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Executive summary-Kharif 2014

Trail 1 K. Phenotyping kharif sorghum germplasm for mid-season drought adaptation: Phenotyping thirty
promising kharif sorghum germplasm for mid-season drought adaptation in dryland condition indicated that
panicle dry mass at maturity, grain yields, harvest index, and staygreen rating decreased by 36%, 13%, 7% and
5% respectively in continuous dryland over limited irrigation during mid-season (P! stage). IS 23514, IS 23579, IS
21083, IS 9108, IS 9113 and CSV 24SS produced higher green leaves and maintained higher leaf area index
(source capacity) at flowering. Preflowering drought stress significantly reduced the grain yield by 13%.
Genotypes produced higher grain yield and stable under both dryland stress and limited irrigated conditions were
IS 13521, SPV 462, CSV 15, S35, NTJ 2, and E 36-1. Genotypes maintained higher visual staygreen rating
under drought stress include IS 23579, IS 4698, SPSSV 30, IS 9108, IS 9113, 1S29187 (4.0-4.63) than check
B35 (4.23).

Detailed report-Kharif 2014

The primary objectives of kharif physiology evaluation program include:

i) To evaluate new germplasm sources for variability in climate change (mid-and terminal drought and
temperature stresses) and staygreen in kharif production system.

i) To assess the performance and stability of genotypes across a range of environments (latitudes) and
soil types (especially alfisols) and identify superior genotypes.

i) To characterize plant traits contributing higher biomass accumulation combining mid-season drought
and heat stress tolerance.
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This trials was planned during Kharif 2014 at Parbhani (19°08' N; 769 50'E), Phaltan (18°47' N; 74°32'E), Akola
and Hyderabad (17° 27' N; 78028' E). Due to the late onset of monsoon and prevailing early drought and high
temperatures conditions, this trail was not successfully organized and hence vitiated at these locations. Hence,
the trial organized at DSR, Hyderabad data are presented here.

Trial 1K. Phenotyping kharif sorghum germplasm for mid-season drought adaptation

Thirty promising sorghum germplasm (representing caudatum, durra, guinea and their intermediary land races)
were planned for evaluation during kharif 2014. The check used in this study was CSV 23 which is the dual-
purpose one released for kharif. The genotypes were selected based on their performance in the initial
evaluation in and kharif and subsequent seed multiplication in the rabi seasons. The test materials represent the
all biological races of sorghum namely durra, caudatum, kafir, bicolor guinea their intermediaries. Each genotype
was planted in one row of 3m length (plot size: 3.0 * 0.45m =1.35 m2) in split-plot design with three replications.
Two water regimes namely i) rainfed and 2) limited irrigated control (one irrigation during the preflowering
drought) were assigned main-plots, while genotypes were allotted to sub-plots. Due to the continuous drought
during pre-flowering stage, one irrigation was given at about panicle initiation stage to the irrigated set. While the
rainfed set was allowed to grow under natural rainfall conditions. The soil was brought back to near field capacity.
A plant spacing of 45 cm between the rows and 15 cm within the row were adopted. The details of environmental
conditions were presented in Fig 1 to Fig. 6. Recommended dose of fertilizer was applied (@ 60:30:0 kg N: P205:
K20 ha' in the form of urea, single super phosphate, muriate of potash, respectively) with half N and complete P
and K as basal, and balance N was side-dressed at 35 DAE. Furadan 3G (@ 20 kg ha'') was applied in furrows
at planting to control the shoot fly (Atherigona soccata R). Need based minimal plant protection measures were
followed to control the major insect pests of sorghum. The data were collected as per standard procedures and
are presented in tables 1K1.1 to 1.2.

Significant differences were observed for simple effects, main and interaction effects for phenology, and
components of biomass, quality and grain yield components. Significant differences were observed among the
genotypes for green leaves at flowering, leaf area index, biomass and its components at flowering and maturity
and staygreen rating at maturity (Fig.1K1.1 to 1.2). While, continuous drought stress treatment significantly
decreased the leaf number, panicle dry weight, grain yield, harvest index and staygreen rating including
interactions. Panicle dry mass at maturity, grain yields, harvest index, and staygreen rating decreased by 36%,
13%, 7% and 5% respectively in continuous dryland over limited irrigation during mid-season (PI stage). IS
23514, IS 23579, IS 21083, 1S 9108, IS 9113 and CSV 24SS produced higher green leaves and maintained
higher leaf area index (source capacity ) at flowering in both dryland and limited protective irrigated conditions
indicating their drought tolerance to preflowering drought and heat stress. Preflowering drought stress
significantly reduced the grain yield by 13%. Genotypes produced higher grain yield and stable under both
dryland stress and limited irrigated conditions were IS 13521, SPV 462, CSV 15, S35, NTJ 2, and E 36-1. Similar
trend was observed for harvest index also. Interestingly, all caudatum types produced higher grain yield and
harvest index than durra or guinea. On the other hand total biomass did not differ due to drought stress. Only
genotypic effects were significant for total biomass at maturity. Interestingly, genotypes, IS 23514, IS 23579, IS
27887, SPV 2074, CSV22SS gave significantly high biomass than other across stress and non-stress conditions
(range: 1805-2356 g/m?2). Genotypes maintained higher visual staygreen rating under drought stress include IS
23579, IS 4698, SPSSV 30, IS 9108, 1S 9113, 1529187 (4.0-4.63) than check B35 (4.23).

Executive summary-Rabi 2014-15

Trial 1R: Preliminary evaluation of diverse germplasm for rabi adaptation: Thirty-seven rabi sorghum
landrace germplasm along with three checks were evaluated at Parbhani, Tandur, Bijapur, Solapur and Rahuri
with an objective of identifying potential donors for rabi adaptation traits such as phenology, physiological traits
components of biomass, and grain yield. Five entries recorded superior LAl across locations than check CSV 22R
include RSV 1850, SLV 171, SLV 181, SLV 182, SLV 184 and SSRK 13-20. Genotypes produced superior
biomass yields than check includes SLV 168, SLV 182, SLV 188, SSRK 13-4, and SLV 190. Genotypes recorded
higher yield across locations than check CSV22R (32.0 g/pl) include RSV 1850, RSV 1785, SSRK 13-4, SLV 182,
and RSV 1749 (34.2-38.6 g/pl). Interestingly, RSV 1785, SLV 182, and SSRK 13-4 ( IS 4698) produced higher
grain yields combining greater biomass production.
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Trial 2(M) & 3(S): Phenotyping advanced rabi sorghum entries for drought adaptation traits in medium and
shallow soils: Sixteen advanced rabi-adapted sorghum genotypes including three checks were phenotyped in
both medium (<75 ¢m soil depth) and shallow soils (<45 c¢m soil depth) at Bijapur, Parbhani, Rahuri, Solapur and
Tandur. Average plant height decreased by 14.0 % in shallow soil over medium. As regards DSI, entries BRJ343
(0. 571), RSV 1640 (0.606) showed less DSI means more plant height stability under drought. LAl decreased by
15.0 % in shallow soil over medium. BRJ 235 and BRJ 229 recorded higher LAl while, CRS 49 and CRS 50
showed least reduction in LAl under stress and were stable across the soil depths. Average biomass production at
flowering decreased by 29.0 % in shallow soil over medium, and BRJ 229, and RSV 1640 were stable across the
soil depths. BRJ 341 alone recorded superior crop water status than checks especially in shallow soil stress
condition. Interestingly, higher SPAD units (more leaf staygreen) resulted in realization of higher RWC, grain yield,
panicle mass (r=-0.543; 0.557; 0.510; P<0.05 resp.). For grain yield, on overall mean basis, none was
significantly superior to check Phlue Suchitra in both soil depths. Grain yield decreased by 34% in shallow soil
depth over medium. In terms of DSI for grain yields, RSV 1544 (DSI=0.617), RSV 1572 (DSI=0.686), and RSV
1640 (DSI=0.727) were relatively more stable than checks.

Trial 4 RF and 4 Irrg: Phenotyping sorghum for key root traits associated with drought adaptation: Thirteen
advanced rabi sorghum genotypes including checks were characterized for key root and shoot traits that contribute
survival under flowering and postflowering drought and heat stress. There was significant decrease in root and
shoot related traits under rainfed than in irrigated. Mean plant height, decreased by 11.0 % in rainfed than irrigated.
There was 19% decrease in biomass at flowering under moisture mistress than dryland. Genotypes RSV 1620,
RSSGV 46 and CRS 49 recorded higher biomass across the stress and nonstress conditions. The mean root
biomass, root length, root volume, and root numbers declined by 31%, 11.0%, 5 % and 16.0 % in rainfed condition
than in irrigated. Entries, RSV 1620, CRS 49 and BRJ 229 were superior to checks across moisture regimes for
key root traits under stress and non-stress conditions.

Trail 5. Drought alleviation of sorghum by using fertilizer nutrients and plant growth substances

A field experiment was conducted at Bijapur centre during rabi season 2014-15 with an objective of assessing the
scope for mitigating drought stress by soil application of potassium and micronutrients viz., Zn and Fe in sorghum
beside studying the effects of foliar spray of plant growth substances (PGRs) for mitigating flowering and post-
flowering drought stress in rabi sorghum. Recommended dose of fertilizer along with micronutrients (RD + 30 kg
K20 /ha + Zn 12kg /ha + Fe 12 kg/ha) significantly (P<0.05) increased the biomass components. There was 7-
23 % increase by plantozyme spraying over other treatments in biomass production. Grain yield increased by 2-
7 % by RD plus micronutrient application over other treatments. Among the PGR foliar sprays, grain yield
continuously increased from T1 to T5. PGR foliar spraying treatment (plantozyme (seaweed extract)- 2 ml/ litre
water at 30, 60 & 90 DAS) gave 10% , 12%, 20%, 23% and 43% increase in grain yield over Tricontinol 5ppm,
GA 25ppm, 6-BA 50ppm, NAA 50ppm, and control respectively .

Detailed report-Rabi 2014-15

Sorghum (Sorghum bicolor (L.) Moench) is one of the important nutritional cereal crops grown for food, feed, and
fodder and bioenergy production around the world. In India, it is grown over 7.00 m ha both in kharif (3.00 m ha)
and Rabi (4.30 m ha) seasons. Drought and temperature stresses (low and high) occurring during pre-and
postflowering stages are major environmental constraints limiting sorghum productivity besides biotic stress
conditions. Average vyields are <1.0 t ha' due to negative impacts of abiotic and biotic stresses. Further, climate
change especially short episodes of heat stress (above optimum) are projected to impact the sorghum yields
considerably

In coordinated rabi physiology program five trials were conducted at five locations Bijapur, Parbhani, Rahuri,
Phaltan, and Tandur. The broad objectives of the rabi physiology program were to 1) preliminary evaluation of
landrace germplasm (primarily durra types) for traits related to drought adaptation, 2) to characterize key crop
physiological traits in advanced genotypes that determine higher biomass, grain productivity, combining drought
and temperature stress (low and high) tolerance under stored soil moisture stress situation and 3) identify potential
and durable sources for genetic enhancement of rabi sorghum. Identification of stress tolerant genotypes
combining higher yields is important in view of current climate change and its variability. This ultimate goal of the
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program is to identifying contrasting sourcesitraits for tolerance/susceptibility that determine broad adaptation to
climate change (drought, temperature stress & combined) that facilitate mapping population (RILs)/cultivar
development, and QTL identification/analyses.

Soils and planting: The soils where trials were planted varied from medium deep black (vertisols) to shallow
vertisols. Planting was mainly done between mid-September and first or second week of week of October.

Environmental conditions at different test locations

(Figs. 1-5)
Bijapur: At Bijapur, the total rainfall received during kharif and rabi seasons was 576 mm which is almost normal
rainfall for this location (normal: 590 mm). The rainfall distribution revealed the kharif season cropping period too
received good amount of rainfall during July and August (Met Table 1).The Rainfall distribution was bimodal with
peak of rainfall occurring in both in mid-July and late August. The rainfall received during late August and early
September was adequate to plant the rabi sorghum. Subsequently, some amount of rainfall occurred which was
coincided with panicle initiation stage (end of GS1). Following this, the crop experienced severe dry conditions in
during reproductive (GS2) and ripening phases (GS3). Temperature data showed that the diurnal variation in
maximum and minimum was wide in rabi cropping season than kharif (Met Table 1). The minimum temperatures
dropped to about 10-11.0° C which coincided with flowering and subsequent grain-filling. The accumulated thermal
time recorded was 2278 and 1907 °Cd, respectively for kharif and rabi cropping periods. Thus, the lower
availability (15.0% less than kharif ) of accumulated growing degree days (GDD) for the rabi cropping period is
one of the reasons for lower productivity of rabi sorghum, besides occurrence of drought stress during pre-(GS2)
and post-flowering stages. Weekly mean minimum and maximum temperatures recorded were from 11.0 to 22.0°C
and 27.3 to 36.6°C, respectively. The weekly mean open pan evaporation too ranged from 3.0 to 5.2 mm during
kharif and rabi cropping period. The evaporation values were much lower in the rabi cropping period than kharif.

Solapur: The rainfall received at Solapur during kharif and rabi cropping period and was 435 mm which was 30%
less than normal (629 mm). The rainfall distribution revealed the kharif season cropping period received good
amount of rainfall during July (Met Table 1).The Rainfall distribution was bimodal with peak of rainfall occurring in
both in early July and late August. The rainfall received in late August and mid September was just adequate to
plant the rabi sorghum. Subsequently, some rainfall occurred which was coincided with panicle initiation stage (end
of GS1). Temperature variability was almost similar to Bijapur excepting prevalence of relatively higher minimum
temperatures during GS3 stage (Met Table 1). The crop was exposed to pre-and post-flowering drought stress
from October onwards until maturity. This erratic distribution of rainfall at Solapur resulted in poor performance of
the crop especially in shallow soils. Weekly mean minimum and maximum temperatures recorded were from 11.3
to 24.3°C and 29.0 to 37.5°C, respectively (Met Table 1)

Rahuri: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was 434 mm which
amounts to a deficit of 27.0% than long term normal (595 mm). The rainfall distribution revealed that in kharif
season cropping period, very limited rainfall was received in July and August (Met Table 1).The Rainfall distribution
is unimodel with peak rainfall (58.2 mm) occurring in late July. The rainfall received in September was far less than
the normal and just adequate to plant the rabi sorghum. Subsequently, the rainfall ceased from mid -October
onwards excepting occurring some amount in mid November (GS1). Following this, the crop experienced severe
atmospheric and soil drought conditions during reproductive (GS2) and ripening phases (GS3). Temperature data
showed that the diurnal variation in maximum and minimum was rather very wide in rabi cropping season than
kharif (Met Table 1). Immediately after sowing of rabi crop, the minimum temperatures dropped continuously
reaching a low of about 6.5° C which coincided with flowering to soft-dough stage. The accumulated thermal time
recorded was 2368 and 1810 °Cd, respectively for kharif and rabi cropping periods. Thus, the lower availability
(21.0 % less than kharif) of accumulated GDD for the rabi cropping period is one of the reasons for lower
productivity of rabi sorghum, besides occurrence of drought stress during pre-(GS2) and post-flowering (GS3)
stages. Weekly mean minimum and maximum temperatures recorded were ranged from 6.4 to 23.6 °C and 29.0 to
36.3 °C, respectively. The weekly mean open-pan evaporation too ranged between 3.9 to 5.8 mm during kharif
and rabi cropping period.

Parbhani: At parbhani, the total rainfall received was 431 mm which was 43% lower than normal (675 mm) for this
location and not well distributed. The rainfall received in kharif cropping season was just enough to raise the kharif
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crop (Met Table 1). The rainfall occurred in late August was inadequate to plant the rabi crop. From September
onwards the crop experienced both pre-and post-anthesis severe drought and heat stresses as could be seen from
the rainfall data. The accumulated thermal time was 2406 and 1902 °Cd, respectively for kharif and rabi cropping
periods. Thus, the lower availability (19.0 % less than kharif) of accumulated GDD for the rabi cropping period is
one of the reasons for lower productivity of rabi sorghum, besides occurrence of drought stress during pre- (GS2)
and post-flowering (GS3) stages. Weekly mean minimum and maximum temperatures recorded were ranged from
6.31025.6 °C and 27.0 to 39.2 °C, respectively. The weekly mean open-pan evaporation too ranged between 1.9
t010.6 mm during kharif and rabi cropping period. The soil was medium-deep black

Hyderabad: Total rainfall received was 454 mm which was 32% lower than normal (669.1mm) during kharif and
rabi seasons. The rainfall received in kharif cropping season was low with severe drought and heat stresses
occurring in June and July (Met Table 1). The rainfall distribution was unimodal with peak rainfall occurred in the
month of late August (160 mm). The rainfall occurred during the rabi season was far less excepting in October
which is inadequate to raise the rabi sorghum. No rainfall occurred from November onwards. The accumulated
thermal time was 2290 and 1852 °Cd, respectively for kharif and rabi cropping periods. There was 17.5 % less
GDD available for rabi than kharif cropping season that might be one of the reasons for lower productivity of
sorghum planted in rabi season. Weekly mean minimum and maximum temperatures were ranged from 5.4 to
24.6 °C and 28.0 to 37.1 °C, respectively. The weekly mean open-pan evaporation too ranged between 1.4 to 9.0
mm, resp. during kharif and rabi cropping period.

Trial 1R: Preliminary evaluation of diverse germplasm for rabi adaptation

(Table 1R.2.1-1R.2.8)
Thirty-seven rabi sorghum landrace germplasm along with three checks were evaluated at Parbhani, Tandur,
Bijapur, Solapur and Rahuri with an objective of identifying potential donors for rabi adaptation traits such as
phenology, physiological traits components of biomass, and grain yield. These landrace germplasm were collected
from different rabi sorghum growing areas of Karnataka and Maharashtra. All the accessions were primarily
belongs to the biological races either durra or caudatum. The crops were grown on medium vertisols under
dryland conditions. The data are presented in table’s 1R.2.1 - 1R.2.8.

Phenology and plant height: Mean days to flowering and days to physiological maturity differed significantly
(P<0.05) and were ranged from 68 -86 d and 112-128 d, respectively. In general, average time taken for flowering
was longer at Rahuri (83) followed by Bijapur (78). Least time to flowering was recorded at Tandur (72 d). Seven
entries recorded early flowering than check Phule Suchitra (79) include BRJ 40813, SSRK 13-1, SSRK 13-2,
SSRK 13-7, RSV 1345 and RSV 1850 (68-72 d). The trend in days to physiological maturity was similar to
flowering. Plant height differed significantly (P<0.05) at different locations and ranged from 124 to 209 cm with an
average of 176 cm. None was superior to check.

Physiological traits: Leaf area index (LAl) at flowering varied significantly (P<0.05) at different locations and
ranged from 1.78 to 3.90 with a mean of 2.96. Five entries recorded superior LAI across locations than check CSV
22R include RSV 1850, SLV 171, SLV 181, SLV 182, SLV 184 and SSRK 13-20. Relative chlorophyll content
(SPAD units) at flowering differed significantly (P<0.05) and varied from 46.1 to 59.2 with an average of 52.5.
Entries maintained higher relative chlorophyll content (SPAD) include RSV 1516, RSV 1786, RSV 1850 and SSRK
13-1 (56.6-59.2) than check CSV 22R.

Biomass components and fodder yields: Leaf dry weight, stem dry weight, total biomass differed significantly
(P<0.05). Total biomass at maturity and ranged from 76 to 118 g pt'. Genotypes produced superior biomass
yields than check includes SLV 168, SLV 182, SLV 188, SSRK 13-4, and SLV 190.

Grain yield components: Grain yield, HI and 1000-seed weight differed significantly (P<0.05) at all locations. High
mean grain yields were obtained at Rahuri followed by Bijapur, while very low grain yields were obtained at
Parbhani and Tandur. Average mean grain yield recorded was 14.5, 50.4, 25.3, 28.7 and 17.7 g m?2, at Parbhani,
Rahuri, Solapur, Bijapur and Tandur, respectively. Genotypes recorded higher yield across locations than check
CSV22R (32.0 g/pl) include RSV 1850, RSV 1785, SSRK 13-4, SLV 182, and RSV 1749 (34.2-38.6 g/pl).
Interestingly, RSV 1785, SLV 182, and SSRK 13-4 ( IS 4698) produced higher grain yields combining greater
biomass production.
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Trial 2(M) & 3(S): Phenotyping advanced rabi sorghum entries for drought adaptation traits in medium
and shallow soils

(Tables 2M 2.1-2M2.5 and 3S 3.1- 3S.3.4)
Sixteen advanced rabi-adapted sorghum genotypes including three checks were phenotyped in both medium (<75
cm soil depth) and shallow soils (<45 cm soil depth) at Bijapur, Parbhani, Rahuri, Solapur and Tandur. Plant
Breeders from different sorghum centres contributed these test materials which are in advanced stage of
development (stabilized at Fe-F7). These materials were contributed based on their superior performance in the
station and state MET trials. The test materials are primarily belongs to biological landrace durra which had
specific adaptation to rabi season and possessing traits conferring tolerance to shoot fly, drought and heat, low
temperature, pearly white and bold grain. The broad objectives of this trial were to evaluate advance rabi sorghum
entries for key traits associated with drought adaptation and productivity across the soil depth (medium and
shallow soils) and identify potential donors or contrasting parents for further crop improvement work. Testing was
done in medium and shallow soils where development of flowering and post-flowering drought stress is rapid than
deed soail. The testing hypothesis of genotypes across the soil depths is based on the farmers’ practice of growing
rabi sorghum with stored soil moisture in both soils in the target production area. Since the same set of entries
were grown in both soils, the entries compared for their performance across the soil depths to identify the stable
performing genotypes.

Data on important morpho-phonological, physiological traits, biomass, yield and its components were recorded as
per standard procedures. Drought susceptibility index (DSI): DSI for plant height, biomass, stover and grain yield
was calculated according to the Fischer and Maurer (1978) and the same is described below. DSI = (1 - Y/Yp)/D;
where Y is the mean grain yield or biomass of a genotype in drought stress condition (shallow sil); Yp is the mean
grain yield or biomass of same genotype in nonstress condition (medium soil) and D is the stress intensity D=1-
X/Xp; where X is the mean Y of all genotypes; Xp is the mean Yp of all genotypes. DSl is used to characterize the
relative drought tolerance of various genotypes (DSI<0.50 highly stress tolerant, DSI >0.50 to <1.00 moderately
stress tolerant, and DSI>1.00 susceptible).

Soil moisture status: Soil moisture content recorded at flowering stage was about 55% of available moisture
indicating the prevalence of drought conditions. The moisture content decreased further decreased at maturity.
The details of the soil moisture are presented in table 1. As discussed previously, the rainfall received in GS 1 and
G2 was almost nil at all rabi centres indicating the occurrence of pre —and post-flowering drought conditions.

Table 1. Soil moisture particulars for advanced drought adaptation germplasm trial - Rabi 2014-15, Rahuri

s Medium Shallow soil
N6 Particulars 0-15 15-30 30-45 45-60 0-15 15-30 30-45
cm cm cm cm cm cm cm
| | Soil moisture content (%)

a. At planting 290.1 39.3 40.9 41.3 33.9 37.9 38.1
b. At Panicle initiation 29.2 38.7 40.2 40.3 33.3 37.1 37.3
c. At 50% flowering 20.3 26.1 29.1 34.5 27.0 29.0 31.3
d. At maturity 18.4 22.1 28.3 30.2 20.0 22.3 26.2
Available soil moisture

Il | content (%)
a. At planting 83 168 181 184 143 171 172
b. At Panicle initiation 83 109 175 176 140 166 167
c. At 50% flowering 9 58 82 128 97 110 126
d. At maturity -7 24 76 92 49 65 91

IIl. | Field capacity (%) 1.2 275

IV | Wilting point (%) 19.2 12.8

V | Bulk density (g/cc) 1.28 1.29 1.3

VI | Rainfall during crop period 168
(mm) (standard week 38th -
5th) mm

VIl | Date of sowing Medium:12/10/14; Shallow:08/10/14

Crop phenology and plant height: Days to flowering and days to physiological maturity differed significantly
(P<0.05). Mean days to flowering differed between the soils depths. None was earlier to early check Phule
Anuradha in both the soils. Similar trend was observed for days to maturity also. Significant difference (P<0.05)
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was observed in plant height in both the soil depths at all the locations. Plant height ranged from 193 to 220 cm in
medium and 163 to 194 cm in shallow soils. Average plant height decreased by 14.0 % in shallow soil over
medium. As regards DS, entries BRJ343 (0. 571), RSV 1640 (0.606) showed less DSI means more plant height
stability under drought.

Physiological traits: Leaf area index (LAl) varied significantly (P<0.05) in shallow soil depth only. Average LAl
decreased by 15.0 % in shallow soil over medium. BRJ 235 and BRJ 229 recorded higher LAl while, CRS 49 and
CRS 50 showed least reduction in LAl under stress and were stable across the soil depths.

Leaf mass, stem mass, biomass differed significantly at flowering and maturity (P<0.05). Average biomass
production at flowering decreased by 29.0 % in shallow soil over medium, and BRJ 229, and RSV 1640 were
stable across the soil depths. Higher biomass at physiological maturity showed positive correlation (r=0.557;
P<0.05) with plant height. Relative leaf water content (RLWC) recorded at flowering varied at different locations.
There was not much reduction in RWC in shallow stress conditions. BRJ 341 alone recorded superior crop water
status than checks especially in shallow soil stress condition. SPAD values differed significantly. Interestingly,
higher SPAD units (more leaf staygreen) resulted in realization of higher RWC, grain yield, panicle mass (r=-0.543;
0.557; 0.510; P<0.05 resp.). Leaf temperature differential (LTD) recorded at flowering varied significantly (P<0.05)
among the entries.

Grain yield and its components: Grain yield, HI and 1000-seed weight differed significantly (P<0.05) at all
locations. Grain yield varied significantly at all locations in both soil depths.

Mean grain yield ranged from 2073 to 2581 kg ha' and 1159 to 1780 kg ha' in medium and shallow soil,
respectively. High mean grain yield was realized at Parbhani in medium soils and Bijapur in shallow soils.
Significant difference was observed for grain yield at all locations in both soils. On overall mean basis that in
medium soils, none was significantly superior to check Phlue Suchitra in both soil depths.

Grain yield decreased by 34% in shallow soil depth over medium. In terms of DSI for grain yields, RSV 1544
(DSI=0.617), RSV 1572 (DSI=0.686), and RSV 1640 (DSI=0.727) were relatively more stable than checks. These
entries are more stable under terminal drought and heat stress conditions. In terms of grain yield stability under
dryland stress conditions any cultivar that gives reasonably stable yields is desirable. (DSI is calculated according
to the Fischer and Maurer (1978). (DSI<0.50 highly stress tolerant, >0.50 to <1.00 moderately stress tolerant,
and >1.00 susceptible).

Trial 4 RF and 4 Irrg: Phenotyping sorghum for key root traits associated with drought adaptation

(Tables 4R-5.1-5.2 R and 6.1)
Thirteen advanced rabi sorghum genotypes including checks were characterized for root and shoot related traits
that contribute survival under flowering and postflowering drought and heat stress. Genotypes were evaluated in
the specially constructed root structure facility at Rahuri. The root screening facility was specially created above
the ground with required soil depth (1.0 m) and compaction as applicable to natural field conditions. This root
screening facility was filled with vertisol and irrigated up to saturation prior to the sowing of. Entries were planted in
split-plot design with two replications. Two water regimes namely i) rainfed and 2) limited irrigated (control) were
assigned main-plots, while genotypes were allotted to sub-plots. The irrigated control treatment received 4-
irrigations. The soil was brought back to near field capacity each time when irrigated.

Significant differences were observed for main effects and interactions for various root and shoot related traits
(P<0.05) at Rahuri. There was significant decrease in root and shoot related traits under rainfed than in irrigated.
Mean plant height, decreased by 11.0 % in rainfed than irrigated. Mean RWC, SPAD declined moderately under
moisture stress over control. RSV 1620 and BRJ 229 were superior above traits across moisture regimes.

Total biomass differed significantly among moisture regimes, genotypes including interaction effects. There was
19% decrease in biomass at flowering under moisture mistress than dryland. Genotypes RSV 1620, RSSGV 46
and CRS 49 recorded higher biomass across the stress and nonstress conditions.
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The mean root biomass, root length, root volume, and root numbers declined by 31%, 11.0%, 5 % and 16.0 % in
rainfed condition than in irrigated. Mean root length at physiological maturity under rainfed condition varied from 49
to 69 cm/plant. Root number per plant at maturity varied in 29 to 60 across stress and non-stress conditions. Data
on root mass indicated that there was a 31% decrease due to moisture stress than irrigated (range: 42-115 g/plant).
Entries, RSV 1620, CRS 49 and BRJ 229 were superior to checks across moisture regimes for key root traits
under stress and non-stress conditions. The results obtained at Bijapur location also showed similar trends
(Tables 4R-5.1-5.2 R and 6.1).

5R. Drought alleviation of sorghum by using fertilizer nutrients and plant growth substances

(Tables 5R-7.1-7.2)
A field experiment was conducted at Bijapur centre during rabi season 2014-15 with an objective of assessing the
scope for mitigating drought stress by soil application of potassium and micronutrients viz., Zn and Fe in sorghum
beside studying the effects of foliar spray of plant growth substances (PGRs) for mitigating flowering and post-
flowering drought stress in rabi sorghum.

Three fertilizer treatment namely i) recommended dose of N and P (60 and 30 kg/ha), ii) RD + 30 kg K20 /ha; iii)
RD + 30 kg K20 /ha + Zn 12kg /ha + Fe 12 kg/ha were assigned main-plots, while six PGR foliar sprays namely
1.NAA 50 ppm three foliar sprays at 30, 60 and 90 DAS, 2. 6-BA 50 ppm three foliar sprays at 30, 60 and 90 DAS
3. GA 25 ppm three foliar sprays at 30, 60 and 90 DAS, 4. Tricontinol 5 ppm three foliar sprays at 30, 60 and 90
DAS, 5. Plantozyme (seaweed extract)- 2 ml/ litre water - three sprays at 30, 60 & 90 DAS and 6. No sprays
(control) were allotted to sub-plots. The trial was organized under stored soil moisture conditions during rabi.

Significant differences were observed for main effects, simple effects and interactions for various morphological
and biomass traits (P<0.05) at Bijapur. Fertilizer treatments did not influence the phenology and plant height.
Significant differences were observed among leaf mass, stem mass at flowering and maturity due to the
application of fertilizers and PGR treatments. Recommended dose of fertilizer along with micronutrients (RD + 30
kg K20 /ha + Zn 12kg /ha + Fe 12 kg/ha) significantly (P<0.05) increased the biomass components. Significant
differences were observed for biomass at flowering and maturity due to the application of fertilizer and PGR
including interaction effects. Biomass had increased marginally with soil application of RD + micronutrients.
Among the PGR treatments, application of plantozyme (seaweed extract) - 2 ml/ litre water - three sprays at 30, 60
& 90 DAS gave significantly higher biomass yields. There was 7-23 % increase by plantozyme spraying over other
treatments in biomass production (Tables 5R-7.1-7.2).

There were significant differences (P<0.05) observed in grain yields due to the fertilized treatments and PGR
spraying, but interaction effects were non-significant. Grain yield increased by 2-7 % by RD plus micronutrient
application over other treatments. Among the PGR foliar sprays, grain yield continuously increased from T1 to T5.
PGR foliar spraying treatment (plantozyme (seaweed extract)- 2 ml/ litre water at 30, 60 & 90 DAS) gave 10% ,
12%, 20%, 23% and 43% increase in grain yield over Tricontinol 5ppm , GA 25ppm, 6-BA 50ppm, NAA 50ppm,
and control respectively (Tables 5R-7.1-7.2).

List of Collaborator from AICSIP centres contributed to the Crop Physiology program
[IMR (DSR), Hyderabad Drs. SS Rao (PI), PI; JV Patil, JS Mishra, HS Talwar and OV Ramana
VNMKYV, Parbhani Drs. HV Kalpande, Ambika More, RL Aundhekar and AG Mundhe
MPKYV, Rahuri Drs. SV Nirmal, SR Gadakh and MS Shinde

CRS (IIMR), Solapur Drs. Prabhakar and Mr Nimbore

RARS, UAS, Bijapur Drs. VH Ashvatham and Gouri Sajjanar

ARS, PJTSAU, Tandur  Drs. Satish and P Sujatha

NARI, Phaltan Dr. N Nimbkar
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