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ABSTRACT
The effect of plant density on the perfor.ance of two

so:rghum (Sorghum bicolor (l.) roench) hyvri.c, SALGGRG 28

(SSH 2) ana SAMSORG 31 (8SH 5), and zn open=-iollinated
sor_hum variety SAMNSUKG 17 (SK5912) as z check, was stuadiea
L the Institute for kgricultural Research Far ., Samaru,
uring the 196L wet season. The three cu.tlvurs were
eslablished at five plant densities (25 0CC, ~C 000, 75 000,
100 000 and 125 000 plants/ha)e.

Increasing plant aensity from 50 00C to U0 000 plants/ua
«creased grain yield by 4.5, furtier increase in plant
.ensity from 100 000 to 125 0CO plants/ha, reculted in a 9x
.ecrease in grain yield. Although SA.GORG 28 and SAMSORG 31

cut=-yielded SAISCIG 17 by 22.2% and 17,3/, recnectively,
and SAFSORG 28 out-yielded SAMSOHG 3% by 5.9, , none of the
hybrids substantially performed better than tlie recommended
open-pollinated cultivar (SAMSORG '7). SANSCHG 31 at low
niznt densities of 25 000 and 50 COO plants/hz out-yielded
SALLUNG 28 tut shliowed less grain yield recponze to higher
vensities investigated,

The optimum plantdensities of 98 000 anu 86 000
vlants/ha observed for SAMSOHG 28 and SANSCIG 37, respectively,
¢id not significantly differ from an optimum plant density of
93 000 plants/ha for SANMS0xG 47. The number of panicles per
suuare metre,leaf area index, stover yield per hectare and
plant height were significantly increzsed by increasing plant
censity from 25 000 to 125 000 plants/ha. Increase in plant
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censity up to 7% 00C plents/ha sipnificontly increased hirvest
inadex, Also, *he number of greer leaves ¢nd leaf area per
plant, cry weights of leaves and stew per plant, panicle
weight per plant, 000-grain weizht and flzg leaf area
significantly decreased by increasing plant density. apart
from "000-grain weight and number of 'zys to 50;. flowering
which were higher in the open-pollinzted cultivar, 211 the
other parameters were higher in the hybrids,

Coefficient of correlation (r) vetween grain yield,
growth and yield compcenents, revealed ti.t harvest ‘ndex
(r=C,95%*) number of days to 5C. flowering (r==0.L3%*),
grain weight per panicle (r=C.LL**) a: Icaf azrea index at
eleven weeks after sowing (r=C,57"*) were responsible for
the observea grain yield res:ponce.

Irnteraction between plant censity and cultivar on
grain yield, grain weight per panicle, lengths and weight
of panicle were significant. Unlike in the two hybrids, the
number of days to 50% flowering in the cren-pollinated cultiver

wes not significantly influenced by p!ant density.
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Chapter 1
INTRODUCTION

In a world that is faced with an ever-growing population
and limited resources for food production, grain sorghum

(Sorghum bicolor-(L.) Moench ) has attracted increasing

intereFt of both researchers and producers. It ranks fourth
in importance among the world's cereals, after wheat, rice
and maize (Doggett, 1970). It is grown mostly as a staple
food crop in Africa and Asia and for livestock feed in

America and Europe.

i [P Production

ﬁorld production of grain sorghum has been estimated at

90,6 million tonnes from about 89.5 million hectares in 1979
(Anon., 1980). In 1979, USA (the world's largest producer)
had a total grain sorghum production of 27.6 million tonnes
from an area of about 10.6 million hectares. Although India
has the largest area sown to sorghum in the world, it ranks
second to the USA in total production, with a production figure
of 17.4 million tonnes from about 30.6 million hectares.
Nigeria ranks third in total hectarage after India and China
but sixth in total annual production after the USA, India,
China, Mexico and Argentina (Anon., 1980).

Sorghum occupies about 46 % of the total land area devoted
to cereal production in Nigeria, and accounts for about S0 % of
the total cereal production. In 1977, about L.8 million tonnes
of sorghum grains were produced from about 6.6 million hectares,

mainly in northern Nigeria (Obilana, 1981),
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The total preduction in 1979 was about 5.5 million tonnes
from about 11.6 million hectares (Anon., 1980), representing a
34.8 ;. arop in average production per hectare for a 75%
increase in hectarage compared with the 1977 figures.
In comparison with the 1979 total production for the United
States, this represents approximately five times lower grain
yield from an eauivalent land area. The average grain yield
per hectare for Nigeria in 1979 was also four times lower
than those of Argentina and Mexico but half that of China

(Anon., 1980).

1.2 Heasons for the Lower Average Yield of
Sorghum in Nigeria

Tne yield of any crop is a very complex quantitative
character resulting from an inter-play of different factors,
many of which are agronomic. In Nigeria, increasing total
annual sorghum production appears to be through increasing
hectarage put to its cultivation and the adoption of
recommended agronomic practices.

It is however a common practice among sorghum farmers in
Nigeria to plant open-pollinated sorghum cultivars., Such open-
pollinated cultivars have a low yield potential relative to the
recommended hybrids. Hybrids are used in nearly all sorghum
production in the United States, Mexico and Argentina and an
increasing percentage in India and China (Doggett,1970). The
widespread adoption of sorghum hybrids in America and its

increasing adoption in Asia are as a result of their high



3
yiela potential. For instance, the average yield votential
of o.cn-pollinated sorghum cultivars at research stations is
aboul 2.24 t/he (Elemo and Obilana, 1985) while tnat of hybrids
ranges from L.0 t/ha (Kassam, 1976) to 4.8 t/ha (Vance,

1961).

Elemo and Obilana (1985) observed that while the
recoi.cnded optimum plant density for grain sorghu. in Nigeria
is in ‘he range of 30 000 to 50 000 plants/ha, only about
18 00C plants/ha arecommonly found on most peasant farmers'
fields, Significantly higher yiélds are obtainatle with the
adoption of recommended plant densities However, the
reco.uienced optimum range is for open-pollinated varieties; a
plant censity range not likely to be the same for sorghum
hybrids. Thus, two major reasons for the lower zverage yield
of sorghum in Nigeria include, the absolute relicnce on open=-
pollinated cultivars, probably due to scanty information on
the agronomic requirements of the few available hybrids and

the low plant densities peasant farmers often adopt.

1.3 Two Avenues for Improving Average Yield

of Sorghum in Nigeria

The increasing demand for sorghum grains as an alternative

or substitute for maize in poultry rations, wheat in flour mills
and barley in brewing of alcoholic beverages, and as food and

feed in Nigeria, calls for increased total production that

cannot be met with the present low average yield of 0.633 t/ha
(Elemo and Obilana, 1985). Average yield per hectare could be
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improvea firstly by the use of high yielding cultivars,
seconaly by the adoption of optimum plant density. For

this reason, the usefulness of any research effort in
Nigeria on any of the sorghum hybrids which are hnigh yield-

ing with respect to aensity cannot be over emphasized.,

1.4 Objectives

SiMSORG 28 (SSH2) and SAMSORG 31 (SSH 5) zre among the
four recently developed sorghum hybrids in the Institute for
Agricultural Research (I1.A.R.), Samaru, which have high yield
potential (Obilana, 19893). Rana and Obilana (1979), reported
that their grain yield potential is about 2.9 t/ha at 37 000
plants/ha, and they emphasized that higher yields per hectare
are obtainable with these hybrids at 'appropriate! (optimum)
plant density. However, the optimum plant densities for the
two hybrids are yet tc be determined. Since sorghum cultivars
could vary in their growth and yield response to different
plant densities, this experiment was initiated to study among
other thingss

1) The effect of plant density on yield and yield
components of two sorghum hybrids; SAMSORG 28, SAMSCRG 31;

2) to determine the optimum plant density for the two
sorghum hybrids;

3) to compare the performance of the two sorghum
hybrids with an open-pollinated cultivar, SAMLORG 17
(SK5912) and
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L) to study whether there are interacticns between
cultivars of sorghum and plant density on the various
characters evaluated.



Chapter 2
' LITERATURE REVIEW

The attainment of reasonable yields of grain sorghum
depends, to a large extent, on adoption of good cultural
practices and management. Two of the most important cultural
practices revorted by Doggett (1970), were adoption of optimum
plant density and the use of high yielding cultivars such as
hybrids. Optimum plant density is the plant density at which
maximum yield is expected (Hearn, 1972). However, the optimum
plant density for any given situation depends on moisture and
nutrient status of the soil (Hearn, 1972), as well as on size
and variability of the genotypes being sown (Wall &nd Ress,

1976) .

2.7 Effect of Plant Density on Growth, Yield
and Yield Components of Grain Sorghum

Andrews (1976), reported that the optimum plant density
range for open-pollinated sorghum varieties at Samaru was 33 000
to 50 000 plants/ha. He also reported a slight decline in grain
yield when plant density was increased to 66 000 plants/ha.
Ogunlela and Obilana (1982) noted that plant densities of 50 000
and 100 000 plants/ha did not differ in their influence on
sorghum performance except in head number, tiller number and
grain number at Samaru. Also, at Samaru, ldem (1967) reported
that plant density of 75 000 plants/ha significantly outyielded
50 000 and 100 000 plants/ha while Bammeke (1987) observed no
grain yield response to increasing sorghum plant density up to

66 000 plants/ha. Most of the earlier works on plant density
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consisliently used conventional rows but varied intra-row
spacings.

In lndia, rieliotra et al. (1979) found that increasing
sorghw: plant density resulted in higher grain yiecld up to a
population level of 148 000 plants/ha, and beyond which
there w:s a decrease. - At high a population of 277 000
plants/ha and a medium population of 738 000 plants/ha,
Narasiah et al. (1972), found that grain yields were
statistically at par but differed significantly from a low
population of 92 000 plants/ha.° They obtained grain yield
increases of 19,8 % and 15,4 % for 277 000 and 138 000 plants/ha

resvectively, over the low plant aensity of 92 000 plants/ha,

Thomas and French (1980) concluded that grain yield of
sorgnwn in the range of 1.5 and 3.1 t/ha in Central Queensland,
Austraolia, did not show a population effec® on groin yield,
Although they reported that densities of 80 000 to 136 000
plants/lia were ecually optimum over a range of grain yield
levels. Vance (79¢1) in Fapua New Guinea, repcrted that grain
yield increased with increase in sorghum plant density up to
281 000 plants/ha but declined at densities above this level.
In Texas, a stand density thicker than 66 000 plants/ha in
normal 90 - 108 cm row reduced grain yield of sorghum in a dry
year (Quiby et al., 1958).

The relationship between grain sorghum yield, rainfall
and optimum plant density was studied by Karper (1929). He
reporied that the optimum population for Kafir milo is ten

times higher in wet season compared with a dry season without



8

irrigation. Doggett (1970) stuted that competition for
moiciure is keenest under dry than under wet conditions.
Yield is often correlated with moisture status ana fertility
of tue soil.,

Using several grain sorghum cultivars, Hoshine (1974)
obscrved that increasing plant density reducea tie number of
grainsper panicle. Similar result was reported by Wahua and
Miller (1978), using semi-dwarf{ and tall sorghum cultivars.
Lanjewar and Khot (1978) observed thet narrow spacing between
plantz increased the number of-panicles per net pvlot while
Martin (1982) noted that grain yield of sorghum significantly
correlated with number of panicles/mz. However, Vance (1981)
foun:i that at a plant density of . 562 000 plants/ha, 10 % of
the plants failed to develop panicles. Evans (1975) stated
that tihie size of a crop sink depends on environmental conditions
at the time of its development.

While Robinson et al.(1964) observed decrease in moisture
content of sorghum panicles with increase in plant density,

Anon,., (1982) found that the length and weight of panicles
declinea significantly as plant density was increased beyond
50 000 plants/ha.

Roy (1969) studied the dry matter production of the
component parts of sorghum plant (CSH-1), He observed that
dry matter production was essentially a function of time,
irrespective of treatment. Fischer and Turner (1978) found

that the total dry weight of above ground plant parts at
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maturity varied from 8 t/ha at a low plant density of about
14 000 plants/ha to almost 28 t/ha at a high density of
about 646 000 plants/ha. Brown and Shareder (1959), and
Vecchiettini and Lambertini (1979) observed that dry
matter production by a single plant leaf surface was higher at

low plint density than at high plant density.

Brown and Shareder (1959) observed that row width has
more cifect on the height of sorghum than plant density and
emphasized that spreading the plants farther apart resulted
in more tillering ana thus maximum leaf cover per plant,
Burnsice et Q;,(19bu) reported that the heights oi sorghum,
planted in 25, 50, 70 and 100 cm rows were 130, 135, 137.8
and 14,0 cm, respectively. Their result showed decreases in
plant height with increase in row width. Son (196%) reported
that inter- and intra-row spacings did not influence plant
height when White Collier cultivar of sorghum was sown on
riages 0-70 cm apart and at a distance of 15«40 cm within

ridges.

Andrews (1976) at Samaru, observed that irrespective of
row spacing, increasing plant density above 66 000 plants/ha
increased tne height of sorghum. He ascribed this to
competition for light among the plants. Increases in the
height of sorghum with increase in plant density have been
reported by Clegg et al. (1970), Schulze and Clegg (1970),
Wall and Ross (1976) and Vance (1981).
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Tufail (1972) in Nebraska, noted that increasing
plant density from 185 000 to 520 000 plants/ha recuced
leaf azrea per plant. Kaghuntha (1974) observed decrease
in leuf area per sorghum plant by increasing plant density
from 133 000 to 177 000 plants/ha. Reduction in leaf area
per alunt is sometimes suggested to be one of the reasons
for decreases in dry matter production per plant with
increasing plant density.

The effect of plant density on growth and yield of
sorghum was studied in Mexico by Fischer and Wilson (1975).
In cheir investigation, they found that leaf area index (LAI)
for most cereal crops, often significantly corre.cted with
total ary matter production and grain yield per hectare,
However, the leaf area index for maximum dry matter yield
is however different from t.at for maximum grain yield

(watﬁon, 1971).

2.2 Effect of Cultivar on Growth, Yield and
Yield Components of Grain Sorghum

Significant differences in grain yield potential among
grain sorghum cultivars have been reported by a number of
researchers. Kassam (1976) and Vance (1981) reported grain
yields of 4.0 t/ha and 4.8 t/ha respectively, with the use
of sorghum hybrids, while Elemo and Obilana (1985) reported
an average grain yield of 2.24 t/ha with open-pollinated

cultivars at a research station.



11

Using different sorghum varieties, Forter gt zl. (1960),

Robinson et al. (1964), und Geraskis and Tsangeraskis (1969),
D

reporicd no marked influence of cultivar on grain yield,
Also, sncn. (1986), using tinree sorghum hybrids, found no
signilicant effect of cultivar on grain yield. lowever,
Chiezey (1981) who studied the physiological and morphological
yielc determinants of several sorghum cultivars, reported signi-

ficantly different grain yield potentials of the cultivars,

llyers and Asher (1982) stated that grain yield per
hecture and total dry matter yield per hectare varied greatly
between cultivars having different growth durations,
Goldsworthy (1970) noted that grain yield and dry matter yield
per sorghum plant could depend on the height of the sorghum
cultivars used. Jagannath et al.(1975) working with two sorghum
hybrids, CBE-X and CSH-1, reported that CBE-X gave high grain
yield because it had a higher leaf area index than CSH-1, while
Prior and Russel (1976) observed that leaf area indices higher
than .5 produced lower grain yields., Flant height, length
and weight of sorghum panicle, number of days to maturity and
grain size have all been reported to be significently influenced
by cultivar (Collier, 1963; Doggett, 1970 and Chiezey, 1981).
In a trial with 24 sorghum cultivars, Badwal (1971) concluded
that the number of green leaves per plant of each of the

cultivars positively correlated with grain yield.
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Interaction of Plant Density and
Cultivar on Growtn, Yield and Yield

-
(VS

Components of Grain Sorghum

"he performance of most of the sorghum cultivars developed
at the Institute for Agricultural Research, Samaru,had often been
tested by the breeders under a plant density of 37 000 plants/ha
(Ranz and Obilana, 1979 and Obilzna, 1983). According to Tomeu
and Ferez (1974), who studied the effect of plant density on
grain yield and its components, tne practice of testing new
cultivars at only one plant density could lead to erronous
conclusions about their relative value. They concluded that,
in order to make reliable evaluation of hybrids or varieties,
different plant densities must be compared since not all
varieties can be expected to respond similarly to various plant
densities. Doggett (1970) was of the opinion that if sorghum
genolypes respond ditferently to changes in plant density,
genotypes selected for their superior pertformance under a low
density might not be best for commercial production under a
high density.

Tomeu and Perez (1974), and Machado et al. (1984) reported
significant differences in grain yield response of different
sorghum cultivars to increasing plant density up to 20 plants/m
of row., In an experiment conducted by Lanjewar and Khot (1978)
using two sorghum hybrids, it was observed that narrow spacing
had no effect on yield of the two - hybrids. Andrews (1970)
reported that the best grain yield was obtained when short-

statured sorghum hybrid was grown at a plant density that was
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approximately twice those recommended for open-pollinated
cultivars. There was a higher yield return from a hybrid
'Pioneer 846' than an open-pollinated cultivar 'Alfar' at
plant censities above 188 000 plants/ha as reported by

Vance (1981). Anon. (1986) and Bammeke (1987) both at Samaru,
observed non-significant grain yield response of SANSORG 31

to increasing plant density within a range of 34 000 to

100 000 plants/ha. Jagtap et al. (1963) noted that leaf

area ver plant, stem and leaf dry weights of sorghum increases
with time (irrespective of cultivar), after which it begins to
decrease. However, tne number of days before decrease in leaf
area and ary weight, and stem dry weight varies with varieties
and may be affected by plant density (Evans, 1975 and Vance
1961),

It is however important to acknowledge that there has
been enormous amount of research efforts on sorghum plant
density in relation to the crop performance, The research
reports so far, seem to establish the fact that response of
sorghum to different plant density depends on variety and
location. Perhaps, what might be optimum plant density for
open-nollinated sorghum cultivars may not be for hybrids.

Very little work has so far been done in Nigeria on the
comparative performance of hybrids and open~-pollinated sorghum
cultivars at different plant densities. It is hoped that this
study will serve as a pioneering work for subsecuent studies

into this important aspect of hybrid sorghum production.
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Chapter 3 " »
MATERIALS AND METHODS
3ial Experimental Site

The experiment was conducted during the 16&C wet
season at the Institute  for Agricultural Research farm of
tne .hmadu Bello University, Samaru (11011'N, 07°38'E and
686 m above sea level); located in the northern GCuinea
savanna ecolojical zone of N}geria. The climatic and soil
characteristics up to a cepth of 50 cmn of the Jocation are
given in Appendix Table A, and Table 3.1, respectively. The
field was sown to maize in 1983 but fallowed in 1984 and
1985, The experimental area was ploughed and disc~harrowed

twice to obtain a good tilth in June, 1986.

3.2 Treatment and Experimental Design

Three sorghum cultivars, consisting of two sorghum
hybrics, namely, SAMSCRG 28-(SSH2) and SAMSORG 31 (SSHS), and
an open-pollinated check, SAMSORG 17 (SK5912) made up the first
factor. SAMSORG 28 and SAMSORG 31 have SAMSORG 17 as a common
male pcrent. The female parent to SAMSORG 28 is the reverse
cross to Farafara (RCFA) while that of SAMSORG 31 is KURGIA.
The three cultivars used have drooping leaves and are semi=
dwarl (Obilana, 1983). The three sorghum cultivars were
established at five density levels, namely 25 000; 50 000;

75 000; 100 000 and 125 000 plants/ha at spacings of (1.0 x
0.40m), (0.75 x 0.27 m), (0.75 x 0,18 m), (0.50 x 0.20 m) and
(0.5 x 0.16 m), respectively. Thus, a total combination of

fifteen treatments were replicated three times in a Randomized
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Complcte Elock Lesign (RCBD). The gross and net plot sizes

were (9 x 6 m) and (6 x 6 m), respectively.

Table 3,17 FPhysico-chemical properties of the soil
of the experimental site 2t Samaru
collected up to a depth of 50 cm

50il properties Characteristic level
Depth
0=50cm
Fhysical properties (%)
Sand 60.00
Silt 25,10
Clay 14.90

Textural class - Sandy loam

Chemical Froperties

pH in H,0 5.8

Organic carbon % 115
Available phosphorus (ppm) 8.80
Total N (%) 0.063

Zxchangeable cations (meg/100g soil)

Ca 3.06
Mg 0.76
K 0.4

Na 0113
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3:3 Cultural Operations

3.3.1 Fertilizer management

Single superphosphate fertilizer (145 P205) was
applied during planting at the rate of 32 kg P205/hu
basally. Nitrogen fertilizer as calcium ammonium nitrate
(CAN 26 N) at the rate of 90 kg N/ha was also applied, in
split application with half applied at planting and the

remaining half at eight weeks after sowing (WAS).

3.3.2 Planting
Planting was done on 24 June, 1986 after the rains had

established. The trial was conducted on flag.beds because

of the variability in row width. Four seeds per hole were

planted and later thinned to one plant per stand at two weeks

after sowing.

3.3.3 Weed and insect pest control

Gardoprim A (atrazine and tebutylazine), a pre-emergence
herbicide that was applied immediately after sowing at the
rate of 4 litres/ha was not effective in controlling weeds
because it rained at about an hour after it was applied.
However, each plot was hoe-weeded at 4 and 8 WAS, Stem borers
were controlled with carbary (Vetox 85) at the rate of 2.2 kg/
ha.

3.3.4 Harvesting

Harvesting of each of the three cultivars was done at
full maturity. Sorghum is matured for harvest after the

development of black layer at the base of the kernels
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(Chiezey, 1981). SaSURG 20 was harvested at 132 days
after sowing. OSAMSORG 31 and SAMSORG 17 were harvested
at 140 and 161 days after sowing, respectively.
Harvesting was aone by first cutting down the plants at
the grouna level with a cutlass, left for one day, after

which the panicles were cut off with a pen knife.

3.4 Data Collection

For thne purpose of determining various growth
characters, samples were teken from-<she inner discard
rows, shoot height (from the grouna level to the flag
leaf) at physiological maturity stage using a measuring pole
from five randomly tagged vlents in each plot. Leaf area
per plant (Length x width at the widest point x 0,747, as
described by Krishunmurthy et al. 1974) and leaf area index
(LAI) (the ratio of leaf area per unit land area) were
measured from tne five tagged plants at three weeks intervals,
starting from 5 WAS. For dry matter production per plant,
two, four, six, eight and ten plants randomly selected
(above ground level) plants parts were sampled mainly from
discard rows in plots of 25 000; 50 0003 75 000; 100 000
and 125 000 plants/ha, respectively, at three weeks interval
starting from five weeks after sowing. Percentage stand
establishment (the ratio of actual stand count a week after
thinning to expected stand count multiplied by a hundred)
and the number of panicles per scuare meter at harvest,

stem diameter and flag leaf area at milk stage were recorded,
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Other parameters measured inciude, number of
green leaves per plant (if the entire leuf surface showed
up to 20% or more green coverage (vicually) and the leaf
was still attached tc the stalk, it was considered as a
green leuf), the number of days to 50i. flowering, length
of panicle (from flag‘ leaf to the tip of panicle, using a
metre rule) weight of panicle, grain weight per panicle,
grain weight per net plot, and a thcousand grain weight
(by counting four sets of 250 grains from the grain yield
of the net plot after grain yield figures were taken).
Stover yield (weight of entire stalks of the net plot taken
six weeks after harvest on the field),narvest index(ratio of gfain
yield to weight of unthreshed panicles plus stover yield),
and threshing percentage (ratic of grain yield to weight of

unthreshed panicles multiplied by a hundred) were also taken.

3.5 Statistical Analysis
All data collected were subjected to analysis of

variance and the treatment means compared using the Duncan's
Multiple Range Test (DMRT) (Duncan, 1955). Coefficient of
correlation (r) between sorghum grain yield and growth and
yield components of three sorghum cultivars were determined,
Also, grain yield was regressed against plant density, and

optimum plant density was determined using the ecuation:

Xpay = 22 (Thomas and Hills, 1978)
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Where Xmax = plant density at whicii maximum grain yield
1s expected i.e. optimum plant density
(Heam’ 1972)0

b = slope, and c = co-eflicient of regression >
as in tne auadratic ecuation, * Y = a+bx + cx.
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Chapter 4
RESULTS

L.1 Effect of Planut Density and Cultivar
on Growth of Grain Sorghum

L.1.7 Number of ;reen leaves per plant

The data on the number cf green leaves per plant as
influenced by plant density and cultiver at 5, 8, 11, 14 and
17 weeks after sowing (WAS) are presented in Table L.1.
Effect of plant density on the number of green leaves per
plant was significant at 8, 11, 14 and 17 WAS but not at
5 WAS.

The number of green leaves per plant increased up to
1 WAS and declined thereafter. Increasing plant density
significantly decreased it at 14 and 17 WAS unlike at 8 and
11 WAS. However, the differences in number of green leaves
per plant at plant densities of 25 000, 50 000, 75 000 and
100 000 plants/ha at 8 WAS were not significant. The number
of green leaves per plant was not influenced significantly
by cultivar throughout the sampling period. Interaction
between plant density and cultivar with respect to number of
green leaves per plant was not significant throughout the

sampling period.

L.1.2 Leaf dry weight per plant

Table 4.2 shows leaf ary weight per plant as
influenced by plant density and cultivar at 5, 8, 11, 14
and 17 WAS: The data show increasing leaf dry weight per

plant up to 14 WAS., FPlant density had no significant



Table 4.1 Number of green leucves por corghum plant as
influencea by . &t density ance cultivar at
Samaru, in %G,
neck fter sowing (WAS)
Treatment
5 o} 1 1L 17
Plant density
(x1,000 plants/ha)
25 _-'OEJ 5081- Slzbc -|7on+a -70C\:‘i
50 S.8a 8.8 13.1bc 17.0a 16,2a
1 CO L. 1a ‘_ ."..r;. ‘ 1 3 - ﬁb ‘IS - -(J:t- ‘3 .!+C
125 Ou4a C.0a 15.38 18,8b 12.6d
Cultivar
SACORG 17+ Seba €.9a 13.5a 1€.5a 1.Ca
t::‘.l;.:;-;oi'\':' 26 < 03“ :'.:;‘fi AE‘ .5;—' 1{).:_’:“: ‘l.....(féz
ShinolrnG 31 C.0a C.4a 3.7a 16.5& 1l . Ea

Table 4.2 Leaf dry weight (g) per sorghum plent as influenced
by plant censity and cul tivar at Samaru, in 1986,

Weeks after sowing (WAS)

Trectiment 5 8 11 4% 17

Plant density

(x100C plants/ha)
25 3.7a' 12.0ab 56.0a 103.3a 92.3a
50 3.8a 12.4a 46.5b 80.2b 71.3b
75 3.8a 10.3abc 50.Lab 80.4b 80.4ab
100 3.6a 10.7bc 4l4.Sbc  S4Oc  L1.0c
125 3.%a 9.8¢c 29.8¢ L .8c L42.7c

Cul tivar

SAMGORG 17# 3.6a 10.6a 45.0b 66.5b 62.5a
SAMSORG 28 3.7a 10.3a 50.9a 77.1a 66.2a
SAYISORG 31 3.%9a 12.4a L47.8ab 7h.1a 67.2a

TMeans followed by the same letter(s) within a treatment and
column are not significantly different at 5% level of
significance using DMRT. *0Open-pollinated check.
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effect on leaf dry wei-nht per plant at § WAS onlv, At £,
11, 14 and 17 WAS, increuasing »lant density from 25 000 to
125 000 :rlants/ha decreased leaf dry weight per plant though
plant densities of 100 COC ana 125 00O plants/ha haa statis=-
tically similar leaf dry weights per plant during the same
period. |

Cultivar had significant effect on leaf dry weight
per plant at 11 and 14 WAS only., Leaf‘a?yireignt per plant
of SAMSORG 28 was higher at 17 and 14 VAS though statistically
at par with that of SANSORG 31. SAMSCRG 17 had lower leaf dry
weight per plant than those of the hybrids at 11, 14 and 17
WAS. Interaction between plant density and cultivar on leaf

dry weight per plant was not significant.

4e1.3 Stem dry weight per plant ~

The effect of plant density and cultiyar on stem dry
weight per plant at 5,.6, 11, 14 and 17 WAS are shown in
Table 4.3. Stem dry weight of sorghum increased up to 17
WAS., Flant aensity effect on stem dry weight per plant was
significant at 8, 11, 14 and 17 WAS but not at 5 WAS. Flant
density effect did not follow any definite pattern at 8 WAS.
At 11, 14 and 17 WAS, however, increasing plant density from
25 000 to 125 000 plants/ha decreased stem dry weight per
plant although there was no significant difference between
100 000 and 125 000 plants/ha. Also, the differences in stem
dry weight per plant at densities of 25 000, 50 000 and
75 000 plants/ha were not significant at 11 and 14 WAS. Plant
density of 25 000 plants/ha nevertheless, gave significantly
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higher stem dry weights at 17 WAS tnan higher plant
agensities.

Cultivar aiad not significant] influence stem dry
weight per plant at 5 WAS compared with those at 8, 11, 14
and 17 WAS.SAMSORG 31 and SAMSORG 20 had higher stem dry
weights than SAHSURC 17 throughout the sampling period.
The difterence in stem dry weight per plant of SAMSORG 31 and
SAMSORG 28 was only significant at 17 WAS. There was no
significant interaction between plant density and cultivars

with respect to stem dry weight per plant.

L.1.4 Dry matter accumulation per vlant

Table L .4 shows the effect of plant density and
cultivar on dry matter accumulation ver plant. Dry matter
increased up to the last sampling date. Plant density
significantly influenced dry matter accumulation at all the
sampling stages except at 5 WAS. Increasing plant density
from 25 000 to 125 000 plants/ha decreased dry matter
accumulation per plant. At 8 and 11 WAS, plant densities of
25 000, 50 000 and 75 000 accumulated the same amounts of
dry matter per plant. At 14 and 17 WAS, plant density of
25 000 plants/ha had significantly higher dry matter per
plant while plant densities of 50 000 and 75 000 plants/ha

had similar amounts of dry matter per plant.

Cultivar effect on dry matter per plant was
significant at 8, 11, 14 and 17 WAS but not at 5 WAS.
SAMSORG 31 and SAMSORG 28 had significantly higher dry



TE.;L‘}@ Ll3

2l

Stem ary weight re p-ant as influenced
Stem ary wel ' sorghum nt influenced b

plant density and cultiv:r zt Samaru, in 1986.
. p - ' ~ ‘
e ter scwing (Wal)

Treatuent g 8 1 4 17
Plant censity
{x1,00C plents/ha)

25 2.7a D15t 56 .Ba 174 .7a 3 R [

50 ol t.bc L 3.3@- A-é'(). o ." C.Eh

75 &e2a 1040 5t.%a 153.4ab 190.3b

100 2.28 E.,2bc 57 .3ab 2i.2be 140.%¢c

125 2.2: E.Tabe 45.9b 97 .8c 122.0c
Cultivar
SM'BL'E{G ‘7* 2.)15 Tl-‘,h’ o:.-h' 1;_‘(.4.3::.) 1'5(" -(‘-‘{
SANLORG 28 2.3a O.%a 58.5ab 15C.Ea 192,.0a
SAMSCRG 31 242 Gyt 66 .0a 15€.5a 1€90.2a
Table 4.4 Dry matter accuaulation pcr gorghum plant (g) as

influenced by plant censity &nec cultivar at Samaru,
in 7986,
veeks after sowing (WAS)

Treatment 5 8 11 g 17
Plant density
(x1,00C plants/ha)

25 be2a 214%a 12302 28C.Ca 3€2.9a

50 b.2a 19,2ab 113.7ab 240.3b 313.2b

75 6.0a 21.28 109.32ab 233.%b 297.7b

100 5.8a 18.2b 102.4b 178.2¢ 204 .3e

125
Cultivar
SAMSORG 17%
SAMSORG 28
SAMSORG 31

6.0a 18.5b
18.0b
20.2a
20.6a

5093
6.0a
b.2a

85,7¢

97.3b
109.3a
113093

142 .6d

-
(® o]
\n
.

no
8]

185,7b
227.7a
230.ba

242 ,0b
279 . 93
296.7a

1Means followed by the same letter(:z) within a treatment and

column are not significantly different at 5% level of significance
using the DMRT.

® Open-pollinated check.
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matter yields per plant than SAMSOKRG 17. There was no
significant plant density by cultivar interaction on ary

matter accumulation per plant,

he1.5 Leaf area per plant

Data on leaf area per plant as affected by plant
density and cultivar are presented in Table 4.5. Flant
density effect was significant only at later stages of
growth (11, 14 and 17 WAS), during wnich increasing plant
density decreased leaf area per plant. PFPlant density of
25 000 plants/ha had significantly higher leaf area per
plant than higher densities. The leafl area per plant at
plant densities of 75 000, 100 OC0 and 125 000 was not
different significantly throughout tle period of sampling.
Leaf area per plant at 50 000 and 75 000 plants/ha was also
statistically at par within the same period.

Cultivar had no significant influence on leaf area
per plant at early (5 WAS) ana late (14 and 17 WAS) stages
of growth, Cultivar effect was however significant at 8 and
11 WaS, At 8 WAS, the difference vetween the leaf area of
SAMSORG 17 and SAMSORG 28 was not significant, but both had
significantly lower areas than SANCORG 31. Similarly, at
11 WAS, the difference between the leaf area of SAMSORG 17
and SAMSORG 31 was not significant but both had significantly
lower leaf area per plant than SAMSORG 28. Interaction
between plant density and cultivar on leaf area per plant

was not significant.
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Le1.6 Leaf area index (LAl)

The result in Table 4.6 shows the leaf area index of
sorghum at different sauuyling stages as influenced by plant

agensity ana cultivar. Lez{ urez index increased from 5 WAS

up to 14 WAS and declined tiereafter. Flant density

influencea LAl significuantly througnoui the experimental
N _
perioa. Increzse in plant density from 25,C00 tc 125 00O
plants/ha increased Lil significan.lvy.
The effect of cultivar on L.: was not significant at

5 and 11 WAS, but it was significant at 8, 14 anc 17 WAS,
SAMSORG 31 a had a significantly higher LAl than SAMSCRG 26
and SA-SORG 17, At 8 WAS, the difference between LAI of
SAMSORG 28 and that of SAMGORG 17 was not significant. At
14 and 17 WAS, SAMSORG 28 had significantly lower LAI than
SASCRG 17 and SwiSOKG 31.

Interaction between plant density and sorghum
cultivar on LAI was significant a2t 17 WAS only (Table 4.7).
SAMSORG 31 at 125 000 plarts/hia had the highest LAl followed
by SAMSORG 17 at the sawme plant density. SAMSORG 28 had
lower LAl than SANMNSORG 17 and SiASORG 31 at each of the five
plant densities investigated. Leaf zrea indices of SAMSORG
31 at 75 000 plants/ha and SAMSOKRG 28 at 75 000 plants/ha
were statistically the same. Similarly, there were no
significant differences between LAI values obtained with
SAMSORG 17 and SAMSUtG 31 at 25 000 plants/ha on the one hand
and SAMSORG 28 at 50 000 plants/ha on the other,
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: . i . (a2 =
Table L.5 Leaf area per sorghum plunt (dm®) as influenced by
plant density and cultivar ot Samaru, in 19866,

Jeeks alter sowing (WAS)
Treataent 5 el 11 1L 17
Plant density
{x1,000 plants/ha)
25 12.ta’ h.6a ©0.1a 103.92 110.0a
50 11.8a 19.0a L4C.0ODb 80.7b 78 .4b
75 12,18 19.8a 3L .7bc 65.6bc €3.6bec
100 11.Ba 19.8a 38.Cc €3,%9bc 58.5¢
125 12.5a 20.4a 35.0c 5€.9¢c 2.5¢
Cultivar
SAMSORG 17* 11.7a 19,6b 4[1.5b 78.1a 72.5a
SAMSORG 28 12.0a 19.170 L9.3a 72.2a 68.%a
SAFISORG 31 12.8a 23.5a 39.3b 78.2a 78 .0a

Table 4.6 Leaf area index of sorghum as influenced by plant
density ana cultivar at Samaru, in 1986€.

Weeks after sowing (WAS)

Treatment 5 8 11 10 17

FPlant density
(x1,000 plants/ha)

25 C.4d C.7e 1.6e 3.0 3.0e
50 0.6c 1.0d 2.2d 3.8d 3.7d
75 0.9¢chb 1¢3¢c 2e(C Lhabe i.4c
100 1.1b 1«TH 3.2b 5.3b 5.0b
125 1.4 2.3a L.1a 6.5a 6.%a
Cultivar
SAMSORG 17% 0.8a Te4b 2.8a L4.Ba L.6b
SAMSORG 28 0.8a 1.3b 2.8a Le3b L.Oc
SAMSORG 31 1,0a 1.6a 2.6a L.%a L.Ba

1Means followed by the same letter(s) within a treatment and
column are not significantly different at 5% level of
significant using the DIRT,

*Open-pollinated check.
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Table 4.7 Interaction between rlant censity and cultivar on
afl area index (17 was) of sorghum ozt Samaru, in
leat Y 7 ) orgau t ru; ir

19GL.,.
Flant density Culilivars
(x 100C ;lants/ha
..;:‘\l'.-,-{'..l‘f; 1 7 u;-..-.l:a(Jr.G‘ e L, -l.;tlu'-l..;(l":';'} 3‘I
. 7

25 3.01] 2:+83- 3113

S(.‘ - E.L:.l' ;}03j .I.L.C!'.

Y i LeBef 3:9h h.5fg
10C Ge1qe Le38 Sehcd
15 £.Cb E«5¢c C,.%a

Taeble 4.8 Lffect of plunt density unc cultivar on plant
height, stem diemeter, flzg area, percentage stand
establ ishuent, and numbher of panicles per sauare
metre of sorg:iw: =t lJa.uert, in 1986,

Flant Stem Flag !ercentage Number of
heipnt dia- leaf stand vanicles

m vy by o R 9

sreatnent (m meter area egtablish- Per squere
(cm) (em2) ment metre

FPlant

density

{x1,000

plants/ha)

25 1.50‘ 3.8& 2. lh 95 .Oa 1 .ae
50 1.0bc 3.7a 2.2a SL.0a 3,84
75 1-?3‘0 3..},& II‘.}a 9.’.,.38 SQI'C
100 1.8a 2.7b 1.5b G3.0a 7.4b
125 1.8a 2.,5b 1.5 92.4a 9.2a

Cultivar

SAMSORG 17+ 1.7ab 342a 1,7b 94.0a 5.6a
SAMSORG 26 1.6Db 3.3a 2.0a 93.28a 5.5a
SAFSORG 31 1.8a 3,32 1.ta 93,0a 5.6a

1Means followed by the same letter(s) within a treatment and
column are not significantly different «t 5% level of
significance using DMRT.

* Open=-pollinated.
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L.1.7 Plant heipght

The effect of plant density und cultivar on the
height of sorghum measured at physiological maturity is
shown in Table L.8. Increasing ;lant density from 25 00C to
125 00C plants/ha significantly increased plant height
although, the difference in plant heignt at plant densit!es
of 75 000, 100 000 und 725 000 planis/ha were not significant.
Cultivar had significent effect on plant height,
SAMSORG 31 was tallest followed by S,..SCRG 17 though, the
difference between their heights was not significant, SAYSORG
28 was shorter than SAMSUORG 17, altnough the difference was not
significant. Flant density ana cultivar interaction on plant

height was not significant.

L.1.8 Stem diameter

The result on the etfect of plant density and cultivar
on stem diameter measured at milk s age is shown on Table L,.8,
While cultivar had no significant effect on stem diameter
increasing plant aensity from 25 00C to 125 000 plants/ha
decreaseu stem diameter significantlv, At plant densities
of 25 000, 50 000 and 75 000 differences were not significant.
There was no significant plant density by cultivar interaction

on stem diameter at milk stage.

4.1.9 Flag leaf area
In Table 4.8 is also shown the effect of plant density

and cultivar on flag leaf area of sorghum recorded at milk

stage. Increase in plant density above 75 000 significantly
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decreased flag area. At plant censities of 100 000 and
125 000plants/ha flag lea® area were statist icn]lv the same,

Cultivar haa significant effect on flag leaf area.
Flag leaf area of S/AMSORG 28 was larger than that of SAMSORG
31 although not significantly. SaiSUHG 17 had significantly
smaller flag leaf area thur each of the two hybrids.
Interaction between plént density and cultivar on flag area

was not significant.

LL«1.10 Percentage stand establishment

The result on percentage stand establishment as
influenced by plani density ana cultivar recorded one week
after thinning is shown in Table 4.8. llant density,
cultivar and their interaction dia not significantly influence
percentage stand estavlishment of sorghuu, thougn there were

slight decreases as plant density was increased.

L.1.17 Number of panicles per square meter

In Table 4.8 is shown the effect of plant density and
cultivar on number of panicles per scuare meter at harvest.
The three cultivars had similar numbers of panicles/m2 at
harvest while each plant density level haa significantly
different number of panicles/mz. There was increased number
of panicles with increase in plant aensity. Interaction
between cultivar and plant density on the number of panicles/

m2 at harvest was not significant.



31

L.1,12 Number of days to 50% flowering

Table 4.9 shows the result of plunt density by cultivar
interaction on number of days to 50%v flowering. Increasing
plant density from 25 000 to 125 000 plants/ha significantly
decreased the number of days to 50x flowering of sorghum.
However, the diiference'in the number of cays to 50. flowering
as influenced by plant densities of 50 000 and 75 000 plants

was not significant. Similarly, plani censities of 10C 000

statistically.

Effect of cultivar on number of cays to 50w flowering
was significant., OSANSORG 28 attained :05 flcwering at a
significantly earlier date than SA.SUnG371 wnich inturn attained
50% btloom earlier than SA4SORG 17.

Interaction between plant censity anc cultivar had
significant effects on nunber of days tc flowering. DNumber of
aays to 50% flowering in SAMSCRG 17 was unaffected by increesing
plant uensity in this experiment, unlike the two hybrids in

which there were significant effect.

4.2 Effect of Plant Density and Cultivar on

Yield and Yield Components of Grain Sorghum

L.2.,1 Grain yield

Grain yield in tonnes per hectare was significantly

influenced by plant density and by cultivar (Table 4.10).
Increasing plant aersity from 25 00C to 100 OO0 plants/ha
increased grain yield from 1.35 to 3.11 t/ha but grain yield
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Table I.9Effect of piant dencity, cultiver and their intercction
Toovering of sorghum ot

Gl
o

SLmiaru,

4

tl:e nusber of cays to DX
-1(4,"6
[ R R ]

Cu.tivors
Flunt censity
(x1,000 plants/he) S.030a0 17~ SAMSORC 28 ZpawICRC 21 Mean
25 1 al_:l . rf}{l. ‘;; r.-} . 7:-4 T _} -Tb 1 | I»I| cC'i-i
50 128 .0a <9 34 111.0b “12.8b
75 128, 0a “7.3ce 111.Cb 172.1%
1¢0 127 ac . Ce 105 . 3¢ 110.0¢
125 127 .7a NEL7e 100 .0c¢ “CO.8e
Mean 128 .0a Q7.Le 100.6b
Table 4,10 Effect of plant aerzity, cultivar and their
interaction on sorghun ,rein vierd (t/ha) ot
Sasart, in 1086,
Cu vovers
Plant density
(x1,000 plants/ha) SANSORG 7x  OALSORG 28 SAMSCORG 31 Mean
25 1,281 1.377 1.391 1.235d
75 2.4ie 3.h72b 3.37ahb 3.0%a
100 2.53de 3.57a 3.24b 3.1%a
125 2.48de 3.332b 2.720d 2.84b
Mean 2.24¢ 2.88n 2.7%a

"Means followed by the same lelter(s) within a treatment are
not significantly acifferent at 5. level of significance using

the DNMRT.

*¥Open-pollinated check.
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declinea significantly as plunt censity was increased to
125 000 plants/ha. MHowever, /roin rieids at 75 0CC zna
100 0CC plants/ha were ut pur, tnougi olightly higher at
100 CLC ;lants/ha. P

The hybrids significantly out-yielced the open-
Follinuted cultivar, Compa=ring tle hybrias, JAILLHG 28 was
significantly superior te S,u30RG 31 in terms of grain yiela.

Interaction betweer plant density and cultiver on grain
yielc wes significant. Grair yiele of the three sorghrum
cultivars increased sigrificently witl. increasing prlant censity
but aeclinea at very high densities., Wwith SAMSORG 28, though
there was & decline in grain yiela at plant density of 125 000
plants/ha, the reduction was not si rificant. HReduction in
grain yield in SAMSCRG 31 was observed as plant density wes
increzsed above 75 0U0C plants but si;nificant reduction occured
at a plant density above 100 000 plants/ha. Grain yield of
SAMSORG 17 increasea with increasing plant density up to
100 000 plants/ha although at plant dernsities of 50 CCO,

75 0C0, 100 000 and 125 OOC plants/he prain yields were
statistically the same.

Grain yield of each of the hybrids indicated better
response to plant densities than SAMSURG 17. At lower densities
of 25 000 and 50 0CC plants/ha, SAISORC 31 gave higher grein
yields than SAMSORG 28, but at densities above 50 000 plants/ha
it gave a lower grain yield than SAISURG 28. However, the
difference between the grain yields of the two hybrids was only

significant at a plant density of 125 000 plants/ha.
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L.2.2 Grain weight per panicle

The result on tne influence of plant density,cultivar
gna tnhelr interaction on ,rain weignt rer panicle is
presented in Table 4.17. Increasin; vlent censity frou 2% 000
to 1<5 00U plants/ha decreased ;ruin vweignht per panicle of

eacn of the th:ee cultivars. There was no significant
difference in grain weight per pzniclie of the two hybrids at
each of the plant censities except at 125 CO0 plants/ha,

The grain weight per panicle of SAMSORG 28 was higher
than that of SAMSUKG 31. The hybrias hac significantly higher
grain weight per panicle thun theé open-pollindted cultivar at

each of the plant aensities.

L.2.3 Panicle weight rer hectare

Increasing plant density increasea panicle weight per
ha significantly (Table 4.12). There was no significant
aifference in panicle weight /ha of SAFSORG 28 and SAMSORG
31 though that of SArSORG 28 was nigher. The hybrics had
significantly higher panicle weignt /ha  than the open-
pollinated cultivar.

Interaction between cultivar and plant density on
panicle weight /ha was sijnificant. Increase in panicle

weight/ha . with increase in plant density was higher with
the hybrias than with the open-pollinated cultivar. Comparing
the two hybrids, SAMSORG 28 had lower panicle weight /ha at
plant densities of 25 000 and 50 000 plants/ha but had higher
panicle weight /ha at aensities above 50 000 plants/ha than
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Table L4.11 Effect of plant density, c'ltivur and their
interuction on psrain weli it ;or sorghum panicle
(L:J et .'...;;J,.KATL.' in (] .
C Virs

Flant density
(x1,000 plants/ha) SarSOKG 17% S...o(hG 28 LAMSOKG 31 Mean

25 68.5b 7€ J8a 7¢.9a 7h.1a
50 Gl . 8b Tisteb 77.5a 71.2a
75 45 .3cd 45, b AL 58.4b
100 38.0ef E2.3¢C L7.%cd 45.8¢
125 29 .ug LO.bde 32.41g 34,2

Mean 49,3b 61.3e £G.ba

Table L .12 Effect of plant aensity, cultivar and their
~interzction on panicle wei;. t per hectare (t/he)
of sorghum at Sauaru, in 1986,

Cultivars

Plant density
(x1,000 plants/ha) SAMNSORG 17% 54 CORG 286 SAMSORG 31 Mean

25 445h" 1.6h 1.6h 1.5e
50 3.08 3.08g 3.3fg 3.1d
75 3.3¢ Lo 3¢ L4.2d L4 «Oc
100 3.8e L .Boe Lt o5

viwnm
.
Q
o

125 L4«5cd .Oa L .Bbc 5.0a
Mean 3.2b 3.9a 3.8a

TMeans followed by the same letter(s) within a treatment are
not significantly different at Su level of significance using
the DMKT .

*Open-pollinated check.
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SAMSORG 31. However, the difference between their panicle
weights /ha . at each of the plant uvensities was not

significant except at 125 000 plants/na.

h.2.4 Panicle weight per plant

The effect of plant density cultivar and their interaction
on panicle weight per plant was significant (Table L.13). Panicle
weight per plant of the three cultivars were decreased
significantly with increasing plant density, but the degree
of reduction was higher in the cpen-pcllinated variety than
in the hybrias. SAMSORG 28 and SAriISORG 31 had statistically
the same panicle weight per plant though that of SAMSORG 28 was
higher. The hybrias had significantly higher panicle weights
per plant than the open-pollinated cultivar. Among the hybrids,
there were no significant differences in panicle weight per
plant at each of the plant densities tested except at 125 000

plants/ha.

4.2.5 Panicle length
Length of sorghum panicle was significantly influenced

by plant density, cultivar and their interaction (Table L.14).
Increasing plant density above 50 0OCO plants/ha significantly
reduced length of panicle. However, the differences between
lengths of panicle at 100 O0C and 125 00O plants/ha were not
significant.

At each of the plant densities, the hybrids had
significantly longer panicles than the open-pollinated

cultivar. 1n the hybrids, significant reduction in length of



37 B

Table L4.13 Effect of plant censity, cultivar and their
interaction on panicle .L’ri.t per sorghum tlant(g)
at Samaru, in :'.-'E{.

Cu? tivars

Ylant censity

(x1,000 plants/ha) Sa-“8ORG 17* C...o0iG 2 SAlo0iG 31 Mean
25 €3.2abc & Jic 88.2at 8€.%a
50 78 Bed 81.“:Ecc B8 .7at 83.1a
7 C1.9%g 72.0ed 81.3bc 74438
100 56.0gh 1. 0ce €9.4ef 66.5¢
125 53.8h 67.6ef 57 .J4gh 5¢,£d

o'lt’:"i*.h '-.;(’-71: . 7'«#‘ .t.tl.-i 77.6{3

Table L.14 Effect of plant gdensity, c.ltivar and their
interaction on sorg:.um panicle length (cm) at
Samaru,; in 1886C,

Pl Py
e v VI

Fluant aensity
(x1,000 plants/ha) OSACLURG (7% L.u.WLkG 28* SiMSORSG 31 Mean

25 36.2¢] 30.la 37.1abc 7.6a
0 35.8c 3%9.1ab 36.0be 37.2a
75 31.5de 37.8abe 37.Labe 35,6b

100 28.1e 3¢ 26 2.0d 212
125 20 ,3e A8 . 1E 2¢.7de 31.uc
ean 32.41¢ 37:5a 3L4.5b

1Means followed by the same letter(s) within a treatment are
not significantly different at S level of significance using
the LIMKT.

#*Open-pollinated check,
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panicle occurred at plant densities zbowe 75 00U plants/ha
while in the open-pollinated cultivur, significant reduction
occurred at plant densities above 50,000 plants/ha. However,
SAMSURG 28 had longer panicles than SAMSORG 31 at each of the
densities investigatea, The panicle length of SAMSCRG 28 at
the highest plant density of 125 COU plants/he was
statistlically the same witn tnose of SAHSCRG 17 at the lowest

plant density of 25 00U plants/ha.,

4.2.6 A thousand grain weight

SAFISORG 17 had significantly nigher 100=-grain weight
than the hybrids (Table 4.15). One thousand grain weight of
SAMSORG 31 was significantly lower thin that of SAHSORG 28,
Increasing plant density reduced 1000=-:rain weight of sorghum
significantly. At lower plant aensities of 25 000 and 50 000
plants/ha, 1000-grain weight was statistically the same. Also,
1000-grain weights at densities of 100 COO and 125 000 plants/ha
were not significantly different., Interaction between plant

density ana cultivar on 1000=-grain weight was not significant.

4.2.7 Threshing percentage

Increasing plant density; above 50 000 plants/ha
significantly decreased thireshing percentage (Tabel L.15).
The hybrid haa significantly higher threshing percentage than
the open-pollinated. The difference between the threshing
percentage of SAMSCORG 28 and SAMSORG 31 was not significant.
Interaction between plant density and cultivar was not

515nlficant .
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Tatle 4L.15 Effcel of plunt density onc cultivar on
a thousarc groin welghil, thresning rercentage,
harvest inaex anc ctover rielc ol sofghnun at
Sanmaru,in 1984,
A thousand Threshin, Harvest otover
Treatment grain ercent=- index yield

weight(g) ane ( 2/ha)

o 7 i, . 3 & 8 Be S | Ca
[ 21 gLf'_'. ...'.2;- Ve C -
g |5 o £ ilo P =4 0
L)C 27.,;. (ST ERt S sy 24 !,.(,'C

€c

P — - f \ T 7 L
100 clye 1 C (L SR C,.28Db o LT

"y s Lrp o~ - - & .
125 -’_30__-(: r il ® swa L.vp-’_\’\.- \-.l,:d

Cultivar
SAIISORG 17* 27 4a 77 .0b C.23¢c 6.0z

‘Means followed ty the same letiter(s) within & treatment
and column are not significantly ciiferent at 5 level
of significance using the LIRT.

sCpen-pollinated chreck.
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L.2.6 Harvest index (H.l.)

Increase in plant density si:rnificantly increased
harvest inaex (Tablie 4.15). towever, tie increase in !il
declinea as plant censities were increusea above 75,000 plants
/ha. The hybrias nad significantlv higher harvest index
than the open~pollinated cultivar. LCetween the two hybrids,
SANSORG 28 had significantly higher I than SAMSORG 31.

Plant density and cultivar interaction on harvest index was

not significant.

4L.2.9 Stover yield per hectare

Stover yield in tonners per liectare was significantly
increased by increasing plant censity from 25 000 to 125 €00
plants/ha (Table L4.15). The cultivirs had similar amount of
stover yield per hectare. There was no significant

interaction between plant density anag cultivar on stover yield.

L4+2.10 Correlation and regression

Combined correlation analysis (over cultivars) of
some of the parameters inuicatea tuut there were significant
positive correlations between grain yiela ana LAI at 11 WAS
(r=0.57%*), at 17 WAS (r=0,50"®), numbver of panicles/m2
(r=0.66**), harvest index (r=0.,55##%) (Table L.16). On the
other hand, number of days to 50 flovering, stem diameter,
grain weight per panicle and 1000-grain weight were all
significantly negatively correlated with grain yield (r=-=0.43*#

=0.,39%%, ~0,32%% agna -0.Lly**), respectively. Other parameters,
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Coefficient of correlation(r) betweel sorghum grain yield, growth

s -

aund yield components
of tupee sorgnum cultivers (S/SCRG "7, SAMSCRG 28 ana SAMSORG uém.
Grain Lal LAl 0. of ~tem No. of [Ilant Fanicle Grain 1000~ Harvest
yield 11 "7 days to cia- paricle hneight weight/ weight grain index
WaS Vad 5C%. meter  /m2 plant /pani- weight
flower= cle
o ing
Grali ielac 1
HIH#H Vid b —N¢1._J1....
nl ‘W i O-.\r.. " r\ommlh:

Lho. ol :¥s 1o
507% flowering=0.43+* =0.18 0.1C
m.ﬂ,.ﬂu_. a.-ﬂ..n)-f__-u-“m_ s -’Olﬂﬂﬂ * l.r..c_ﬂ-...ﬂﬂ* ‘__.“C_ﬂ__c 1
MCOO o a AR ...lll
OHQ\.!..» lU.lanunﬂ.b O‘n\U..)q O.@Nﬁ.’. 'Gl)r .lﬁ.\...@\..)* 4
Plant height C.1¢ O.40** Q,51~* 0,19 =0.,35%  Q.L3%* 1

Plaric ¢ weioht

\v...r\.l wt l.ﬁ....l”f-. .IO._M.\WU.X lO.mx_*.‘- lO.MN OO‘NM " l.-o.m.__v* lo.._rfwb.* 4

Grair weignt/

panicle -0.32% -0.,83*» -0.88+ =0.12 0,79** «Q,89** 0,50*« 0,96#+ 1

\_OOF.“..-I.:‘.L._._.S. . )

EWHMW-L«”?EO lO-_a..._._-l.*. ....Ocmo:.# l-r}\cﬁf.u*# IO.N.W ..Uon\..-ra_.l. ...-Ocm._a.s. IO.M_._..._..... Oow.wht. Oor.m** 1

Harvest ndex Uowmtt IO-Nr I.Ooww: .lo..wm.w.n. ﬁo“m. * lOoi_U IO.N& O._.f.wat. O-mo.-..' O-.__m 1

* signilicant at S level of probability. Values higher than 0.31 are significant at 5% level of
provability,

of

probabili

ty.

LAI = lecf area index.

4- ﬂﬁb - m

weeks after sowing.
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such as flag leaf area, panicle weight per plant, panicle

-

length did not correlate witn grain riela,
Number of 505 flowerirn; was nefctively correlatea with

most of the yielao components, harvest incex was positively

correlatea with panicle weigiht per nlant (r=0.47%%),
Sorghum grain yielu was regressed on plant aensity.

The observea and estincted crain yield (linear and cuadretic

responses) at different plunt censitics for the tihree

cultivars combined, anc separztely for S;wsiSCRG 17, SAMSORG 28

and SaMSOKG 31 are snown in Tablesl .17z, 4.17b, L.17c and

L+17¢, respectively. Grain yield rcs.onses of the cultivars

to increasing plant deusity revealed that quadratic response

was higher thnan linear res:ocnse. The coefficient of determination

(Rz) indicated thzt in combined anz.ysis, Zinear response was

L42.8% while cuadratic response was 78.1%.. In SASORG 17,

linear response was 51% while cuadr=tic response was 85%,

Similarly, ln S#MSORG 28 and SAMSURG 31, Linear and uuadratic

resyonses were 68% ana 98.5x, ana 35,1% and 9L,1%,

respectively. However, linear and ~ugdratic responses were

significant at 5% level of procbability. The mean percentage

aifference between estimated (cuadratic) and observed grain

yields for each of the three cultivars and even for combined

were less than 1% (Table L.172, b, ¢ and d).

The curve of tne regression analysis (Fig. 1) indicated

an optimum plant density range of 75 000 to 100 000 plants/ha.

Using the equation:



Table L.17a

L3

and

Observed

estimale C

of three sorgium cultiv

et density ot

cined grain yield
25 inlluei.ced by

(1 (t/te)
Flunt de.sity cti ed
(x1,0CC ants/La)
VRO IV eC . aenY e :‘\Jti{:

25 -,: T _.: » ‘-("'—"#-::' }
- I - Y
/:-.} £ e - - e .,j(l-:,-‘::—t J
15 3.C o3 3413(7.384)
10C 3.7 +9O8 3:.21(3.12)
I?:‘ :.’“- fl‘* l';") :-?9(-;0‘:‘ :’

Table L4.170b

Observec and esti.

ater grai

.
el

T P 107 r A ~
n yle:d ([0 HANEPEY: Wive 1 8 £161

17 (Open pollinztec sors.L!
influenceu by plont city at Janaru, in 190¢,
Grain Yiela (t/ha)

Flant censity

(x1,000 plants/ha)

QOtserved

Estimated

Linear

(Cuadratic

25
50
75
100
125

1.28
240
2.4
2.53
2.48

ol5

4 QG
e - =~

-~

[ -

2.49

0.51
lean

1.41(+9.21%)
2.16(=13.80%)
2.57(+5.06%)
2.66(+4.52%)
2.40(=3.77%)

0.55
(C.25%)

Rz =

Multiple coefficient of aeteriiination.

Figures in parenthesis indicite
guadratic estimated and observea grain yields.,

9% difference between
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Table L.17¢c Observed anc¢ estimatec grain yield of SAmSORG

28 (Sorghus hybrid) as irnJuenced by plant
density at Sauaaru, in “O0G,
Grain VYiela (t/ha)

: Tetimat
Plant density Lstimated

{1x1,000 plants/ha)

Observed Linear Quadratic
25 Yo 3T 1491 1.37(0.00%)
50 _2.63 2.3 2.66(+1.13%)
75 3.47 2,88 3.41( =" .76%)
100 3.57 3.36 3.63(+1.65%)
125 333 . 3.85 3.31(=0,60%)
R® 0.c8  0.98

Mean 0.08%

Table L4L.17d Observed and estimated grain yield of SAMSORG
31 (Sorghum hybrid) as influenced by plant
density at Samaru, in 1966,

Grain Yield (t/na)

Plant density

(x1,000 plants/ha) Estimated
Observed Lineay Quadratic
25 1 .39 2412 1 -h-b(*h--?%)
50 2.88 2.2 2.75(=L.73%)
100 3.24 3.02 3.35(+3.28%)
125 202 3.32 2.66(=2,26%)
Re 0.32  0.94

iean (0.28%)

2

R = Multiple coefficient of determination.

Figures in parenthesis indicate § difference between
quadratic estimated and observed grain yields.
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400
300 -
=200
=
2
>
£ 1.00 i '
g - s 10,2 0
S /A—o\ =(CombinedjMean Y= -0.212.7 520110 °x -6.093x10 " K" — — — (4
-5 -10‘2 = L
o ] »—x =samsorG17 ¥:0320-502%0 X-26030" K - == = =(ii}
| @—@ =samsorc28 ¥- -0 1608387009 -4.297 s 10 %2 — = = - L)
: 10 , 2
O—O -GAMSORG 31 Y= -0 495 985 0° X-5.27x10° X" = = = = W )
- T L ' . :
0 25

50 75 100 125

Frz=nt density (x 1000 plants/ha)

figure 1, =ezression of serghum grain vield (estirm=2+=2d4) on

- =

clant densitvy 2%t 3Samaru, in 1986,
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(wWhere xmax = optimum plant density ¢t which maximum
srain yield is ex)ectea, b = slope a:i:d ¢ = coefficient of
the quaaratic regression curve), tie ortimum plart density
indicated for Si:iGURG 17 was 93 COCU ilunts/ha, for SAMSURG
20 was 98 000 plants/ke and for Si.s(aG 31 was 86 000

plants/ha.
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Chepter 5
DIZCUSSION

51 Effect of Plant Densitly

The trena in grain yield resionse to plant density
clearly indicated 14és increase in grain yield when plant
density was increased from 5C 000 te 75 0OC plants/ha but
only 0.6 % increase when plant cdeusity was in increase from
75 000 to 100 0CQ plants/ha. At s stand of 125 000 plants/ha,

substantial loss of potential yield up to 9% was also
indicated,

Reports Ly Andrews (197¢) thi.1 loss of potential grain
yield up to 19% when plant density was increased from 50 OCO
to 60 000 plants/ha and by Bammeke ( 957) who reported
insignificant response of SAMSORG 31 (SSH 5) to plant density
up to 66 000 plants/ha both at Sameru, coes not agree with
the present finding. The difference betiween the result obtained
in this experiment and theirs, may be aue to differences in soil
character{stics of the experimental sites in which each of the
experiments was conducted, aifferences in rainfall pattern
during each experimental period and differences in row spacings.
For instance, Bammeke (1987) reported that the soil of the
experimental site on which her experiment was conducted in
1985, had pH in water of 4.8, organic carbon percentage of
0.6 and 42% sand which were all lower than the result obtained
in this experiment (Table 3.1). Availability of most crop
growth elements in a soil for good crop growth often depend

on the pi of the soil.
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With increasing plant adensity, panicle weight per plant,
grain weight per panicle, panicle length, "000-grain weight,
nunber of green leaves per plant, lea area per plant ana
flag leaf area decreased. Decrease in number of green leaves
at certain stages of growth with increasing plant cvensity may
be due to shading effect, which tencea to make the lower
leaves to senesce prematurely. The drop in number of green
leaves per plant at "7 WAS was probably due to aging effect.
Also, inter- and intra-plant competition for light, moisture,
nutrient and assimilate could result in development of smaller
leaves. Reduction in leaf size and hence decrease in leaf
area per plant and flag leaf area mirht have occassioned the
reductions in panicle length, panicle weight per plant, grain
weight per panicle and 1000-grain weight that may account for
low grain yield per plant or even per hectare at certain high
plant densities. HKesults of studies elsewhere reported by
Stern (1968), Schulze and Clegg (1970), Clegg et al.(1970),
Andrews (1976), Wall and Ross (197b) and Vance (1981) support
the present finding.

Gould and Sastry (1974), Makumbi anu Rubarhayo (1978)
and also Watson (1971) believed that development of a good
canopy with a high LAl is vital to efficient interception of
solar radiation and hence for the menufacture of assimilates.
However, very high LAI has been reportec to have negative
consecuence on grain yield as lower leaves tend to photo-
synthesize below compensation point and may parasitize on
upper ones for assimilates meant for grain filling, This

may be so pronounced as to cause a reuuction in grain yield
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per plani or per hectare, reduction in stem diameter at
certain high plant densities as in this study or a lack of
grain yielu response to increase vlant density (4non., 1986
and Bammeke, 1987).

frior and Russel (1976) found that grain yield was
higher at LAl of 2.9 thah at 4.6 in maize. This vaiue is lower
than the resulte obtained at higher plant densities in this
experiment, suggesting that the decline in grain yield at
these censities may be due to low rate of photosynthesis of
the lower leaves. OUn the other hand, the high LAI obtained
at higher densities might have been responsibie for the high
stover vield obtained at these densitlies. This implies that
LAl renuired for maximum grain yield may substantially differ
from that needed for maximum stover yield. The increase in
LAl with increasing plant density and increase in stover yield
with increasing density conferms wiii report by Fischer and
Wilson (1975) for sorghum in Mexico,

Increase in plant density siortened the time from sowing
to flowering probably because of Inter-plant competition for
light, nutrient and moisture, wnich must have been greater at
higher plant densities than at lower plant densities. Clegg
et 8l. (1970) and Vance (1981) observed that development of
sorghum was not affected at plant densities below 50 000 plants
/ha but showed a shortening of time to flowering with higher
densities in studies which included plant density of 75 Q0O
plants/ha. These findings are similar to the resulte presented

in this experiment.
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The observed increase in plan’ helipght with increase
ir plant density agrees with revorts by lieall ané Ross (19706),
Clegy et al. (1970) anu Vance (1981). Andrews (1976)
ascribea increases in plent neight wit: increase in plant
censity to competition for light. Golusworthy (1970)
reported that s.aorter sorghum cultivars were more efficient
in accumulation and storage of dary nmaotter in grain. This
could bte one of the reasons for the higher grain weignt per
plent obtainea from shorter rlants at lower dernsities than
taller ones of hnigher aensities. fNeverts by Graham and
Lessman (1968), Saukaran ana sallispa (1974), Fasha and
Munshi (1974), and Louswan and Atkirs (1978) that taller
plants gave higher dry matter per plunt than shorter ones is
at variance with tne result obtained :rcbably because taller
plants in this experiment haa thinn.r stems.

One of the indices (harvest incex) currently in use
in evaluating crop partitioning efficiency which can in turn
be used to predict yielaing ability ancd tolerance to high
plant density (Fischer and Kertesz, 1976), was found to
increase with increasing plant dens:iy up to 75 000 plants/ha
but declined at densities gbove tnis level. Overall, therefore,
this seems to suggest that the tendency for plants to accumulate
dry matter in plant parts other than the grain at high and at
very low densities is higher than at average densities.
Vance (1981) found that at very high plant density of 562 000
plants/ha most of the sorghum plants did not develop any panicle
a finding that is corroborated by the result of the present

experiment,
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The non-significent results of rlent densit. effect
on most grovth parasciers observed ot initial stages (5 WAS)
might be explainec on the basisc of . rowth curve which it
sigmoid in nature. At early stages,; [ ;rowth is generally

slow. iiowever, thrhe ci:iferences becn.e distinet at advanced

growt:: stages. A critical look at t..e cata revealed that

leaf dry weight per :lant, lezaf arez ver plent and LAl decreased
gt 17 WAS while sten ary weight per plent znd dry matter

accunulation per plant increased pro;sressively. The increase
was due to contined increase in storage of dry matter in the
stem, The reductions in leaf dry we gt perglant, stem dry
weight per plant and cry matter accunulation per plant as
plant density increased were aue to recuction in size of the
plant as a result of both inter- anc Intrz-plant competitions.
Similar findings had been reporteac v Loggett (1970),

Fischer and Wilscn (1975), anc Hscher and Turner (1978). Some
of the oluer leaves had fallen off the plant at 17 WAS, thus
accounting for the aecline in values of parameters that were

obtained from leaves at the same period.

5.2 Effect of Cuitivar

The result obtained in the present experiment revealed
that each of the hybrids, namely, SARSORG 28 ana SAMSORG 31,
was superior to the open-pollinated cultivar; SAMSORG 17,
with respect to grain yiela by margins of 22.2 % and 17.3%,
respectively, Yield superiority of these hybribds over SAMSORG
17 had earlier been reported by Obilana (1983) and confirmed by

the present result.
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The high grain yields obtzined with the hybrids may
be due to their higher potentiul for ary matter production,
longer ana heavier panicles, higher grein weight per panicle,
larger flag leaf area than SAMSORG, "7, Also, the hybrids;
SAISORG 26 and SAqGORG 31, mature corlier by about 26 anc
14 days, respectively, and both haa ower 1000-irain weight
than the open-pollinated cultivar (o...SCRG 17) that may have
contributed to the grein yiela ci:lererces. Variations in
these paraneters among sorghum .cultitars heve been reported
to cause adifferences in grain yield (Collier, 1963; Gardener,
1966; Dalton, 1967; Goldsworthy, 197.; Clegg et al., 1973;
Evans, 1975; Jagannath et al., 1975; Chiezey, 1961; myers and
Asher, 1982) which agrees with tne present finding.

Inspite of the higher ster anc leaf dry weights per
plant obtained with the hybrids, their stover yields were
statistically the same wit: that of UAWSORG 17. This occurred
probably because the hybridshave a greater capacity to mobilize
assimilates stored in the stem anc leaves into grains tnan the
open-pollinated cultivar, which may r.ave accounted for their
higher panicle weignts. Hume and Canpbell (1972) reported
that the contribution of stored assimilates mobilized from
the stalk of maize to final grain yield is up to 20k. Johnson
and Tanner (1972) found that mobilizztion of assimilates
into grains is higher in hybrias than in inbred, an observa-
tion which is in agreement with this result. Also, continuous

storage of assimilate in the stem and leaves of SAMSORG 17
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even after the hybrics nad sioppec -.ccumulazting ury matter
coula account for tae lack of ui:forences in their stover
yields/ha.

Evans (15975) concluded thut ;ruirn size of cereals
are large when tne sink is small ai . duration of grain

£illing is long. Chiezey (1987) rejorted that among over ten
sorghum cultivars he evaluated for physiclogical and morrho-
logical yield determinants at Samaru, SANSORG 17 tad the
longest grain filling periood. 1In tiis experiment SAMSORG 17
had short panicles relative to those of the hybrids. 1It's
larger 1000-grain weight may be ex. iuained with the case in
which smalls sink (panicle) was filled in a longer period.
Also its larger 1000-grain weight indicates that it has larger
seeds. However, the length of panicle may depend on the
conditions of the crop environment before or at the time of
flowering (Evans, 1975).

Clegg et al. (1973) found thct early maturing sorghum
varieties out-yielded late maturing varieties because moisture
became limiting at the later part of tre growing season.
Dalton (1967) pointea out that grain yields of late maturing
sorghum varieties can be significantly lower than tnose of
early maturing varieties, especially where there are limiting
elements of the environment. These ggree with the present
finding because during the 1986 growing (wet) season the rains
ceased 27 days before SAMSORG 17 atteined 50% flowering while
the hybrias had passed this stage significantly. It is thus
possible that moisture stress may have developed later in the

season, which adversely affected the performance of SAMSORG 17.
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The harvest index values ol ..U obtainea with
SAMSORG 28, 0.26 witl SaSCKG 31 wer: significantly higher
than 0.23 oblained with SALLUIC 17, respectively. According
to Rict.ierc ana Crookston (197“), i harvest indices are
invicators of hign efficiency in zssimilate partitioning.
This suggestis thet thg-nigh yields obtained with the hybrids
may be cue to tueir higher efficienc, in translocating
assimilales into grains than the open~-pollinatea cultivar,

Between the two hybrics, S5i.0.0G 28 gave 5.9% higher
grain yiela than SAMSORG 31. The sii -t yield difference
could be due to the fact that ZA-SU..G 28 had longer and
heavier panicles, shorter stem and lower LAT tnan SANSORG 31,
Jagannath et al. (1975) working with two sorghum hybrids,
CLE-~X and CSH-1, reported that CEEZ-X gave nigher grain yield
because it had higher LAl than C3i-1, which does not agree
with the present result, On the other hand, Prior and Russel
("97t) found a very high LAI to be counter productive while
Goldsworthy (1970) reported that shorter cultivars are more
efficient in accumulation and storage of dry matter in grain.
Differences in the height, days to maturity and LAl between
these two hybrid may have occassioned the slight grain yield
superiority of SAMSORG 28, Alsco, their harvest index values
seems to suggest that SAMSURG 28 was more efficient in assimilate

partitioning.



55

5.3 Interaction Between I'l ant Density

and Cultivar

Interaction between plant density and cultivar showed
variation in grain yield response of ecacl. of the cultivars
to increasing plant density. The result incicated that the
grain yield of each of the cultivars increased by almost 50%
when density was increaéed from 25 000 to 50 000 plants/he,
by 24.2% in SAMSORG 28, by 14.5¢ in Uan80RG 31 and by a loss
of 0.8-% in SAMSORG 17 when plant aensity was increased from
50 000 to 75 000 plants/hz, respectively. When a plant density
of 100 000 plants/ha was used, a marginal grain yield increase
of 2.8% in SAMSORG 28 and a loss of 4 % in SAMSORG 31 was
observed. Also, when density was increased from 100 000 to
125 000 plants/ha, loss in potential grain yiela up to 19.3 %
in SAMSORG 31, 6.7 % in SAMSORG 28 anac 2 % in SAMSORG 17 was
observed,

The present result indicates that the hybrids had
higher grain yield response to increasing plant density than
the open-pollinated cultivar, a finding which agrees with that
of Andrews (1970), since SAMSORG 17 did not show any significant

grain yield increase at plant densities above 50 000 plants/ha.

The effect of increasing plant density on LAI at 17 WAS,
number of days to 50% flowering, length and weight of panicle
and grain weight per panicle varied considerably among the
three cultivars. At 17 WAS, LAI of SAMSORG 31 and SAMSORG 17
which were significantly higher than that of SAMSORG 28 at
each of the densities except at the lowest density of 25 000
plants/ha, and the variations in the number of days to 50%
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flowering and maturity may be responsible for the disparity

in the grain yielad response of three sorghum cultivars.
However, the number of days to 50k flowering and maturity

in the three cultivars was probably genetically controlled

ana since the female parents of the hybrids are early maturing,
it is expected that changes in plant aensity would bring about
changes in their rates of development. The non~significant
effect of plant density on the number of days to 50% flowering
in SAMSORG 17 seems to 1ndicate.that SAMSORG 17 is probably a
photo-sensitive sorghum cultivar. Doggett (1970) reported
findings that were similar to that reported in tne present
experiment,

The effect of increasing plant density on panicle
characteristics of the hybrids was less obvious than on those
of SAMSORG 17. Maybe environmental factors such as soil
moisture status affected panicle development in SAMSORG 17
since there were no rains shortly before and at the time of
its flowering. Evans (1975) believed that this observation
could affect sink strength., The result also suggest that the
hybrids could be more efficient than SAMSORG 17 in transloca=-
ting assimilate into grains since their harvest indices were
generally higher.

Comparing the hybrids, SAMSORG 28 had a grain yield
advantage of 3% at 75 000 plants/ha, 9.2% at 100 000 plants/ha
and 18.3% at 125 000 plants/ha over SAMSORG 31. However, at
25 000 and 50 000 plants/ha, SAMSORG 31 had grain yield
advantages of 1.4% and 8.7% over SAMSORG 28, respectively.
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This suggests that though, ZSAM:ZCORG 31 out-yielded
SAMSORG 28 at low plant densities, il may not be best for
coumerclal production unaer high plont densities aince it

appeared to respond less teo high wensities.

5.y Correlation and Regre¢ssion

Negative cerrelations vewweenl zcome of the measured
attributies and grain yiela indicates tiezt grain yield was
limited by the supply of assimilate while the positive
correlations indicates that sink size limited grain yleld
(Evans, 1975), but adams (-967) fointed out tnut other
explanations may hold when he found that with field beans,
the negative correlaticons were higheot in the highest yielding
lines.

The positive correlation between the number of vanicles
/m2 and grain yield seems to suggest that increasing plant
density could increase grain vield. This agrees with the
finding reported by Martin (1982). The negative correlation
between grain yield on the one hana and nunber of days to 50%
flowering on the other in the present experiment probably
suggest that the longer the time to maturity the lower the
yield, The hybrids matured earlier and gave higher yields
compared with SAMSORG 17. However, Chiezey (1981) reported that
late maturing sorghum cultivars gave higher grain yields than
early maturing ones, a finding which does not agree with the
present finding.

The significant positive correlation betwden grain yield
on the ohe hand arnd LAI on the cother, implies that a good canopy

is necessary for efficient light interception, which is needed
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in the manufucture of ascimilite (Lo o« zre Juctry, 1978).
This agrees witl. the present repaori olice incrcusing plant

density increased inl wnd ruis yiclde wluo, the significant

positive correlations betwew:: hurvel. ihwex arc grein yield

implies that higl. assiuilate purrlilioning efficiency was '
correlations between harvest
necessary for high graein yield wil'c ‘Le negutive/index and

number of days to 505 {lowvering revculed that partitioning
efficiency decreased witli: increase In nuuber of days to
maturity. This éroﬂab-y accounteu: for the variations in
yield responses among tne three cu ivurs, which matured at
di:ferent times,

The result of tne correlution analysis therefore
indicates that LAI, number of days 1o 50% flowering,
partitioning efficiency and nuwmber cof ;anicle/mz were
critical in the overall performance of the three sorghum
varieties,

The cuadratic regression curve of sorghum grain
yields against plant density indicates the optimum plant
density for the three cultivars to bc in-between 75 000 and
100 000 plants/ha (Fig 1). This optiuzum range falls within
the optimum plant densities used i, 1..e United States for
dry land sorghum, which range from 4C 0CO to 125 000 plants/ha
(wWall and Ross, 1976) and in Australia, where 50 000 to
100 000 plants/ha are recommended (Consolidated Fertilizers,
1973). Stricker and Laude (71960) recommended a range of
4O 000 to 75 000 plants/ha when moisture is limited. However,
relatively higher densities have been found to be optimal
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uncer ary-land conditions in other .1 .cies which does not
agree witn the present finuing. Forr instance, little
difference in grain yield have been Zound between 178 00C
to 560 000 plants/ha by Nelson (1952), 158 000 to 760 0CC
plants/ha by Grimes and Musick (1960), Porter et 21. (1960),
#obinson et al. (1964), 100 000 to '5C 00O plants/ha by wWelch
et al. (19606), 215 000 to 430 00C planis/ha by Clegg et al.,
(1970) and 188 00C to 218 000 plants/ha by Vance (1981).
The optimnum range is however, uigher than 33 000 to 50 000
plants/ha reported by Andrews (1é7u), and 30 00C to 50 000
plants/ha recommended by Egharevba ( “07) both at Samaru.

The optimum plant density for _/MSORG 17 (93 000
plants/ha) for SAMSONG 28 (98 000 plents/ha) and for SASORG 31
(86 000 plants/ha), respectively, iniicated in this experiment
agrees with Rana ana Obilana (1972), who predicted that the
optimum plant density for LAMSURG 28 ana SAMSORG 31 would be
higher than 37 000 plants/ha. But does not agree with Andrews
(1970) that optimum plant density for hybrias could be twice
as high as those of open=-pollinzted sorghum cultivars,

Doggett (1970) and Tomeu and Ferez (1974) believed that
optimum plant density of sorghum cultivars is genetically
contreolled, and since the two hvbrids were both developed
from a common male parent (i.e. SAMSCRG 17), the slight
differences in the optimum plant densities of these cultivars

is understandable.
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Comparing the grain yields (quzaratic estimates) of
SAMS0RG 28 and SAMSCRG 31 with that of SAMSORG 17 at  the
indicated optimum densities, tnere wuac a grain yield
advantage of 26.,2% with SAMOUPG 28 and 22.2 with SAMSORG 31
over SAMOOKG 17. These are Lowever, !ower than the LO% grain
yield aavantage with each of the two hybrids over SAMSORG 17
.redictea by Obilana (i1963). Pernaps with good management,

the 40O% grain yield advantage is achievable,
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Chapter 6

SUMMARY aNL CONCLUSICH

An experiment was carried out in oraer to determine
the effect of plant aencity on the performence of two sorghum

hybrids (Sorghum bicolor (L.) lMoenci ). The investigation was
y £

conducted during the 1986 wet seasern it the Institute for
Agricultural Hesearcn (l.aelie) Farm, simadu bello University,
Camaru. The treatment cunsisted of two sorghum hybrics,
namely, S5.:SOHG 28 and SANUORG 31 ana an oven=-pollinated
sorghum variety - SANSOEG 17 as a check. The three sorghum
cultivars vere establ isnea at five cencity levels, namely,

25 000; S50 0003 75 0003 100 000 anc 125 000 plants/na at
spacings of (1,0 x 0.4 m), (0.75 x 0,27 m), (0.75 x 0,78 m),
(0.50 x 0,20 m) and (0,50 x C,76 m), respectively., The
treatments were replicated three times in a Randomized
Complete Block Design (RCBD) in factorial arrangement. The
seeds of the three cultivars were sown on June 24, 1986 after

the rains had established.

The result indicated a 14.5 iv increase in grain yield
when plant density was increased from 50 000 to 100 000 plants
/ha, and a 9% loss of grain yield when censity was increased
from 100 000 to 125 000 plants/ha. CAMSORG 28 and SAMSORG 31
out-yielded SAMSOKG 17 by 22.2% and 17.3%, respectively.
SAMSORG 28 out-yielded SANMSORG 31 by 5.9 %. The hybrids
showed significantly higher grain yield response to increasing
plant density up to 100 000 plants/ha, SAMSORG 31 at low
plant densities of 25 000 and 50 000 plants/ha, out-yielded
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SAFSURG 2€ but snowed less grain yiold respgonse to higher
aensities evaluated,

The optimws plant densities of 72 Q00 andé 86 000 plants/
ha observed for JANSUNC 28 and Ja..A RG 31, respectively;did
not seems to differ from an oplimum lznt density of 93 00C
vlants/na for SmihilURG 17, All withiin @ range of 75 000 to
100 000 plants/ha.

The number of yahic;es/mz, leaf zree index, stover
yield/ha, plant height were significcntly increased by
increasing plant density from 25 000 to 126 COC plants/ha,
Increase in plant density up to 75 00O plants/ha significantly
increased harvest index., Also, ti.e number of green leaves and
leaf area per plant, dry weights of leaves and stem rer plant
and flag leaf area were significantl cecreased ty increasing
plant density, Other parameters sucii as numbcr of davs to 50%
flowering, length ana weight of a panicle, grain weight per
panicle and 1000-grain weight were cignificantly reduced by
increasing plant density beyond 5C 000 plants/ha. All the
above mentioned growth and grain yield parameters except
stover yield per hectare and number of green leaves per plant
were significantly influenced by cul tivar. Apart from 1000~
grain weight and number of days to 50{. flowering wnich were
higher in the open-pollinated cultivar, all other parameters
were higher in the hybrids.

Coefficient of correlation (r) between grain yield and

growth, and yield components of tne three cultivars, revealed

that harvest index (r=0,55#%*), number of panicles/m2 (r=0,68%*)
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number of days to 50. flowering (r=-0,43*+), anc leaf zrea
index at eleven weeks after sowing (r=0,57+*) and seventeen
weeks after sowing (r=0,504%), resiectively,

wvere responsible for the observec | ruin yield response.

-

Interaction between plant density and cultivar
on grain yield, grain weignt per panicle and length of panicle
were significant. Unlike in the two nybrias the number of' cays
to 50n flowering in the open-~pollinated cultivar was not
significantly influenced by vlant dencity.

The present investigation hag s.own firstly, that the
performance of sorghum hybrids, namely, SAMSORG 28 and SAFMSCRG
31, as well as that of SAMSORG 17 (open-pollinated sorghum
cultivar) is influencea by plant density. Secondly, that
although the hybrias have a potential in increasing sorghum
production, they cannot be recommended because their
grain yield advantages over the open-pollinated cultivar at
their indicated optimum plant densities were rather too low to
Justify the high cost of production and developing sorghum
hybrids.
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Totzl rainfell, mean tempersture, relative
hu:idity, and sgnshine hours at ten-day
intervals during the period of the trial

at Sameru, 1986.
Total Mean Relative
Month Pays rainfall temperature  humidity Sunshine
{ mm) (oC) (5) (hours)
max. min., a,in. P.M,
June 11=20 22.6 30,2 2C.6 7.2 55,8 9.1
21-30 2L, 3C.C i S fa3 5940 7.4
July 1-10 52.9 29.0 2C.0 79.8 62.1 7.0
11-20 LS.l 27.8 19.5 83.4 67.3 6.5
21"31 75.0 27.0 ’9.6 83&1 73.‘1 5.2
August 1-10 50,6  28.1 19,3 83.0 76.9 5.8
11-20 91:4‘-9 28.5 19.7 8)_]..3 66.0 701
21-37 73.3 29.1 19.4 78.3 70.5 7 Ry
September 1-10 56.4 26.0 19.5 77.5 68,9 241
21-30 75-:’ 29-3 JIQ!‘I ?6.& 69.2 7.6
October 1-10 0.0 30.4L 19.1 67.5 56.3 7.9
11-20 0.0 3145 15.8 L5.L L5.3 g.6
2“"31 0-0 31¢J+ 17-9 57.1]- JJ-B.L). 8:‘1
November 1-10 0.0 33.0 17.8 49.8 31.0 9.0
11-20 0.0 30.0 12.0 24.9 22.4 8.5
21-30 0.0 31,7  13.9  33.7 25.8 8.1
December  1=10 0.0 26,4 13.0 28,6 22.7 6.7
11-20 0.0 27.0 12.4 2.3 20.4 6.0
21-30 0.0 27.6 120,4- 22.’-:— 22.5 6.5
January 1-10 0.0 28,0 11,7 29,8 18,2 8.5
Sources Meteorological Unit, Institute for Agricultural

Research, Samaru, Zaria, Nigeria.
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