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Grain sorghum in post-rainy (rabi) season grows on receding soil moisture and the

response to nitrogen is low because of limited water availability or non-responsive genotypes.

A study was conducted under irrigated and dry conditions, to examine the influence of variable

nitrogen supply on crop growth, nutrient uptake (N, K), and resource use efficiency of rabi

sorghum genotypes. The concept of specific eaf nitrogen (SLN), defined as the amount of leaf

nitrogen per unit leaf area proposed by Muchow (1988), was related to radiation use efficiency

(RUE), and a sorghum growth model (RESCAP), proposed by Monteith et al., (1989), was

validated using the sorghum cultivar M 35-1.

Nitrogen had signiticant influence on all growth parameters including plant height, leaf

area index (LAI), leaf weight, stem, carhead and grain yield. Leaf, stem and grain nitrogen uptake
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was highest in the 120 kg N ha™ treatment and most of the increased nitrogen accumulated in
the grain. Higher LAI resulted in increased cumulative light interception which finally resulted
in higher total biomass than ICSH 86646 and SPV 783, while partitioning towards earhead (HI,
harvest index), was lowest in M 35-1 (HI=0.30), it was highest in [CSH 86646 (HI=0.52) and
intermediary in SPV 783 (HI=0.44). The improved genotypes ICSH 86646 and SPV 783 had
higher grain nitrogen uptake when compared to M 35-1 which had higher nitrogen in the stem.
In terms of quality M 35-1 had higher leaf, stem and grain nitrogen content than ICSH 86646
and SPV 783, Water use was similar in ICSH 86646 and M 35-1, while cumulative light
interception and RUE were higher in M 35-1 which ultimately resulted in higher total above-
ground biomass.

In irrigated plots most of the ammonical nitrogen was converted to nitrate nitrogen, but
in dry plots a higher amount of NH_-N remained in the soil profile. Dry plots had higher NO,-N
than irrigated plots at anthesis and harvest stages indicating lower plant uptake and / or lower
nitrogen loss from the soil profile. The increase in N uptake due to irrigation was 10, 32, 34 and
75 kg ha'!, for the 0, 20, to and 120 kg N ha' N application rates, Nitrogen increased water use
efficiency by 19 kg mm™ of water in irrigated plots, while in dry plots it increased by 9 kg mm™.

A linear relationship was established between SLN and RUE in M 35-1, while in ICSH
86646 and SPV 783 there was much scatter of the observations, RESCAP model over estimated
total biomass production (g m?), in the early stages of crop growth in both irrigated and dry
conditions. Total biomass and grain yield (t ha®), were over estimated by the model in both

irrigated and dry plots, while the harvest index was correctly predicted.
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water * nitrogen * time, in a) Irrigated and b) Dry plots during rabi 1990-91.

Fig : A 1.13. Leaf area index of sorghum as a function of time in irrigated plots for the
interaction effect of water, nitrogen * genotype * time, in a) 0 kg N ha™ and b)
20 kg N ha treatments during rabi 1991-92.

Fig : A 1.14. Leaf area index of sorghum as a function of time in irrigated plots for he
interaction effect of water, nitrogen * genotype * time, in a) 40 kg N ha™ and b)
120 kg N ha! treatments during rabi 1991-92.

Fig : A 1.15. Leaf area index of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen * genotype * time, a) 0 kg N ha and b) 20
kg N ha' treatments during rabi 1991-92.

Fig : A 1.16. Leaf area index of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen * genotype * time, in a) 40 kg N ha™ and
b) 120 kg N ha” treatments during rabi 1991-92.
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Leaf area index of sorghum for the interaction effect of water * nitrogen, at
harvest in a) Irrigated and b) Dry plots during rabi 1991-92.

Leaf area index of sorghum for the interaction effect of water * genotype, at
harvest in a) Irrigated and b) Dry plots during rabi 1991-92.

Total above ground biomass of sorghum as a function of time for the
interaction effect of nitrogen * time during rabi 1990-91 and 1991-92.

Total above ground biomass of sorghum as a function of time for the interaction
effect of nitrogen * genotype * time, in a) ICSH 86646 and b) SPV 783 genotypes
during rabi 1991-92.

Total above ground biomass of sorghum as a function of time for the
interaction effect of nitrogen * genotype * time, in ¢) M 35-1 genotype during rabi
1991-92.

Total above ground biomass of sorghum as a function of time in irrigated plots
for the interaction effect of water * nitrogen * genotype * time, in a) ICSH 86646
and b) SPV 783 genotypes during rabi 1991-92.

Total above ground biomass of sorghum as a function of time in
irrigated plots for the interaction effect of water * nitrogen * genotype * time, in
¢) M 35-1 genotype during rabi 1991-92.

Total above ground biomass of sorghum as a function of time in dry
plots for the interaction effect of water * nitrogen * genotype * time, in a) I[CSH
86646 and b) SPV 783 genotypes during rabi 1991-92.

Total above ground biomass of sorghum as a function of time in dry
plots for the interaction effect of water * nitrogen * genotype * time, in ¢) M
35-1 genotype during rabi 1991-92.

Total above ground biomass of sorghum for the interaction effect of water *
nitrogen, in a) Trrigated and b) Dry plots at harvest during rabi 1990-91.

Total above ground biomass of sorghum for the interaction effect of water *
nitrogen, in a) Irrigated and b) Dry plots at harvest during rabi 1991-92.

Total above ground biomass of sorghum for the interaction effect of water *
genotype, in a) Irrigated and b) Dry plots at harvest during rabi 1991-92,

Leaf dry weight of sorghum as a function of time for the interaction
effect of nitrogen * time, during rabi 1990-91 and 1991-92,
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Leaf dry weight of sorghum as a function of time for the interaction
effect of genotype * time, during rabi 1990-91 and 1991-92,

Leaf dry weight of sorghum as a function of time for the interaction
effect of water * nitrogen * time, in a) Irrigated and b) Dry plots during rabi
1991-92.

39. Leaf dry weight of sorghum as a function of time for the interaction effect of

water * genotype * time, in a) Irrigated and b) Dry plots during rabi 1991-92.

. Leaf dry weight of sorghum as a function of time for the interaction

effect of nitrogen * genotype * time, in a) ICSH 86646 and b) SPV 783
genotypes during rabi 1991-92.

Leaf dry weight of sorghum as a function of time for the interaction
effect of nitrogen * genotype * time, in ¢) M 35-1 genotype during rabi 1991-92.

Leaf dry weight of sorghum as a function of time in irrigated plots for the
interaction effect of water * nitrogen * genotype * time, in a) ICSH 86646 and b)
SPV 783 genotypes during rabi 1991-92.

Leaf dry weight of sorghum as a function of time in irrigated plots for the
interaction effect of water * nitrogen * genotype * time, in ¢) M 35-1 genotype
during rabi 1991-92.

Leaf dry weight of sorghum as a function of time in dry plots for the
interaction effect of water * nitrogen * genotype * time, in a) ICSH 86646 and b)
SPV 783 genotypes during rabi 1991-92.

Leaf dry weight of sorghum as a function of time in dry plots for the
interaction effect of water * nitrogen * genotype * time, in ¢) M 35-1 genotype
during rabi 1991-92.

Leaf dry weight of sorghum for the interaction effect of nitrogen * genotype, in
) 0 kg N ha' and b) 20 kg N ha" treatments at harvest during rabi 1991-92.

Leaf dry weight of sorghum for the interaction effect of nitrogen * genotype, in
a) 40 kg N ha™ and b) 120 kg N ha” treatments at harvest during rabi 1991-92.

Stem dry weight of sorghum as a function of time for the interaction
effect of nitrogen * time, during rabi 1990-91 and 1991-92.

Stem dry weight of sorghum as a function of time for the interaction
effect of genotype * time, during rabi 1990-91 and 1991-92.
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Stem dry weight of sorghum as a function of time for the interaction
effect of water * nitrogen * time, in a) Irrigated and b) Dry plots during rabi 1991-
92.

Stem dry weight of sorghum as a function of time for the interaction
effect of water * genotype * time, in a) Irrigated and b) Dry plots during rabi
1991-92.

Stem dry weight of sorghum as a function of time for the interaction
effect of nitrogen * genotype * time, in a) ICSH 86646 and b) SPV 783
genotypes during rabi 1991-92.

Stem dry weight of sorghum as a function of time for the interaction
effect of nitrogen * genotype * time, in ¢) M 35-1 genotype during rabi 1991-92.

Stem dry weight of sorghum as a function of time in irrigated plots for the
interaction effect of water * nitrogen * genotype * time, in a) ICSH 86646 and b)
SPV 783 genotypes during rabi 1991-92,

Stem dry weight of sorghum as a function of time in irrigated plots for
the interaction effect of water * nitrogen * genotype * time, in ¢) M 35-1
genotype during rabi 1991-92.

Stem dry weight of sorghum as a function of time in dry plots for the interaction
effect of water * nitrogen * genotype * time, in a) [CSH 86646 and b) SPV 783
genotypes during rabi 1991-92.

Stem dry weight in sorghum as a function of time in dry plots for the
interaction effect of water * nitrogen * genotype * time, in ¢) M 35-1 genotype
during rabi 1991-92.

Total above ground vegetative dry matter of sorghum as a function of
time for the interaction effect of genotype * time, during rabi 1990-91 and 1991-
92.

Total above ground vegetative dry matter of sorghum as a function of time for the
interaction effect of water * nitrogen * time, in a) Irrigated and b) Dry plots
during rabi 1991-92.

Total above ground vegetative dry matter of sorghum as a function of
time for the interaction effect of water * genotype * time, in a) Irrigated and
b) Dry plots during rabi 1991-92.
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Total above ground vegetative dry matter of sorghum as a function of
time for the interaction effect of nitrogen * genotype * time, in a) ICSH 86646 and
b) SPV 783 genotypes during rabi 1991-92,

Total above ground vegetative dry matter of sorghum as a function of
time for the interaction effect of nitrogen * genotype * time, in ¢) M 35-1
genotype during rabi 1991-92.

Total above ground vegetative dry matter of sorghum as a function of
time in irrigated plots for the interaction effect of water * nitrogen * genotype
time, in a) ICSH 86646 and b) SPV 783 genotypes during rabi 1991-92.

Total above ground vegetative dry matter of sorghum as a function of time in
irrigated plots for the interaction effect of water * nitrogen * genotype * time, in
¢) M 35-1 genotype during rabi 1991-92.

Total above ground vegetative dry matter of sorghum as a function of
time in dry plots for the interaction effect of water * nitrogen * genotype * time,
in a) ICSH 86646 and b) SPV 783 genotypes during rabi 1991-92,

Total above ground vegetative dry matter of sorghum as a function of
time in dry plots for the interaction effect of water * nitrogen * genotype * time,
in ¢) M 35-1 genotype during rabi 1991-92.

Total above ground vegetative dry matter of sorghum for the interaction effect f
water * genotype, in a) Irrigated and b) Dry plots at harvest during rabi 1991-92.

Dry matter distribution of sorghum in different nitrogen treatments at harvest
during rabi 1990-91 and 1991-92.

Dry matter distribution of sorghum genotypes ICSH 86646, SPV 783 and M 35-1
at harvest during rabi 1990-91 and 1991-92,

Dry matter distribution in sorghum for the interaction effect of water * nitrogen
at harvest in a) irrigated and b) dry plots during rabi 1991-92.

Dry matter distribution in sorghum for the interaction effect of water *
genotype at harvest in a) irrigated and b) dry plots during rabi 1991-92.

Dry matter distribution in sorghum for the interaction effect of nitrogen *
genotype at harvest in a) 0 kg N ha™' and b) 20 kg N ha” during rabi 1991-92.

Dry matter distribution in sorghum for the interaction effect of nitrogen *
genotype at harvest in a) 40 kg N ha” and b) 120 kg N ha" during rabi 1991-92.



Fig :

Fig :

Fig

Fig :

Fig :

Fig :

Fig :

Fig :

Fig :

Fig :

Fig :

Fig :

Fig :

A 181,

A 1.82.

: A 1.83.

A 1.84.

A 187,

A2l

A22.

A23.

A2S.

A26

A28.

xxii
Dry matter distribution in sorghum in irrigated plots for the interaction effect

of water * nitrogen * genotype at harvest in a) 0 kg N ha™ and b) 20 kg N ha’
during rabi 1991-92.

Dry matter distribution in sorghum in irrigated plots for the interaction effect
of water * nitrogen * genotype at harvest in a) 40 kg N ha" and b) 120 kg N ha™!
during rabi 1991-92,

Dry matter distribution in sorghum in dry plots for the interaction effect of
water * nitrogen * genotype at harvest in a) 0 kg N ha' and b) 20 kg N ha" in
1991-92.

Dry matter distribution in sorghum in dry plots for the interaction effect of
water * nitrogen * genotype at harvest in a) 40 kg N ha' and b) 120 kg N ha™!
during rabi 1991-92.

Total dry earhead and grain weight of sorghum as a function of time for the
interaction effect of genotype * time, during rabi 1990-91.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of water and time, during rabi 1990-91 and 1991-92.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of nitrogen and time, during rabi 1990-91 and 1991-92.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of genotype and time, during rabi 1990-91 and 1991-92.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of water, nitrogen and time, in a) lrrigated and b) Dry plots during rabi 1990-91.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of water, nitrogen and time, in a) Irrigated and b) Dry plots during rabi 1991-92,

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of water, genotype and time, in a) Irrigated and b) Dry plots during rabi 1991-92.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of nitrogen, genotype and time, in a) 0 kg N ha"' and b) 20 kg N ha" treatments
during rabi 1991-92.

Leaf nitrogen content of sorghum as a function of time for the interaction effect
of nitrogen, genotype and time, in a) 40 kg N ha™* and b) 120 kg N ha™ treatments
during rabi 1991-92,
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Leaf nitrogen content of sorghum for the interaction effect of water and nitrogen
in a) irrigated and b) dry plots at harvest during rabi 1991-92,

Stem nitrogen content of sorghum as a function of time for the interaction effect
of water and time, during rabi 1990-91 and 1991-92.

Stem nitrogen content of sorghum as a function of time for the interaction effect
of nitrogen and time, during rabi 1990-91 and 1991-92.

Stem nitrogen content of sorghum as a function of time for the interaction effect
of genotype and time, during rabi 1990-91 and 1991-92.

Stem nitrogen content of sorghum as a function of time for the interaction
effect of water, nitrogen and time, in a) Irrigated and b) Dry plots
during rabi 1990-91.

Stem nitrogen content of sorghum as a function of time in irrigated plots for
the interaction effect of water, nitrogen, genotype and time, in a) 0 kg N ha™ and
b) 20 kg N ha™ treatments during rabi 1991-92.

Stem nitrogen content of sorghum as a function of time in irrigated plots for the
interaction effect of water, nitrogen, genotype and time, in a) 40 kg N ha” and b)
120 kg N ha' treatments during rabi 1991-92.

Stem nitrogen content of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen, genotype and time, in a) 0 kg N ha' and
b) 20 kg N ha' treatments during rabi 1991-92,

Stem nitrogen content of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen, genotype and time, in a) 40 kg N ha' and b)
120 kg N ha™ treatments during rabi 1991-92.

Stem nitrogen content of sorghum as a function of nitrogen treatments for the
interaction effect of water and nitrogen, in a) Irrigated and b) Dry plots at harvest
during rabi 1991-92.

Stem nitrogen content of sorghum as a function of genotypes for the
interaction effect of water and genotype, in a) Irrigated and b) Dry plots at
harvest during rabi 1991-92.

Stem nitrogen content of sorghum for the interaction effect of nitrogen and
genotype at harvest in a) 0 kg N ha" and b) 20 kg N ha™' during rabi 1991-92.
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XXiv

Stem nitrogen content of sorghum for the interaction effect of nitrogen and
genotype at harvest in a) 40 kg N ha”' and b) 120 kg N ha™ during rabi 1991-92.

Stem nitrogen content of sorghum genotypes in irrigated and dry plots for the
interaction effect of water, nitrogen and genotype, at harvest during rabi 1991-92.

Total leaf nitrogen uptake of sorghum as a function of time for the
interaction effect of nitrogen and time, during rabi 1990-91 and 1991-92.

Total leaf nitrogen uptake of sorghum as' a function of time for the
interaction effect of genotype and time, during rabi 1990-91 and 1991-92.

Total leaf nitrogen uptake of sorghum as a function of time for the
interaction effect of water, nitrogen and time, in a) Irrigated and b) Dry plots
during rabi 1990-91.

Total leaf nitrogen uptake of sorghum as a function of time for the
interaction effect of water, nitrogen and time, in a) Irrigated and b) Dry plots
during rabi 1991-92,

Total leaf nitrogen uptake of sorghum as a function of time for the
interaction effect of water, genotype and time, in a) Irrigated and b) Dry plots
during rabi 1991-92.

Total leaf nitrogen uptake of sorghum as a function of time in irrigated
plots for the interaction effect of water, nitrogen, genotype and time, in a) 0 kg
N ha™ and b) 20 kg N ha treatments during rabi 1991-92,

Total leaf nitrogen uptake of sorghum as a function of time in irrigated
plats for the interaction effect of water, nitrogen, genotype and time, in a) 40
kg N ha! and b) 120 kg N ha treatments during rabi 1991-92.

. Total leaf nitrogen uptake of sorghum as a function of time in dry plots for the

interaction effect of water, nitrogen, genotype and time, in a) 0 kg N ha'
and b) 20 kg N ha™ treatments during rabi 1991-92.

Total leaf nitrogen uptake of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen, genotype and time, in a) 40 kg N ha” and b)
120 kg N ha™ treatments during rabi 1991-92.

Total leaf nitrogen uptake of sorghum for the interaction effect of water and
nitrogen, in a) Irrigated and b) Dry plots at harvest during rabi 1990-91.
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XXv

Total leaf nitrogen uptake of sorghum for the interaction effect of water and
nitrogen, in a) lrrigated and b) Dry plots at harvest during rabi 1991-92.

Total leaf nitrogen uptake of sorghum for the interaction effect of water and
genotype, in a) lrrigated and b) Dry plots at harvest during rabi 1991-92.

Total leaf nitrogen uptake of sorghum for the interaction effect of nitrogen and
genotype at harvest in a) 0 kg N ha" and b) 20 kg N ha™* during rabi 1991-92.

Total leaf nitrogen uptake of sorghum for the interaction effect of nitrogen and
genotype at harvest in a) 40 kg N ha" and b) 120 kg N ha™* during rabi 1991-92,

Total stem nitrogen uptake of sorghum as a function of time for the
interaction effect of genotype and time, during rabi 1990-91 and 1991-92.

Total stem nitrogen uptake of sorghum as a function of time for the
interaction effect of water, nitrogen and time, in a) Irrigated and b) Dry plots
during rabi 1991-92.

Total stem nitrogen uptake of sorghum as a function of time for the
interaction effect of water, genotype and time, in a) Irrigated and b) Dry plots
during rabi 1991-92.

Total stem nitrogen uptake of sorghum as a function of time for the
interaction effect of nitrogen, genotype and time, in a) 0 kg N ha™ and b) 20 kg
N ha' treatments during rabi 1991-92.

Total stem nitrogen uptake of sorghum as a function of time for the
interaction effect of nitrogen, genotype and time, in a) 40 kg N ha' and b) 120
kg N ha'' treatments during rabi 1991-92.

Total stem nitrogen uptake of sorghum as a function of time in irrigated
plots for the interaction effect of water, nitrogen, genotype and time, a) 0 kg N ha™!
and b) 20 kg N ha”' treatments during rabi 1991-92.

Total stem nitrogen uptake of sorghum as a function of time in irrigated
plots for the interaction effect of water, nitrogen, genotype and time, in a) 40
kg N ha' and b) 120 kg N ha” treatments during rabi 1991-92.

Total stem nitrogen uptake of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen, genotype and time, in a) 0 kg N ha™*
and b) 20 kg N ha"' treatments during rabi 1991-92.
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Total stem nitrogen uptake of sorghum as a function of time in dry plots
for the interaction effect of water, nitrogen, genotype and time, in a) 40 kg N
ha and b) 120 kg N ha" treatments during rabi 1991-92.

Total stem nitrogen uptake of sorghum for the interaction effect of water and
nitrogen, in a) [rrigated and b) Dry plots at harvest during rabi 1990-91.

Total stem nitrogen uptake of sorghum for the interaction effect of water and
nitrogen, in a) Irrigated and b) Dry plots at harvest during rabi 1991-92.

Total stem nitrogen uptake of sorghum for the interaction effect of water and
genotype, in a) lIrrigated and b) Dry plots at harvest during rabi 1991-92.

Total stem nitrogen uptake of sorghum for the interaction effect of nitrogen and
genotype at harvest in a) 0 kg N ha™ and b) 20 kg N ha" during rabi 1991-92.

Total stem nitrogen uptake of sorghum for the interaction effect of nitrogen and
genotype at harvest in a) 40 kg N ha” and b) 120 kg N ha™* during rabi 1991-92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time for the interaction effect of nitrogen and time, in a) 1990-91 and b) 1991-
92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time for the interaction effect of genotype and time, in a) 1990-91 and b) 1991-92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time for the interaction effect of water, nitrogen and time, in a) Irrigated and
b) Dry plots during rabi 1990-91.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time for the interaction effect of water, nitrogen and time, in a) lrrigated and
b) Dry plots during rabi 1991-92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time for the interaction effect of water, genotype and time, in a) Irrigated and
b) Dry plots during rabi 1991-92,

Total nitrogen uptake by vegetative matter of sorghum as a function of
time for the interaction effect of nitrogen, genotype and time, in a) 0 kg N ha’'dn
b) 20 kg N ha! treatments during rabi 1991-92.
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Total nitrogen uptake by vegetative matter of sorghum as a function of

time for the interaction effect of nitrogen, genotype and time, in a) 40 kg N ha"
and b) 120 kg N ha treatments during rabi 1991-92,

Total nitrogen uptake by vegetative matter of sorghum as a function of
time in irrigated plots for the interaction effect of water, nitrogen, genotype and
time, in a) 0 kg N ha™ and b) 20 kg N ha” treatments during rabi 1991-92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time in irrigated plots for the interaction effect of water, nitrogen, genotype and
time, in a) 40 kg N ha™ and b) 120 kg N ha” treatments during rabi 1991-92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time in dry plots for the interaction effect of water, nitrogen, genotype and time,
in 2) 0 kg N ha” and b) 20 kg N ha"' treatments during rabi 1991-92.

Total nitrogen uptake by vegetative matter of sorghum as a function of
time in dry plots for the interaction effect of water, nitrogen, genotype and time,
in a) 40 kg N ha' and b) 120 kg N ha” treatments during rabi 1991-92.

Total nitrogen uptake by vegetative matter of sorghum for the interaction effect
of water and nitrogen, in a) Irrigated and b) Dry plots at harvest during rabi 1990-
91.

Total nitrogen uptake by vegetative matter of sorghum for the interaction effect
of water and nitrogen, in a) Irrigated and b) Dry plots at harvest during rabi 1991-
92.

Total nitrogen uptake by vegetative matter of sorghum for the interaction effect
of nitrogen and genotype at harvest in a) 0 kg N ha and b) 20 kg N ha™ in
1991-92.

Total nitrogen uptake by vegetative matter of sorghum for the interaction effect
of nitrogen and genotype at harvest in a) 40 kg N ha! and b) 120 kg N ha" in
1991-92.

Leaf and stem potassium content of sorghum for the interaction effect of water and
nitrogen, in a) Irrigated and b) Dry plots at harvest during rabi 1990-91.

Leaf and stem potassium content of sorghum for the interaction effect of water and
genotype, in a) lrrigated and b) Dry plots at harvest during rabi 1990-91.
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Leaf and stem potassium content of sorghum for the interaction effect of nitrogen

and genotype, in a) 0 kg N ha™ and b) 20 kg N ha" treatments at harvest during
rabi 1990-91.

Leaf and stem potassium content of sorghum for the interaction effect of nitrogen
and genotype,in a) 40 kg N ha” and b) 120 kg N ha™ treatments at harvest in
1990-91.

Total potassium uptake of leaf, stem and vegetative dry matter of sorghum for
the interaction effect of water and genotype, in a) Irrigated and b) Dry plots at
harvest during rabi 1990-91.

Total potassium uptake of leaf, stem and vegetative dry matter of sorghum for
the interaction effect of water and genotype, in a) Irrigated and b) Dry plots at
harvest during rabi 1991-92.

. Total potassium uptake of leaf, stem and vegetative dry matter of sorghum for

the interaction effect of nitrogen and genotype, in a) 0 kg N ha™ and b) 20 kg
N ha” treatments at harvest during rabi 1991-92.

Total potassium uptake of leaf, stem and vegetative dry matter of sorghum for
the interaction effect of nitrogen and genotype, in a) 40 kg N ha” and b) 120 kg
N ha' treatments at harvest during rabi 1991-92.

. Total potassium uptake of leaf, stem and vegetative dry matter of sorghum for

the interaction effect of water, nitrogen and genotype, in a) 0 kg N ha™’ and b) 20
kg N ha' treatments in irrigated plots at harvest during rabi 1991-92.

Total potassium uptake of leaf, stem and vegetative dry matter of sorghum for
the interaction effect of water, nitrogen and genotype, in a) 40 kg N ha and b)
120 kg N ha™ treatments in irrigated plots at harvest during rabi 1991-92.

Total a) soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of water and soil depth, at sowing in
1991-92.

Total a) soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of nitrogen and soil depth, at sowing
during rabi 1990-91.

Total a) soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of nitrogen and soil depth, at sowing
during rabi 1991-92.
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1.0 INTRODUCTION

After rice and wheat, sorghum is the most important cereal grown in India.
Tandon and Kanwar (1984) reported that the estimated 16.5 m ha area under
sorghum in India has changed little in the last 30 years. During the post rainy
season (rabi), sorghum dominates production in semi-arid tropical India where it
occupies approximately 6.5 m ha.

In recent years, rainy season sorghum grain and fodder production per unit
area has steadily increased while post rainy sorghum yields have remained
stagnant (Tandon and Kanwar, 1984). Post rainy sorghum is an important
component in traditional cropping systems, where it is used for grain and fodder.
Major production districts of post rainy season sorghum are Solapur, Ahmednagar
and Pune in Maharashtra, Bijapur, Gulbarga, Raichur, Belgaum and Dharwad in
Karnataka, and Adilabad, Khammam, Warangal, Medak, Kurnool, Ananthapur and
Prakasm in Andhra Pradesh (Murthy, 1989).

During post rainy season, sorghum is grown on Vertisols. These soils swell
in the wet season and shrink in the dry season (Dudal and Eswaran, 1988).
Maharashtra (29.9 m ha.), Madhya Pradesh (16.7 m ha.), Gujarat (8.2 m ha.),
Andhra Pradesh (7.2 m ha.) and Karnataka (6.9 m ha.) are the states in India
having Vertisols and associated soils (Murthy, 1981).

Sorghum grown under post rainy season conditions survives and produces
grain and fodder in an entirely receding moisture situation. Presently reported

response to nitrogen is to an extent of 40 kg N per hectare. This low response
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could be possibly due to two reasons : 1) non-availability of nitrogen during major
part of the crop period as the receding moisture front leaves the applied nitrogen
in the top layers of the soil profile, and renders the nitrogen unavailable though it
may be present there or 2) non-responsive post rainy season sorghum genotypes.

The few high yielding hybrids and varieties which have been released for
post rainy season cultivation during the last 10 years, have had little adoption. The
cultivar M 35-1 (a selection from land race Maldandi) continues to be the most
popular variety and is widely recognised for its drought resistance and good grain
quality (Seetharama, 1986). Characterisation of the newly developed and local
genotypes is necessary to better understand their potential and pinpoint features
for further improvement.

Work by Rego et al. (1982) showed that nitrates could accumulate to the
extent of 30-40 mg kg™ in the upper 1 metre of a Vertisol profile but would
decrease to 6-9 mg kg"' under monsoon cropping. Nitrogen supply effects plant
growth and productivity by altering leaf area and photosynthetic capacity (Novoa
and Loomis, 1981). Muchow (1989) reported that leaf nitrogen available per unit
leaf area (specific leaf nitrogen) does influence the photosynthetic activity. The
relationship between specific leaf nitrogen and radiation use efficiency has to be
established to signify its influence on biomass production or whether nitrogen
merely increases leaf area of the plant.

A new resource capture model, RESCAP, (Monteith, in press), places equal

emphasis on the role of leaves in relation to the interception of light and to the role
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of roots in relation to the uptake of water. A central feature of the model is the
comparison each day between the accumulated extractable water and the net
decrease of soil water content since the start of growth. If the demand in the plant
system is met from the available soil water then dry matter production is a function
of intercepted light (light-limited), but if the demand exceeds supply, the rate of
transpiration reverts to total potential extraction by the root system (water-limited).
Post rainy season provides excellent conditions to validate a crop model and this
study entitied "Interaction of water and nitrogen in relation to growth and yield of

rabi grain sorghum" was framed to achieve the following objectives:

1. To characterize in terms of growth, yield and nutrient (N and K)
uptake, a sorghum genetic base representing improved and traditional
cultivars during post rainy season.

2. To study the response of rabi sorghum genotypes to applied
nitrogen and the availability of soil nitrogen under irrigated and dry
conditions.

3. To relate specific leaf nitrogen to radiation use efficiency and to
validate a sorghum growth model (RESCAP) under receding soil moisture

contitions.
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2.0 Literature review

21 Sorghum :

Globally, sorghum (Sorghum bicolor (L.) Moench), ranks fifth in importance
among cereals, and sixth among important dietary sources of energy for the worlds
population (Cock, 1985). Of the world area of 47.56 m ha under sorghum, 34.5 %
is located in India. In terms of production India contributes around 17.0 % of total
world production, second to the U.S. (27.0 %), however yields on a land unit basis
are less than half the world avearage of 1433 kg ha™ (FAO, 1983).

Bapat (1986), reported that core rainy season sorghum areas in India
extend from 9°N (Madurai) to 25°N (Hamirpur), while that of post rainy season
sorghum are restricted to a narrow belt of 14°N (Nellore) to 21°N (Dhule). Average
temperatures in the zone varies from 22°% to 29% in the postrainy season.
However, maximum temperature increases from 30° at the end of October to 35°%
by March. Sorghum during postrainy season is grown in Vertisols and the
associated group of soils. Vertisols constitute one of the most widely occuring soils
of the world in general and the Indian subcontinent in particular. Dudal etat: (1965)
reported the global distribution of black soils or dark clay soils as 257 million
hectares, confined between 45°N and 45°S latitudes. The extensive areas of
occurence are in Australia, the blue Nile valley of Sudan, in Ghana, Cuba, Puerto
Rico, Uruguay and Taiwan and in the Deccan plateau in India (Hager-Zicker,
18643 These soils are low in nitrogen (N), and the availability of soil N is a serious

constraint to crop productivity (Tandon and Kanwar, 1984; William et al. 1985).
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Crop productivity depends on the development of leaf area (L) to intercept
the radiant energy, and the rate of net photosynthesis (P) to convert it into
drymatter. With the exception of forage crops, only a proportion of the above-
ground drymatter contributes to economic yield (Y). The distribution of assimilates
(H) within the plant determines the proportion of the total that is harvested as
economic yield. Genetic improvement of crops and the development of improved
agronomic practices to make more effective use of water and nitrogen, are

important steps in developing better farming systems. Hence

Y=AL.P,H)

(Turner and Beg, 1981). Of the various soil factors which influence sorghum
productivity, soil nitrogen, soil water and their interaction are of primary importance
in the postrainy scenario. Variable responses to application of N fertilizer have
been observed in the semi-arid tropics under rainfed conditions, with the largest
responses generally being observed in the seasons of above average rainfall

(Myers, 1978).

2.2  Soil nitrogen :

Nitrogen is a key element in improving crop productivity throughout the
world. It has attracted considerable research attention both as a plant nutrient and
as an environmental pollutant and several reviews have appeared (Bartholomew

and Clark, 1965, Nielsen and MacDonald, 1978). Most of the soil N is in the
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organic form and has to undergo mineralization before it is taken up by the plant
roots. Vlek et al. (1981) emphasize the uncertainity about rates of mineralization
and immobilization of nitrogen in soils because they are closely linked to the
turnover of organic matter which usually contains more than 95 percent of the soils

nitrogen.

2.2.1 Mineralization :
Most soil nitrogen (N), is in organic forms, but plants can only use soil
nitrogen if it is converted to inorganic forms (NH, and NO,). Change in total soil

nitrogen is expressed as a simple first order rate equation :

N iNiA
at

where k is the decomposition constant, N is the nitrogen content of a given mass
of soil at time t, and A is an accretion constant giving the amount of nitrogen
added to the given mass of soil per unit time (Greenland, 1971). A more refined
equation developed by Russell (1975), allows for year-to-year variation of the rate

constant and include a factor to account for addition of manure :

IN__ranikos
=K IN k243 V1Y
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where N is soil organic nitrogen, k () is a time dependent decomposition
coefficient, k2 represents a constant addition of N not associated with cropping,
y (t) is plant biomass at time t and k3(t)y(t) is the addition of N from plant residues
which depends on the nature of the sequential crop.

Attempts have been made to follow the short term nitrogen dynamics in soil
by simulation of the various transformation in mechanistic models. these models
are based on the assumption that microbially mediated processes are kinetically
first order in nature :

%i:Ki[orthkﬂNHh] +k3[N02-]+ k4[No3-]

(Tanji and Gupta, 1978).

Various models incorporate environmental factors to allow for seasonal
variations in the rate constant (k1, k2, k3, k4) of the transformations (Beek and
Frissel, 1973; Hagin and Amberger, 1974; Watts, 1975).

Temperature and soil moisture variation in the environment has a great
impact on the dynamics of nitrogen transformation in soil. For instance, during dry
periods carbon decomposition exceeds nitrogen mineralization (Birch, 1960),
resulting in a decreased C:N ratio which will favour net mineralization during the
subsequent wet season. If the temperatures are favourable, the onset of the rainy
season will be accompanied by a flush of mineral nitrogen in the soil (Hardy, 1946;

Birch, 1960).
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In a winter rainfall climate, the early rains coincide with low soil
temperatures, the mineral nitrogen flush may be delayed until early spring. Recent
work in the Indian Deccan has shown that, under monsoon fallow system with
post-monsoon cropping, 36 to 40 ppm nitrate nitrogen could accumulate in the
upper 1 m. of the soil profile by the end of the rainy season. However, under
monsoon cropping, the nitrate nitrogen content decreased to 6 to 9 ppm (Rego et
al. 1982). A better understanding of the kinetics of mineralization in dryland
agriculture would help to predict the availability of mineral N and allow for timely

correction of nitrogen deficiencies through application of fertilizers.

2.2.2 Ammonification :
Ammonification of organic N in soil is affected by a number of factors, many
of which are related to biological activity (Vlek et al. 1981). Myers (1975), studying
the temperature effect on ammonification in a tropical soil, found it to fit an
Arhenius type equation with a maximum at about 50°C. The lower temperature limit
for ammonification is generally around freezing (Stanford et al. 1973). The optimum
soil potential for ammonification ranges from 10 to 50 K Pa (0.1 to 0.5 bar) (Miller
and Johnson, 1964; Stanford and Epstein, 1974), while the rate of ammonification
declines linearly with decreasing water content (Stanford and Epstein, 1974).
Cameroon and Kowelenko (1976), demonstrated the importance of a
temperature : water content interaction term in quantifying microbially mediated

ammonification . The effect of soil factors such as pH, salinity and texture on
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ammonification has been studied, but good fundamental relationships have not

been established (Laura, 1973; Nyborg and Hoyt, 1978).

223 Nitrification ;

Ammonical N mineralized from organic matter can be either assimilated by
microorganisms and plants or oxidized to NO; in the process termed nitrification.
Nitrosolobus and Nitrosopira were the dominant NH,* oxidizers in a range of soils
examined by Soriano and Walker (1973). Where inorganic N is derived chiefly from
the ammonification of organic N, nitrification will rarely limit the rate of production
of NO,. Only at low and high pH (Morill and Dawson, 1967), at high water
potentials and temperatures (Focht and Verstraete, 1977), or at water potentials
below 1.5 M Pa (Justine and Smith, 1962), might NH,* or NO,” accumulate
following ammonification.

The use of ammonia or ammonia forming fertilizer such as urea in arid zone
soils may lead to high concentrations of mineral N and, in the case of urea, to a
temporary increase in soil pH (Hauck and Stephenson, 1965). Thus NO,” might
accumulate where high NH,* and associated pH inhibit Nitrobacter activity

(Alexander, 1965).

2.4 Nitrogen losses :
Negatively charged nitrate ions can be lost by denitrification (Stefanson,

1972) or leaching (Shaw, 1962). Positively charged ammonium ions, however, are
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rarely leached because they are attached to negatively charged sites on the soil
exchange complex (Broadbent et al. 1958; Gasser, 1964). Nitrogen can be lost to
the atmosphere as ammonia from surface applied Urea (Hargrove and Kissel,
1979), and from ammonium compounds on calcareous soils (Fenn and Kissel,
1976). Ammonical nitrogen can be immobilised by microbial biomass (Shen et al.
1984, Wickramasinghe et al. 1985).

Gillman and Bristow (1990), examined the effect of two sources of N (urea
and ammonium sulfate) on the leaching of exchangeable cations in an inceptisol
over a 6 week period. They found that all applied urea was hydrolysed within 3
days of application. All applied nitrogen from both sources was retained in the top
20 cm following the first irrigation, about 70-80 % after the second irrigation and
about 50 % following the third and final irrigation. Increasing losses of nitrogen at
each watering period were associated with increased nitrate production. They
suggest that loss of nitrogen from the ammonium sulfate treatment was associated
with a reduction in basic exchangeable cations, indicating that nitrogen was
leached as nitrates. In the urea plots, the constancy of exchangeable cation data
suggests that denitrification could have contributed to nitrogen loss, or more likely

that nitrogen was leached as ammonium nitrate.

2.2.5 Nitrogen availability index :
Extensive research conducted by FAO (1973), in the Mediterranean climate

of central Chile confirmed the usefulness of the mineral N soil test (0 to 15 cm) as
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predictive tool for fertilizer response in dryland agriculture. Whenever soil contained
more than 40 ppm mineral N before planting, the response to fertilizer N was less
than 10 percent. In the absence of supplemental irrigation the reliability of such
prediction is less (Vlek, 1981).

However Taylor et al. (1974) used soil nitrate levels in the top 30 cm of soil
as an index of available soil N for studying possible N response levels in dryland
wheat production in Southern New South Wales. They concluded that nitrate levels
would restrict yields on most farms whenever nitrate concentrations fell below 20
ppm. Profitable response to N (34 kg N ha™') was generally obtained if soil nitrate
was less than 8 ppm, provided seasonal conditions were better than average

(Taylor et al. 1978).

2.3 Soil water :

The concept of the soil as a reservoir for water is appealing and useful.
Since only a small amount of water can be stored in crop plants relative to the rate
of transpiration through them, it is the storage of water with in the soil pores that
permits transpiration to continue for several days without recharge by rainfall or
irrigation (Ritchie, 1981).

Vertisols have a relatively high water storage capacity in the root zone
because of their usually high content of clay dominantly a 2:1 type (Virmani et al.

1982). The available water range of vertisols has been reported as 110 mm in

Australia (Stace et al. 1968), 125 mm in the Sudan (Jewitt et al. 1979), and 230
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mm in India (ICRISAT, 1978), for the upper metre depth of the soil profile. Soil

water storage capacity is particularly important in semi arid regions with uncertain
rainfall distribution. Krantz et al. (1978), concluded that the growing season on a
deep vertisol at ICRISAT centre was 21 to 33 weeks, where as it was only 14 to
21 weeks on an alfisol.

Dry mattér in the grain (Y), is a function of the water passing through the
crop in transpiration (T), and water use efficiency (W), and the proportion of total
dry matter which is partitioned to the grain (H), (Passioura, 1977; Fischer and

Turner, 1978).

Y=-(T,W,H)
Thus to improve the grain yield of crops in a dryland area one must either increase
transpiration, increase the water use efficiency and/or increase the proportion of

total dry matter partitioned to the grain (Turner and Begg, 1981).

2.4  |Interaction of water and nitrogen :

In the field, soil moisture content may become so low that water uptake and
hence nutrient transport are restricted. Garwood and Williams (1967), observed
that during a dry period, depressions in the growth rate of a grass sward which
could be remedied, not by irrigation, but by an injection of nitrogenous fertilizer in
the deeper soil layers. Nitrogen in the upper soil layers was rendered unavailable

by the soil dryness but the plants were able to draw water from deeper layers
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where no nitrogen was present. Some times increased vegetative growth results
in greater evaporative demand, and a more rapid diminution of soil water reserves
so that the crop may be left with insufficient water to complete its growth (Russell,
1967). This type of situatioq indicates the need for caution in the use of N fertilizer.

The effects of nitrogen and water shortage and their interactions were
illustrated in a series of elegant pot experiments with a system in which nitrogen
and water could be applied independently in three compartments (Rehatta et al.
1979). Moisture shortage with equal availability of nitrogen led to reduced nitrogen
uptake. Uptake must then be governed by the reduced rate of dry matter
production, because the concentration of the element in the tissue is at its
maximum level (Van Kuelen, 1981). Moisture shortage may have both a direct and
an indirect effect on nitrogen uptake. In one case it controls the physical transport
processes in the soil, the other by metabolic processes in the plant.

A significant positive interaction between fertilizer and moisture was
reflected in sorghum yields (Kanwar, 1978; Nagre and Bathkal, 1978,
Venkateswarlu and Rao, 1978), and this interaction is stronger in an alfisol than

in a vertisol (Kanwar, 1978).

2.5 Influence of soil nitrogen and water on crop growth :

2.5.1 Leaf growth :
Leaf area is the main factor in biomass formation (Watson, 1947), and it

varies in amount with plant population and nutrient supply. Leaf area is normally
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increased by nitrogen (Langer and Liew, 1973; Pearson, et al. 1977; Spiertz and
Ellen, 1978). Leaf area duration is also extended by nitrogen (Langer and Liew,
1973; Thomas et al. 1978). Thorne's (1974), analysis of Rothamsted experiments
before 1965 and experiments in Holland, Australia and Canada, led her to
conclude that most of the variations in wheat grain yields due to nitrogen could be
related to variation in leaf area duration.

Nitrogen has a significant effect on leaf area expansion and senescence,
but only a small effect on leaf number (Muchow, 1988a). Muchow (1988a),
determined a minimum specific leaf nitrogen (1.0 g N m), for leaf growth to
proceed at the potential rate determined by temperature. If nitrogen uptake and
partitioning to leaf are not sufficient to reach this minimum level, leaf growth is
reduced. Leaf senescence is affected by the balance between N uptake and the
mobilization of leaf nitrogen to meet grain demand.

The effect of water shortage on leaf area development has been quantified
by relating relative leaf growth to the fraction of available soil water (Rosenthal et
al. 1987; Hammer and Muchow, 1991). Rosenthal et al. (1987), reduce leaf growth
once the fraction of available soil water drops below 0.5, while Hammer and
Muchow (1991), discount leaf growth at the fraction of available soil water below
0.3. Both studies show considerable scatter in the relationship, nevertheless in
both instances, leaf growth is more severely affected by water deficit than is the
rate of transpiration. Quantification of the effect of water limitation on senescence

has been neglected so far in models.
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2.5.2 Biomass accumulation :

Biomass accumulation has been considered by Ludlow and Muchow (1992),
as the product of incident radiation, the fraction of that intercepted by the crop and
the efficiency with which the intercepted radiation is converted to biomass (RUE).
The fraction of daily incident radiation intercepted by a crop is an exponential
function of its leaf area index. The radiation extinction coefficient for this function
(k), together with RUE are conservative parameters under good growing conditions
with reported values of 0.4 and 1.25 g MJ” respectively (Muchow and Coates,
1986; Muchow and Davis, 1988; Muchow, 1989a).

The effect of water shortage on biomass accumulation has been quantified
using the relationship between relative transpiration and the fraction of available
soil water, in a similar manner to the effect on relative leaf growth, (Rosenthal et
al. 1987, Hammer and Muchow, 1991).

Nitrogen has a significant effect on biomass accumulation (Muchow and
Davis, 1988; Lafitte and Loomis, 1988). Muchow and Davis (1988), reported that
the reduction in biomass accumulation under nitrogen shortage was due to a
relatively greater reduction in RUE than in the amount of radiation intercepted.
They reported a linear relationship between RUE and specific leaf nitrogen.
Burstrom (1943), observed an enhancement in apparent CO, assimilation with a
rise in the nitrate content of wheat leaf laminae. Osman and Milthorpe (1971)
found that the increase in the gross photosynthesis in wheat species was linear

with nitrogen content. Thomas et al. (1978) did not find any effect of nitrogen on
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photosynthesis or photorespiration of wheat, but they suggested that there was an

effect on dark respiration.

2.5.3 Grain growth :

Grain yield accumulation can be quantified as the product of biomass
accumulation and harvest index. For sorghum, Muchow (1990a), found that
harvest index increased linearly at a rate of 0.0185 per day from the first day after
anthesis and this rate of increase was relatively stable for a number of sowings in
tropical Australia. Towards the end of grain filling, harvest index reaches its
maximum value (Muchow, 1990b). This maximum value is reduced by water and
nitrogen deficit (Muchow, 1988b; 1989b), but the rate of increase in harvest index
is a conservative parameter under varying environmental conditions. The
determination of the timing of the harvest index asymtote and of physiological
maturity is a major limitaiton in using this approach in simulation modelling
(Hammer and Muchow, 1991).

The accumulation of nitrogen in the grain has important implications both
for grain quality and yield physiology. Muchow (1990b), observed that soil nitrogen
uptake during grain filling was unresponsive to fertilizer nitrogen applied at the time
of sowing, and that it was small relative to total N uptake during the crop cycle.
Consequently, mobilisation of leaf nitrogen to the grain was more significant than
nitrogen uptake during grain filling, thus variability in biomass at maturity accounted

for 95 % of variance in grain yield. Howell (1990), obtained comparable results.
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Similarly, variability in total N uptake accounted for 92 % of the variance in grain

nitrogen accumulation.

Numerous studies have described the effect of nitrogen deficiency and
nitrogen application on grain sorghum (Cowie, 1973). The effect of inadequate
nitrogen supply on final crop yield has been linked to reduced leaf area index
(LAI), and consequent reduction in light interception and photosynthate supply,
which in turn reduces grain yield per hectare (Heslehurst, 1976).

The importance of grain number as the main determinant of yield has been
pointed out by Thorne et al. (1968) and many others (Evans and Wardlaw, 1976;
Speirtz and Ellen, 1978 and Yoshida, 1972). A synthesis of 12 reports covering 24
experiments on sorghum shows that the dominant factor contributing to higher
grain yields is an increase in the number of grains per panicle as a result of
fertilizer application and average increase in grains per panicle was 61 % (Tandon
and Kanwar, 1984). Grain weight generally shows much less variation than grain
number, Grain weight may be greater with higher nitrogen (Halse et al. 1969;

Spiertz and Ellen, 1978) or unchanged (Pushman and Bingham, 1976).

2.5.4 Nitrogen uptake :

The demand for nitrogen by crops vary widely with location, cropping
system and year-year weather conditions. Large fluctuatuions in drymatter
production of the natural vegetations of the northern Negev resulted in total N

uptake varying from nil to 100 kg N ha™ (Van Keulen, 1977) with estimated
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average of 50 kg N ha™ (Noy-Meir and Harpaz, 1977). Data from control plots (0

N) of several experiments indicate that 25-83 kg ha” N can be removed by
sorghum from different sites (Roy and Wright, 1974; Venkateswarlu et al. 1978).

Variable responses to application of nitrogen fertilizer have been observed
in the semi-arid tropics under rainfed conditions, with the largest responses
generally being observed in seasons of above average rainfall (Myers, 1978; Patil
et al. 1981; Umrani and Bhoi, 1981). Depending on soil depth and moisture
storage capacity, the optimum level of nitrogen for sorghum varied from 25 to 85
kg N ha™ (Patil et al. 1981). A non-irrigated crop of CSH 1 at Parbhani, fertilized
at 125-75-0 kg of N-P-K per hectare produced 4.16 t ha™ grain and removed 170

kg N ha™ (Tatwawadi and Hadole, 1972).

2.5.5 Nitrogen use efficiency :

Fernandez and Laird (1959) showed that under optimum soil moisture,
wheat yielded 24 kg grain kg applied nitrogen but only 11 kg kg™ N when water
was limiting. Bruetsch and Estes (1976) studied the variation in nutrient efficiency
for above-ground dry matter production by 12 corn genotypes. The efficiency of
nitrogen use ranged from 59 to 82 kg biomass kg N absorbed showing the
importance of genetic component.

Optimum rates of nitrogen for high yielding cultivars of sorghum in the rainy

season are seen to vary from 60 to 120 kg N ha™ and at these levels, an overall
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response rate (grain yield increase over 0 N) of 18.3 kg grain kg™ N applied is

obtained (Tandon and Kanwar, 1984).

Crop recovery of added N varied rather narrowly from 46.3 to 51.1% as
nitrogen levels increased from 40 to 160 kg N ha™', At the highest level tested, soil
+ crop could account for 78-90 % of added N, as compared with 93.2 % at 40 kg

N ha' (Tandon and Kanwar, 1984).

26 Crop modelling :

Models can integrate a large body of research knowledge that has been
derived over many years. They provide a means to link this research effort with
decision makers via simulation studies to evaluate likely outcomes of decision
options (Hammer and-Muchow, 1992). A number of sorghum models exist and
their evolution is a continuing process. Considerable effort has been made in
building and validating these models in the U.S.A. (Arkin et al. 1976; Vanderlip and
Arkin, 1977; Rosenthal et al. 1989; Ritchie and Algarswamy, 1989; McCree and
Fernandez, 1989), Australia (Hammer et al. 1989; Birch et al. 1990; Hammer and

Muchow, 1991), and India (Huda, 1987, Monteith et al. 1989).

2.6.1 Model applications :

Models provide a vehicle to integrate research and highlight knowledge
gaps. Models provide a framework for design and analysis of experiments. McCree

and Fernandez (1989) found simulation models to be useful tools for integrating
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ideas about physiological responses to soil water deficit at the whole plant level.

Robertson (1991) used a radiation interception model to show that the percentage
contributions of reduced leaf expansion, reducéd extinction coefficient (due to leaf
rolling) and leaf death to the overall reduction in radiation interception of sorghum
under drought were 64, 28 and 7 %, respectively. Using models developed
elsewhere, Carberry and Abrecht (1991) found yield advantages for sowings early
in the wet season. However, they noted that these models did not cater adequately
for establishment problems related to high soil temperature and the effect of water
deficit on seedlings.

Models enable creation and assessment of hypothetical genotypes (Shorter
etal. 1991). Muchow et al. (1991) and Muchow and Carberry (1992) evaluated the
impact of varying phenology, RUE, transpiration efficiency and extent of soil water
extraction of sorghum in tropical and sub-tropical Australia. These studies highlight
the potential of models in assessing the value of traits.

Models can be employed, with long-term climatic records, simulate likely
outcomes of the range of decision options. Muchow et al. (1993) used the
sorghum model of Hammer and Muchow (1993) to simulate the effects of planting
date, soil water stored at planting and cultivar maturity on production predicted for
a range of locations in north-east Australia. Hammer et al. (1991) simulated the
predicted yield of sorghum, with non-limiting N supply, for a particular planting

condition at Dalby using a long term climatic record (100 years).
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A sorghum simulation model is also the appropriate tool to consider the

impact of climate change associated with the greenhouse effect on sorghum
production. Analysis of this nature, as conducted for agricultural production in
Queensland by McKeon et al. (1988), provide a basis for government planning.
Simulation modelling thus has immense value in decision making for a broad range -
of decisions in the fields of research, management and policy spheres (Hammer

and Muchow, 1992).

2.6.2 Resource capture model (RESCAP) :

Monteith et al. (1989) describing his generic model states that two
processes dominate crop growth: resource capture and the distribution of
metabolites to organs with different functions. The resource capture model places
equal emphasis on the role of leaves in relation to light interception, and to the role
of roots in relation to the uptake of water. The central feature of the model is that
the amount of dry matter produced per unit of radiation intercepted by foliage is
effectively constant during vegetative growth when water is not limited. When the
rate of water uptake by the root system is assumed to be limited by the daily
estimation of available soil moisture, then the rate of transpiration and growth are
both treated as water-limited. Dry matter produced per unit of water transpired is
calculated as an inverse function of mean saturation deficit constant whether water

is limiting or not.



Materials and Methods
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3.0 MATERIALS AND METHODS

3.1 Experimental Site :

The experiment was conducted, at field No. BW 4 and BW 4A of the
International Crops Research Institute for Semi Arid Tropics (ICRISAT),
Patancheru, during the post rainy seasons of 1990-91 and 1991-92. Patancheru
is located on latitude 18° N and longitude of 78° E at an altitude of 545 m. above

mean sea level.

3.2. Field Layout and operations :

The experiment consisted of two main, four sub and three sub-sub
plots laid out in a split-split plot design and replicated thrice. The treatments were
allotted at random in different plots of each replication as shown in Fig: A 4.74.
The field was ploughed with a tractor drawn disc plough and worked with a
cultivator. Seeding was done using a tractor mounted planter with nine rows
spaced at 45 cm.

Irrigation was uniformly applied to all plots using sprinkler system so as to
enable germination of planted seed. Irrigated plots received water at 32, 58, 80
and 93 days after emergence. One weeding was provided at 20-25 DAE., during
both the years. Composite soil samples collected at random from the field prior to
sowing upto 2.1 m, depth were analysed for the chemical properties listed in

Appendix Table : 26 & 27.
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Appendix Table: 28.  Weather data recorded ot meteorological observatory, ICRISAT, Patancheru, A.P.
a. 1990-91.

APR 2 323 385 227 56.0 19.0 9.1 10

MAY 140 222 338 233 814 46.0 119 7 19.5
JUN 84 169 308 227 90.3 614 14.7 4 17.2
JuL 83 182 30.5 223 894 59.6 16.8 4 16.1
AUG 269 130 289 222 92.1 68.9 14.5 4 14.1
SEP 96 137 30.0 220 933 63.1 83 6 17.3
ocT 129 125 28.8 19.7 93.8 62.6 6.9 6 16.5
NOV 11 126 28.6 17.9 92.8 51.0 6.6 8 16.0
DEC 0 126 274 14.8 93.1 42.2 6.7 9 16.0
JAN 16 141 287 158 91.7 42.0 79 9 16.5
FERB 3 194 323 16.5 78.2 244 7.9 10 20.1
MAR 1 271 359 213 7.7 23.1 8.9 10 215
b, 1991-92.

APR 67 267 37.0 234 69.7 278 8.7 9 21.2
MAY 37 332 39.6 25.6 55.5 252 9.8 9 224
JUN 238 194 324 236 86.2 57.1 15.2 5 17.2
JUL 145 147 293 224 90.2 68.4 177 2 14.5
AUG 172 147 29.6 22.0 91.0 63.2 139 3 16.5
SEP 106 151 312 222 89.2 523 7.8 6 18.6
ocr 55 162 309 19.7 89.7 43.6 6.4 7 18.5
NOV 3 130 27.9 16.5 90.9 479 8.0 7 15.1
DEC 0 140 278 13.0 92.2 353 7.1 8 16.3
JAN 0 165 28.5 17 9LS 274 72 9 17.9
FEB 0 182 31.3 149 n7 259 6.4 9 199
MAR 0 274 36.7 18.2 59.5 153 74 9 22.1
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3.3 Experimental details :

The treatment comparisons were as follows :

1. Water - a. Irrigated b. Dry

2. Nitrogen - a. 0kgN.ha' b. 20 kg N.ha™
c. 40 kg N.ha™ d. 120 kg N.ha"

3. Genotypes- a. ICSH 86646 (ICSA 70 x ICSR 161)

b. SPV 783 (R 91 x E 36-1)

c. M 35-1 (Selection from land race Maldandi)

Nitrogen levels of 20 and 40 were included, since the lower part of the
response curve was not well defined in the earlier experiment conducted at
ICRISAT. Twenty four treatments were laid out in a split-split plot design with
irrigated and non-irrigated treatments as the main plots, nitrogen as the sub plot,
and genotype as the sub-sub plot. A fallow plot without any crop was included in
each replication for observing soil water and nitrogen changes.

The experiments were located at field BW 4 (1990-91) and BW 4A (1991-
92), ICRISAT centre, Patancheru. The plot sizes were 7.2m x 9.0m (1990-91) and

6.0m x 9.0m (1991-92) sown on 25" November during the two years.
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3.4 DATA RECORDED W 61372«

3.4.1 Growth parameters: i

34.141 Plant height:

After seedling emergence 5 plants were tagged in all treatments and plant height

was measured at weekly intervals,

34.1.2 Leaf area and dry weights :

Ten plants from each treatment were harvested at weekly intervals
for leaf area and dry matter estimations. At earhead emergence the plant leaves
were first segregated into 5 different strata from the top with leaf area and dry
weights recorded individually for each strata. Stem, earhead and grain weights

dried at 80°C were recorded.
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3.4.2 Yield and yield components:

34.2.1 Earhead number:
Before harvest, earhead number in each net plot was recorded to calculate

earhead number per square metre.

3422 Grains per earhead:

Five earheads from each harvest plot, were used for a grain number count. Grains
in individual rachis were counted beginning at the base and reaching to the tip of
the earhead. Total grain number and secondary rachis per earhead were then

computed.

3.4.23 Secondary rachis weight:

The weight of individual secondary rachis with grains in each earhead was

recorded.

3424 Grain and straw yield:

Harvested grain from net plots (1.2m x 7.0m) was oven dried and the weight
recorded. Fresh stalk weights from net plots were recorded in the field. A sub-
sample weighing approximately 2 kg was weighed and later oven dried. Fresh and
dry weights of sub-samples were used to transform the net plot fresh straw yields

to dry straw yield.
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3.4.3 Plant Chemical Analysis:

3.4.3.1 Plant N and K content:

Nitrogen content was determined in individual plant parts ( leaf strata, stem and
grain ) at six different plant growth stages of crop using a Technicon Auto analyser
(Technicon Industrial system, 1976).

The same digested sample was diluted to a 1:50 ratio with distilled water
and fed in an atomic absorption spectrophotometer to measure the light

absorbance.

3.4.31 Specific leaf nitrogen:

Specific leaf weight was computed as the leaf weight per unit leaf area and
specific leaf nitrogen, defined as the amount of leaf nitrogen per unit leaf area, was

calculated as the ratio of leaf N content : specific leaf weight.

3.4.4 Soil moisture:

Soil moisture from 0-15 and 15-30 cm depth samples was measured by
gravimetric method and from 30 to 150 cm at 15 cm intervals using neutron
moisture probe (Troxler 4300). These measurements were restricted to the
irrigated and dry main plots, all nitrogen levels and only two genotypes (ICSH
86646 and M 35-1) plus a fallow treatment from the irrigated and dry main plot
treatments. [i.e., water=2 x nitrogen=4 x genotypes=2] = 16+2 fallow = 18 plots.

The bulk density was calculated using the core volume and the dry weight of the
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soil sample for each depth. These bulk density values were used to convert the

gravimetric moisture content to volumetric content. The neutron probe was
calibrated by regressing the count-ratio on to the volumetric moisture content, and

was used to calculate the moisture content for different sampling dates.

3.4.5 Soil mineral nitrogen:

A screw type auger was used to collect the soil samples at the following soil
depths (0-15, 15-30, 30-45, 45-60, 60-90, 90-120 cms) in all treatments. Soil
samples were collected at four stages during the crop period. The first before
sowing, the second immediately after the first irrigation, the third at 50 % anthesis
and the fourth at harvest. Samples were analysed for soil mineral (NH, and NO,)
nitrogen (Keeney and Nelson, 1982). During the 1990-91 rabi season wet samples
were used for extraction, however in 1991-92, air dried and pounded samples were
used for analysis. The reason for change from wet to dry was that, in wet samples
due to high clay content especially at lower depths, the sub-sample taken was not
truly representative of the main sample due to formation of bigger clods and hence
it was necessary to dry the samples and pound them to get a true representative

sub-sample.

3.4.6 Light interception:
An instrument termed a " mouse " consisting of a length of square-section

aluminium tube, with holes drilled at 2 cm intervals along its length was used to
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measure horizontal light distribution. The mouse was placed at right angles to the
sorghum rows and the length of the mouse covered two rows. A sensor was pulled
manually through the tube, while a portable data logger scanned the sensor output
at a high frequency and selected the highest reading under each hole. This
represents the irradiance at that point (Mathews et al. 1987). Light intercetion

measurements were made at weekly intervals during mid-day.

3.4.7 Statistical Analysis:
Data for different variables was analysed using SAS split-split plot design
for the 1990-91 and 1991-92 studies. The interaction effects with days after

emergence and soil depth were analysed by considering them as a fourth factor.



Results
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4.0 RESULTS
4.1.1 Plant height :
4.1.1:1 Measured at weekly interval :

The interaction effect of water * DAE, was significant (P<0.05), during 1990-
91 and highly significant (P<0.01), during 1991-92 (Appendix table4). In 1990-91,
there were significant differences between irrigated and dry plots after 55 DAE
(Figure 1.1). In 1990-91 plants had a mean maximum height of 2.00 metres. In
1991-92, height differences become significant from 45 DAE onwards, with
irrigated plots having significantly higher plant height than dry plots.

The interaction effect of nitrogen * DAE, was highly significant (P<0.01), in
both years. Across nitrogen treatments (Figure A 1.2), the 120 kg N ha™ treatment
had the highest plant height in both years. The 40 and 120 kg N ha™' treatments
and the 0 and 20 kg N ha™ were similar in 1990-91. In 1991-92, from 45 DAE
onwards the 20, 40 and 120 kg N ha™ treatments had significantly higher plant
height than the control. The local genotype M 35-1 had significantly higher plant

height than improved genotypes in 1990-91 (Figure A 1.3).

41.1.2 Measured at harvest .

The main effect of water was significant (P < 0.05) only in 1991-92 (Table
1). Plant height at harvest was significantly higher in irrigated plots in 1991-92. The
main effect of nitrogen was significant (P<0.05), in 1990-91 and highly signficant

in 1991-92 (P<0.01). Among nitrogen treatments the 40 and 120 kg N ha'



Fig : L1 Plant height of sorghum as a function of time for the interaction effect of
water * time, during rabi 1990-91 and 1991-92.
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Table : 1. Mean plant height of sorghum as affected by water, nitrogen and
genotype, at harvest (1990-91, 1991-92 and pooled years).

Plant height (cm)
Treatment 199091 | 1991.92
Water (W) :
Irrigated 186.03 A 111.87 A 148.95 A
Dry 174.99 A 84.58 B 129.78 B
LSD (0.05) 39.04 18.53 10.26
Nitrogen (N) :
O kg N ha 167.24 B 71.00 C 153.56 C
20 kg N ha™ 178.51 BA 96.33 B 147.37 8B
40 kg N ha™ 186.33 A 108.42 BA 137.42 A
120 kg N ha"' 189.96 A 11717 A 119.12 A
LSD (0.05) 18.40 18.85 9.55
Genotypes (G) :
ICSH 86646 167.77 C 102.19 A 13498 B
SPV 783 173.69 B 87.56 B 130.63 C
M 35-1 200.07 A 104.94 A 152.50 A
LSD (0.05) 5.88 7.00 3.73
Interactions :
SE
YEAR (Y) - - 0.23 **
W*Yy - - 0.33 *
N*Y : - 0.47
G*Y - - 0.40 *
WHN*Y 13.96 21.36 0.66
W*G*Y 12.09 18.58 * 0.33
N*G*Y 17.18 26.16 * 0.82
WEN*G*Y 24.19 37.00 1.15
CV% 4.34 9.61 11.11

* % = Significant at p = <0.05 and 0.01 % level, respectively.
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treatments were significantly higher than the control in 1990-91. In 1991-92 the 40

and 120 kg N ha” treatments were similar and had a significantly higher plant
height than the control.

The main effect of genotye was very highly significant (P<0.001), in 1990-91
and highly significant (P<0.01), in 1991-92. At harvest, M 35-1 had a significantly
higher plant height (2.00 m) than the improved genotypes ICSH 86646 (1.68 m)
and SPV 783 (1.73 m) in 1990-91. In 1991-92 both M 35-1 (1.05 m) and ICSH
86646 (1.02 m) had significantly higher plant height than SPV 783 (0.87 m).

The interaction of water * genotype significant (P<0.05), in 1991-92 (Table
1), indicates that, in irrigated plots, ICSH 86646 had higher plant height, but in dry
plots M 35-1 was highest (Figure A 1.4). The interaction of nitrogen * genotype
significant (P<0.05), in 1991-92 indicates that at 0, 20 and 40 kg N ha™ genotypes
did not differ significantly in plant height, but for the 120 kg N ha™ treatment the
improved hybrid ICSH 86646 and the local M 35-1 were significantly higher than

SPV 783 (Figure A 1.5 and A 1.6).

4.1.2 Leaf area index :

41.2.1 Measured at weekly interval :

A maximum leaf area index of 3 in 1990-91 and 2 in 1991-92 were recorded
The interaction of water * DAE was highly significant (P<0.01), in both
years (Appendix table2). Differences in leaf area index between irrigated and dry

treatments were significant after 42 DAE in 1990-91 and after 35 DAE in 1991-92



Fig : 1.7 Leaf area index of sorghum as a function of time for the interaction
effect of water * time, during rabi 1990-91 and 1991-92.
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Fig : 1.8. Leaf area index of sorghum as a function of time for the interaction
effect of nitrogen * time, during rabi 1990-91 and 1991-92,

a) 1980-81 (Mean of water and genotype treatments)
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(Figure 1.7). Maximum leaf area index was attained at 56 DAE in both years. Leaf

area index after 56 DAE declined more markedly in dry plots while in irrigated plots
the maximum leaf area index was retained for an additional 3 to 4 weeks.

The interaction of nitrogen * DAE highly significant (P<0.01), in both years
had strong influence on leaf area index during the early stages of crop growth
(Figure 1.8). Maximum leaf area index was obtained with the 120 kg N ha’
treatment in both years. Differences between the 0 kg and 120 kg N ha™
treatments were significant in both years, but the 20 and 40 kg N ha™ treatments
had a similar leaf area index in 1990-91. In 1991-92 the 0 and 20 kg N ha™
treatments were similar while the 40 and 120 kg N ha™ treatments were alike.

The interaction of genotype * DAE significant (P<0.05), in 1990-91 and
highly significant (P<0.01) in 1991-92. Leaf area index pooled over irrigation and
nitrogen treatments was similar for all three genotypes (Figure A 1.9). Differences
were significant only at a few growth stages in 1991-92. The local genotype M 35-
1 and the hybrid ICSH 86646 had higher leaf area index than SPV 783.

The interaction of water * nitrogen * DAE significant (P<0.05), in both years
indicates (Figure A 1.10), that in dry plots in 1990-91, maximum leaf area index
was attained a week later than irrigated plots and the decline was more
pronounced in dry plots, In irrigated plots, the three nitrogen treatments (20, 40
and 120 kg N ha™), had higher leaf area index than the control at the early and
late crop growth stages, with leaf area index for the 120 kg N ha™ treatment

remaining higher than the other fertilizer treatments to the end of the season. In



Fig : L11.

Leaf area index of sorghum as a function of time for the interaction
effect of water * nitrogen * time, in a) Irrigated and b) Dry plots
during rabi 1991-92.

a) Irrigated (Mean of genotype treatments in 1991-92)

b) Dry

4

Leat area index
N

T T T T T

— — - 120kgNha'
40 kg N ha'

20 40 60 80 100
Days after emergence (DAE)

120

(Mean of genotype treatments in 1991-92)

4

Leaf area index
N

— — - 120kgNha'
40 kg N ha'

- - 20 kg N ha''
————— OkgNha'

20 40 60 80 100
Days after emergence (DAE)

120



Fig : 1.12.

Leaf area index of sorghum as a function of time for the interaction
effect of water * genotype * time, in a) Irrigated and b) Dry plots
during rabi 1991-92.
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dry plots, the 0, 20 and 40 kg N ha™ treatments were similar for the entire crop

growth period, however the 120 kg N ha™ treatment had a significantly higher leaf
area index between 50 and 80 DAE. In 1991-92 (Figure A 1.11), differences
between the control and all nitrogen treatments were significant in irrigated plots
but in dry plots only the 120 kg N ha™ treatment maintained a higher leaf area
index through most of the growing season.

There was highly significant (P<0.01), water * genotype * DAE interaction
in 1991-92. In irrigated plots, ICSH 86646 had a higher leaf area index than M 35-
1 or SPV 783, while in dry plots, M 35-1 had a higher leaf area index (Figure A
1.12).

The water * nitrogen * genotype * DAE interaction (Figures A 1.13, 1.14,
1.15 and 1.16), indicate that, in irrigated plots, ICSH 86646 had a higher leaf area
index in all nitrogen treatments. However in dry plots, the local genotype M 35-1
had a significantly higher leaf area index from 56 DAE onwards in the 120 kg N

ha' treatment.

41.22 Measured at harvest :

The main effect of water was significant (P<0.05), in both years (Table 3).
Irrigated plots had a significantly higher leaf area index than dry plots at harvest
for both the years. The effect of nitrogen was significant (P<0.05), only in 1990-91
and the 0 and 120 kg N ha'' treatments retained higher leaf area index than the

20 and 40 kg N ha™' at harvest. In 1991-92 there were no significant differences



Table : 2. Mean leaf area index of sorghum as affected by water, nitrogen and
genotype, at harvest (1990-91, 1991-92 and pooled years).

Leaf area index
Treatment 1990-91 1991-92 l -
Water (W) :
Irrigated 098 A 045 A 072 A
Dry 0358 0.43B 0.28 B
LSD (0.05) 017 0.18 0.17
Nitrogen (N) :
Okg N ha' 0.65 AB 0.35 A 0.50 AB
20 kg N ha 059 B 034 A 0.47 AB
40 kg N ha' 055 B 0.30 A 042 B
120 kg N ha' 0.84 A 037 A 0.60 A
LSD (0.05) 0.20 0.15 0.16
Genotypes (G) :
ICSH 86646 079 A 0.27 B 048 B
SPV 783 0518 023B - 037C
M 35-1 0.68 A 051 A 0.65 A
LSD (0.05) 0.14 0.08 0.08
Interactions :
SE
YEAR (Y) - - 0.12 *
W*Y - - 0.08 **
N*Y - - 0.11
G*Y - . 0.09
W*N*Y 013 * 0.26 0.16 *
W*G*Y 0.11 0.22 * 0.14 *
N*G*Y 0.16 0.32 0.20
W*N*G*Y 0.22 0.45 0.28
CV % 36.24 43.42 39.16

: Significant at p = <0.05 and 0.01 % level, respectively.
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between nitrogen treatments at harvest. Among genotypes, ICSH 86646 and M 35-

1 maintained a highly significant (P<0.01), leaf area index than SPV 783 at harvest
in 1990-91. In 1991-92, M 35-1 had very significantly higher (P<0.001), leaf area
index than the improved genotypes.

The interaction of water * nitrogen significant (P<0.05), in 1990-91 indicated
that, in dry plots, there were no differences among nitrogen treatments, but in
irrigated plots the 120 kg N ha” treatment had a higher leaf area index at harvest
(Figure A 1.17). The interaction effect of water * genotype significant (P<0.05), in
1991-92 indicate that in irrigated and dry plots (Figure A 1.18), M 35-1 maintained

a significantly higher leaf area index at harvest.

4.1.3 Total above-ground dry biomass :

41.31 Measured at weekly intervals :

The total above ground biomass accumulation in 1990-91 was higher than
in 1991-92 (Figure A 1.19). The interaction of effect of water * DAE was highly
significant (P<0.01), in both years (Appendix table 3). Irrigated plots had more total
above ground biomass than dry plots in both years and this difference was
significant from 64 DAE in 1990-91 and from 42 DAE in 1991-92.

The interaction of nitrogen * DAE highly significant (P<0.01), indicates that
all three nitrogen treatments (20, 40 and 120 kg N ha™) had higher total above
ground biomass than the control for both years (Figure A 1.20). Differences

between nitrogen levels of 20, 40 and 120 kg N ha™', were not significant in 1990-



Fig : 1.19.  Total above ground biomass of sorghum as a function of time for the
interaction effect of water * time, during rabi 1990-91 and 1991-92.
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Fig : 1.21.  Total above ground biomass of sorghum as a function of time for the
interaction effect of genotype * time during rabi 1990-91 and 1991-92.

a) 1990-81 (Mean of water and nitrogen treatments)
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91, while in 1991-92 the 120 kg N ha" treatment had significantly higher above

ground biomass than 40 and 120 kg N ha™ from 50 DAE onwards.

Genotypes did not differ in their biomass accumulation pattern until 56 DAE
in both years (Figure A 1.21). In 1990-91, biomass accumulation in all genotypes
continued up to harvest, while in 1991-92 there was little increase in biomass after
90 DAE. Mean maximum total above ground biomass was 78 g plant” and 38 g
plant” for the respective years.

The interaction of water * nitrogen * DAE was highly significant (P<0.01),
in 1991-92. Nitrogen had a marked influence on total biomasé production in
irrigated plots (Figure A 1.22). Among nitrogen treatments in irrigated plots, the 40
and 120 kg N ha™ treatments were similar until 70 DAE, but there after 120 kg N
ha' had significantly higher biomass than other nitrogen treatments. In dry plots,
N treatment differences were significant from 42 DAE to harvest. While 20 kg N
ha” treatment was similar to the control, the 40 kg N ha™ treatment had an
intermediary level of biomass production and the 120 kg N ha™ had significantly
higher biomass than all other nitrogen treatments from 42 DAE to harvest.

The interaction of water * genotype * DAE highly significant (P<0.01), in
1991-92 indicates that, among genotypes ICSH 86646 and SPV 783 were more
responsive in their above ground biomass production to irrigation, these differences
were significant after 49 DAE. In dry plots M 35-1 had significantly higher above

ground biomass after 84 DAE (Figure A 1.23).



Fig : 1.22.

Total above ground biomass of sorghum as a function of time for the

interaction effect of water * nitrogen * time, in a) Irrigated and b) Dry
plots during rabi 1991-92.
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Fig : 1.23.  Total above ground biomass of sorghum as a function of time for the

interaction effect of water * genotype * time, in a) Irrigated and b) Dry
plots during rabi 1991-92.
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The interaction of nitrogen * genotype * DAE significant (P<0.05), in 1991-

92 indicates that, ICSH 86646 at all nitrogen treatments (20, 40 and 120 kg N ha’
'), SPV 783 at 40 and 120 kg N ha treatments and M 35-1 at 120 kg N ha™ had
a significantly higher biomass production (Figures A 1.24 and A 1.25).

The interaction of water * nitrogen * genotype * DAE highly significant
(P<0.01) in 1991-92, indicates that, in irrigated plots, ICSH 86646 and M 35-1 had
significantly higher biomass in all three nitrogen treatments (20, 40 and 120 kg N
ha™), when compared to the control, but for SPV 783 only the 40 and 120 kg N ha’
" had significantly higher biomass than the 0 and 20 kg N ha' treatments after 42
DAE. Under dry conditions, both ICSH 86646 and M 35-1 had significantly higher
biomass accumulation in 120 kg N ha™ treatment after 42 DAE, while for SPV 783

the differences were not significant (Figures A 1.26, 1.27, 1.28 and 1.29).

4.1.32 Measured at harvest :

A two year combined analysis of total above ground biomass (Table 3),
indicated that the years were highly significant. Total above ground biomass
production in 1990-91 was higher than in 1991-92.

The main effect of water was highly significant (P<0.01), in 1990-91 and
significant (P<0.05), in 1991-92. The mean increase in biomass production as a
result of 120 mm water being applied as irrigation was 2.5 t ha™ in 1990-91 and
2.0 t ha' in 1991-92. The influence of nitrogen was ‘very highly significant

(P<0.001), in both years. The respective increases in total above ground biomass



Table : 3.  Mean total above ground biomass of sorghum as affected by water,
nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total above ground dry biomass (t ha")
Treatment ~ 1990-91 | 199182
Water (W) :
Irrigated 753 A 454 A 6.04 A
Dry 5028 256 B 3798
LSD (0.05) 0.56 0.99 0.73
Nitrogen (N) :
0 kg N ha' 468 C 224D 346D
20 kg N ha™' 567C 303C 435C
40 kg N ha' 6.83 8 3608 5218
120 kg N ha' 795 A 533 A 6.64 A
LSD (0.05) 1.04 0.52 0.62
Genotypes (G) :
ICSH 86646 5758 343 A 459 C
SPV 783 6.178B 361 A 526 A
M 35-1 691 A 362 A 490 B
LSD (0.05) 0.43 0.31 0.28
Interactions : ‘
SE
YEAR (Y) . . 0.19 **
W*Y - - 0.27
N*Y . - 0.38
G*Y - - 0.33 *
W*N*Y 0.33* 069 * 0.54
W*G*Y 0.28 0.60 * 0.47
N*G*Y 0.40 085 * 0.66
WH*N*G*Y 0.57 1.20 0.93
CV % 11.64 14.81 18.57

"= Significant at p = <0.05 and 0.01 % level, respectively.
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for the 20, 40 and 120 kg N ha™ treatments over the control were 1.0, 2.0 and 3.0

t ha' in 1990-91 and 0.8, 1.4 and 3.0 t ha' in 1991-92. While there were no
significant differences among genotypes in 1991-92, the genotype M 35-1 had
significantly higher total biomass (6.91 t ha), when compared to the improved
cultivars ICSH 86646 (5.75 t ha™) and SPV 783 (6.17 t ha™) in 1990-91 (Table 3).

There were significant (P<0.05), water * nitrogen interactions at harvest for
both years. In irrigated plots, all nitrogen treatments (20, 40 and 120 kg N ha),
had significantly higher total above ground biomass than the control. In dry plots,
this increase was lower with the 20 and 40 kg N ha™ treatments and the increase
was 2.0 t ha™ over the control with the 120 kg N ha™ treatment. Increase due to
irrigation were 1.0, 2.0, 4.0 and 4.0 t ha™ over dry plots for the respective nitrogen
treatments in 1990-91, while in 1991-92 the respective increases were 0.5, 2.0, 2.5
and 2.5t ha™ (Figure A 1.30 and A 1.31). The influence of nitrogen in irrigated and
dry plots was similar in both the years.

The interaction of water * genotype significant (P<0.05), in 1991-92, shows
that the improved genotypes (ICSH 86646 and SPV 783), produced a higher
biomass in irrigated plots, while the local genotype M 35-1 had higher biomass
values in dry plots (Figure A 1.32).

The interaction of nitrogen * genotype was significant (P<0.05), in 1991-92.
At the higher nitrogen levels (40 and 120 kg N ha"') the varieties (SPV 783 and M

35-1) produced higher total biomass than the hybrid (ICSH 86646). While at 0 and



Fig: 1.33.  Total above ground biomass of sorghum for the interaction effect of

nitrogen * genotype, in a) 0 kg N ha™ and b) 20 kg N ha” treatments
at harvest in 1991-92.
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Fig : 1.34.  Total above ground biomass of sorghum for the interaction effect of

nitrogen * genotype, in a) 40 kg N ha” and b) 120 kg N ha treatments
at harvest in 1991-92.
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40 kg N ha™ ICSH 86646 and SPV 783 produced higher total biomass than M 35-1

(Figure A 1.33 and A 1.34).

4.1.4 Leaf dry weight :

4.1.4.1 Measured at weekly interval :

The interaction of water * DAE was highly significant (P < 0.01) for both the
years (Appendix table 4). Differences in leaf dry weight between irrigated and dry
plots were significant after 42 DAE in both years (Figure A 1.35). These
differences persisted up to harvest.

The interaction of nitrogen * DAE highly significant (P<0.01) for both years
indicates that, the 120 kg N ha™' treatment had a significantly higher leaf dry weight
when compared to other N treatments (Figure A 1.36). The 20 and 40 kg N ha™
treatments had similar leaf dry weights in 1990-91 after 63 DAE, while in 1991-92
the 0 and 20 kg N ha™ were similar after 70 DAE.

In 1990-91, both SPV 783 and M 35-1 had significantly higher (P<0.01),
leaf dry weight than ICSH 86646 from 63 DAE to harvest but in 1991-92 there
were was no definite trend among the genotypes (Figure A 1.37).

The interaction of water * nitrogen * DAE was significant (P<0.01), in 1991-
92. In dry plots, (Figure A 1.38), the 120 kg N ha" treatment had a significantly
higher leaf dry weight than the three lower N rates (0, 20 and 40 kg N ha). In
irrigated plots, the 40 and 120 kg N ha treatments were similar, while the 0 and

20 kg N ha™ treatments were alike.



Fig : 1.35.  Leaf dry weight of sorghum as a function of time for the interaction

effect of water * time, during rabi 1990-91 and 1991-92.
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The interaction of water * genotype * DAE highly significant (P<0.01), in

1991-92, indicate that both the improved genotypes (ICSH 86646 and SPV 783)
had a higher leaf dry weight than the local genotype M 35-1 in irrigated plots up
to 80 DAE, but there after only ICSH 86646 retained higher leaf dry weight than
M 35-1 (Figure A 1.39). In dry plots, differences were not significant up to 70 DAE,
but there after M 35-1 had a higher leaf dry weight than the improved genotypes
(ICSH 86646 and SPV 783).

The nitrogen * genotype * DAE interaction significant (P<0.05), in 1991-92
indicated that, for ICSH 86646, all increasing nitrogen treatments resulted in
significantly higher leaf dry weights when compared to the control at most crop
growth stages (Figure A 1.40). For SPV 783 only the 40 and 120 kg N ha’
treatments had a significantly higher leaf dry weight, while in M 35-1 the 120 kg
N ha" treatment had a significantly higher leaf dry weight than all nitrogen
treatments from 42 DAE to harvest (Figure A 1.41).

Interaction of water * nitrogen * genotype * DAE significant (P<0.05), in
1991-92 indicate that, in irrigated plots, all the three genotypes (ICSH 86646, SPV
783 and M 35-1), at N levels of 40 and 120 kg ha™ had significantly higher leaf dry
weight when compared to the 0 and 20 kg N ha levels from 42 DAE to harvest
(Figure A 1.42 and A 1.43). However in the dry plots, ICSH 86646 and M 35-1
had significantly higher leaf dry weight only at the 120 kg N ha" level when

compared to other nitrogen treatments (Figures A 1.44 and A 1.45).



Table : 4. Mean total dry leaf weight of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total dry leaf weight (g plant”)
Treatment 1990-91 | 190182 | Pec
Water (W) :
Irrigated 783 A 409 A 596 A
Dry 6.29 A 342 A 486 A
LSD (0.05) 2.14 1.28 1.40
Nitrogen (N) :
0 kg N ha" 6.15B 271 C 4.43C
20 kg N ha 6718 3.23BC 497 CB
40 kg N ha™ 6978 3.79B 538 B
120 kg N ha 842 A 530 A 6.86 A
LSD (0.05) 1.26 0.76 0.66
Genotypes (G) :
ICSH 86646 6.09 8B 3298 5018
SPV 783 6.30 B 394 A 5178
M 35-1 8.80 A 4.04 A 6.05 A
LSD (0.05) 0.70 0.49 0.40
Interactions :
SE
YEAR (Y) - - 0.36 **
W*Y - - 0.50 *
N*Y - - 0.71
G*Y - - 0.62 **
WH*N*Y 0.55 1.47 1.01
W*G*Y 0.48 1.27 0.87
N*G*Y 0.67 1.80 * 1.24
WAN*G*Y 0.96 2.55 1.76
CV % 16.78 22.32 23.90

*, ** = Gignificant at p = <0.05 and 0.01 % level, respectively.
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4.1.4.2 Measured at harvest :

At harvest, the 120 kg N ha treatment had highly significant (P<0.01), leaf
dry weight than the 0, 20 or 40 kg N ha™ treamtents (Table 4). Among genotypes
M 35-1 in 1990-91 and M 35-1 and SPV 783 in 1991-92 had highly significant
(P<0.01), leaf dry weight than ICSH 86646. There was a significant (P<0.05),
nitrogen * genotype interaction in 1991-92 (Table 4). The genotype ICSH 86646
had higher leaf dry weight in the 0, 20 and 40 kg N ha™ treatments, while M 35-1

had a significantly higher leaf dry weight in the 120 kg N ha™ treatment (Figures

A 1.46 and A 1.47).

4.1.5 Stem dry weight :

4.1.51 Measured at weekly interval :

The interaction water * DAE was highly significant (P<0.01), in both years
(Appendix table 5). Stem dry weight was significantly higher in irrigated plots
(Figure 1.48). These differences were significant from 60 DAE onwards, in 1990-91
and after 40 DAE, in 1991-92. In 1990-91 mean (over nitrogen and genotypes)
maximum stem dry weight was 35 g plant”, but in 1991-92 it was 20 g plant”, The
maximum stem weight was attained by 85 DAE, which declined to 95 DAE
thereafter it remained steady to harvest.

Differences in mean nitrogen treatments across water and genotypes were
highly significant (P < 0.01) from 40 DAE onwards, in both the years. In 1990-91

all three nitrogen treatments (20, 40 and 120 kg N ha"), were similar and



Fig : 1.48.  Stem dry weight of sorghum as a function of time for the interaction
effect of water * time, during rabi 1990-91 and 1991-92,
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significantly higher than the control. In 1991-92 the 120 kg N ha" treatment had

a significantly higher stem dry weight than all the other nitrogen treatments (Figure
A 1.49).

The interaction of genotype * DAE highly significant (P<0.01), in both years
indicates that, among genotypes, M 35-1 and SPV 783 had significantly higher
stem dry weights than ICSH 86646 in 1990-91 from 70 DAE, while in 1991-92 M
35-1 and ICSH 86646 had higher stem dry weights than SPV 783 from 90 DAE
to harvest (Figure A 1.50).

The interaction of water * nitrogen * DAE significant (P<0.05), in 1991-92
indicates that, in the dry plots, the 120 kg N ha™' treatment had a significantly
higher stem dry weight when compared to other nitrogen treatments. In irrigated
plots, the 40 and 120 kg N ha™ and the 0 and 20 kg N ha™* were similar (Figure
A1.51).

The interaction of water * genotype * DAE was highly significant (P<0.01),
in 1991-92. In irrigated plots the genotypes M 35-1 and ICSH 86646 had a
significantly higher stem dry weight from 84 DAE, but in dry plots only M 35-1 had
significantly higher stem dry weight than the other genotypes (Figure A 1.52).

The nitrogen * genotype * DAE interaction highly significant (P<0.01), in
1991-92 indicates that, for the 120 kg N ha™ treatment, M 35-1 had a higher stem
dry weight after 90 DAE, while in the 0, 20 and 40 kg N ha™ treatments all the

genotypes were similar (Figures A 1.53 and A 1.54).
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The interaction of water * nitrogen * genotype * DAE was highly significant

(P<0.01), in 1991-92. Both M 35-1 and ICSH 86646 had a higher stem weight at
20, 40 and 120 kg N ha™ in irrigated plots (Figures A 1.55 and A 1.56), however
in the dry plots the 120 kg N ha™ treatment using M 35-1 had significantly, higher

stem dry weight than did ICSH 86646 or SPV 783 (Figures A 1.57 and A 1.58).

4152 Measured at harvest :

Irrigated plots had a higher total dry stem yield than did the dry plots for
both years. Increased dry stem yield in irrigated plots when compared to dry plots
was 1.3 t ha” in 1990-91 and 0.8 t ha™ in 1991-92 (Table 5). Among nitrogen
treatments, the 120 kg N ha™ treatment had highly significant (P<0.01), total dry
stem yield than did the control in both years. Increase; in dry stem yield for the 20,
40 and 120 kg N ha' rates over the control were 0.4, 0.8 and 1.4 tha™ in 1990-91,
and 0.4, 0.7 and 1.6 t ha™ in 1991-92.

Among genotypes, both SPV 783 and M 35-1 had highly significant
(P<0.01), total dry stem yield than did ICSH 86646 in 1990-91, while in 1991-92
only M 35-1 had a significantly higher (P<0.05) total dry stem yield when compared
to improved genotypes (ICSH 86646 apd SPV 783).

The interaction of water * genotype (Figure 1.59) indicate that, in irrigated
dlots, all the genotypes had a similar total dry stem yield, but in dry plots, M 35-1
nad a significantly (P < 0.05), higher total dry stem yield than the other two

genotypes (ICSH 86646 and SPV 783).



Table : 5. Mean total dry stem yield of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total dry stem yield (t ha)
Treatment 199091 . | fee1:92 [
Water (W) :
Irrigated 439 A 262 A 350 A
Dry 298 B 184 8B 2418
LSD (0.05) 0.13 0.73 0.35
Nitrogen (N) :
Okg N ha’ 301C 158 C 229C
20 kg N ha' 3.49 CB 1.97 B 273B
40 kg N ha' 3.82 AB 2258 3.048B
120 kg N ha™ 4.43 AB 311 A 377 A
LSD (0.05) 063 0.36 0.41
Genotypes (G) :
ICSH 86646 278 8B 2148 2.46 B
SPV 783 417 A 211 8B 3.14 A
M 35-1 411 A 243 A 327 A
LSD (0.05) 0.33 0.22 0.21
Interactions :
SE
YEAR (Y) - . 1.09 *
WY - - 155 *
N*Y - - 2.19
G*Y . - 1.90 **
W*N*Y 4.07 6.27 3.1
W*G*Y 353 5.43 * 269 *
N*G*Y 4.99 7.68 3.80
W*N*G*Y 7.05 10.86 5.38
CV % 15.11 17.21 21.01

", ™ = Significant at p = <0.05 and 0.01 % level, respectively.



Fig : 1.59.  Dry stem yield of sorghum for the interaction effect of water *

genotype, in a) irrigated and b) dry plots at harvest during rabi 1991-
92.
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4.1.6. Total vegetative dry matter :

4161 Measured at weekly interval :

The interaction of water * DAE was highly significant (P<0.01), in both years
(Appendix table 6). Total vegetative dry matter production was higher in irrigated
plots when compared to dry plots from 42 DAE onwards in both years. These
differences were more significant in 1991-92. Total vegetative dry matter
production was higher in 1990-91 than in 1991-92. Irrigated plots had a maximum
total vegetative dry matter of 48 g plant” in 1990-91 and 25 g plant” in 1991-92,
while in dry plots it was 40 g and 16 g plant” for the respective years (Figure
1.60). Maximum total vegetative dry matter production was attained by 84 DAE in
both years and there was a decline thereafter. This decline coincided with the grain
filling period and represents redistribution of dry matter to grain.

The interaction of nitrogen * DAE highly significant (P<0.01), in both years
indicates that, in 1990-91, all three nitrogen treatments had a significantly higher
total vegetative dry matter production than the control throughout the crop growth
period (Figure 1.61). In 1991-92, only the 120 kg N ha™ treatment had significantly
higher total vegetative dry matter than other nitrogen treatments.

M 35-1 and SPV 783 had highly significant (P<0.01), total vegetative dry
matter production than did ICSH 86646 in 1990-91 (Figure A 1.62). These
differences were significant from 63 DAE onwards. Both M 35-1 and SPV 783 had

a mean maximum total vegetative dry matter of 50 g plant”, ICSH 86646 had only



Fig : 1.60.  Total above ground vegetative dry matter sorghum as a function of
time for the interaction effect of water * time, during rabi 1990-91 and
1991-92.
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Fig : 1.61.  Total above ground vegetative dry matter of sorghum as a function of

time for the interaction effect of nitrogen * time, during rabi 1990-91
and 1991-92.
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30 g plant”. In 1991-92 both ICSH 86646 and M 35-1 had highly significant

(P<0.01), total vegetative dry matter than SPV 783 after 84 DAE (Figure A 1.62).

The interaction of water * nitrogen * DAE significant (P<0.05), in 1990-91
indicates that total vegetative dry matter production in irrigated plots, both the 40
and 120 kg N ha™ treatments were similar, while the 20 kg N ha™ treatment had
an intermediate value between the 0 and 40 kg N ha™ rates (Figure A 1.63a). In
the dry plots, only the 120 kg N ha” treatment had significantly higher total
vegetative dry matter production when compared to other nitrogen treatments
(Figure A 1.63b).

The water * genotype * DAE interaction highly significant (P<0.01), in 1991-
92 indicates that, in irrigated plots ICSH 86646 and SPV 783 reached maximum
vegetative dry matter production levels earlier than M 35-1 and re-distribution to
grain started earlier (Figure A 1.64a). While in M 35-1 total vegetative dry matter
increased to 90 DAE, and later declined. In dry plots, M 35-1 had significantly (P
higher total vegetative dry matter production than ICSH 86646 and SPV 783 after
anthesis (Figure A 1.64b).

The interaction of nitrogen * genotype * DAE highly significant (P<0.01), in
1991-92 indicates that, for the 0, 20 and 40 kg N ha™' treatments ICSH 86646 and
M 35-1 had higher total vegetative dry matter production than SPV 783. However
for the 120 kg N ha™' treatment, M 35-1 had significantly higher total vegetative dry

matter production than other genotypes at harvest (Figures A 1.65 and A 1.66).
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The water * nitrogen * genotype * DAE interaction highly significant
(P<0.01), in 1991-92 indicates that, in irrigated plots, ICSH 86646 and M 35-1 at
the 20, 40 and 120 kg N ha™ had significantly higher total vegetative dry matter
production than the control. While for SPV 783 the 0 and 20 kg N ha' treatments
were similar, while the 40 and 120 kg N ha" had significantly higher total
vegetative dry matter production (Figures A 1.67 and A 1.68). In dry plots, the 0,
20 and 40 kg N ha" treatments had mean maximum total vegetative dry matter
values of 30 g plant” for all genotypes (Figures A 1.69 and A 1.70), but in the 120
kg N ha™' treatment M 35-1 had a significantly higher mean maximum vegetative

dry matter of 45 g plant ',

4162 Measured at harvest :

Differences between irrigated and dry plots were not significant in both
years (Table 6). The 40 and 120 kg N ha™' treatments among nitrogen levels had
highly significant (P<0.01), total vegetative dry matter in 1990-91, while in 1991-92
only the 120 kg N ha™' had significantly higher total vegetative dry matter than all
other N treatments. Among genotypes M 35-1 had highly significant (P<0.01), total
vegetative dry matter production than ICSH 86646 and SPV 783 in 1990-91, while
in 1991-92 it had highly significant (P<0.01), total vegetative dry matter than SPV
783.

The interaction of water genotype significant (P<0.05), in 1991-92

dicates that, in irrigated plots, both ICSH 86646 and M 35-1 had higher total



Table : 6. Mean total above ground vegetative dry matter of sorghum as affected
by water, nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total above ground vegetative dry matter
Treatment (g plant”)
199091 [ 1e91:02 |
Water (W) :
: Irrigated 41.42 A 20.28 A 30.85 A
Dry 33.03 A 1387 A 2345 A
LSD (0.05) 12.51 7.75 8.73
Nitrogen (N) :
0kg N ha' 30.33 C 11.77 C 21.05 C
20 kg N ha™ 34.18 CB 14.49 BC 24.34 BC
40 kg N ha'' 39.58 AB 1717 B 28.37 B
120 kg N ha 4481 A 2488 A 34.84 A
LSD (0.05) 6.88 4.16 4.07
Genotypes (G) :
ICSH 86646 26.86 C 17.86 A 2236 C
SPV 783 40.43 B 13,29 B 26.86 B
M 35-1 44.38 A 20.08 A 3223 A
LSD (0.05) 3.33 2.43 1.98
Interactions :
SE
YEAR (Y) - - 1.39 **
W * Y - - 196
N*Y . - 2.78
G*Y - - 2.40 **
W*N*Y 4.29 7.62 3.93
W*G*Y 3.71 6.59 * 3.40
N*G*Y 5.25 9.33 * 4.81
WHN*G*Y 7.43 13,19 * 6.80
CV % 15.22 24.25 22.91

", * = Significant at p = <0.05 and 0.01 % level, respectively.



Fig: 1.72.  Total above ground vegetative dry matter of sorghum for the
interaction effect of nitrogen * genotype, in a) 0 kg N ha™ and b) 20
kg N ha™ treatments at harvest during rabi 1991-92.
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Fig : 1.73.  Total above ground vegetative dry matter of sorghum for the
interaction effect of nitrogen * genotype, in a) 40 kg N ha and b) 120
kg N ha' treatments at harvest during rabi 1991-92.
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Fig: 1.74.  Total above ground vegetative dry matter of sorghum for the

interaction effect of water, nitrogen and genotype, in irrigated and dry
plots at harvest during rabi 1991-92,
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vegetative dry matter production, but in dry piots only M 35-1 had higher total

vegetative dry matter production (Figure A 1.71).

At N application rates of 0 and 20 kg N ha™ ICSH 86646 had significantly
higher (P<0.05), total vegetative dry matter production, while in the 40 and 120 kg
N ha treatments M 35-1 had significantly higher (P<0.05), total vegetative dry
matter production (Figures 1.72 and 1.73).

The interaction of water * nitrogen * genotype significant (P<0.05), in 1991-
92 indicates that in dry plots, M 35-1 had higher total vegetative dry matter
production for all nitrogen treatments, while in irrigated plots it had higher total
vegetative dry matter production in the 40 and 120 kg N ha™' treatments (Figure
1.74). Higher redistribution of dry matter in the improved genotypes in to grain

formation resulted in lower total vegetative dry matter.

4.1.7 Dry matter distribution pattern :

41.71 Measured at harvest :

For both years and in all nitrogen treatments the contribution of leaf to total
vegetative dry matter production was the least. Leaf and stem dry weights were
higher in 1990-91, Nitrogen significantly influenced plant dry weight in both years,
and the 120 kg N ha treatment had the maximum dry weights (Figure A 1.75).

In 1990-91, total leaf weight was highest in SPV 783, but was similar in all

genotypes in 1991-92 (Figure A 1.76). The stem weight of SPV 783 and M 35-1
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was significantly higher than ICSH 86646 in 1990-91, but in 1991-92 both ICSH

86646 and M 35-1 had higher stem weight than SPV 783.

The interaction of water * nitrogen indicates higher stem and vegetative dry
matter production in response to nitrogen in irrigated plots (Figure A 1.77). In dry
plots, only the 120 kg N ha™ treatment had significantly (P < 0.05) higher leaf,
stem and total dry vegetative matter production.

The water * genotype interaction indicates that M 35-1 accumulated more
leaf, stem and total dry vegetative matter than ICSH 86646 and SPV 783 in dry
plots, but in irrigated plots both ICSH 86646 and M 35-1 had higher dry weights
when compared to SPV 783 (Figure A 1.78).

Dry matter distribution was similar in all genotypes for the 0 kg N ha™
treatment, while in the 20 and 40 kg N ha' treatments ICSH 86646 and SPV 783
had higher dry weights. In the 120 kg N ha™ treatment M 35-1 had higher leaf,
stem and total vegetative dry matter production at harvest (Figures A 1.79 and A
1.80).

In irrigated check plots ICSH 86646 and SPV 783 had higher leaf, stem and
total vegetative dry matter production, while in the 20, 40 and 120 kg N ha®
treatments both ICSH 86646 and M 35-1 had higher dry weights than SPV 783
(Figures A 1.81 and A 1.82). In dry plots, the 0, 20 and 40 kg N ha™ treatments
for all genotypes had a similar dry matter distribution, but for the 120 kg N ha'
treatment, M 35-1 had significantly higher (P<0.05) leaf, stem and total dry

vegetative matter than ICSH 86646 and SPV 783 (Figures A 1.83 and A 1.84).
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4.1.8 Earhead and grain weight :

4181 Measured at weekly interval :

Earhead growth started at 50 DAE, while grain growth started at 70 DAE
(Figure 1.85). The interaction of water * DAE highly significant (P<0.01), in 1990-
91 (Appendix table 7), indicates significant differences between irrigated and dry
plots in earhead formation from 63 DAE to harvest and for grain formation from 84
DAE onwards. Mean earhead weight in irrigated plots across nitrogen and
genotype treatments was 44 g plant” at harvest, in dry plots it was 30 g plant™.
The respective grain weights were 38 and 25 g plant” (Figure 1.85).

The interaction of nitrogen * DAE highly significant (P<0.01), in 1990-91
indicates that the 20, 40 and 120 kg N ha" treatments had a significantly higher
earhead weight from 56 DAE onwards, and grain weight from 70 DAE to harvest
when compared to the control. From 91 DAE the 40 and 120 kg N ha" had
significantly higher earhead and grain weight than the 20 kg N ha™ treatment. At
harvest the 120 kg N ha™' treatment had significantly higher earhead and grain dry
weights when compared to other nitrogen treatments (Figure 1.86).

Among genotypes ICSH 86646 had a highly significant (P<0.01) higher
earhead and grain weight than SPV 783 and M 35-1 during the entire grain
development period. Earhead weight was similar for all genotypes up to 69 DAE,
and there after was higher for ICSH 86646 when compared to SPV 783 and M 35-
1. Grain filling started a week earlier in ICSH 86646 and maintained higher grain

dry matter production up to 91 DAE (Figure A 1.87).



Fig : 1.85.  Total dry earhead and grain weight of sorghum as a function of time
for the interaction effect of water * time, during rabi 1990-91.
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Fig : 1.86.

Total dry earhead and grain weight of sorghum as a function of time

for the interaction effect of nitrogen * time, during rabi 1990-91.
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4.1.9 Total dry earhead yield :

4.1.9.1 Measured at harvest :

Main effect of water was significant (P<0.05), in 1990-91 and highly
significant (P<0.01), in 1991-92 (Table 7). Irrigated plots had a significantly higher
earhead yield than dry plots, the difference being 1.0 t ha™ in both years.

All nitrogen treatments (20, 40 and 120 kg N ha) had highly significant
(P<0.01), earhead yield than the control at harvest for both years.

ICSH 86646 had a highly significant (P<0.01) earhead yield than M 35-1 in
1990-91, while SPV 783 had highly significant (P<0.01), earhead yield than M 35-1
in 1991-92. Earhead yield increase for ICSH 86646 was 0.92 t ha' when
compared to M 35-1 in 1990-91, while in 1991-92 SPV 783 had an increase of
0.31 tha' over M 35-1.

The interaction of water * nitrogen significant (P<0.05), in both years
indicates that, in 1990-91 in irrigated plots the 20, 40 and 120 kg N ha" treatments
had a significantly higher earhead yield than the control, while the 40 and 120 kg
N ha" treatments were similar and significantly, higher than the 20 kg N ha™. In
dry plots, the 0 and 20 kg N ha" and 20 and 40 kg N ha™ treatments had similar
earhead yield. Only the 120 kg N ha treatment had a significantly higher earhead
yield when compared to the other nitrogen treatments (Figure 1.88).

In 1991-92, all nitrogen treatments (20, 40 and 120 kg N ha™), had a

significantly (P<0.05) higher earhead yield than the control in irrigated plots, while,



Table : 7. Mean total dry earhead yield of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total dry earhead yield (t ha™)
Treatment 1990-91 | 1991.92
Water (W) :
Irrigated 3.14 A 1.93 A 254 A
Dry 2.04B 0.728B 1.38 B
LSD (0.05) 051 0.29 0.40
Nitrogen (N) :
0kgN ha' 167D 0.67D 117D
20 kg N ha" 218C 1.06 C 162C
40 kg N ha' 3.00 B 136 C 218 8B
120 kg N ha 351 A 223 A 287 A
LSD (0.05) 0.46 0.23 0.26
Genotypes (G) :
ICSH 86646 298 A 1298 213 A
SPV 783 274 A 1.50 A 212A
M 35-1 2.06 B 1198 1628
LSD (0.05) 0.26 0.12 0.14
Interactions :
SE
YEAR (Y) - - 0.08 **
W*Y - - 0.1
N*Y - - 0.16 *
G*Y - - 0.14 **
W*N*Y 028 * 049 * 0.22
W*G*Y 0.19 0.43 ™ 0.19
N*G*Y 0.28 0.61 0.27
WH*N*G*Y 0.40 0.86 * 0.39
CV % 17.10 15.33 22.21

Significant at p = <0.05 and 0.01 % level, respectively.



Fig : 1.88.
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Fig : 1.89.  Total earhead and grain yleld of sorghum for the Interaction effect of

water * nitrogen, in a) Irrigated and b) Dry plots at harvest during
rabi 1991-92,
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Fig : 1.90.  Total earhead and grain yield of sorghum for the interaction effect of

water * genotype, in a) Irrigated and b) Dry plots at harvest during
rabi 1991.92,
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Fig : 1.91.  Total earhead yield of sorghum in irrigated and dry plots for the

interaction effect of water * nitrogen * genotype, at harvest during rabi
1991-92.
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in dry plots, the 0, 20 and 40 kg N ha" rates were similar and only the 120 kg N

ha had a significantly higher earhead yield (Figure 1.89).

The interaction of water and genotype highly significant (P<0.01), in 1991-92
indicates that, in the irrigated plots, both the improved genotypes ICSH 86646 and
SPV 783 had a higher earhead yield than M 35-1, while in dry plots, M 35-1 had
a higher earhead yield than ICSH 86646 or SPV 783 (Figure 1.90).

The three way interaction of water * nitrogen * genotype (Figure 1.91), in
1991-92 indicates that SPV 783, at all the nitrogen rates except the 20 kg N ha™,
had a significantly (P<0.05), higher earhead yield in irrigated plots. In dry plots, all
three genotypes had similar earhead yield in the 0, 20 and 40 kg N ha™, while in
the 120 kg N ha™ treatment M 35-1 had a significantly higher earhead yield than

ICSH 86646 or SPV 783.

4.1.10 Total dry grain yield :

4.1.10.1 Measured at harvest :

Water, nitrogen and genotype main effects and the interaction of water *
nitrogen were significant in both years, while the water * genotype and water *
nitrogen * genotype were significant only in 1991-92 (Table 8).

Irrigated plots had a 0.92 tha™ (mean of nitrogen and genotype treatments)
increase in grain yield when compared to dry plots in 1990-91, while in 1991-92
this increase was 0.98 t ha™. Increased grain yield from the 120 kg N ha

treatment over the 40 kg N ha' treatment was 0.39 t ha™ in 1990-91 and 0.73 t ha’



Table : 8. Mean total dry grain yield of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total dry grain yield (t ha™)
Treatment 1990- 91 " 1993;
Water (W) :
Irrigated 241 A 1.53 A 1.97 A
Dry 1.498B 0.55 B 1.02B
LSD (0.05) 0.42 0.21 0.31
Nitrogen (N) :
Okg N ha' 120D 0.52 D 0.86 D
20 kg N ha™ 161C 083C 1.22C
40 kg N ha™' 2.308B 1.04 B 1.678B
120 kg N ha 2.69 A 1.77 A 223 A
LSD (0.05) 0.38 0.18 0.21
Genotypes (G) :
ICSH 86646 2.10A 099 B 1.54 A
SPV 783 2.07 A 1.14 A 1.61 A
M 35-1 1.68B 099 B 1.33B
LSD (0.05) 0.26 0.09 0.13
Interactions :
SE
YEAR (Y) - - 0.06 **
W*Y - 0.08
N*Y - - 0.11*
G*Y - - 0.10 *
W*N*Y 0.21* 0.36 ** 0.16
WH*G*Y 0.18 0.31 ™ 0.14
N*G*Y 0.26 0.44 0.19
W*N*G*Y 0.36 0.62 * 0.28
CV % 22.48 14.88 24,97

Significant at p = <0.05 and 0.01 % level, respectively.




Fig : 1.92.  Total grain yield of sorghum in irrigated and dry plots for the
interaction effect of water * nitrogen * genotype, at harvest during rabi

1991-92.
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'in 1991-92. The grain yield increase for ICSH 86646 over M 35-1 was 0.42 t ha™

in 1990-91 and in 1991-92 the increase for SPV 783 was 0.15 t ha'. The
interaction effects on grain yield (Figures 1.87 to 1.92), were similar to the effects

on earhead yield as indicated section 4.14.1 and hence not repeated.

4.1.11 Earhead number :

4.1.11.1 Measured at harvest :

The nitrogen main effect was significant (P<0.05), only in 1990-91, while
that of genotype Was significant (P<0.05), for both years (Table 9). The 40 kg N
ha™ had significantly higher earhead number than the control in 1990-91, while in
1991-92 the differences between nitrogen treatments were not significant. Similarity
of data for earhead number indicate a uniform plant stand in different nitrogen
treatments. The genotype SPV 783 had a significantly higher earhead number
when compared to the other genotypes (ICSH 86646 and M 35-1) in 1990-91,
while in 1991-92 M 35-1 had a significantly higher earhead number than ICSH

86646,

4.1.12 Earhead characters :
Earheads harvested in 1990-91, were characterized for the following
variables, secondary rachis number, rachis weight, and grain number (Table 10).

Main effects of water had no significant influence on secondary rachis or grain




Table : 9.  Mean total earhead number of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Earhead number per m?
Treatment .,1‘990;91« S L 7
Water (W) : i
Irrigated 10.44 A 14.70 A 1257 A
Dry 10.04 A 12.43 A 11.23 A
LSD (0.05) 2.15 2.75 2.44
Nitrogen (N) :
O kg N ha' 952 B 12.82 A 1117 A
20 kg N ha 10.29 AB 13.79 A 11.90 A
40 kg N ha' 10.97 A 12.84 A 12.04 A
120 kg N ha' 10.18 AB 1481 A 12.49 A
LSD (0.05) 1.36 2.08 1.36
Genotypes (G) :
ICSH 86646 9.87 B 1252 B 11.20 B
SPV 783 10.83 A 13.72 AB 12.27 A
M 35-1 10.01 B 14.45 A 1223 A
LSD (0.05) 0.69 1.36 0.78
Interactions :
SE
YEAR (Y) - - 0.34 **
W*y - - 0.48 *
N*Y - - 0.68 *
G*Y - - 0.59
WH*N*Y 1.71 157 0.96
W*G*Y 1.48 1.36 0.83
N*G*Y 2.10 1.92 1.18
WHN*G*Y 2.97 2.72 1.67
CV % 11.40 17.00 16.06

Significant at p = <0.05 and 0.01 % level, respectively.



Table : 10. Mean rachis number, rachis weight and grain number of sorghum as

affected by water, nitrogen and genotype, for the interaction effects, at harvest in
1990-91 season.

Treatment
Water (W) :
Irrigated 58.28 A 4732 A 1104.66 A
Dry 55.36 A 33.86 B 898.01 A
LSD (0.05) 3.01 9.99 285.89
Nitrogen (N) :
0 kg N ha' 5278 C 2822C 708.10 C
20 kg N ha' 54.22 CB 34.09 CB 847.30C
40 kg N ha' 58.67 AB 44.84 AB 1103.10 B
120 kg N ha™ 61.61 A 55.21 A 1346.80 A
LSD (0.05) 5.02 11.14 235.32
Genotypes (G) :
ICSH 86646 58.71 A 4563 A 1219.16 A
SPV 783 52.58 B 39.39B 90221 8B
M 35-1 5917 A 36.74 B 882.64 B
LSD (0.05) 3.7 5.10 131.62
Interactions :
SE
W*N 5.38 7.20 202.05
W+*G 4.66 6.24 174.98
N*G 6.59 8.82 247.45
W*N*G 9.32 12.48 349.95
CV % 11.10 21.36 22.35

= Significant at p = <0.05 and 0.01 % level, respectively.
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number, but significantly (P<0.05) influenced secondary rachis weight. This

indicates that when water is limiting grain filling would be affected.

Among nitrogen treatments, the 40 and 120 kg N ha™ treatments had highly
significant (P<0.01), secondary rachis number, secondary rachis weight and grain
number than the control. Nitrogen application resulted in an increase in these
reproductive variables which was reflected in higher grain yield. The lower rate of
20 kg N ha" was similar to the control and had no significant influence on these
characters.

ICSH 86646 had a highly significant (P<0.01) grain number and secondary
rachis weight than the other two genotypes (SPV 783 and M 35-1). These two
characters resulted in a highly significant (P<0.01) grain yield in ICSH 86646 in

1990-91 (Table 8).
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4.2.1 Leaf nitrogen content :

42.1.1 Measured at 14, 21, 35,48, 63 and 105 DAE :

The interaction of water * DAE was significant (P<0.05), in 1990-91. and
hihgly significant (P<0.01), in 1991-92 (Appendix table 8). Leaf nitrogen content
declined from a mean maximum of 4.0 % at 14 DAE to 0.75 % at harvest. Up to
21 DAE, in both the years, leaf nitrogen content was similar in irrigated and dry
plots. Thereafter the decline in leaf nitrogen content was faster in dry plots when
compared to irrigated plots. Differences in leaf nitrogen content between irrigated
and dry plots were greater in 1991-92 than in 1990-91 throughout much of the
plant growth (Figure A 2.1).

The interaction of nitrogen * DAE was highly significant (P<0.01), in 1990-91
and significant (P<0.05), in 1991-92, The control treatment (0 kg N ha™) had the
lowest leaf nitrogen content when compared to the other nitrogen treatments, while
the 120 kg N ha™ treatment had the highest leaf nitrogen content at all the crop
growth stages in 1990-91 (Figure A 2.2a). The 20 and 40 kg N ha™ treatments had
an intermediary leaf nitrogen content values when compared to the 0 and 120 kg
N ha treatments. Difference between the 0 and 120 kg N ha™ treatments was 0.6
% at the two early samplings, but remained at a constant value of 0.9 % thereafter
up to anthesis stage, which later declined to 0.3 % by harvest. In 1991-92 from 35
DAE onwards the 0, 20 and 40 kg N ha treatments had similar leaf nitrogen

content. The 120 kg N ha™ treatment had significantly higher leaf nitrogen content
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over the crop growth period, but by harvest all nitrogen treatments had a similar

leaf nitrogen content (Figure A 2.2b).

Interaction of genotype * DAE highly significant (P<0.01), in 1991-92
indicates that, among genotypes, M 35-1 had a higher leaf nitrogen content than
ICSH 86646 and SPV 783 at all stages of crop growth in 1990-91 and except the
49 DAE in 1991-92 (Figure A 2.3).

The interaction of water * nitrogen * DAE significant (P<0.05), in both years
indicates that, in 1990-91 the differences in leaf nitrogen content between nitrogen
treatments, in irrigated plots, started after 21 DAE, while in dry plots it commenced
from 14 DAE. The 120 kg N ha™' treatment had a significantly higher leaf nitrogen
content than the other nitrogen treatments in both irrigated and dry plots. The 20
and 40 kg N ha™ treatments had intermediate values in the irrigated plots, while,
in dry plots, they were similar to the 0 kg N ha™. Differences in leaf nitrogen
content between the 0 and 120 kg N ha™ treatments were greater in irrigated plots
than in dry plots (Figure A 2.4). In 1991-92, the 120 kg N ha™ treatment had
significantly higher leaf nitrogen content than all other nitrogen treatments at most
stages in irrigated plots, while, in dry plots, it was higher only at 21 and 35 DAE
(Figure A 2.5).

The interaction of water * genotype * DAE highly significant (P<0.01), in
1991-92 indicates that in irrigated plots, there was no definite trend in leaf nitrogen
content among genotypes. At 14, 21 DAE and harvest stages M 35-1 had higher

leaf nitrogen content, while at 35, 49 and 63 DAE, ICSH 86646 and SPV 783 had
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a higher leaf nitrogen content. In dry plots M 35-1 had significantly (P < 0.05)

higher leaf nitrogen content than all other genotypes from 21 DAE to harvest
(Figure A 2.6).

The interaction of nitrogen * genotype * DAE significant (P<0.01), in 1991-
92 indicates that for the 0, 20 and 40 kg N ha™ treatments, all three genotypes
(ICSH 86646, SPV 783 and M 35-1), had a similar leaf nitrogen content at most
crop growth stages. However, for the 120 kg N ha™ treatment, M 35-1 had the
highest and SPV 783 the lowest leaf nitrogen content while ICSH 86646 had an

intermediary value from 21 DAE to harvest (Figures A 2.7 and A 2.8).

4212 Measured at harvest :

The main effect of water was significant (P<0.05), in 1991-92 and that of
nitrogen and genotype were highly signficant (P<0.01), in 1990-91 (Table 12).

Irrigated plots, among water treatments, the 120 kg N ha' treatment among
nitrogen treatments and M 35-1 among genotypes had a significantly higher leaf
nitrogen content at harvest. There was 0.24 % increase in leaf nitrogen content
with water and nitrogen, when compared to respective control treatments. M 35-1
had 0.10 and 0.19 % higher leaf nitrogen content than ICSH 86646 and SPV 783
respectively (Table 12).

The interaction of water * nitrogen significant (P<0.05), in 1890-91 indicates
that, in irrigated plots, only the 120 kg N ha™ treatment had a significantly higher

leaf nitrogen content (1.0 %), when compared to the other nitrogen treatments,



Table : 11.  Mean leaf nitrogen content of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Leaf nitrogen content (%)
Treatment 1900-01 [ 1e91.92 |
Water (W) :
Irrigated 071 A 0.53 A 062 A
Dry 057 A 0.37 8B 0.47 A
LSD (0.05) 0.48 0.12 0.20
Nitrogen (N) :
O kg N ha® 0.58 B 0.47 A 052 B
20 kg N ha" 0.56 B 047 A 051 B
40 kg N ha 0628 039 A 0.50 B
120 kg N ha"' 082 A 0.47 A 0.65 A
LSD (0.05) 0.13 0.14 0.08
Genotypes (G) :
ICSH 86646 0648 0.50 A 0538
SPV 783 055C 042 A 048 B
M 35-1 0.74 A 042 A 0.62 A
LSD (0.05) 0.06 0.11 0.06
Interactions :
SE
YEAR (Y) - - 0.06 **
W*Y - - 0.08
N*Y - - 0.12*
G*Y - - 0.10
W*N*Y 0.13 * 0.24 0.17
W*G*Y 0.11 0.21 0.14
N*G*Y 0.16 0.30 0.20
W*N*G*Y 0.22 0.43 0.29
CV % 17.14 41.38 31.20

" = Significant at p = <0.05 and 0.01 % level, respectively.
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while in dry plots all the nitrogen treatments had a similar leaf nitrogen content at

harvest (Figure A 2.9).

4.2.2 Stem nitrogen content :

4221 Measured at 14, 21, 35, 48,63 and 105 DAE :

The interaction of water * DAE was highly significant (P<0.01), in 1990-91
and significant (P<0.05), in 1991-92 (Appendix table 9). Stem nitrogen content
pooled over all treatments declined from 3.4 % to 0.6 % by anthesis stage in 1990-
91 and from 2.7 % to 0.3 % in 1991-92. Irrigated plots had a higher stem nitrogen
content than dry plots at most crop growth stages, but by harvest their values were
similar (Figure A 2.10).

The interaction of nitrogen * DAE was highly significant (P<0.01), in both
years. Among nitrogen treatments the 120 kg N ha™ treatment had a higher stem
nitrogen content than all other treatments when pooled over water and genotye
treatments throughout the crop growth period. The 20 and 40 kg N ha™' treatments
had an intermediary value in 1990-91 (Figure A 2.11a), while in 1991-92 (Figure
A 2.11b), their values were similar to those of the 0 kg N ha™' treatment.

The interaction of genotype * DAE highly significant (P<0.01), in 1991-92
indicates that all genotypes had similar stem nitrogen content values in 1990-91,
while in 1991-92 ICSH 86646 and SPV 783 had a higher stem nitrogen content
than M 35-1 at 35 and 48 DAE. However by harvest in both the years, all three

genotypes had similar stem nitrogen content values (Figure A 2.13).
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The interaction of water * genotype * DAE significant (P<0.05), in 1990-91

indicates that in irrigated plots, ICSH 86646 and SPV 783 had a higher stem
nitrogen content than M 35-1 at 35, 48 and 63 DAE, while in dry plots there were
no differences among genotypes at most sampling dates (Figure105).

The interaction of water * nitrogen * genotype * DAE significant (P<0.05),
in 1991-92 indicates that, in irrigated plots, ICSH 86646 and SPV 783 had a higher
stem nitrogen content than M 35-1 in the 0 and 20 kg N ha™ treatments (Figure
A 2.14) at 35 and 48 DAE, while in the 40 and 120 kg N ha™ treatments (Figure
A 2.15), they were higher at 35, 48 and 63 DAE. In dry plots, for the 0 and 20 kg
N ha treatments, M 35-1 had a higher stem nitrogen content at 14 and 21 DAE,
while in the 120 kg N ha™' treatment it was higher at 48 and 63 DAE (Figures A

2.16 and A 2.17).

4222 Measured at harvest :

Water had significant (P<0.05) influence on stem nitrogen content in 1991-
92 (Table 13). Irrigated plots had a 0.04 % higher stem nitrogen content than dry
plots. The main effect of nitrogen significant (P<0.05), in both years indicates that,
among nitrogen treatments the 120 kg N ha" treatment had 0.08 % higher stem
nitrogen content in 1990-91 and 0.04 % in 1991-92 than all other nitrogen
treatments. The main effect of genotype was highly significant (P<0.01), in 1991-
92. The genotype M 35-1 had a 0.03 % higher stem nitrogen content than ICSH

86646.



Table : 12.  Mean stem nitrogen content of sorghum as affected by water, nitrogen
and genotype, at harvest (1990-91, 1991-92 and pooled years).

Stem nitrogen content (%)
Treatment o 199091 ‘99"1 ;92. ‘3;:,
Water (W) : B
Irrigated 0.27 A 017 A 022 A
Dry 0.23 A 0.13B 0.18 A
LSD (0.05) 0.19 0.04 0.10
Nitrogen (N) :
0kg N ha 0238 0.14B 0.18B
20 kg N ha" 0238B 0.14B 0198
40 kg N ha' 023 B 0.14B 0.188B
120 kg N ha' 031 A 0.18 A 025 A
LSD (0.05) 0.07 0.02 0.04
Genotypes (G) :
ICSH 86646 025 A 0.13B 0.198
SPV 783 0.24 A 0.15A 0.20B
M 35-1 0.26 A 0.16 A 0.21 A
LSD (0.05) 0.03 0.01 0.01
Interactions :
SE
YEAR (Y) - - 0.01 **
Wry } - 0.02
N*Y . - 0.02
G*rY } . 0.02
W*N*Y 0.06 0.04 * 0.03
W*G*Y 0.05 0.03 * 0.03
N*G*Y 0.07 0.04 * 0.04
W*N*G*Y 0.10 0.06 * 0.06
cV % 17.94 12.94 26.70

* % 2 Gignificant at p = <0.05 and 0.01 % level, respectively.
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The interaction of water * nitrogen significant (P<0.05), in 1991-92 indicates
that, in dry plots, all nitrogen treatments had a similar stem nitrogen content, while
in the irrigated plots, the 120 kg N ha™ treatment had a significantly higher stem
nitrogen content (0.09 %), when compared to other nitrogen treatments (Figure
A 2.18b).

In irrigated plots (Figure 111a), M 35-1 had a significantly (P<0.05) higher
stem nitrogen content than ICSH 86646, while, in dry plots, (Figure A 2.19b) both
M 35-1 and SPV 783 had significantly (P<0.05) higher stem nitrogen content than
ICSH 86646,

The interaction of nitrogen and genotype significant (P<0.05) in 1991-92
indicates that, in the 0 and 40 kg N ha™ treatments genotypes did not significantly
differ in stem nitrogen content, but at the 20 kg N ha™ treatment both SPV 783 and
M 35-1 had significantly higher stem nitrogen values than ICSH 86646. At the 120
kg N ha™ level only M 35-1 had a significantly higher stem nitrogen content than
ICSH 86646 (Figures A 2.20 and A 2.21).

The interaction of water * nitrogen * genotype in 1991-92 indicates that, in
dry plots, both SPV 783 and M 35-1 had a higher stem nitrogen content than ICSH
86646 in all the nitrogen treatments, in irrigated plots, these varieties had higher

stem nitrogen content in the 20 and 120 kg N ha' treatments (Figure A 2.22).
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4.2.3 Grain nitrogen content :

4.2.3.1 Measured at harvest :

—_—— g st

Main effect of water had no significant influence on grain nitrogen content
but nitrogen and genotype effects were highly significant (P<0.01) at harvest in
1990-91 (Table 17).

Among nitrogen treatments the 120 kg N ha™ treatment had significantly
higher grain nitrogen content when compared to other nitrogen treatments.
Increases in grain nitrogen content for the 120 kg N ha treatment were 0.44, 0.35
and 0.34 % over the 0, 20 and 40 kg N ha'! treatments, respectively. Both M 35-1
and SPV 783 had a significantly higher grain nitrogen content when compared to
ICSH 86646. M 35-1 had an 0.18 % higher grain nitrogen content than ICSH

86646. Interaction effects were not significant.

4.2.4 Total nitrogen uptake by above ground biomass :

4241 Measured at harvest :

Differences between years were highly significant (P<0.01) in terms of total
nitrogen uptake by above ground biomass (Table 13). Increases in nitrogen uptake
due to irrigation were significant (P<0.05), 52 kg N ha™ in 1990-91 and 25 kg N ha
'in 1991-92.

The main effect of nitrogen was very highly significant (P<0.001) in both

years. Total nitrogen uptake for the 120 kg N ha” treatment was 90 and 50 kg ha"



Fig : 2.23.  Total nitrogen uptake by above ground biomass of sorghum for the

interaction effect of water and nitrogen, in a) Irrigated and b) Dry
plots at harvest during rabi 1991-92,
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Fig : 2.24.  Total nitrogen uptake by above ground biomass of sorghum for the
interaction effect of water and genotype, in a) Irrigated and b) Dry
plots at harvest during rabi 1991-92.
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Table : 13. Mean total nitrogen uptake by above ground biomass of sorghum as

affect)ed by water, nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled
years).

Total nitrogen uptake (kg ha"
Treatment 1990-91 I 19910 g
Water (W) :
Irrigated 12495 A 56.14 A 90.54 A
Dry 7258 B 20.23 B 46.40 B
LSD (0.05) 26.46 26.99 18.16
Nitrogen (N) :
0 kg N ha" 63.35 C 19.36 C 41.35C
20 kg N ha 7379 C 26.93 BC 50.36 C
40 kg N ha” 102.76 B 35.46 B 69.11 B
120 kg N ha" 155.15 A 7099 A 113.07 A
LSD (0.05) 25.61 11.78 12.51
Genotypes (G) :
ICSH 86646 98.91 A 40.62 A 69.72 A
SPV 783 100.16 A 33.76 B 66.96 A
M 35-1 97.31 A 40.18 A 68.74 A
LSD (0.05) 15.81 5.11 8.23
Interactions :
SE
YEAR (Y) - - 6.38 **
W*Y - - 9.03 *
N*Y - - 1277 *
G*Y - - 11.06
W*N*Y 23.12 12.68 * 18.06
W*G*Y 20.02 10.89 * 15.64
N*G*Y 28.32 15.41 * 22.12
W*N*G*Y 40.05 21.79 31.29
CV % 27.23 2276 35.57

* * - Gignificant at p = <0.0and 0.01 % level, respectively.
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for the 1990-91 and 1991-92 respectively, while the 40 kg N ha™ treatment was 40

and 16 kg ha™, and the 20 kg N ha" treatment was 10 and 7 kg ha™.

Genotypes did not differ significantly in total nitrogen uptake in the above-
ground biomass in 1990-91, but in 1991-92 both ICSH 86646 and M 35-1 had
significantly (P<0.05) higher nitrogen uptake than SPV 783.

The interaction of water * nitrogen was significant (P<0.05) in 1991-92, Total
nitrogen uptake for all nitrogen treatments was higher in irrigated plots when
compared to dry plots (Figure 2.23). Increases in nitrogen uptake attributed to
irrigation were 10, 32, 34 and 75 kg N for the 0, 20, 40 and 120 kg N ha™ nitrogen
rates when compared to those in dry plots. Although increases in nitrogen uptake
for the 40 and 120 kg N ha treatments were different, total above-ground biomass
for these nitrogen treatments was not different indicating luxury consumption. Total
nitrogen uptake in the 20 and 40 kg N ha™ treatments, in dry plots, was similar to
the control with only the 120 kg N ha treatment having a significantly higher total
nitrogen uptake value when compared to the other nitrogen treatments.

The interaction of water * genotype significant (P<0.05) in 1991-92,
indicates that, in irrigated plots, both ICSH 86646 and M 35-1 had higher total
nitrogen uptake than SPV 783, while in dry plots, only M 35-1 had a higher total
nitrogen uptake value than SPV 783 (Figure 2.24).

The interaction of nitrogen and genotype was significant (P<0.05) in 1991-

92. While ICSH 86646 had higher total nitrogen uptake at N rates of 0, 20 and 40



Fig : 2.25.  Total nitrogen uptake by above ground biomass of sorghum for the
interaction effect of nitrogen and genotype, in a) 0 kg N ha" and b) 20
kg N ha” treatments at harvest during rabi 1991-92,
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Fig : 2._26. Total nitrogen uptake by above ground biomass of sorghum for the

interaction effect of nitrogen and genotype, in a) 40 kg N ha* and b)
120 kg N ha” treatments at harvest during rabi 1991-92.
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kg N ha" M 35-1 had the highest total nitrogen uptake for the 120 kg N ha™

treatment (Figure 2.25 and 2.26).

4.2.5 Leaf nitrogen uptake :

4.25.1 Measured at 14, 21, 35, 48, 63 and 105 DAE :

The interaction of water * DAE was highly significant (P<0.01) in both years
(Appendix table 10). In both the years, differences between irrigated and dry plots
were significant from 38 DAE to harvest. Maximum total leaf nitrogen uptake was
attained at 48 DAE in 1990-91 and 63 DAE in 1991-92. In both years, the decline
in leaf nitrogen started at anthesis. Redistribution of leaf nitrogen after anthesis in
1990-91 in irrigated and dry plots was 17 and 15 kg N ha™, while in 1991-92 it was
15 and 5 kg N ha™" respectively (Figure 2.27).

Differences in leaf nitrogen uptake between nitrogen treatments were highly
significant (P < 0.01) from 21 DAE onwards while the 120 kg N ha™ treatment had
a significantly higher leaf nitrogen uptake value than when compared to other
nitrogen treatments. The 20 and 40 kg N ha™ treatments had intermediary values
in both years (Figure A 2.28).

Among genotypes, ICSH 86646 and SPV 783 had sifnificantly higher
(P<0.05) leaf nitrogen uptake at 48 and 63 DAE when compared to M 35-1 in
1991-92 (Figure A 2.29).

The interaction of water * nitrogen * DAE significant (P<0.05), in both years

indicates that the 40 and 120 kg N ha™ treatments had similar leaf nitrogen uptake




Fig : 2.27.

Total leaf nitrogen uptake of sorghum as a function of time for the

interaction effect of water and time, during rabi 1990-91 and 1991-92.
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values in irrigated plots up to 48 DAE, but there after the 120 kg N ha* treatment

had significantly higher leaf nitrogen uptake than all other nitrogen treatments
(Figure A 2.30a). In dry plots, the 120 kg N ha treatment had significantly (P <
0.05) higher leaf nitrogen uptake than all the other nitrogen treatments from 21
DAE to harvest (Figure A 2.30b).

In 1991-92, in dry plots, the 20 and 40 kg N ha™ treatments had a similar
leaf nitrogen uptake as the 0 kg N ha™ treatment, while in irrigated plots, they had
an intermediary value between the 0 and 120 kg N ha treatments (Figure A 2.31).

The interaction of water * genotype * DAE highly significant (P<0.01), in
1991-92 indicates that, in irrigated plots, ICSH 86646 and SPV 783 had
significantly higher leaf nitrogen uptake when compared to M 35-1, while in dry
plots M 35-1 had higher leaf nitrogen uptake than either ICSH 86646 or SPV 783
after 35 DAE to harvest (Figure A 2.32).

The interaction of water * nitrogen * genotype * DAE was highly significant
(P<0.01) in 1991-92. In irrigated plots, ICSH 86646 and SPV 783 had higher leaf
nitrogen uptake than M 35-1 for all the nitrogen treatments except the 20 kg N ha
treatment at 48 and 63 DAE (Figures A 2.33 and A 2.34). In dry plots, all the three
genotypes had similar leaf nitrogen uptake for the 0, 20 and 40 kg N ha’

treatments, however, in the 120 kg N ha™" treatment M 35-1 had significantly higher

leaf nitrogen uptake after 35 DAE (Figures A 2.35 and A 2.36).
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4.25.1 Measured at harvest :

The main effect of nitrogen had a highly significant (P<0.01) influence on
leaf nitrogen uptake in both the years, while the water and genotype effects were
significant (P<0.05) only in 1991-92 (Table 14).

In 1991-92, irrigated plots had significantly higher leaf nitrogen uptake than
dry plots, while the 120 kg N ha level among the nitrogen treatments and M 35-1
and ICSH 86646 among genotypes had significantly higher leaf nitrogen uptake.

The interaction of water * nitrogen significant (P<0.05) in both years,
indicates that, in irrigated plots, the 120 kg N ha™ treatment had significantly higher
leaf leaf nitrogen uptake than all other nitrogen treatments, while, in dry plots, it
had significantly higher leaf nitrogen uptake when compared to the 0 and 20 kg N
ha' treatments in 1990-91 (Figure A 2.37). In 1991-92, (Figure A 2.38), the 120
kg N ha treatment had significantly higher leaf nitrogen uptake when compared
to all other nitrogen treatments in both irrigated and dry plots.

The interaction of water * genotype significant (P<0.05) in 1991-92 indicates
that M 35-1 and ICSH 86646 had higher leaf nitrogen uptake than SPV 783 in both
irrigated and dry plots (Figure A 2.39). They also had higher leaf nitrogen uptake
in the 0, 20 and 40 kg N ha™ treatments, however in the 120 kg N ha™ treatment

M 35-1 had significantly higher leaf nitrogen uptake than either ICSH 86646 or

SPV 783 (Figures A 2.40 and A 2.41).




Table : 14. Mean total leaf nitrogen uptake of sorghum as affected by water,
nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total leaf nitrogen uptake (kg ha™
Treatment o J990-91 T ;
Water (W) :
Irrigated 10.33 A 3.59 A 6.96 A
Dry 6.02 A 198 8B 4.00 A
LSD (0.05) 6.59 0.70 324
Nitrogen (N) :
O kg N ha™ 6.028 2148 4088B
20 kg N ha' 6428 235B 4398
40 kg N ha 7518B 248 8B 5.00 B
120 kg N ha 1274 A 417 A 8.46 A
LSD (0.05) 1.98 0.74 0.94
Genotypes (G) :
ICSH 86646 726 A 282 A 5.04 B
SPV 783 8.83 A 2178 5.50 AB
M 35-1 843 A 336 A 590 A
LSD (0.05) 178 0.64 0.79
Interactions :
SE
YEAR (Y) - - 0.47 **
W*Y - - 0.67 *
N*Y - - 0.95 *
Gry ; - 082
WH*N*Y 1.93 * 1.43* 1.34 *
W*G*Y 1.67 1.24 * 1.16
N*G*Y 2.37 1.76 * 1.65
W*N*G*Y 3.35 2.48 232
cV % 37.01 39.06 50.48

= Significant at p = <0.05 and 0.01 % level, respectively.
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4.2.6 Stem nitrogen uptake :

4.2.6.1 Measured at 14, 21, 35, 48, 63 and 105 DAE :

The interaction of water * DAE was highly significant (P<0.01) in both years
(Appendix table 12). Differences in irrigated and dry plots were significant from 35
DAE to harvest in both years. In 1990-91, there was no decline in total stem
nitrogen uptake after anthesis (Figure 2.42a), while in 1991-92 the total stem
nitrogen uptake declined from 13 kg N ha™ at anthesis to 6 kg N ha™ at harvest
(Figure 2.42b).

The interaction of nitrogen * DAE highly significant in both years indicates
that, the 120 kg N ha™ treatment had higher total stem nitrogen uptake from 21
DAE to harvest when compared to all other nitrogen treatments in both years
(Figure 135).

The interaction of genotype * DAE was highly significant in both years. In
1990-91, M 35-1 among genotypes, had higher total stem nitrogen uptake when
compared to the other genotypes, while in 1991-92 both ICSH 86646 and SPV 783
had higher total stem nitrogen uptake than M 35-1 at 35, 48 and 63 DAE (Figure
A 2.44).

The interaction of water * nitrogen * DAE highly significant (P<0.01) in 1991-
92 indicates that in irrigated plots, the 20, 40 and 120 kg N ha™ treatments had
significantly higher total stem nitrogen uptake than the control after 35 DAE. Indry

plots, the 20 and 40 kg N ha™ treatments were similar to the 0 kg N ha™ while the



Fig : 2.42.  Total stem nitrogen uptake of sorghum as a function of time for the
interaction effect of water and time, during rabi 1990-91 and 1991-92.
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Fig : 2.43.  Total stem nitrogen uptake of sorghum as a function of time for the

;nzternction effect of nitrogen and time, during rabi 1990-91 and 1991-
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120 kg N ha™ treatment had significantly higher total stem nitrogen uptake than the

other nitrogen treatments (Figure A 2.45).

The interaction of water * genotype * DAE highly significant (P<0.01) in
1991-92 indicates that, the improved genotypes ICSH 86646 and SPV 783 had
significantly higher total stem nitrogen uptake in irrigated plots up to anthesis
stage, while in dry plots, M 35-1 had higher total stem nitrogen uptake after 49
DAE (Figure A 2.46).

The interaction of nitrogen * genotype * DAE highly significant (P<0.01) in
1991-92 indicates that, in all nitrogen treatments, total stem nitrogen uptéke by
ICSH 86646 and SPV 783 declined after anthesis stage, while in M 35-1 this
decline was not present (Figure A 2.47 and A 2.48). High demand for nitrogen
during grain development in improved genotypes results in greater redistribution
of stem nitrogen.

In M 85-1, in irrigated plots the decline in total stem nitrogen uptake was not
significant (Figures A 2.49 and A 2.50), however, in dry plots, forthe 120 kg N ha
treatment there was a decline in stem nitrogen uptake in M 35-1 (Figures A 2.52

and A 2.52).

4.26.2 Measured at harvest :

The main effect of water was significant (P<0.05) in 1991-92, while nitrogen

and genotype effects were highly significant (P<0.01) in both years (Table 15).




Table : 15. Mean total stem nitrogen uptake of sorghum as affected by water,
nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total stem nitrogen uptake (kg ha™)
Treatment ¢_1‘99°.91 T 7 1991_92
Water (W) :
Irrigated 12.88 A 472 A 8.80 A
Dry 8.13A 2268B 5198B
LSD (0.05) 6.84 1.66 3.45
Nitrogen (N) :
Okg N ha' 751 C 198 C 474 C
20 kg N ha 8.81 BC 2.66 BC 5.74 BC
40 kg N ha 10258 3108 6.67 B
120 kg N ha™ 15.46 A 6.20 A 10.83 A
LSD (0.05) 2.07 0.87 1.01
Genotypes (G) :
ICSH 86646 6.60 C 3.178B 489 C
SPV 783 10.52 B 2658 6.59 B
M 35-1 14.40 A 464 A 952 A
LSD (0.05) 2.13 0.63 0.89
Interactions :
SE
YEAR (Y) - - 0.72 **
W*Y - - 1.03 *
N*Y - - 1.46
G*Y - - 1.26 **
W*N*Y 3.39* 1.02* 2.06
W*G*Y 2.94 0.88 * 1.79
N*G*Y 4.16 1.26 ** 2.53
WH*N*G*Y 5.88 1.76 3.58
CV % 34.48 30.78 44.07

= Significant at p = <0.05 and 0.01 % level, respectively.
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Total stem nitrogen uptake in irrigated plots was twice that of dry plots in

1991-92. Among nitrogen treatments the 120 kg N ha™ treatment and M 35-1
among genotypes had significantly higher total stem nitrogen uptake when
compared to all other treatments in both the years.

The interaction of water * nitrogen significant (P<0.05) in both years
indicates that, in 1990-91, in irrigated plots, (Figure A 2.53a) both the 40 and 120
kg N ha™ treatments had significantly higher total stem nitrogen uptake than the
control, while in dry plots (Figure A 2.53b) only the 120 kg N ha™ treatment had
significantly higher total stem nitrogen uptake when compared to other nitrogen
treatments. In 1991-92 all three nitrogen treatments (20, 40 and 120 kg N ha"') had
significantly higher total stem nitrogen uptake than the control in irrigated plots,
while, in dry plots, only the 120 kg N ha™" treatment had significantly higher total
stem nitrogen uptake (Figure A 2.54).

The interaction of water * genotype was significant (P<0.05) in 1991-92. In
irrigated plots both ICSH 86646 and M 35-1 had higher total stem nitrogen uptake,
while, in dry plots, only M 35-1 had higher total stem nitrogen uptake (Figure A
2.55).

The interaction of nitrogen * genotype highly significant (P<0.01) in 1991-92
indicates that, for the 0 kg N ha™ treatment all three genotypes had similar total

stem nitrogen uptake. For the 20 and 40 kg N ha" treatments both ICSH 86646

and M 35-1 had higher total stem nitrogen uptake than SPV 783, while in the 120
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kg N ha™ treatment only M 35-1 had significantly higher total stem nitrogen uptaké

than both ICSH 86646 and SPV 783 (Figures A 2.56 and A 2.57).

4.2.7 Nitrogen uptake by vegetative dry matter :

42.7.1 Measured at 14, 21, 35,48, 63 and 105 DAE :

The interaction of water * DAE was highly significant (P<0.01) for both years
(Appendix table 13). Differences in total nitrogen uptake by vegetative matter in
irigated and dry plots were significant from 35 DAE to harvest in both years
(Figure 2.58). Maximum nitrogen uptake was attained by 63 DAE in both the years,
which later declined to harvest in both irrigated and dry plots. Redistribution of
nitrogen from the vegetative matter after anthesis was 20 kg N ha™ and 18 kg N
ha™' in irrigated and dry plots respectively in 1990-91, while in 1991-92 it was 20
and 6 kg N ha for the respective treatments.

The interaction of nitrogen * DAE highly significant (P<0.01) for both years
indicates that, in both years, the 120 kg N ha™' treatment had significantly higher
total nitrogen uptake by vegetative matter when compared to other nitrogen
treatments (Figure 2.59). The 20 and 40 kg N ha treatments had significantly
higher total nitrogen uptake by vegetative matter than the control after 21 DAE.

The interaction of genotype * DAE highly significant (P<0.01) for both years
indicates that, among genotypes M 35-1 had higher total nitrogen uptake by
vegetative matter after 35 DAE in 1990-91, but only at harvest in 1991-92 (Figure

2.60).



Fig : 2.58.

Total nitrogen uptake by vegetative matter of sorghum as a function

of time for the interaction effect of water and time, during rabi 1990-
91 and 1991-92.
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The water * nitrogen * DAE interaction significant (P<0.05) in 1990-91

(Figure 2.61), indicates that in irrigated plots, the 20, 40 and 120 kg N ha™
treatments had similar total nitrogen uptake by vegetative matter up to 35 DAE,
while the 40 and 120 kg N ha™' treatments were similar up to 48 DAE. Thereafter
the 120 kg N ha™ treatment had significantly higher nitrogen uptake by vegetative
matter up to harvest. In all nitrogen treatments after anthesis total nitrogen uptake
by vegetative matter declined to harvest. However in 1991-92 (Figure 2.62), the
120 kg N ha” treatment had highly significant (P<0.01) nitrogen uptake by
vegetative matter after 21 DAE in both irrigated and dry plots, when compared to
all other nitrogen treatments. The 20 and 40 kg N ha™' treatments had an
intermediary value between the 0 and 120 kg N ha™ treatments in irrigated plots,
but in dry plots, these values were similar to the control treatment (0 kg N ha™").
Increased total nitrogen uptake by the vegetative matter in the 120 kg N ha™
treatment when compared to the control was 30 kg N ha™ in irrigated plots and 20
kg N ha in dry plots.

The interaction of water * genotype * DAE highly significant (P<0.01) in
1991-92 indicates that, the improved genotypes (ICSH 86646 and SPV 783), had
higher total nitrogen uptake by vegetative matter in the irrigated plots, while M 35-1
had higher total nitrogen uptake in the dry plots (Figure A 2.63), after 35 DAE.

The intearaction of nitrogen * genotype * DAE was significant (P<0.05) in
1991-92. In the 0, 20 and 40 kg N ha™ treatments, ICSH 86646 and SPV 783 had

higher total nitrogen uptake by vegetative matter than M 35-1 between 35 and 100
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DAE , while in the 120 kg N ha" treatment they had higher total nitrogen uptake

only at 63 DAE (Figures A 2.64 and A 2.65). The decline in total nitrogen uptake
by vegetative matter after anthesis in the 120 kg N ha™ treatment was greater for
ICSH 86646 and SPV 783 than it was for M 35-1.

The interaction of water * nitrogen * genotype * DAE highly significant
(P<0.01) in 1991-92 indicates that, in irrigated plots (Figures A 2.66 and A 2.67),
ICSH 86646 and SPV 783 in the 0, 20, 40 and 120 kg N ha" treatments had
higher total nitrogen uptake by vegetative matter than M 35-1 between 38 DAE
and harvest. Declining total nitrogen uptake in vegetative matter was greater in
ICSH 86646 and SPV 783 in all the nitrogen treatments, when compared to M 35-
1 after anthesis. In dry plots (Figures A 2.68 and A 2.69), the three genotypes had
similar total nitrogen uptake by vegetative matter at most crop growth stages in the
0, 20 and 40 kg N ha"' treatments. But in the 120 kg N ha™ treatment M 35-1 had
higher total nitrogen uptake by vegetative matter from 35 DAE to harvest, when

compared to ICSH 86646 and SPV 783.

4272 Measured at harvest :

The main effect of nitrogen and genotype were highly significant (P<0.01)
in both years, while water was significant (P<0.05) only in 1991-92.
Total nitrogen uptake by vegetative matter in irrigated plots was twice that

of dry plots in 1991-92. Increase total nitrogen uptake in the 120 kg N ha™

treatment over the control was 15 kg N ha™ in 1990-91, and 6 kg N ha™ in 1991-




Table : 16. Mean total nitrogen uptake by above ground vegetative matter of

sorghum as affected by water, nitrogen and genotype, at harvest (1990-91, 1991-82
and pooled years).

Total nitrogen uptake by above ground
Treatment vegetative matter (kg ha™)
1990-91 | 190102 - |
Water (W) :
Irrigated 2321 A 831 A 15.76 A
Dry 1415 A 4238B 9.198
LSD (0.05) 13.41 2.36 6.64
Nitrogen (N) :
O kg N ha” 1363 C 412 C 882C
20 kg N ha' 15.24 BC 5.01 BC 10.12C
40 kg N ha' 17.76 B 5.59 B 11.67B
120 kg N ha” 28.20 A 10.37 A 19.29 A
LSD (0.05) 3.17 1.34 1.37
Genotypes (G) :
ICSH 86646 13.86 B 5.99 B 993 C
SPV 783 19.35 A 482C 12.09 B
M 35-1 22.84 A 8.01 A 15.42 A
LSD (0.05) 3.70 1.12 1.54
Interactions :
SE
YEAR (Y) - - 0.80 **
W*Y - - 113 *
N*Y - - 1.60 *
G*Y - - 1.39
W*N*Y 431 * 208 * 2.27
W*G*Y 3.73 1.80 1.96
N*G*Y 5.28 2.55 ™ 2.78
W*N*G*Y 7.46 3.60 3.93
CV % 33.71 30.33 42,58
¥ = Significant at p = <0.05 and 0.01 % level, respectively.
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92. Among genotypes, M 35-1 had an increase of 9 kg ha" of nitrogen in

vegetative matter in 1990-91 and 2 kg ha™ nitrogen in vegetative matter in 1991-
92 over ICSH 86646 (Table 16).

The interaction of water * nitrogen significant (P<0.05) in both years
indicates that, increases in total nitrogen uptake by vegetative matter due to water
was 5, 6, 5 and 20 kg N ha” in the 0, 20, 40 and 120 kg N ha" treatments,
respectively in 1990-91 (Figure A 2.70), while in 1991-92 it was 2, 3, 3 and 6 kg
N ha™ for the respective nitrogen treatments (Figure A 2.71).

The interaction of nitrogen * genotype highly significant (P<0.01) in 1991-92
indicates that, ICSH 86646 and M 35-1 had higher total nitrogen uptake by
vegetative matter in the 0, 20 and 40 kg N ha™ treatments, but in the 120 kg N ha™
treatment M 35-1 had significantly higher total nitrogen uptake by vegetative matter

when compared to ICSH 86646 and SPV 783 (Figures A 2.72 and A 2.73).

4.2.8 Grain nitrogen uptake :

4.2.8.1 Measured at 14, 21, 35, 48, 63 and 105 DAE :

The interactions of water * DAE, nitrogen * DAE, genotype * DAE and water
* nitrogen * DAE were highly significant (P<0.01) in 1990-91 (Appendix table 14).
Differences in grain nitrogen uptake between in irrigated and dry plots were
significant from 84 DAE onwards (Figure 2.74a). The 20, 40 and 120 kg N ha”
treatments had significantly higher grain nitrogen uptake than the control from 70

DAE while the 120 kg N ha” treatment had significantly higher grain nitrogen




Fig : 2.74.  Total grain nitrogen uptake of sorghum as a function of time for the

interaction effect of a) water * time and b) nitrogen * time during rabi
1990-91.
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Fig : 2.75.  Total grain nitrogen uptake of sorghum as a function of time for the

interaction effect of genotype and time, during rabi 1990-91.
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Fig : 2.76.  Total grain nitrogen uptake of sorghum as a function of time for the

interaction effect of water, nitrogen and time, in a) Irrigated and b)
Dry plots during rabi 1990-91.
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uptake than all other nitrogen treatments from 84 DAE to harvest (Figure 2.74b).

Among genotypes, nitrogen uptake by grain started early in ICSH 86646 and was
higher than SPV 783 and M 35-1 up to 91 DAE, but thereafter all three genotypes
had similar grain nitrogen uptake till harvest (Figure 2.75).

The interaction of water * nitrogen * DAE significant (P<0.05) in 1930-91
indicates that, the 120 kg N ha™ treatment had significantly higher grain nitrogen
uptake than all other nitrogen treatments from 84 DAE onwards in the irrigated
plots and from 91 DAE onwards in the dry plots (Figure 2.76). In the irrigated plots,
the 20, 40 and 120 kg N ha™ treatments and in dry plots the 40 and 120 kg N ha!
treatments had significantly higher grain nitrogen uptake than the control (0 kg N

ha™).

4.28.2 Measured at harvest ;

Main effects of water had significant (P<0.05) and that of nitrogen had
highly significant (P<0.01) influence on grain nitrogen uptake at harvest, while the
genotypes did not differ significantly (Table 17).

The contribution of redistributed nitrogen from vegetative dry matter was 20
kg N ha™ in irrigated plots and 18 kg N ha™ in dry plots (Section 4.2.7.1). Thus the
increase in grain nitrogen uptake due to water was 48 kg N ha"' when compared
to dry plots. The 120 kg N ha™ treatment had significantly higher grain nitrogen

uptake than all the other nitrogen treatments. This increase in grain nitrogen



Table : 17. Mean grain nitrogen content and uptake of sorghum as affected by
water, nitrogen and genotype, for the interaction effects, at harvest in 1990-91.

"Treatment 1990-91
~ Grain nitroger
content (%)
Water (W) :
Irrigated 1.55 A 107.73 A
Dry 133 A 58.43 B
LSD (0.05) 0.30 19.13
Nitrogen (N) :
OkgN ha' 1.29B 4981 C
20 kg N ha 1358 5856 C
40 kg N ha! 1.39B 85.01 B
120 kg N ha' 173 A 126.95 A
LSD (0.05) 0.15 24.63
Genotypes (G) :
ICSH 86646 1338 84.95 A
SPV 783 1.47 A 80.82 A
M 35-1 151A 74.48 A
LSD (0.05) 0.09 13.36
Interactions :
SE
W*N 0.12 20.96
W*G 0.10 18.15
N*G 0.15 25.67
W*N*G 0.21 36.30

* * = Gignificant at p = <0.05 and 0.01 % level, respectively.
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uptake was 77, 68 and 42 kg N ha over the 0, 20 and 40 kg N ha™ treatments

respectively. Interaction effects were not significant.

4.3.1 Leaf potassium content :

4311 Measured at harvest :

The main effect of nitrogen was significant (P<0.05) in 1990-91 and highly
significant (P<0.01) in 1991-92, the genotype effect was highly significant (P<0.01)
in 1990-91 and the nitrogen * genotype interaction was significant (P<0.05) in
1990-91 (Table 18).

The 120 kg N ha™ treatment had significantly higher leaf potassium content
when compared to other nitrogen treatments in 1990-91 and higher than the 0 and
20 kg N ha treatments in 1991-92, Among genotypes, M 35-1 had significantly
higher leaf potassium content than ICSH 86646 and SPV 783 in 1990-91.

The interaction of nitrogen * genotype in 1990-91 (Figures A 3.3 and A 3.4),
indicates that, in all nitrogen treatments M 35-1 and SPV 783 had a significantly

higher leaf potassium content than ICSH 86646 at harvest.

4.3.2 Stem potassium content :

43.21 Measured at harvest :

The main effect of water was significant (P<0.05) in 1991-92. Irrigated plots
had significantly higher stem potassium content than dry plots (Table 20). The

main effect of nitrogen significant (P<0.05) in both years indicates that, the 120 kg



71
N ha™ treatment had significantly higher stem potassium content than the 20 kg

N ha" treatments in 1990-91 and was higher than the 0 and 20 kg N ha"
treatments in 1991-92. The genotype effect was highly significant (P<0.01) in both
years. ICSH 86646 had significantly higher stem potassium content than SPV 783
and M 35-1 in 1990-91, while in 1991-92 it was significantly higher than M 35-1.

The interaction of water * nitrogen significant (P<0.05) in 1991-92 indicates
that, in irrigated plots, the 120 kg N ha™ treatment had significantly higher stem
potassium content than the 0 or 20 kg N ha™ treatments. In dry plots all the
nitrogen treatments were similar in stem potassium content (Figure A 3.1).

The interaction of water * genotype significant (P<0.05) in 1991-92 indicates
that, both ICSH 86646 and SPV 783 had significantly higher stem potassium

content than M 35-1 in both irrigated and dry plots (Figure A 3.2).

4,3.3 Grain potassium content :

4331 Measured at harvest :

The main effect of genotype was highly significant (P<0.01) in 1991-92
(Table 24). The varieties SPV 783 and M 35-1 had a significantly higher grain

potassium content than the hybrid ICSH 86646 at harvest.
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4.3.4 Total potassium uptake by above ground biomass :

4341 Measured at harvest :

Nitrogen had a highly significant (P<0.01) influence on total potassium
uptake by above ground biomass. The 120 kg N ha" treatment significantly
increased total potassium uptake by above ground biomass in both years (Table
20). The increase in potassium uptake pooled over water and genotype treatments
was 70 kg K ha™ in 1990-91 and 58 kg K ha™ in 1991-92.

The main effect of genotype highly significant (P<0.01) in both years
indicates that, among genotypes, SPV 783 and M 35-1 had significantly higher
total potassium uptake than ICSH 86646 in 1990-91. While in 1991-92 ICSH 86646
had significantly higher total potassium uptake than SPV 783 and M 35-1. These
differences in the years can be explained from the nitrogen uptake pattern, wherein
higher nitrogen uptake by ICSH 86646 and M 35-1 in 1991-92 resulted in
associated higher potassium uptake by these genotypes.

The interaction of water * genotype highly significant (P<0.01) in 1991-92
indicates that, ICSH 86646 had significantly higher potassium uptake in irrigated
plots, while M 35-1 had higher potassium uptake in dry plots (Figure 3.5). The
increase in potassium uptake due to irrigation was 20, 40 and 60 kg K ha™ for M
35-1, SPV 783 and ICSH 86646 respectively.

ICSH 86646 had significantly (P<0.05) higher potassium uptake at the lower

N rates of 0, 20 and 40 kg N ha"', while M 35-1 had significantly (P<0.05) higher



Table : 20. Mean total potassium uptake by above ground biomass of sorghum
as affected by water, nitrogen and genotype, at harvest (1990-91, 1991-92 and

pooled years).
Total potassium uptake (kg ha™)
Treatment o909t 1 5»‘1.‘9‘9‘1;92,{
Water (W) : '
Irrigated 136.62 A 81.21 A 108.92 A
Dry 9422 A 42,55 A 68.38 B
LSD (0.05) 52.90 47.57 46.77
Nitrogen (N) :
0 kg N ha' 89.90 B 3854 C 64.22C
20 kg N ha 93.81 B 49.36 BC 7158 C
40 kg N ha' 120.54 B 63.04 B 91.79 B
120 kg N ha 157.43 A 96.59 A 127.01 A
LSD (0.05) 32.16 18.33 15.16
Genotypes (G) :
ICSH 86646 97.01B 7244 A 84.72 B
SPV 783 12449 A 51.83C 88.16 AB
M 35-1 124.76 A 61.67B 93.07 A
LSD (0.05) 13.28 7.70 7.84
Interactions :
SE
YEAR (Y) - - 483 *
W*Y - - 6.83
N*Y - - 9.66
G*Y - - 8.37
W*N*Y 18.06 29.77 13.66
W*G*Y 15.64 25.78 ** 11.83 *
N*G*Y 22.11 36.46 * 16.73
W*N*G*Y 31.27 51.56 * 23.67
CV % ’ 19.57 21.16 29.77

*, * - Gignificant at p = <0.05 and 0.01 % level, respectively.



Fig : 3.5. Total potassium uptake by above ground biomass of sorghum for the

interaction effect of water and genotype, in a) Irrigated and b) Dry
plots at harvest during rabi 1991-92.
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Fig :3.6.  Total potassium uptake by above ground biomass of sorghum for the

interaction effect of nitrogen and genotype, in a) 0 kg N ha" and b) 20
kg N ha” treatments at harvest during rabi 1991-92,
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Fig : 3.7.
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Total potassium uptake by above ground biomass of sorghum for the
interaction effect of nitrogen and genotype, in a) 40 kg N ha™ and b)
120 kg N ha™ treatments at harvest during rabi 1991-92.
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Fig : 3.8. Total potassium uptake by above ground biomass of sorghum for the

interaction effect of water, nitrogen and genotype, in irrigated and dry
plots at harvest during rabi 1991-92.
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total potassium uptake in the 120 kg N ha™ treatment in 1991-92 (Figure 3.6 and

3.7).

The interaction of water * nitrogen * genotype significant (P<0.05) in
1991-92 indicates that in irrigated plots, ICSH 86646 had higher total potassium
uptake than SPV 783 and M 35-1 for all nitrogen treatments. In dry plots at the
lower nitrogen treatment levels (0, 20 and 40 kg N ha™), differences in total
potassium uptake between genotypes were not significant, but with the 120 kg N
ha™ treatment, M 35-1 had higher potassium uptake than ICSH 86646 or SPV 783
(Figure 3.8).

4.3.5 Leaf potassium uptake :

4351 Measured at harvest :

The main effects of nitrogen and genotype were highly significant (P<0.01)
in both years, while the interaction water * genotype was significant (P<0.05) for
both years, that of nitrogen * genotype and water * nitrogen * genotype were
significant (P<0.05) only in 1991-92 (Table 21).

In both years, the 120 Kg N ha™ treatment had significantly higher leaf
potassium uptake than all other nitrogen treatments while among genotypes, in
1990-91, SPV 783 had significantly higher leaf potassium uptake, and in 1991-92
both ICSH 86646 and M 35-1 had significantly higher leaf potassium uptake.

The interaction of water * genotype in 1990-91 (Figure A 3.9), indicates that

in irrigated plots, both SPV 783 and M 35-1 had significantly higher leaf potassium



Table : 21. Mean total leaf
nitrogen and genotype, at h

potassium uptake of sorghum as affected by water,
arvest (1990-91, 1991-92 and pooled years).

Total leaf potassium uptake (kg ha)
Treatment 19908 T
Water (W) : .
Irrigated 17.59 A 10.44 A 14.01 A
Dry 13.95 A 8.20 A 11.08 A
LSD (0.05) 10.06 5.62 6.72
Nitrogen (N) :
O kg N ha' 13.00 B 6.14C 957 C
20 kg N ha 1432 B 7.40C 10.86 C
40 kg N ha 15.39 B 971 B 1255 B
120 kg N ha™ 20.37 A 14.02 A 17.20 A
LSD (0.05) 3.42 1.94 1.53
Genotypes (G) :
ICSH 86646 10.67 C 9.62 A 10.15B
SPV 783 19.28 A 822B 13.75 A
M 35-1 17.36 B 10.12 A 13.74 A
LSD (0.05) 1.76 1.20 1.04
Interactions :
SE
YEAR (Y) - - 1.10 **
W*Y . 1.56
N*Y - 2.20
V*Y - 1.91 *
W*N*Y 2.23 4.33 3.12
W*G*Y 1.94 * 3.75* 270 *
N*G*Y 2.74 5.30 * 3.82
W*N*G*Y 3.87 7.49 * 5.40
CV % 19.00 21.92 27.87

= Significant at p = <0.05 and 0.01 % level, respectively.
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uptake than ICSH 86646, however, in dry plots, only SPV 783 had significantly

higher leaf potassium uptake than ICSH 86646 or M 35-1. In 1991-92, ICSH 86646

in irrigated plots and M 35-1 in dry plots had significantly higher leaf potassium

uptake (Figure A 3.10).

The interaction of nitrogen * genotype in 1991-92 (Figures A 3.11 and A
3.12), indicates that at the three lower nitrogen rates (0, 20 and 40 Kg N ha™) all
three genotypes had similar leaf potassium uptake, however, at the 120 Kg N ha™'
treatment, M 35-1 had significantly higher leaf potassium uptake than ICSH 86646
and SPV 783.

The interaction of water * nitrogen * genotype (Figures A 3.13, A 3.14, A
3.15 and A 3.16), did not indicate any definite trend among genotypes in irrigated
plots, in nitrogen treatments, but in dry plots, except the 40 Kg N ha™ treatment,
M 35-1 had higher leaf potassium uptake when compared to the other nitrogen

treatments.

4.3.6. Stem potassium uptake :
43.6.1 Measured at harvest :

At harvest the main effects of nitrogen and genotype had a highly significant
(P<0.01) influence on stem potassium uptake in both years. All the interactions
were significant (P<0.05) in 1991-92 (Table 22).

The 120 Kg N ha™' treatment had significantly higher stem potassium uptake

in both years. The varieties SPV 783 and M 35-1, had a significantly higher stem




Fig: 3.15.  Total potassium uptake of leaf, stem and vegetative dry matter of

sorghum for the interaction effect of water, nitrogen and genotype, in
) 0 kg N ha™ and b)20 kg N ha™ treatments in dry plots at harvest
during rabi 1991-92.
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Fig : 3.16.  Total potassium uptake of leaf, stem and vegetative dry matter of

sorghum for the interaction effect of water, nitrogen and genotype, in

a) 40 kg N ha™ and b) 120 kg N ha™ treatments in dry plots at harvest
during rabi 1991-92.
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Table : 22. Mean total stem potassium uptake of sorghum as affected by water,
nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled years).

Total stem potassium uptake (kg ha™
Treatment T T
0-91
Water (W) :
Irrigated 94.51 A 57.77 A 76.14 A
Dry 64.92 A 28.09 A 46.51 A
LSD (0.05) 32.31 33.67 31.47
Nitrogen (N) :
O kg N ha" 61.21B 26.39 C 43.80C
20 kg N ha' 63.04 B 33.58 BC 48.31 C
40 kg N ha' 83.53B 44.02 B 63.77 8B
120 kg N ha™ 111.08 A 67.74 A 89.41 A
LSD (0.05) 25.22 13.53 12.41
Genotypes (G) :
ICSH 86646 67.42 B 51.74 A 59.58 B
SPV 783 83.37 A 3443 B 58.90 B
M 35-1 88.36 A 4262 C 65.49 A
LSD (0.05) 9.91 5.18 5.83
Interactions :
SE
YEAR (Y) - - 4.15 =
WY - - 5.87
N*Y - - 8.31
V*y - - 7.19 **
WH*N*Y 20.27 2119 * 11.75
W*G*Y 17.55 18.35 ** 10.17 *
N*G*Y 24.82 25.96 * 14.39
W*N*G*Y 35.10 36.71 * 20.35
CV % 21.13 20.53 31.44

= Significant at p = <0.05 and 0.01 % level, respectively.
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potassium uptake in 1990-91, while ICSH 86646 had a significantly higher value
in 1991-92.

The interaction effect of water * genotype in 1991-92 (Figure A 3.10),
indicates that in irrigated plots, ICSH 86646 had significantly higher stem
potassium uptake when compared to SPV 783 or M 35-1, but in dry plots, ICSH
86646 and M 35-1 had higher stem potassium uptake when compared to SPV 783.

The interaction of nitrogen * genotype at harvest in 1991-92 (Figures A 3.11
and A 3.12), indicates that at lower nitrogen rates (0, 20 and 40 Kg N ha™), ICSH
86646 had higher stalk potassium uptake when compared to the other genotypes.
However for the 120 kg N ha'* treatment, both ICSH 86646 and M 35-1 had higher
stem potassium uptake than SPV 783.

The interaction of water * nitrogen * genotype (Figures A 3.13, A 3.14, A
3.15 and A 3.16), indicates that in irrigated plots, at all nitrogen treatments, ICSH
86646 had significantly higher stalk potassium uptake. In dry plots, the 120 Kg N
ha' treatment and M 35-1 had significantly higher stem potassium uptake than

other treatment combinations.

4.3.7 Potassium uptake by vegetative dry matter :

43.71 Measured at harvest :

Since stem potassium uptake was the main contributor to total potassium
uptake by above-ground vegetative dry matter at harvest, influence of the main

effects of water, nitrogen and genotype and their interaction on this variable (Table




Table : 23. Mean total potassium uptake by vegetative matter of sorghum as

affect)ed by water, nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled
years).

Total potassium uptake by above ground
Treatment vegetative matter (kg ha™)
199091 [ 19012
Water (W) :
Irrigated 11210 A 68.21 A 90.15 A
Dry 78.87 A 36.30 A 57.58 A
LSD (0.05) 41147 39.29 37.54
Nitrogen (N) :
0 kg N ha™ 74.22B 3253 C 53.38 C
20 kg N ha' 77.378B 40.98 BC 59.17 C
40 kg N ha™' 9891 8B 53.73 B 76.32 B
120 kg N ha™ 131.46 A 81.76 A 106.61 A
LSD (0.05) 27.54 15.32 13.36
Genotypes (G) :
ICSH 86646 78.09 B 61.36 A 69.73 B
SPV 783 102.65 A 4265 C 72658B
M 35-1 105.72 A 52.74 B 79.23 A
LSD (0.05) 11.05 6.07 6.56
Interactions :
SE
YEAR (Y) - - 4.36 =
W*Y - - 6.17
N*Y - - 8.72
V*y - - 7.55 **
W*N*Y 20.23 24.43 * 12,33
W*G*Y 17.52 21.16 ** 10.68 *
N*G*Y 24.77 29.93 * 15.11
W*N*G*Y 35.04 4232 * 21.36
CV % 19.69 19.76 29.57
— = Significant at p = <0.05 and 0.01 % level, respectively.




Table : 24. Mean grain potassium content and uptake of sorghum as affected by
water, nitrogen and genotype, at harvest in 1990-91 season.

Treatment
Water (W) :
Irrigated 040 A 2452 A
Dry 0.36 A 16.07 A
LSD (0.05) 0.05 9.99
Nitrogen (N) :
0 kg N ha' 041 A 15.69 B
20 kg N ha" 0.38 A 16.44 B
40 kg N ha 0.36 A 21.79 AB
120 kg N ha 038 A 271.26 A
LSD (0.05) . 0.07 6.50
Genotypes (G) :
ICSH 86646 0328 19.88 A
SPV 783 043 A 21.84 A
M 35-1 0.40 A 19.17 A
LSD (0.05) 0.05 4.36
Interactions :
SE
W*N 0.12 9.59
W*G 0.11 8.30
N*G 0.15 11.74
W*N*G 0.21 16.61

= Significant at p = <0.05 and 0.01 % level, respectively.
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28 and Figures A 3.10 to A 3.16), were similar to those on stem potassium uptake

as indicated in section 4.3.6.

4.3.8 Grain potassium uptake :
4.

8
3.8.1 Measured at harvest :

Main effect of nitrogen had a highly significant (P<0.01) influence on grain
potassium uptake (Table 24). The 120 kg N ha™ treatment, had significantly higher
grain potassium uptake when compared to the control, while the 0, 20 and 40 kg

N ha™ treatments were similar.

4.4.1 Soil ammonical nitrogen in the 120 cm soil profile :

4411 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at sowing :

Total soil ammonical N was measured up to a 120 cm depth only in fallow
plots after nitrogen application and irrigation at sowing. The interaction of water *
soil depth was significant (P<0.05) only in 1991-92 (Appendix table 16). It indicates
that ammonical N at sowing (Figure A 4.1a), was higher in irrigated plots when
compared to dry plots, at all soil layers except the 30-45 cm layer. These
differences were attributed to native soil nitrogen levels because the conditions at
sowing in irrigated and dry plots were the same.

The interaction of nitrogen * soil depth was highly significant (P<0.01) in
both years. In 1990-91 (Figure A 4.2a), ammonical N was highest in the upper

layer of soil profile (60 ppm), in the 120 kg N ha treatment, while the other
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nitrogen treatments were less than 15 ppm in all profile layers. In 1991-92 (Figure
A 4.3a), in the 120 kg N ha™ treatment, soil ammonical N was 32 ppm in the 0-15
cm profile layer, while below 30 cm all nitrogen treatments had less than 15 ppm.
These results indicate that nearly all applied nitrogen was found in the top 30 cm
of the soil profile at sowing.

The interaction of water * nitrogen * soil depth significant (P<0.05) only in
1991-92 (Figures A 4.4a and A 4.5a), indicates that, in irrigated plots, the 0, 20
and 40 Kg N ha™ treatments had less than 15 ppm in all soil layers at sowing. The
120ng N ha™ treatment had the highest ammonical N (35 ppm) at sowing. In dry
plots, the 20 and 40 kg N ha™ treatments similar NH,-N (8 ppm) values in the 0-15
cm soil layer, while the 120 kg N ha™ treatment was the highest at 24 ppm and the
control treatment-lowest at 3 ppm. Below 60 cm all nitrogen treatments had similar

ammonical N at sowing.

441.2 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at anthesis:

The interaction of water * soil depth was significant (P<0.05) in 1991-92
(Appendix table 17). It indicates that the dry plots had significantly higher
ammonical N at anthesis stage in the top 0-15 cm of ihe soil profile when
compared to irrigated plots. However, below 30 cm, it was similar in both
treatments (Figure A 4.7a). The conversion of ammonical to nitrate N was reduced

in dry plots due to limited moisture, as the top soil layers dried faster than the

lower layers.
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Interaction of nitrogen * soil depth significant (P<0.05) in 1990-91 indicates

that, among all nitrogen treatments in 1991-92, the 120 kg N ha™ treatment had
the highest ammonical N in the top 0-15 cm soil layer (Figure A 4.9a). Below the
30 cm depth, all nitrogen treatments had similar ammonical N.

Interaction of genotype * soil depth significant (P<0.05) in 1991-92 indicates
that, ammonical N in the 0-15 cm depth of fallow plots was higher than in plots
containing plants in 199192 (Figure A 4.11a), differences between cultivar
treatments being 8 ppm. Below a 30 cm soil depth, ammonical N was similar in all
tréatments indicating non-mobility of ammonical N in the soil.

The interaction of water * genotype * soil depth significant in 1991-92
(P<).05) indicates that, in irrigated plots, (Figure A 4.16a) all genotypes and the
fallow plots had similar ammonical N in the soil profile at anthesis. While in dry
plots (Figure A 4.17a), the fallow treatment had a higher ammonical N level than
cropped plots in the top 0-15 cm soil layer. Below 30 cm, ammonical N was similar
for all treatments indicating the low mobility of ammonical N in soil.

At anthesis, major differences in ammonical N occurred across years. In
1990-91 in all treatments, ammonical N declined from sowing to anthesis indicating

a faster conversion of ammonical N to nitrate N, while in 1991-92 the nitrification

process was slower.
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4413 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at harvest :
The interaction of water * depth significant (P<0.05) in both years (Appendix

table 18) indicates that, total ammonical N in dry plots (Figures A 4.18 and A 4.19)
was significantly higher than in irrigated plots in the 0-15 cm profile layer. Below
30 cm, treatments did not differ significantly indicating a uniform availability of
native nitrogen below that layer.

The interaction of nitrogen * soil depth significant (P<0.05) in both years
indicates that, among nitrogen treatments, the 120 kg N ha™ treatment had higher
ammonical N in the 0-15 cm profile layer at harvest in both years (Figures A 4.20
and A 4.21). Below 30 cm these differences were not significant. This indicates
that applied N remained in the upper soil profile and that the conversion of
ammonical N to- nitrate N was not complete at harvest. Most of the applied
nitrogen in the form of ammonical N was still available in the top soil layers even
at harvest.

Interaction of water * nitrogen * soil depth significant (P<0.05) in 1991-92,
indicates that ammonical N in all nitrogen treatments in irrigated plots (Figure A
4.24a), were not significantly different through out the soil profile, while in dry plots
(Figure A 4.25a), the 120 kg N ha™ treatment had significantly higher ammonical
N in the 0-15 cm and 15-30 cm profile layers. Below 30 cm values were similar for
all nitrogen treatments. Transformation of ammonical N to nitrate N resulted in
lower residual ammonical N in irrigated plots. In dry plots, ammonical N remained

untransformed or unutilized by the crop due to limited soil moisture.




4.4.2 Soll nitrate nitrogen in the 120 cm soit profile :

4.4.2.1 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at sowing :

The interaction of water * soil depth in 1991-92 highly significant (P<0.01)
in 1991-92 (Appendix table 20), indicates that, at all depths of sail profile, nitrate
N was significantly higher in irrigated plots when compared to dry plots at sowing
(Figure A 4.1b).

The interaction of nitrern * soil depth was highly significant (P<0.01) in
both years. Among nitrogen treatments, 20, 40 and 120 kg N ha™ treatments had
significantly higher nitrate N when compared to the control treatment, in the top 0-
30 cm layer in 1990-91 (Figure A 4.2b), at sowing.In 1991-92 (Figure A 4.3b), only
the 40 and 120 kg N ha™ treatments had significantly higher njtrate N than the 0
and 20 kg N ha™ treatments in the 0-15 cm layer. Soil nitrate N in 1991-92 was
lower than in 1990-91, indicating slower conversion of ammonical N to nitrate N.
Below 30 cm there were no differences among nitrogen treatments.

The interaction of water * nitrogen * soil depth highly significant (P<0.010)
in 1991-92, indicates that significantly higher nitrate N was present in both the 20
and 120 kg N ha™' treatments in the top 0-15 cm layer in irrigated plots at sowing
(Figure A 4.4b). Below 30 cm, all the nitrogen treatments had similar nitrate N
levels. In dry plots (Figure A 4.5b), the 20 and 120 kg N ha" had significantly
higher soil nitrate N in the 0-15 cm profile. Low nitrate nitrogen below 30 cm in all

the nitrogen treatments, indicating that the applied nitrogen remained in the top 0-

30 cm of the profile at sowing.
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4422 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at anthesis;

The interaction of water * soil depth was highly signficant (P<0.01) in both
years (Appendix table 21). It indicates that the dry plots had higher nitrate N than
irrigated plots in the top 0-30 cm soil layer in 1990-91 (Figure A 4.6b). Below 30
cm, all treatments were similar. In 1991-92 (Figure A 4.7b), the trend was similar
except that below the 30 cm soil depth, irrigated plots had significantly higher
nitrate N than dry plots. Movement of nitrate N down the profile in irrigated plots
resulted in higher values in these layers in the soil profile.

The interaction of nitrogen * soil depth highly significant (P<0.01) in both
years indicates that, among nitrogen treatments (Figure A 4.8b and A 4.9b), the
120 kg N ha™ treatment had significantly higher nitrate N than other N treatments
in the 0-45 cm profile. Below this layer all treatments were similar. The lower
nitrogen treatments of 20 and 40 kg N ha" were similar and had significantly
higher nitrate N than the control in the 0-15 cm profile.

The interaction of genotype * soil depth was highly significant (P<0.01) in
1990-91 and significant (P<0.05) in 1991-92. In 1990-91, fallow plots had
significantly higher nitrate N at the 0-60 cm soil depth (Figure A 4.10b), while all

plots containing plants were not significantly different inidcating similar plant uptake

pattern in all genotypes (Table 13). In 1991-92 (Figure A 4.11b), fallow plots had

higher nitrate N values than all genotypes down to a 45 cmd soil depth but

differences between treatments were not significant below this layer.
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The interaction of water * nitrogen * soil depth highly significant (P<0.01) in

1990-91 and significant (P<0.05) in 1991-92. In 1990-91, in irrigated plots, in the
top 0-30 cm soil profile, the 20 and 40 kg N ha™ treatments were similar (Figure
A 4.12b). In dry plots, the 20 and 40 kg N ha™ treatments were similar and had
significantly higher nitrate N values than the control (Figure A 4.13b). The 120 kg
N ha” treatment had significantly higher nitrate N value than all the other
treatments in both irrigated and dry plots.

In 1991-92 in irrigated plots (Figure A 4.14b), the 120 kg N ha treatment
had significantly higher nitrate N values than all the other nitrogen treatments in
the 0-90 cm profile. In dry plots (Figure A 4.15b), the 120 kg N ha™ treatment had
significantly higher nitrate N than ali other nitrogen treatments in the 0-45 cm soil
profile. The 20 and 40 kg N ha™ treatments had significantly higher nitrate N than
the control in the top 0-30 cm soil profile. These results indicate a lower uptake of

nitrate N by plants in dry plots in both years.

4423 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at harvest :
The interaction of water * soil depth was highly significant (P<0.01) in both

years (Appendix table 22). The interaction indicates that, dry plots had significantly
higher nitrate N values in the top 0-30 cm profile, however below 30 cm these
differences were not significant at harvest (Figures A 4.18b and A 4.19b). High

nitrate N indicates low plant uptake, while low nitrate N in irrigated plots indicates
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two possibilities i) higher plant uptake and or ii) higher N losses. The differences

between these treatments was 20 ppm in 1990-91 and 22 ppm in 1991-92.

The interaction of nitrogen * soil depth highly significant (P<0.01) in both
years indicantes that, among nitrogen treatments, the 120 kg N ha' treatment had
significantly higher nitrate N in the 0-60 cm profile in 1990-91 (Figure A 4.20b), and
was higher in the 0-45 cm profile in 1991-92 (Figure A 4.21b). The 40 kg N ha™
treatment was significantly higher than the 0 and 20 kg N ha treatments in 1990-
91, but in 1991-92 both the 20 and 40 kg N ha™ treatments were significantly
higher than the control. Below 60 cm all treatments were similar indicating lesser
movement of nitrate N down the soil profile.

The interaction of water * nitrogen * soil depth highly significant (P<0.01)
was similar in both years (Figures A 4.22, A 4.23, A 4.24 and A 4.25), with
irrigated plots having lower nitrate N than dry plots. As indicated earlier, lower
nitrate N in irrigated plots was a result of higher plant uptake and/or higher
leaching losses. While in dry plots, the 120 kg N ha™ treatment had significantly
higher nitrate N than all other nitrogen treatments in the 0-45 cm profile in both the
years. Below the 60 cm soil depth, all the treatments were similar in irrigated and
dry plots.

The interaction of water * genotype * soil depth highly significant (P<0.01)
in 1991-92 (Figures A 4.26b and A 4,27b), indicates that in irrigated plots, only the

fallow plots had significantly higher nitrate nitrogen in the 0-30 cm profile, below
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this all treatments were similar. In dry plots, all treatments were similar in the 0-30

cm soil profile, indicating very low nitrate N uptake.

4.4.3 Total soil available nitrogen (NH, + NO,) In the 120 cm profile :

4.4.3.1 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at sowing :

The interaction of water * soil depth was highly significant (P<0.01) in 1991-
92 (Appendix table 24). At sowing, total available N in 1990-91 (Figure 4.28a), was
similar in irrigated and dry plots in the top 0-30 cm soil profile, while at 45, 90 and
120 cm depths it was significantly higher in irrigated plots. But in 1991-92 (Figure
4.28b), the total available N was significantly lower in dry plots in the 0-45 cm soil
profile. Lower total available N in both irrigated and dry plots in 1991-92 as
compared to 1990-91 in the top soil profile was a temporary phenomenon.

The interaction of nitrogen * soil depth highly significant (P<0.01) in both
years indicates that, the 120 kg N ha™ treatment had significantly higher total
available N in the top 0-30 cm soil layer in both years (Figures 4.29a and 4.29b).
The major zone of availability was the 0-30 cm soil layer in all nitrogen treatments
for both years. Total available N was higher in 1990-91 (Figure 4.29a), than in
1991-92 (Figure 4.29b), for all nitrogen treatments.

The interaction of water * nitrogen * soil depth significant (P<0.05) in both
years indicates that, in both years, total available N in irrigated plots was higher
in the 0-45 cm profile for all nitrogen treatments. In both years, significantly higher

total available N was present in the 120 kg N ha™ treatment (Figures 4.30 and



Fig : 4.28.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
for the interaction effect of water and depth, at sowing during rabl

a) 1990-91 and b) 1991-92.
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Fig : 4.29.  Total availabie nitrogen in 1.2 m soil profile as a function of soil depth

for the interaction effect of nitrogen and depth, at sowing during rabi
a) 1990-91 and b) 1991-92.
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Fig : 430.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
in irrigated plots for the interaction effect of water, nitrogen and
depth, at sowing during rabi 1990-91 and 1991-92.
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4.31). In 1990-91, the 20 and 40 kg N ha"" had treatments had significantly higher

total available N than the control, in 1991-92 only the 20 kg N ha™* had significantly
higher total available N than the control in the 0-30 ¢m soil layer. This trend was
similar in dry plots at sowing (Figure 4.31a and 4.31b). The primary difference
between years was the low total available N for dry plots in 1991-92 (Figure
4.31b).

4432 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at anthesis:

The interaction of water * soil depth was highly significant (P<0.01) in both
years (Appendix table 25). This interaction (Figure 4.32), indicates that in both
years, total available N was significantly higher in dry plots in the top 0-30 cm soil
profile. Below 30-cm, the irrigated plots had higher total available N. In dry plots,
applied nitrogen remained in the top soil layers indicating lower movement and
lower plant uptake in both years.

The interaction of nitrogen * soil depth was highly significant (P<0.01) in
both years. The 120 kg N ha™ treatment among all nitrogen treatments (Figure
4.33), had significantly higher total available N than the control in the 0-60 cm soil
profile. Total available N was higher in all nitrogen treatments in 1991-92 (Figure
4.33a), than in 1990-91 (Figure 4.33b) at anthesis stage indicating higher plant

uptake in 1990-91. The 0 kg N ha'! treatment in 1990-91, had less than 5 ppm at

all the soil depths, while in 1991-82 it had more than 10 ppm.




Fig : 4.31.

Total available nitrogen in 1.2 m soil profile as a function of soil depth

in dry plots for the interaction effect of water, nitrogen and depth, at
sowing during rabi a) 1990-91 and b) 1991-92.
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Fig : 432.  Total available nitrogen in 1.2 m soil profile as a function of soil depth

for the interaction effect of water and depth, at anthesis during rabl
a) 1990-91 and b) 1991-92.
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Fig : 4.33. Total available nitrogen in 1.2 m soil profile as a function of soil depth

for the interaction effect of nitrogen and depth, at anthesis during rabi
a) 1990-91 and b) 1991-92.
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The interaction of genotype * soil depth was highly significant (P<0.01) in

1990-91 and signifcant (P<0.05) in 1991-92, Fallow plots had higher total available
N at anthesis than plots containing plants in both years in the 0-60 cm soil profile.
Among genotypes differences were not distinct and there was no definite trend in
either year (Figure 4.34).

The interaction water * nitrogen * soil depth highly significant (P<0.01) in
1990-91 and significant (P<0.05) in 1991-92 indicates, that in irrigated and dry
plots the 120 kg N ha™ treatment had significantly higher total available N than the
control in both years. At anthesis, total available N was higher in all nitrogen
treatments in dry plots (Figure 4.36) when compared to irrigated plots (Figure 4.35)
indicating reduced plant N uptake and/or low leaching losses. While total available
N was similar in the 20 and 40 kg N ha™ treatments, it was significantly higher for
the 120 kg N ha™ treatment in the top soil profile. High N availability at anthesis

in dry plots indicates low plant uptake and/or low losses through other means.

4433 Measured at 15, 30, 45, 60, 90 and 120 cm soil depths at harvest :

The interaction of water * soil depth was highly significant (P<0.01) in both
years (Appendix table 26). It indicates higher total available N in the dry plots for
both years in the 0-30 cm profile. Below this layer, differences were not very
distinct (Figure 4.37).

The interaction of nitrogen * soil depth was highly significant (P<0.01) in

both years. Among nitrogen treatments, the 120 kg N ha treatment had



Fig : 434.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
for the interaction effect of genotype and depth, at anthesls during rabi
2) 1990-91 and b) 1991-92.
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Fig : 4.35.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
In irrigated plots for the interaction effect of water, nitrogen and
depth, at anthesis during rabi 1990-91 and 1991-92.
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Fig : 4.36.  Total available nitrogen in 1.2 m soll profile as a function of soil depth
in dry plots for the interaction effect of water, nitrogen and depth, at
anthesis during rabi 1990-91 and 1991-92.
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Fig : 437.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
for the interaction effect of water and depth, at harvest during rabi

a) 1990-91 and b) 1991-92,
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significantly higher total available N in the 0-60 cm soil profile in 1990-91 (Figure

4.38a), and in the 0-45 cm soil profile in 1991-92 (Figure 4.38b), when compared
to all other nitrogen treatments.

The interaction of genotype * soil depth significant (P<0.05) in 1991-92
indicates that the differences among genotype were not very distinct at harvest in
terms of total available N, fallow plots indicated a higher total available N at
harvest in both years (Figure 4.39).

The interaction of water * nitrogen * soil depth was highly significant
(P<0.01) in both years. At harvest, irrigated plots (Figure 4.40), had lower total
available N in all nitrogen treatments compared to dry plots (Figure 4.41), and the
120 kg N ha™ treatment among all nitrogen treatments had higher total available
N. In dry plots, at-harvest, significantly higher total available N was present in the
0-45 cm soil profile for the 120 kg N ha™ treatment, while the 0 and 20 kg N ha
treatments were similar in 1990-91 (Figure 4.41a). The 20 and 40 kg N ha"
treatments were similar in 1991-92 (Figure 4.41b). Lower total available N in
irrigated plots indicates increased plant uptake and/or higher leaching losses than
in dry plots.

The interaction of water * genotype * soil depth was highly significant in
1991-92 and it indicates that higher total available N in dry plots than in irrigated
plots for all treatments. In irrigated plots, differences between genotypes and fallow
plots were not distinct in 1990-91 (Figure 4.42a), but in 1991-92 (Figure 4.42b),

fallow plots had significantly higher total available N in the 0-30 cm soil profile.



Fig : 438.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
for the interaction effect of nitrogen and depth, at harvest during rabi
2) 1990-91 and b) 1991.92,
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Fig : 439.  Total available nitrogen in 1.2 m soll profile as a function of soil depth

for the interaction effect of genotype and depth, at harvest during rabi
a) 1990-91 and b) 1991-92.
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Fig : 4.40.  Total avallable nitrogen In 1.2 m soil profile as a function of soil depth
in Irrigated plots for the interaction effect of water, nitrogen and
depth, at harvest during rabi 1990-91 and 1991-92.
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Fig : 4.41.

Total avallable nitrogen In 1.2 m soil profile as a function of soll depth
in dry plots for the interaction effect of water, nitrogen and depth, at

harvest during rabl 1990-91 and 1991-92.
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Fig : 4.42. Total available nitrogen in 1.2 m soll profile as a function of soil depth
in irrigated plots for the interaction effect of water, genotype and
~ depth, at harvest during rabi 1990-91 and 1991-92.
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High volume irrigation used in 1990-91 resulted in higher losses in fallow plots. In

dry plots in 1990-91 (Figure 4.43a), fallow plots had higher total available N in the
0-60 cm soil profile but in 1991-92 the treatments had similar total available N
throughout the profile.

The interaction of water * nitrogen * genotype * soil depth significant
(P<0.05) in 1991-92 indicates that, in irrigated plots, in all nitrogen treatments,
fallow plots had significantly higher total available N in the top soil profile (Figure
4.44 and 4.45). But in dry plots (Figures 4.46 and 4.47), in all nitrogen treatments,
differences between genotypes and fallow plots were not significant, indicating

lower and similar nitrogen uptake by the genotypes under dry conditions.

4.4.4 Total soil-water in the 150 cm profile :

4441 Soil water use at harvest :

Irrigated plots received a total of 120 mm of water in both years. Total water
contained in the soil profile (0-150 cm) in 1990-91 was 700 mm (Table 25), when
compared to 1991-92 (Table 26) where it was 550 mm. In irrigated plots, the
volume of water used was 245 mm, while in dry plots it was 170 mm. Total water
use in irrigated plots was 251, 267, 234 and 239 mm in the 0, 20, 40 and 120 kg
N ha treatments, respectively. Higher water used for the lower levels of 0 and 20
kg N ha™ treatments was due to higher soil evaporation losses as the leaf area
index was lower than in the 40 and 120 kg N ha™' treatments. In the dry plots, total

soil water used was 165, 178, 177 and 170 mm in the 0, 20, 40 and 120 kg N ha'



Fig : 443.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
In dry plots for the Interaction effect of water, genotype and depth, at
harvest during rabl 1990-91 and 1991-92.
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Fig : 4.44.
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Fig : 445.  Total available nitrogen in 1.2 m solil profile as a function of soil depth
In Irrigated plots, In a) 40 kg N ha™ and b) 120 kg N ha? treatments
for the interaction effect of water, nitrogen, genotype and depth, at
harvest during rabi 1991-92.
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Fig : 446.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
in dry plots, in a) 0 kg N ha™ and b) 20 kg N ha" treatments for the
interaction effect of water, nitrogen, genotype and depth, at harvest
during rabi 1991.92,
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Fig : 4.47.  Total available nitrogen in 1.2 m soil profile as a function of soil depth
In dry plots, in a) 40 kg N ha™ and b) 120 kg N ha? treatments for the
interaction effect of water, nitrogen, genotype and depth, at harvest
during rabi 1991-92,
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Table : 25. Mean water use (mm) of sorghum for the main and interaction effects
of water, nitrogen and genotype at harvest stage In 1990-91.

a) At sowing :
Treatment Irrigated N-Mean
[ s TM IS Wear
oooss | | jeeess| :
0 kg N ha" 703 715 709 708 707 707 708
20 kg N ha 71 706 708 702 721 M 710

40 kg N ha 719 712 715 71 718 714 715
120 kgN ha' | 697 704 700 707 696 701 701

V-Mean 707 708 707 706
W-Mean 708 708
b) At harvest :
Treatment Irrigated
ICSH .| M 35-1:| Mean | ICSH" /| M35:1 |
86646 86646 |- i

OkgNha' | 580 575 577 555 532 543 560
20kgNha' | 571 575 573 551 532 542 557
40kgNha' | 609 594 601 536 540 538 569
120 kg N ha' | 583 581 582 538 524 531 556

V-Mean 585 581 545 532
W-Mean 583 538




Table : 26.‘ Mean water use (mm) of sorghum for the main and Interaction effects
of water, nitrogen and genotype at harvest stage in 1991-92.

a) At sowing :

Treatment Irrigated

N-Mean

0kg N ha" 552 560 556 560 559 » 559 558
20kg N ha' | 552 553 552 563 563 563 558
40kgNha' | 553 543 548 562 562 562 565
120 kgN ha' | 557 553 555 563 557 560 557

V-Mean 553 552 562 560

W-Mean 552 561

b) At harvest :

Treatment Irrigated Dry

ICSH [ M35-1| Mean | ICSH | M35-1 1
86646 86646 | .

O kg N ha' 504 531 517 480 466 473 495
20 kg N ha 491 519 505 475 467 471 488
40 kg N ha 463 490 476 466 464 465 470
120 kg N ha'| 477 472 474 452 457 454

V-Mean 483 503 ' 468 465

W-Mean 493 465




89
treatments. The 20, 40 and 120 kg N ha™ treatments used more soil water than

the control treatment. Higher transpiration loss' due to higher leaf area index
resulted in gréater soil water use at higher nitrogen treatments. Total soil water
used by ICSH 86646 in irrigated plots was 242 mm, while in dry plots it was 162
mm, for M 35-1 it was 247 and 174 mm respectively.

In 1991-92 mean total soil water used in irrigated plots was 179 mm, while
in dry plots it was 96 mm. In the 0, 20, 40 and 120 kg N ha™' treatments in irrigated
plots it was 159, 167, 192 and 201 mm, while in dry plots it was 86, 92, 97 and
106 mm for the respective nitrogen treatments. In dry plots, the trend for total soil
water use was similar to 1990-91 but in irrigated plots, the water use pattern was
reversed. This change is attributed to low leaf area index in all treatments in 1991-
92, when compared to 1990-91. In irrigated plots, ICSH 86646 used 190 mm, while
M 35-1 used 169 mm of soil water, in dry plots the respective values were 94 and

95 mm.

44.4.2 Soil water extraction pattern :

Soil water extraction in dry plots at different layers of the soil profile is
presented in Tables 27 and 28 for 1990-91 and 1991-92 respectively. Maximum
soil water removed was in the top 0-30 c¢m soil layer for most treatments. In 1990-
91 in the 0 and 20 kg N ha treatments (176 and 189 mm), M 35-1 used more soil
water when compared to ICSH 86646 (153 and 152 mm). Soil water extraction in

the 45 to 105 cm soil profile layer was higher in M 35-1 when compared to ICSH



el
wo 05+
wo Ggl
wd ozt
wd S0k

©
o

L0}

~—
@
—
o
-
(2]
D
~
(=]
N
[=)]
N
(=2}

~—
~—

| ™

wo 06

o|lm|o|lw|o|eo|

<l vl T <

wo §L

c|lw| ||| o §

3 wo 09
€ wd gy

e

alanlol | vl vl )~
n|jolwol Nl W] O] W
t|lo|lw|lw|lo| | T ™
ol Tl O} | T
g|lo|l || | v}

tl N O] L] TN

ve wo 0g

[+2]
[3Y)

ve e 8¢
14 34 [44

o
m
P
@
(=2}
N
Yel
o

e
44
MOV | NOZE NOp N 02 NO | MOTIVA | NOZL | N OF N 02 NO
— wdep
-SEW 9998 HSOI apyoud
(ww) sioid Ap ul useHed UORIBAXS JSIEM [0S oS

44 wo G

(Y]
(3]
<
]
o
<
N
<
~
[32]

-26-1661 U1 abejs 3santey 1e ajyodd los auy ul syidap snolea je ‘siojd mojje} auy pue sjusuiessy
uabonyu asapp ul ‘sioid Aip i sadAjousb wnybios jo (ww) wished uolORAXS JojEM uea|y '8 dlqelL



(14} 954 ot P 1 szl g54 19l el ovk
2z S v 4 S Z v ¥ € € wo 054
9 2t ok ot ok 9 L ok 8 8 wo get
8 i £t 8 2 8 £ gt L 6 uo 0zh
o} i st Sk vl ok Vi i 2 ok wo S04
ot €} ot L sS4 ok i St 2k L wo 06
ok vl 9t 8l 9l ot st i 2 2t wo g/
1 ol 9l 8l 9l 1 vl St g gl wo 09
vh L4 Lh 0z 9t vi 9l Lt St vl wo g
e e €2 Lz ve e 9% 52 22 ve wo 0F
st vl 9l L 9l st L ol vl Lt wo 22
Sk i L 8L L St £l 8l St Lt wo-gl
TMOTIVA | NOZh | NOv | NOZ | NO | MOTIVd | NOZ | N O NOZ | “NO
1SE W 9v998 HSOI u_,_wwm
(ww) s1ojd Aip Ul wiaed UOHOBIXS JOJEM nos oS

*16-0661 u) abeys 1sensey 18 ajyoid jios auy Ul sthdap snoLea je ‘sj0jd mojje} 3y} pue sjuawledn
uaboxnu Jussapp ul ‘siold fip uy sedfioush wnybios jo (ww) usened uonoenxa sAlem UBSW LT : 3iQE 1



90
8664. In the 40 and 120 kg N ha" treatments, soil water use was similar in both

the genotypes. Soil water lost to evaporation in the fallow plots was 123 mm.
In 1991-92, the amount of soil water used was very low when compared to
1990-91 in all the treatments. Maximum soil water use was from the 0-30 ¢m soil

layer. Soil water lost due to evaporation in the fallow plots was 92 mm.

4443 Soil water use over time :

In 1990-81 and 1991-92 four irrigations were given at 42, 70, 90 and 105
DAE. The soil drying pattern was similar in irrigated and dry plots upto 56 DAE in
1990-91 and upto 63 DAE in 1991-92 (Figure 4.48). Total soil water content in all
nitrogen treatments was similar upto 42 DAE in both years, thergafter the decrease
in soil water content in the 40 and 120 kg N ha" treatments was faster when
compared to 0 and 20 kg N ha in both the years (Figure 4.49). M 35-1 and ICSH
86646 had a similar soil water depletion pattern throughout the crop growth period,
while in the fallow plots the decline in soil water was faster upto 56 DAE, but later
it was slower when compared to the two genotypes in 1990-91 (Figure 4.50a).

In 1991-92, the fallow plots had a higher soil water content than plots with
plants through out the crop growth period. Among genotypes, the decline in soil
water content was higher in M 35-1 upto 91 DAE, when compared to ICSH 86646,
thereafter both the genotypes had similar soil water content upto harvest (Figure

4.50b).



Fig : 4.48.  Total soil molsture in 1.5 m soil profile as a function of time for the
Interaction effect of water and time, during rabi 1990-91 and 1991-92.
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Fig : 4.49.  Total soil moisture in 1.5 m soil profile as a function of time for the

l;;.eractlon effect of nitrogen and time, during rabi 1990-91 and 1991-
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Fig : 4.50.

92.

Total soil molsture in 1.5 m soil profile as a function of time for the
interaction effect of genotype and time, during rabi 1990-91 and 1991-
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4.4.5 Cumulative light interception (MJ m?) :

4451 Total light interception to harvest :

Cumulative light interception for all treatments in 1990-91 was higher than
in 1991-92, while the trend was similar for all main effects in both years. Increases
in cumulative light interception due to irrigation was 9 % in 1990-91 and 38 % in
1991-92, while for nitrogen treatments the respective increases for the 20, 40 and
120 kg N ha™ over the control were 7, 17 and 23 % in 1990-91 and 16, 26 and 49
% in 1991-92. The increase in cumulative light interception for M 35-1 over ICSH

86646 was 5 %, while over SPV 783 it was 1 % for both years (Table 29).

4452 Cumulative light interception over time :

\

Cumulative light interception in 1990-91 (Figures A 4.51 to A 4.56), did not
exceed 1250 MJ over the crop growth period in irrigated plots, while in dry plots
it did not exceed 1150 MJ. Among nitrogen treatments the 120 Kg N ha™' treatment
had the highest cumulative light interception for all genotypes.

For ICSH 86646, the 40 and 120 Kg N ha" treatments had similar
cumulative light interception in both irrigated and dry plots upto 70 DAE. Thereafter
the 120 Kg N ha treatment had the maximum cumulative light interception in both
irrigated and dry plots. For SPV 783 in irrigated plots, both 40 and 120 Kg N ha'
treatments were similar throughout crop growth while in the dry plots the 20, 40
and 120 Kg N ha treatments had similar cumulative light interception values. The

local genotype M 35-1 was similar to SPV 783 in irrigated plots, while in dry plots,



Table : 29. Mean radiation interception (MJ m? of sorghum for the main and

Interaction effects of water, nitrogen and genotype at harvest in a) 1990-91 and b)
1991-92.

a) 1990-91
Irrigated
Treatment IGSH | SPV_ e N-Mean
86646 1,783 | 35-1
O kg N ha’ 1039 | 874 | 964 919
20 kg N ha" 901 1073 | 1055 915 1031 | 964 990
40 kg N ha' 1024 | 1180 | 1201 1006 | 1075 | 979 1077
120 kg N ha’ 1178 1197 | 1226 | 1067 1027 1;1 1135
V-Mean 1000 1036 1054
W-Mean ‘ 1076 985
b) 1991-92
Irrigated
Treatment icsH | spv | M | N-Mean
‘86646 {783 | 35-1.| 866 33| 351
0 kg N ha” 608 665 701 442 515 471 567
20 kg N ha™ 852 767 676 503 591 563 659
40 kg N ha" 824 849 868 551 550 660 717
120 kg N ha" 953 991 962 682 706 802 849
V-Mean 676 704 713
W-Mean 810 586
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the 120 Kg N ha’ treatment had higher cumulative light interception when

compared to the other nitrogen treatments from planting to harvest,

These trends indicate that in irrigated plots the 40 Kg N ha™ treatment as
a basal application was sufficient to attain the maximum cumulative light
interception for both varieties, while in the hybrid, maximum cumulative light
interception was with the 120 Kg N ha treatment. In dry plots, ICSH 86646 and
M 35-1 attained maximum cumulative light interception in the 120 Kg N ha™
treatment, while 40 Kg N ha™ was sufficient to reach the maximum cumulative light
interception for SPV 783. When water was not limiting, a lower level of nitrogen
(40 Kg N ha™') was sufficient for maximum cumulative light interception, but in dry
plots a higher N level was required. This is because nitrogen has to be absorbed
before the zone of application dries and this is possible only when the availability
in soil solution is higher.

For 1991-92 (Figures A 4.57 to A 4.62), ICSH 86646 and SPV 783 in
irrigated and dry plots at the 20, 40 and 120 kg N ha™ treatments had a higher
cumulative light interception than the control. The 20 and 40 kg N ha" had an
intermediary range between the 0 and 120 kg N ha™ treatments. For M 35-1 in
irrigated and dry plots, the 0 and 20 kg N ha™ treatments had similar cumulative
light interception, while the 40 and 120 kg N ha™ treatments had higher cumulative
light interception than the 0 and 20 kg N ha™ treatments. Difference between
nitrogen treatments in both irrigated and dry plots started at 40 DAE and continued

to harvest.
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4.4.6 Radiation use efficiency :

46.6.1 Computed at harvest :

Radiation use efficiency (RUE) was higher in 1990-91 (0.59 g MJ™), than
in 1991-92 (0.48 g MJ"). In irrigated plots (Table 30), RUE was higher by 0.20 g
MJ?! than in dry plots, while among nitrogen treatments the 120 kg N ha'
treatment had the highest RUE value (0.69 g MJ™") in 1990-91 and and in 1991-92
(0.61 g MJ™). The increase in RUE over control was 0.18 g MJ™ and 0.22 g MJ"'
for the respective years. SPV 783 in 1990-91 and M 35-1 in 1991-92 had higher
RUE values when compared to ICSH 86646.

For 1991-92 in irrigated plots, receiving 0 and 120 kg N ha', the improved
genotypes ICSH 86646 and SPV 783 had higher RUE values, while in dry plots
M 35-1 had higher RUE value for all N treatments. This indicates that the efficiency
of the local genotype in dry matter production was higher when water was limiting,

while the improved genotypes were efficient when water was not limiting.

4.4.7 Relation between specific leaf nitrogen and radiation use efficiency :

A linear relationship was observed between specific leaf nitrogen and
radiation use efficiency, that was similar for all the three genotypes (ICSH 86646,
SPV 783 and M 35-1). The regression coefficient () value for ICSH 86646 and
SPV 783 was 0.40, while it was 0.70 for M 35-1. Minimum specific leaf nitrogen
required for utilization of intercepted radiation in ICSH 86646 was 0.005 g m*and

in SPV 783 was 0.01 g m?, while in M 35-1 it was 0.023 g m? (Figs. 4.63, 4.64



Table : 30. Mean radiation use efficiency (g MJ
Interaction effects of water,

") of sorghum for the main and
nitrogen and genotype at harvest in a) 1990-81 and b)

1991-92.
a) 1990-91
Irrigated Dry
Treatment N-Mean
O kg N ha 045 | 066 | 053 | 042 | 055 [045| 051
20 kg N ha’ 065 | 064 064 0.48 0.50 | 0.50 0.57
40 kg N ha' 078 | 077 | 0.71 0.49 052 | 048 0.62
120 kg N ha" 0.75 [ 093 | 0.78 0.50 069 | 0.52 0.69
V-Mean 0.57 0.66 0.58
W-Mean 069 r 050
b) 1991-92
Irrigated
Treatment N-Mean

0.48

0.33

0.39

0.32

0.41

Okg N ha' 0.43 0.39
20 kg N ha 056 | 050 | 045 | 039 | 034 |045( 045
40 kg N ha” 055 | 061 | 055 | 036 | 044 |042| 049
120 kg N ha 070 | 070 | 069 | 046 | 051 |062| 061
V-Mean 0.48 0.48 0.61

W-Mean 0.54 T 0.42




Fig : 4.63. Relationship between RUE and specific
leaf nitrogen computed over the intervals 34-62
DAE for sorghum (ICSH 86646) in 1991-92.
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Fig : 4.64. Relationship between RUE and specific

leaf nitrogen computed over the intervals 34-62 DAE

for sorghum (SPV 783) in 1991-92.
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Fig : 4.65. Relationship between RUE and specific
leaf nitrogen computed over the intervals 34-62

DAE for sorghum (M 35-1) in 1991-92,
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and 4.65). In all three genotypes, when specific leaf nitrogen increased from 0 to

0.1 g m*, the radiation use efficiency increased linearly from 1 to & gMJ.

4.4.8 Water use efficiency :

4.4.8.1 Computed at harvest :

The trend in water use efficiency (WUE) in terms of dry matter produced per
unit of water (kg mm'") was similar for both years (Table 31). WUE increased with
increasing nitrogen levels and was highest with the 120 kg N ha™ treatment for
both years. Increased WUE over the control was 14 kg mm™ in 1990-91, while it
was 18 kg mm™ in 1991-92. M 35-1 had higher WUE in 1991-92, while there were
no differences between genotypes in 1990-91. In the 120 kg N ha treatment in
dry plots M 35-1 had a maximum water use efficiency of 49.5 kg mm™ in 1991-92.
This high water use efficiency changed the trend among irrigated and dry plots in

1991-92.

4.4.9 Nitrogen use efficiency :

4491 Computed at harvest :

Nitrogen use efficiency was higher in 1991-92 than in 1990-91 (Table 32).
Low nitrogen uptake in 1991-92 resulted in high nitrogen use efficiency, though the
total above ground biomass produced was lower in 1991-92. In both years the dry
plots had higher nitrogen use efficiency when compared to irrigated plots. Nitrogen

use efficiency increased with 20 kg N ha™ treatment over the control in both years,



Table ; 31. Moan water use efficiency (kg mm™*) of sorghum for the main and

Interaction effects of water, nitrogen and genotype at harvest in a) 199091 and b)
1991-92,

a) 1990-91
Irrigated
Treatment N-
Mean
0 kg N ha’ 19.34 1950 | 23.99 2411 | 21.73
20 kg N ha 2269 | - 2689 | 2914 | - 2529 | 26.00
40 kg N ha 3478 | - 3576 | 2834 | - 2640 | 31.32
120 kg N ha' 3799 | - 39.26 | 31.48 | - 3349 | 3555
V-Mean 28.33 - 28.33
W-Mean 29.52 i 27.78
b) 1991-92
Imigated Dry
Treatment N-
Mean
Okg N ha" 15.54 15.70 21.63 2086 1843
20 kg N ha 26.46 19.74 2239 26.15  23.68
40 kg N ha' 21,57 27.46  20.52 2827 2445
120 kg N ha* 33,35 3313  28.20 4950  36.04

V-Mean 23.45 27.60
W-Mean 2412 i 27.19




Table : 32. Mean nitrogen use efficiency (kg kg
Interaction effects of water,

) ot sorghum for the main and
nitrogen and genotype at harvest in a) 1990-61 and b)

1991-92.
a) 1990-91
Irrigated
Treatment N-
Mean
0 kg 65.28 | 83.04 | 6338 | 7058 | 87.69 | 81.15 | 75.18
N ha'
20 kg 57.81 77.30 78.49 7857 | 110.21 | 81.02 80.56
N ha'
40 kg 62.50 | 66.72 64.96 62.00 | 80.14 | 69.12 68.22
N ha'
120 kg 49.39 | 48.60 49.95 4586 | 66.79 53.83 52.40
N ha’
V-Mean 61.49 65.06 '67.73
W-Mean 64.28 L 73.91
a) 1991-92
Irrigated
Treatment 7
0 kg 104.40 | 112.86 | 111.43 | 123.57 | 128.46 | 149.23 | 121.65
N ha
20 kg 92,12 | 146.54 | 80.00 | 123.13 | 145.00 | 193.08 | 129.98
N ha'
40 kg 73.06 | 11467 | 89.62 | 123.13 | 120.50 | 213.08 | 122.34
N ha™
120 kg 61.19 | 71.86 | 59.46 | 115.93 | 150.42 | 91.67 [ 91.75
N ha™
V-Mean 102.06 125,03 123.43
W-Mean 93.10 139.75
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but declined in teh 40 and 120 kg N ha™ treatments. Lowest nitrogen use efficiency

was with the highest nitrogen application rate of 120 kg N ha™. Both SPV 783 and

M 35-1 had higher nitrogen use efficiency than ICSH 86646 in both years.

4.4.10 Soil nitrogen balance :
44.10.1 Computed at harvest in 1990-91 :

In the irrigated plots nitrogen recovery by ICSH 86646 (Table 33), in the 0,
20, 40 and 120 kg N ha rates was 74, 50, 40 and 60 %, while M 35-1 recovered
81, 42, 41 and 64 % respectively, of the total available nitrogen. Soil + crop (ICHS
86646) could account for 105, 58, 46 an 94 % of the total available nitrogen, while
soil + M 35-1 recovered 115, 58, 57 and 77 % in the respective nitrogen
application rates.

In the dry plots nitrogen recovery by ICSH 86646, in the 0, 20, 40 and 120
kg N ha” rates was 40, 49, 58 and 28 %, while M 35-1 recovered 40, 51, 48 and
25 % respectively, of the total available nitrogen. Soil + crop (ICHS 86646) could
account for 45, 71, 92 and 69 % of the total available nitrogen, while soil + M 35-1

recovered 65, 78, 90 and 51 % in the respective nitrogen application rates.

44102 Computed at harvest in 1991-92 :
In the irrigated plots nitrogen recovery by ICSH 86646 (Table 34), in the 0,

20, 40 and 120 kg N ha rates was 15, 23, 36 and 44 %, while M 35-1 recoyered

13, 17, 31 and 46 % respectively, of the total available nitrogen. Soil + crop (ICHS



Table : 34. Soil nitrogen balance at harvest in 1991-92.

a) Irrigated plots :

Nitrogen N Soil . Soil nitrogen at | Nitrogen uptake Soil
treatment nitrogen in harvest at harvest nitrogen in
fallow (kg ha™) (kg ha™) fallow plots
quts at ICSH T ™ e =11 at harvest
sowing (kg | ‘agsag | (kg ha)
ha") it
O kg N ha" 162 70 67 25 21 85
20 kg N ha" 222 115 84 52 38 135
40 kg N ha’ 171 82 118 62 53 150
120 kg N ha 246 82 94 109 112 173
b) Dry plots :
Nitrogen Soil Soil nitrogen at | Nitrogen uptake at Soil
treatment nitrogen in harvest harvest nitrogen in
fallow (kg ha") (kg ha™) fallow plots
plotsat | |csH [ M3 1S T M 354 | atharvest
sowing (kg | gggas | 5 (kg ha™)
ha') e ‘ L
Okg N ha 86 120 115 14 14 105
20 kg N ha' 108 89 98 16 13 190
40 kg N ha' 103 128 120 16 13 109
120 kg N ha 144 291 241 27 54 218




Table : 33, Soil nitrogen balance at harvest in 1990-91.

a) Irrigated plots :

Nitrogen ‘ Soil . Soil nitrogen at | Nitrogen uptake at Soil
treatment nitrogen in | harvest (kg ha™) harvest nitrogen in
fallow (kg ha™) fallow plots
quts at CICSH M e “Mag4 | atharvest
sowing (kg | aq (kg ha)
ha') s
OkgNha® 99 3| 34 73 80 35
20 kg N ha™ 204 17 33 102 86 16
40 kg N ha" 320 20 52 128 131 24
120 kg N ha 300 103 39 180 191 66
b) Dry plots :
Nitrogen Soil Soil nitrogen at | Nitrogen uptake Soil
treatment nitrogen in | harvest (kg ha") at harvest nitrogen in
fallow (kg ha) fallow plots
lots at Theas TMas.q | atharvest
pio " .ICSH::, ‘M35 K ha-
sowing (kg | 8gp46 (kg ha™)
) | .
OkgN ha' 129 7 32 52 52 42
20 kg N ha 115 26 31 56 59 64
40 kg N ha 139 48 57 80 68 69
120 kg N ha" 419 174 108 116 107 283
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86646) could account for 59, 75, 84 and 78 % of the total available nitrogen, while

soil + M 35-1 recovered 54, 55, 100 and 84 % in the respective nitrogen
application rates.

In the dry plots nitrogen recovery by ICSH 866486, in the 0, 20, 40 and 120
kg N ha" rates was 16, 15, 15 and 19 %, while M 35-1 recovered 16, 12, 13 and
37 % respectively, of the total available nitrogen. Soil + crop (ICSH 86646) could
account for 155, 97, 140 and 221 % of the total available nitrogen, while soil + M
35-1 recovered 150, 102, 129 and 205 % in the respective nitrogen application
rates.

4.4.11 Response to applied nitrogen:

Response to nitrogen was linear in irrigated plots in bpth years (Figures
4.66 and 4.67). In dry plots response in terms of total dry matter produced was
negligible for the 20 and 40 kg N ha rates in both years, while sorghum did
respond to 120 kg N ha™ rate in dry plots in 1991-92. In terms of grain yield
response of ICSH 86646 and SPV 783 to nitrogen was greater in irrigated plots
for both years (Figures 4.68 and 4.69), while in dry plots M 35-1 performed better

in 1991-92.




Fig : 4.66. Response of rabi sorghum to nitrogen
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Fig : 4.67. Response of rabi sorghum to nitrogen
in terms of total dry matter under irrigated
and dry conditions during rabi 1991-92.
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Fig : 4.68. Response of rabi sorghum genotypes to
nitrogen in terms of grain yield under irrigated
and dry conditions during 1990-91.
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Fig : 4.69. Response of rabi sorghum genotypes to
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45 Model valldation :

RESCAP model input consisted of agronomy data, weather data and the
cultivar coefficients (Table 34). From Figure 4.70, it is evident that the simulated
total above-ground biomass (g m'®), was higher than observed values from 20 DAE
to 80 DAE in irrigated plots and from 20 DAE to 60 DAE in dry plots. After 80
DAE., in irrigated plots the biomass simulated was similar to observed value, while
in dry plots it was very low after 60 DAE. In terms of total dry matter and grain
yield (t ha™), the simulated values were much higher than the observed values
(Table 35). The harvest index values were simulated correctly in both irrigated and
dry plots.

When simulated total biomass was regressed onto observed values the
model over estimation was evident in both irrigated and dry plots (Figures 4.71 and

472).




Table : 35. Rescap model Inputs :

Location ICRISAT Day .
Year 1990-91 Month -
rSefason Rabi _ Precipication mm
@ﬁvar M 35-1 Pane mm d’
Soil Black (BW 4) Tmax °c
Date of emergence | 334 (Julian day) Tmin °c
Row spacing 45 cm Rh7 %
Population 1,66,666 Rh14 %
Latitude 17° Sunshine hrs
Day length 13.6 hrs Solar radiation MJ m2d”?
Soil water 708 mm
Drained upper limit 708 mm

Cultivar coefficients :

If Cults$= “M 35-1* then
GS1TT = 365 : GS2TT = 680 : GS3TT = 609 : GNC = 15.0 : GWC = 0.0060

1) GS1TT = Thermal time for growth period 1 (°C d)
2)  GS2TT = Thermal time for growth period 2 ('C d)
8)  GS3TT = Thermal time for growth periocd 3 (°C d)
4 GWC = Grain weight constant @
5  GNC = Grain number constant ' (9)



Table : 36. Model and field data comparison

TDM (t ha™) GRAIN YIELD HARVEST INDEX
(t ha)
Irrigated (RESCAP) 14.80 4.40 0.29
Irrigated (FIELD) 9.54 291 0.30
Dry (RESCAP) 7.47 220 0.30
Dry (FIELD) 5.76 194 0.33




Fig : 470  Totalabove-ground biomass (simulated and field observed) of sorghum

(M 35-1) plotted as a fuction of time in irrigated and dry plots during
rabl 1990-91.
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Fig : 4.71 Relation between predicted and observed
total dry matter of sorghum (M 35-1) using RESCAP
model in irrigated plots.
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Fig : 4.72 Relation between predicted and observed
total dry matter of sorghum (M 35-1) using RESCAP
model in dry plots.
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5.0 DISCUSSION

5.1 Years :

There were significant differences between years for all variables analyzed
over time and at harvest. Total soil nitrogen availability, water use and radiation
interception differed greatly in both years though the trend in crop response to
water and nitrogen was similar. Nutrient uptake and soil water use were higher in
1990-91 than in 1991-92 (Tables:13, 20, 25 and 26), which resulted in a greater
photosynthetic area (Table:2, mean LAI=3), higher cumulative radiation interception
(mean cumulative radiation interception=1100 MJ, Table:29), and higher total
above ground dry biomass (78 g plant”, Table:3).

A higher amount of total soil available nitrogen remained un-utilised in the
soil at harvest in 1991-92 as compared to 1990-91 (Fig:4.37). Low nitrogen uptake
(Table:13), greatly affected the crop growth during 1991-92. Except for low nutrient
uptake, water use and total biomass produced in 1990-91, the response trend of

different variables to water and nitrogen were similar in both years.

5.2 Water :

Total above ground biomass production was similar in irrigated and dry plots
up to 42 DAE (Figure 19), thereafter irrigated plots maintained higher dry matter
production. The influence of limited water supply on crop growth was pronounced
in both years. Differences in water use betv@en irrigated and dry plots was similar

in both the years (75 mm and 63 mm for 1990-91 and 1991-92 respectively,
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Table:25,26), but the increase in total biomass production in irrigated plots over dry

plots was more pronounced (2.5 t ha" and 2.0 t ha™ for 1990-91 and 1991-92
respectively, Table:3).

Variables that \)vere significantly sensitive to water stress from 42 DAE
included leaf area, leaf weight and total vegetative dry matter (Figures 7,35 and
60), while plant height and stem weight differred significantly from 55 and 60 DAE
respectively in 1990-91 (Figures, 1 and 48). Earhead and grain weight were
sensitive to water stress from 63 and 84 DAE respectively in 1990-91 (ngure 85).
The differentiation in to reproductive organs was less sensitive to water, which was
indicated by similar rachis number and grain number in irrigated and dry plots, but
the grain filling process was significantly different which was indicated by rachis
weight (Table 10).

Increased total nitrogen uptake was significantly higher in irrigated plots for
both years (53 and 36 kg N ha™). Nitrogen use efficienty was higher in 1991-92
than in 1990-91 (80 kg kg™ and 50 kg kg nitrogen uptake respectively, Table:31).
Differences in total leaf nitrogen uptake and stem nitrogen uptake were significant
from 35 DAE (Figures, 119 and 134), while total grain .nitrogen uptake was
significantly higher in irrigated plots from 84 DAE (Figure 166). Redistribution of N
from the leaf to the grain was 17 kg N ha™ in irrigated plots while it was 16 kg N
ha" in dry plots (Figure, 119). From the stem it was <2 kg N ha" for the respective
treatments (Figure 134). Increase of 52 kg ha” of nitrogen uptake in 1990-81 and

36 kg N ha" in 1991-92 (Table:3), due to imigation had a contribution of
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redistributed nitrogen from vegetative dry matter of 18 kg ha” in both years (Figure

150).

In terms of fodder and grain quality at harvest, irrigated plots had higher leaf
and stem nitrogen content at harvest for both years (Table:11 and 12), and grain
nitrogen content in 1990-91 (Table:17). In both years total potassium uptake by the
leaf, stem, grain and total biomass did not differ significantly, but the stem
potassium content was significantly higher in 1991-92 (Table:19).

Water use, nutrient uptake and cumulative light interception were
significantly higher in irrigated plots when compared to dry plots for both years
(Tables:25, 26, 13 and 29). In irrigated plots, total water use was higher by 75 mm
in 1990-91 and 63 mm in 1991-92, when compared to dry plots. This resulted in
a difference in nitrogen uptake between irrigated and dry plots of 52 kg N ha™ in
1990-91 and 36 kg N ha™ in 1991-92, Higher nitrogen uptake was reflected in a
significantly higher leaf area index (mean of 15 samplings=1.53 in 199-91 and 0.77
in 1991-92), in irrigated plots when compared to dry plots (1.19 in 1990-91 and
0.49 in 1991-92). Increased leaf area index resulted in increased cumulative light
ihterception (91 MJ in 1990-91 and 224 MJ in 1991-92, Table:29). The 91 MJ
increase in 1990-91 resulted in 2.5 t ha™ increase in total above ground biomass
and the 224 MJ increase resulted in a 2.0 tha™ increase in 1991-92. These results
are attributed to 38 % increase in radiation use efficiency in 1990-91, compared
to a 29 % increase in 1991-92. Therefore radiation use efficiency plays a greater

role in biomass production as compared to leaf area which intercepts solar radiation.
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Total above-ground biomass produced at harvest was distributed in a ratio

of 58:42 (vegetative to reproductive parts) in irrigated plots, while in dry plots the
ratio was 60:40 in 1990-91. In 1991-92 the respective ratios were 58:42 and 72:28
(Tables:3 and 7). In both the years when water was not limiting the distribution
pattern was similar, but when water was limiting the distribution pattern differed

between years.

5.3 Nitrogen :

Nitrogen had a significant influence on all measured growth and nutrient
uptake variables in both years. Major differences between years was that the total
above ground biomass produced in the plots receiving 0 kg N ha™', was 4.68 t ha™
in 1990-91, while it was 2.24 t ha™ in 1991-92 (Table:3). The high level of
production in 1990-91 indicates the high nutrient status of the soil and hence total
biomass production for the two lower Ievels_ of 0 and 20 kg N ha™ was similar. In
1991-92 the 20 kg N ha™ treatment resulted in significantly higher total biomass
production than those plots receiving no nitrogen. This trend was reflected in the
growth parameters of plant height, leaf area index, leaf weight, stem yield and total
vegetative dry matter. All nitrogen application rates (20, 40 and 120 kg N ha™), had
significantly higher earhead and grain yield than the control in both years (Tables:7
and 8).

Dry matter accumulation in different plant parts was significantly influenced

by nitrogen. The 120 kg N ha treatment had a significantly higher leaf dry weight
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than all other nitrogen treatments. But the stem and total vegetative dry matter

were significantly higher in both the 40 and 120 kg N ha treatments in 1990-91,
while in 1991-92 the 120 kg N ha™ rate had significantly higher weight than all
nitrogen treatments (Tables:5 and 6). Differences between nitrogen rates and the
control were significant through out the growth period (Figure 61).

In terms of reproductive parts, differences in nitrogen rates started from 56
DAE for earhead weight, and from 70 DAE for grain weight (Figure 86). The 20,
40 and 120 kg N ha rates differed significantly from the control treatment. The 40
and 120 kg N ha™ treatments were similar up to 91 DAE, but by harvest the 120
kg N ha™ rate had significantly higher earhead and grain weight when compared
to all other nitrogen treatments. The 40 and 120 kg N ha™ rates had significantly
higher rachis number, rachis weight and grain number (Table 10), which was
reflected in high grain yield in these two treatments (Table 8). The importance of
grain number as the main determinant of yield has been pointed out by Thorne et
al. (1968) and many others (Yoshida, 1972; Spiertz and Ellen, 1978). The
dominant factor contributing to higher grain yield in sorghum is an increase in th
number of grain per panicle (Tandon and Kanwar, 1984).

Total nitrogen uptake was significantly higher in the 120 kg N ha' treatment
for both years. The 0 and 20 kg N ha™ rates had similar total N uptake in both
years, while the 20 and 40 kg N ha™ treatments were similar in 1991-92. The 120
kg N ha™' rate had significantly higher leaf, stem and grain nitrogen uptake (Table

13). The distribution of total nitrogen in leaf, stem and grain was in the ratio of
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2:2:16, 2:2:19, 2:3:28 and 2:3:21 for the 0, 20, 40 and 120 kg N ha™ treatments

respectively. At higher nitrogen rates the partioning of dry matter was more
towards grain.

Nitrogen had a significant influence on total potassium uptake. The 120 kg
N ha™ treatment had significantly higher total potassium uptake when compared
to all the other N treatments in both the years (Table:20).

In terms of resource use, nitrogen had a significant influence on water and
light use (Tables: 25, 26 and 29). Water use increased with increasing nitrogen
rates in 1991-92, while in 1990-91 this increase was only with the 20 kg N ha™
treatment over the control. Soil water use in all the nitrogen treatments was similar
up to 42 DAE, in both years, but there after it was greater in the 40 and 120 kg N
ha' treatments when compared to 0 and 20 kg N ha’ rates in both years.
Increased water use efficiency with increasing nitrogen rates has been reported
by Singh and Bains (1971) and Singh and Ramakrishna, (1974).

Increased water use resulted in significantly higher nitrogen uptake in the
40 and 120 kg N ha™' (102 and 155 kg N ha™* in 1990-91 and 35 and 70 kg N ha™
in 1991-92, Table:13). Increased nitrogen uptake resulted in a greater leaf area
index over the crop growth period (Figure 8). Thus all nitrogen rates had a higher
cumulative light interception value than the control in both years (Table:29). This
increase in total cumulative light interception for the 20, 40 and 120 kg N ha’
treatments was 71, 158 and 216 MJ in 1990-91 and 92, 150 and 182 MJ in 1991-

92. Higher light interception resulted in an increase in total biomass production of
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1,2and 3tha" in 1990-91 and 0.79, 1.36 and 3 t ha™' in 1991-92. Nitrogen has

been shown to have a significant effect on biomass accumultion (Muchow and
Davis, 1988; Lafitte and Loomis, 1988),

Though the increase in total light interception attributable to N treatments
was similar in both years, total biomass production differed in the 20 and 40 kg N
ha™ treatments. This indicates that nitrogen not only has a role in increasing thé
photosynthetic area but also has a functional role in utilizing intercepted light. The
relationship between specific leaf nitrogen and radiation use efficiency
substantiates the hypothesis that within a certain range of specific leaf nitrogen
values there is a linear increase in radiation use efficiency with increasing leaf
nitrogen. Muchow and Davis (1988), reported that a reduction in biomass
accumulation under nitrogen stress was due to a relatively greater reduction of

RUE, than in the amount of radiation intercepted.

5.4 Genotypes :

The genotypes (ICSH 86646, SPV 783 and M 35-1), did not differ
significantly in total biomass production up to 56 DAE in both years (Figure 21).
At harvest, genotypes differed significantly in total biomass production in 1990-91,
while in 1991-92 these differences were not significant (Table 3). M 35-1 had a
higher total biomass value than ICSH 86646 or SPV 783 in both years. It had a
significantly higher stalk yield than did ICSH 86646 in 1990-91, while in 1991-92

it was significantly higher than SPV 783 or ICSH 86646. Earhead yield was
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significantly higher than in ICSH 86646 and SPV 783 in 1990-91, while in 1991-92

it was significantly higher only in SPV 783. Partitioning to the earhead was less in
M 35-1 (harvest index=0.30), while it was higher in ICSH 86646 (HI=0.52), and
intermediary in SPV 783 (HI=0.44).

Total nitrogen uptake did not differ significantly in 1990-91, but in 1991-92
both ICSH 86646 and M 35-1 had significantly higher total nitrogen uptake than
SPV 783 (Table 13). Partioning to the leaf was 7, 7 and 8 kg N ha™ in ICSH
86646, SPV 783 and M 35-1, respectively, while to the stem it was 7, 9 and 13 kg
N ha' and to the grain it was 86, 81 and 76 kg N ha®, for the respective
genotypes. Grain was the major contributor to total nitrogen uptake in all three
genotypes. In terms of quality M 35-1 had significantly higher leaf and grain
nitrogen content in 1990-91 and significantly higher stem nitrogen content in 1991-
92. M 35-1 in 1990-91 and ICSH 86646 in 1991-92 had significantly higher
potassium uptake (Table 20). Stem was the chief contributor to total potassium
uptake.

Total water use was similar in ICSH 86646 and M 35-1 in both years
(Table:25 and 26). Total cumulative light interception was 1000, 1036 and 1054 MJ
in 1990-91 for ICSH 86646, SPV 783 and M 35-1, respectively, while in 1991-92
it was 676, 704 and 713 for the respective genotypes (Table:29). Thus M 35-1 with
its higher cumulative light interception, and higher radiation use efficiency had

significantly higher biomass production than ICSH 86646 and SPV 783.



106
5.5 Water * nitrogen Interaction :

Differences in total biomass production in the 40 and 120 kg N ha™ rates
were significant from 70 DAE, in irrigated plots, while the differences were
significant from 42 DAE in dry plots (Figure 22). In irrigated plots, the 40 kg N ha™
treatment had a similar biomass value as the 120 kg N ha™' treatment up to 70
DAE and there after the demand for nitrogen was greater than the supply, which
could be met only by the 120 kg N ha rate. In dry plots, though nitrogen was
present in the soil through out the growing season, the plant demand for nitrogen
could not be met by the 40 kg N ha™' treatment, while in the 120 kg N ha' rate the
nitrogen absorbed up to 42 DAE, was able to sustain higher biomass production
though water was limiting. Total biomass production in the 0 and 20 kg N ha”
treatments did not differ significantly in irrigated and dry plots.

There was no significant water * nitrogen interaction in terms of leaf weight
and stem weight, but for the earhead and grain yields it was significant. In irrigated
plots, the 40 and 120 kg N ha rates had similar earhead and grain yields, but in
dry plots the 120 kg N ha™' had significantly higher earhead and grain yields when
compared to all other nitrogen treatments in both years (Figure 88 and 89). In
1991-92, in irrigated plots, the difference between 40 and 120 kg N ha™' was also
significant.

Total nitrogen uptake in all nitrogen treatments was higher in irrigated plots
when compared to dry plots. Increased total nitrogen uptake attributable to

irrigation was 10, 32, 34 and 75 kg N ha™ for the 0, 20, 40 and 120 kg N ha rates
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when compared to the same N rates in dry plots (Figure 115). Total nitrogen

uptake in the 20 and 40 kg N ha™ treatments in the dry plots was similar to the
control with only the 120 kg N ha” having a significantly higher total nitrogen
uptake (72 kg N ha™) value.

The interaction of water * nitrogen in terms of leaf and stem rﬁtrogen uptake
was significant, but for grain nitrogen uptake it was not significant. In irrigated
plots, the 40 and 120 kg N ha" treatments had similar stem nitrogen uptake
values, while in dry plots only the 120 kg N ha™ rate had a significantly higher
stem nitrogen uptake than all other nitrogen treatments (Figure 135).

Water use in irrigated plots increased with nitrogen applications up to 20 kg
N ha™, while in dry plots it increased to 40 kg N ha™ in 1990-91. In 1991-92 water
use increased in-both irrigated and dry plots up to 120 kg N ha™ (Tables 25 and
26). Increased total cumulative light interception with the 120 kg N ha™' rate over
the control was 156 MJ, but the interaction of water and nitrogen resulted in an
increase of 241 MJ, the contribution of water being 85 MJ in 1990-91. In 1991-92
increased cumulative light interception due to nitrogen was 220 MJ, due to the
interaction of water and nitrogen was 310 MJ, and that of water being 90 MJ
(Table 29).

The interaction of water and nitrogen resulted in an increase in radiation use
efficiency of 0.28 g MJ™', while the 120 kg N ha treatment increased the radiation
use efficiency by 0.10 g MJ" in 1990-91. In 1991-92 the respective increases were

0.22 and 0.16 g MJ™. Nitrogen (120 kg N ha), increased the water use efficiency



108
by 19 kg mm™ in irrigated plots, while in dry plots it increased by 9 kg mm™ in

1990-91, the respective increases in 1991-92 were 18 and 17 kg mm”' (Table 31).

5.6 Water * genotype interaction :

The interaction of water * genotype for most variables was significant only
in 1991-92. Differences in total biomass produced by the genotypes was significant
after 49 DAE in irrigated plots, while it was significant after 84 DAE in dry plots
(Figure 23). At harvest, the genotypes ICSH 86646 and SPV 783, had higher total
biomass in irrigated plots than M 35-1, while M 35-1 had higher total biomass than
ICSH 86646 and SPV 783 in dry plots. These differences were also significant in
terms of stalk, earhead and grain yield (Figures 59 and 90).

Both ICSH 86646 and M 35-1 had higher total nitrogen uptake in irrigated
plots, while in dry plots only M 35-1 had higher total nitrogen uptake (Figure 116).
A similar trend was observed in stem nitrogen uptake. In terms of total potassium
uptake, ICSH 86646 in irrigated plots and M 35-1 in dry plots had significantly
higher values than SPV 783 (Figure 173).

Water use was higher for ICSH 86646 in irriga@ed plots when compared to
M 35-1, while water use was similar for both genotypes in dry plots (Tables 25 and
26). SPV 783 and M 35-1 had higher cumulative light interception than ICSH
86646 in both irrigated and dry plots (Table 29). The major difference was in
radiation use efficiency, while ICSH 86646 and SPV 783 had higher radiation use

efficiency in irrigated plots, M 35-1 had higher radiation use efficiency in dry plots
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(Table 30). Radiation use efficiency was 0.56, 0.56 and 0.50 g MJ" for ICSH

86646, SPV 783 and M 35-1 in irrigated plots, while it was 0.40, 0.40 and 0.47 g
MJ in dry plots.

5.7 Nitrogen * genotype interaction :

The interaction of nitrogen and genotype had a significant influence on total
biomass and total vegetative dry matter production, while it had no significant
influence on reproductive dry matter. At the higher nitrogen rates of 40 and 120
kg N ha™, SPV 783 and M 35-1 produced higher total biomass than ICSH 86646
(Figure 34). While at 0 and 20 kg N ha"' ICSH 86646 and SPV 783 produced
higher total biomass than M 35-1 (Figure 33). In terms of total vegetative dry
matter ICSH 86646 in the 0 and 20 kg N ha™ treatments and M 35-1 in the 40 and
120 kg N ha™ treatments had significantly higher values (Figure 72 and 73).

ICSH 86646 in the 0, 20 and 40 kg N ha™ treatments had significantly
higher total nitrogen and potassium uptake values, while in the 120 kg N ha', M
35-1 had significantly higher total nitrogen and potassium uptake (Figures 118, 174
and 175). Jordan et al. (1979), reported 90 % greater crown root length than
77CS2 grown in hydroponics. Thus M 35-1 has the advantage of a greater root
spread in the top layers.

Higher total biomass production by ICSH 86646 and SPV 783 in the 0 and
20 kg N ha" treatments was due to higher radiation use efficiency (0.41 and 0.47

g MJ" for ICSH 86646 and 0.40 and 0.45 g MJ" for SPV 783), when compared
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to M 35-1 (0.37 and 0.42 g MJ"). In the 40 and 120 kg N ha™ treatments M 35-1

(0.48 and 0.65) and SPV 783 (0.52 and 0.60), had higher radiation use efficiency
when compared to ICSH 86646 (0.45 and 0.58 g MJ”, Table 30).

5.8 Water * nitrogen * genotype interaction :

Interaction of water * nitrogen * genotype had a significant influence on total
vegetative dry matter, earhead and grain yield. In terms of nutrient uptake the
interaction effect had a significant influence on stem nitrogen content, total
potassium uptake, leaf potassium uptake, stem potassium uptake and potassium
uptake by vegetative matter.

In irrigated plots ICSH 86646 and SPV 783 had higher earhead and grain
yield in all nitrogen treatments (Figures 91 and 92), while M 35-1 had higher total
vegetative matter in the 40 and 120 kg N ha" treatments (Figure 74). In the dry
plots, all the genotypes had similar earhead and grain yield at the lower levels of
0, 20 and 40 kg N ha. M 35-1 had higher earhead, grain and total vegetative dry
matter in the 120 kg N ha" treatment. The improved genotypes responded to
irrigation and nitrogen and translocated most of the dry matter produced towards
grain, while under dry conditions M 35-1 did respond at the 120 kg N ha™ nitrogen
rate and produced higher grain and total vegetative dry matter than the improved
genotypes.

In terms of nutrient uptake, ICSH 86646 had a higher stem potassium

uptake and total potassium uptake by above ground biomass in all nitrogen
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treatments in irrigated plots (Figures 176, 183 and 184). M 35-1 had higher stem

potassium uptake and total potassium uptake by above ground biomass in the 120
kg N ha' treatment in dry plots. Since these differences were not seen in
potassium concentration, a parallel trend in total vegetative dry matter contributed
to these differences in potassium uptake (Figures 74).

In 1990-91, in irrigated plots, water use did not increase with nitrogen
application in both ICSH 86646 and M 35-1, except in the 20 kg N ha™ in ICSH
86646. While in 1991-92, there was an increase in water use with the 120 kg N
ha™ rate for both genotypes (ICSH 86646 = 32 mm and M 35-1 = 52 mm). in dry
plots, increased water use with increasing nitrogen application rates was higher in
ICSH 86646, when compared to M 35-1 in both the years (Table 25, 26).

Cumulative light interception, radiation use efficiency and water use
efficiency increased with nitrogen application in both irrigated and dry plots in all

genotypes.
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6.0 SUMMARY AND CONCLUSIONS

~ Total profile soil ammonical N was higher in the 120 kg N ha™ treatment at
sowing in both years. There was marked decline in all nitrogen treatments
from sowing to anthesis stage in 1990-91 indicating conversion to nitrate N,
but in 1991-92 the conversion was slower.

In 1990-91 the 20, 40 and 120 kg N ha treatments had higher total profile
ammonical N in irrigated plots, but in dry plots it was higher only in the 120
kg N ha™ treatment. In 1991-92 only the 120 kg N ha™ had significantly
higher ammonical N values in irrigated and dry plots.

By harvest, in irrigated plots, most of the ammonical N was converted to
nitrate nitrogen, but in dry plots a higher amount of ammonical N remained
in the soil profile.

Applied nitrogen remained in the upper soil profile (0-30 c¢m), and the
conversion of ammonical N to nitrate N was not complete at harvest.

Dry plots had higher nitrate N than irrigated plots at anthesis and harvest
stages indicating lower uptakeflower N loss from the sail profile.

The 120 kg N ha™ treatment maintained a higher nitrate N value at all
stages of sampling and at harvest 78 ppm of nitrate N remained in the soil
in dry plots. The remaining nitrate N indicates that N was not fully utilized
by the crop. This is attributed to the receding soil moisture in the top soil

layers.
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Below 30 cm, available nitrate N was similar in both irrigated and dry

plots, indicating that the differences were restricted to only the 0-30 cm
layer.

Total available N (NH, + NO,-N), was higher in all nitrogen treatments (20,
40 and 120 kg N ha™), in irrigated plots, while in dry plots the 40 and 120
kg N ha” treatments had higher values than the 0 and 20 kg N ha’
treatments at sowing.

Dry plots, at harvest, had more than 120 ppm of total available N remaining
in the soil profile indicating very low plant uptake and/or nitrogen loss. While
in irrigated plots, it was almost half the value (60 ppm), indicating higher
plant uptake and/or higher nitrogen loss.

Increased- total above ground biomass due to water was 2.25 t ha™,
while the difference in water use was 70 mm. Leaf area, leaf weight, stem
weight, total vegetative dry matter, earhead and grain weight were all
sensitive to water stress.

The differentiation in to reproductive organs was less sensitive to water, as
indicated by similar secondary rachis number and grain number. The grain
filing process, was greatly affected by water stress as indicated by
secondary rachis weight.

Increased total nitrogen uptake due to irrigation was to an extent of 45 kg
N ha" and most of it was accumulated in the grain. In terms of quality,

water Increased the leaf, stem and grain nitrogen content.
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Cumulative light interception and radiation use efficiency increased with

irrigation, this resulted in a higher total above ground biomass. The
distribution ratio of vegetative and reproductive organs remained similar in
irrigated plots, while it differred in dry plots.

Nitrogen significantly influenced measured growth parameters like plant
height, leaf area index, leaf weight, stem yield, earhead and grain yield. The
40 and 120 kg N ha™ treatments had similar total vegetative dry matter and
earhead yields in 1990-91, in 1991-92 only the 120 kg N ha' treatment had
higher values.

The 120 kg N ha™ had higher leaf, stem and grain nitrogen uptake with
most of the increased nitrogen accumulated in the grain.

In both years, cumulative light interception increased with increasing
nitrogen application rates, which was due to increased in leaf area index
with higher N application rates.

A linear relationship was established between specific leaf nitrogen and
RUE in M 35-1, which indicates that nitrogen not only increases light
interception but also influences RUE, which in turn is related to total
biomass production.

M 35-1 had a higher total biomass than ICSH 86646 and SPV 783, while
partitioning towards earhead was lowest in M 35-1 (HI=0.30), it was highest

in ICSH 86646 (HI=0.52) and intermediary in SPV 783 (HI=0.44).
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Of the total nitrogen uptake, both the improved genotypes ICSH 86646 and

SPV 783 had higher nitrogen in the grain when compared to M 35-1 which
had higher stem N. In terms of quality M 35-1 had higher leaf, stem and
grain nitrogen content when compared to ICSH 86646 and SPV 783.
Water use was similar in ICSH 86646 and M 35-1, while cumulative light
interception and RUE was higher in M 35-1 which ultimately resulted in
higher total above ground biomass.

In irrigated plots, the 40 kg N ha™ treatment maintained similar biomass
production up to 70 DAE and there after only the 120 kg N ha™ had higher
total biomass production. In dry plots only the 120 kg N ha™ had higher total
biomass production throughout the crop growth period. In terms of earhead
and grain yields, the results were similar to total biomass production.
Increased nitrogen uptake due to irrigation was 10, 32, 34 and 75 kg ha™
for the 0, 20, 40 and 120 kg N ha™ rates when compared to the same
treatments in dry plots.

The interaction of water and nitrogen resulted in an increase in radiation use
efficiency and water use efficiency. Nitrogen increased water use efficiency
by 19 kg mm" of water in irrigated plots, while in dry plots it increased by
9 kg mm”.

ICSH 86646 and SPV 783 produced higher total biomass, stalk, earhead

and grain yield in irrigated plots when compared to M 35-1, which had
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higher values in dry plots. This was due to higher RUE of improved

genotypes in irrigated plots, while M 35-1 had higher RUE in dry plots.
Both ICSH 86646 and M 35-1 had higher total nitrogen uptake in irrigated
plots, while in dry plots only M 85-1 had higher total nitrogen uptake. Since
water use was similar in both these genotypes, higher N uptake by M 35-1
is attributed to higher N absorption per unit volume of water intake (i.e.,
higher root uptake efficiency).

At lower levels of nitrogen application (0 and 20 kg N ha™), ICSH 86646
and SPV 783 produced higher total biomass, while at the higher levels of
40 and 120 kg N ha' SPV 783 and M 35-1 had higher values.

ICSH 86646 at the 0, 20 and 40 kg N ha™' had the highest total nitrogen and
potassium uptake, while at the 120 kg N ha', M 35-1 had higher values.
In irrigated plots, improved genotypes had higher earhead and grain
yields at all N application rates, while M 35-1 had higher vegetative dry
matter in the 40 and 120 kg N ha™ treatments. In dry plots, all genotypes
had similar earhead and grain yields at the lower rates of 0, 20 and 40 kg
N ha™ and M 35-1 had higher earhead, grain and total vegetative dry matter
in the 120 kg N ha treatment.

The nutrient uptake pattern (N and K) was governed by the trend in total dry
matter production, rather than a trend in nutrient concentration.

Nitrogen application increased the water use efficiency and radiation use

efficiency in both irigated and dry plots for all genotypes.
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RESCAP model over estimated total biomass production (g m?), in the early

stages of crop growth in both irrigated and dry plots. The simulated value
were similar to observed value in irrigated plots, but they were different in
dry plots.

The relationship between simulated and observed total biomass production
had a higher regression coefficient value in irrigated plots (0.93), while in
dry plots it was 0.85.

Total biomass and grain yield (t ha™), were overestimated by the RESCAP
model in both irrigated and dry plots, while harvest index was correctly
predicted.

Rabi sorghum genotypes did respond to applied nitrogen in terms of total
above-ground biomass and grain yield. Irrigation improved the extent of
response greatly. In dry plots 20 and 40 kg N ha” rates had the lowest
influence on crop growth and yield. ICSH 86646 and SPV 783 response
was greater to irrigation and nitrogen application, while M 35-1 performed
better under dry conditions.

Applied nitrogen remained unutilised under dry conditions and seasonal
application of N fertilizer may not be a good recomendation to farmers as
receding moisture leaves the applied nitrogen in the top soil profile.
Methods to improve the fertility status of the deeper soil layers on a long

term basis in the cropping system should be further investigated.
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Fig : A 1.2.  Plant helght of sorghum as a function of time for the interaction effect
of nitrogen * time, during rabi 1990-91 and 1991-92.

a) 1990-91 (Mean of water and genotype treatments)
25 T T

— — - 120kgNha'

20 + 40 kg N ha' J

Plant height (m)

os | e 4 .

00 L 1 1 L ! 1

) Days after emergence (DAE)
b) 1991-92 (Mean of water and genotype treatments)

25 T T T T T T
— — - 120kgNha'
20 40 kg N ha ' 1
20 kg N ha'
----- OkgNha'
E st 1
&
2
E 10 |
05
00 ™50 20 30 40 50 60 70

Days after emergence (DAE)



Fig : A 1.3.  Plant helght of sorghum as a function of time for the interaction effect
of genotype * time, during rabi 1990-91 and 1991-92.
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Fig : A 1.4.  Plant height of sorghum for the interaction effect of water *
genotype,
in a) Irrigated and b) Dry plots at harvest during rabi 1991-92. pe
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Fig : A 1.5. Plant height of sorghum for the interaction effect of nitrogen *

f;;gt;;e, in'2) 0 kg N ha™ and b) 20 kg N ha™ at harvest during rabi
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Fig : A1.6. Plant height of sorghum for the interaction effect of nitrogen *

genotype, in a) 40 kg N ha” and b) 120 ke N ha" at
BB, ) kg N ha” at harvest during
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Fig : A 1.9. Leaf area index of sorghum as a function of time for the interaction
effect of genotype * time, during rabi 1990-91 and 1991-92,

a) 1990-91 (Mean of water and nitrogen treatments)
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Fig : A 1.10. Leaf area index of sorghum as a function of time for the interaction

effect of water * nitrogen * time, in 1) Irrigated
during rabi 1990-91. , in a) Irrigated and b) Dry plots
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Fig : A 1.13. Leaf area index of sorghum as a function of time In Irrigated plots for
the h.nlteractlon effect of water, nitrogen * genotype * time, in a) 0 kg
N ha™ and b) 20 kg N ha™ treatments during rabl 1991-92.
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Fig : A 1.14. Leaf area index of sorghum as a function of time in irrigated plots for
he In_t;eructlon effect of water, nitrogen * genotype * time, in a) 40 kg
N ha™ and b) 120 kg N ha" treatments during rabi 1991-92.
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Fig : A 1.15. Leaf area index of sorghum as a function of time in dry plots for the
interaction effect of water, nitrogen * genotype * time, a) 0 kg N ha*
and b) 20 kg N ha™ treatments during rabi 1991-92.
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Fig : A 1.16. Leaf area index of sorghum as a function of time in dry plots for the
Int:ractlon effect of water, nitrogen * genotype * time, in a) 40 kg N
ha™ and b) 120 kg N ha" treatments during rabi 1991.92.
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Fig : A 1.17. Leaf area index of sorghum for the interaction effect of water *

;lzt.rogen, at harvest in a) Irrigated and b) Dry plots during rabi 1991-

a) Irrigated  (Mean genotype treatments in 1991-92)

b) Dry
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Fig : A 1.18. Leaf area index of sorghum for the interaction effect of water *
g;t:otype, at harvest in a) Irrigated and b) Dry plots during rabl 1991-

8) Irrigated (Mean of nitrogen treatments in 1991-92)
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Fig : A 1.20. Total above ground biomass of sorghum as a function of time for the
interaction effect of nitrogen * time during rabi 1990-91 and 1991-92.

a) 1990-91 (Mean of water and genotype treatments)
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Fig : A 1.24. Total above ground biomass of sorghum as a function of time for the

interaction effect of nitrogen * genotype *
. pe * time, in a) ICSH 86646 and
b) SPV 783 genotypes during rabi 1991-92, '

a) ICSH 86646 (Mean of water treatments in 1991-92)
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Fig : A 1.25. Total above ground biomass of sorghum as a function of time for the

Interaction effect of nitrogen * genotype * time, in ¢) M 35-1 genotype
during rabi 1991-92.

c) M 35-1 (Mean of water treatments in 1991-92)
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Fig : A 1.26. Total above ground biomass of sorghum as a function of time in
irrigated plots for the Interaction effect of water * nitrogen * genotype

92.
a) ICSH 866468 (Mean of replications for irrigated plots in 1991-92)
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Fig : A 1.27. Total above ground biomass of sorghum as a function of time in
irrigated plots for the interaction effect of water * nitrogen * genotype
time, in ¢) M 35-1 genotype during rabi 1991-92.

c) M 35-1 (Mean of replications for irrigated plots in 1981-92)
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Fig : A 1.28. Total above ground biomass of sorghum as a function of time in dry
plots for the interaction effect of water * nitrogen * genotype * time,
In a) ICSH 86646 and b) SPV 783 genotypes during rabi 1991-92.

a) ICSH 86646 (Mean of replications for dry plots in 1991-92)
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Fig : A 1.29. Total above ground biomass of sorghum as a function of time in dry
plots for the interaction effect of water * nitrogen * genotype * time,
in ¢) M 35-1 genotype during rabi 1991-92.

c) M 35-1 (Mean of replications for dry plots in 1991-92)
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Fig : A 1.30. Total above ground biomass of sorghum for the interaction effect of

water * nitrogen, in a) Irrigated and b) D lots
19909 y p ) Dry plots at harvest during

a) Irrigated (Mean of genotype treatments in 1990-91)
12 T T

w0F 1- OkgNhg'
2= 20kgNhg'
3= 40 kg Nhg'
4 =120 kg N ha' b

Total above-ground biomass (t ha™' )
o

1 2 3 4

Nitrogen treatment
b) Dry (Mean of genotype treatments in 1990-91)
12 T T T T

10 b 1= OkgNha' .
2= 20kgNhd'
3= 40kgN g’
8  4<120KgNha

Total above-ground biomass (t ha™' )
o

: > o p”
Nitrogen treatment



Fig : A 1.31. Total above ground biomass of sorghum for the Interaction effect of

water * nitrogen, in a) Irrigated and b) D, lots
199100, y g ) Dry plots at harvest during

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 1.32. Total above ground biomass of sorghum for the interaction effect of

water * genotype, In a) Irrigated and b) Dry plots at h t durl
rabl 1991.92. e et e

a) Irrigated (Mean of nitrogen treatments in 1991-92)
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Fig : A 1.36. Leaf dry weight of sorghum as a function of time for the interaction
effect of nitrogen * time, during rabi 1990-91 and 1991-92.

a) 1990-91 (Mean of water and genotype treatments)
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Fig : A 1.37. Leaf dry weight of sorghum as a function of time for the Interaction
effect of genotype * time, during rabi 1990-91 and 1991-92.

a) 1990-91 (Mean of water and nitrogen treatments)
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Fig : A 1.38. Leaf dry weight of sorghum as a function of time for the interaction

effect of water * nitrogen * time, in a) Irrigated and b
during rabi 1991.92. » in a) Irrigated and b) Dry plots

a) Irrigated (Mean of genotype treatments in 1991-92)
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Fig : A 1.39. Leaf dry weight of sorghum as a function of time for the Interaction

effect of water * genotype * time, in a) Irrigated and
during rabi 1991-92, ' ) lrrigated and ) Dry plots
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Fig : A 1.40. Leaf dry weight of sorghum as a function of time for the interaction

effect of nitrogen * genotype * time, in a) ICSH 86646 and b) SPV 783
genotypes during rabi 1991-92.

a) ICSH 866468 (Mean of water treatments in 1991-92)
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Fig : A 1.41. Leaf dry weight of sorghum as a function of time for the interaction
effect of nitrogen * genotype * time, in ¢) M 35-1 genotype during rabl

1991-92.

c) M 35-1 (Mean of water treatments in 1991-92)
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Fig : A 1.42. Leaf dry weight of sorghum as a function of time in irrigated plots for
the interaction effect of water * nitrogen * genotype * time, in a)
ICSH 86646 and b) SPV 783 genotypes during rabi 1991-92.

a) ICSH 86646 (Mean of replications for irrigated plots in 1991-92)
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Fig : A 1.43. Leaf dry weight of sorghum as a function of time in irrigated plots for
the interaction effect of water * nitrogen * genotype * time, in ¢) M
35-1 genotype during rabi 1991-92,

¢c) M 35-1 (Mean of replications for irrigated plots in 1981-92)
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Fig : A 1.44. Leaf dry welght of sorghum as a function of time in dry plots for the
Interaction effect of water * nitrogen * genotype * time, in a) ICSH
86646 and b) SPV 783 genotypes during rabi 1991-92.
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Fig : A 1.45. Leaf dry welght of sorghum as a function of time in dry plots for the

Interaction effect of water * nitrogen * genotype * time, in ¢) M 35-1
genotype during rabi 1991-92.

c) M 35-1 (Mean of replications for dry plots in 1991-92)
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Fig : A 1.46. Leaf dry weight of sorghum for the interaction effect of nitrogen *

genotype, In a) 0 kg N ha™ and b) 20 kg N ha" treat
during rabi 1991.92, ) 20ke N ha reatments ot harvest
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Fig : A 1.47. Leaf dry weight of sorghum for the interaction effect of nitrogen *

genotype, In a) 40 kg N ha' and b) 120 kg N ha treat
during rabi 1991-92, ke reatments at harvest
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Fig : A 1.49. Stem dry welght of sorghum as a function of time for the interaction
effect of nitrogen * time, during rabi 1990-91 and 1991-92.

a) 1990-91 (Mean of water and genotype treatments)
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Fig : A 1.50. Stem dry welght of sorghum as a function of time for the interaction
effect of genotype * time, during rabl 1990-91 and 1991-92.

a) 1990-91 (Mean of water and nitrogen treatments)
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Fig : A 1.51. Stem dry weight of sorghum as a function of time for the interaction

effect of water * nitrogen * time, in a) Irrigated and b) Dry plots
during rabi 1991-92.

a) Irrigated (Mean of genotype treatments in 1991-92)
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Fig : A 1.52. Stem dry welght of sorghum as a function of time for the Interaction

effect of water * genotype * time, in a) Irrigated
during rabi 1991-92, ' ) Irrigated and b) Dry plote
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Fig : A 1.53. Stem dry weight of sorghum as a function of time for the interaction

effect of nitrogen * genotype * time, in a) ICSH 86646 and b) SPV 783
genotypes during rabi 1991-92,

a) ICSH 86648 (Mean of water treatments in 1991-92)
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Fig : A 1.54. Stem dry weight of sorghum as a function of time for the interaction
effect of nitrogen * genotype * time, in c) M 35-1 genotype during rabi

1991-92.
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Fig : A 1.55. Stem dry weight of sorghum as a function of time in irrigated plots for
the Interaction effect of water * nitrogen * genotype * time, in a)
ICSH 86646 and b) SPV 783 genotypes during rabl 1991-92.

a) ICSH 86648 (Mean of repiications for irrigated plots in 1991-92)
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Fig : A 1.56. Stem dry weight of sorghum as a function of time in irrigated plots for
the Interaction effect of water * nitrogen * genotype * time, in
¢) M 35-1 genotype during rabi 1991-92.

c) M 35-1 (Mean o_f replications for irrigated plots in 1991-92)
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Fig : A 1.57. Stem dry weight of sorghum as a function of time in dry plots for the
Interaction effect of water * nitrogen * genotype * time, in a) ICSH
86646 and b) SPV 783 genotypes during rabi 1991.92.

a) ICSH 866846 (Mean of replications for dry plots in 1991-92)

b) SPV
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Fig : A 1.58. Stem dry welght in sorghum as a function of time in dry plots for the
Interaction effect of water * nitrogen * genotype * time, in ¢) M 35-1
genotype during rabi 1991-92,

c) M 36-1 (Mean of replications for dry plots in 1991-92)
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Fig : A 1.62. Total above ground vegetative dry matter of sorghum as a functlon of

time for the interaction effect of genotype * ti
e gt . genotype * time, during rabi 1990-91

a) 1990-91 (Mean of water and nitrogen treatments)
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Fig : A 1.63. Total above ground vegetative dry matter of sorghum as a function of
time for the Interaction effect of water * nitrogen * time, in a)
Irrigated and b) Dry plots during rabi 1991-92.

a) Irrigated (Mean of genotype treatments in 1991-92)
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Fig : A 1.64. Total above ground vegetative dry matter of sorghum as a function of
time for the interaction effect of water * genotype * time, in a)
Irrigated and b) Dry plots during rabi 1991-92,

a) Irrigated  (Mean of nitrogen treatments in 1991-92)
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Fig : A 165,

Total above ground vegetative dry matter of sorghum as a function of
time for the Interaction effect of nitrogen * genotype * time, In a)
ICSH 86646 and b) SPV 783 genotypes during rabi 1991-92.

a) ICSH 86646 (Msan of water treatments in 1991-92)

b) SPV
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Fig: A 1.66. Total above ground végetative dry matter of sorghum as a function of

time for the interaction effect of nitrogen * genotype * time, in
¢) M 35-1 genotype during rabi 1991-92.

c) M 35-1 (Mean of water treatments in 1991-92)
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Fig : A 1.67. Total above ground vegetative dry matter of sorghum as a function of
time In Irrigated plots for the interaction effect of water * nitrogen *
genotype * time, in a) ICSH 86646 and b) SPV 783 genotypes during

rabl 1991-92.
a) ICSH 86646 (Mean of replications for irrigated plots in 1991-82)
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Fig : A 1.68. Total above ground vegetative dry matter of sorghum as a function of
time In irrigated plots for the interaction effect of water * nitrogen *
genotype * time, in ¢) M 35-1 genotype during rabl 1991-92.

¢) M 38-1 (Mean of replications for irrigated plots in 1991-92)
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Fig : A 1.69. ’tll'otnl above ground vegetative dry matter of sorghum as a function of
me in dry plots for the interaction effect of water * nitrogen *
genotype * time, in a) ICSH 86646 and b) SPV 783 genotypes during

rabi 1991-92.
a) ICSH 86646 (Mean of replications for dry plots in 1991-92)
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Fig: A 1.70. Total above ground vegetative dry matter of sorghum as a function of
time In dry plots for the interaction effect of water * nitrogen *
genotype * time, in ¢) M 35.1 genotype during rabi 1991-92.

c) M 35-1 (Mean of replications for dry plots in 1991-92)
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Fig : A 1.71. Total above ground vegetative dry matter of sorghum for the

Interaction effect of water * genotype, in a) Irrigated and b) Dry plots
at harvest during rabi 1991-92. ’ ) # Dy

1) Irrigated  (Mean of nitrogen treatments in 1991-92)
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Fig : A 1.75. Dry matter distribution of sorghum in different nitrogen treatments
at harvest during rabi 1990-91 and 1991-92,

a) 1990-91 (Mean of water and genotype treatments)
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Fig : A 1.76. Dry matter distribution of sorghum genotypes ICSH 86646, SPV 783
and M 35-1 at harvest during rabl 1990-91 and 1991-92.

a) 1990-91 (Mean of water and nitrogen treatments)
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Fig : A 1.77. Dry matter distribution in sorghum for the interaction effect of water

; ;Itrogen at harvest in a) irrigated and b) dry plots during rabi 1991-

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 1.78. Dry matter distribution in sorghum for the interaction effect of water

; {enotype at harvest in a) irrigated and b) dry plots during rabl 1991-

a) Irrigated  (Mean of nitrogen treatments in 1991-92)

60 T T T
O Total vegetative matter
50 Stem 1
B Leaf
w 40 | b
2
230 | 1
§
> 20 | T
o]
10 | 7
¢}

Genotype

b) Ory (Mean of nitrogen treatments in 1991-92)

60 T T T
50 | 1 - ICSH 86646 g
2 = SPV 783
3 = M 35-1
40 + 1
30 | ’

Dry weight (g piant ™)

Genotype



Fig : A 1.79. Dry matter distribution in sorghum for the interaction effect of

nitrogen * genotype at harvest in a) 0 kg N ha* and b) 20 kg N ha*
during rabi 1991-92,

a) O kg N ha ! (Mean of water treatments in 1991-92)
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Fig : A 1.80. Dry matter distribution in sorghum for the interaction effect of

nitrogen * genotype at harvest in a) 40 kg N ha" and b 1
during rabi 1991-92. ke and b 120 kg Nha
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Fig : A 1.81. Dry matter distribution in sorghum in irrigated plots for the

interaction effect of water * nitrogen *
g genotype at harvest in a) 0
N ha™ and b) 20 kg N ha during rabi 1991-92. ke
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a) O kg N ha " (Mean of replications for irrigated plots in 1991-92)
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Fig : A 1.82. Dry matter distribution in sorghum in irrigated plots for the

interaction effect of water * nitrogen *
N ha™ and b) 120 kg N ha*

genotype at harvest in a) 40 kg
during rabi 1991-92.
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Fig : A 1.83. Dry matter distribution in sorghum in dry plots for the interaction

effect of water * nitrogen * geno! t h: t "
b) 20 kg N ha™ in 1991.92, ypeatharvestin) 0 kg N ha' and

-1
c) 40 kg N ha * (Mean of replications for irrigated plots in 1991-92)
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Fig : A 1.84. Dry matter distribution in sorghum in dry plots for the interaction

effect of water * nitrogen * genotype at harvest in a) 40 kg N ha* and
b) 120 kg N ha” during rabi 1991.92, ke
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Fig : A 1.87. Total dry

earhead and grain weight :
ooy g eight of sorghum as a function of time

teraction effect of genotype * time, during rabl 1990-91.
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Fig : A 2.1. Leaf nitrogen content of sorghum as a function of time for the
interaction effect of water and time, during rabi 1990-91 and 1991-92,

a) 1990-91 (Mean of nitrogen and genotype treatments)
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Fig : A 2.2. Leal nitrogen content of sorghum as a function of time for the

Ignzt.eractlon effect of nitrogen and time, during rabi 1990-91 and 1991-

a) 1990-91 (Mean of water and genotype treatments)
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Fig : A 23. Leaf nitrogen content of sorghum as a function of time for the

i;zt.eract!on effect of genotype and time, during rabi 1990-91 and 1991-

a) 1990-91 (Mean of water and nitrogen treatments)
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Fig : A 2.4. Leal nitrogen content of sorghum as a function of time for the

Interaction effect of water, nitrogen and time, in a) Irrigated and b,
Dry plots during rabi 1996-91. ' ) free )

a) Irrigated (Mean of genotype treatments in 1990-91)
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Fig : A 2.5. Leaf nitrogen content of sorghum as a function of time for the

Interaction effect of water, nitro
gen and time, in a) Irrigated and b)
Dry plots during rabi 199;-92. ) e )

a) Irrigated (Mean of genotype treatments in 1991
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Fig: A 2.6 Leaf nitrogen content of sorghum as a function of time for the

Interaction effect of water
genotype and time, | I
Dry plots during rabi 1991-92. d o frrigated and b

a) Irrigated (Mean of nitrogen treatments in 1991-92)
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Fig : A 2.7. Leaf nitrogen content of sorghum as a function of time for the

Interaction effect of nitrogen, genot "
e g ype and time, in a) 0 kg N ha™ and
b) 20 kg N ha" treatments during rabi 1991.92.
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Fig : A 28. Leafl nitrogen content of sorghum as a function of time for the

interaction effect of nitrogen, genot t
y ype and time, in a) 40 N ha
and b) 120 kg N ha™ treatments during rabi 1991,-92. ke
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Fig : A 2.9. Leaf nitrogen content of sorghum for the interaction effect of water

:Igl;iln;tzrogen in a) irrigated and b) dry plots at harvest during rabi

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 2.10. Stem nitrogen content of sorghum as a function of time for the
Interaction effect of water and time, during rabi 1990-91 and 1991-92.

a) 1990-91  (Mean of nitrogen and genotype treatments)
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Fig : A 2.11. Stem nitrogen content of sorghum as a function of time for the
interaction effect of nitrogen and time,

02, during rabi 1990-91 and 1991-
a) 1890-91  (Mean of water and genotype treatment)
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Fig : A 2.12. Stem nitrogen content of sorghum as a function of time for the

;I:emctlon effect of genotype and time, during rabi 1990-91 and 1991-

a) 1990-91  (Mean of water and nitrogen treatments)
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Fig : A 2.13. Stem nitrogen content of sorghum as a function of time for the

interaction effect of water nitrogen and time, in a) Irrigated a
nd b)
Dry plots during rabi 1990.91. i o) Trrig )

a) Irrigated  (Mean of nitrogen treatments in 1990-91)
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Fig : A 2.14. St':m nitrogen content of sorghum as a function of time in irrigated
r ts for the int:mction effect of water, nitrogen, genotype and time,
na) 0kgN ha and b) 20 kg N ha™ treatments during rabi 1991-92.
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Fig : A 2.15. Stem nitrogen content of so!

d) 120

plots for the Interaction effect of water,

lgnz‘a) 40 kg N ha™ and b) 120 kg N ha
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Stem nitrogen content (%)

kg N ha'

Stem nitrogen content (%)

54

45

36

54

45

36

27

09

00

rghum as a function of time in irrigated

nitrogen, genotype and time,
treatments during rabi 1991-

T T T

M 35-1

~~~~~~~~~~~~ SPv 783
----- ICSH 86646

20 40 60 80 100

Days after emergence (DAE)

120

(Mean of replications for irrigated plots in 1991-92)

T T T

— M 35-1

............ SPV 783

————— ICSH 86646

20

Days after emergence (DAE)

40 60 80 100

120



Fig : A 2.16. Stem nitrogen content of sorghum as a function of time in irrigated

plots for the interaction effect of wate

T, nitrogen, genotype and time,

;"2“‘) 40 kg N ha™ and b) 120 kg N ha treatments during rabi 1991-
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Fig : A 2.17. Stem nitrogen content of sorghum as a function of time in dry plots for

the interaction effect of water, nit
; , hitrogen, genotype and time, in a) 40
kg N ha™ and b) 120 kg N ha' treatments during rabi 1991.92.
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Fig : A 2.18. Stem nitrogen content of sorghum as a function of nitrogen treatments

for the Interaction effect of water and nitrogen, in a) Irrigated and b)
Dry plots at harvest during rabi 1991-92.

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 2.19. Stem nitrogen content of sorghum as a function of genotypes for the

interaction effect of water and
genotype, in a) Irrigated and b) D
plots at harvest during rabi 1991-92. »fn o) frrle i
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Fig : A 2.20. Stem nitrogen content of sorghum for the interaction effect of nitrogen

and genotype at harvest in a) 0 kg N ha™ and ¥
rabi 1991.92, ke s 20 ke N bar durine
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Fig : A 2.21. Stem nitrogen content of sorghum for the Interaction effect of nitrogen
and genotype at harvest in

a) 40 kg N ha and 4
rabi 1991-92. kg N ha™ and b) 120 kg N ha* during
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Fig : A 2.22. :)t:ntlhnltlrotfen content of sorghum genotypes In irrigated and dry plots
e interaction effect of water, nitrogen and genotype, at harvest

Nitrogen treatment (kg N ha™*)

during rabi 1991-92,
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Fig : A 2.28. Total leaf nitrogen uptake of sorghum as a function of time for the

interaction effect of nitrogen and time, during rabi 1990-91 and 1991-

92.
a) 1990-91  (Mean of water and genotype treatments)
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Fig : A 2.29. Total leaf nitrogen uptake of sorghum as a function of time for the

Ignzt.emctlon effect of genotype and time, during rabi 1990-91 and 1991-

a) 1990-91  (Mean of water and nitrogen treatments)
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Fig : A 2.30. Total leaf nitrogen uptake of sorghum as a function of time for the

Interaction effect of water, nitr
ogen and time, in a) Irrigated and b
Dry plots during rabi 1990’)-91. ' ) free )

a) Irrigated  (Mean of genotype treatments in 1890-91)
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Fig : A 2.31. Total leaf nitrogen uptake of sorghum as a function of time for the

interaction effect of water, nitro i i
gen and time, in a) Irrigated and b
Dry plots during rabl 1991.92, i) e )

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 2.32. Total leaf nitrogen uptake of sorghum as a function of time for the

interaction effect of water genoty
pe and time, in a) Irrigated and b)
Dry plots during rabi 1991-92. ' & )

a) Irrigated  (Mean of nitrogen treatments in 1981-92)
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Fig : A 2.33. Total leaf nitrogen u,
plots for the interac
in 2) 0 kg N ha™ an

a) O kg N ha |

Leaf nitrogen uptake (kg N ha™')

b) 20 kg N ha |

Leaf nitrogen uptake (kg N ha™')
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ptake of sorghum as a function of time in irrigated
tion effect of water, nitrogen, genotype and time,
d b) 20 kg N ha? treatments during rabi 1991-92.
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Fig : A 2.34. T:)tal leaf nitrogen uptake of sorghum as a function of time in irrigated
plots for the Int:mctlon effect of water, nitrogen, genotype and time,
in a) 40 kg N ha™ and b) 120 kg N ha™ treatments during rabi 1991-92.
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Fig : A 2.35. Total leaf nitrogen y
plots for the interacti
ina) 0 kg N ha'

a) Okg N ha'
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Fig : A 2.36. T;t;lfleaf nitrogen uptake of sorghum as a function of time in dry
p or the interaction effect of water, nitrogen, genotype and time,

92,
-1
c) 40 kg N ha *  (Mean of replications for dry plots in 1991-92)

Leaf nitrogen uptake (kg N ha™")

d) 120 kg N ha

Leaf nitrogen uptake (kg N ha™')

75

in a) 40 kg N ha™ and b) 120 kg N ha" treatments during rabi 1991-

60

45

30 +

M 35-1
RETTTP P SPV 783
---- ICSH 86646

75

20 40 60 80 100

Days after emergence (DAE)
1

120

(Mean of replications for dry plots in 1991-92)

60

45

T T T T T

M 35-1
- SPV 783
ICSH 86646

20 40 60 80 100
Days after emergence (DAE)

120



Fig : A 2.37. Total leaf nitrogen uptake of sorghum for the interaction effect of

water and nitrogen, in a) Irrigated and b) Dry plots at ha d
rabi 1990.91. ) Dry plots at harvest during

a) Irrigated  (Mean of genotype treatments in 1990-91)
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Fig : A 2.38. Total leaf nitrogen uptake of sorghum for the interaction effect of

water and nitrogen, in a) Irrigated and b
rabl 1991-92. ' b ) Dry plots at harvest during

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 2.39. Total leaf nitrogen uptake of sorghum for the interaction effect of

water and genotype, in a) Irrigated and b
Nrotiueg oy y Ig: ) Dry plots at harvest during

a) Irrigated  (Mean of nitrogen treatments in 1991-92)
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Fig : A 2.40. Total leaf nitrogen uptake of sorghum for the interaction effect of

nitrogen and genotype at harvest in ) 0 kg N ha! t
during rabi 199192, YO 1e N haand ) 20 kg N b

-1
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Fig : A 2.41. Total leaf nitrogen uptake of sorghum for the interaction effect of

nitrogen and genotype at harvest in a) 40 kg N ha™ and
b) 120
ha" during rabi 1991-92, )40 ke and B 120 ke N
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Fig : A 2.44. Total stem nitrogen uptake of sorgh
Interaction effect of g rghum as a function of time for the

oy enotype and time, during rabi 1990-91 and 1991-

a) 1990-91  (Mean of water and nitrogen treatments)
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Fig : A 2.45. Total stem nitrogen u
interaction effect of water,
Dry plots during rabi 1991.92,

ptake of sorghum as a function of time for the
nitrogen and time, in a) Irrigated and b)

a) Irrigated  (Mean of genotype treatments in 1991-92)

b) Dry
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Fig : A 2.46. Total stem nitrogen uptake of sorghum as a function of time for the

interaction effect of water
genotype and time, in a) Irrigated and b,
Dry plots during rabi 1991-92. ' ) ¢ )

a) Irrigated  (Mean of nitrogen treatments in 1991-92)
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Fig : A 2.47. Total stem nitrogen uptake of sorghum as a function of time for the

Interaction effect of nitrogen, 5
€ , genotype and time, in a) 0 kg N ha and
b) 20 kg N ha™ treatments during rabi 1991-92.’ ke
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Fig : A 2.48.

Interaction effect of nitro
b) 120 kg N ha* treatm.

Total stem nitrogen uptake of sorghum as a function of time for the

gen, genotype and time, in a) 40 kg N ha™* and
ents during rabi 1991-92.
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c) 40 kg N ha (Mean of water treatments in 1991-92)
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Fig : A 2.49. Total stem nitrogen uptake of sorgh
irrigated plots for the interactl rghum as a function of time in

and time, 2) 0 kg N ha' aod bon effect of water, nitrogen, genotype

1991:?2‘ ) 20 kg N ha? treatments during rabi
a) O kg N ha (Mean of replications for irrigated plots in 1991-92)
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Fig : A 2.50. Total stem nitrogen uptake of sorghum as a function of time In

Irrigated plots for the interaction effect of water, nitrogen, genotype

and time, in a) 40 kg N ha" and b) 120 1
s o ) kg N ha™ treatments during

=3
c) 40 kg N ha (Mean of replications for irrigated plots in 1991-982)

75 . : : T T
M 35-1

? eo IS spv 783 ]
- Il [— ICSH 86646
z
g
PR 1
k]
E]
§ 30 | :
g
e
13
3 15 | 7
(]

0

0 20 40 60 80 100 120
. Days after emergence (DAE)
d) 120 kg N hg'l (Mean of replications for irrigated plots in 18991-82)

75 T T T T T
M 35-1

~ | oo SPV 783 E
D eor _____ ICSH 86646
p4
(=]
= 45 | i
3
E]
g 30 ’
£
§ st 1
w

0

o] 20 40 60 80 100 120
Days after emergence (DAE)



Fig : A 2.51. Total stem nitrogen uptake of sor,
plots for the interaction effect of
In a) 0 kg N ha and b) 20kg N

ghum as a function of time in dry
water, nitrogen, genotype and time,
ha treatments during rabi 1991-92.
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Fig : A 2.52. Total stem nitrogen uptake of s
plots for the Intesem p of sorghum as a function of time in dry

on effect of water nitrogen, genoty d ti
e ) y pe and time,
Ina) 40 kg N ha” and b) 120 kg N ha™ treatments during rabi 1991-92.
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c) 40 kg N ha ' (Mean of replications for dry plots in 1991-92)

75 T T T T T
_ M 35-1
z 50 | e SPV 783 |
I B I ICSH 86646
z
2 45
f‘; J
ES
§ a0 b
]
z
5 15 F 7
w

(¢} 20 40 60 80 100 120
) Days after emergence (DAE)
d) 120 kg N ha_1 (Mean of replications for dry plots in 1991-92)

75 T T T T '
M 35-1

-~ e SPV 783 -
PR p— ICSH 86646
z
g 5
= 45 - 1
k-3
©
E]
g 30 ]
Z
st |
w

0 e

(o] 20 40 60 80 100 120
Days after emergence (DAE)



Fig : A 2.53. 3::::. i':t;nnllitl::oienluptake of sorghum for the interaction effect of
rabl 199091, gen, in a) Irrigated and b) Dry plots at harvest during

a) Irrigated  (Mean of genotype treatments in 1890-91)
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Fig : A 2.54. Total stem nitrogen uptake of sorghum for the interaction effect of

water and nitrogen, in a) Irrigated and b) Dry plots at harvest during
rabl 1991-92.

a) Irrigated  (Mean of genotype treatments in 1990-91)
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Fig : A 2.55. Total stem nitrogen uptake of sorghum for the interaction effect of

water and genot i
bl 19om, gz. YPe, in a) Irrigated and b) Dry plots at harvest during
a) Irrigated  (Mean of nitrogen treatments in 1991-92)
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Fig : A 2.56. 'Il;lt'::)lgstem :itmgin uptake of sorghum for the interaction effect of
en and genotype at harvest in a) 0 kg N ha™ and b) 20 N
during rabi 1991.92, YOkeN hatand b 20 ke N e
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Fig : A 2.57. :]‘:tr‘:)lg :r:‘n:l;';:getn uptnl;le of sorghum for the interaction effect of
. Otype at harvest in a) 40 1
ha dring ropt 199 o ) 40 kg N ha and b) 120 kg N
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Fig : A 2.59. Total nitrogen uptake b
of time for the interact|
and b) 1991-92,

Y vegetative matter of sorghum as a function
fon effect of nitrogen and time, in a) 1990-91

a) 1990-91  (Mean of water ang genotype treatments)
75 L

60 |

45 |

Nitrogen uptake by VOM (kg N ha™")

0 1 1 1 1
(o] 20 40 60 80 100 120

Days after emergence (DAE)

b) 1991-92 (Mean of water and genotype treatments)

75 T T T T T
= - — - 120 kg N ha
s 60 . 40 kg N ha
= e 20 kg N hé'
g ————— O kg N ha
3 45 1
e
k)
g 4
E]
§
g 4
§

(o] 20 40 60 80 100 120
Days after emergence (DAE)



Fig : A 2.60. Total nitrogen uptake by vegetative matter of sorghum as a function

of time for the Interaction effect of
and b) 1991-92. of genotype and time, in a) 1990-91

a) 1990-91  (Mean of water and nitrogen treatments)
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Fig : A 2.61. T:tal nitrogen uptake by vegetative matter of sorghum as a function
of time for the interaction effect of water, nitrogen and time, in a)
Irrigated and b) Dry plots during rabi 1990-91 season.

a) irrigated  (Mean of genotpye treatments in 1990-91)
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Fig : A 2.62. ':‘:tts;l nitrogen uptake by vegetative matter of sorghum as a function
° me for the Interaction effect of water, nitrogen and time, in a)
rrigated and b) Dry plots during rabi 1991-92,

a) Irrigated  (Mean of genotype treatments in 1991-92)
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Fig : A 2.63. Total nitrogen uptake by vegetative matter of sorghum as a function

of time for the interaction effect of
water, genotype and time, in a
Irrigated and b) Dry plots during rabi 199,1-92. ’ ” )

a) Irrigated  (Mean of nitrogen treatments in 1991-92)
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Fig : A 2.64. 3: ::'I nl:rogen uptake by vegetative matter of sorghum as a function
0 '“r: hN; the interaction effect of nitrogen, genotype and time, in a)
kg N ha™ and b) 20 kg N ha? treatments during rabi 1991-92.
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Fig : A 2.65. Total nitrogen uptake by vegetative matter of sorghum as a function

of time for the interaction effect of nit,
; rogen, genotype and time, in a)
40 kg N ha” and b) 120 kg N ha* treatments during rabi 1991-92,

-1
€) 40 kg N ha " (Mean of water treatments in 1991-92)
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Fig : A 2.66. Total nitrogen uptake by vegetative matter of sorghum as a function
of time in irrigated plots for the interaction effect of water, nitrogen,

genotype and time, in a) 0 kg N ha™ and b) 20 kg N ha" treatments
duri_mF rabi 1991.92, i

a) O kg N ha (Mean of replications for irrigated plots in 1991-92)
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Fig: A 2.67.

©) 40 kgNha '

d) 120

:::::1 nlltrolgen uptake by vegetative matter of sorghum as a function

ol t;pena :;lf;:nted iplot)s for the interaction effect of water, nitrogen,
e, in a) 40 kg N ha* !

during rabi 1991-9’2. KN and ) 120 ke N bt treatmens
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Fig : A 2.68. ':‘:tzl nit:-ogen uptake by vegetative matter of sorghum as a function
me in dry plots for the interaction effect of water, nitrogen,

genotype and time, in a) 0 kg N ha™ "
during rabi 1991-9’2. )0 1 N and ) 20 ke N ha treatments

a) O kg N ha ' (Mean of replications for dry plots in 1891-92)
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Fig : A 2.69. Total nitrogen uptake b
of time In dry plots fo
genotype and time, in a
during rabi 1991-92,
c) 40 kg N ha !
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Fig : A 2.70. Total nitrogen uptake by vegetative matter of sorghum for the
interaction effect of water and nitrogen, in a) Irrigated and b) Dry
plots at harvest during rabi 1990-91.

a) Irrigated  (Mean of genotype treatments in 1990-91)
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Fig : A 2.71. Total nitrogen uptake by vegetative matter of sorghum for the
interaction effect of water and nitrogen, in a) Irrigated and b) Dry
plots at harvest during rabi 1991-92.
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Fig : A 2.72. Total nitrogen uptake by vegetative matter of sorghum for the
interaction effect of nitrogen and genotype at harvest in a) 0 kg N ha™
and b) 20 kg N ha™ in 1991-92.

a) O kg N ha' (Mean of water treatments in 1991-92)
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Fig : A 2.73. Total nitrogen uptake by vegetative matter of sorghum for the
interaction effect of nitrogen and genotype at harvest in a) 40 kg N ha*
and b) 120 kg N ha™ in 1991-92.
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Fig: A 3.1. Leaf and stem potassium content of sorglum for the interaction effect
of water and nitrogen, in a) Irrigated and b) Dry plots at harvest
during rabi 1990-91.
a) Irrigated (Mean of genotype treatments in 1990-91)
75 — T

- a
1 O kg N hd 2 Stem

60F 2. 20kgNna! Leaf

8 3= 40kgNha'

g 4 = 120 kg N ha'

§ 45 1
&

(5]

k]

&

15

00

Nitrogen treatment

b) Dry (Mean of genotype treatments in 1990-91)
75 T T T T

- 1

1 Ongha_‘I @ Stem
2= 20kgNha B Leat
3= 40kgNhi'

4 = 120 kg N ha'
45 - ]

60

Potassium content (%)
©
o
T
L

Nitrogen treatment




Fig : A 3.2. Leaf and stem potassium content of sorghum for the interaction effect
of water and genotype, in a) Irrigated and b) Dry plots at harvest
during rabl 1990-91.
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Fig : A3.3. Leaf and stem potassium content of sorghum for the interaction effect
of nitrogen and genotype, in a) 0 kg N ha' and b) 20 kg N ha*
treatments at harvest during rabi 1990-91.
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Fig : A 3.4. Leaf and stem potassium content of sorghum for the interaction effect

of nitrogen and genotype,in a) 40 kg N ha' and b) 120 kg N ha
treatments at harvest in 1990-91.

c) 40 kg N ha 1 (Mean of water treatments in 1990-91)
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Fig : A3.9. Total potassium uptake of leaf, stem and vegetative dry matter of
sorghum for the interaction effect of water and genotype, in a)
Irrigated and b) Dry plots at harvest during rabi 1990-91.

a) Irrigated (Mean of nitrogen treatments in 1990-91)
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Fig : A 3.10. Total potassium uptake of leaf, stem and vegetative dry matter of
sorghum for the interaction effect of water and genotype, in a)
Irrigated and b) Dry plots at harvest during rabi 1991-92.

a) Irrigated (Mean of nitrogen treatments in 1991-92)
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Fig : A 3.11. Total potassium uptake of leaf, stem and vegetative dry matter of
sorghum for the interaction effect of nitrogen and genotype, in a) 0 kg
N ha and b) 20 kg N ha™ treatments at harvest during rabi 1991-92.

a) O kg N h§1 (Mean of water treatments in 1991-92)
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Fig : A 3.12. Total potassium uptake of leaf, stem and vegetative dry matter of

sorghum for the interaction effect of nitrogen and genotype, in a) 40

I;g N ha™ and b) 120 kg N ha™ treatments at harvest during rabi 1991-
2.

c) 40 kg N ha 1 (Mean of water treatments in 1991-92)
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Fig : A 3.13,

Total potassium uptake of leaf, stem and vegetative dry matter of
sorghum for the interaction effect of water, nitrogen and genotype, in
a) 0 kg N ha” and b) 20 kg N ha™ treatments in irrigated plots at
harvest during rabi 1991-92,

a) O kg N ha ' (Mean of replications for irrigated plots in 1991-92)
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Fig : A 3.14. Total potassium uptake of leaf, stem and vegetative dry matter of
sorghum for the interaction effect of water, nitrogen and genotype, in
) 40 kg N ha™ and b) 120 kg N ha™ treatments in irrigated plots at

harvest during rabi 1991-92.

c) 40 kg N ha 1 (Mean of replications for irrigated plots in 1991-92)
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Fig: A 41. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of water and soil depth, at
sowing in 1991-92,

@) Soll ammonical nitrogen (Mean of nitrogen and genatype treatments at sowing in 1980-91)

0 r
R i
a0 L -«7‘: rrigated
£,
o ——
= \i
§ eoF
£ A
S
3 Al
5 00 | o
(2] 1
]
I
120 B4 &
150 1 1 1 1 J
o] 10 20 30 40 50

Total profile soil ammonical nitrogen (ppm)

b) Soil nitrate nitrogen (Mean of nitrogen and genotype treatments at sowing in 1990-91)

0 r
el -=-=--= Irrigated
30 pi <
3 /
,».(,
— ‘I
8§ 60
£ |
g |
© 1
% 90 f4
@ !
]
|
120 P+
1 1 J

150 1 !
(o] 10 20 30 40 50
Total profile soil nitrate nitrogen (ppm)



Fig: A 4.2. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of nitrogen and soil depth,
at sowing during rabi 1990-91.

8) Soil ammonical nitrogen (Mean of water and genotype treatments at sowing in 1990-91)
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Fig : A 43. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of nitrogen and soil depth,
at sowing during rabi 1991-92.

&) Soil ammonical nitrogen (Mean of water and genotype treaiments at sowing in 1991-92)
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Fig : A 4.4. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in irrigated plots for the interaction effect of water,
nitrogen and soil depth, at sowing during rabi 1991-92.

a) Soil ammonical nitrogen (Mean of genotypes in irrigated plots at sowing in 1991-92)
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Fig : A 4.5. a) Soil ammonical and b) nitrate nitrogen as a function of soil
d'epth upto 1.2 m in dry plots for the interaction effect of water,
nitrogen and soil depth, at sowing during rabi 1991-92.

8) Soll ammonical nitrogen (Mean of genotypes in dry plats at sowing in 1991-82)
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Fig: A 4.6. 2) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of water and soil depth, at
anthesis during rabi 1990-91.

a) Soil ammonical nitrogen (Maan of nitrogen and genotype treatments at anthesis in 1890-91)
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Fig: A 4.7. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the Interaction effect of water and soil depth, at
anthesis during rabi 1991-92.

a) Sol ammonical nitrogen (Mean of nitrogen and genotype treatments at anthesis n 1991-92)
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Fig: A 4.8. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of nitrogen and soil depth,
at anthesis during rabl 1990-91.

a) Soll ammonical ntrogen (Mean of water and genotype treatments at anthesis in 18980-91)
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Fig: A 4.9. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of nitrogen and soil depth,
at anthesis during rabi 1991-92.

a) Soil ammonical nitrogen (Mean of water and genotype treatments at anthesis in 1891-92)
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Fig : A 4.10. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of genotype and soil depth,
at anthesis during rabi 1990-91.

a) Soil ammonical ritrogen (Mean of water and nitrogen treatments at anthesis in 1980-81)
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Fig : A 4.11. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m for the interaction effect of genotype and soil depth,
at anthesis during rabi 1991-92.

a) Soil ammonical nitrogen (Mesn of water and nitrogen treatments st anthasis in 1991-92)

0 -
30 |
- — - Fallow

= M 35-1
5 60 SPV 783
E'o. ————— ICSH 86646
3
3 90
(%]

120 |+

150 : : ' ; —

o] 10 20 30 40 50 60
Total profile soil ammonical nitrogen (ppm)

b) Soil nitrate nitrogen (Mean of water and ritrogen {reatments at anthesis in 1991-92)

0 -~
30
— — - Fallow
T M 35-1
g 80P SPV 783
s e ICSH 86646
3
3 90
1]
120
150 N y 1 Il Il J
0 50 20 30 40 S0 60

Total profile soil nitrate nitrogen (ppm)



Fig : A 4.12. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in irrigated plots for the interaction effect of water,
nitrogen and soil depth, at anthesis during rabi 1990-91.

a) Soil ammonical nitrogen (Mean of genotypes in irrigated &t anthesis in 1990-81)
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Flg : A 4.13. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m In dry plots for the interaction effect of water,
nitrogen and soil depth, at anthesis during rabl 1990-91.

a) Soil ammonical nitrogen (Mean of genotypes in dry plots st anthesis in 1990-91)
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Fig : A 4.14. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in irrigated plots for the interaction effect of water,
nitrogen and soil depth, at anthesis during rabi 1991-92.

a) Soil ammonical nitrogen (Mean of genotypas In irrigated plots at anthesis in 1991-92)
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Fig : A 4.15. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m in dry plots for the interaction effect of water,
nitrogen and soil depth, at anthesis during rabi 1991-92.

8) Sail ammonical nitrogen (Msan of genotypes in dry plots at anthesis in 1991-82)
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Fig : A 4.16. 2) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in irrigated plots for the interaction effect of water,
genotype and soil depth, at anthesis during rabi 199192,

a) Soil ammonical nitrogen (Mean of nitrogen treatments in irrigated plots at anthesis in 1991-92)
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Fig : A 4.17. 2) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in dry plots for the interaction effect of water,
genotype and soil depth, at anthesis during rabi 1991-92,

8) Soil ammonicel nitrogen (Msan of nitrogen treatments in dry plots at anthasis in 1991-92)
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Fig : A 4.18. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of water and soil depth, at
. harvest during rabi 1990-91.

a) Sail ammonical ritrogen (Mean of ritrogen and genatype treatments at harvest in 1980-81)
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Flg : A 4.19. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of water and soil depth, at
harvest during rabi 1991-92.

&) Soil ammonical nitragen (Mean of nitrogen and genotype treatments at harvest in 1991-92)
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Fig : A 4.20. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of nitrogen and soil depth,
at harvest during rabi 1990-91.
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Fig : A 4.21. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m for the interaction effect of nitrogen and soll depth,
at harvest during rabi 1991-92. '

) Soil ammonical nitrogen (Mean of water and genotype treatments at harvest in 1991-92)
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Fig : A 4.22. a) Soil ammonical and b) nitrate nitrogen as a- function of soil
depth upto 1.2 m in irrigated plots for the interaction effect of water,
nitrogen and solil depth, at harvest during rabi 1990-91.

a) Soil ammonical ritrogen (Mean of genotypes in irrigated plots at harvest in 1990-91)
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Fig : A 4.23. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in dry plots for the interaction effect of water,
nitrogen and soil depth, at harvest during rabi 1990-91.

a) Soll ammonical nitrogen (Mean of genotypes in dry plots at harvest in 1990-91)
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Fig : A 4.24. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m in irrigated plots for the interaction effect of water,
nitrogen and soil depth, at harvest during rabi 1991-92.

&) Soil ammanical nitrogen (Msan of genotypes in irrigated plots at harvest in 1991-92)
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Fig : A 4.25. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in dry plots for the Interaction effect of water,
nitrogen and soil depth, at harvest during rabi 1991-92,

@) Soll ammonical ritragen (Mean of genotypes in dry plots &t harvest in 1981-02)
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Fig : A 4.26. a) Soil ammonical and b) nitrate nitrogen as a function of soil
depth upto 1.2 m in irrigated plots for the interaction effect of water,
genotype and soil depth, at harvest during rabi 1991-92.

8) Soil ammonical nitrogen (Mean of nitrogen treatments in irrigated plots at harvest in 1991-92)
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Fig : A 4.27. a) Soil ammonical and b) nitrate nitrogen as a function of soil

depth upto 1.2 m In dry plots for the interaction effect of water,
genotype and soil depth, at harvest during rabi 1991-92.

8) Sail ammonical nitrogen (Mean of nitrogen treatments in dry plots at harvest in 1991-91)
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Fig : A4.51 Cumulative light interception by ICSH 86646 in
different nitrogen treatments in irrigated plots in 1990-91.
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Fig : 4.52 Cumulative light interception by ICSH 86646 in
different nitrogen treatments in dry plots in 1990-91.
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Fig : 453 Cumulative light interception by SPV 783 in
different nitrogen treatments in irrigated plots in 1990-91.
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Fig : 4.55 Cumulative light interception by M 35-1 in
different nitrogen treatments in irrigated plots in 1990-91.
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Fig : 4.56 Cumulative light interception by M 35-1 in
different nitrogen treatments in dry plots in 1990-91.
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Fig : 4.57 Cumulative light interception by ICSH 86646 in
different nitrogen treatments in irrigated plots in 1991-92.
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Fig : 4.58 Cumulative light interception by ICSH 86646 in
different nitrogen treatments in dry plots in 1991-92.
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Fig : 459 Cumulative light interception by SPV 783 in
different nitrogen treatments in irrigated plots in 1991-92,
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Fig : 4.60 Cumulative light interception by SPV 783 in
different nitrogen treatments in dry plots in 1991-92.
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Fig : 4.61 Cumulative light interception by M 35-1 in
different nitrogen treatments in irrigated plots in 1991-92.
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Fig : 4.62 Cumulative light interception by M 35-1 in
different nitrogen treatments in dry plots in 1991-92.
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Appendix table : 1. Mean plant height of sorghum as affected by water,
nitrogen and genotype, over the growing period in 1990-91 and 1991-92.

Treatment Plant height (cm)
 tesoel | 18
Water (W) :
Irrigated 7763 A 34.85 A
Dry 7551 A 2750 A
LSD (0.05) 21.59 17.31
Nitrogen (N) :
0kg N ha 67.94 B 19.41C
20 kg N ha 74.59 BA 29.328B
40 kg N ha" 80.55 BA 35.35A
120 kg N ha™ 8320 A 40.63 A
LSD (0.05) 9.26 5.77
Genotypes (G) :
ICSH 86646 85.84 B 30.56 A
SPV 783 72628 3096 A
M 35-1 7124 A 32.00 A
LSD (0.05) 3.33 2.42
Interactions :
SE
Days after emergence (DAE)
W * DAE 17.28 * 15,57 **
N * DAE 24.34 = 22,02 ™
G * DAE 21.08 = 19.87 **
W *N * DAE 34.43 31.156
W * G * DAE 29.81 26.98
N * G * DAE 42,16 38.15
W*N*G *DAE 59.62 53.95

* = Gignificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 2. Mean leaf area index of sorghum as affected by water,
nitrogen and genotype, over the growing period in 1990-91 and 1991-92.

Treatment Leaf area index
Water (W) :
Irrigated 153 A 077 A
Dry 119B 0.49B
LSD (0.05) 0.32 0.22
Nitrogen (N) :
Okg N ha 107C 0.42D
20 kg N ha 130 B 055 C
40 kg N ha™' 1438 0.69B
120 kg N ha' 163 A 0.86 A
LSD (0.05) 0.16 0.10
Genotypes (G) :
ICSH 86646 1318 068 A
SPV 783 1.36 BA 0548
M 35-1 140 A 067 A
LSD (0.05) 0.06 0.07
Interactions :
SE
Days after emergence (DAE)
W * DAE 0.55 ** 0.63 **
N * DAE 0.78 ** 0.89 *
G * DAE 0.67 * 0.77 **
W *N * DAE 110 * 1.26*
W * G * DAE 0.95 1.09 **
N * G * DAE 1.35 1.55
W*N*G *DAE 1.91 219 *

* # = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 3, Mean total above ground biomass of sorghum as affected
by water, nitrogen and genotype, over the growing period In 1990-91 and 1991-92.

Treatment Total above ground dry biomass
(g plant”)
ooy
Water (W) : ’
Irrigated 3183 A 16.11 A
Dry 26.72 A 10.26 B
LSD (0.05) 11.46 4.51
Nitrogen (N) :
0 kg N ha 2131 C 811D
20 kg N ha' 28.16 B 10.67 C
40 kg N ha 31.99 AB 14.26 B
120 kg N ha” 35.65 A 19.68 A
LSD (0.05) 4.26 251
Genotypes (G) :
ICSH 86646 28.05B 14.22 A
SPV 783 29.72 A 12.67B
M 35-1 30.06 A 12.65B
LSD (0.05) 1.23 1.47
Interactions :
SE
Days after emergence (DAE)
W * DAE 14.09 ** 15.09 **
N * DAE 19,92 ** 21.35 =
G *DAE 17.25 ** 18.49 **
W *N * DAE 28.18 30.19 **
W * G * DAE 24.40 26.15 **
N *G* DAE 3451 36.98 *
W *N*G *DAE 48.80 52.30 *

* ** - Gignificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 4. Mean total dry leaf welght of sorghum as affected by
water, nitrogen and genotype, over the growing period in 1990-91 and 1991-92.

Treatment Total dry leaf weight (g plant™)
Water (W) :
Irrigated 530A 3.06 A
Dry 468 A 245A
LSD (0.05) 1.70 0.84
Nitrogen (N) :
Okg N ha 388C 193C
20 kg N ha 486 B 236C
40kg N ha' 5318 2978
120 kg N ha' 591 A 377 A
LSD (0.05) 0.58 0.44
Genotypes (G) :
ICSH 86646 455C 292 A
SPV 783 5.43 A 267 A
M 35-1 5.00 B 268 A
LSD (0.05) 0.22 0.27
Interactions :
SE
Days after emergence (DAE)
W * DAE 2.01 * 217 **
N * DAE 2.84 3.08 **
G * DAE 246 * 267 **
W *N * DAE 4.02 436 *
W * G * DAE 3.48 377+
N *G * DAE 4.92 534 *
W *N *G *DAE 6.96 7.55*

* * = Significant at p = <0.05 and 0.01 % level, respectively.




Appendl'x table : 5. Mean total dry stem welight of sorghum as affected by
water, nitrogen and genotype, over the growing period in 1990-91 and 1991-92.

Treatment Total dry stem weight (g plant")
Water (W) :
Irrigated 16.30 A 861 A
Dry 1411 A 567 B
LSD (0.05) 5.45 2.35
Nitrogen (N) :
0 kg N ha’ 1159 C 4.46 C
20 kg N ha™ 14.99 B 582 C
40 kg N ha” 16.46 A 7828
120 kg N ha™ 1779 A 1047 A
LSD (0.05) 217 1.47
Genotypes (G) :
ICSH 86646 1201 C 6.46 B
SPV 783 16.17 B 7.40 A
M 35-1 17.45 A 756 A
LSD (0.05) 0.80 0.85
Interactions :
SE
Days after emergence (DAE)
W * DAE 7.71 % 7.67 *
N * DAE 10.91 ** 10.84 **
G * DAE 9.44 ** 9.39 **
W *N * DAE 15.42 15.33 *
W * G * DAE 13.36 13.28 **
N * G * DAE 18.89 18.78 **
W *N*G * DAE 26.72 26.56 **

*, * - Gignificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 6. Mean total above ground dry vegetative matter of sorghum

as affected by water, nitrogen and genotype, over th i -
idpbote genotype, e growing period in 1990-91

Treatment Total above ground vegetative dry
matter (g plant™)
[T
Water (W) :
Irrigated 17.73 A 1167 A
Dry 17.20 A 8.128
LSD (0.05) 6.28 3.19
Nitrogen (N) :
Okg N ha 14.24 C 6.38C
20 kg N ha” 18.07 B 8.17C
40 kg N ha 19.95 AB 10.79 B
120 kg N ha" 2160 A 14.24 A
LSD (0.05) 2.46 1.89
Genotypes (G) :
ICSH 86646 16.04 B 10.49 A
SPV 783 19.85 A 9.138B
M 35-1 20.49 A 10.07 AB
LSD (0.05) 0.89 1.10
Interactions :
SE
Days after emergence (DAE)
W * DAE 9.14 ** 9.21 =
N * DAE 12.92 ** 13.03
G * DAE 11.19 ** 11.28 =
! W *N * DAE 18.27 18.43 *
W* G *DAE 15.82 15.96 *
N * G * DAE 22.38 22,57 **
W*N*G *DAE 31.65 31.92 =

* = - Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 7. . Mean total dry earhead and grain weight of sorghum as
affected by water, nitrogen and genotype, over the growing period in 1990-91.

Treatment 1990-91
Total dry earhead
weight (g'plant”)
Water (W) :
Irrigated 15.34 A 10.28 A
Dry 1187 A 7.53A
LSD (0.05) 6.89 5.22
Nitrogen (N) :
Okg N ha 8.76 D 567 C
20 kg N ha 1246 C 797 8B
40 kg N ha' 1529 B 1017 A
120 kg N ha”' 17.92 A 1181 A
LSD (0.05) 2.52 1.89
Genotypes (G) :
ICSH 86646 17.22 A 1118 A
SPV 783 12178 8.07 8B
M 35-1 1143 B 7.48B
LSD (0.05) 1.01 097
Interactions :
SE
Days after emergence (DAE)
W * DAE 6.73 ** 5.43 **
N * DAE 9.62 ** 7.68 *
G * DAE 8.25 ** 6.65 **
W *N * DAE 13.47 10.86
W * G * DAE 11.66 9.41
T N *G * DAE 16.49 13.30
T W * N * G * DAE 23.33 18.82

*, ™ = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 8, Mean leaf nitrogen content of sorghum as affected by
water, nitrogen and genotype, over the growing period in 1990-91 and 1991-92,

Treatment Leaf nitrogen content (%)
1990-91 | 190
Water (W) :
Irrigated 272 A 236 A
Dry 254 B 2108
LSD (0.05) 0.18 0.20
Nitrogen (N) :
Okg N ha' 232D 2108
20 kg N ha' 254C 2158
40 kg N ha" 2.66 B 2208
120 kg N ha" 299 A 247 A
LSD (0.05) 0.10 0.12
Genotypes (G) :
ICSH 86646 263 B 2208
SPV 783 252C 212C
M 35-1 273 A 238 A
LSD (0.05) 0.60 0.08
Interactions :
SE
Days after emergence (DAE)
W * DAE 0.28 * 0.46 =
N * DAE 0.39 ** 0.66 *
G * DAE 0.34 0.57 * .
W *N * DAE 0.56 * 0.93 *
W * G * DAE 0.48 0.81 *
N *G * DAE 0.68 1.14*
W *N *G * DAE 0.97 1.61

*  *  Gignificant at p = <0.05 and 0.01 % level, respectively.



Append[x table : 9, Mean stem nitrogen content of sorghum as atfected by
water, nitrogen and genotype, over the growing period in 1990-91 and 1991-62.

Treatment Stem nitrogen content (%)
Water (W) :
Irrigated 177 A 124 A
Dry 170 A 1088
LSD (0.05) 0.25 0.01
Nitrogen (N) :
Okg N ha' 149 C 1.058
20 kg N ha' 168 B 1.09B
40 kg'N ha 1.75B 1.14B
120 kg N ha™ 202A 135A
LSD (0.05) 0.15 0.11
Genotypes (G) :
ICSH 86646 177 A 131 A
SPV 783 170 A 129 A
M 35-1 177 A 0.888B
LSD (0.05) 0.08 0.06
Interactions :
SE
Days after emergence (DAE)
W * DAE 0.30 ™ 0.46 *
N * DAE 042 ™ 0.65 **
G *DAE 0.37 0.56 **
W * N * DAE 0.60 0.92
W * G * DAE 0.52 0.79 *
N * G * DAE 0.73 1.13
W *N * G *DAE 1.04 1.59 *

* = Significant at p = <0.05 and 0.01 % level, respectively.




Appendix table : 10. Mean total leaf nitrogen uptake of sorghum as affected by
Wwater, nitrogen and genotype, over the growing period in 1990-91 and 1991-92,

Treatment Total leaf nitrogen uptake (kg ha”)
) . 1990-91
Water (W) :
Irrigated 1520 A 6.92 A
Dry 11.59 B 413 A
LSD (0.05) 3.49 3.10
Nitrogen (N) :
Okg N ha 8.04D 318D
20kg N ha' 11.80 C 438C
40 kg N ha 14.45 B 5778
120 kg N ha 19.27 A 8.76 A
LSD (0.05) 2.22 1.10
Genotypes (G) :
ICSH 86646 13.48 A 590 A
SPV 783 1278 A 5.62 AB
M 35-1 1392 A 591 B
LSD (0.05) 1.22 0.69
Interactions :
SE
Days after emergence (DAE)
W * DAE 3.79 ™ 5.15 =
N * DAE 5.36 ** 7.29 *
G * DAE 4.64 6.31*
W *N *DAE 7.58 * 1031 *
W * G * DAE 6.57 8.93 »
N * G * DAE 9.29 12.63
W *N *G *DAE 13.13 17.86 **

Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 11. Mean total stem nitrogen uptake of sorghum as affected
by water, nitrogen and genotype, over the growing period in 1990-91 and 1991-92.

Treatment Total stoem nitrogen uptake (kg ha"')
1990+ 01
Water (W) :
Irrigated 701 A 468 A
Dry 512 A 2.25B
LSD (0.05) 2,63 1.7
Nitrogen (N) :
Okg N ha 352C 1.66 D
20 kg N ha 529 B 250C
40 kg N ha™' 6.32B 3.55B
120 kg N ha' 9.13 A 6.17 A
LSD (0.05) 1.19 0.70
Genotypes (G) : .
ICSH 86646 5428 3.39 AB
SPV 783 563 8B 314 B
M 35-1 713A 3.88A
LSD (0.05) 0.64 0.55
Interactions :
SE
Days after emergence (DAE)
W * DAE 2.99 = 4.26 **
N * DAE 424 ™ 6.02 **
G * DAE 3.67 * 5.22 **
W *N * DAE 599 8.52 **
W * G * DAE 5.19 7.38 **
N * G * DAE 7.34 10.43 *
W*N *G *DAE 10.39 14.76

*, * - Gignificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 12, Mean total nitrogen uptake by above ground vegetative
matter of sorghum as affected by water, nitrogen and genotype, over the growing
perlod in 1990-91 and 1991-92.

Treatment Total nitrogen uptake by above ground
vegetative matter (kg ha™)
Water (W) :
Irrigated 2221 A 11.60 A
Dry 16.70 A 6.38 B
LSD (0.05) 5.66 480
Nitrogen (N) :
Okg N ha’ 11.56 D 484D
20 kg N ha™ 17.09C 6.88 C
40 kg N ha 20.77 B 9.32B
120 kg N ha™ 28.40 A 1493 A
LSD (0.05) 3.12 1.72
Genotypes (G) :
ICSH 86646 1891 B 9.30 A
SPV 783 18.41 B 8.75 A
M 35-1 21.05 A 8.93 A
LSD (0.05) 1.58 1.19
Interactions :
SE
Days after emergence (DAE)
W * DAE 5.85 ** 9.08 **
N * DAE 8.27 ™ 12.84 *
G * DAE 7.16 * 1112 =
W *N * DAE 11.70 * 18.16 **
W *G * DAE 10.13 15,72 **
N *G * DAE 14.33 2224 *
W*N *G *DAE 20.27 31.45*

', ** = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 13.' Mean grain nitrogen content and uptake of sorghum as
affected by water, nitrogen and genotype, over the growing period in 1990-91.

Treatment 1990-91
~ Grain nitrogen | - ‘Graln nitro
“content (%) = | ' uptake (kg ha
Water (W) :
Irrigated 1.08 A 2597 A
Dry 1.05 A 1762 B
LSD (0.05) 0.19 8.1
Nitrogen (N) :
0 kg N ha™ 1.06 B 12.70 D
20 kg N ha™ 1.03B 1783 C
40 kg N ha™ 1.03B 23528
120 kg N ha’ 113 A 33.13 A
LSD (0.05) 0.06 493
Genotypes (G) :
.ICSH 86646 1.018B 25.78 A
SPV 783 1.10A 19.34 B
M 35-1 1.08 A 20.26 B
LSD (0.05) 0.05 225
Interactions :
SE
Days after emergence
(DAE)
W * DAE 0.38 18.38 **
N * DAE 0.54 2599 **
G *DAE 0.46 22,61 *
W * N * DAE 0.76 36.75
W * G * DAE 0.65 31.83
N *G * DAE 0.93 45.01
W*N*G*DAE| - 1.32 63.66

* ** - Sjgnificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 14. Mean total soil ammonical nitrogen in the 120 cm soil

profile as affected by water, nitrogen and genotype, over the growing period In
1990-91 and 1991-92.

Treatment Total soil ammonical nitrogen (ppm)
T ween |
Water (W) :
Irrigated 20.26 A 4278 A
Dry 19.02 A 4524 A
LSD (0.05) 22.23 18.97
Nitrogen (N) :
Okg N ha' 11.68 B 38.32B
20 kg N ha" 1389 B 43218
40 kg N ha™ 17.32 B 39.75 B
120 kg N ha™ 35.67 A 54,78 A
LSD (0.05) 13.10 9.01
Genotypes (G) :
ICSH 86646 19.21 AB 43.49 A
SPV 783 19.08 B 44.28 A
M 35-1 20.11 A 4211 A
FALLOW 20.16 A 46.18 A
LSD (0.05) 0.97 4.43
Interactions :
SE
Days after emergence (DAE)
W * DAE 2.53 7.43 **
N * DAE 3.68 ** 10.51 *
G * DAE 3.68 10.51
W *N * DAE 5.06 * 14.86 *
W *G * DAE 5.06 14.86
N * G * DAE 7.15 21.02
W*N*G *DAE 10.12 29.72

*  * - Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 15. Mean total soil ammonical nitrogen In the 120 cm soil
profile as affected by water, nitrogen and genotype, at sowing in 1990-91 and 1991-
92,

Treatment Total soil ammonical nitrogen (ppm)
1980-09
Water (W) :
Irrigated 780 A 883 A
Dry 721 A 6.65 A
LSD (0.05) 11.84 5.00
Nitrogen (N) :
0 kg N ha™ 3698 6.01B
20 kg N ha™ 4888 7.22 AB
40 kg N ha™ 6.45B 6.59 B
120 kg N ha 15.00 A 11,16 A
LSD (0.05) 6.38 4.41
Genotypes (G) :
ICSH 86646 750 A 774 A
SPV 783 750 A 774 A
M 35-1 750 A 7.74 A
FALLOW 750 A 7.74 A
LSD (0.05) 0.00 0.00
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 10.81 8.85 *
N *DEPTH 15.29 ** 12.52 **
G * DEPTH - -
W *N * DEPTH 21.63 17.70 *
W * G * DEPTH - -
N * G * DEPTH - -
W*N *G * DEPTH - -

* % - Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 16, Mean total soil ammonlcal nitrogen In the 120 cm soll

ggg:ilgzas affected by water, nitrogen and genotype, at anthesis In 1990-91 and

Treatment Total soil ammonical nitrogen (ppm)
. fee0-8q
Water (W) : T
Irrigated 128 A 815 A
Dry 1.06 A 10.13 A
LSD (0.05) 032 3.41
Nitrogen (N) :
Okg N ha 1.05 A 858 A
20 kg N ha 113 A 9.23 A
40 kg N ha™ 126 A 8.68 A
120 kg N ha 130 A 10.06 A
LSD (0.05) 0.33 1.64
Genotypes (G) :
ICSH 86646 091 B 9.05 A
SPV 783 1.08 AB 9.15 A
M 35-1 1.26 AB 8.62 A
FALLOW 1.36 A 9.73A
LSD (0.05) 0.38 1.35
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 2.37 6.68 *
N * DEPTH 3.35* 9.45
G * DEPTH 3.35 9.45 *
W *N *DEPTH 4.73 13.36
W * G * DEPTH 4.73 13.36 *
N * G * DEPTH 6.69 18.90
W*N *G *DEPTH 9.47 26.73

*, » = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 17, Mean total soil ammonical nitrogen in the 120 cm soll

g;oﬁle as affected by water, nitrogen and genotype, at harvest in 1990-91 and 1991-

Treatment Total soil ammonical nitrogen (ppm)
Water (W) :
Irrigated 1.06 A 441 A
Dry 1.25 A 5.84 A
LSD (0.05) 0.81 1.74
Nitrogen (N) :
0kg N ha” 1.10 AB 457 B
20 kg N ha 094 B 5.16 AB
40 kg N ha 1.05 AB 460 B
120 kg N ha 1.53 A 6.17 A
LSD (0.05) 0.54 1.37
Genotypes (G) :
ICSH 86646 1.16 A 561 A
SPV 783 0.95 A 525 A
M 35-1 1.29 A 469 A
FALLOW 122 A 561A
LSD (0.05) 0.36 1.29
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 2.02* 6.96 *
N * DEPTH 2.86 * 9.84 *
G * DEPTH 2.86 9.84
W *N * DEPTH 4,05 13.92 *
W * G *DEPTH 4,05 13.92
N * G * DEPTH 5.72 19.68
W *N * G * DEPTH 8.10 27.83

*  * - Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 18, Mean total soil nitrate nitrogen in the 120 cm soil profile

as affected by water, nitrogen and genotype, over the growin i B
o " genotyp: g g period in 1990-91

Treatment Total soil nitrate nitrogen (ppm)
Water (W) :
Irrigated 25.86 A 23.25 A
Dry 3492 A 23.36 A
LSD (0.05) 12.41 10.36
Nitrogen (N) :
0 kg N ha” 1097 C 990 C
20 kg N ha 18.06 C . 1929 B
40 kg N ha" 31.04B 1991 B
120 kg N ha™ 61.50 A 44.11 A
LSD (0.05) 11.64 6.27
Genotypes (G) :
ICSH 86646 2697 8B 22.16 AB
SPV 783 27.35B 22.50 AB
M 35-1 26.17 B 2029 B
FALLOW 41.07 A 2826 A
LSD (0.05) 5.69 7.54
Interactions :
SE
Days after emergence (DAE)
W * DAE 12.90 * 16.80 **
N * DAE 18.25 23.76 **
G * DAE 18.26 * 23.76
W *N * DAE 25.81 33.60 *
W * G * DAE 25.81 33.60
N * G * DAE 36.49 47.52
W*N *G *DAE 51.61 67.21

* % - Gignificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 19, Mean total soll nitrate nitrogen in the 120 cm soil profile
as affected by water, nitrogen and genotype, at sowing in 1990-91 and 1991-92.

Treatment
Water (W) :
Irrigated 843 A 432 A
Dry 758 A 0738B
LSD (0.05) 2.61 2.74
Nitrogen (N) :
O kg N ha' 316 C 137 A
20 kg N ha™ 551 BC 347 A
40 kg N ha 9.35 AB 167 A
120 kg N ha 14.01 A 3.58 A
LSD (0.05) 5.12 2.91
Genotypes (G) :
ICSH 86646 8.01 A 252 A
SPV 783 8.01 A 252 A
M 35-1 8.01 A 252 A
FALLOW 801 A 252 A
LSD (0.05) 0.00 0.00
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 6.83 6.77 **
N * DEPTH 9.66 ** 9.57 **
G * DEPTH -
W *N * DEPTH 13.66 13.54 *
W * G* DEPTH - -
N *G * DEPTH - -
W *N * G * DEPTH - -

* * _ Gignificant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 20, Mean total sail nitrate nitrogen in the 120 cm soil profile
as affected by water, nitrogen and genotype, at anthesis in 1990-91 and 1991-92,

Treatment
Water (W) :
Irrigated 3.11B 5.00 A
Dry 515 A 512 A
LSD (0.05) 037 2.90
Nitrogen (N) :
O kg N ha” 146 C 249 C
20 kg N ha™ 255 BC 3.48 BC
40 kg N ha 394 B 499 B
120 kg N ha™ 8.58 A 928 A
LSD (0.05) 1.49 217
Genotypes (G) :
ICSH 86646 242 B 491 AB
SPV 783 349 B 428 B
M 35-1 293 B 436 B
FALLOW 769 A 6.69 A
LSD (0.05) 2.16 2.07
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 5.69 ** 1397
N * DEPTH 8.05 ** 19.76 **
G * DEPTH 8.05 ** 19.76 *
W *N * DEPTH 11.38 ** 27.94 *
W * G *DEPTH 11.38 27.94
N * G * DEPTH 16.09 39.51
W *N *G *DEPTH 22.75 55.88

' = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 21. Mean total soil nitrate nitrogen in the 120 cm soil profile
as affected by water, nitrogen and genotype, at harvest in 1990-91 and 1991-92.

Treatment
Water (W) :
Irrigated 139 A 5.83 B
Dry 473 A 8.30 A
LSD (0.05) 433 058
Nitrogen (N) :
Okg N ha' 0.86 B 1.09 C
20 kg N ha™ 097 B 2708
40 kg N ha™ 2238B 3.28B
120 kg N ha 8.16 A 9.19 A
LSD (0.05) 2.46 157
Genotypes (G) :
ICSH 86646 3.06 AB 365A
SPV 783 218 B 444 A
M 35-1 215 B 3.26 A
FALLOW 414 A 491 A
LSD (0.05) 247 2.42
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 8.69 = 15.23 **
N * DEPTH 12,29 ** 21.54 **
G * DEPTH 12.29 21.54
W *N * DEPTH 17.39 ** 30.46 **
W* G *DEPTH 17.39 30.46 **
N * G * DEPTH 24,58 43.08
W*N*G *DEPTH 34.77 60.93

*, % = Gignificant at p = <0.05 and 0.01 % level, respectively.



Appenf:llx tah_tle 122, Mean total soil avallable nitrogen (NH, + NO,) in the 120
cm soil profile as affected by water, nitrogen and genotype, over the growing

period in 1990-91 and 1991.92,
Treatment Total available nitrogen (ppm)
Water (W) :
Irrigated 46.12 A 66.03 A
Dry 53.94 A 68.60 A
LSD (0.05) 21.73 . 16.13
Nitrogen (N) :
0 kg N ha' 2265 C 4823 C
20 kg N ha™ 31.95 BC 62.50 B
40 kg N ha 48.36 B 59.65 BC
120 kg N ha 9717 A 98.89 A
LSD (0.05) 19.54 12.63
Genotypes (G) :
ICSH 86646 46.18 B 65.66 AB
SPV 783 46.43 B 66.78 AB
M 35-1 46.28 B 62.40 B
FALLOW 61.23 A 74,43 A
LSD (0.05) 5.83 9.38
Interactions :
SE
Days after emergence (DAE)
W * DAE 13.83 * 18.61 **
N * DAE 19.56 ** 26.31
G * DAE 19.56 26.31
W *N * DAE 27.67* 37.21 =
W * G * DAE 27.67 37.21
- N*G*DAE 39.13 52.63
W *N *G * DAE 55.34 74.43

*  » = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 23, Mean total soil available nitrogen (NH, + NO,) in the 120

cm soil profile as affected by water, nitrogen and geno , at sowing In 1990-91
and 1991-92. genotype 9

Treatment Total avallable nitrogen (ppm)
Water (W) :
: Irrigated 16.23 A 13.15 A
Dry 1479 A 7.38 A
LSD (0.05) 13.31 6.65
Nitrogen (N) :
Okg N ha’ 6.85B 738 B
20 kg N ha™ 10.39 B 10.69 AB
40 kg N ha™ 15,80 B 8.26 B
120 kg N ha” 29.01 A 1473 A
LSD (0.05) 9.02 5.88
Genotypes (G) : .
ICSH 86646 1551 A 10.27 A
SPV 783 1551 A 10.27 A
M 35-1 16.51 A 10.27 A
FALLOW 15651 A 10.27 A
LSD (0.05) 0.00 0.00
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 14.91 12.98 =
N *DEPTH 21.09 ** 18.35 **
G * DEPTH -
W *N * DEPTH 29.82 * 25.95 *
W * G * DEPTH - -
N * G * DEPTH - -
W *N *G *DEPTH - -

* = = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 24. . Mean total soil available nitrogen (NH, + NO,)in the 120 ecm

soll profile as affected by water, nitrogen and genotype, at anthesis in 1990-91 and
1991-92.

Treatment Total available nitrogen (ppm)
12007 199
Water (W) :
Irrigated 4398 13.158B
Dry 6.20 A 15.25 A
LSD (0.05) 0.41 1.00
Nitrogen (N) :
O kg N ha™ 252 C 11.07 B
20 kg N ha™ 367 BC 1271 B
40 kg N ha” 510 B 13.68 B
120 kg N ha™ 9.88 A 19.35 A
LSD (0.05) 1.54 354
Genotypes (G) :
ICSH 86646 336 8B 13.96 AB
SPV 783 4578 1343 B
M 35-1 4.198B 1298 B
FALLOW 9.05 A 16.42 A
LSD (0.05) 2.28 2.74
Interactions :
SE
SOIL PROFILE (DEPTH) .
W * DEPTH 6.66 ** 14,05 **
N * DEPTH 9.42 ™ 19.86 **
G * DEPTH 9.42 ** 19.86 *
W *N *DEPTH 13.32 ** 28.09 *
W * G * DEPTH 13.32 28.09
N * G * DEPTH 18.83 39.73
W *N*G *DEPTH 26.63 56.18

*  * = Significant at p = <0.05 and 0.01 % level, respectively.



Appendix table : 25, Mean total soil available nitrogen (NH, + NO,) in the 120

cm soil profile as affected by water, nitrogen and genotype, at harvest In 1990-91
and 1991-92.

Treatment Total available nitrogen (ppm)
o qmeee) | jeei<m
Water (W) :
Irrigated 245 A 6.71B
Dry 5.98 A 11.68 A
LSD (0.05) 4.20 117
Nitrogen (N) :
0 kg N ha" 196 B 567 C
20 kg N ha” 191 B 7.85B
40 kg N ha”’ 3298 7.88 B
120 kg N ha" 9.69 A 1537 A
LSD (0.05) 2.94 2.07
Genotypes (G) :
ICSH 86646 4.22 AB 8.60 A
SPV 783 314 B 9.69 A
M 35-1 344 B 796 A
FALLOW 6.06 A 10.53 A
LSD (0.05) 2.53 2.78
Interactions :
SE
SOIL PROFILE (DEPTH)
W * DEPTH 8.87 * 18.71 **
N * DEPTH 12.55 ** 26.47 **
G * DEPTH 12.55 26.47 *
W *N * DEPTH 17.74 ** 37.43 ™
W * G * DEPTH 17.74 37.43 ™
N * G * DEPTH 25.09 52.97
W *N *G *DEPTH 3549 74.86 *

* * - Gignificant at p = <0.05 and 0.01 % level, respectively.



Table : 18. Mean leaf potassium content of sorghum as affected by water,

and genotype, at harvest (1990-91, 1991-92 and pooled years).

nitrogen

Leaf potassium content (%) -
Treatment DT DRSS g T
P
Water (W) :
Irrigated 1.19A 135A 127 A
Dry 128 A 137 A 133 A
LSD (0.05) 0.06 0.44 0.32
Nitrogen (N) :
0 kg N ha" 1.208B 125C 123C
20 kg N ha™ 1.198B 1.28 CB 123C
y 40kg N ha 1.23B 1.40 AB 1328
120 kg N ha' 133A 151 A 142A
LSD (0.05) 0.09 0.14 0.07
Genotypes (G) :
ICSH 86646 091 C 1.38A 115 A
‘SPV 783 126 B 137 A 1328
J M 351 154 A 132 A 143 A
LSD (0.05) 0.06 0.08 0.05
Interactions :
SE
YEAR (Y) - 0.03 **
W*Y . . 0.05
N*Y R - 007
V*Y - - 0.06 **
W*N*Y 0.11 0.22 0.10
W*G*Y 0.09 0.20 0.08
N*G*Y 0.14 * 0.28 0.12
WH*N*G*Y 0.20 0.39 0.17
CV % 7.74 10.70 11.32

* % = Significant at p = <0.05 and 0.01 % level, respectively.




Table : 19. Mean stem potassium content of sorghum as affected by water,
nitrogen and genotype, at harvest (1990-91, 1991-92 and pooled years).

Stem potassium content (%)
Treatment "gép_'s‘ oF ' T 1991.02" 1 T poold
Water (W) : -
Irrigated 214 A 209 A 212A
Dry 180 A 1.66 B 1.78 A
LSD (0.05) 0.46 0.34 0.36
Nitrogen (N) :
0 kg N ha' 1.96 AB 174 B 1858
20 kg N ha™ 180 B 1.75 B 1.778B
40 kg N ha™ 2.01 AB 1.90 AB 1.96 B
120 kg N ha” 231 A 212A 222A
LSD (0.05) 0.40 0.26 0.22
Genotypes (G) :
ICSH 86646 257 A 210A 234 A
'SPV 783 1.88 B 197 A 193 B
M 35-1 1.61C 1.56 B 159 C
LSD (0.05) 0.19 0.13 0.11
Interactions :
SE
YEAR (Y) - - 0.08 *
W*Y . - 0.11
N*Y . . 0.15
V*Y - - 0.13*
W*N*Y 0.41 0.28 * 0.22*
W*G*Y 0.36 0.24 * 0.19
N*G*Y 0.50 0.35 0.27
W*N*G*Y 0.71 0.49 0.38
CV % 16.95 11.58 18.41

*, » - Gignificant at p = <0.05 and 0.01 % level, respectively.
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