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ABSTRACT

H even cultivars of sorghumwere grown during the rainy
seasons of 1979 and 1980 to determne the influence of norpho-
| ogi cal and physi ol ogi cal characters on grain yield.

Leaf area, effective grain filling period duration and
grain nunber per head were all positively and significantly
correlated with grain yield. Hghyielding cultivars like
L. 1499 and SK 5912 were characterised by high |eaf area,
| onger grain filling period duration and nore grains per head
than their |ower yielding counterparts.

Pl ant hei ght was negatively correlated with grain vyield.
Shorter plants like L.1499, SK 5912 and L.75 gave higher grain
yield than the taller ones like FFBL, G 7-4 and FD- 1.

Tillering did not contribute to grainyield. Tillering was
found to reduce the nunber of grains per head in sone cultivars.
Head | ength was negatively correlated with grain yield.
Qultivars with long head like G7-4 and FD-1 recorded poor grain
yi el d because of few grains on the head when conpared wth

short headed cultivars |ike L.1499, SK 5912 and L. 75.

Gain weight also did not contribute to increased grain
yield. Gain weight was negatively correlated with grain nunber
per head thus resulting in reduction of total grain yield.

Fromthe resul-s of the experinment, the highest grain
yielders - L.1499 and SK 5912 were characterised by high | eaf
area, longer grain filling period duration and nore grains per

head. Al were short stemmed and short headed.
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INTRODUCTIOM

sorghum is one of the most important cereal crops in
Africa and Asia where it is used as human food. Hughes and
Metcalfe (1972) noted that it was difficult to obtain agcurate
statistics of world hectarage as sorghum is often included
with millet and no recent statistics from Mainland China
which probably has the largest hectarage of about 20 million
hectares. Purseglove (1976) held that 18 million hectares
are sown in India, Africa about 15 million hectares with
Nigeria having about 5 million hectares and the United States
of America about 7 miillion hectares. |

A more accurate breakdown of sorghum production in the
world was probably given by Martin et.al (1976) reporting an
annual world production figure of 72 million metric tons from
58 million hectares giving an average of 1.3 metric tons per
hectare. Leading world producers are the United States of
America, India, Wigeria, Argentina, Mexico and Sudan. Grain
production in the United States is 20.4 million metric tons
annually, giving 3.45 metric tons per hectare from nearly
5.9 million hectares. Yields from Africa and India vary between
300-2,000 kg/ha with an average of 650-750 kg/ha from rain-

fed sorchum. Irrigated hybrid sorghum in India is said



to yield about 1,800 kg/ha while iﬂ fhe Uniféé S£ates ie
ranges between 4,500-6,000 kg/ha (Martin et.al. 1976).

Anonymous {1979) reported that Nigeria's expected yield
from 6.5 million hectares was 4.2 million metric tohs giving
about 650 kg/ha and Oke (19276) noted that ahout 4 million metric
tons were produced in 1969/70, almost all (99%) being produced
from the northern States of Nigeria from about 6 million hectares
of land. Grain vield in Nigeria is very poor. about 10% from
the same land input when compared with yield figures from
the United States. Some of the reasons responsible for the
low yvield could be the use of low yvielding varieties, lack
of adequate fertiliser and poor crop management. However,
recent research findings as a result of breeding and fertiliser
trials show that yields could be pushed up to 3,000 kg/ha
or more with the use of high yvielding varieties, good crop
husbandry including adequate pest and disease control.

Sorghum is a major food c¢rop in Nigeria. 1Its importance
as a food crop is demonstrated by the large number of dishes
made from it including tuwo, fura, akamu and dawanke
(Egharevba 1978). Since sorghum is a wmajor food item and -
many people depend on it for food, research efforts are con-~

tinuing on improving its grain yvield. Several physiological
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determinants of grain yield have been identified mostly in
such temperate crops as wheat and barley but little work in
this field has been done with tropical cereals like sorghum.
High yielding varieties of sorghum are being bred at Samaru
and need to be tested for their production potentials. Some
of the yield determinants may provide valuable information
relating to grain yield which may be used by sorghum breeders
to screen and identify high yielding varieties of sorghum.
The objective of the present study was to determine the
influence of various morphological and physiological traits
like leaf area, grain filling period, seed weight, seed
number, head length and the effect ¢of tiller number which

influence grain yield.



LITERATURE REVIEW

Most research work on sorghum in Migeria has concentrated
on agronomic practices as they affect grain yield while
virtually nething has been done on the physiological and
morphological aspects. Studies on morphological and physio-
logical aspects have been carried out mostly in India and
United States of America and it is therefore necessary to
review the findings in those places and compare results from

them with results obtained in Nigeria.

caf characteristics:

The leaves of plants are the rhotosynthetic machinery
responsible for the manufacture of carbohydrates utilising
the energy of the sun, carbon dioxide and water. The most
important leaf characteristic for predicting grain yield appears
to be leaf area in barley {(Watson 1952), and in Sorghum
{(Makumbi and Rubaihayo 1978). A small leaf areca results in
less manufacture of dry matter because a proportionally less
incident radiation is intercepted and utilised. On the other
hand excessive leaf area will not increase grain yielid
because top leaves may shade off lower ones which may photo-

synthesize below the point of compensation.
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In an experiment to study the physiological pathways
leading to increased grain production in sorghum hybrids,
Gould and Sastry (1974) found that increased leaf number and
total leaf area contributed to the high heterotic response
for grain yield manifested by hybrids. The increased leaf
area fesulted in bigger ears, more grains and higher yields.
dagannath et. al. (1975) working with 2 sorghum hybrids
CBE-X and CSH-1 reported that CBE-X which was superior to
CSH-=1 in all recorded yield components also recorded higher.
leaf area and leaf area duration. CBE-¥ gave a higher
grain yield than CSH-1 infering that higher leaf area is |
associated with high grain yield. ¥rishramurthy et. al. (1¢74)
while investigating the varietal differences in the growth
components of sorghum with the cultivars CSK-1,-CBE-X,
Swarna and Local [eerjola reported that CRE-X gave a signifi-
cantly higher grain yields than the other hybrids anéd highest
dry matter accumulation which were attributed to higher leaf
area and longer leaf area duration associated with a modera; ‘
tely high net assimilation rate (MaR)..

Prior and Russel (1976) however found that prolific
maize hybhrids gave a higher grain yield than the non,prolific

hybrid. The highest total dry matter occurred at leaf area



iﬁdex of 4.1 and 4.0 for the prolific and nén-prolifié
hybrids respectively. The highest grain yield from the pro-
lific hybrid was obtained when leaf area index was 2.9,
indicating that leaf area may not necessarily be positively
correlated with grain yvield. Dharampal and Singh (1973} -
also noted@ that grain yvield was negatively correlated or
associated with leaf breadth in sorghum.

Apart from leaf area and leaf area duration, canopy
struciure may also determine orain production. Fisher and
Wilson (1976} concluded from a trial in which high population
density of sorghum variety RS 610 was used, that some of the
factors for the superiority of the high density population
could be attributed to leaves which were more wvertically
displayed, more uniformly dispersed, smaller in both length
and width and distributed over a greater height of canopy.
Light was therefore more uniformly distributed down the pro-
file and the light extinction co-efficients were lower.
Associated with these was high leaf area index. The overall
consequence was the distribution of intercepted radiation
over a large leaf area surface, at lower illuminance and
therefore a higher photosynthetic conversion, resulting in

greater total nhotosynthesis.



b.Grain Filling Period:

It is generally agreed that the formation of a black
layer at the placental region marks the termination of accumu-
lation of dry matter in the kernel. Daynard and Duncan (1969)
reported that the rapid development of a black layer at the
placental recion of the kernel represents a precise, accurate
and simple indicator that maximum kernel dry weight has been
achieved and the black layer could be used as an effective
selection tool by breeders seeking an extension of the grain
filling period in corn. They however noted that the mechanism
leading to the formation of the bhlack layer was not yet clear.
Rench and Shaw (1971) and Fastin et. al. (1973) upheld the
view that maximum kernel dry matter accumulation ends with
the formation of a black layer at the placental region of the
kernel and this black layer development seems to define physio-
logical maturity better than does dry weight or kerneél moisture.
Positivc correlations have been reported between time to
physiologic maturity and grain yield. Time of physiologic
maturity is the period between 50% blooming or when 50% of
the plants have shed their pollens and the time when the
black layer is formed. This is also known as the effective

filling period duration. Collier (1963) reported that there
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*;w;s a highiy posifive and significant correlation between
grain filling period and 1000 kernel weight in maize. s
Gunn and Christiansen (1965) reported that late maturity -
maize hybrids were characterised by longer grain filling |
period and larger kerhels than their earlier maturing counter-
parts. Gardener {1966) on the physiological hasis for yield
differences in three high yielding and three low yielding
varieties of barley reported that the three high yielding
varieties recorded longer grain filling periods than for the
three low yvielding varieties and Dalton (1967} reported that
the yvields of grain sorghum hybrids were influenced by
duration of the growth and limiting elements of the environ-
ment. Relationships between high vields and late maturity

in grain sorghum is most evident when environmental conditions
are favourable for maximum growth. Ce¢llier and Porter (1964)
presented evidence of this relationship in hybrid sorghum when
they reported that all linear regressions between maturity

and grain yield were highly significant. Similar views were
also reported by Hanway and Russel (1969} an< Daynard et. al.
(1971). They 21l reported a close correlation between grain
vield and grain filling period for several sorghum hybrids.

Daynard et. al. (1971) went further to explain that 80% of
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the differences in grain yield in the first season amoﬁg the

" three hybrids used in the trial was due to differences in .

effective filling period duration. The corresponding value
in the second vear was 71%. By contrast, less than 16% of
these vield differences could be explained by differences in

the rate of ear dry matter accumulation in either of the two

-~ years,

Plant height:

Although it is geherally agreed that a positive correla-
tion exists bhetween plant height and stover yield in cereals,
differences of opinion arise with regards to the influence
of height on grain vield. Some workers have reported a
positive correlation between plant height aﬁé grain yield,
others on the contrary have reported a negative correlation
or no correclation at all. 1In Nigeria, Goldsworthy (1969)
testing three varieties of sorghum - tall Farafara, a shorf
American hybrid called NK 300 and a hybrid of the two called
short Kaura reported that the variety Farafara with an average
height of about 500 cm, gave about 16.5 tonnes/ha of dry
matter but the grain yvield was poor, about 2420 kg/ha while

the variety MK 300 with an average height of about 150 cm

producing about half the total dry matter produced by tall
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Farafara gave over 4,484 kg/ha of grain. Short Kaura which
vas intermediate in height (about 250 cm) gave a hicher
grain yield than the tall Farafara but was not as high
yielding as NK 300, indicating that shorter varieties are
more efficient in accumulation and storage of dry matter in
the grain.

Other workers (Sankaran and Kaliappa 1974; Pasha and Munshi
1974; Louswan and Atkins 1978) have reported positive
correlation between grain yield and plant height. ¥rishna-
murthy et. al. (1973) in India reported from their trials
with some sorghum hybrids that the hybrid MS 2219 X IS 3541
gave a higher stover and qrain yield than other hybrids. The
reason advanced for this high stover and grain yields of M35 2219
X IS 3541 was that it was taller and had more leaves. Also
earlier in India, Pande et. al. (1971) observed that plant
height, number of grains per cob, yield of grains per plant
and 1000 grain weight had positive and significant correlations
with grain yield in sorghum and the relationship of these
characters with grain yield were found to be linear. Polke
et. al (1974) also in India while testing 20 sorghum cultivars
stated that panicle weight, plant height and leaf area were

the important yield components making both direct and indirect



contribution to grain vield. Plant height made a direct
contribution to fodder yield while leaf area made an indirect
contribution through plant height.

. However Gregory (1975) working in the United States of
america with 12 varieties of winter barley found Schuyler
a short stemmed variety, consistently produced higher
grain yields than the 11 other cultivars tested and gave an
average yield of 7464 ka/ha from 1970 to 1973. Schuyler was
short stemmed and resistant to lodging while others were tall.
The same trend was observed by Chang et. al. (19276) in Saudi
Arabia with wheat. They observed that short stemmed varieties
matured earlier and produced heavier cecars than the tall
varieties. Ganashan and Whittington (1976} in Sri Lanka
also reported that the yield of the shorter cultivars of rice
exceeded those of the taller cultivars. Kaul {(1972) in
India also noted that plant height was negatively correlated
with grain yvield of rice. Gupta and Sidhu (1972) in a regres-
sion correlation analysis found tiller number and qrain size
to be the major yield components, while hardness and plant
height influenced the variability in grain yield. Gupta
and Dhillon (1974) found piant height to be positively

-

correlated with grain yield in 264 strains of Pennisetum

americanum. - h o oy

P
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d. Tiller number: Tillering ability is not pronounced in
sorghum as it is in millet but some cultivars of sorghum do
produce a few tillers. Increase in tiller number will .
increase biological vield but may not incfease grain yield
in the same direction. 7This is because not all tillers
produce heads. Egharevba (19277) in Nigeria working on
millet reported that 3-5 tillers per stand increased gréin
vield by about 20%. He found that reduction in the
number of tillers had no advantage on biological yield, He
attributed the grain yvielding advantages of a few tillers .
to the fact that not all tillers formed produced heads and
those that did not produce heads were parasitic on the main
shoot for water and nutrients. Secondly there was intra-
plant competition for nutrients as more heads were formed,
and this intra-plant competition was detrimental to high
grain yield. Sakaran and Kaliappa (1974) also working in
India and on millet reported that grain yield was positively
correlated with the number of productive tillers. Sharma
and Sharma (1976} in India working on irrigated barley and
using partial correlation analysis found ear length and effec-
tive tillers to be the main vield contributing components.
The prediction of grain yield from a regression equation

based on these two components showed that 98% of yield values
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i

were associated with these two components., Escalada and

3 _
Plucknett {1975) observed that incgrease in the number of

tillers also resulted in increase in the grain yield of
sorghum and Gupta and Sidhu (1972), and Gupta and Dhillon
(1974) in India and also working on sorghum found grain
yvield to be positively correlated with tiller number.
Tillering may become advantageous in cases of poor esta-
blishment. Gregory (1974} in the U.S. reported that cold
winter temperature reduced barley stands and yields in
1971 but although the stands of the barley variety Schuyler
was reduced to about 21%, the cultivar still produced the

highest grain yield because of its tillering ability.

Head characteristics: The influence of head size, number
of grains per head and size of grains on grain yield of

sorghum have been reported by various workers (Pande gt. al.

1971, Gupta and Sidhu 1972, ¥rishnamurthy et. al. 1973, and

williams 1976)}. There appecars to be no consensus on the

influence of these various characters on grain vield.

S,

Krishnamurthy et.al. (1973) while investigating the

varietal differences in sorghum found that the high grain
yield of the sorghum variety MS 2219 X IS 3541 was associa-~

ted with heavier head, which in turn was a consequence of

S
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more humbéf éf graiﬁé.per head. Pande gt.al (1971) also
upheld that plant height, number of grains per head, yield
of grain per plant and 1000-grain weight had positive and
significant correlations with grain yield and the relation-
ships of these characters with grain yield were found to be
linear in sorghum. Gupta and Sidhu (1972) and Gupta and
Dhillon (1974) upheld that grain yield in sorghum were
positively correlated with grain size among other characters
such as plant height and tiller number. ©Other workers who
have come to similar conclusions include Kaul (1972) for
rice, Raghunathan (1974}, Pasha and Munshi {1974), Sankaran
and Yaliappa (1974), Sharma and Sharma (1976}, Abu-el-Gassim
and Kambal (1978) for sorghum. S

Williams et.al. (1977}, however noted that there was
a high negative correlation between grain number per panicie
and number of panicle per plant., Grain weight was found to
be independent of crop density or spacing. The relationship
between grain weicht and grain number per panicle varied with
cultivars attaining 2 high negative correlation for the sorghum
hybrid RS 610. -

Louswan and Atkins working in the U.8. reported there

was no correlation between qrain vield and 1000 grain weight.
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MATERIALS AND METHODS .-

MATERLALY SN oo olo——

Eleven cultivars 6f sorghﬁm: short Kaura (SK.5912),
Farafara bulk line (FFBL) , Local 187 (L-187), Local 181(L-181}),
Local 1499 (L-1499), Local 75 (L-75), Local 1500 (L-1500}.
(c-7-4), (Fp-1), Samaru sorghum hybrid I (S8SH-1) and ‘
samaru sorghum hubrid 2 (sSH-2) of different maturation
periods and adapted to Northern and Southern Guinea savanna
(vig.I) were used in the field trials which were conducted
during the rainy season of 1979 and 1980 at the experimental
farmbof the Institute for Agricultural Research, Samaru
(lloll'N 7038'E). These 11 cultivars were divided into three
groups with FFBL, SKX 5912, 1..187, L.181, L.75, L.1500 and
1,.1499, all adapted to the Northern Guinea savanna
forming “"Group I".

FD-1 and C-7-4 which are adanted to the Southern Guinea
Savanna are grouped together 1n *Sroup 2.

The hybrids - S59-1 and SSH-2 for comparative purposes
were constituted into a 3ifferent group (Group 3}, although

both are adapted to the Northern Guinea S5Savanna.

Descriptions of the various cultivars of sorghum used in the

trial at Samaru. '
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1. BSK.5912: It ig a semi-tall cultivar and grows to about
260 ¢m in height. It heads in 130 days and matures between
170 and 175 days- The head 1is compact and has-bold yellow
grains. o

2. FEFBL It is a very +all variety reaching about 460.cm
at maturity. It heads in 130 days and matures after about
180 days. The head is long and loose and the grains are
white. |

3, L.187: It is semi-dwarf, very robust in form and grows
to about 180 cm in height. The head which is large and
compact characteristically bends to the direction of the
suyn at maturity. The grains are cream coloured.

4. L.181: It is a semi~dwarf cu;tivar reaching a height
of 190 cm at maturity. It heads in 123 days and matures
after 160 days. The head is semi-compact, elliptical and
pointed at the top. The grains are medium sized and cream
coloured. | |

5., L,1500: It is a semi-dwar€ cultivar and grows to about
190 c¢m in height. It heads after about 123 days and matures
after about 160 days. Tne head is generally compact and

the grains are medium sized and cream coloured.
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6. 1.1499: It is semi-dwarf and agrows to about 200 cm at
maturity. It heads in 123 days and matures after about

155 days. The head is large and grains are white coloured.
7. L.75: It is semi-dwarf and grows to about 200 cm in
height at maturity. The cultivar generally heads in 123
days and matures after 17¢ days. The head is compact and
the grains are small and cream coloured.

8. Samaru Sorghum hybrig¢ 1 {ssE-1}: It is a semi-dwarf

hybrid reaching 230 cm at maturity. It heads in about 118
days and matures after about 160 days. The head is open
with drooping branches. The seecd 1s cream colovred.

0. Samaru Sorchum hybrid 2 (ssE-2): It is a semi-dwarf

hybrid reaching 230 cmr at maturity. It heads in 120 days
and matures after 160 days. The head is open with drooping
branches. The seed is yellow coldured. - ' -
10. C-7-4: This is a tall cultivar which reaches 400 cmwét
maturity. It heads in 150 days and matures after 180 davs.
The head is large and loose with drooping branches. The
grains are white and of medium size.

11. Fp-1: It is a tall cultivar about 400 cm at maturity.

Tt heads in about 150 days and matures after about 180 days.

The head is large and loose with drooping branches. The

grains are yellow and large.
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Soil: The soil of the experimental farm is a fine sandy

loam which is prone to capping and has been further described
as well drained leached vertisol (D'Hoore 1964). the soil
properties having been described by Jones (1973). .
Climaté: The climate of the area is tropical with two
major seasons. The rainy season starts between late April
to early May and peaks in July/August. It ends in September.
The amount of rainfall ranges from 800-1350 mm annually with
an average of 1100 mm (Table 1). |
The dry season starts in October and ends in April.
The hotest months aré thosc preceding the rains - February
to April. The harmattan period from the month of October to
February is the coldest period of the year and the weather is

characterised by a dry cold wind from the North East.

Planting: The sorghum cultivars were planted 30 c¢m apart on
75 cm row ridges on May 17th, 1479 and May 27th, 1980. There
were eight ridges per plot and each ridge was six metres long
thus giving a plot size of 36m2. As a result of poor germina-
tion resulting from a protracted period of drought following
planting in 1979, the entire experiment was replanted on 6th

June 1979,
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Table 1 Rainfall Data (cm) for Samaru in 1979 and 1980
1979 1980
f g } '

DATE |APR.|MAY |JUNE [uLY iAucusT sepr.|oct.!| APR. | May !June {Jury |aveust |sEpt.|ocT.
1 3.0 17.0 9.8/13.3 16.3] 5.0| 40.2 Tr | T
2 7.2| 1.4 22.8 5.9] 34.4{ 0.9} 12.0
3 5.0 40.4 10.3] 3.0] 0.2 ,

4 0.4 |23.5112.2 | 11.0] Tr 0.9] 0.4}
5 39.5 | 3.8 0.2 9.1
6 22.6 13.6 10.3 37.2] 5.
7 17.0 33.7 ) 26.8 10.3 0.
8 5.1 7 13.0 Y
9 1 3.2 21 2 T8 I7T%

10 119.6] 23.5 .8 1 25.7] 7.

11 15.5 1 6.5 18.9| 38.4[ 70.0 4.

12 Tr 9.8] 1.2 3.4 0.4 | 11.7

i3 Tr 101.6 31.0 Tr

14 0.7 12.0 | Tr

15 6.0| 26.81 33.3 Y2, 22.0

16 10.5 5.4 36.8| 0.3| 9.0

17 55.4 | 30.1{ 7.0 6.4 | Tr

18 Tr ! 13.5 17.0 Tr 3.7

19 1.0] 8.2 26.0 1.6 | 20.8 0.6

20 4.5] 2.0 29.2 3.5 Tr

21 5.21 32.3] 10.8] &. 10.2 16.3] 1.2

22 7.2] 19.0! 0.5 0.3] 40.6 | 6.7

23 Tr 6.5] 5. 16.4 1

2 ! 10.9: 13.7] 2.3| &. 1.2 10.0] 0.6

25 ! | 13.0 8.6 | 11.2

76 Tr | 11.2| 20.% 8. 2.5 16.5 2% .8

27 Tr | 5.2 37.3| 49.3 34.0

28 6.8 2.0 0.2 | 5.0 )

29 Tr ER T 1.7 3.6

30 |16.8! 4.6 2.3 8.41 19.7 5.0

31 ? P 44.0 o.Z} 8.0 2.4

| * :
Total 19.8;&&.3 220.2{373.8; 299.8] 1642.8130.8| 3.7 | 154.4116.4 |268.9 |215.8] 71.9, 16.3
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Treatments were arranged in a complete randomised block
design and was replicated three times.

Fertiliser application: Fertilisers were applied in two split

doses. The first application was made at planting at the rate

of 100 kg/ha of each of Mitrocgen and P Second applica-

205.
tion was made 8 weeks later as a side dressing at the rate of
50 kg/ha of NMitrogen only.
Thinning: Thinning to one plant per stand and supplying of
missing stands were done 2 weeks after planting.
Pest control: The plants were sprayed at weekly intervals
beginning from the 8th week after sowing with vetox 85 at
the rate of 1.12 kg/ha.

Hoe weeding was done twice, at three and at eight weeks
after planting.
Measurements taken: The following measurements were made:
3 samples were taken.
1. Leaf area: Leaf area was measured at 50% bloom stage i.e.
when half of the plants have shed their pollen. Leaf area was
calculated by multiplyinc the length of each leaf blade by its

maximum width and further multiplied by a correction

factor of 0.70 (Egharevba, personal communication).
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2. Effective Grain filling period duration (FFPD): Was
measured as the period from 57% bloom stage to physiologic
maturity noted by the appearance of a black layer at the placen-
tal region.

3. Plant height: Was measured in cm from the ground level

to the tip.

4. Number of grains per head: Number of seeds per head

was counted at harvesting, using 3 heads per plot.

Length of head: was measured in cm from the base of the head
to the tip.

5. 1000 kernel weight: It was determined by counting 1000
seeds and weighing them.

6. Grain yield: The four inner rows of each plot were hand
harvested, dried and threshed for yield determination. Grain
vield was expressed in kilograms or tonnes per hectare at

14% moisture. Grain yield per head (gm) was determined by
dividing the grain yield per plot by the number of heads
harvested.

7. Stover yield: It was determined by subtracting the grain
yield from the total dry matter.

8. Tiller number: Tiller number was measured by finding the

means of tillers for 3 stands per plot.
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Statistical treatment of data:

The data collected was subjected to statistical analy-
sis of variance as described by Snedercor and Cockran
{(1967). The least significant difference was used to com-

pare the means.
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RESULTS AND DISCUSSIONS

Leaf areca:- There were significant “ifferences in leaf

area among the cultivars in both 1979 and 1980 (Table 2).
During the first year (1979), the cultivars in order of the
magnitude of their leaf area were C-7-4, FD-1, SK.5912,
SSH-2, FFBL, 1,.181, 5SH-1, L.1499, L,1500, L.181 and L.75,
Differences were statistically significant among all the
cultivars except between FFBL and L.187.

Whereas C-7-4 produced the highest leaf area in 1979,
SK.5912 recorded the highest leaf (91.4 dm®) in 1980,
followed by SSH-1, L.187 and 3SH-2. When both years were
combined, SK.5912 still recorded the highest leaf area
suggesting that SK 5912 is superior to all other varieties
in terms of leaf area production.

When total leaf area for bhoth years were compared,
total mean leaf area for 1980 was statistically different
from total mean leaf area for 1978. It appears that due to
late planting in 1979 as a result of a protracted period of
drought after the¢ first plantine was responsible for the

lower leaf area recorded in 1979, The rains came and were

established in 1980 earlier and so planting was earlier. The

plants therefore had adequate water and enough period for
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of sorghum at 50% £
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af area (dmz) of the different cultivars

lowering.

Cultivar 1979 1980 Mean

SK 5912 74.60 91.40 83.00
FFBL 63.20 49.30 56.25
L. 187 62.00 85.10 73.55
L. 181 i 46.60 59,30 52.95
L. 1500 | 54.90 67.60 61.25
L. 1499 58.90 63.60 61.25
L. 75 38.60 60.50 49.55
c-7-4 92.00 68.00 80.00
FD-1 81.35 ; 57.10 69.20
SSH-1 60.10 % 86.70 73.40
SSH~-2 67.40 ! 82.60 75.00
LsDh {(0.05) 1.26 ! 2.00 1.14

|
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the development of an adequate leaf area.

A study of the correlation between leaf area and grain
yield for cultivars in group 1 (8K 5912, FFBL, L 187, L 181,
1,.1500, L.1499 and L.75) showed that leaf area was positively
correlated (r = .39%) with grain yield (Table 11). This
relationship had earlier on been reported by Watson (1952)
whc reported ar increase in total grain yield of barley with
an incrzase in 127 area. Jagannath et. al (1975}, Gould
and Sastry (1974), and Makumbi and Rubaihayo (1978) all
reported vositive correlation between leaf area and grain
yield in sorghum. Krishnamurthy et.al (1974), had also
observed while investigating the varietal differences in
the growth components of sorghum with the cultivars CSH-1,
CBE-X, Swarna and local MNeerjola that CBE-X gave a higher
grain yield than the other cultivars as a result of its
higher leaf area. A similar conclusion can be reached here
that the high yield of SK 5912 in comparison to other culti-
vars (Table 10) can be attributed to the higb leaf area of
SK.5912.

Othexr attributes that showed significant relationship
with leaf area for cultivars in group I included number of
grains per head (r = .Slxx), and effective grain filling

period duration (.54°7)
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Of the two cultivars in group 2, C-~7-4 produced signifi~
cantly higher leaf areas than FD-1 in both years (Table 2).
When leaf area and qgrain vield were analysed for correlation,
a negative non-significant relationship hetween grain yield
and leaf area was obtained {(Table 12)}. This relationship
had earlier on been noted by Dharampal and Singh (1973) in
certain varieties of sorghum. The reason they gave to explain
the behaviour was that due to the short internodes, the uvpper
leaves must have completely shaded the lower leaves thereby
making them less photosynthetic and parasitising on assimi-
lates ovroduced by the upper leaves and subsequently reducing
the assimilates for grain filling. Although C€-7-4 produced
higher leaf area in both years, its grain yvield was pocrer
(Table 10). It may be necessary to note that in the present
study, varieties in question were tall with long internodes
and so it could not have heen a case of shading but a case
of nhotosynthetic inefficiency of the leaves of the varieties.
This suggestion of photosynthetic inefficiency is supported
by the findings of Prior and Russel (1976) that the leaves
of certain varieties of maize were more efficient photosyn-
thetically than others. Also it could have been that most

of the assimilates produced in these tall varieties were



28.

translocated to the straw resulting in high stover vield
but less grain vield (Tables 6 and 10 respectively).

With SSKB-1 and SSH~2 - the two hybrids forming plants
in group 3 - leaf area showed a positive correlation with
grain vield {(r = 0.08) (Table 13). Leaf area production
was inconsistent in both years (Table 2} for the two varieties.
Although 8SH-2 produced a higher leaf area in 1979 (67.40 dmz)

against 60.10 dm2 for SSE-1, the situation was reversed in

1980 with SSH-1 having a leaf area of 86.70 drn2 and 82.60

dm2 for SSE-2. In both years, differencses were statistically
significant. The mean leaf area for both cultivars for

both vears however showed SSH-2 having a higher leaf area of
75.00 dm® against 72.40 dm® for SSH-1.

Analysis of wvariance for all the varieties showed SK 5912
had the highest leaf area {(Table 2). Correlation studies also
showed a positive but non-significant relationship between
leaf area and grain yield (Table 14), implying generally
that increased leaf area mdy increase grain yield.

From the results, it is obvious that leaf area is
positively correlated with grain yield in certain cultivars

of sorghum but not in all of them. Possihle explanation for

this behaviour as far as this study is concerned is that with
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cultivars in group 1, high leaf area resultéd in high grain
yield because a high source was matéhed by an egually high
sink capable of accumulating and storing most of the assimi-
lates manufactured and translocated to the head for grain
filling.

For cultivars in group 2, although leaf arca was high,
grain yvield was low. Stover yield on the other hand was
however very high. It appears that the assimilates produced
here were not fully utilised for grain filling but were

translocated to the straw resulting in high stover yield.

Effective Grain filling pericd duration:

There were significant differences in grain filling
period duration among the cultivars in both years (Table 3}.
Whereas the cultivar SX %912 recorded the longest grain
filling period - 31 days in 1979, L.1499 recorded the highesi
in 1980 - 31 days. Difference between these two cultivars wi
statistically significant in 1979 but was not in 1980 (Table !
Wwhen the data for both years wecre pooled together and analysec

analysis of variance showed SK.5912 to still have maintained
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Table 3. Time (days) from 50% bloom stage to black layer

formation (EFPD) in the different cultivars of

sorghum.

Cultivar E 1979 § 1980 Mean
SK 5912 30.67 ; 30.00 ! 30.33
FFBL 21.33 22,67 22.00
L.187 22.67 22.67 22.67
L.181 20.67 20.67 20.67
L.1500 i 20.00 25.33 22.67
L.1499 24.67 31.00 27.84
L.75 18.00 23.00 20.50
C-7-4 22.67 22.33 22.50
F-D-1 | 25.00 23.33 24.17
SSH-1 20.33 27.67 24.00
SSH-2 22.33 20.33 21.33
Mean 22,58 24.45 23.52
LSD (0.05) 3.16 1-1?




it

\Mean grain filling period for ail cultivars in 1980
was 24 days as against 23 days recorded in 1979. The
difference was statistically significant. The possible
reason may be dua to the late planting in 1979 caused by a
dry spell after the initial planting in May. This caused
a replanting in June ~ a late planting time for sorghum in
this zone, '

An analysis of the correlation between effective £il-
ling period duration and grain vield showed a highly
positive significant relationship (r = .45xx) Table 11) for
cultivars in group 1. This agreed with an earlier observa-
tion by Coliier (1973) when he noted a highly significant
correlation between grain filling period duration and total
grain yvield. Gardener {1966) on physiological basis for
vield differences in three high yielding and three low
vielding varieties of barley also observed that the three
high yielding varieties were characterised by longer grain
filling period duration than the three low yielding ones.,
Hanway and Weber (1965} working on soybean varieties also
~ observed that seed yields and duration of the dry seed weight
accumulation were closely related. Other workers who have

observed similar trends include Collier and Porter (1964) for
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sorghum, Dalton (1967) fot sorghum, and Daynard et. al.
(1971} for corn. ' “ |

For the cultivars in group 2, ana anaiysis of tﬁe cofre-
lation showed a positive but not significant relationship
between grain filling period and grain yield (r= ,14, Table 12?.
There was also a positive but not significant correlation
between grain £illing period duration and grain yield (r =.24)

when all the cultivars were combined (Table 14),

The cultivars in group 3 showed a negative trend.

- Difference in effective filling period duration between the

two cultivars was not significant in 1979 but was significant
in 1980 (Table 3). S8H-1 had a longer grain filling

period of 28 days and SSH-2 had 20 days in 1980. A combined
analysis of variance for 1979 and 1980 showed SSE-1 to have

a higher grain filling period. There was a negative but not
significant correlation between EFPD and grain yield
{r=-.47) in this group (Table 13). The SSH-2 with a

shorter grain filling period gave a higher mean grain yield
of 2.95 tonnes/ha compared with S8H-1 with 2.50 tonnes/ha.

It may be that SSH-2 has a shorter duration but higher rate
of grain filling. Grain filling rate was not measured in

this study. However the fact that most of the high
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yielding cultivars (L.1499 and SK 5912) had a longer
filling period, it can be tentatively inferred that a longer

grain filling period is essential for increased grain yield. .

Tiller Number:- Significant differences were found in tiller

number among the varieties in both vears {(Table 4) with the
cultivar L.181 having the highest number of tillers. Tiller
number however had no effect on grain yield. For example
when cultivars in group 1 were evaluated for grain yvield,
SK.5912 and L. 1499 that recorded@ the highest grain yield had
on the average one tiller per stand. The only variety in
this group that combined tiller number with high grain yiel@
is the variety L.187 with a mean tiller number of 2 and mean
grain vield of 3.04 tonnes/ha. Correlation analysis showed

a positive (r = .10) but not significant relationship between

N

" tiller number and grain yield for cultivars in this group

{Table 11). However there was a negative correlation between
number of grains per head and number of tillers per stand
with cultivars in this group (Table 11). This implies that
tillering may reduce the number of grains per head and conse-
guently grain yield. 1In this group, L.181 with the highest
number of tillers in both years with about three tillers per

stand recorded a grain yield of 2.82 tonnes per hectare. .
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Table 4. Number of tillers per plant in different

Sorghum cultivars.

Cultivar ' 1979 1980 Mean
sk 5912 | 1.34 1,67 1.5
FFBL o 1.34 2.33 1.67
L.187 1  1.00 1.00 1.00
L.181 - 3.67 2.67 3,17
L.1500 I 1.00 1.00 1.00
L.1499 1.33 1.00 1.17
L.75 : 3.33 1.82 - 2.33
c-7-4 2.00 1.67 1.83
FD-1 ' _ 2.33 2.67 2.50
SSH-1 o 1.00 | " 1.00 1.00
ssH-2 - ' 1.00 1.00 1.00
MEAN | : | 1.73 1.62
LSD (0.05) 1 1.5% T 1.20
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When compared with ﬁ. 1499 with only one tiller and a grain
vield of 3.33 tonnes per hectare, the tillering influence
appears to have been_negative.

‘ No significant differences were found in tiller number\
Between the cultivars in group 2. FD-1 with a higher number
of tillers than C-~7-4 also had a higher grain yvield but
these differences in both tiller number and grain yield
were not statistically significant. A negative relationship
was ohserved between tiller number and grain numbher per head
and also between tiller number per stand and grain yield
(Table 12), o -

It appears that in both groups 1 and 2, tillering tends-
to reduce the number of grains per head which eppears to be
an important yield component. The regult of this action may
be decrease in total grain yield possibly resulting from
intra~-plant competition for assimilates. |

Plants in group 3 4id not tiller so it was not possible
" to determine the influence of tillers on grain yield for this
. group. | | |

When all the cultivars were grouped together and subjected
to correlation analysis, tiller number showed a positive but

not significant relationship with grain yield but a negative

£
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relationship with grain number per héad (Table 14);
Egharevba (1977) observed that reduced tillering increased ,
grain yield in millet but reducing to less than 3 per stand
led to a decrease in grain yield. Some researchers who have
noted that tillering jncreased grain yield in some Crops
include Sharma and Sharma (1876) on barley, Sakaran and
Kalliappa (1974) obcerved that grain yield was positively
correlated with the number of productive tillers in barley.
Escalada and Plucknett (1975) however noted that increase
in the number of tillers also increased the grain yield of
sarghum, possibly, the result of varietal differences. The
negative effect of tillering on total grain yield in this
study may be due to the effect of tillering on number
of grains per head. o | | -
Plants in 2 out of 3 groups showed a negative correla-
tion between tiller number and number of grains per head.
So tillering in sorghum may not have much influence on
grain yield, more So when it is realised that a large percen-
tage of sorghum varieties either do not tiller or have a

few tillers per stand.
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d) Plant height: There were significant differénces in plant
height among the cultivars in both 1979 and 1980 (Table 5).
FFBL, C-7-4 and FD-1 were the tallest plants. o

Among the cultivars in group 1, FFBL was tﬁe taliest
with a height of more than 4 metres. The shortest cultivar
was L.187 with a height of about 1.75 metres. Matching plant
height with grain yield, it seems that the taller the plant
were, the less productive. While L.187 with & plant height
of 175 cm produced a mean grain yield of 2.99 tonnes/ha
{0.38 gm/cm of height), Farafara that is 471 cm produced .
2.77 tonnes/ha (0.13 gm/cm of height) an indication of negative

~relationship between plant height and grain. This is substan-
tiated by a regression analysis that showed plant height to

© be negatively correlated with grain yvield (r = -0.21) (Takle 11).
This observation agrees with that of Goldsworthy (1969) who
observed that a short American hybrid NK.300 gave a higher
grain yield (4484/ha) when compared with a taller Farafara
with a grain yield of 2242 kg/ha. Some other workers who have
reported similar findings include Kaul (1972), Gregory (1972},
Ganashan and Whittington (1976) for rice and Chang et.al. (1976)

for wheat.
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Table 5. Mean plant height (cm) at harvesting of different

cultivars of sorghum

'

Grain yield
Cultivar 1979 1980 Mean per unit
‘ height (cm)

SK 5912 273.3 \ 273.3 273.3 0.27
FFBL 493.3 449 .7 471.5 0.13
L.187 < 172,30 F 178.0 175.2 0.38
L.181 . 208.3 . 218.7 | 213.5 0.20
L.1500 250.0 . 322.7 286.3 0.20
L.1499 " 229.7 222.7 226.1 ©0.33
L.75 | 198.3 209.7 204.0 0.34
c-7-4 126.7 438.7 432.7 0.11
FD-1 - 435.0 _ 425.3 430.2 - 0.13
SSH-1 20107 246.0 242.8  0.73
SSH-2 257.7 287.7 272.7 0.24
MEAN 289.66 297.3 302.57 _

LSD (0.05) 39.96 44.34 - 27.97
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For the cultivars in group 2 (ém7—4' and FD-1) differences

.in height.between them were not significant in both 1979 and

1980. Differences in grain yield were not significantly
different in both years although FD-1 yielded more grains

_; in both years. There was a positive but not sighificant._

| correlation between height and grain yield for this group

{r = .51, Table 12). Pasha and Munshi (1974), Louswan and

Atkins (1978) working with sorghum noted that plant height

~of certain cultivars correlated positively with grain |

vield. Gupta and Dhillon (1974) and Sakaran and Kalliapba

(1974) working with pearl millet also noted the same trend.

Krishnamurthy et.al {1973) attributed that the sorghum

hybrid M5 2219 X IS8 3541 gave a higher grain yield than the

other cultivars he studied because MS 221¢ X IS 3541 was

so much taller than the other varieties.

For the hybrids of group 3, SSH-2 was significantly
taller and its grain yield though higher was not statistically
significant from S§SH~1. There was a positive but not signi-
ficant correlation between plant height and grain yield

- = .18, Table 13).
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o From the result of thése 3.groups a clear picture does
not emerge on the influence of height on grain yield. When
all the cultivars were combined and subjected to correlation
analysis, height showed a negative but not significant
relationship with grain yield (Table 14) but based on their
different groups, each group responded differently. Some
responded positively while others showed a negative response.
In terms of production efficiency, that is grain yield
per unit height, the short stemmed cultivars out-yvielded the
long stemmed ones (Table 5). This notwithstanding, recommen-
dation of the short varieties to farmers in this country
should be made with other points in mind such as the useful-
ness of the straw in fencing, tatching and as source of

fuel.

Grain numbher per head:

There were no significant differences in grain number
per head among all cultivars in 1979 but there were signifi-

cant differences in 1980 (Table 6). A combined analysis of

. the two years' data showed that there were significant dif-

ferences among the cultivars with regards to number of
grains per ear with the cultivars L.1499 and SK 5912

having the highest number of grains per head.
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Table 6. Mean number of grains per head in different

sorghum cultivars

.

Cultivar 1979 1980 . Mean
SK 5912 2440 2910 . 2680
FFBL | 1740 2160 1950
L.187 2150 | 2740 2450
L.181 . 2200 2020 2120
L.1500 2110 13050 2590
L.1499 | 2970 4030 . 3510
L.75 - © 2210 2510 2360
c-7-4 1870 2470 2170
 FD-1 2360 2860 - 2620
SSH-1 | 2320 2700 2520
SSH-2 2050 2910 - 2480

MEAN 2020 2669.0

LSD (0.05) NS 820
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During'the 1980 ¢growing season, L.,1499 maintained
the highest grain number of 4030 per ear followed by
L.1500 and SX.5912. SSH-2 had the least number of grains
with 1910 per ear. Grain number per ear was generally
higher in 1980 than 1979. This again may be attributed
" to the more favourable weather condition in 1980,

For the cultivars in group 1 (Table 11) grain number
was positively correlated (r = 0.47%%) with grain yvield.
L.1499 with mean grain number of 3510 had a grain yield
of 3.33 tonnes/ha. SK 5912 had 2680 grains per head and
grain yield of 3.24 tonnes/ha, L.1500 had 2590 with a mean
grain yvield of 2.62 tonnes/ha. FFBL with 1950 grains per
head, the least in the group gave a mean grain vield of
2.77 tonnes/ha. This positive relationship between number
of grains per head and grain yield in sorghum had earlier
been reported by Krishnamurthy et.zal. (1973) while investiga-
ting the varietal differences in grain vield of sorghum.
They observed that the high grain yvield of the sorghum
variety MS 2219 X I8 3541 was associated with heavier ear
which in turn was a consedquence of more number of grains
per head. Pande et.al.{1971) also noted that number of
grains per head had positive and significant relationship

with total grain yield in sorghum.
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An interesting observation noted in group 1 cultivars
during the study was that leaf area and effective grain
£illing period individually correlated positively with
grain numher per head. Both characters contributed positively
with grain yield. It appears that a hich leaf area and
long grain filling period result in more grains per head
which eventually resulted in higher total grain yield.

The two cultivars - SK 5912 and L.1499 - which recorded
the highest grain yield were observed to be characterised
by very high lecaf area, longer grain filling period
duration and more grains per head.

For the cultivars c-7-4 and FD-1, although C-7-4
produced more grains than FD-1, the difference in grain
number was not significant neither in 1979 nor 1980.

Grain number also showed a significant positive correla-
tion (r = .77%%y with grain yield (Table 12}.

Between the hybrids, differences in grain number in both
years were never significant. In 1979, SsH-1 produced more
grains than gsH-2 but the trend was reversed in 1980. SSH-2
however gave a higher total grain vield. Correlation
between grain number per head and grain yield was positive

in this group. - .
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From the studies it is obvious that increase in grain

number results in increase in total grain yield.

1000 Kernel weight: There were significant differences in
kernel weight among the cultivars in both 1979 and 1980
(Table 7). Although S5H-~1 produced heavier grains in both
years, it was one of the poorest in total grain yield - an
indication that grain weight may not necessarily be an indica-~
tion of total grain yield.

Analysis of variance for the cultivars in group 1
showed that L.187 produced the heaviest kernels with 1000
kernels weighing 34.4 gm, the cultivar L.75 with 1000 kernel
weighed just 25.77 gm. Although L.187 produced heavier
kernels in this group, cultivars like L.1499 and SK.5912 with
lower 1000 kernel weight but more grains produced higher
total grain yield. <Correlation analysis showed kernel
weight to be positively but not significantly correlated
with grain yield (Table 11). Gupta and Sidhu (1972}, and
Gupta and Dhillon (1974) had earlier reported grain size was
positively correlated with grain yield. Similar findings
were reported by Kaul (1972), Raghunatha (1974), Sharma and
Sharma (1976) and Abu-el-Gassim and Kambal (1978) for rice,

sorghum, barley and sorghum respectively.
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Table 7. Mean 1000 Kernel weight (gm) among different

sorghum cultivars

Cultivars 1979 1980 Mean
SK 5912 32.97 33,33 33.14
FFBL 33.93 31.70 32.84
1,.187 33.50 35. 40 34.45
1,.181 . 27.83 36.40 27.14
L.1500 23.63 32.80 28.20
1.1499 26.33 26.70 26.52
L.75 25.17 26.40 25.77
co7-4 27.13 24.40 25.57
FD-1 = 32.30 24.40 28.35
SSH-1 36.50 35.80 36.15
SSH-2 34.77 . 30.60 32,69
MEAN 30.37 29.81 30.10

LSD (0.05) | 4.43 4.61




46.

For the cultivars in group 2, FD-1 produced heavier
grains and higher grain yields in both years. Relationship
between grain weight and grain yield was however negative
but non significant (Tahle 12). This same non significant
relationship between grain weight and total grain yield
was shown by cultivars in group 3(Table 13). Although
SSH~1 produced heavier grains, SSH-2 gave a higher total
grain yield. Williams (1977) noted that the relationship
between grain weight, grain number and total grain yield
varied with cultivar and actually obtained a significant
negative correlation with the sorghum hybrid RS 610. If
grain weight correlates negatively with grain number, but
grain number increased total grain yield, then it becomes
obvious that very heavy qgrains may not increase total grain
vield because of the few grains.

Although SSH-1 produced the heaviest grains when all
the cultivars were compared, but because the number of grains
per head was very few, the total grain yield of SSH-1 was
lower than those cultivars with lighter grain weight but higher
grain number. So grain number appears to be a better index
for predicting grain yield, although if both characters -
heavier grains and more grains c¢an be combined in a genotype,

total grain yield will be greatly increased.
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g) Stover vield:

There were significant differences in stover yield
among all the cultivars (Table 8). In both 1979 and 1980
FD-1 produced the highest yield of stover followed by C-7-4.
The least stover yield was produced by L.187 and L.75.

However the cultivars that produced the highest stover
yeild were not necessarily the highest grain yielders in
spite of the fact that there was a significant positive
correlation between stover yield and grain yield.

Among the cultivars in group 1 FFBL had the highest
stover weight followed by L.1499 (Table 8). There was
significant positive correlation between stover yield (r = .Ssxx)
and grain yield among the cultivars in this group.

A similar positive and significant correlation (r=.75xx)
was found between stover weight and grain yield for cultivars
in group 2 (Table 12). FD-1 in both years produced a higher
stover yield than C-7-4 but the differences were only significant
in 1979. 1In both years FD-1 gave higher grain yields although
the differences were not statistically significant.

For cultivars in group 3, the relationship between stover
yield and grain yield was positive (r = 0.20) but non
significant. Although SSH-1 gave a higher stover yield than

SSH-2 in 1979 (Table 8) grain yield was higher for SSH-1.
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Table 8. Stover yield {tonnes/ha) dry weight of
different cultivars of sorghum

Cultivars 1979 1980 Mean
SK 5912 5.73 11.03 8.38
FFRL 7.23 15.35 11.29
L.187 3.92 7.69 5.81
L.181 5.36 8.51 6.94
L,.1500 - 7.72 10.83 9.28
L.1499 5.95 12.69 9.33
L.75 5.24 7.55 6.40
C-7-4 9.15 16.57 12.86
-1 15.93 16.71 16.33
S8H-1 6.37 10.20 8,29
85H-~2 6.05 14.42 10.24
Mean 7.16 11.96 9.56
LSD (0.05) 2.53 2.54




SS8H-2 gave a higher grain yield in 1980. Difference in
grain vield was not significant in 1979 but was significant
in 1980. Similar results were obtained by Chauhan and
Singh (1975), Krishnamurthy et.al. (1973) and Polke et.al.
(1974}, It is safe to assume robust plants tend to produce
higher grain yields.

Combined stover yield for all cultivars was significantly
high=r for 1980 than for_1979. Grain yield followed the same
pattern being higher in 1980 than 1979. The differences
may be attributed to early planting and better establishment
of plants in 1980. |
Head length: There were significant differences in head
length ~mong all the cultivars (Table 9) in both 1979 and
1980 with the very tall cultivars like C-7-4, FD-1 and FFBL
having the longest heads.

The cultivars with the longest heads did not necessarily
produce the highest number of grains nor did they produce
the highest number of grains per unit length of head (Table 9).
For examlle while the mean head length and the mean grain
number per unit cm of length in cultivar L..1499 over the two
years vwere 42 cm and 51 grains respectively. corresponding
figures fcr L.187 was 38 cm and 83 grains, an indication that

grains are normally more compact in the shorter heads.
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Table 9. Mean head length {(cm) and number of grains per

unit length in different sorghum cultivars

1979 1980
Eead No. of No..of Head No._of Ngfaggs

Cultivar (ig?th grains/ gg?;nS/ %22?th géggns/ per unit

ead length length
SK 5912 32.33 2440 75 34.40 2910 85
FFBL 38.77 1740 45 37.20 2160 58
L.187 29.67 2150 72 29,60 2740 93
1.181 30.87 2200 71 28.30 2020 71
L.1500 34,47 2110 61 36.30 3050 84
L.1499 36.67 2970 81 37.20 4030 108
L.75 29.47 2210 75 28.10 2510 89
C-7-4 43.23 1870 43 41.10 2470 60
FD-1 37.80 2360 62 39.90 2860 72
SSH~-1 37.40 2320 62 29,40 2700 69
SSH-2 34.90 2050 59 39.50 2910 74
Mean 35.05 2020 35.55 2669

LSD (0.05) 4.58 NS 4.18 820
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I+ was observed in some of these cultivars with long heads

that the lower one-third

few seeds.

of the heads contained very

Generally, head length was negatively correlated with

grain yield except for cultivars in group 1 (Table 11) where

head length was psotively but not significantly correlated

with grain yield. So long heads which are not completely

£illed may not necessari
more ideal condition wou

heads.

Grain vield:

while there were no
yield among the cultivar
significant differences
having the highest total
1979 and 1980 data were
5K.5912 and L.75 gave th
per hectare.

among the cultivars

1y result in higher grain yield. A

1d be to have compactly filled long

significant differences in grain
s in the year 1979, there were
in 1980 with SK.59%12, L.1499 and L.75
grain yield (Table 10). When the
pooled together, cultivars L.1499%,

e highest grain yields of over 3 tonnes

in group 1, the three highest grain

vielders were L.1499 with mean grain yield of 3.33 tonnes/ha,

SK.5912 with 3.24 tonnes/ha and L.75 with 3.04 tonnes/ha.
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content of different sorghum cultivars

Grain yvield {tonnes/ha) at 15% moisture

Cultivar 1979 1980 Mean
SK 5912 2.54 3.95 3.24
FFBL 2.43 3.12 2.77
L.187 2.63 3.23 2.93
1,.181 2.72 2.91 2.82
L.1500 1.87 2.77 2.62
L.1499 2.79 3.87 3.33
L.75 2.74 3.32 3.04
Cc-~7-4 1.52 2.41 2.17
FbD-1 2.57 2.50 2.54
SSH-1 3.04 1.97 2.50
SSH-2 2.79 3.12 2.95
Mean 2.51 3.02 2.81
LSD (0.05) NS 0.85
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These high grain yielders were charactefiséd bf a moderately
high leaf area, longer grain filling period and they also had
more grains per head. They were also short stemmed. The
poorest yielders in this group were FFBL and L.1500 with 2.77
and 2.62 tonnes/ha respectively. These poor vielders had less
leaf arca, fewer grains per head and shorter grain filling
period. Farafara was exceedingly tall and height was found
to reduce grain yvield among cultivars in this group.

There were no significant differences in grain yield for
cultivars in group 2 both in 1279 and 1980 and when yields
for both years were pooled together. However FD-1 congjstently
gave higher grain yield than C-7-4 and this could have been
due to the numbker of grains and higher kernel weight.

For the hybrids of group 3, difference in grain yield
was not significant in 1979 but was significant in 1980 with
SSH~2 having a higher grain yield of 31.2 tonnes/ha compared
with 1.97 tonnes/ha for SSH~1. SSH-1 was severely attacked
by stem borer in 1980 and this could have been responsible
for the very low vield. Notwithstanding this low yield,
when the yield data for the hybrids were pooled over the two

years, there were no significant differences.

- £
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From correlation studies, it appears that the most
important plant characters for predicting grain yield are
leaf area, effective grain f£filling period duration and number
of grains per head. |

Leaf area have been reported by various workers as an
important parameter influencing grain yield:; Watson (1952).
Jagannath et.al. {(1975), Gould and Sastry (1974}, Makumbi
and Rubaihayo {(1978)}. A good canopy development is essential
for efficient solar energy interception for the manufacture
of assimilates. However excessive leaf area has also been
found to have a negative effect on grain yvield as lower
leaves tend to parasitise on upper ones for assimilates meant
for grain filling. Prior and Russel (1976} noted that grain
vield was higher at leaf area index of 2.9 than at 4.1 in
maize. “

Effective grain filling period duration was also found
to be positively correlated with grain yield. This trend
was observed by workers like Collier (1963), Collier and
Porter (1964), Gardener (1966}, Dalton {(1967), and Daynard
et.al. (1971). A long grain filling period duration appears
to be essential to ensure that grains have sufficient time
to accumulate and store maximum quantity of assimilates. All

the high yvielding cultivars like L.1499 and SK.5%12 used in



55.

this experiment confirmed this. Both were characterised by
longer grain filling period than their lower yielding
counterparts. x . |

Number of grains per head also was found to exert
much influence on grain yvield. Krishnamurthy et.al. (1973).
and Pande et.al. have also reported number of grains to be
positively correlated with grain yield of sorghum. The
high yielding cultivars were found to have more grains per
head. S¥ 5912, L.1499 and L.75 recorded very high grain
number per head which resulted in higher total grain yvield
than others with fewer grains per head.

Kernel weight was found not to exert much influence on
total grain yvield. Heavier kernels tend to reduce the nu-
number of grains per head and hence resulted in reduced total
grain yielAd. - | | ’

Plant height showed a negative relationship with grain
vield. The dwarf cultivars yielded more grains than the
taller ones. It appears that the assimilates produced
during grain filling period were more efficiently utilised
in the shorter cultivars for grain filling than the tall
ones. In the tall ﬁnes, the assimilates might have been

usci to increase straw vield.
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Head length was negatively correlated with grain
yield. Most of the cultivars with very long heads
had very few grains. The heads looked loose and
incompletely filled with grains, while the short heads
were compact and had more grains.

Tillering was also not conducive to increase
grain yield. The cultivars that tillered did not
produce much arains. Tillers were found to reduce grain
number and hence total grain yield. The cultivars
that produced the highest grain yield virtually had no

tillers.
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CONCLUSION

From the studies carried out, three important parameters
have been identified which could he uvsed for predicting
crain yvield in sorghum. These parameters are leaf area,
effective grain filling reriod duration and numher of grains
per head, .

Leaf areh showéd pesitive and significant correlation
with grain yield in the hich vielding cultivars. These
cultivars like 1L,.1499 and SK.5912 recorded a moderately
high leaf area. Apart from the direct contribution of leaf
area to increased grain vield, leaf area also influenced
some other yield promoting characters. Leaf area was positively
correlated with effective grain fillinc period duration and
number of corains rer head, It is therefore very essential
t¢C maintain a moderately hich leaf area in order to achieve
high grain yield- the leaves heing the machinery for the
manufacture of assimi.ates which are then translocated and
stored in the qrains,

Effective grain filling pveriod duration also played a
very important role iy the determination of total qrain yield.
The cultivars that resorded the highest grain vield were

found to be characterised by longer arain filling period.
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A longer filling period ensures that the grains have enouﬁh
time to maximise accumulation and storage of assimilates.
It is therefore necessary to identify those cultivars with
longer and higher rates of grain filling period duration.

. Grain number per head was more important in determining
grain yvield than grain weight. Grain numher per head was
found to correlate positively with grain yield and the high
vielding cultivars were found to have more grains on the
head than the lower yielding ones. Increase in grain number
ensures an adequate sink size capable of accumulating and
storing available assimilates.

1000 kernel weight had little or no effect or even
negative effect on grain vield. SSH-1 with the heaviest
graing yvielded poorly. Grain density was found to be
negatively correlated with orain number which was found to
be a major yield contributing character. A more desirable
situation would have been a combination of more grains and
heavier grains. These two would undoubtedly have increased
total grain vield. . : | |

Height was negativeiy correiaied with grain yield.
Shorter plants showed their superiority in grain vield over

taller ones as exemplified by L.1499, SK 5912 and L.75
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as against tall cultivars like FFBL, C-7-4 and FD-1,
The taller cultivars are characterised by a higher
stover to grain ratio. M™Most of the assimilates must
have heen translocated to the culm instead of being
used for grain filling.

Tillering does not appear to contribute much to
grain vield. Correlation studies showed either a non
significant positive correlation or negative relationship.
The cultivar L.181 which tillered more than any other
cultivar in both yvears did not produce as much grains as
the cultivars without tillers. It appears that intra-
plant competition in tiller plants reduce total grain

vield in sorghum.
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Table 11. Correlation matrix showing relation of different attributes in seven
sorgh'm cultivars (Group 1)
LAl .97419%%
EFPD .5628%%  54738%%
No. of TILLERS  ~-.3455  -.3455  ~.29164 o
PLANT 'IEIGHT .N5187  -.00149  .02327 -.075
STOVER YLD, .11009 02996  .33567 -.0466  .464%F
YT ,51175%%  40153%% (28658 -, 290 .291  0.64
LED. . 09453 .11568 .34038% -, 231 .633%X  475%* (180 |
No. OF GRAINS/HD .31213% .31871%  .55054%X -, 134 -.236  .333% .087 .383% . L
TDM .20231 11959 .37815% -, 032 ,359%  .980%% 096 ~ .390%  397% |
GRAIN YIELD .39218%  .36619%  L44736%% (102 -.021 553%% 050 106  .465%%X §72F
= B X cypy NO. OFf PLANT STOVFR - 3000 —— . ~"No. of -
i LAl PO rieers BT yrewo  wwr O o oy
LA = Leaf avrea ABBRFEVIATIONS USED ¥WT = Kernel weight
LAI = Leaf Area Index . LHD = Length of head
r¥PD = Effective grain £illing period duration GR = Grains
HI = Height S . HD = Head

i}
L

DM -

Total Gry matter
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Table 12. Correlation matri: showing relation of different attributes in two sorglum cultivars

(Group 2)
LAY ,99929%%
EFPD 28965  .29422 : o )

No. of TILLERS -~.29248 -.2706C ~.17269 S

PLANT MEIGET - .15938  .15567 - .01851 -.13883 D _ h

STOVER YIELD -.63277% -.64077F  .03620 .07552 .26170

RWT _ 43893 44661 35480 -.31737 -.13778 -.09948

LHD . .11435 .10834  -.29184 -.06053 -.21202 -.50749  -.20840

GRAIN NO./HEAD ~-.57742% -.37057"™ 02834 -, 18971 28444 .44535  -.29529 02392

TDM <. 79862%% - .74326%F -.08164 .05565 .22484 .8%186%% - 28206 ~.35788 -.48038

GRAIN YIELD ~. 42506  -.445t1 J13997 -.13801 .51308 .74616%X -.00419 -.30605  .77313% .65832%
No.oF PLANT STOVER _— cup  CRAIN oM

1A TA1 EFPD  TILLERS HEIGHT yypip No./HD,
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Table 13, rorrelation matrix showing relationship of different attri-
butes in two sorghum cultivars (Group 3)
LAT .99%
EFPD .32 .32
TILLER NO. €9.00  99.00  99.00 ,
PLANT HEIGHT .06 -~ .03 -.N@” 99,90 |
STOVER YIELD .60% | .60% .02 09,00 .56
KFRNEL WEIGHT .-.31 ~.30 . .38 . 99.00 -.62¥ -.54
HEAD LENGTH .33 .33 .32 99,00 .36 .67 _o1
GRAIN NO. .52 .54 .39 99,00 -.44 .04 .41 .06
DM | .mmxr .58%  -.02 "99.00 .50% .98%*_.s0 .62 .04
GRAIN YIELD .08 .07 -.46 99.00 .19 .20 -.004 -.14 .15 .33
LA LAT EFPp  TILLER pLANT STOVER KWT HD GRAIN .
NO.  HFIGHT YD. LENG- No.,

TH
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Table 14. correlation matrix showing relationship of different attributes in all
Fleven Cultivars of sorghum
LA .99030™"
EFPD .40326°% 19938
vo. of TILLER -.28756% -.27538" -.21217 )
pLanT HEIGRT  .16504  .13562  -.00828  .09862 ,
STOVER YIFLD .19886 15415 .16593 09312 .61390°% :
vuT 36503%% . 33811%% .21630 - .31567% -.06138  -.17263
LED 30151%% L2725 15855 -.11497 L63655%% 512847 03897 .
: .
No. OF GR/HD.  .14377  .1364% L49509%% -,09495 ~.17490 .20467 |.00795 .15027
M
TDM 20237 .1687F  .20381  .08043 53755%%  .06362°% £.15539 .44352°% .27703"
CRAIN YIELD 10910 .1957%  .24050  .01845 -.18186 17694 .07915 -.18555  .42625" .32505
No. of PLAMT STOVER 1000 No. GR/
T 1
LA A1 EFPD  qy7pERS BEIGET  YIELD  KWT . LD ppap | TOM
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