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Abstract

Sorghum is a food security crop in tropical marginal areas. Improvement strategies for yield
under such conditions are important. Genetic improvement for yield is done through im-
provement of its components. Due to yield component compensation, this improvement strat-
egy is made less rewarding. It is therefore important to know compensatory mechanisms exist-
ing for better improvement strategies. Studies on the nature of component compensations in
sorghum are limited and virtually lacking under Tanzanian conditions. A field experiment
was conducted to investigate the nature of interrelationships among components of yield in
sorghum at the experimental plots of Hombolo Research Station in the semi-arid zone of
Dodoma Region, Tanzania. Six treatment combinations of rain water harvesting techniques
and fertilizer were laid out in a randomized complete block design (RCBD) with four replica-
tions during the growing season of 1 996/97. Number of grains was an important component
which was significantly correlated (r=0.982***) with grain yield and had a high positive di-
rect effect (0.979) on yield. Average grain weight was not important m influencing yield of
sorghum. Plant biomass had a negative direct effect (-1.2997) on ‘average grain weight but
was not important in influencing number of grains. Plant height and percent light intercepted
directly influenced number of grains and average grain weight negatively. The negative influ-
ence (- 0.8712) of plant height on number of grains was compensated to a low relationship
(r=-0.337) mainly by its positive indirect influence (0.3780) through light interception. Im-
provement strategies should ainvat shorter plants with more grains, of lesser canopy develop-
ment and biomass in these semi arid areas.
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Introduction

Sorghum is one of the food security
crops particularly in marginal areas
where moisture is a limiting factor. Thus,
improvement strategics must be sought to
increase productivity of this crop under
such conditions. One of the strategies for
increasing yield is the improvement of
components of yield. However, in a sys-
tem of variable interrelations, components
interact in different ways resulting to lim-
ited gains in yield upon improvement of
specific variables (Adams, 1967).

Component compensation mechanisms
existing among yield componentsiunder-
mine the component improvement strategy
since the advantage gained from improv-
ing one variable will be undermined by a
sacrife of another variable Yct. genetic
improvement for yield through a compo-
nent improvement approach remains the
only option due to the polygenic nature of
yield. On the other hand, Evans and
Wardlaw (1976) asserted that one reason
for the success of cereals as crops is their
capacity for yield component compensa-
tion. Thus, an investigation of such rela-
tionships will aid in formulating appropri-
ate breeding/selection indices for better
gains.

Relatively few studies, for instance by
El- Rassas et al.,(1990), Patil et al.,
(1990, 1995), Petdukhe et al., (1992)), and
Asthna et al., (1996, 1997), have been
conducted to investigate the nature of inter-
relationships and compensation mecha-
nisms operating among components of
yield in sorghum. Such studies on sor-
ghum are virtually lacking under Tanza-
nian local conditions. It is therefore impor-

.. tant to investigate the nature of interrela- -

tionships existing among components of
yield using the crop grown under the local
conditions of culture. This will aid in for-
mulating appropriate improvement strate-

gies based on component selection ap-
proach. '
The present study was set to inves-
tigate the nature of component associ- -
ations in sorghum using the commer-
cial cultivar “Tegemeo” under differ-
ent regimes of water harvesting tech-
niques and fertilizer in the semi-arid

_area of Dodoma Region, Tanzania.

Materials and Methods

Experimental site

The experiment was conducted at
the experimental plots of Hombolo
Research Station (50 45’ S, 35057 E
and 1037 m asl) in Dodoma Region,
Tanzania during the 1996/1997 grow-
ing season. The experimental field
had one direction of difference, slop-
ing slightly eastward and therefore,
blocking across the field was neces-
sary to reduce experimental error.

Experimental design

Six treatments, which were a basis
of variation among and within com-
ponents of yield, comprising different
water conservation techniques (tillage
practices) and fertilizer were arranged
in plots in randomized complete block
design (RCBD) with four replica-
tions. These were: no primary tillage
(NPT) with no fertilizer (control); no
primary tillage with 30 t/ha of farm
yard manure (FYM); shallow depth
of tillage with tied ridging without
fertilizer; deep depth of tillage with
tied ridging without fertilizer; shallow
depth of tillage with tied ridging and
30 t/ha FYM; deep depth of tillage
with tied ridging and 30 t/ha FYM.
Each block had a full set of treatment
combinations used in the study.



Seeds of sorghum (cv Tegemeo) were
directly sown on ridges on November 30th,
1996 at a spacing of 30 x 100 cm in deep
tillage ridges and 40 x 75 cm in shallow
tillage ridges so as to get a recommended

population of 33,333 plants/ha in all treat-

ments. Thinning was done to three plants
per hill at two weeks after emergence and
appropriate husbandry practices were done
to control weeds and insect pests during the
growing cycle.

Data collection

Data were collected for plant height,
biomass/hill, percent light intercepted,
number of productive tillers/hill, leaf area
index (LAI) at panicle emergence, 1000
grain weight, number of grains /hill, and
grain yield/hill at harvest. Mean plant
height for each plot was taken from a ran-
dom row in a plot and all heights of main
shoot in a hill measured at full panicle
emergence. The average height of all the
plants in a raw was taken as the mean plant
height for a plot. Five random hills in a plot
were taken from which plant biomass, pro-
ductive tillers, leaf area index, light inter-
ception, number of grains and grain weight
were recorded. Average values for the five
plants (values/hill) were taken as mean plot
values for these variables. One thousand
grain weight was weighed from 1000 grains
sampled from a harvested area of 6 mx 12
m after sundrying the panicles for three
days. In each plot, weight of 2 samples of
1000 grains were recorded and averaged.

Leaf area index was measured from the
random sample of 5 hills by use of an auto-
matic leaf area index portable machine.

The device was placed at the ground level.".

of the bottom of the canopy at each of the
five random hills and average value com-
puted for a plot. The percent light inter-
cepted by the canopy was measured by a
light measuring device in wave length
units. In each of the five hills in a plot, the
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equipment was placed above and below -
the canopy at ground level and measure-
ments of solar radiation recorded. The
percentage of light intercepted by the can-
opy was calculated as:

ACR - BCR «100
ACR

Where ACR = Above canopy reading:
BCR = Below Canopy Reading

A variance analysis was computed for
each variable and plot means were used to
calculate simple correlation coefficients
between pairs of variables.

Path coefficient analysis

A path analysis was done to discern the
direct influence of variables upon others
and separation of the correlation coeffi-
cients into components of direct and indi-
rect effects. The method is simply a stan-
dardized partial regression coefficient and
its use requires a cause and effect situation
among the variables.

Eight variables were included in the
path coefficient analysis and the nature of
the causal system 1is represented diagram-
matically in Figure 1. In the path diagram,
the double arrowhead lines indicate mu-
tual association as measured by correla-
tion coefficients, T, and the single arrow-
head lines represént direct influence as
measured by path coefficients, P The
direct effect, Pij, implies an effect a vari-
able has on another when other variables
in consideration do not vary. The indirect
effect of a variable through its influence
on anothier variable is designated rij Pij.
This implies an effect a variable has
through its influence on another when
other variables in consideration vary.

The total of direct effect and indirect
effects of a variable upon another adds up
to the simple correlation coefficient, rij.
The X variable consists of all residual fac-
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tors that influenced a variable which in-
cludes sampling error or the effect of other
- variables not included in the model. In the
path diagram, 1000 grain weight and num-
ber of grains were considered as the first
order components since they are consid-
ered to affect yield directly, while the
other components viz. plant height, bio-
mass, light interception, productive tillers,
and LAI were considered as second order
components because they affect grain vari-
ables before final yield is determined
(Duarte and Adams, 1972).

The path coefficients were obtained by
the simultaneous solution of the following
equations which express the basic relation-
ships between correlation and path coeffi-
cients as described by Wright (1921) and
revised by Dewey and Lu (1959):

Second order components on 1000 grain
weight

Ig = Pig+ rpPy + 113 Psg + 114Pag + 115Ps

Iys = ToPig + Pos + 133 P + 134 Pag + TasPss

Iis = I3Pig + TaPag + Pyg + T3Py + I3sPsg

Iys = TaPig + TP + 134 P3g + Pog + TusPs

Iss = TsPig + 5Py + T35 Pyg + TysPas + Psg

1 = Pog+ P + Py + P2 + PPy + P+ 2P

Ij2 Pyg + 2Py 113 Pyg + 2Pig 114 Py + 2P 15 Psg

+ 2Py 03 Py + 2Py153 Pyg + 2Pyg105 Psg + 2Ps6

I3 Pyg + 2P3 155 Psg + 2Py Tas Ps
Second order components on number of
grains
fn = Py + 1Py + 13 Py + 1Py + 1Py
Iy = Py + Py + 13 Py + 1Py + 5Py
Iy = 1Py + 13Py + Py + 1Py + 1Py
g = 1Py + 1Py + 1Py + Py + 1Py
rs; = IsPiy + 1Py + 135 Py + 1Py + Py
1 =P, + P2, + P4 + P2y + P2+ P4y 4 2P,

2 Py + 2Py 13 Py + 2P 14 Py + 2Py 15 Py

+ 2P 13 Py; + 2Py 1y Py + 2Py 15Ps; + 2Py

134 Py + 2Py 13 Py + 2Py 145 Py
First order components on grain yield
Ts = Pgg + r7Pyg

Iy = T Peg + Pyg

1 =P%g + Pig + Pl + 2Pgy 17 Prg

Results and Discussion.

Second order components on
1000 grain weight

The paths of influence of the sec-
ond order components on 1000 grain
weight are shown in Table 1 and Fig-
ure 1. Leaf Area Index (LAI)
(1.2399) and number of productive
tillers per hill (1.0015) had high posi-
tive independent (direct) effects on
1000 grain weight. This suggests that
holding other variables constant, in-
creased LAI and number of produc-
tive tillers can increase average seed
weight.

Although the number of produc-
tive tillers had a high positive direct
effect on 1000 grain weight, this was

~ reduced to a low but positive correla-

tion (r = 0.325) mainly by the nega-
tive indirect effects through biomass
(-0.5446) and leaf area index
(-0.5168). Had it not been for the
negative indirect effects through bio-
mass and LAI, the correlation be-
tween productive tillers and 1000
grain weight would have been high
and positive. On the contrary, pro-
ductive tillers and plant height inter-
acted positively (0.3949) in influenc-
ing 1000 grain weight and this was
due to the cross p"lroduct of the nega-
tive correlation (ri= -6568) between
tillering and heigﬁt and the negative
direct effect (-0.6012) of height on
average grain weight.

The high and positive independent
contribution of LAI on 1000 grain
weight was reduced to a low correla-
tion with 1000 grain weight (r =
0.112) by the cumulative indirect ef-

fects through biomass (-0.5201), pro-



ductive tillers (-0.4174) and plant height
(-0.2230). Thus, biomass, productive tillers
and plant height interacted negatively with

LAl in determining average grain weight: B
path coefficient analysis therefore .reveals -

the importance of leaf area index (LAI) and -
productive tillers in influencing 1000
grain weight directly. Their simple correla-
tion with average grain weight were how-
ever low and not significant.

The lack of significant relationships be-
tween LAI and productive tillers with aver-
age grain weight would imply that these
variables were apparently not important in
determining average grain weight. How-
ever, with the correlation coéfficients par-
titioned into their components, one can

Table 1: Direct and indirect effects of sécond o
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clearly see what is contributing to the ob-
served relationship. The direct effects
point out the obvious fact that with other
variables held constant, increasing LAI
and number of productive tillers will in-
crease average grain weight. An examina-
tion of the paths of influence indicate that
more subtle indirect effects play more im-
portant roles and mask the direct influ-
ences.- The study shows that in order for
LAI and tillering to have good relation-
ships with average grain weight, breeding
and agronomic practices should set to im-
prove the relationships between biomass
and average grain weight and between till-
ering and LAL. .

rder components of yield on 1000 grain weight

@) Plant height Vs 1000 Grain weight, Iy = -0.331
Direct effect, Pio -0.6012
Indirect via biomass, T2 P2s 0.1226
Indirect via % light intercepted, n3 P 0.3455
Indirect via productive tilters, ri P .0.6578
Indirect via LAL rs Pss N 0.4600
Total r = -0.3309
(b) Biomass Vs 1000 grain weight, s = 0.235
Direct effect, Px ' -1.2997
Indirect via ptant height, riz Pis 0.0567
. . . . 0.0917
Indirect via % light intercepted, 123.P36 i
Indirect via productive tillers, rz« Pas 0.41196
Indirect via LAI, ras Pss 0.4962
Total r = -0.2355
(] % light intercepted Vs 1000 grain weight, 3~ = -0.004
Direct effect, Pis -0.5470
Indirect via plant height, 113 Pis 0.3797
Indirect via biomass, rz; P 0.2180
Indirect via p_mductivc tillers, r3a Pus 0.0186
Indirect via LAl ras Pss -0.0735
Total r = -0.0042
@ Productive tillers Vs 1000 grain weiéht. Tas = 0.325
Direct effect, Pag 1.0015
Indirect via plant height, ris Pis 0.3949
Indirect via biomass, r2+ P2 -0.5446
Indirect via % light interception, i Pis -0.0102
Indirect via LAL ras Pss -0.5168
Total 1 = 0.3248
) LAl Vs 1000 grain weight, r'ss = 0.112
Direct effect, Pss 1.2399
Indirect via plant height, ris Pis -0.2230
Indirect via biomass, ras Px -0.5201
Indirect via % light intercepted, ris P 0.0324
Indirect via productive tillers, fes P -0.4174
Total r = 0.1118

Py = 0.1700
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Biomass (-1.2997), plant height
(-0.6012) and % light intercepted
(-0.5470) had high and negative direct ef-
fects on the average weight of grain imply-
ing that if the other variables do not
change, these components can have a detri-
mental effect on 1000 grain weight (Table
1). Although the direct influence of bio-
mass on 1000 grain weight was quite high
and negative, its total correlation with
yield (r = -0.235) was reduced to a low
and non significant value. This was attrib-
uted to compensations by the positive indi-
rect effects through tillering (0.4196) and
LAI (0.4962). These indirect effects were
due to the positive relationships. between
the variables (productive tillers and LAI)
with average grain weight and their high
and positive direct effects on the latter.
The negative independent contributions of
biomass and plant height on average grain
weight could be attributed to competitive
growth/developmental effects among re-
productive and vegetative components. In-
vestigations by Asthna er al; (1996) how-
ever, indicated that plant height had a high
and positive direct effect on 1000 grain
weight while evaluating 52 sorghum geno-
types. The conflicting findings could be at-
tributed to differential environments and
accessions as determined by type of treat-
ments in the separate studies.

The negative independent effect of plant
height (-0.6012) and the indirect effect
through tillering (-0.6578) on 1000 grain
weight were reduced to a low and non sig-
nificant correlation (r = -0.331) mainly by
the cumulative positive indirect effects
through LAI (0.4600) and % light inter-
cepted (0.3455). Thus , plant height inter-
acted negatively with tillering in influenc-
ing average weight of grain while the inter-
actions with % light intercepted and LAI
were positive.

The high and negative direct effect of
% light intercepted on 1000 grain weight
(-0.5470) was reduced to a low and non

significant correlation (r = -0.004)
mainly by the cumulative positive in-
direct effects through plant height
(0.3797) and biomass (0.2180). The
positive indirect effects were how-
ever, attributed by cross product of
the negative relationships of the vari-
ables (plant height and biomass) with
% light intercepted and the negative
direct effects of these variables on the
average weight of grain. Thus, the
proportion of light intercepted inter-
acted in a positive manner with plant
height and biomass in influencing
1000 grain weight. Thus, compensa-
tory mechanisms existing among
components of yield in sorghum have
added to an advantage of biomass,
plant height and % light intercepted
not to have detrimental relationships
with average grain weight. The find-
ings are consistent with the observa-
tions of Evans and Wardlaw (1976)
who coined that one reason for the
success of cereals as crops is their
capacity for yield component com-
pensation.

Second order components on
number of grains

The paths of influence (Table 2)
indicate that although plant height (-0.
8712) and % light intercepted
(-0.5995) had relatively high negative
independent effects on the number of
grains , these were lower than the re-
sidual (0.8923) suggesting that other
variables not included in the model
might be contributing to the effect on
number of grains. It was observed
that plant height, biomass, % light in-
tercepted, productive tillers and LAl
both had high independent contribu-
tions on average grain weight. How-
ever for number of grains produced ,
only plant height and % light inter-
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Table 2: Direct and indirect effects of second order components of yield on number of grains

(@) Plant height Vs grains/hill, r, = . 0.337
Ditrect effect, Pz - - -0.8712
Indirect via biomass, ria P27 -0.0162
Indirect via % light intercepted, ri3, Py 0.3786
Indirect via productive tillers, ri4, Pez ‘ 0.1209
Indirect via LAl ris Psz 0.0510
Total r = -0.3369
®) Biomass Vs grains/hill, rz ' = 0.332
Direct effect, P27 0.17117
Indirect via plant height, ri2 Puy i 0.0822
Indirect via % light inlerccp!ed. r P37 . . ° 0.1005
Indirect via productive tillers, r2¢ Pay 0.0771
Indirect via LAI, rzs Ps7 A 0.0551
Total r = 0.3324
(©) % Light intercepted Vs grain/hill, ryy = -0.090
Direct effect, Paz -0.5995
Indirect via plant height, ri3 Py 0.5502
Indirect via biomass, rs Pz . -0.0288
Indirect via productive tillers, r3¢ Pa -0.0034
Indirect via LAI, r3s P57 _ -0.0082
Total r = -0.0897
() Productive tiller Vs grain/hill, re = 0.391
Direct effect, Py -0.1841
Indirect via plant height, ris Piy 0.5722
Indirect via biomass, ry P2y - . 0.0719
Indirect via % light intercepted, rsPyr : 0.0112
Indirect via LAI, r4s Ps7 « -0.0574
Total r = 0.3914
(¢) LAI Vs grains/hill, rsy ) : = -0.005
Direct effect, Psy -
Indirect via plant height, risPsz
Indirect via biomass, rzs Py
Indirect via % light intercepted, 35 Py
Indirect via productive tillers, rus P o
Total r = 0.0046

Px7 = 0.8923

Table 3: Direct and indirect effects of first order components of yield on yield/hill

(@) 1000 grain weight Vs grain yield/hill, reg = 0.199
Direct effect, Pgg 0.1855
Indirect via grains/hill, rg; Py 6.0135
Totar r = 0.199
(b) No grain/hill Vs grain yield/hill, r = 0.982
Direct effect, Pog 0.9796
Indirect via 1000 grain weight, rs; Pgg - 0.0026
Total r = 0.9822
P,z = 0.3096
’I
/
cepted had relatively high independent ef- sidual effect rendering them relatively un-

fects although they were lower than the re- important in their influence on number of
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grains. Thus, 1000 grain weight and num-
ber of grains seein to be under the control
of different developmental processes.

First order components on grain
yield/hill

The paths of influence of the first order
components on yield are shown in Table 3
and Fig. 1. The positive high significant
correlation (r = 0.982**) between number

mqsb
o
8. grain P
yield/hill Ed
p) 5y :
4 7. No. grain/hill
Jy,

grains/panicle in directly influencing
grain yield of sorghum. The positive
relationship between number of
grains and yield observed in this
study was also reported by other
workers (e.g.. Patil et al., 1990).

Conclusion

The present study indicates that
the number of grains in sorghum is an
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Figure 1: A path diagram and coefficient of factors influencing yield'vland components of
yield in sorghum. Pij’s are the direct effects and rij’s are th'ie correlation coeffi-

cients. X is the residual factor

of grains and yield/hill was largely con-
tributed by its high direct effect (0.9796)
on yield. This effect was higher than the
residual value of 0.3096. However, 1000
grain weight was neither related nor was
its independent effect important in deter-
mining yield/hill of sorghum. El-Rassas et
al., (1990) and Asthna et al., (1997) also
.demonstrated the importance of number of

/
|

importai{t compor'}ent which deter-
mines grain yield directly. On the
other hand, average grain weight
(1000 grain weight) was not impor-
tant in influencing the yield of sor-
ghum. The non-significant relation-
ship observed between 1000 grain
weight and number of grains suggests

_ that increasing grain number in order.



to maximize yield will not. be u.ndermined
by variation in average grain we.lght.

The study has revealed the importance
of yield component compensation among
components of yield in sorghum.
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