of research dealing with the effect
of planting date on cereal and oil crops are presented
here. Nelson et al. (1977) reported that on no-till, early
planted (after small grain or forage) corn and grain sorghum
produced higher yields than when planted late. Broadhead
(1972) observed that sweet sorghum plant forage yields from
April 1ist planting were significantly lower than from May
1st plantings, and stages of sorghum plant seed maturities

had no effect on total plant forage yields.

A study by Ezueh (1982) indicated that time of
planting is a major determinant of damage by stem borer to
maize in the field. An appropriate planting date for wheat
reduces the damage of Hessian fly, a major pest of wheat.
Pal (1973) reported high yield of pearl-millet (Pennisetum
typhoides Burm.f.) planted during the first week of July,
whereas delaying the planting date to the first fortnight of
August caused a reduction of 82.7 kg/day/ha in grain yield.

Unger (1980), in his study on sunflower (Helianthus
annuus. L), observed no significant difference in yield with

plantings from late March to mid-June, but yields decreased
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with planting after 21 June. Also seed o0ll percent de-
creased with plantings after about 29 May.

Abel (1976) revealed that yields for safflower
(Carthamus tinctorius L.) were higher in the crop planted on
15 December than that on 15 February. The same author
observed an oil percent reduction of 3% due to the effects
of late planting. Greater seed yields of meadowfoam
(Limnanthes alba. Benth.) were obtained with an early
planting of 21 September to mid-October, than mid-October to

the first week of November (Johnson et al. 1980).

Effect of Row Spacing and Plant Population
On_Sorghum Yield

Porter, Jensen and Sletten (1960) observed that

sorghum populations produced from higher planting rates were
not proportional to the sum of the seed planted, in contrast
to populations from the lowest planting rate. The similarity
between lower plant populations at the wider row spacings
-and disproportion of plant populations to seeding rates were
about the same. Thickly planted wider row spacings have a
potential function of plant competition for moisture and
quick spread of seedling diseases. 1In studies conducted by
Grimes and Musick (1960), the interaction of row width with
plant populations of 56,000, 112,000 and 224,000 plants per
acre was not significant. They alsc indicated that grain

yield may not be seriously affected because of the variation
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in plant population. However, a population of 100,000
plants per acre under excellent moisture condition produced
maximum or near maximum vields in all years of the tests.
Robinson et al. (1964) found that two of the components of
vield: panicles per acre and seeds per panicle tended
to increase with narrower row spacings; whereas the third
component, seed weight, tended to decrease. Because of
increased population, lodging and decreased seed weight
occurred. Bond, Army and Lehman (1964) concluded their
investigations by emphasizing that higher grain ylelds were
produced at lower moisture levels with 40-inch rows than
with 20-inch rows. Twenty inch rows, however, produced
greater yields at the higher moisture levels, and increased
soll moisture at sowing time helped a great deal in decreas-
ing plant lodging.

Stickler and Wearden (1965) proposed a similar
concept that grain yield from 20-inch rows had a 10%
advantage over 40-inch rows and this yield superiority of
narrow row was mainly due to increased tillering. According
to Mann (1965) there were no significant yield differences

between 21-inch and 42-inch row spacings. However, 21-inch

‘row spacings showed superiority over 42-inch rows in

increasing crop competition with weeds as well as decreasing

the hazard of wind erosion.
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Stickler and Younis (1966) in a study of plant
spacings observed that grains from 40-inch wide sorghum rows
were slightly heavier than those from 20-inch rows (27.84
vs. 27.12 gr per 1000 seeds). Furthermore, with increased
stand density seed weight decreased. The low stand density
gave more seeds per head and greater seed weight relative
to plants grown at higher stand densities. Atkins, Reich
and Kern (1968) observed that the mean of two short-stature
grain sorghum hybrids grown in four different within-row
plant populations showed an average of 11% higher grain
vield for 30-inch over 40-inch row spacings. No appreciable
variation was detected on days to mid-bloom, plant height,
or 100-seed weight due to row spacings and within-row plant

population differences. A decrease in heads per plant and

seeds per head at each row width was observed as the:

within-row populations increased from four through eight
plants per 30.5 cm. A similar study on plant spacings was
conducted by Blum (1970) in which he found that the grain
vield of the late maturing hybrid sorghum was highest when

planted under a low plant density, and that of an early

maturing sorghum hybrid was best under a high plant

density. The advantage of the early maturing hybrid sorghum
at the highest plant density was its capability to possess
larger grains in spite of increased interplant competition

for water.
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Chetty and Reddy (1979) reported that sorghum grain
- yields grown in a wet season were not affected by changes in
distribution of plants within the row as long as plant
population and row width were maintained at their optimum
levels of 150,000 plants per ha and 45 cm, respectively.

Thomas et al. (1980) grew two sorghum hybrids at
three row spacings of 0.36m, 0.71m and 1.07m and plant
densities of 3.7, 8.6, 13.6 and 18.5 plants m~2, Tpeir
results did not show a consistent effect of row spacing or
population density on grain yield. But densities of 8.6 and
13.6 m~2 were equally optimum over the range of yield levels
and row spacings involved.

Brathwaite (1982) reported that increased plant
density of beans (Vigna unguiculata.L), resulted in seeds of
good quality and high yield. The weight and number of
pods per plant decreased as plant density increased.
Similar work has been conducted on soybeans (Glycine
max. (L) Merr) by Boerma and Ashly (1982). They found that
the 51 cm row spacings yielded 17% (278 kg/ha) more seed

than that of 91 cm row spacings.

Sorghum Grain Yield Components
A study was conducted by Stickler and Wearden (1965)

on the effects of row spacing and plant populations on
sorghum grain yield components from which they concluded

that higher sorghum grain yields were due to increased

o2
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tillering, heads per unit land area, seeds per head and seed
welght. Stickler and Pauli (1961) found that tillers
contributed, on various planting dates, 3 to 67% of the
total grain yield among genotypes of grain sorghum. 1In
a similar study by Downes (1968) sorghum grown at 320C had
an average of either 3.2 or 2.5 elongated tillers per plant
at 12 or 16 hr. photoperiods respectively.

These yield compcnents were reported on for other
crops. Grafius (1956) reported that among over 40 varieties
of oats (Avena sativa L.) the number of panicles per unit
area and size of panicle influenced yield, but that the size
of the produced seed had no affect. Among varieties, the
variation in kernel weight was very small and therefore, it
was not a major factor in grain yield variations. Darwinkel
(1978) found that winter cereal main shoots had higher grain
vyield than tillers. The number of tillers, however, and
their grain yields were very high, particularly at low
seeding rates.

Dry Matter Components as Affected by
Cultural Practices

Grain sorghum maximum dry weight accumulation
occurred at 45 days after pollination with 23% moisture in
1958 and at 33 days at 30% moisture in 1959 (Kersting,

Stickler and Pauli 1961).
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Pearce, Brown and Blaser (1965) repofted that in
orchardgrass (Dactylis glomerta L.) more rapid dry matter
and leaf area accumulation were observed in July than
in September. Martin and Wedin (1974). observed that dry
matter yield of forage and grain yield can be affected by
plant populations and row-spacings. They also observed that
when grain sorghum stover harvest was delayed 15 days past
grain harvest (25% moisture), maximum stover dry matter
accumulation was obtained.

Lawn (1982) observed that in four grain legumes
Soybean (Glycine max), Black gram (Vigna mungo), Green gram
(V. radiata) and Cowpea (V. unguiculata) dry matter accumu-
lation was primarily a function of water use. Seed yvield
and water use efficiency for seed yield, however, depended
on the seasonal pattern of water use.

Chamberlin and Wilson (1982) examining dry welght
changes in sorghum, found that after anthesis total dry
weight formation was more than enough to preserve grain
growth.

Francis et al. (1978) reported that timing and
intensity of competition highly affected grain and total
dry matter production in maize. Competition among plants
starts as early as 6 weeks after planting. Stoffer and Van
Riper (1963) observed that dry matter formation was greater

with higher soil temperatures and soil moisture levels.
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Fischer and Wilson (1975) reported that in sorghum

total dry matter yield per unit land surface was greater for
the high population and least for the low population, and
leaf area growth was more rapid at high plant density,
because of more seedlings and not because of any differece

in relative leaf growth rate.

Sorghum Agronomic Characteristics
- Hedge et al. (1976) found that sorghum grain weight

per panicle was increased as row spacing increased and
panicles per plant -decreased. As plant population in-
creased, yield per panicle and panicles per plant decreased.

Krishnamurthy et alv(1974), in their studies on
three sorghum germplasms, observed that the most representa-
tive leaf, for leaf area determination, was found to be the
largest one. Bruns and Horrocks (1984), studying the
relationships of grain yield components of main culms and
lateral tillers of grain sorghum, found that number of
kernels produced by and weight of grains from main culm
panicles decreased as number of tillers allowed to develop
increased by 15 and 9%, respectively.

Liang, Overley and Casady (1969), in their studies
on the agronomic characteristics in grain sorghum, found
that grain yield was highly correlated with head weight,

kernel number and half-bloom date.
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The range of days to 50% bloom among cultivars

during dry and wet seasons were 49 to 66 and 61 to 93,
respectively, (Cabangbang, 1977). This means that maturity
was delayed by about 13 to 17 days during the wet season due
to longer days. In a study conducted by Voigt (1969), the
higher temperatures of mid-summer months was reported to
be the essential factor for increasing the physiological
activity of grain sorghum resulting in earlier bloom dates.
He also reported that grain dry matter accumulation was
essentially complete by about 20 to 30 days after blooming.
Decreased grain vield, shorter plant height, less head
exsertion and lower grain test weight was observed in late
July plantings compared to earlier plantings in the Marana

area.
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CHAPTER 3

MATERIALS AND METHODS

Plant Materials

This study was conducted at the University of
Arizona's Marana Agricultural Center during the summer of
1984. The University of Arizona's Marana Agriculture Center
is located near the town of Marana about 30 km northwest of
Tucson, Arizona.

Two hybrid grain sorghum (Sorghum bicolor
(L.) Moench) genotypes, one of medium maturity and the other
of medium-late maturity, were selected. These were chosen
as representative genotypes of the sorghum species to be
tested and evaluated for their phenotypic response to three
different plant populations within two dates of planting.
They were also selected for their superior grain yield in
1982 and 1983 tests under both full season and double crop
growing conditions (Bimpolo and Voigt, 1983; Bimpolo,
1984). These two hybrids are the medium-late maturing
Asgrow 'Colt' genotype and the medium maturing Asgrow

'Topaz' genotype.

13
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Study Site Description
The soil of the experimental area (Field B-2) is a

Pima clay loam of the family fine s;lty, mixed, thermic, and

classified as a Typic Torrifluvent. The Pima series is an

Entisol that formed in recent alluvial deposits in the flood
plains of the Santa Cruz River. Slopes are 0 to 1 percent.
The soil consists of a well-drained profile with a moderate-
ly slow permeability (USDA, 1972).

The Marana area has an arid to semi-arid climate,
receiving less than 300 mm of precipitation in most years
Sellers and Hill (ed.) (1964). Table 1 shows the mean
monthly maximum and minimum temperatures during the months

of the field trials.

Table 1. Average maximum and minimum monthly temperatures
(C) during the sorghum field study at Marana,
Arizona, 1984.

Month Maximum Minimum
May 38.4 17.17
June 38.4 20.1
July 38.9 23.1
August 39.2 21.8
September 38.2 19.17
October 31.1 11.9
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Experiment Layout
The experimental design was a split plot with four
blocks and six treatments for the two varieties at their
three plant populations. The two sorghum hybrid genotypes
were grown under full season and double crop production
conditions. The full season planting was made in moisture
on 22 May 1984 to simulate local farmers' full season
production practices.
The double crop planting was made in moisture on
10 July 1984. The July planting was made to simulate a
local practice of planting grain sorghum after harvest of
barley or wheat in June for a double crop for the year on
the same land area. Both grain sorghum test materials were
grown at three population levels within both dates of
planting. A plant spacing in 1.02 m rows of 15.24, 7.62 and
2.54 cm between plants provided populations of 1) 64,583, 2)
129,167, and 3) 387,501 plants per hectare, respectively.
The experimental area was divided into four blocks
(replications), each block was divided into six plots,
allowing for the three population treatments of both sorghum
varieties. Each plot was four rows wide (4.08 m) and 6.096
m long with a 0.61 m alley between plot ends (Fig. 1). As
mentioned earlier, only the two center rows in each plot
were evaluated and harvested for research data. The

additional plot border rows on either side were to provide
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proper environmental border protection for the two central
rows. The plots were over-planted and then all the rows were
hand~thinned when the plants were § to 8 cm high. Thinning
was done to obtain 2, 4 and 12 plants per 30.5 cm of row
representing the three plant populations 1, 2 and 3,
respectively.

The plot area for the second planting date (16 July)
was located 20.4 m (20 rows) away from the first plot area.

These 20 rows were sown with sorghum.

Field Practices

Fertilizer was applied during seed bed preparation
at the rate of 448 kg/ha of 16-20-0 (N-P-K). This supplied
about 72 kg of N and 90 kg of P per hectare. No additional
fertilizer was applied during the growing season.

Weed control was obtained through the post emergence
application of Atrazine at the application rate of 1.68
kg. of active ingredient per hectare. Stickler and Anderson
(1964) reported that weed control obtained by early
post-emergence application of Atrazine enhanced grain yield
production of sorghum. Some mechanical weeding was accom-
plished by rotary hoeing of the sides of the furrows at
early stages of growth. This rotary hoe treatment was

primarily to make sure the furrows were open for irrigation
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and to throw soil around the base of the young sorghum
plants so that the brace roots could root down and reduce
later plant lodging.

Well-water irrigation was applied and controlled by
the use of furrows and siphon tubes from a concrete lined
ditch. Moisture for plant growth and production'came from
irrigation and rainfall for both planting dates. Table 2
shows dates and amounts of irrigation water and

precipitation received during the experiment period.

Table 2. Amount of irrigation water and precipitation
actually received by the sorghum field study at
Marana, Arizona, 1984.

Months Irrigaton Rainfall Total
mm mm mm

May planting 1016.00 251.21 1267.21

July planting 914.40 235.97 1150.37

Data Collection and Analysis
Data were collected in the field on the growth and
development of the two sorghum hybrids for all treatments
for the purpose of evaluating plant characteristics such
as: days to 50 percent bloom (50% of the head in anthesis),

height of the plant to the upper leaf collar, head exser-
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tion, head length, head count at harvest, percent bird
damage of grain at harvest, mature main plant evaluation for
leaf area, leaf dry matter, stem dry matter and head dry
matter.

The two center plot rows were harvested ﬁith a
Massey Ferguson 35 combine. The harvesting date for the 22
May planting was 1 November, and for the 10 July planting
was 8 November 1984. Grain from each plot was weighed
at harvest, and a sample saved in a plastic bag for further
evaluation. The grain samples were later evaluated for
grain volume-weight and weight per 1000 seed.

Number of days to 50% bloom was obtained for each
plot by recording the date on which half of the total
florets in the plot had bloomed or when the average plant
per plot was half bloomed down the head. The number of days
from the day after planting through the 50% bloom date
became the days to 50% bloom.

Height to the upper leaf collar was obtained by
measuring this height on an average plant in each plot. The
amount of head exsertion was measured from the flag leaf
to the base of the panicle and recorded as an average
measurement among plants in the plot. The length of
the panicle was an average of a number of typical plant

heads in each plot. A total plant height to the top of the
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head was then obtained by adding all three measurements of
height to the upper leaf collar, peduncle elongation, and
panicle length.

All heads were counted~1n each two-row plot just
before harvest for comparison with original plant popula-
tions and for a measure of degree of tillering between
varieties and among treatments.

Birds, such as English sparrows and white wing dove,
caused damage to the grain yield. Since bird damage varied
between entries and among treatments, it was necessary to
adjust grain yield for this damage. Estimates were made just
prior to harvest as to the percent of grain eaten from each
plot and then the harvested yield was adjusted upward to
compensate for this loss.

Two typical main plants were selected from a border
row from each plot at full bloom for evaluation of leaf
area, leaf dry matter, stem dry matter and head dry matter.
The above ground parts of two main plants (without tillers)
were cut and put in a plastic bag to prevent drying during
transport to the laboratory. In the laboratory, all leaves
were numbered from the flag leaf downward, removed from the
stem at the leaf collar, measured for leaf area using a leaf
area meter (LI-3100, LI-COR, Inc. Lincoln, Nebraska, USA).
The leaves and stem were cut into pieces and put in the oven

at 709C to dry for dry matter determination.
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Grain samples were obtained from all plots to
determine grain volume-weight. These grain samples were
cleaned of straw and broken kernels prior to being evaluated
for grain volume-weight. Random samples of seed of 1000
seeds each weré counted out from the cleaned grain
sub-samples and weighed as relative measures of seed weight.
Means, analyses of variances and Pearson correlation
coefficients were used to evaluate .,the differences, or
relationships between the various parameters. All data such
as grain yieid, vield components, dry matter components, and
the agronomic characteristics were statistically analysed
and tested using the Statistical Package of Social Sciences
(SPSS) in a Cyber-175 computer HP 41-CV at the University of

Arizona Computer Center.




CHAPTER 4
RESULTS AND DISCUSSION

The agronomic responses of two typical grain sorghum
hybrids (Topaz and Colt) as represented by grain yield, and
other various agronomic characteristics were studied in

three plant populations under two planting dates.

Grain Yield

Average grain yields (Mg ha—1l) for the sorghum
hybrids Topaz and Colt, and the least significant difference
tests (LSD) are given in Table 3. The mean grain yvield
(Table 3) of Topaz was significantly higher in the May
planting than the July planting by 20.2 and 19.7% in
populations i and 2, but was not significantly different at
the high plant population. This indicates Topaz is better
suited to lower populations in a May (early) planting.
The grain yield of Colt was significantly higher in the May
planting in populations 2 and 3 by 43.8 and 29.5%,
respectively. This indicates that Colt performs better at
higher populations in early (May) plantings than in later
{July) plantings.

In comparing the grain yield production of Topaz and
Colt on the basis of planting dates, Topaz hybrid in the May

22
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Table 3. Average grain yield of Topaz and Colt sorghum
hybrids grown at three plant population levels in
two dates of planting. Marana, Arizona, 1984.

Planting Plant population ha-1l
Hybrid date

64,583 129,167 387,501

Grain yields Mg ha-1

Topaz 22 May 70663+ 71923 62023
10 July 5878b 6006b 63932
Colt 22 May 5002a 64482 65842
10 July 50673 4481b 5084b

*values followed by the same letter between dates of
planting within hybrids within populations are not
significantly different at the 0.05 level of probability.

planting gave significantly higher yields than Colt by 41.2

and 11.5%, respectively in populations 1 and 2, but a lower

vield by -5.8% in population 3. 1In the July planting grain

vields of Topaz were higher than Colt in populations 1, 2

and 3 by 16.0, 34.0 and 25.7%, respectively.

The analysis of variance for grain yield is pre-
sented in Table 4. The data for the single factor effect of
hybrid, date of planting, and plant population were all
highly significant. This indicates the large effect that
each of these three factors has on the grain yield across
the other factors. The three-way interaction of population
X hybrid x date of planting was highly significant as well

as the two-way interactions of hybrid x population and date



Table 4. Analysis of variance for grain yield (Mg ha-l) for two grain sorghum
hybrids grown at three population levels in two dates of planting.

Marana, Arizona, 1984.

F
Source of Variation daf Mean Square Observed
Sorghum hybrid (Hybrid) 1 12,282,645.02 66.60%*%
Error 1 3 184,416.35 -
Date of planting (Date) 1 10,390,893.52 201.20%%*
Hybrid x Date 1 496,743.52 9.62%
Error 2 3 51,645.08 -
Plant population 2 470,284.64 5.67**
Hybrid x Population 2 992,995.02 11.98%**
Date x Population 2 1,258,521.64 15.18%**
Population x Hybrid x Date 2 2,268,535.02 27.37%*%*
Within + Residualt 24 82,870.00 -

+ The three-way interaction was tested against a pooled error
* Significant at .05 level
** Signiicant at .01 level

(within + residual).

144
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X population. The interaction of hybrid x date was signifi-~
cant at the .05 level. These interactions indicate that
the grain yield response of the two hybrids was not similar
over the two dates of planting and three plant populations
(Table 3). These dissimilar responses may illustrate
genetic differences in phenotypic responses to the environ-
mental effects of different plant competition among the
three populations and the temperature and day length effects
from different dates of planting.

These results suggest that for Topaz earlier
planting dates and lower plant populations in the range of
about 65,000 to 130,000 plants per hectare produce more
optimum yields. Higher plant populations may be required
for Colt for more optimum grain yield. It was observed that
plots planted at the first and second population levels
produced more tillers (more heads) which, in turn, increased
grain vield. This observation agrees with that of Bium
(1970) who reported that sorghum plants at the highest
densities had a reduced number of panicles (tillers) per
plant, and at the lower plant densities had an increased
number of panicles (tillers) per plant.

The grain yield data were adjusted to compensate for
damages caused by birds. The amount of bird damage experi-
enced was estimated on a basis of percent of grain eaten

within each plot by date of harvest. Table 5 indicates that
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the greatest percentage of bird damage was on Colt in the
May planting. This damage of 38.0% in population 1, 51.0% in

population 2, and 61.5% in population 3 indicated uniformity

of damage among populations. Even though Colt bloomed 6

days later than Topaz, the damage was serious and it might
be related to plant height. This observation does not
fit with that of Voigt and Schmalzel (1984) who emphasized
that the earlier maturing (first blooming) varieties in a
test area are usually subjected to greatest bird damage.
Table 5. Estimated average (%) bird damage of two sorghum

hybrids grown at three plant population levels in
two dates of planting. Marana, Arizona, 1984.

Planting Plant population ha-1
Hybrid date

64,583 129,167 387,501

percent bird damage %

Topaz 22 May 4.50 3.25 9.00
10 July 1.25 2.50 14.00
Colt 22 May 38.00 51.00 61.50
10 July 3.756 4.00 4.25

Weight of 1000 Seed

Weight of 1000 seeds (seed size) was studied since
this characteristic is an important component of grain
yield. The average weights of 1000 seeds (g). of the two
hybrids, and their least significant difference tests (LSD)

are given in Table 6.
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The weight of 1000 seed of Topaz (Table 6) was
significantly higher in the May planting than in the July
planting for populations 1 and 2 with relative increases of
11.6 and 15.0% respectively. The weight of 1000 seed of
Colt (Table 6) was significantly ¢greater fof populations 2
and 3 by 11.5 and 11.7%, respectively in the May planting
than in the July planting.
Table 6. Average weights of 1000 seeds of Topaz and Colt

sorghum hybrids grown at three plant population
levels in two dates of planting. Marana, Arizona,

1984.
Planting Plant population ha=-1
Hybrid date '
64,583 129,167 387,501
Weight of 1000 seed g
Topaz 22 May 26.14a+ 25.90a 25,243
10 July 23.42b 22.51b 23.92a
Colt 22 May 23.54a 24.173 25.39a
10 July 22.882 21.66b 22.73b

*values followed by the same letter between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

The single factor effects of hybrid and date of
planting for weight of 1000 seed (Table 7) were highly
significant. Seed weight is a manifestation of seed size

which is a genetically controlled characteristic in sorghum.

Topaz sorghum hybrid apparently has significant genetically



Table 7. Analysis of variance for weight of 1000 seeds (g) for two grain
sorghum hybrids grown at three population levels in two dates of

planting. Marana, Arizona,

F
Source of Variation df Mean Square Observed
Sorghum hybrid (Hybrid) 1 15.23 36.26%*
Error 1 3 0.42 -
Date of planting (Date) 1 58.43 292.15%%
Hybrid x Date 1 0.86 4.30
Error 2 3 0.20 -
Plant population 2 2.32 3.05
Hybrid x Population 2 1.20 1.58
Date x Population 2 1.76 2.32
Population x Hybrid x Date 2 2.98 3.92%
Within + Residualt 24 0.76 -

+ The three-way interaction was tested against a pooled error (Within +

Residual).
* Significant at .05 level
** Significant at .01 level

8¢
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heavier seed weight than Colt. The later date §f planting
produced significantly lighter (smaller) seed than the
earlier planting date in bo?h hybrids across populations
(Table 7). This indicates a similar response of both
hybrids to the different growth environments of the two
planting dates (Table 6).

The population factor was non-significant (Table
7). All three two-way interactions were non-significant,
however, the .05 level of significance of the three-way
interaction indicated some variation in the response of the
two hybrids for weight of 1000 seed across planting dates
and populations (Table 6).

These results are not in total consistent agreement
with those of Miyata (1978), or of Thomas et al (1981) who
reported that the weight of 1000 seed responded to higher
plant population with a reduction in grain size. Fairey
{1983), concluded that sorghum grain weight was reduced as a
result of late planting as were the seed weights in this

test.

Grain Volume-Weight

The grain volume-weight (Table 8) for Topaz was
significantly higher in the July planting than in the May
planting with increases of 0.9, 2.0 and 2.6% in population
1, 2 and 3, respectively. The grain volume-weight for Colt

(Table 8) was also significantly higher in the July planting
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than the May planting by 3.4, 2.8 and 3.8% in populations 1,

2 and 3, respectively.

Table 8. Average grain volume-weight of Topaz and Colt
sorghum hybrids grown at three plant population
levels in two dates of planting. Marana, Arizona,
1984.

Planting Plant population ha>-1
Hybrid date
64,583 129,167 387,501

Grain volume-weight Kg m3

Topaz 22 May 775.60a+ 773.882 769.603
10 July 782.70b 790.12b 789.90b
Colt 22 May 751.002 751.902 746.523
10 July 776.40b 773.42b 774.85b

+values followed by the same letter between dates of
planting within hybrids within populations are not
significantly different at the 0.05 level of probability.

These results are not in general agreement with
those of Thomas, et al (1980) who reported that population
density and narrow spacing can cause grain test welght
reduction.

The single factor effect of hybrid and date of
planting for grain volume-weight (Table 9) were both highly
significant. While population was non-significant, the
differences for grain volume-weight should be and are
inverse of the weight of 1000 seed. Smaller seed weights

give smaller seeds which produce heavier volume-weights.
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Two of the two-way interactions, hybrid x population

and date x population, were non—significant while the hybrid
x date interaction showed significance at the .05 level.
The three-way interaction was non-significant indicating
similarity in response of both hybrids to dates of planting

and populations.

Number of Heads

The number of heads (Table 10) of Topaz shows an
increase as plant population increased, however, there were
no significant differences between planting dates within
each plant population. Colt (Table 10) had a significant
increase in number of heads in the July planting in popula-
tion 3, but no difference in the other two plant
populations. '

The single factor of plant population was highly
significant for head numbers (Table 11). This would be
expected since head numbers reflect original plant counts
plus any tillers that develop. Increased plant populations
for both hybrids produced greater numbers of heads, but
these greater total head numbers were not directly pro-
portional to the increased populations. The average total
number of heads per plant for populations 1, 2 and 3 were 3,
2.1 and 1.4 respectively. These counts indicate an average

tiller per plant production for populations 1, 2 and 3 of 2,
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Table 9. Analysis of variance for grain volume-weight (Kg m3) for two grain
sorghum hybrids grown at three population levels in two dates of

planting. Marana, Arizona, 1984.

] F
Source of Variation df Mean Square Observed
Sorghum hybrid (Hybrid) 1 3,866.43 109.09%*
Error 1 3 35.44 -
Date of planting (Date) 1 4,712.40 221.66%*
Hybrid x Date 1 332.85 15.66%*
Error 2 3 21.26 -
Plant population 2 17.97 0.54
Hybrid x Population 2 18.82 0.57
Date x Population 2 67.59 2.05
Population x Hybrid x Date 2 47.13 1.43
Within + Residualt 24 32.90 -

+ The three-way interaction was tested against a pooled error (Within + Residual).

* Significant at .05 level
** Significant at .01 level

(4
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Table 10. Average number of heads of Topaz and Colt sorghum
hybrids grown at three plant population levels in
two dates of planting. Marana, Arizona, 1984.

Planting Plant Population ha-1
Bybrid date

64,583 129,167 387,501

Number of heads ha-1

Topaz 22 May 220,226+ 280,1023 558,973a
10 July 223,9183 272,3103 567,586
Colt 22 May 189,4692 271,080 508,1202
10 July 191,109 248,9342 581,119b

*Values followed by the same letter between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

1.1 and .4, respectively. Increased competition within the

higher populations suppressed tiller formation.

The single factor of hybrid was significant at the
.05 level across dates and population (Table 11). This
significance could have been caused by a genetic difference
for tiller production between the two hybrids.

The two-way interaction of date x population was
highly significant (Table 11). This indicates that head
numbers (tillers) for both hybrids were not produced
similarly across dates and populations. The three-way
interaction of plant population x hybrid x date of planting
was significant at the .05 level of probability (Table 11).

This indicates that the hybrids did not produce the number



Table 11. Analysis of variance for number of heads (ha~1l) for two grain sorghum
hybrids grown at three population levels in two dates of planting.
Marana, Arizona, 1984.

F
Source of Variation aft Mean Sqgquare Observed
Sorghum hybrid (Hybrid) 1 5,921,540,000.00 14.36*
Error 1 3 412,230,428.72 -
Date of planting (Date) 1 1,083,210,000.00 3.88
Hybrid x Date 1 767,408,114.08 2.74
Error 2 3 279,172,344.47 -
Plant population 2 §50,625,000,000.00 1168.04%**
Hybrid x Population 2 280,757,904.94 0.60
Date x Population 2 3,250,930,000.00 6.89%%
Population x Hybrid x Date 2 1,794,210,000.00 3.80*
Within + Residualt 24 471,408,601.44 -

+ The three-way interaction was tested against a pooled error (Within +
Residual)

* Significant at .05 level

** Significant at .01 level

ve
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of heads (tillers) in a similar manner over the two dates of
planting and three plant populations (Table 10).

The greater total number of heads for the higher
plant populations consisted of shorter (smaller) heads that
produced less seed per head. The gain in seed numbers
through greater head numbers by increased populations was
not consistently offset by loss in seed numbers through
smaller heads by increased populations. This variability in
net seed number gain or loss between hybrids and among plant
populations will influence the variability of final grain

vields between hybrids and between plant populations.

Total Plant Dry Matter

Total plant dry matter in this experiment is the sum
of the dry matter of leaf, stem and head of a main plant at
date of 50% bloom (just prior to seed formation). Total
plant dry matter per main plant of the two hybrids shows
progressive decreases proportional to plant populations
(Table 12).

.Topaz plant dry matter per main plant was statisti-
cally higher in the May planting than in the July planting
in population 3 but not with populations 1 or 2.

Colt (Table 12) also produced more plant dry matter
in the May planting than in the July planting at all three

plant population levels. The increases of 57.7, 78.4 and
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40.0% in populations 1, 2 and 3, respectively were all

significant.

In comparing the total plant dry matter production

per main plant of the two hybrids, Colt showed superiority

over Topaz with relative increases obtained in the May

planting by 35.6, 38.9 and 10.2% for populations 1 to 3,

respectively. Also, in the July planting Colt had a higher

plant dry matter production than Topaz by 4.6 and 16.4% in

populations 1 and 3, and less by -3.3% in population 2.

This shows that increasing plant populations resulted in a

decrease in total main plant dry matter of Soth hybrids in

the two planting dates.

Table 12, Average total plant dry matter per main plant
for Topaz and Colt sorghum hybrids grown at
three plant population levels in two dates of
planting. Marana, Arizona, 1984.

Planting Plant population ha-1

Hybrid date

64,583 129,167 387,501
Total plant dry matter g/main plant

Topaz 22 May 78.68a+ 65.80a 40,.38a
10 July 64.693 53.02a 27.30b

Colt 22 May 106.75a 91.444 44.52a
10 July 67.68b 51.26b 31.80b

*values followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.
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The single factor effect of planting date and plant
population on total plant dry matter were highly significant
(Table 13). Sorghum, when planted late produces smaller
plants with decreased grain yields. The increased competi-
tion of higher plant populations causes individual plants to
be smaller and with fewef tillers. The single factor of
hybrid was significant at the .05 level indicating some
genetic difference in plant size between the two hydrids
over planting date and population.

The only two-way interaction that was significant
was date x population which was highly significant. This
indicated that the two hybrids did not vary equally in main
plant dry matter across dates of planting and plant popula-
tions. The three-way interaction of plant population x
hybrid x planting date (Table 13) was significant at the .05
level of probability indicating some statistical variabili-
ty in the hybrid response for main plant size over dates of
planting and plant populations.

Tables 14 and 15 present the mean dry matter plant
production per main plant for Topaz and Colt respectively
for both planting dates and all three plant population
levels. The percent of each plant component (leaf, stem and

head) of the total plant are also presented.




Table 13. Analysis of variance for total plant dry matter (9/main plant) for
two grain sorghum hybrids grown at three population levels in two dates
of planting. Marana, Arizona, 1984.

F
Source of Variation df ‘Mean Square Observed
Sorghum hybrid (Hybrid) 1 1,347.179 16.00*
Error 1 : 3 84.24 -
Date of planting (Date) 1 5,791.07 28.10**
Hybrid x Date 1 906.28 4.40
Error 2 3 206.05 -
Plant population 2 7,863.65 165.02%*
Hybrid x Population 2 130.96 2.74
Date x Population 2 246.88 5.18**
Population x Hybrid x Date 2 237.21 4.98*
Within + Residual+t 24 47.65 -
+

* Significant at .05 level
** Significant at .01 level

The three-way interaction was tested against a pooled error (Within + Residual)-

8¢
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Table 14. Mean data for leaf, stem and head dry matter of an average ma
plant for Topaz sorghum hybrid grown at three plant population
levels in two dates of planting. Marana, Arizona, 1984.

Planting Plant Dry Plant population ha-1
Date Matter
64,5683 129,167 387,501

22 May g (%) g (%) g (%) (x%)
Leaf dry matter 25.28 (32.1) 21.42 (32.6) 11.82 (29.3) (31.3)
Stem dry matter 38.78 {49.3) 33.84 (51.4) 22.38 (55.4) (52.0)
Head dry matter 14.62 (18.6) 10.65 (16.0) 6.18 (15.3) (16.6)

Total plant dry matter 78.68 (100%) 65.81 (100%) 40.38 (100%)

10 July g (%) g (%) g (%) (x%)
Leaf dry matter 21.00 (32.85) 16.82 (31.7) 8.46 (30.9) (31.7)
Stem dry matter 28.91 (44.6) 24.50 (46.2) 14.32 (52.5) (47.8)
Head dry matter 14.78 (22.9) 11.71 (22.1) 4.52 (16.6) (20.8)

Total plant dry matter 64.69 (100%) 63.03 (100%) 27.30 (100%)

6€




Table 15. Mean data for leaf,

stem and head dry matter of an average main

plant for Colt sorghum hybrid grown at three plant population
levels in two dates of planting.

Marana,

Arizona,

1984.

Planting Plant Dry Plant population ha-1
Date Matter
64,583 129,167 387,501

22 May ] (%) g (%) g (%) {x%)
Leaf dry matter 30.84 (28.8) 26.27 (28.7) 13.32 (30.0) (29.2)
Stem dry matter 58.68 (55.0) 50.92 (865.7) 24.84 (55.8) (55.5)
Head dry matter 17.25 (16.2) 14.25 (15.6) 6.36 (14.2) (15.3)

Total plant dry matter 106.717 (100%) 91.44 (100%) 44.52 (100%)

10 July g (%) g (%) g (%) (xx)
Leaf dry matter 18.76 (27.17) 14.26 (27.8) 8.48 (26.8) (27.4)
Stem dry matter 35.68 (52.7) 27.05 (562.8) 17.82 (56.0) (53.8)
Head dry matter 13.24 (19.6) 9,99 (19.4) 5.52 (17.4) (18.8)

Total plant dry matter 67.68 (100%) 51.26 (100%) 31.82 (100%)

ov
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Leaf Dry Matter

Topaz had significantly more leaf dry matter in the
May planting than in the July planting at population levels
2 and 3 with no statistical difference at the lowest plant
population (Table 16). The relative increases were 27.3% in
population 2 and 39.7% in population 3. Colt produced
significantly higher leaf dry matter in the May planting

than in the July planting in all three populations.
The percentage increases for Colt for the May over July
planting date were 64.4, 84.2 and 57.2% for populations 1,

2 and 3, respectively.

Table 16. Average leaf dry matter per main plant for Topaz
and Colt sorghum hybrids grown at three plant
population levels in two dates of planting.
Marana, Arizona, 1984.

Planting Plant population ha-~1l
Hybrid date
64,583 129,167 387,501

Leaf dry matter g/main plant

Topaz 22 May 25.28at 21.423 11.822
10 July 21.00a 16.82b 8.46b
Colt 22 May 30.842 26.27a 13.32a
10 July 18.76b 14.26b 8.47b

*vValues followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.
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The single factor effect of date of planting on main
plant leaf dry matter was highly significant (Table 17).
The different growth environment of second date of planting
caused both hybrids to have less leaf area than the first
date of planting (Table 34). Less leaf area automatically
produced less leaf dry matter (Table 16).

The single factor effect of plant population on~main
plant leaf dry matter was highly significant (Table 17).
The increased planf competition within the higher popula-
tions caused smaller individual plants with corresponding
smaller plant components (Table 16).

The two-way interaction of date x population was
significant at the .05 level of probabllity (Table 17).
This indicates that the leaf dry matter of the two hybrids
did not change the same across planting date and plant

population.

Stem Dry Matter

The relative dry matter production rates of stem
dry matter for both hybrids at two dates of planting at all
three population levels were similar to those for total dry
matter and leaf dry matter production.

A significant increase of stem dry matter for Topaz
was observed in the May planting over that of the July
planting for all plant populations (Table 18). The relative

increases were 34.1, 38.1, and 56.2% in population 1, 2



Table 17. Analysis of variance for leaf dry matter (g/main plant) for two grain
sorghum hybrids grown at three plant population levels in two dates of
planting. Marana, Arizona, 1984.

F
Source of Variation daf Mean Square Observed
Sorghum hybrid (Hybrid) i 17.05 2.70
Error 1 3 6.30 -
Date of planting (Date) 1 565.33 47.90%*%*
Hybrid x Date 1 93.16 7.89
Error 2 3 11.80 -
Plant population 2 756.25 165.84**
Hybrid x Population 2 .82 .18
Date x Population 2 22.80 4.99%
Population x Hybrid x Date 2 12.50 2.74
Within + Residualt 24 4.56 -

+ The three-way interaction was tested against a pooled error (Within + Residual).
* Significant at .05 level.
** Significant at .01 level,

(334
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and 3, respectively. Colt (Table 18) also displavyed
significant increases of stem dry matter in the May planting
over the July planting with relative values of 64.4, 88.2,
and 39.4% in populations 1, 2 and 3, respectively.

The three single factor effects of hybrid, date of
planting and plant population oﬂ main plant stem dry matter
were all highly significant at the .01 level of probability
(Table 19). The two hybrids differed from each other for
stem dry matter at the same dates and populations (Table
i8). Each hybrid differed among population and between
hybrids (Table 18) but at variable rates of change. Higher
Table 18. Average stem dry matter per main plant for Topaz

and Colt sorghum hybrids grown at three plant

population levels in two dates of planting.
Marana, Arizona, 1984.

Planting Plant population ha-1l
Hybrid date

64,583 129,167 387,501

Stem dry matter g/main plant

Topaz 22 May 38.78a+ 33.842 22.382
10 July 28.91b 24.50b 14.32b
Colt 22 May 58.682a 50.92a © 24.843
10 July 35.68b 27.05b 17.82b

*values followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.
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populations caused lower main stem dry matter due to higher
plant competition that caused smaller plants. The later
planting date caused shorter (Table 22) and smaller plants
(Table 14 and 15).

The two-way interaction of hybrid x population was
highly significant for stem dry matter (Table 19) indicating
a difference in rate of stem dry matter production by the
two hybrids among populations. The two-way interaction of
date x population was highly significant for stem dry matter
(Table 19) indicating a difference in change of stem dry
matter between dates and among populations (Table 18),

The three-way interaction of population x hybrid x
date for main stem dry matter was significant at the .05
level of probability (Table 19) indicating some differences
in amount of change in stem dry matter between hybrids,
between dates and among populations (Tahle 18).

As a result of the later planting date, total stem
dry matter decreased. This result is in agreement with that
of Mirhadi and Kobayashi, (1981) who reported a decrease in
the stem and leaf dry matter per plant of sorghum when

planting was postponed from 1 May to 15 June and 1 July.

Head Dry Matter

Mean head dry matter (g/main plant) of heads at date
of 50% bloom (prior to grain formation) and their least

significant difference tests (LSD) are given in Table 20.



Table 19. Analysis of variance for stem dry matter (g/main plant) for two grain
sorghum hybrids grown at three population levels in two dates of
planting. Marana, Arizona, 1984.

F

Source of Variation df Mean Square Observed
Sorghum hybrid (Hybrid) 1 910.36 29.74%%
Error 1 3 30.61 -
Date of planting (Date) 1 2,194.56 35.69*%*
Hybrid x Date 1 236.56 ~ 3.84
Error 2 3 61.48 -
Plant population 2 1,790.56 119.53%*
Hybrid x Population 2 110.94 7.40%%
Date x Population 2 107.61 7.18%*
Population x Hybrid x Date 2 74.14 4.94%
Within + Residualt 24 14.98 -

+ The three-way interaction was tested against a pooled error (Within + Residual).
* Significant at .05 level .
** Significant at .01 level

9v
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Head dry matter of Topaz was not affected by planting date
within each population. Thé head dry matter of both Topaz
and Colt showed a strong tendency for decrease as the plant
populations increased (Table 20 and 21).

The Colt hybrid (Table 20) had significantly more
head dry matter in May than in the July planting only in
population 2. 3, respectively.

There was no statistically significant difference
between hybrids for head dry matter (Tables 20 and 21). The
single factor of plant population was the only factor

affecting head dry matter in a statistically significant

Table 20. Average head dry matter per main plant for Topaz
and Colt sorghum hybrids grown at three plant
population levels in two dates of planting.
Marana, Arizona, 1984.

Planting Plant population ha-1
Hybrid date

64,583 129,167 387,501

Head dry matter g/main plant

Topaz 22 May 14.62at 10.55a 6.18a
10 July 14.78a 11.7123 4.52a
Colt 22 May 17.252 14.252 6.36a
10 July 13.242 9.95b 5.52a

*values followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.
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manner. Population was highly significant for its effect on
head dry matter (Table 21). Heads decreased in size in the
higher populatioqs due to the increased competition of more
plants which caused smaller plants.

The three-way interaction of population x hybrid x
date had a small statistical mean sguares value but was
still highly significant at the .01 level of probability for
its influence on head dry matter (Table 21). This indicates
that head dry matter was not reacting similarly for both
hybrids over two dates and three populations. There was a
general but non-significant trend for less head dry matter
in the later date of planting (Table 21).

The lower head dry matter production that accom-
panies later seasonal dates of planting is very much like
the lower July planting date dry matter production for total
plant, leaf, and stem compared to the May planting date. The
entire plant structure of stem, leaves and head without seed
in g/main plant decreased with the later planting date.
There is little possibility of increased grain yield of
later dates of planting over earlier dates of planting with
totally less entire plant structure material to produce and
support it.

Some of this loss of plant structure with later
planting dates can be made up with increased seeding rates

(populations), also the differences between Topaz and Colt

-
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Table 21. Analysis of variance for head dry matter (g/main plant) for two grain
sorghum hybrids grown at three population levels in two dates of
planting. Marana, Arizona, 1984.

F
Source of Variation df -Mean Square Observed
Sorghum hybrid (Hybrid) 1 5.86 2.16
Error 1 3 2,71 -
Date of planting (Date) 1 30.12 2.68
Hybrid x Date 1 25.84 2.30
Error 2 3 11.20 -
Plant population 2 356,86 180,23*%*
Hybrid x Population 2 .22 .11
Date x Population 2 .46 .23
Population x Hybrid x Date 2 10.98 - 5.54%%
Within + Residualt 24 1.98 -

+ The three-way interaction was tested against a pooled error (Within + Residual).
** Significant at .01 level

6% .
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indicate that higher grain yield in genotypes can be
selected that produce greater amounts of plant support

structure per population level and per dates of planting.

Total Plant Height
Total plant height is composed of height to the

upper leaf collar, peduncle exsertion between the upper leaf
collar and the base of the head, and head length. The mean
total plant heights of both hybrids (Topaz and Colt) in
three populations in two dates of planting are presented
with least significant differences tests (LSD) in Table 22.

Topaz and Colt both showed significantly greater
total plant height for the May planting date in all three
populations. The Topaz hybrid was significantly taller 1in
May than in July by 11.6, 19.6 and 8.8% in populations 1, 2
and 3, respectively. Total plant height for Colt in the May
planting was significantly greater by 21.2, 14.5 and 7.4% in
.populations 1, 2 and 3, respectively.

There was no significant difference between hybrids
for total plant height (Table 23) as evidence by the very
similar heights for both hybrids at the same date of
planting and population level (Table 22). This indicates
that the two hybrids are geneticall§ quite similar for total
height. There were highly significant differences in plant
height between planting dates and among populations (Table

23). These differences are evident in Table 22. Plant
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Table 22. Average total plant height /for Topaz and Colt
sorghum hybrids grown at three plant population
levels in two dates of planting. Marana,
Arizona, 1984. y

P

-

Planting '::/’/f/;I;;; opulation ha-1
Hybrid date ////

64,583 129,167 387,501

Total plant height m

Topaz 22 May 1,343+ 1.46a 1.482
10 July 1.20b 1.22b 1.36b
Colt 22 May 1.37a 1.422 1.442
10 July 1.13b 1.24b 1.34b

*values followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

heights increased significantly with increased populations

as expected with additional plant competition (Table 22).

Plant heights decreased significantly in the later date of

planting as expected from a shorter growing period with

fewer days to 50% bloom.

The two-way interaction of date x population was
highly significant indicating a difference in the amount of
height change between dates and among populations for the
two hybrids.

The three-way interaction was low and significant
only at the .05 level of probability. This interaction
probably reflects primarily the interaction of date =x

population where the two hybrids responded at different



Table 23. Analysis of variance for total plant height (m) for two grain sorghum
hybrids grown at three population levels in two dates of planting

Marana, Arizona, 1984.

F
Source of Variation af Mean Square Observed
Sorghum hybrid (Hybrid) 1 52.08 2.74
Error 1 3 18.97 -
Date of planting (Date) 1 3,468.00 346.80%*
Hybrid x Date 1 1.33 .13
Error 2 3 10,00 -
Plant population 2 885.25 53.29**
Hybrid x Population 2 11,58 .70
Date x Population 2 102.25 6.16%%
Population x Hybrid x Date 2 63.58 3.82%
Within + Residualt 24 16.61 -

*+ The three-way interaction was tested against a pooled error (Within + Residual).

* Significant at .05 level
** Significant at .01 level

(4}
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ratés of change (Table 22). The height of the plants
obtained were within the range that do not cause mechanical
harvesting problems. This observation agrees with Casady
(1965) who reported that, height of the plant is essential
when grain harvesting 1s done by combine. Hadley, Freeman
and Javier (1965) observed that taller sorghum plants of
similar genotypes produced higher grain yields.

Tables 24 and 25 present the mean data for head
length, peduncle length and plant height to the upper leaf
collar for Topaz and Colt, respectively, for both planting
dates and all three population levels. The percent of each
plant height component of the total heights are also

presented.

Head Length
The average head length (cm) of both hybrids and the

least significant difference tests (LSD) are given in Table
26. All comparisons of head length between dates of
planting within hybrids within populations were non-signifi-
cant.

The single factor of plant population had a highly
significant influence on head length (Table 27). This
influence caused a decrease in head lengths from low to high
pcpulations within dates of planting and within hybrids.

This decrease in head length is as expected from the smaller




Table 24. Mean data for head length, peduncle length and plant height to the
upper leaf collar for Topaz sorghum hybrid grown at three plant
population levels and two dates of planting. Marana, Arizona,
1984.

Planting Plant Plant population ha-1

Date Height

64,583 139.161 387,501

22 May cm X cm % cm ] x%
Head length 26.0 (19.4) 24.5 (16.7) 23.0 (15.4) (17.2)
Peduncle length 4.8 (3.6) 9.8 (6.7) 14.8 (10.0) (6.8)
Plant height to 103.0 (77.0) 112.0 (76.6) 111.0 (74.6) (76.0)
Upper leaf collar

Total plant height 133.8 (100%) 146.3 (100%) 148.8 (100%)

10 July cm % cm 5 cm % x%
Head length 25.0 (20.8) 25.8 (21.1) 24.0 (17.5) (19.8)
Peduncle length 2.0 (1.7) 7.3 (6.0) 15.3 - (11.1) (6.3)
Plant height to 93.0 (77.5}) 89.0 (72.9) 98.0 (71.4) (73.9)
Upper leaf collar

Total plant height ~ 120.0 (100%) 122.1 (100%) 137.3 (100%)

14°]



Table 25. Mean data for head length, peduncle length and plant height to the
upper leaf collar for Colt sorghum hybrid grown at three plant
population levels and two dates of planting. Marana, Arizona,

1984.

Planting Plant Plant population ha-1

Date Height

64,583 129,167 387,501

22 May cm X cm X cm % =%
Head length 27.0 (19.7) 25.8 (18.0) 23.5 (16.3) (18.0)
Peduncle length 2.0 (1.5) 5.8 (4.0) 11.0 (7.6) (4.4)
Plant height to 108.0 (78.8) 111.0 (78.0) 110.0 (76.1) (77.6)
upper leaf collar

Total plant height 137.0 (100%) 142.6 (100%) 144.5 {100%)

10 July cm % cm 4 chm ] =%

' Head length 26.6 (23.5) 26.2 (21.0) 23.8 (17.8) (20.8)

Peduncle length 2.5 (2.2) 4.5 (3.6) A 13.8 {10.3) (6.4)
Plant height to 84.0 (74.3) 94.0 (25.4) 96.0 {721.9) (73.8)

upper leaf collar

Total plant height 113.0 (100%) 124.7 (100%) 133.6 {100%)

SS
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Table 26. Average head length of Topaz and Colt sorghum
hybrids grown at three plant population levels
in two dates of planting. Marana, Arizona, 1984.

Planting Plant population ha—-1
Hybrid date

64,583 129,167 387,501

Head Length cm

Topaz 22 May 26.0at 24.53 23,04
10 July 25.0a 25.8a 24.02
Colt 22 May 27.0a 25.82 '~ 23,52
10 July 26.5a 26.2a 23.8a

*tvalues followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

plants that resulted from the greater competition within the
higher populations.

It could be concluded that head length was
influenced more by different plant populations pressures

than by differences between planting dates.

Peduncle Length

Mean peduncle lengths (cm) for Topaz and Colt, and
least significant difference tests (LSD) are presented in
Table 28, Peduncles for Topaz were significantly longer in
the May planting than in the July planting by 140.0% in
population 1. Differences were not significant between May

and July in populations 2 and 3. The peduncle length for




Table 27. Analysis of variance for head length (cm) for two grain sorghum hybrids
grown at three population levels in two dates of planting. Marana,
Arizona, 1984.

F
Source of Variation daf Mean Square Observed
Sorghum hybrid (Hybrid) 1 6.75 4.12
Error 1 3 1.64 -
Date of planting (Date) 1 0.75 ' 0.18
Hybrid x Date 1 0.33 0.08
Error 2 3 4.22 -
Plant population 2 29,02 29.02%*%*
Hybrid x Population 2 1.31 1.31
Date x Population 2 3.06 3.06
Population x Hybrid x Date 2 0.52 0.52
Within + Residualt 24 1.00 -

+ The three-way interaction was tested against a pooled error (Within + Residual).
** Significant at .01 level

LS
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Colt increased with increased plant populations with no
significant differences between dates of planting.

Peduncle elongation in sorghum is one of the major
morphological plant charécteristics most influenced by
variation in environmental stresses. The single factor of
plant population was highly significant for peduncle
elongation (Table 29). The peduncles of both hybrids
increased in 1length with increases in plant population
within both dates of planting (Table 28) due to the
increased plant competition stresses within the higher
populations.

The two-way interaction of hybrid x date was highly
significant (Table 29) indicating the unequal amounts of
peduncle increase for hybrids across dates (Table 28). This
could indicate some difference between h&brids for stress
response for peduncle elongatioh.

The two-way interaction of date x population was
significant at the .05 level of probability (Table 29). The
hybrids increased their peduncle lengths from low to high

population at unequal rate within dates (Table 28).

Plant Height to Upper Leaf Collar

The plant heights to the upper leaf collar were
significantly greater in the May planting than in the July
planting for both hybrids at all plant populations. The

greater heights of Topaz in the May planting over the July

e
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Table 28. Average peduncle length of Topaz and Colt sorghum
hybrids grown at three plant population levels in
two dates of planting. Marana, Arizona, 1984. .

Planting Plant population ha-1
Hybrid date

64,583 129,167 387,501

peduncle length cm

Topaz 22 May 4 .83t 9.82a 14.83
: 10 July 2.0b 7.2a 15.2a

Colt 22 May 2.0a 5.8 11.02
10 July 2.5a 4.54 13.82

+*values followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

planting were 11.9, 25.8 and 13.2% in populations 1, 2
and 3, respectively. For Colt the greater heights in the
May planting over the July planting were 28.6, 17.0 and
14.6% in population 1, 2 and 3, respectively.

The single factor effect of date of planting for
plant height to the upper leaf collar was highly significant
(Table 31). The differences in height to the upper leaf
collar are very evident between dates within hybrids and
populations (Table 30). The single factor effect of plant
population for height to the upper leaf collar was also
highly significant but the mean square value was less than
for date of planting (Téble 31). The heights to the upper

leaf collar across populations but within dates and hybrids



Table 29. Analysis of variance for peduncle length {(cm) for two grain sorghum
hybrids grown at three population levels in two dates of planting.
Marana, Arizona, 1984. '

v F
Source of Variation af Mean Square Observed
Sorghum hybrid (Hybrid) 1 67.68 6.83
Error 1 3 9.90 -
Date of planting (Date) 1 2.52 6.30
Hybrid x Date 1 15.18 37.95%%
Error 2 3 0.40 -
Plant population 2 484.08 150.33**
Hybrid x Population 2 5.25 1.63
Date x Population 2 13.58 4.22%
Population x Hybrid x Date 2 1.00 .31
Within + Residualt 24 3.22 -

+ The three-way intefaction was tested against a pooled error (Within + Residual).
* Significant at .05 level
** Significant at .01 level

09
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Table 30. Average plant height to upper leaf collar of
Topaz and Colt sorghum hybrids grown at three
plant population levels in two dates of
planting. Marana, Arizona, 1984.

" Planting Plant population ha-1
Hybrid date

64,583 129,167 387,501

plant height to upper leaf collar m

Topaz 22 May 1.03a+ - 1.122 1.112
10 July .92b .89b .98b
Colt 22 May 1.08a 1.10a 1.10a
10 July .84b .94b .96b

*values followed by the same letter between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

were not uniform in increases in height with increases in

population (Table 30). For example the height to the upper

leaf collar for Topaz in the May planting increased from

population 1 to 2 but decreased slightly in population 3

compared to population 2. Topaz also had a similar type of

variation in the July planting across populations.

The three-way interaction of plant population x
hybrid x date of planting (Table 31) was highly significant
at the 0.01 level of probability. The mean square value for
this three-way interaction was relatively small but reflect
the non-uniformity of height increases across populations

between dates and hybrids.



Table 31. Analysis of variance for plant height to upper leaf collar (m) for
two grain sorghum hybrids grown at three population levels in two

dates of planting. Marana, Arizona, 1984.

F

Source of Variation df Mean Square Observed
L

Sorghum hybrid (Hybrid) 1 2.52 0.10
Error 1 3 24.80 -
Date of planting (Date) 1 3,383.52 748.56%*
Hybrid x Date 1 20.02 4.42
Error 2 3 4.52 -
Plant population 2 176.64 10.98%*
Hybrid x Population 2 14.64 0.91
Date x Population 2 39.40 2.44
Population x Hybrid x Date 2 92.89 5.77%*
Within + Residualt 24 16.09 -

+ The three-way interaction was tested against a pooled error (Within + Residual).

** Significant at .01 level

29 .
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This highly significant three-way interaction for

height to the upper leaf collar probably contributed to the
significant three-~way interaction for total plant height
(Table 23). The other two characteristics of head length
and peduncle length which make up the rest of the total
height had no significant three-way interaction or signifi-
cance for date of planting (Table 27 and Table 29). The
high significance of the influence of date of planting on
height to the upper leaf collar apparently was the main

source of high significance for date for total plant height.

Days to 50% Bloom

The days to 50% bloom (Table 32) indicates that
Topaz (a medium maturing hybrid) and Colt (a medium-late
maturing hybrid) both took significantly more days to
flowering in the May planting (68 to 74 days), than the July
planting (56 to 58 days) over all three plant populations.
Colt showed a greater response to differences in planting
date relative to days to flowering (Table 32). The
difference between Topaz and Colt indicates that hybrids
genetically different for days to flowering are available
for planting at specific times with flowering to occur at

specified times.



64

Table 32. Average days to 50% bloom of Topaz and Colt
sorghum hybrids grown at three plant population
levels in two dates of planting. Marana,
Arizona, 1984.

Planting Plant population ha-l
Hybrid date

64,583 129,167 387,501

Days to 50% Bloom Days

Topaz 22 May 6sa+t+ 66a 66a
10 July 56b 54b 52b
Colt 22 May 743 73a 734
10 July sgb 56b 56b

*values followed by the same letter between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

The single factor effect of hybrid on days to 50%
bloom was highly significant. This indicates the basic
genetic difference between the two hybirds for days to 50%
bloom (Table 33). The single factor effect of aate of
planting on days to bloom was also highly significant (Table
33). This indicates the strong effect of the environmental
differences between dates of planting such as temperatures
({heat units), on the rate of plant growth and development of
the hybrids. The variation in amount of environmental
influence of date of planting between hybrids (Table 32)
resulted in a highly significant hybrid x date two-way

interaction (Table 33). The single factor effect of plant



Table 33. Analysis of variance for days to 50% bloom (days) for two grain sorghum
hybrids grown at three population levels in two dates of planting.
Marana, Arizona, 1984.

F
Source of Variation af Mean Sqguare Observed
Sorghum hybrid (Hybrid) 1 266.02 182.20%*%*
Error 1 3 1.46 -
Date of planting (Date) 1 2,479.68 19,074.46%%
Hybrid x Date 1 50.02 384.76%**
Error 2 3 0.13 -
Plant population 2 15.89 66.20%%
Hybrid x Population 2 3.52 14.66*%*
Date x Population 2 2.31 9.62%%
Population x Hybrid x Date 2 1.02 © 4,25%
Within + Residualt 24 0.24 -

+ The three-way interaction was tested against a pooled error (Within + Residual).
* Significant at .05 level
#* Significant at .01 level

S9
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population on days to 50% bloom of the hybrids was highly
significant (Table 33) indicating variability in days to
bloom among populations across hybrids and dates (Table
32). There was not a uniform response for date of bloom for
the hybrids across the three populations. The mean square
for this response was quite small relative to the other two
single factors.

The two-way interactions of hybrid x population and
date x population were both highly significant with fairly
low mean sguares. Neither hybrids nor dates had a uniform
reaction across populations. The three-way interaction of
population x hybrid x date of planting was significant at
the .05 level of probability reflecting the degree of
non-uniformity of response for date of bloom among these

three factors.

Main Plant Leaf Area

Mean leaf area (cm2/main plant) for Topaz and Colt,
and the least significant difference tests (LSD) are pre-
sented in Table 34. Topaz and Colt leaf areas were signifi-
cantly lower in the July planting within each plant popula-
tion. The greater leaf areas per main plant for Topaz in
the May planting over the July planting were 25.6, 35.8 and
37.4% in populations 1, 2 and 3, respectively. For Colt

the leaf area increases were 75.8, 88.4 and 72.0% of May

T e
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Table 34. Average leaf area of Topaz and colt sorghum
hybrids grown at three plant population levels
in two dates of planting. Marana, Arizona, 1984.

Planting . Plant population ha-1l
Hybrid date

64,583 129,167 387,501

Leaf area cm2/main plant

Topaz 22 May 4,695.64a+ 4 ,296.888 2,558.622
10 July 3,738.38P 3,163.38P 1,861.50P
Colt 22 May 4,810.602 4,268.223 2,537.00R
10 July 2,735.00b 2,265.88b 1,475.38P

+Values followed by the same letters between dates of
planting within hybrids within populations are not signifi-
cantly different at the 0.05 level of probability.

over the July planting in populations 1, 2 and 3, respec-
tively.

- The single factor effect of hybrid on main plant
leaf area was statistically significant at the .05 level of
probability (Table 35). This indicates that the two hybrids
differed in their main plant leaf area development between
dates of planting and across populations (Table 34). It is
well known that sorghum genotypes differ in leaf morphology
such as leaf length and width and leaf numbers.

The single factor effect of date of planting on main
plant leaf area of the hybrids was highly significant (Table
35). The different growth environment of the second date of
planting caused both hybrids to have less leaf area than the

first date of planting (Table 34). This response for less



Table 35. Analysis of variance for leaf area (cm2/main plant) for two grain
sorghum hybrids grown at three population levels in two dates of
planting. Marana, Arizona, 1984.

F
Source of Variation das Mean Square Observed
Sorghum hybrid (Hybrid) 1 1,646,205.76 22.172%
Error 1 3 72,427.38 -
Date of planting (Date) 1 20,948,154.50 87.38**
Hybrid x Date 1 1,843,497.63 7.69
Error 2 3 239,722.00 -
Plant population 2 15,305,685.23 190.69%*
Hybrid x Population 2 83,531.34 1.04
Date x Population 2 588,390.70 7.33%*%*
Population x Hybrid x Date 2 147,484.83 1.84
Within + Residualt 24 80,261.14 -

+ The three-way interaction was tested against a pooled error (Within + Residual).
* Significant at .05 level
** Significant at .01 level

89
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leaf area from the later date of planting was the same as
for total plant height, height to the upper leaf collar,
peduncle elongation, total main plant dry matter and dry
matter for the main plant leaf, stem and head. A totally
smaller sorghum plant is developed from later dates of
planting with some genetic variation between hybrids in the
amount of decrease. The two-way interaction of hybrid x
date was nonsignificant indicating that both hybrids
responded similarly to date of planting across populations;
however, this response differed between hybrids (Table 34).

The single factor effect of plant population on main
plant leaf area was highly significant (Table 35). Leaf
areas decreased within increased populations for both
hybrids in both dates of planting (Table 34). This indi-
cates the influence of plant competition of the higher
populations on total plant size. The two-way interaction of
hybrid x population was nonsignificant indicating that the
two hybrids decreased their main plant leaf areas similarly
with increased populations across dates (Table 34).

The two-way interaction of date x population for
main plant leaf area was highly significant (Table 35).
This indicates that the leaf area of the two hybrids did not
change in a similar manner to both date and population

{Table 34).




CHAPTER 5

SUMMARY AND CONCLUSIONS

Two hybrid grain sorghums (Sorghum bicolor (L.)

Moench), Topaz of medium maturity and Colt of medium

late maturity, were evaluated for their responses to three
plant populations in two dates of planting. The full season
planting was made in moisture in 22 May, and the double crop
planting was made on 10 July to simulate a local practice of
planting grain sorghum after harvest of barley or wheat in
June.

Fertilizers were applied at the rate of 72 kg (N),
and 90 kg (P20s) per ha during seed bed preparation. Weed
control was obtained through the post emergence application
of Atrazine at the rate of 1.68 kg. of active ingredient per
hectare. The experimental plots were seeded heavily and all
rows were hand-thinned to obtain plant populations of 2,
4 and 12 plants per 30.5 cm (1 ft.). For the research data
only the two middle rows in each plot were evaluated and
harvested. Two typical main plants from border rows were
used to evaluate leaf, stem and head dry matter and leaf
area per main plant.

Research results suggested that for Topaz earlier
planting dates and lower plant populations in the range of

70



e

71
65,000 to 130,000 plants per hectare produce optimum
vields. Higher plant populations of nearly 390,000 plants
per hectare and earlier planting dates may Se required for
Colt to produce optimum grain yield. The diversity of grain
vield reaction of these two hybrids to plant population and
date of planting points out the probable necessity of
tailoring cultural practices to the genotypes being grown
or vice-versa.

The weight of 1000 seed of Topaz was significantly
higher in populations 1 and 2 while Colt's seed weight was
significantly higher in populations 2 and 3. Date of
planting had a significant effect on both hybrids with the
late date of planting generally significantly reducing the
seed weight (size). These seed size differences may have an
influence on quality due to unequal changes in chemical
composition associated with differing seed size. Variation
in plant population had no apparent effect on seed weight
{size) in this experiment.

A significant genetic difference was evident between
the two hybrids (Topaz and Colt) for grain volume-weight.
Different planting dates also produced significantly
different grain volume-weight with the later planting date
producing greater volume-weight (test weight). This is as
expected from the smaller seed sizes (weight per 1000 seed)

of the later planting date. Variation in plant populations
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did not produce any significant differences in grain
volume-weights.

Increased plant populations for both hybrids
produced significantly greater numbers of heads, but total
head numbers were not directly proportional to the increased
population. Average numbers of tillers per main plant for
populations 1, 2 and 3 were 2, 1.1 and .4, respectively.
The greater total number of heads in the higher plant
populations consisted of shorter (smaller) heads that
produced less seed per head. There was a significant genetic
difference for tillering between the two hybrids as
evidenced by the differences in numbers of heads
produced. Date of planting had no significant influence on
tillering (number of heads) between hybrids or among plant
populations.

Total main plant dry matter was determined as the
sum of the dry matter of leaf, stem and head of a typical
main plant without tillers. Total main plant dry matter per
main plant of both hybrids showed progressive decreases with
increases in plant populations. The later date of planting
produced a significant decrease in total plant dry matter
for Topaz at the higher population and for Colt at all three
population levels. There was a significant genetic differ-
ence between the two hybrids for total main plant dry matter

in response to date of planting and population.
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Dry métter of the leaf, stem and head make up the
total main plant dry matter. The hybrids differed signifi-
cantly only for stem dry matter and were similar for leaf
and head dry matter across dates and populations. Main
plant leaf, stem and head dry matter all decreased signifi-
cantly with increases in populations. Main plant leaf and
stem dry matter generally decreased in the later planting
date which had no significant effect on head dry matter.
Total plant height (height to the upper leaf collar,
peduncle length and head length) of both hybrids was greater
in the May planting than the July planting. Differences in
both dates of planting and plant populations had highly
significant effects on total plant height. Total plant
heights of both hybrids decreased in the later (July)
planting and increased with the increased plant competition
of the higher plant populations. There was no significant
difference between hybrids for total plant height under
different dates of planting or different plant populations.
Head length, peduncle length and height to the upper
leaf collar together make up the total plant height. All
three components of plant height increased significantly
with increases in plant populations. The late date of
planting caused highly significant decreases in height to
the upper leaf collar but had no influence on head or

peduncle lengths. The two hybrids used in this research did
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not differ significantly for head or peduncle length or
height to the uppér leaf collar across dates and
populations.

Both hybrids bloomed significantly earlier by a
range of 12 to 17 days under the higher growing temperatures
of the late (July) planting compared to the early (May)
planting. Each hybrid flowered 1 or 2 days earlier in high
plant populations. The two hybrids were genetically
different in maturity and, as expected, they were highly
significantly different under dates of planting and dif-
ferent plant populations.

Total leaf area per main plant without tillers
decreased significantly with increases in plant popula-
tions. The late (July) date of planting caused significant
decreases in total leaf area per main plant of both hy-
brids. There was a significant difference in leaf area
between the two hybrids across dates of planting and plant

populations.
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Abbreviations for preceding table.

#*
PD
HY
POP
BLK
BL
PLC
PL
HL
TPH
YLD
GTW
WG
LDM
SDM
HDM
TDM
NH
LA

nannabenRRREIRENRERNN

Number of cases

Planting date (22 May:; 10 July)
Hybrid (1 = Topaz; 2 = Colt)

Plant population (1 = Low, 2 = Med, 3 = High)
Block (4 Blocks)

Days to 50% bloom (Days)

Plant height to upper leaf collar (m)
Peduncle length (cm)

Head length (cm)

Total plant height (m)

Grain yield (Mg ha-1)

Grain volume-weight (Kg m3)

Weight of 1000 seed (g)

Leaf dry matter (g/main plant)

Stem dry matter (g/main plant)

Head dry matter (g/main plant).

Total plant dry matter (g/main plant)
Number of heads (ha-1)

Leaf area (cm2/main plant)
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PEARSON CORRELATION COEFFICIENTS OF THE AGRONOMIC

PARAMETERS FOR TOPAZ AND COLT SORGHUM HYBRIDS
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Table 37. Pearson correlation coefficients of the agronomic parameters for Topaz
sorghum hybrid planted 22 May and 10 July. Marana, Arizona, 1984.

Plant Oeye to  Plmt Pedncle fead  Total Orain  Omain  Welght  leaf Sten  aed Total Mmber (eef Ares

[ [ Neight  Langth Langth Plant Yield volume of 1000 oy vy Gry Ovy Plask of of muin
Jation Bloos to Upper Waight weight Seed fatter fatter futter datter dead Plant
- Leat
coller
~3 -3
Plamt populetion -
Oays to 808 bloom -.0083%° -
Plant height to upper
Jeat collar a3 - 031¢° -
ralaxcle length 0000%¢ - B488°* .GN0T°* -_—
Nead lmigth - M0°" 08 -.0818° ~.000%°° -
Tatal plant halght SI0T0% - T827°°  .8218°° . 8084°* -.0014° -~
Grain yleld ~. 04000 4800 -.1400 -.6134¢ 3408 -.3082 -
Grain volime-wmight -.0322¢ 0311 ~.1068 -.0334¢ 3084 -.2900 3308 -—
Sight of 1000 seed -.0018° L3008 ~.0819 ~.2908) L128* -.3022 2000 8187 —
Laat dry matter - 083"  _7247°° -.40M4 -. 73840 .41} -.0018° . T980°* .0308° 4288 -
Sten dry matter - 10680 _6I3° -~.2043 -.8000° 2690 -. 4882 JI360°° 3037 .60 .DOEIC —
Noal dry matter ~,0000°° ,6278°% -.4270  ~-.6728°° 3804  ~.0B43° .2392°% 4904 .08 . o0 . Be4T® -
Total dry matter - 04208%  gse** -.340 -.0683°° .3682 - 8608°%  7648°° 578 3007 .906A°° .9000°¢ ,904)°° —
Ruber of heads H2820% S 0800t .0108° 0878°% -, 0600°° -.G898°° - 7007°% ~.0804° - 4010° -.0631°° - T461°° -. M3 - KA -
Leal sres -.6TE4*"  _7008°° - 3072  -.2104°° .B364° -.8003°  .S204°F _5138° .482D .B871°° .BI51°% . .G081°° .0000°° - BIM°C —
Plant Deyo to  Plant fFeadmcle  Mead Tota) Jrain Graln  Shight  Laat [ Wend Total Nmber Leat Aren
Fopu- 0% Nelght Llangth Langth  Plant Yiald woluwe of 1000 oy Ory Ory Plaat Dry of of imin
latian Blaom w0 # Maight Weight Seed atter attar Wmttar Iatter Nead Plant
collar
ave)  {m)  (ae)  fox)  (al _ wgbat gafad  qm)  weit  a/mit  welt  e/mit  he'  aaVels
Plank gopulation -
Days to 008 bioos ~. 9083 -
Plant height 1o upper
Jeat collar 3262 -.3102 -
Pubacie length 40400 - 0027°* .06 -
Nsal lagth ~.3262 .3870 =088 -~ 3407 -
Total plant height L0004°¢ - 6H8°* ,T8IG°° . 7818*° -.8801° --
GOrain yleld S431% - 0128* -.0268 L0020 - 4843 3368 -—
arain volume-weight 2008 -. 2084 -2 2228 -.0008 -.0202 4783 -
Weight of 1000 sead 143 0887 .3223 .3208 -.4500 2418 4108 ~.3033 -
Lesl dry matter -.0832°% . 7882%° -.3740 ~.0204°° 3008 ~.8214%° - 813° - 293 -.3007 -
Stes dry satter ~. 9234 11910t - 4262 ~.0022°* .Je08 =.0362°¢ - .8706° -.3182 ~-.3432 .0604°° -
Neal &y astter ~.H00%%  _B108°* -.2929 ~. 423 4006 =.0384%° - GIPE° ~. 3338 -.2318 .PN08°* _.POM4**
Tota) dry matter ~.MI**  .T983°* -.40M -.9271%¢  ,3688 =.0304°% - §120° ~.3080 ~-.2018 .00G6°° .0040°* .ONE** -~
umber of heads .S180°¢ - 7002°% 4768 9I101°°  -.8943 811%* _GMSc* .2228 4108 ~.9033°° - 9382°¢ - SRI1°* - .0484°° -

Laat area ~.93371°°%  _7897°% -.2e42 -.0084%¢ 2078 =.0264°° _8014* -~ 2679 -.2131 .9918°° .B803°° .SA10°° .BIN** -. BN -
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Table 38.

Pearson correlation coefficients of the agronomic parameters for Colt
sorghum hybrid planted 22 May and 10 July. Marana, Arizona, 1984.

teaf  Stem  Mead Total Mmber Laaf Aven

Plant Daye to Plant Peduncle Head Total Grein Orain  Height
Popu- 808 Nejght Lagth Length flant Yiald Volume of 1000 Dy Ory Dry Plant vy of of ¥ein
lation Bloom to Upper Helght Sisight ssed Matter Matter Matter Matter fioad ®lant
Lest . :
collar '
(pove)  fw) () (cm)  im) mbe) pafed fo)  a/piv  a/plt  g/mlt g/plt  he') - oetrpit
Plant population -
Days to 808 bloom -.2168 -
Plant height to upper
leat collar 310 -. 8834 -—
Paduncle length .9833°¢ -~ 2293 -,0208 —_—
Wead Jength -.8377%¢ -~ OMS .1208 -.8271%¢ -
Total plant height 4810 -.7303°* .8970°°* .NW -.1600 _—
Orsin yleld .0814%® -,2822 4872 <1046°¢ - G019t 4047 —
Grain volume-seight -, 3108 <3079 -.0684 -.4684 1687 -.3082 ~.033%8 -—
Height of 1000 seed .7541%% ~,2130 1859 S876°% ~.7004°% . 3154 .G008°* 1022 —
Leat dry matter -. 9139 1977 ~,0800 -.0207°¢ . 7742°° ~.4118 -.G844°* 004D -~.0BM°* —
Stem dry satter -.0074°* .232% -.0043 ~-.9210%¢ . 7103°® - 4763 -.0I99° .9181° -~ QO7° .MM -
Mead dry matter -.9217%* 2028 ~.0249 -.0368°% _0008°¢ -, 3822 -.G008°® .0001°* M7
Total dry satter =917 .13 -~.0878 -.0299%¢  _7028°¢ ~.44812 -~.6107°" (848 ~.G476°° .P83'® .9N0I* P0ER°*
Musber of haade .9008°® -,1417 0143 .9328°% -.8317°¢ 4310 .7089°¢ -,3602 T004°° -, 90170 ~,0688°% -.9030°¢ - SEIND
Leaf area -.9188% 1720 ~.0218 ~.9171°%  ,7923%¢ -.3900 -.0838°% .3907 -~.7000°¢ .99G71°° .97I73'¢ .9010°° .9902°* - 96N°° -—
Plant Deye to Piant Peducle Mesd  Total Grain  Grain  Waight  (aaf - Stem  fead 7Otal tRaier Leef Ares
Pope- o0 Neight Lagth tegth Plant Yiald Voluwes of 3000 Ixy oy xy Dry of of main
lation Blom to lzx Naight aight esed atter Iutter Matter Matter Nead Plant
collar
APave) (el  fom)  (em)  fm} ] = 4
Plant poyulation -
Duys t0 A0S bloas -.7104%* -—
Flant height (o upper
leat cwllar .0T31°% - 8642%¢ -
Pedule lugth O900°° - B84  .GTTE
Moad Jangth -.0108°° 839  -.82°° -~.81)8°° -
Tota) plant hefght JSA90°® - GE9S°*  .S318°°  .9901°° -.7108°¢  —
Uraln yleld .ol 3040  -.3700 L2703 -85 .
Orain voluss-weight -.2168 .8562° -.2088 a8 -0 . . -— .
Saight of 1000 seed -.060) .4407  -.035¢ 3208 -.3437 . . S04 -
teaf dry satter ~.9310°°  ,6462°° -.7168°° ~.8203°° .8007%¢ -, . 2138 .0wss -
Stes dry Better -.9512°¢  ,B8672° -.186 800800 - . L1203 .0720  .weagct —
Hea) dry matter -.8M8*° 4420 L9210 - . 0830 022  .WOT2°* .98eec® -
Tutal dry matter ~.9482°%  B710° -.1839°% -.8598°° .ON45°C -, . 1308 0680 .9774°° .9858°°  .peeTe —
nuler of hoeds 8211°° - .€181° 014°°  .9536°° - 9124 . L3010 -.0310 .16¥4 -.8192°° ~.0710°° -.§382°° -. 9803 -
Laat ares -.924°°  _6019%° -.7067°° -.8378°°  .§I26°* - .BUNE°® -.2713 .3207 -.0168 .90Z4°* .B4IN°T  .BE4S°* .93ZE°° - OWY -~
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