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ABSTRACT

The effects of individual management practices (planting date, fertility, shoot fly control and
cultivar) on rabi sorghum productivity was well documented; however, the interactions and the
impact of three or more practices studied together is lacking. The present study was carried to
measure the magnitude of the effects of individual management variables and to identify important
interactions among them to be exploited for increased grain and fodder sorghum yields under rabi
conditions.

The direct and interaction effects of planting date, fertility, shoot fly control and cultivar on
growth and development ((leaf area index (LAI), total dry weight (TDW)), resource use ((radiation
interception, water and nutrients)), crop use efficiency ((radiation use efficiency (RUE), water use
efficiency (WUE) and nitrogen use efficiency (NUE)), grain, fodder, and biomass yields were
investigated at ICRISAT Asia Center (IAC) during rabi 1995 and 1996 at deep and shallow Vertisol
sites.

The results from both seasons in both sites showed that early planting of sorghum had smaller
effects on growth and development parameters and resource use, but had significantly larger effects
on crop use efficiency (RUE, WUE, NUE), % intact (%IN), and % affected and not recovered plants



»AN) compared to normal planting. There were more %IN plants with larger panicles and greater
ain number per unit area and per panicle in early than normal planting. This resulted in significantly
eater stover, grain, biomass yields and net benefit returns in early than normal planting.

Differences between the crop fertilized with FYM+20kgN (F2) and FYM+66kgN (F3) in
owth and development parameters, resource use and use efficiency, yield and yield components and
t benefit returns were small and accordingly, there was no point to fertilize rabi sorghum at doses
yond F2. However, the crop under either F2 or F3 recorded significantly greater values for the
sresaid attributes compared to that under FYM (F1) (10 t/ha every alternate year). There was 25-
1% greater LAI and 27-35% TDW in the crop fertilized with F2 and/or F3 than in the F1 crop. The
fiation use was 9-16% (interception), 7-15% (accumulation) greater and the use efficiency (RUE)
flowering was 24% more in the crop under F2 and/or F3 than in the F1. In the study, there was 12
5% greater stover, 14 - 23% grain yicld and 27 - 46% net benefit in the crop fertilized with either
-or F3 than with F1. Fertilization had greater effects on NUE (grain) and WUE (grain) than total
JE and total WUE.

Shoot fly protection (PR) resulted in 24% and 22% greater LAI and TDW than non protected
op (NP). Radiation and nitrogen use were 16% and 7% greater in PR than NP crop. Shoot fly
ntrol had smaller effects on grain NUE and grain WUE, but significantly larger effects on total
JE and total WUE of rabi sorghum. Among yield components, grain number per unit area was the
gle yield attribute positively responded to protection as a result of more productive plants per unit
*a in PR than NP crop. Grain number and weight per panicle decreased with shoot fly protection,
sbably due to a greater percentage of productive plants and therefore more competition resulting
smaller panicles having fewer seed number and lesser weight than NP crop. By harvest, stover and
imass yields of rabi sorghum were 27% and 20% greater in PR than NP crop, but their grain yield
re similar and accordingly NP and PR crop had similar net benefits.

The study showed that the interactions of sowing date x genotype, fertility x genotype and
»tection x genotype were important considerations for increased rabi sorghum productivity. This
1§ true since the three genotypes had different response across management treatments in that
ferences in LAI, TDW, resource use and use efficiency as well as yield and yield components in
35-1 and Swathi were small at early and normal planting, but these parameters were significantly
1anced in IC 94004 when it was sown early. On the otherhand, yield and yield components in IC
1304 and M35-1 significantly responded to increased fertility levels (to F3) than in Swathi (to F2).
e response of genotypes to protection when normally sown was significantly greater in IC 94004
neither genotypes, indicating that when sowing was delayed to normal, protection was necessary
1C 94004, but not necessarily so with M35-1 or Swathi.

The path coefficient analysis indicated that rabi sorghum grain yield was highly correlated to
direct effect of total N uptake, total WUE, panicle number per unit area, grain number per panicle
1 harvest index. The direct effect of cumulative radiation accumulation and evapotranspiration on
i sorghum grain yield was not strong.
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Abbreviation Meaning
%AN Per cent affected and not recovered.
%AR Per cent affected and recovered.
%IN Per cent intact.
%Ll Per cent radiation interception.
%SFDH Per cent shoot fly dead heart.
CuM Cumulative light.
DAE Days after emergence.
DAS Days after sowing.
DFL Days to flowering.
Fl FYM (farm yard manure at 10 t/ha every
alternate year).
F2 FYM + 20 kgN + 9 kgP /ha.
F3 FYM + 66 kgN + 9 kgP /ha.
FL Flowering.
Gl M35-1.
32 Swathi.
G3 1C 94004,
GRM Grain mass.
GRNO Grain number.
GRWT Grain weight.
HAR Harvest.
LAI Leaf area index.
LFDW Leaf dry weight.
LS Lodge score.
Mj Mega joule.
NP Not protected against shoot fly.
NUE Nitrogen use efficiency.
PLH Plant height.
PNDW Panicle dry weight.
PNLN Panicle length.
PNNO Panicle number.
PR Protected against shoot tly.
RUE Radiation use efficiency.
SD1 Early planting (third week of September).
SD2 Normal planting (third week of October).
STDW Stem dry weight.
t/ha Tonne per hectare.
TDW Total dry weight.
WUE Water use efficiency.




CHAPTER 1
INTRODUCTION

Globally, sorghum (Sorghum bicolor (L) Moench) ranks fifth in importance among cereals
and sixth among important energy sources for the world's population. The world area of sorghum
currently is about 45 million ha and the production is about 64 million tonne (ICRISAT and FAQ
1996). Developing countries alone account for 90% of the world’s sorghum area and 70% of the total
output. Although about 19% of the world areq of sorghum is in the Americas, this region produces
48% of the total grain produced; with Argentina and Mexico growing 90% of the sorghum in the
Anricas (Neild 1984). Semi - arid tropical Asia and semi - arid tropical sub - Saharan Africa are the
world's major sorghum growing regions producing 65% of total semi-arid tropical crop, representing
respectively about 33% und 25% of the total area worldwide. About 38% of the sorghum produced
in the world comes from Asiy, India alone produces 98% of the sorghum in South Asia and grows
about half of the semi - arid tropics (SAT).

In India, sorghum ranks third among cereals accounting for about 13% of the gross cropped
areu in the semi - arid parts of the country (Tarhalkar 1986) and is grown on about 12.6 million ha
(ICRISAT and FAO 1996) with 6.5 million ha under rabi sorghum (Soman and Seetharama 1992).
The state of Maharashtra is the largest producer, Andhra Pradesh and Karnataka each producing one
- third of Maharashtra and the three states together contribute about 77% of all the sorghum
produced in India (Sivakumar et al. 1984). The rabi sorghum (with good grain and fodder quatities)
contributes about 30% of the annual sorghum production in India (Tandon and Kanwar 1984), with
average farmer's yield low at 0.5 t/ha. Efforts to improve the current productivity levels of the rabi
sorghum have had little success compared to the yield increase achieved in the rainy season sorghum

crop. It is true that the rabi sorghum environment has a multi - faceted problems requiring a thorough
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consideration of the physical environment to target specific set of management practices and/or
recommendation(s) for individual environments.

There is an ample information on the effects of individual management practices (planting
dates, fertilization, shoot fly management and cultivar type) on the rabi sorghum productivity studied
separately (Tandon and Kanwar 1984), but information on the interactions impact of three or more
practices studied together is lacking. Today, in a highly advanced agriculture, large increase in yield
potential will mostly come from the careful consideration of the whole management package(s) and
the positive interaction effects on these components as well as their integration in better
understanding of crop processes and genotype x environment interactions (Seetharama 1986). There
is purticular need to understand genotype x water X nitrogen interactions in different production
environinents (Kamoshita et al. 1996, Onken ct al. 1992).

With the targeting of higher yield levels, there is an increasing stress imposed on the plant and
on the various processes contributing to those yields. Accordingly in the future, the recognition of
interactions will be vitul to significant progress towards maximum yields in research and maximum
profit yields for farmers (Tisdale et al. 1985). It is believed that targeting individual rabi sorghum
physical environments with a package of management practices and/or recommendations and
identifying their positive interactions would have a significant effect on rabi sorghum productivity.
This was proved to be so in a high corn and soybeun yields (USA) when the technology was put
together in a way that allowed the components to interact positively. In fact, the breakthroughs in
genetic engineering, thizosphere technology, plant growth regulators and other related areas can only
succeed if the technology is integrated in a manner that allows the main effects and their interactions
to be expressed (Tisdale et al. 1985).

The present study is part of a long term large experiment specifically designed to evaluate the
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main and the interaction effects of management factors (planting dates, fertilization, shoot fly
management and cultivar type) on rabi sorghum productivity. It is an attempt to identify and explore
the impact of various agronomic practices ana their interactions on rabi sorghum growth and yield,
particularly with reference to the crop's ability to use inputs and resources (light, water and nutrients)
for grain and stover production. Keeping these aspects in view, the present investigation was taken
up with the following objectives:
1) To measure the magnitude of the cffects of individual management and genetic variables (planting
dates, fertilization, shoot fly management and cultivar) on grain and fodder yields of rubi sorghum.
2) To identify the important interactions among these management and genetic variables that might
be exploited for increasing productivity under rabi conditions.

The study would help in formulating priorities in both the research on and the production of
the crop towards achicving the best attainable yields under a given sct of technology and resource

environments.



CHAPTER 11
REVIEW OF LITERATURE
21 EFFECT OF MANAGEMENT FACTORS (PLANTING DATE,
FERTILIZATION, PROTECTION AND CULTIVAR EFFECT) AND
THEIR INTERACTION ON SORGHUM YIELD WITH SPECIAL

REFERENCE TO RABI SORGHUM.

2.1.1 Effect of Management Factors on Serghum Yield

The interaction effects of management practices on grain and stover yicld in grain sorghum
have not been well documented (Rosenthal et al. 1993). It was well known that the interactions of
genotypes, planting dates, seeding rates, irrigation schedules and fertility management treatments
form the basis towards better management strategies for efficient resource utilization and in the
production of the sorghum crop (Krieg and Lascano (1990). This was demonstrated in the study by
Rathore (1989) of improved versus traditional cultivation methods for sorghum production under
dryland agriculture. This study showed an increase in grain yield of 192% due to hybrid use compared
to the control. A grain yield of 5.2 t/ha was achieved with the concomitant use of fertilization
(60:30:0), hybrid CSH - 5 and spacing of 45 x 15 cm as against 1.74 t/ha with traditional cultivation
(local sorghum, 30 x 15 cm and FYM alone). This increase was 198% with improved practices over
traditional practices. A target yield level of 6 t/ha with improved management practices was quantified
achievable in rabi sorghum by Sonar et al. (1983).

With improved management practices, the grain and fodder yield response of rabi sorghum

to N application was enhanced (Umrani and Patil 1983). The authors reported an increase in rabi
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sorghum yields by 27% (grain) and 16% (fodder) with traditional management and an increase of
85% (grain) and 43% (fodder) with improved management when 25 kg N/ha was applied. The
positive effect of improved management practices in rabi sorghum yield and returns were also

documented by Chouhan et al. (1994).

212 ) ing s irai

The grain yield response of rabi sorghum to sowing date was in favour of early sowing (15
September to 15 October) rather than late sowing (beyond 1 November),(Chorge and Ramshe 1990).
From their study they reported average rabi grain yield at 4.6 t/ha (early sowing) as against 3.4 t/ha
(late sowing). They related the higher yiclds to higher N and P uptake. This was also observed by
Dahatonde and Moghe (1991) who recorded a grain yield level of 1.22 t/ha (27 Sept. sowing)
compared to 0.81 t/ha (27 oct. sowing) with no significant effect of sowing date on fodder yield or
test weight.

The delaying of rubi sorghum sowing was reported to reduce the yield by 27 - 66% (shallow
soil) and by 16 - 35% (medium deep soil) (Umrani et al. 1983b). Patil and Chavan (1989), in rubi
sorghum, concluded that early sowing (mid Sept.) had significantly greater grain and fodder yields
than late sowing (mid Oct.) on shallow (30 ¢m depth) and medium deep soils (60 cm depth) with
genotypes yielding more on medium deep soil. The authors reported a yield decline of 797 to 270
kg/ha on the shallow soil and a decline of 2.36 to 1.53 t/hu on the deeper soil when sowing was

delayed.

2.1.2.1 Effect of planting date on dry matter, yield and radiation interception

The limitation to grain yield in sorghum hybrids when sowing was delayed was attributed by
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Herbert et al. (1986) to a shortened time to anthesis and to reduce tiller number; however Muchow
(1986) noticed small effects of sowing date during both the dry and the wet seasons. He attributed
the high grain yield in the dry season (double) compared to the wet season to greater radiation
interception that was efficiently used in above - ground dry matter production as well as to the
proportion of dry matter partioned to the grain. Muchow (1989a) associated the variation in biomass
across sowing dates with differences in the amount of radiation intercepted than in the RUE in maize,
sorghum, and pearl millet; while Muchow (1989c¢) related the higher yields from January sowing to
increased efficiency of use of intercepted radiation (RUE), and to a longer grain filling period which

was unaffected by nitrogen.

2.12.2 Effect of planting date on radiation interception and radiation use efficiency
Jadhav et al. (1993), on RUE in rabi sorghum and different sowing dates, revealed high RUE
at 75 DAS on all the sowing dates. They found sowing at 4 October to achieve higher RUE than the
other sowing dates (19 September, 19 October). They also showed a higher RUE for the first 45 days
after sowing for 19 September sown crop compared to those sown during other dates. This was also
true from study by Jayrao et al. (1987). Early sowing of rabi sorghum was also reported to increase

RUE values (for M35-1 at 75 DAS) compared to late sowing (Jadhav et al. 1993).

213 ili W n '
(Grain Yield
Sonar et al. (1982), determining soil test crop response correlation studies in rabi sorghum,
estimated about 2.07 and about 0.78 kg of N and P,O; to be required to produce about 100 kg of

sorghum grain and that about 34 and 37% of crop available N and P were contributed from the soil
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as compared to 44 and 39% N and P contributed through the added fertilizer nutrients. An estimate
of sorghum growth yield of 0.73 - .74 g biomass per g glucose with adequate N (300 kg N/ha) and
of 0.77 - 0.78 g with low N (50 kg N/ha) and a growth respiration consuming 19% of the carbon
utilized in the growth process at high N level and about 17% at low N level were estimated by Lafitte
and Loomis (1988b). Optimum grain and fodder yields of dryland grain sorghum were reported by
Ogunlela (1988) at N rates of 60 - 120 kg N/ha and at P levels of 11 kg P/ha. Sharma (1986),
studying rainfed sorghum, recorded the highest grain yield and an uptake of P from an application of
4 t/ha FYM in combination with 22 kg P/ha. He considered this combination as suitable for achicving
optimum yields and P recovery from black soils. The recommended N fertilizer dose by Sharma
(1990) was 75 - 100 kg N/ha.

In several studies (Muthuvel ct al. [988; Brar et al. 1990) rabi sorghum yield increased under
increasing N rates (20,30,40 50 kg N/ha). Gaikwad et al. (1993) and Ogunlela (1991) observed
significant increases in the grain and the fodder yields of rabi sorghum from an application of 25 kg
N and higher total monetary returns with fertilization, stressing the importance of N fertilization in
rabi sorghum. This was also documented in rabi sorghum by Shingte and Jadhav (1982) who related
the 19% yield advantage to increased N and P uptake when the crop was fertilized (25 kg N/ha). An
increasing sorghum yield (4.90 to 6.20 t/ha) with increasing nitrogen levels was ulso reported by
Gorbet and Wright (1986). This was variously related to an increased enzymatic activity and
accordingly to higher photosynthetic rate as N content was increased (Ogata et al. 1983); to a
predominant influence of N on nutrient uptake (Badanur and Deshpande 1987); to a higher specific
leaf nitrogen (amount of leaf N per unit leaf area) at higher nitrogen rates (Muchow 1988a); and to
differences in the rates of accumulation and the extent of mobilization of pre - anthesis dry matter and

nitrogen (Muchow 1988b).
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The effects of increasing nitrogen or FYM levels and their combinations on yield and / or
nutrient uptake were related to their effects on yield or yield parameters (Tej Singh et al. 1987;
Bhosekar and Raikhelkar 1990; Patil and Zadc 1991; Khistaria et al. 1991). Gono (1990), on the
effect of N and P on sorghum yield, found that the N application (50 or 100 kg N/ha) significantly
increased the grain yield (26 - 99%) as a result of increased grain number per head and / or to an
increased grain weight. The interaction effects of applying nitrogen and green manures were shown
by Goudreddy et al. (19%89) to increase the number and weight of grains per panicle and 1000 grain
weight. In their study, the increase in these yield parameters across nitrogen levels (0,60,120 kg N/ha)

resulted in progressive yield levels of 4.42, 5.79 and 6.46 t/ha.

2,131 Effect of nitrogen on biomass production, radiation interception and radiation use
efficiency

Muchow and Davis (1988) demonstrated that the differences in biomass accumulation due
to variable nitrogen supply (0 - 42 g N/m?) in sorghum and maize grown under irrigation were more
associated with differences in radiation interception and with the efficiency the intercepted radiation
was used to produce dry matter. In that study, RUE increased at higher rates of applied nitrogen, and
declined during grain filling. Muchow and Sinclair (1994) showed an increase in RUE with increasing
leaf nitrogen in maize to 1,7 g/Mj at 1.8 g N/m* leaf nitrogen and to 1.3 /Mjat < 1.3 ¢ N/nt leaf
nitrogen in sorghum. The authors hypothesized that the leaf quantum efficiency per unit of incident
radiation depends on leaf nitrogen such that at low leaf nitrogen, the quantum efficiency was
decreased and the RUE consequently decreased to lesser than expected levels. Greenwood et al.

(1990) found about 32% more dry matter to be produced per unit of intercepted radiation in C, than
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C, crops, although the uptake of nitrogen per unit of intercepted radiation was approximately the

same for the two types.

2.1.3.2 Effect of nitrogen stress and water stress on leaf area and yield

Seetharama et al. (1982) attributed the reduced leaf area development in post rainy sorghum
under Vertisol to a combined effect of nitrogen stress and water stress resulting in lesser radiation
interception and accordingly lower crop yields; with nitrogen stress reducing yields more than water
stress. This is in agreement with Lafitte and Loomis (19884), on the effect of limited nitrogen supply
on the growth of grain sorghum, who demonstrated that; a low nitrogen supply resulted in leaves with
lower N content, lower radiation conversion efficiency and in canopies that were not able to supply
N to panicle growth; or to result in reduced leaf number and size with N stress (Verma et al. 1983)
and to Cowie and Asher (1986) who attributed the yield reduction in the pre - floral initiation N stress
to fewer florets initiated, while florets abortion uppeared to be an important source of yield reduction
when N stress occured post - initiation, but the grain yield reduction was greater when N stress was
imposed pre - initiation. The non beneficial effect of N under water stress and it's helpful effects under

mild stress were reported by Chopra and Kumari (1991).

214 Interaction Effect of Nitrogen and Irrigation

The combined effects of N application and irrigation had a significant and a positive effect on
rahi and ratoon sorghum productivity (Patel et al. 1990). 150 kg N + 6 irrigations gave the highest
yield (4.87 t/ha) compared to 1.78 t/ha with 50 kg N + 3 irrigations. Similar significant nitrogen x
irrigation interactions in grain and fodder yields of rabi sorghum were observed by Khistaria et al.

1991).
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2.1.5 Effect of Genotype
The significant genotype differences, with and without fertilization, and differences among
genotypes in general and specific combining -abilily in rabi sorghum had indicated the existence of
heterosis among different sorghum lines (Kulkarni and Shinde (1987). The use of improved genotypes
increased the grain yield by 29% (Sahib et al. 1989) and by 40% (Rao et al. 1994). The importance
of improved varicty and crop management factors as tools to obtain higher nitrogen response (11.48

against 5.24 kg grain per kg N applied) has been shown by Daftardar et al. (1982).

216 Effect of Shoot fly

In rabi sorghum, shoot fly infestation levels ranging from 15.2 to 50.5% and higher dead heart
levels at low P levels (27.5 kg P,Os) in comparison to higher P levels (55 kg P,0y/ha) were reported
by Narkhede et al. (1982). In sorghum, for cach 1% increased dead hearts, there was a reduction of
55.2 and 42.3 kg/ha in grain and fodder yields respectively (Mote 1983a), and about 0.63% yield loss:
the infestation levels were at their maximum (up to 75% dead heart) in unprotected plots when the
plants were two weeks old (Malee Chawanapong et al. 1988). They obtained a significant negative
correlation between the per cent dead hearts and the grain and the fodder yields.

The severe incidence of shoot fly damage during late rabi sorghum sowing could be reduced
by carbofuran seed treatment (Mote 1983b). In rabi sorghumy, significantly fewer dead hearts in M35-
1 and SPV-86 as compared to CSH-8R and an increase in grain yield up to 22% were obtained using
4% carbofuran treatment (Mote 1986), and the incidence of sorghum shoot fly (Atherigona soccata

Rondani) was reduced by advancing dates of sowing (Kotikal and Panchbhavi 1991).



2.17 Effcct of Initial Soil Water and Soil Depth

Lyon et al. (1995), on water - yield relations of several dryland crops, concluded that the soil
water at sowing could account for about half of the total variability in grain yield of maize, sorghum
and sunflower.

In rabi sorghum, there was an yield increase with increased soil depth of 125 and 183%
(grain) and of 34 and 190% (fodder) on medium and deep soils respectively (Umrani et al. 1983a).

Jadhav et al. (1994) also observed a low grain yield in shallow soil (30 ¢cm depth) compared to deep

soil (90 cm depth).

22 RADIATION USE, AND CONVERSION EFFICIENCY BY CROP
CANOPIES

2.2.1 iati se Effici i y

In pigeonpea the reported values of RUE at early and late reproductive periods were 1.62 and
1.18 g/Mj (Thirathon et al. 1987); where as in chickpea RUE was 1.4 g/Mj of intercepted PAR
(Leach and Beech 1988). This value was similar to that reported by Nanda and Saini (1990). In
groundnut RUE was 0.74 g/Mj (Azam - Ali et al. 1989), 2.5 g/Mj in sunflower and 1.0 g/Mj in

soybeans (Rinaldi et al. 1991).

222 Radiation Use and Radiation Use Efficiency Values in Cereals
The existence of considerable variation in radiation transmission coefficient (0.47 - 0.23 ¢/Mj)
and in mean efficiency of energy conversion (1.0 - 2.7 g/Mj) in canopies of pearl millet cultivars was

reported by Mohamed et al. (1988). Conversion efficiencies in pearl millet ranging from 1.87 g/Mj
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t0 2.32 g/Mj at spacings ranging from 75.0 x 13.3 cm to 150.0 x 6.6 cm were reported by Jarwal and
Singh (1990); where as the range in RUE in different lines of (Pennisetum purpureum Schumach.)
was from .11 - 1.26 g/Mj of total solar radiation (Woodward et al. 1993). Begue et al. (1991)
estimated a miximum pearl millet RUE of 2.9 g/Mj under optimum and a minimum of 1.8 ¢/Mj under
drought conditions. Based on total radiation and dry matter accumulation values during crop growth,
radiation utilization coefficients at 3.23 g/Mj for sorghum and 2.5 g/Mj for durum wheat were
observed by Rinaldi et al. (1991). Rao et al. (1983a), estimated per cent net radiation used by
sorghum in the PAR process at 2.6% and an average absorption of the net radiation at 53.13% of that
received at the top of the fully developed canopy. In another study, utilization efficiencies of incident
short wave radiation in two grain sorghum cultivars during the whole growth period varied from
1.96% - 2.18% and conversion efficiencies of absorbed PAR from 5.61% - 6.07% (Qjima and
Invyama 1989). This was in contrast to Myers et al. (1986) who reported no differences between
cultivars in their efficiency of conversion of intercepted radiation. Kiniry et al. (1989), in modelling
RUE and biomass accumulation prior to grain filling under non - stressed environments, studied the
consistency of RUE among and within sunflowers, rice, wheat, sorghum and naize. They reported
mean values of above - ground dry biomass produced per unit of PAR at 2.2, 2.2, 2.8, 2.8 and 3.5
/M PAR respectively. The authors concluded that the within - species variability in the values were
not due to differences in temperature or incident solar radiation.

An estimate of 4.6% of the visible radiation and 21.4% of the near - infrared radiation incident
on the crop canopy was reflected by a fully developed canopy of sorghum during the post - rainy
season (Rao et al. 1983b). This was also observed by Shcherbak (1983) who found about 75% of the
energy of PAR to be used by sorghum. Rana et al. (1990) concluded that (regardless of the level of

agronomic inputs), the conversion of solar radiation into dry matter was greater in sorghum (1.82
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kg/m?) than in sunflowers (1.38 Kg/m?); the maximum dry matter yield was at 300 Mym? (sorghum)
and at 350 Mj/m? (sunflower) of cumulative intercepted net radiation. McGowan et al. (1991)

reported a conversion coefficient by sorghum at 1.71 g/M;.

223 Some M be Considered while Estimating Radiation Use Efficien

Marshall et al. (1992), in a greenhouse experiment, observed that the amount of solar
radiation intercepted by crop stands increased as temperature was raised from 19 to 31 °C. This was
in contrast to Kiniry et al. (1989) who concluded that the within species variability in RUE were not
due to differences in temperature or incident solar radiation; but several measurements during the duy
are needed for reliable estimation of daily PAR for erectophile crops (e.g wheat) but not in planophile

(e.g cotton) (Richardson and Wiegand 1989).

2.3 RADIATION INTERCEPTION, RADIATION USE EFFICIENCY,
GROWTH, BIOMASS PRODUCTION AND YIELD IN SORGHUM

AND OTHER CROPS

Bi Yield

Wanjura and Hatfield (1988) investigated the possibilities of estimating canopy vegetative
parameters (plant height, ground cover, leaf area index, foliage density and leaf angle) from reflected
radiation. They concluded that the same could be used as a valuable tool for assessing crop stress.
The maximum production potential for sorghum, pearl millet, pigeonpea, chickpea and groundnut was

reported to be easily estimated based on available radiation at an indicated location (Sinha 1989). This
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was in agreement to Monteith et al. (1989) who showed the possibility to predict growth and yield
of sorghum and pearl millet (based among other factors) on the consistency of dry matter produced
per unit of radiation intercepted (radiation use efficiency) during vegetative growth when water was
not limiting. In connection with this, Muchow (1989a) investigated the productivity of maize,
sorghum, and pearl millet based on the amount of incident radiation intercepted by the crops, its
efficiency of use in dry matter production, and the proportion of dry matter partioned to the grain.

Hammer and Vanderlip (1989), on genotype x environment interaction in grain sorghum,
suggested that total dry matter produced by a crop can be modelled as the product of intercepted
PAR and RUE. They reported RUE values of 4.89 and 3.76 g/Mj for different grain sorghum hybrids
at 25 °C. Terry (1990) also observed a direct relationship between dry matter production and the
amount of radiation intercepted by the cunopy in drought susceptible and drought tolerant sorghum

genotypes.

232

Monteith (1994) concluded that there was a valid relation between crop growth and
intercepted radiation since crop growth depends on intercepted solar radiation. Gallagher and Biscoe
(1978) on radiation absorption, growth and yield of cereals, stated that dry matter production was
proportional to intercepted radiation during the vegetative growth of cereals.

In sorghum, McGowan et al. (1991) found a direct relation between the dry matter
accumulation and the amount of radiation intercepted, which was largely independent of spacing
between rows. Myers et al. (1986) concluded that, in the growth and development of grain sorghum

in tropical and subtropical environments, the growth rate was related to the estimated intercepted
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radiation. In another study, sorghum crop growth rate was shown to be proportional to intercepted

radiation and therefore to an exponential function (expolinear) of leaf area ( Goudriaan and Monteith
1990).

A linear relationship between dry weight and intercepted photosynthetic active radiation
during vegetative and reproductive phases was also reported in millet, but in groundnut such lincarity
was observed in the vegetative phase only (Marshall and Willey 1983).

In chickpea, a linear relationship between above - ground dry matter and intercepted radiation
up to 119 days after sowing was also observed (Leach and Beech 1988). In another study, it was
observed that the amount of energy fixed hy chickpea was proportional to the energy intercepted, up
to « green leaf area index of 5, and that the PAR absorbed was linearly related to crop growth rate
(Nanda and Saini 1990). The authors reported RUE value of 1.45 g/Mj corresponding to a growth
cfficiency of 2.5% with negligible differences between cultivars.

In pigeonpea, Thirathon et al. (1987) showed that the accumulation of the photosynthetic
output of the canopy (POC) from the top of the canopy and downwards was lincarly related to PAR
intercepted during early and later stages of growth, but the POC efficiency of PAR conversion to
decrease with age. From study in pigeonpea and mungbean intercropping, it was concluded that the
solar radiation interception was positively correlated with leaf area index (Legha and Dhingru 1991).
Sivakumar and Virmani (1984) reported that the interception of photosynthetic photon flux density
(PPFD) by canopies of maize, sorghum, pigeonpea and maize/pigeonpea intercrop was closely related
to the leaf area index.

Balakrishnan and Natarajaratnan (1987) showed that yield was positively correlated to
radiation interception, and radiation interception was negatively correlated to extinction coefficient

(K). This was in contrast to Craufurd and Bidinger (1989) who showed strong correlation between
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grain number and intercepted radiation during floral initiation - flowering, but grain yield was weakly
correlated to intercepted radiation.

Muchow (1989¢) mentioned that the :ﬁpcciﬁc leaf nitrogen content was positively related to
the average RUE from emergence - maturity, but not during grain filling. The reason was attributed

to transfer to the grain of nitrogen assimilated before anthesis.

Inthapan and Fukai (1988) related the low grain yield of rice (680) compared to sorghum
(1240 g/m®) and maize (1060 g/nf) despite the similarities in the harvest indices, to an inefficient
conversion of solar radiation to dry matter in rice canopies. This was in agreement to Vanangamudi
et al. (1990) who related the higher yields in hybrid grasses to their higher mean solar radiation
interception and to their higher conversion efficiencies. Bishnoi (1983) observed a maximum
photosynthetic active radiation absorptivity and conversion efficiency in the order of pearl millet >
sorghum > maize under all moisture regimes, but both absorption and conversion decreased with
increased moisture stress.

Sivakumar and Virmani (1984) observed that the maize/pigeonpea intercrop was most
efficient in converting intercepted radiation to dry matter, followed by sole crops of maize, sorghum

and pigeonpea.

2.34 iati i rrowth Sta
Ferraris and Foale (1986), in the comparative growth of sweet and forage sorghum, found
similar production and efficiency of PAR use in the high and low tillering lines during pre - anthesis.

Rachidi (1990) found no significant differences in the radiation use efficiency between suntlowers and
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sorghum during vegetative stage, but after flowering, sorghum had higher radiation use efficiency
than sunflowers. This was in agreement with Muchow (1986), comparing sorghum hybrids, who
found no differences in the amount of radiation intercepted or it's conversion efficiency between
emergence and anthesis during wet and dry seasons, but that both interception and conversion were
low at anthesis to maturity during the wet season and accordingly resulted in a low dry matter
production and low grain yield.

Matthews et al. (1988), working on the physiological basis of yield difference in groundnut,
found similar amounts of dry matter per unit of intercepted radiation (RUE) to be produced before

pod filling, but that RUE for different groundnut genotypes at pod filling was different.

235 se Kfficiency ; r

Muchow (1989b), comparing the productivity of maize, sorghum and pearl millet, found the
decrease in biomass in response to water deficit to be more associated to a reduction in RUE than
to a reduction in radiation interception. Mc [ntyre et al. (1993), on radiation use and growth of pear]
millet in a semi arid environment, stated that in irrigated crops, the RUE did not vary significantly (1.7
YMj), but was significantly reduced (0.8 g/Mj) in non irrigated crops when temperature was high (33

°C).

2.3.6 Radiation Use Efficiency and CO,

Clifford et al. (1993), in groundnut, found the elevated CO, concentration (700 ppim) to
increase RUE through increasing intercepted radiation by 30% (from 1.66 to 2,16 g/Mj) in irrigated,
and by Y4% (from 0.64 to 1,24 g/Mj) on a drying soil profile (weekly irrigated, no irrigation from 35

days after sowing). The authors concluded that the primary effects of elevated CO; on growth and
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yield of groundnut stands were mediated by an increase in the conversion coefficient for intercepted
radiation and by the prolonged maintenance of higher leaf water potentials during increasing drought

stress.

237 Radiation Use Efficiency and Saturation Vapor Pressure Deficit (SVPD)
Stockle and Kiniry (1990) concluded that the effects of SVPD should be considered when

RUE is used to estimate biomass accumulation in sorghum and maize.

2.3.8 Efficiency, Site and S
Muchow and Davis (1988) concluded that RUE may not be stable across environments and

may vary with site and season for a given crop (Demetriades - Shah et al. 1992).

24 MOISTURE EXTRACTION, EVAPOTRANSPIRATION AND WATER
USE EFFICIENCY

Onken et al. (1992) observed that soil fertility levels have smaller effects on crop
evapotranspiration (ET), but resulted in proportional changes in evaporation (E) and transpiration
(T); with increasing soil fertility levels increasing T and decreasing E. The authors suggested that
genotype x nutrient interactions (which affect nutrient uptake and water use) be quantified to develop
appropriate agronomic solutions for stability and sustainability of sorghum production in the Sahelian
Africa, Rizzo et al. (1990) observed a greater ET with low inputs (489 mm) than with high inputs
(352 mm), but WUE values were rather greater at high levels of inputs. This was in contrast to
Dhonde et al. (1986) who concluded that WUE of rabi sorghum declines with increasing frequency

of irrigation.
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Khauna - Chopra and Kumari (1995) reported WUE values of 2.5 kg/ha per mm (no
irrigation) and 9.7 kg/ha per mm (one irrigation, 40 kg N). Others (Patel et al. 1987; Prasad and Sam
1990; and Osmanzai 1990) observed WUE \;alues for rabi sorghum of 11.67, 9.92 and 11.4 kg/ha
per mm respectively. In sorghum, grain water use efficiency was reported to range from 1.7 to 22.0
t/ha per mand total water use efficiency from 36.3 to 68.0 t/ha per m (Kanemasu et al. 1984).

The interaction of water use and N levels were investigated by Reddy and Reddy (1988). The
authors found slight increase in the consumptive use of water (ET) with increasing N rates (() - 140
kg N/ha); maximum WUE was obtained at 80 kg N/ha and at irrigation frequency at 20 and 40%
available soil moisture depletion (ASMD); beyond these levels, WUE had decreased.

A consumptive water use of 342 min with irrigation and 291 mm with straw mulch and
corresponding WUE values of 10.28 and 10.98 kg/ha per mm in rabi sorghum were reported by
Ghugare and Khade (1989). A mean dry matter water use efficiency value of 17.5 t/ha per m for C,
crops (Pino, soybean and sunflower) and 33.3 t/ha per m for C, crops (Corn, grain sorghum and pearl
millet), with sunflower depleting more water from deeper soil depths (0.99 - 1.60 m) than the
remaining five crops was shown by Hattendorf et al. (1988). Ghugare et al. (1982), in rabi sorghum,
reported a moisture depletion of 197 mm (at 165 kg P205) and WUE to increase from 23.6% (no
P) to 46.6% with P application. The water requirement of kharif and rabi sorghum (based on
potential evapotranspiration values and climatic data 1946 - 1985) was reported to range trom 587
mm (kharif sorghum) to 458 mm (rabi sorghum) (Ghadekar and Patil 1990).

The water extraction pattern (% of total water extraction by soil depth) of rabi crops (wheat,
sorghum, safflower, maize and bengal gram) from different soil depths was estimated by Radder et
al. (1991) to range from 39.1 - 43.5% (0-15 cm); 27.1 - 28.2% (15-30 cm); 18.0 - 20.5% (30-60 cm);

and 11.6 - 13.0% (60-90 cm). As is evident, there was a decrease in Jemoisture extraction with
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increasing soil depth in all the crops under that study. The differences in the water extraction of
different crops were attributed by Pandey et al. (1987) to differences in their rooting depth and to
their ability to extract soil water within the réot'mg zone.
2.5 NUTRIENT UPTAKE, NITROGEN USE EFFICIENCY AND THEIR
INTERACTION

N, P, Kand § uptake increased with increased levels of N, sulphur and moisture (Badanur and
Deshpande 1987). N use efficiency (kg N per kg grain/ha) was estimated to range from 9.4 to 12.4
when N was applied at a dose of 50 to 150 kg/ha (Thakre et al. 1989). Alagarswamy and Bidinger
(1987) studying genotypic variation in biomass production and nitrogen use efficicncy of pearl millet,
showed that genotypes having similar nitrogen uptake from the soil could differ significantly in their
biomass production and accordingly in their nitrogen use efficiency. Godwin et al. (1989), simulating
N dynamics in cropping systems of the semi - arid tropics, concluded from their 25 year simulation
studies that the availability of soil moisture in the drier environments and N leaching in the wetter
areas were the key factors to low N cfficiency. Youngquist and Maranville (1988) revealed that
nitrogen uptake efficiency contributed more to biomass production while N utilization efficiency was
more important for grain production and that the uptake and utilization efficiencies were similar at

high and low N soils, though the importance of the utilization efficiency was greater in low N soils.

26 YIELD CORRELATION, ITS LIMITATION, STABILITY AND
IMPROVEMENT
In a study by Unger (1991) on dryland sorghum, seeds /m* and stover weight were considered

variables significantly related to grain yield. Cheralu and Rao (1989), on genetic variability and
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character association for yield and yield components in rabi sorghum, observed a high and significant
positive correlation between grain yield and ear weight, number of primary and secondary panicle
branches and total dry matter. This was also reported by Shahane and Borikar (1982) and by Kulkarni
et al. (1983). Jadhav et al. (1994) observed a positive correlation between grain yield and growing
degree days measured at panicle emergence, flowering and at physiological maturity. A positive and
significant correlation between grain yield and plant N content measured at 50 - 90 DAS (summer
crop) and 40 - 80 DAS (kharif crop) was observed by Korikanthimath and Palaniappan (1987). Joshi
and Jamadagni (1990), on relation of physiological characters to grain yield in rabi sorghum, pointed
that a high value of photosynthetic structures (LAI and LA duration) during the grain filling stage and
a high rate of dry matter accumulation and HI were responsible for high yields in cultivars CSH 8R
(690 g/m?) and SPV 8R (672 g/m?) compared to M35-1 (396 g/m?). Higher grain number per panicle,
1000 grain mass, better panicle and grain setting percentages and a high leaf area duration were
responsible for highest yield in rubi sorghum (Pinjari and Shinde [995). On ditferent rabi sorghum
genotypes, many authors (Anonymous 1982; Youngquist et al. 1990) associated high grain yield with
high HI (39%) and low yicld with low HI (19%). Blum (198%), comparing the productivity and
drought resistance of genetically improved and native landrace sorghum, reported a 3 (dryland) to
4 (irrigated) fold range in yield due to 3 to 4 fold range in the HI through breeding. The reduction
in yield from irrigated to dryland conditions could not be altered by breeding; but landraces showed
a greater variability to drought susceptibility (measured by reduction in yield from irrigated to dryland
conditions). Muhammad Rafigq and Muhammad Afzal (1988), on the contribution of some sorghum
production factors to yield, concluded that fertilization had the greatest effect on sorghum yield,
followed by insecticide, improved cultivars and herbicide; with N fertilizer advancing anthesis,

increasing plant height and number of panicles per plant.
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It was concluded by Saeed (1992) from 54 grain sorghum genotypes in 48 environments that
stability for seed number component is more important than stability for seed weight in contributing
to yield stability in genotypes of all mznurit); groups. Youngquist et al. (1990) also attributed the
stability in low rainfall environments to an ability to maintain head number and seed number per head.

Murty (1994) attributed the slow improvement in rabi sorghum types (compared to the rainy
season types) despite the intensive conventional breeding efforts over the past 25 years, to differences
between cultivars in their genotype x environment interactions rather than genetic differences per se.
The factors influencing productivity of rabi sorghum were investigated by Seetharama (1986) and
Seetharama et al. (1990). The former attributed the differences in rabi sorghum productivity among
cultivars to differences in their harvest index rather than differences in biomass productivity. The
latter attributed the low productivity of rahi sorghum in India to environmental factors including
climatic; edaphic; insect and disease problems and management factors,

27 RETURNS FROM SORGHUM IN RELATION TO OTHER CROPS,
FACTORS AFFECTING RETURNS

Nikam et al. (1988) concluded that safflower and sorghum had the highest returns under the
dryland conditions in the Kandesh region of Maharashtra. The higher net profit in SPV 86 and M35-1
than CSH 8R (though the yield was greater in the latter) was attributed by Lomte et al. (1988) to a
better quality and a higher fodder yield in both cultivars. The reported returns from rabi sorghum
cultivation were in the range of US $ 280/ha (Patel et al. 1987); Rs 1379/ at the research farm and

Rs 781 at the farmers' fields (Rao et al. 1983c¢).
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CHAPTER I
MATERIALS AND METHODS

3.1  EXPERIMENTAL SITE
3.1.1 Location

The experiment was conducted at [CRISAT Asia Center (IAC) (India) during rabi season
1995 and 96. The location is situated at an altitude of 545 m above sea level, 18 °N, 78 °E near
Patancheru village, state of Andhra Pradesh (ICRISAT, 1985).
3.1.2 Climate

The climate at 1AC is a typical semi - arid tropical environmient characterized by a short period
of rainfall (3 - 4 months) and a prolonged dry period (8 - 9 months). Three distinct seasons
characterize this environment:
1) Kharif or monsoon season, which usually starts in mid June and extends into early October and
during which > 80% of the total rainfall (760 mm) is received. In this season rainfed crops are raised
(ICRISAT, 1989).
2) Rabi or postrainy season extending from mid October to February. This season is relatively dry,
cool and with short days. Cropping is done on stored soil moisture. The experiment under
investigation was raised during this season,
3) Summer, the hottest season which starts in March and continues until the rains commence in June.
During summer crops are raised under irrigation.

During the conduct of the experiment, ranifall, temperature and solar radiation data were

shown in Fig 1 and detailed weather data for the same period and parameters were shown in

Appendix | and 2. m |
BR 628310 |
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3.1.3 Soil

Two sites to represent two contrasting moisture environments were chosen. The first is deep
Vertisol (>150 cm soil depth) and the second ns shallow Inceptisol (< 50 ¢m soil depth). The subsoil
profile of the vertic Inceptisol site is dominated by calcarious material which is not fully weathered.
The soil physical and chemical analysis of hoth sites at rabi 1995 and 1996 were shown in Tables |
and 2.

32 EXPERIMENTAL DETAILS

The experiment in the deep Vertisol site was laid out in a three - level split plot design
involving (in order) planting date, fertility. insect protection level and cultivar type (Fig 2). The
experiment in the vertic Inceptisol site was a two level split plot design involving sowing dates,
fertility and genotypes (Fig 3).

The main effects in both experiments were contrasting levels of management factors known
to affect productivity. These were:

(1) early (SD1) and normal (SD2) planting dates (carly sowing was carried at 22/9 at the vertic
Inceptisol and at 25/9 in the deep Vertisol site during both 1995 and 1996, while the normal planting
in the vertic Inceptisol was at 27/10 (during 1995), 17/10 (during 1996) and at 31/10 (during 1995
and 1996) in the deep Vertisol site.

(2) fertilization level. FYM (F1), FYM + 20 kg N + 9 kg P as basal dressing (F2) and FYM + 20 kg
N and 9 kg P as basal dressing + 46 kg N as topdressing (F3). There were three levels of fertilities
in the deep Vertisol site (F1, F2, F3) and two levels at the vertic Inceptisol site (F1 and F2).

(3) Non (NP) and full protection (PR) against the shoot fly. These treatments were used only in the
deep Vertisol site, the vertic Inceptisol site was fully protected.

4) Genotypes. Three genotypes to represent:
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a) A traditional rabi landrace (M35-1); b an improved rabi variety (swathi) and ¢) rabi hybrid (ICSH
94004), it's pedigree is (ICSA 91003 X M35-1-36).
3.2.1 Fertilizer Application .

FYM (F1) was manually and evenly broadcasted at a rate of 10 t/ha every alternate year. The
first dose was applicd on 1994 rabi season and the second dose on 1996. The FYM had 0.70% N and
0.26% P (average of four samples). DAP (28:28:0) at the rate of 70 kg/ha was basally applied. Later
(25 days after emergence, DAE), urea (46% N) was topdressed at a rate of 46 kg/ha. Nitrogen and
phosphorous were applied (basal or topdressing) by animal drawn fertilizer driller.

3.2.2  Planting and Shoot fly control

Sowing of both experiments was carried out by a tractor mounted three row precision planter
on flat land at a row spacing of 50 cm. During sowing carbofuran granules 3 G at a rate of 40 kg/ha
were applied about 5 cm from the seed row to the fully protected treatments through an insecticide
unit attached to the driller. After crop emergence, the fully protected treatments were manually
sprayed with cypermethrin (at 0.50 li/ha) using a motorized backpack sprayer when the crop was at
SDAEat 5 - 7 day intervals and continued upto 25 DAE. Three sprayings were given in rabi 1995
and four in 1996 at each site. The plants were thinned to a spacing of 10 - 15 cm apart at 15 DAE.
Both sites were periodically weeded (whenever was necessary) during both seasons and kept at

optimum level.
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Table 1. Physical and chemical properties in the deep Vertisol site (rabi 1995 and 1996).

Deep Vertisol site (rabi 1995) Deep Vertisol site (rabi 1996)
Depth Bulk PH EC NISN  NO3N  TouIN  OC ri EC AvailP AN NOIN  ToulN oc
(cm) Density (ds/m) (ppm) tppm)  (ppm) (ppm) %) (ds/m) (ppm) (ppm) (ppm) {ppm) (t0]
(g/ec)

15 156 332 026 039 ] 3 3% [rg 836 017 56 0 40 Gl 21z

1530 154 848 019 041 7 2 420 0.41 834 017 20 0 30 a9 0.46
3045 153 850 019 036 6 2 327 036 838 016 13 s 30 353 037
4560 149 848 019 035 7 4 381 035 838 021 10 4 60 358 034
60-75 146 860 0.20 033 s 1 309 033 828 023 09 s 50 327 032
7590 144 855 024 033 s 1 298 033 837 0.22 08 s 30 297 018
90-108 139 875 022 [EY s 1 270 037 837 028 07 4 2.0 299 047
105120 148 887 028 029 4 2 258 029 838 0.26 04 s 10 277 034
120135 145 290 026 020 s 2 237 020 840 027 04 4 0s 242 018
135150 154 895 029 013 [ 2 210 013 838 0.30 0.4 4 05 238 023

Table 2. Physical and chemical properties in the vertic Inceptisol site (rabi 1995 and 1996).
Vertic Inceptisol site (rabi 1995) Vertic Inceptisol site (Rabi 1996)
Depth Bulk PH EC AvailP NH4N  NOIN  TomIN  OC PH EC AvailP NHSN NOIN  TotalN oc
(em) density (ds/m) (ppm) (ppm}  (ppm) {ppm) (%) (ds/m) (ppm) {ppm) (ppm) (ppm) %)
(g/ce)

o15 155 [X5) 10 E) 310 036 830 020 [x] 1 B 7S 1.00
1530 1.56 o1 10 4 392 046 829 020 34 9 6 706 094
3045 166 013 08 4 100 037 832 0.21 30 7 4 40 065
45-60 170 015 08 4 381 034 838 020 22 s 4 350 0ss
6075 1.60 014 07 4 357 034 846 0.18 13 3 0 am 027
7590 164 014 0.6 3 288 01s 8.43 020 13 3 4 247 021
90-108 1.60 0.17 07 3 234 034 8.52 020 13 4 4 217 021
105120 164 (X% 09 3 182 043 842 020 20 4 4 214 030
120-135 159 019 07 3 210 033 851 017 15 2 3 139 0.21
135-150 158 895 0.18 24 2 106 0.48 8.53 0.18 22 3 3 98 0.12
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3.2.3 Experimental Design and Layout

The treatments were arranged in a split split split in the Vertisol site and split split plot designs
in the Inceptisol site, with three replications in each site (Figs 2 and 3). The gross plot size in both
sites was 9 m length, six rows width, with a row spacing of 50 cm between rows (27 m?). Half of the
plot area (6 rows x 4.5 m) was used for sampling purposes (sampling plots), while the other half for
moisture, radiation and yield data (yield plots).
3.2.4 Summary of Observations and Measurements

The observations collected in the two sites during both seasons were:
1) Crop sampling. Three samples were taken to monitor the changes in total plant dry weights and
leaf area. Total dry weight was the sum of dry weights of green leaves, stems during early stages (30
and 50 DAE) and the dry weights of green and dry lcaves, stems, and panicles during flowering stage
(FL sample). These were also used to calculate the raciation use cfficiency at the corresponding
sampling intervals.
2) radiation interception. Measured on a weekly basis using Accu PAR Ceptometer (minimum of
three observations ubove and three below) in a designated position in all the plots of the three
cultivars.
3) Water use (M35-1 only). Monitored by a neutron probe (one access tube per each M35-1 plot)
on a fortnightly interval at 15 ¢m soil depth intervals upto a depth of 150 cm.
4) Nutrient analysis. Total N and total P uptakes at flowering (FL) and harvest (HAR) time were
determined; at FL, the analysis was carried out in the green leaves, stems and in the panicles
separately. However; at HAR time, it was carried out in the stover (stems and leaves combined
together) and on the grain. Both total N and total P uptakes during either season were estimated from

the growth analysis samples at FL and from the HAR sample.
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5) Insect damage. Counts were recorded for shoot fly dead heart damage at 21 and 30 DAE. After
FL, a second count was taken to determine per cent intact (%IN), per cent insect affected but
recovered (%AR) and per cent affected and nﬁn recovered (%AN) plants. The IN plants were those
which were not affected by the shoot fly. Those which were affected but were able to recover through
the production of one or more tillers that bore panicles at HAR time constituted the AR plants. The
sum of the IN and AR plants was an estimate to the productive plants. The AN plants were unable
to recover from infestation due to repeated shoot fly dead heart damage on the tillers and as a
consequence did not bear any panicles.
6) Lodging score. Carried out by eyc observation at harvest during both seasons in each site. Scale
of 1 'to 5 was used; [ stands for standing crop (zero lodging), 2 for 25%, 3 for 50%, 4 for 75% and
5 for 100% lodging.
7) Flowering dates (FLD). Recorded in the four central rows in the yield plots when 50% of the
plants were in the bl