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ABSTRACT

Three field trials were carried out to investigate the effect
of Rhizobium inoculation and varietal differences on growth, yield
and its components of chickpea. The results revealed that treating
seeds with Rhizobium inoculation increased significantly seed yield
per feddan, number of pods per plant, number of seeds per pod,
seeds welght per pod, seeds weight per plant, seed protein content,
nodules number and weight, migration coefficient, secondary
branches, leaves, chlorophyll "a" and "b" and carotene. On the
other hand, pod 1length, straw yield for individual plant and
feddan, 100-seeds weight, harvest and crop indices, plant height,
number of main branches were mnot statistically affected by
inoculation treatments.

Varietal differences were obtained for seed yield t/fed.,
seeds weight per plant, seed index, seed protein content, nodules
number and weight, harvest and crop indices, migration coefficient,
plant height, main and secondary branches, chlorophyll "a"™, "b" and
carotene content.

The vegetative dry matter represented by dry weight of leaves
and stem showed an increasing trend from stage 86 DAS to 107 DAS
and picked up very fast growth at last stage. The total dry matter
in grams per plant was significantly heavier in treated plants than
in the untreated ones at 135 DAS. The difference reached to 10.7%.
Genotypic statistically differences were obtained in accumulating
dry matter.
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Number of seeds/pod had the highest positive direct effect on
seed yield (0.510) followed by seed index (0.347) and number of
pods/plant (0.309) whereas direct effect of number of branches wasg
very tiny (0.028).

At 65—-86 days interval, the path analysis revealed that, crop
growth rate had the highest positive direct effect on yield (0.469)
followed by RGR (0.054). However, LAI and NAR had negative direct
contribution.

At 86~107 days interval, the path diagram show that both CGR
and RGR had sizable direct effects on yield but with reverse
direction. Other two direct effects were negligible, 0.007 for LAI
and —-0.006 for NAR.

At 107-128 days interval, the direct effect of LAI at this
late growth stage was sizable and negative (—-0.747) but with high
positive indirect effect wvia CGR (0.693), thus the total
correlation was not sounded (-0.146).

This study clearly indicated that the chickpea productivity
was influenced more by NAR rather than LAI. Maintaining higher
photosynthetic efficiency up to harvest would lead to enhanced
productivity as it was evidenced from this study.

Central Library - Ain Shams University



ACKNOWLEDGEMENT

The author wishes to express her deep sincere
appreciation and gratitude to Prof. Dr. A.A. Abd
El-Gawad, Professor of Agronomy Faculty of
Agriculture, Ain Shams Univ.; Prof. Dr. A.M. Abo-
Shetaia, Professor of Agronomy, Faculty of
Agriculture, Ain Shams University and Dr. A.M.
Khattab chief researcher,Field Crops Institute, ARC
for suggesting the problem, supervision, and

continuous help through the course of this study.

I am also indebted and offer my thanks to Dr.
M.H.El-Sherbeeny and all members of Food legumes
program of ARC, and for the faculty members of
Agron. Dept. Ain Ahams Univ. for encourage, time

and facilities offered.

Thanks are extended to Miss Eman Ali for her

assistance to execute the manuscript.

Central Library - Ain Shams University



CONTENTS

Page

INTRODUCTION ...t oviininscnnserasnenssenonsoas 1
REVIEW OF LITERATURE .......¢cuoiverienrnnansns 3
MATERIALS AND METHODS. ... .. et tvreniocnnnanean 21
RESULTS AND DISCUSSION.......... P e s e e 29
1- Yield and yield components...........c.c0... 29
— Seed yield (ton/fed). ... it rorenerans 29

= Straw yield (t/fed.).......ciiiieiiiinnn 37

= Number of pods per plant................... 38

— Number of seeds per pod. ......c.iivviiena.. 40

— Pod length (cm)........iiiiiiiiniiiiiiennn 41

— Weight of seeds/ pod (g) .- vcvvvnennnnnnn.. 42

— Weight of seeds/plant(g).....ccveveernvnnn, 43

- Weight of straw yield/plant(g)............. 45

- Seed Index (100-seeds weight in gram).... 46

— Protein seeds content..............000tuun 48

2- Symbiotic parameters..........citiritienaann 50
— Nodules number per plant................... 50

- Dry weight of nodules/plant (g)............ 54

3—- Biological Indices......cvvvcnnenconnnnnnsn 56
— Harvest index %....... ¢ 0ttt irerennnnssas . 56

—Crop IndeX %.......c00iieinueensnnnn seeeee 58

— Migration Coefficient %............cc... ... 60

4—- Growth characters.......... .. 62
— Plant height. .. ... ...ttt ernnrtrverons 62

— Number of main branches per plant.......... 65

= Number of secondary branches per plant..... €8

~ Number of leaves per plant................. 70

Central Library - Ain Shams University



5— Photosynthetic Pigments of leaves............ 71
— Chlorophyll”a” (mg/g fresh weight of leaves) 71
— Chlorophyll"b"content (mg/g fresh weight of

leaves)..... e e e e 73
— Carotene content mg/g fresh weight of leaves 78
6— Dry weight changes and distribution......... 81

~Dry weight of leaves, stems and root per plant.8l

7— Physiological growth parameters............... 92

8—Correlations and path coefficients..... veae... 105

— Seed yield/plant and its contributing

variables. ... ...t i i st a s e 105
—- Yield (t/fed) and its growth parameters...... 110
- At 65-86 days interval........... et et 110
- At 86-107 days interval........... cerresneses 115
—~ At 107-128 days interval........... e e . 119
SUMMARY........... et a e e N ceees 124
REFERENCES . . . ot i it ittt ettt it nsnronentcsonnnunson 137
ARABIC SUMMARY . .......itttiercenonrnrcancsnnanans

Central Library - Ain Shams University



LIST OF TABLES
No. Page

1- Physical and chemical analyses of the soil
samples taken from the experiment site. 22

2— The origin and type of material used in
1989-90, 1990-91 and 1991-92 seasons. 23

3— Effect of inoculation with okadin on yield
and yield components of chickpea plants. 30

4— varietal differences in yield and yield
components of chickpea plants. 32

5— Effect of interaction between varieties and
lines and inoculation with okadin on yield and
yield components. 33

6~ Effect of inoculation with okadin on nodules
number and its dry weight. 51

7~ Varietal differences in number of nodules and
its dry weight, 51

8— Effect of interaction between varieties and
lines and inoculation with okadin on nodules
number and dry weight. 53

9— Effect of inoculation with okadin on crop index,
harvest index and migration coefficien
parameters. - 57

10— varietal differences in harvest index, crop
index and migration coefficient parameters. 57

11— Effect of interaction between varieties and
lines and inoculation on harvest index, crop
index and migration coefficient. 59

12— Effect of inoculation with okadin on growth

characters of chickpea plants at different
growth stages. 63

Central Library - Ain Shams University



13-

la-

15-

le—

18-

19~

20—

21~

22—

23—

24~

Varietal differences in growth character
of chickpea plants at different growth stages.

Effect of interaction between chickpea lines
and varieties and inoculation with okadin on
growt charcaters.

Effect of inoculation with okadin on content
of photosynthetic pigments of chickpea leaves
at different growth stages.

Varietal diffferences on content of
photosynthetic pigments of chickpea leaves
at different growth stages.

Effect of interaction between chickpea lines
and varieties and inoculation with okadin on
content of photosynthetic pigments of chickpea
leaves at different growth stages.

The influence of inoculation with okadin on
dry matter (g/plant) accumulation and
distribution among different plant organs
of chickpea.

Varietal differences on dry matter accumu-
lation and distribution among different
plant organs of chickpea.

Effect of interaction between inoculation
with okadin and chickpea lines and varieties
on dry matter accumulation and distribution
among different plant organs.

Effect of inoculation with ockadin and varietal
differences on dry weight of pods and total
dry weight at 135 days from sowing. -

Effect of interaction between inoculation
with okadin and chickpea lines and varieties
on pods dry weight and total dry weight at
135 days from sowing.

Chickpea growth parameters as influenced by
okadin inoculation.

Chickpea growth attributes as influenced by
genotypes.

Central Library - Ain Shams University

64

66

72

75

76

82

85

88

90

90

95

98



25—

26—

27—

30-

31—

32—

33-

Chickpea growth attributes as influenced by
lines and varietlies and okadin inoculation
interaction.

Total correlation coefficients between seced
yield/plant and its contributing variables
over three seasons.

Path analysis of yield versus number of pods/
plant, seed index, number of seeds/pod and
branches number/plant.

Total correlation coefficients between seed
yield and growth parameters during the first
stage (65—-86 days) over two seasons.

Path analysis of yield versus LAI, CGR, RGR,
and NAR. during growth stage (65-86 days).

Total correlation coefficients between seed
yield and growth parameters during the second
stage (86~107 days) over two seasons.

Path analysis of yield versus LAI, CGR, RGR,
and NAR during growth stage (86— 107 days).

Total correlation coefficients between seed
vield and growth parameters during the third
stage (107—- 128 days).

Path analysis of yield versus LAI, CGR,RGR

and NAR. during growth stage (107—- 128
days)

Central Library - Ain Shams University

104

107

107

111

111

116

116

120

120



No.

10~

li-

12—

13-

14—

15—

LIST OF FIGURES

Page
Effect of inoculation with okadin on seed
yvield, number and weight of seeds/pod. 31
Effect of inoculation with okadin on number
of pods/plant, weight of seeds/plant and
protein seed %. 31
Varietal differences in seed yield and
weight of seeds/pod. 35
Varietal differences in weight of seeds/
plant, seed index and protein seed %. 35
Chlorophyll A development during the four
growth stages. 74
Chlorophyll B development during the four
growth stages. 74
Carotene development during the four
growth stages. 80
Effect of inoculation with okadin on dry
weight/plant during the four growth stages. 80
Effect of okadin inoculation on total dry
weight during five growth stages. 93
total dry weight development during the
five growth stages. 93
Leaf area development during four growth
stages. 929
Crop growth rate development during growth
stages. 99
Relative growth rate development during
growth stages. 100
Net assimilation rate development during
growth stages. 100
Pathway assocliations of pods number/plant VS.
seed yield/plant. 108

Central Library - Ain Shams University



16—

18-~

19—

20—

21—

22—

23-

24—

25~

26~

27—

29—

30—

Pathway assocliations of seed index VS.

yield/plant.

Pathway associations of seeds/pod VS.

yield/plant.

seed

Pathway associations of branches/plant VS.

seed yield/plant.

Pathway associations of LAI VS.
(t/fed), (stage 65-86 days).

Pathway associations of CGR VS.
(t/fed), (stage 65-86 days).

Pathway associations of RGR VS.
{(t/fed), (stage 65—86 days).

Pathway assocciations of NAR VS.
{t/fed), (stage 65—-86 days).

Pathway associations of LAI VS.
(t/fed), (stage 86-107 days).

Pathway associations of CGR VS.
{t/fed), (stage B6—107 days).

Pathway associations of RGR VS.
(t/fed), (stage B86-107 days).

Pathway associations of NAR VS.
(t/fed), (stage 86-107 days).

Pathway associations of LAI VS.
(t/fed), (stage 107-128 days).

Pathway associations of CGR VS.
(t/fed), (stage 107-128 days).

Pathway associations of RGR VS.
{(t/fed), (stage 107-128 days).

Pathway associations of NAR VS.
(t/fed), (stage 107-128 days).

seed

seed

seed

seed

seed

seed

seed

seed

seed

seed

seed

seed

Central Library - Ain Shams University

yield

yield

yield

yield

yield

yield

yvield

yield

yield

yield

yield

yield

seed

108

109

109

112

112

113

113

117

117

118

118

121

121

122

122



1

INTRODUCTION

Investigations of the physiology of yield in
the chickpea, one of the cool season food legumes
have often adopted the traditional approach of
measuring only the end-products of physiological and
phenclogical processes at reproductive maturity, Viz
seed yleld (per plant or per unit area) and three of
its components i.e the number of fruits that ripen,
the average number of seeds in them, and the mean
weight of individual seed (Summerfield et al 1992).

These data provide little understanding of why
economic yield or any particular component of it
varies; neither do they provide much understanding
of the processes by which components of yield are
determined, nor how they relate to plant growth or
the environment. Four types of processes-—
development, expansion (e.g. of leaf area), and the
assimilation "and distribution of dry matter -

combine to determine economic yield.

Environmental factors and agronomic variables
including effects of Rhizecbium inoculation have
considerable effects on each of these processes, and
there can be substantial quantitative differences
between genotypes. Progress requires a move away
from traditional analyses of components of yield
towards the use of simple models which
seek to quantify and so interpret and predict the
effects of environment, genotypes, and agronomy
practice on development, expansion, assimilation,
and distribution — and so, ultimately, on seed and
biological yield.

Central Library - Ain Shams University



2

Since studies of this nature with chickpea are
limited, the prime objectives of this investigation
were to study (1) the effect of genotypes and
rhizobia inoculation on the growth analysis and
yield contributing variables of chickpea. (2) to
furnish information on the nature of associations of
both growth and seed yield contributing varia-bles
and find out which have substantial influence on
yield under inoculation and non—inoculation
conditions by the method of path - coefficient in
correlation analysis through a system of related
variables. However, such objectives may furnih
important informations on scientific basis for both

the breeder and the physiologist.
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