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[NTRODUCTICN

Obtaining an adequate stand of grain sorghum is a problem, not
infrequent, to the producer of grain sorghum in Kansas. Any decision to
replant an established stand should be based on population, hybrid mat-
urity, date, climate and Tocation effects on yield. Determination of
these effects based on actual field studies alone is impractical. An
alternative is to use a physiological growth model to simulate these
effects. Such a model tested aginst actual data and improved by this use
will allow for the development of replant guidelines.

The objectives of this study are:

1) To study the effects of rate of planting, date of planting,
and hybrid maturity on the yield of grain sorghum.

2) To model these effects using the physiological growth
model SORGF.

3) To determine how closely the model response approximates
the actual response, and if the model might be used to develop
replant guidelines.

4) To determine areas for improvement in SORGF.

This study is the continuation of an ongoing date, rate and

hybrid maturity study.



LITERATURE REVIEW ¢

Population

Early studies in grain sorghum production have suggested optimum popula-
tion, to achieve greatest yields, requires knowledge of a variety's tillering
habit. Sieglinger (34) observed that high tillering varieties (milos, common
feterita, shallu, sunrise kafir) performed best when the within row spacing
was 15 to 76 cm. Low tillering varieties (spur feterita, kaoliangs, kafirs
other than sunrise) yielded greatest when the within row spacing was 15 to 30
cm. Karper (17) found milo yielded greatest at an intra-row spacing of 46 to
91 (4,800 pl/ha to 9,600 pl/ha) whereas kafir performed best at an intra-row
spacing of 8 to 23 cm (10,800 pi/ha to 23,300 pl/ha). Under these conditions,
yield expectation was low.

Recently research has shown that grain sorghum yields are often constant
over a range of populations. Population effects on yield are expressed in
terms of its components. Stickler and Wearden (40), Stickler and Younis (41),
Karchi and Rudich (16), Hedge et al. (14), observed intercompensation among the
yield components; number of heads per unit area (tillering), number of seeds
per head (panicle size), and seed weight.

Nelson (22), Grimes and Musick (13), and Robinson et al. (32} found that
under abundant moisture conditions there was 1ittle difference in yield when
populations ranged from 178,000 to 563,4G0 pl/ha, 138,000 to 553,500 pl/ha, and
193,600 to 775,000 seeds/ha, respectively. Gerakis and Tsangarakis (12), under
Tow yield expectation (370 to 405 kg/ha) and limited moisture supply, observed
no response to population at 80,000 to 200,000 pl/ha. Hedge et al. (14) noted
no consistant response from 75,000 to 396,000 pl/ha.

Other results show more variation. Painter and Leamer (24), Stickler and
Laude (36}, Welch, Burnett, and Eck (46), and Praeger (28) found at 61,500 to
107,600 p1/ha, 129,200 to 193,700 pl/ha, 24,700 to 148,300 pl/ha, and 74,000 to

98,000 pl/na respectively, the high populations gave more favorable yields.
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Stickler et al. (39), and 0lson (23), recorded no population respense, and a
high population response occurring with equal frequency.

Finally, yield advantage at low populations have been observed under
moisture 1imiting, and stress conditions. Brown and Shrader (8) noted that
as depth of initially moist soil changed from 213 cm to 91 cm optimum popu-
lation decreased from 296,500 pl/ha to 37,000 pl/ha. Under conditions of
stress, optimum populations were further decreased. Bond, Army, and Lehman
(7), and Atkins, Reich, and Kern (4), found low populations of 44,500 pl/ha,
and 69,600 pl/ha to 87,100 pl/ha, respectively, outyielded higher populations
when stress occurred. Karchi and Rudich (16) found higher yields from a Tow
population of 49,000 pl/ha when grain sorghum was grown on stored soil

moisture alone.

Date of Planting

The average number of frost free days in Kansas varies from 150 to 200
days (43). The range of potential planting dates span 60 to 80 days from
late April, earliy May to late June, early July.

Stickler and Pauli (38), Praeger (28), Jaiyesimi (15), and Bunck {9) in
studies at Manhattan, Kansas, observed optimum dates of planting to be 1 May
to 20 May; 10 May to 14 May; 3 May and 6 June (1977}, 27 April to 15 May (1978);
and 26 April to 29 May, respectively, indicating an early to medium date of
planting an advantage to yield.

In other locations in the state, Jaiyesimi (15) at Hutchinson observed
higher yields on the 20 April planting. Bunck (9) at Manhattan, St. John
{dryland), and Hutchinson reccrded optimum dates of 26 April to 9 June, 21
April, and 20 April, respectively.

Stickler and Pauli (37, 38), and Pauli, Stickler, and Lawless (25) found
that earlier dates of planting tended to lengthen the time from planting to

growing point differentiation, and from growing point differentiation to half



bloom but reduce the time from half bloom to physiologicai maturity. Average
temperature at heading above 26.7C was considered detrimental to grain produc-
tion. Also, reduction in yield components, over dates, were observed. As
planting was delayed, number of seeds per head (panicle size), number of heads
per unit area (tillering), and seed weight were all affected. The greatest
reduction occurring in number of seeds per head.

Conversely, Blum (6) observed, under conditions of Timited moisture, that
tate plantings increased the number of seeds per head. This he attributed to
reduced tillering and higher temperatures at growing point differentiation.

Early dates gave greater yields primarily as a result of tillering.

Maturity

Maturity is determined by the number of leaves, duration of growth, and
ultimate plant size (30). Quinby (29), and Quinby and Karper (30) observed
that duration of the vegetative period and plant size were positively correlat-
ed, Their results showed that medium and late maturities gave greater yields
under favorable growing conditions.

Blum (5) stated "yielding potential was in direct relaticnship to duration
of growth under non-competitive conditions, and in an inverse relationship
under extreme competition". Growing grain sorghum on stored soil moisture he
found early maturities had favorable yields.

Sticker and Paul (38) noted that early maturing hybrids had relatively
less depression in yield aver growing conditions when compared with late
maturity hybrids, although yield level was less. Dalton (10) applying regress-
jon analysis of yield on days to half bloom, computed that (under favorable
conditions) yield (kg/ha) = 227.44 + 77.06 kg/ha/days to bloom.

SORGF
SORGF, a dynamic grain sorghum growth model, as described by Maas and Arkin

(18), Arkin et al. {1) and Vanderlip and Arkin (45) was developed with the con-
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cept that, as a physiological grewth model, it could be used as an aid to making
management decisions in grain sorghum production. Early modeling, with SORGF,
by Vanderlip and Arkin (45) showed that the model provided "unbiased estimates
of growing point differentiation, half bloom, physiological maturity, grain
yield and harvest index". They also concluded that further work and refinement
of the model's partitioning aspects were needed.

Maas and Arkin (19) examined the sensitivity of SORGF to the input vari-
ables, temperature, insolation, percent extractable soil water, population,
row spacing, number of leaves, and maximum plant leaf area. The model was
found most sensitive to percent extractable soil water, temperature, and popu-
lation, while less sensitive to maximum plant leaf area, insolation, maximum
number of leaves and row spacing. Specifically, percent extractable soil water
had no effect on yield from emergence to growing point differentiation, after
which yield was not significantly affected until extractable soil water was
below 0.6. Yields were acutely affected below 0.3 extractable soil water.
Also, maximum model grain yields were obtained when seasonal temperatures were
10 percent cooler than normal.

In other studies, Arkin et al. (2) observed that the forecast accuracy of
SORGF improved as the growing season progressed. Stinson et al. (42), using
SORGF interfaced with a hydrologic model, studied the feasibility of ratoon
cropping in Texas. They concluded from modeled results that such a practice
would result in only a 25 percent probability of a ratoon crop of grain making
1500 kg/ha in any given year, and therefore ratoon cropping would not be eco-

nomical.



MATERIALS AND METHODS 6

The experimental design used at all locations, both years, was a modified
split-plot with dates as main plots stripped across hybrids and rates as sub-
plots. Treatments {hybrid by rate) were randomized within blocks, with three
replications per date. Dates were randomized but not replicated. Hybrids
used were Acco 1014, early maturity; Pioneer 8324, medium maturity; and DeKalb

F-67, late maturity. Specific location information follows.

1980

Manhattan

Rates: 74,100; 148,300; and 296,500 pl/ha

Dates: 7 May, 6 June, and 27 June

Fertilizer: 84 kg N/ha, 33.6 kg P/ha

Herbicide: 3.36 kg Ramrod/ha, 1.12 kg Atrazine/ha (A.I.)

Some treatments of the second date of planting were lost.
Hutchinson

Rates: 49,400; 98,800; and 197,700 pl/ha

Dates: 12 May, 5 Jdune, and 30 June

Fertilizer: None

Herbicide: 2.24 kg Ramrod/ha, 1.12 kg Atrazine/ha (A.IL.)
Due to extremely dry conditions and bird damage no data were
taken from the first date, and only partial data from the

second date.



1981
Parsons
Rates: 74,100; 148,300; and 296,500 pl/ha
Dates: 24 April, 5 June, and 6 July
Fertilizer: 140 kg N/ha as anhydrous ammonia, and
336 kg 6-24-24/ha
Herbicide: 3.36 kg Ramrod/ha and 1.12 kg Atrazine/ha (A.Il.)
The first date suffered 1ight bird damage, and stand
establishment was reduced on the second date of planting
due to crusting rains at emergence.
Powhattan

Rates: 74,100; 148,300; and 296,500 pl/ha

Dates: 1 May, 10 June, 26 June, and 7 July

Fertilizer: 112 kg N/ha as anhydrous ammonia

Herbicide: First date, 2.24 kg AAtrex 4L/ha, and to
achieve greater grass control, second, third,
and fourth dates were aiso sprayed with 3.35
kg Bexton/ha (A.I1.)

No data were taken on the early maturity from the first

date of planting due to extreme bird damage. Some plots

were also lost to chinch bugs in the third and fourth

dates.



Manhattan
Rates: 74,100; 148,300; and 296,500 pl/ha
Dates: &8 June, and 12 July
Fertilizer: 61.6 kg N/ha
Herbicide: 3.36 kg Ramrod/ha, 1.12 kg Atrazine/ha (A.I.)
Unusually wet conditions prevented a May planting.
No data were taken on this study.
St. John
Rates: 49,400; 98,800; and 197,700 pl/ha
Dates: 21 May, 16 June, and 8 July
Fertilizer: First date received only 112 kg 18-46-0/
ha, second and third dates also received a
sidedress of 44.8 kg N/ha as anhydrous ammonia.
Herbicide: 2.24 kg Igran/ha, and 0.56 kg Miloguard/ha (A.I.)
The first date of planting suffered Tight bird damage.
Minneola

Rates: 37,100; 74,100; and 148,300 pl/ha
Dates: 22 May, 18 June, and 9 July
Fertilizer: None

Herbicide: None

Plantings were made with a two row cone planter, Furadan granules, at
the rate of 1.12 kg/ha (A.I.) were applied with the seed at planting at al]
locations. Plots were six rows wide, 7.9 m long in 1980, and 7.6 m long in

1981. Row spacing was 76 cm.



Germination and establishment rate was considered 60% in 1980 and 75% in
1981. Planting rates were adjusted accordingly. Stand counts were taken,
when possible, at establishment. Plots were hand cultivated when necessary.
Sample leaf areas for each treatment were measured at heading for input into
SORGF. Daily solar radiation, maximum and minimum temperatures, and rainfall
were also recorded as input. Date of half bloom and physiological maturity
were noted when possible.

The center two rows were harvested (generally 4.6 m from each row) or the
second and fifth row were harvested if the population was more representative
of the target population. Harvested heads were counted, and threshed with a
small plot thresher. Grain weight was recorded. Magisture content was found
by use of an electronic moisture tester. Yields were adjusted to 12.5% moisture.
Seed weight was determined from the weight of 200 seeds at dryness. Statistical
analysis was conducted with SAS on yield and yield components with ANOVA and

GLM.

SORGF
The basic model described by Maas and Arkin (18) has been modified for use
in this study. The grain fill period is completed by the accumulation of heat
units based on Schaffer's (33) findings. Dry matter accumulation is halted at
frost, and a tiller step has been added based on regression data from Praeger
(28) and Jaiyesimi (15). The regression of the ratio of tiller head size to
main head size on main culm population was found to be Relsz = .4977 + 2.7224 x

6 P. Where Relsz is the ratio: tiller head size over main head size, and

107
P is the population of main culms/ha. Tiller head yield was calculated (in
SORGF) as: model main head weight x Relsz x number of tillers. Model main
head weight was computed by SORGF. Relsz was found frem the above regression
and number of tillers was inputed from plot data (total head count - stand

count). Total yield was the sum of main culm head yield and tiller head yield.
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RESULTS

Manhattan
1980
Sorghum yield at Manhattan was influenced by hybrid maturity, population,
date of planting x hybrid maturity, and date of planting x population (Table
A-1).
Medium hybrid maturity yield was significantly higher as a result of
more heads per hectare (Table 1). Low population yields were greater due to

larger seeds and panicles (Table 2).

Table 1. Hybrid means for yield, seed weight, number of seeds per panicle,
and number of heads/ha, Manhattan 1980.

Hybrid Yield Seed wt. Number of Number of
Maturity {kg/ha) {g/1000) seeds/ heads/
panicle ha

Early 3132 21.21 1002 159655
Medium 4951 21.58 1394 188300
Late 3887 22.59 1219 152737
LSD .05

Early/Medium 410 .89 137 17254
Early/Late 440. .95 147 18513

Medium/Late 432 .94 144 18175
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Table 2. Rate means for yield, seed weight, number of seeds per panicle,
and number of heads/ha, Manhattan 1980,

Rate (pl/ha)* Yield Seed wt. Number of Number of
(kg/ha) (g/1000) seeds/ heads/
panicle ha
84409 4494 23.49 1724 113998
165613 3997 21.38 1198 157530
286540 3661 20.63 792 224100
LSD .05
84409/165613 434 .94 145 18258
84408/286540 430 .93 143 18080
1656137286540 414 .90 138 17425

*Based on counts from dates 127 and 157, no counts for date 178,

Medium and late maturity hybrid yields were similar for the & June
(J.D. 157) planting. Medium maturity gave significantly higher yields
for the early and late dates of planting. No difference in yield (early
and late maturity hybrids), and a 6 June yield advantage {medium maturity
hybrid), were observed over dates of planting (Figure 1, Table A-2).

The interaction of date of planting and population on yield (Figure
2, Table A-3) shows no difference in yield over rates (early planting};
highest at the low population (6 June planting); low and middle, middle
and high populations equal (late planting).

Seed weight showed a decreasing trend between early and late dates of
planting (medium and late maturity hybrids}, and a sharp drop on 6 June

(early maturity hybrid) as apparent from the interaction of date of plant-
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ing x hybrid maturity on seed weight (Figure 3, Table A-2).

Number of seeds per panicle did not vary (early and medium maturity
hybrids), and increased (late date of planting, late maturity hybrid)
over dates of planting (Figure 4, Table A-2). Differences between hybrid
panicle sizes decreased as population increased. Generally larger heads

were produced by the low population (Figure 5, Table A-4).
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Figure 1. Interaction of Date x Hybrid Maturity on Yield,
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Yield at Hutchinson was affected by hybrid maturity, and a hybrid

maturity x population interaction (Table A-5).

hybrid yields were comparable.

icantly lower due to fewer seeds per panicle (Table 3).

Table 3. Hybrid maturity means for yield, seed weight, number of

Medium and late maturity

Early maturity hybrid yield was signif-

seeds per panicle, and number of heads/ha, Hutchinson 1980.

Hybrid Yield Seed wt. Number of Number of
Maturity (kg/ha) (g/1000) seeds/ heads/
panicle ha

Early 2235 26.83 700 117622
Medium 2990 17.88 1633 116992
Late 3168 22.18 1504 95633
LSD .05

Early/Medium 651 1.82 155 21729
Early/Late 630 1.76 150 21011
Medium/Late 598 1.67 142 19964
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Table 4. Rate of planting means for seed weight, number of seeds per
panicle, and number of heads/ha, Hutchinson 1980.

Rate (pl/ha) Seed wt. Number of Number of
(g/1000) seeds/ heads/
panicle ha

60957 23.77 1554 87325
102438 21.71 1352 100716
174378 20.52 1038 141979

LSD .05

609S7/102438 1.70 145 20315

60967/174378 1.77 151 21183

1024387174378 1.74 148 20790

The interaction of hybrid maturity x population on yieid (Figure 6,
Tabie A-6) shows the yield of the maturities equal at the middle population.
Response was dependent upon hybrid maturity at low and high populations.
Trends show; Tate maturity hybrid yield favored the low population; Medium
hybrid maturity yield favored the high population; Early hybrid maturity
yield was unchanged over populations.

Eariy maturity seed weight response was reverse to medium and late
hybrid maturity response over dates, as apparent from the interaction of
date x hybrid maturity on seed weight (Figure 7, Table A-7). Number of
seeds per panicie increased (late and medium maturity hybrids) and was
unchanged {early maturity hybrid) over dates of planting (Figure 8, Table

A-7).
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Number of seeds per panicle was unchanged (early maturity hybrid),
and significantly lower at the high population (medium and Tate maturity
hybrids), over increasing population (Figure 9, Table A-6). Number of
seeds per panicle increased for each population between the 5 June and
30 June plantings (Figure 10, Table A-8). A date x hybrid maturity x
population effect on number of seeds per panicle alsc was observed
(Table A-9).

Rate of pl