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Executive summary 
 
Trial 1R:  Preliminary evaluation of diverse germplasm for rabi adaptation: Thirty-seven rabi 
sorghum landrace germplasm along with three checks were evaluated at six locations. Six entries 
recorded less time to flowering than check CSV 22R (74) include RSSV 2234, CRS 70, CRS 72, CRS 73,  
CRS 69, RSV 1988 (69-71 d).  Days to flowering had shown significant (P≤0.05) positive relationship 
with, Pn rate,  total biomass and dry fodder yield. Entries maintained higher SPAD values include EP85, 
RSV 1988, VJV 115, CRS 69 (46.8-51.0) than check CSV 22R.  Entries maintained higher RWC values 
include EP 94, RSV 2197, EP 98 and Phule Suchitra  (77.0-79.0%) than check CSV 22R. Photosynthesis 
rate (Pn rate) varied from 27.4 to 43.6 with an average of 34.9 u mol Co2 m-2 S-1. Entries maintained 
higher Pn rate are EP 94, RSV 1837,  RSV 1984, and  CRS 73  than check CSV 22R.  Four entries  superior 
in biomass than check CSV 22R include RSV 2252, VJV 111, PVR 947, CRS 71. Total biomass maturity 
showed significant positive relationship with rain yield (r=0.653**).  Pn rate has shown significant 
positive relationship with stomatal conductance (r=0.8477**).  In grain yield, entries superior to check 
include VJV 112, PEC 23, PVR 950, and  PVR 16-3 (21.0- 35.0 g/pl). Sink number was also positively 
related with grain yield  (r= 0.448*) 
 
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 were phenotyped in 
both medium and shallow soils at Bijapur, Rahuri, Solapur, Parbhani and Tandur. Average plant height 
decreased by 16.6 % in shallow soil over medium. As regards DSI, entries Phule Suchitra (0.603)  and  
BJV 129 (0.429) showed less DSI means more plant height stability. Plant height  (P≤0.05 resp.; N=16) 
was negatively related with grain yield in medium soil.  RSV 1822 and Phule Anuradha  recorded higher 
LAI, and showed least reduction under shallow soil  and were stable across the soil depths. Average 
biomass production at maturity decreased by 36.3% in shallow soil over medium.  Entries RSV 2138, 
BJV125, and BJV 129 recorded lower DSI for biomass and were stable. LAI showed significant positive 
with stomatal conductance (0.794** in medium soil).  Entries, SPV 1910, BJV 129, and CRS 66 were 
stable for RWC. Higher leaf water status (RWC)  resulted in more Pn rate, HUE grain, and grain yield 
(P≤0.05). LTD showed significant positive relationship with Pn rate, HUE biomass and dry fodder yield 
(P≤0.05). Entries RSV 2121, CRS 65, and BJV 362 were superior in terms of Heat use efficiency based on 
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grain and biomass basis.  Mean grain yield ranged from 2070 to 3243 kg ha-1 and 920 to 1585 kg ha-1

Detailed Report 

  in 
medium and shallow soil, respectively. Overall mean basis, none was significantly superior to check 
Phule Suchitra in medium soil, while in shallow soil, entry CRS 66 was on par with check Phule Anuradha. 
Grain yield decreased by 52.8% in shallow soil depth over medium. In terms of DSI for grain yields, CRS 
66 (DSI=0.551), Phule Anuradha (DSI=0.655) and M35-1 (DSI=0.737) were relatively more stable under 
terminal drought and heat stress conditions.  
 
Trial 5RF and 5Irrg: Phenotyping sorghum for key root traits associated with drought adaptation: 
Thirteen advanced rabi sorghum genotypes checks were characterized for root and shoot related traits 
in controlled above ground root chambers for drought tolerance. Total biomass differed significantly 
among moisture regimes, genotypes including interaction effects. There was 38% decrease in biomass 
at  maturity under moisture stress than irrigated control. BJV 125 alone recorded higher biomass across 
the rainfed and irrigated conditions than check P Suchitra.  Grain yield decreased by 27 % in drought 
over irrigated and,  none was superior to Phule Suchitra across moisture regimes. The mean fresh root 
biomass, dry root mass,  root length, root volume, and root numbers declined by 42%, 47%, 46%, and 
29 %, respectively in rainfed condition than in irrigated. Mean root length at physiological maturity 
under rainfed condition varied from 37 to 51 cm/plant. Root dry mass under moisture stress ranged 
from 1.47 to 4.03 g/plant. Phule Suchitra and RSV 2106  were superior for root volume in stress 
conditions.  Entries, RSV 1986, CRS 57 in root length,  CRS 66, CRS 57, & P Suchitra in root fresh and dry 
mass, BJV 125, M35-1 in root volume, CRS 66, RSV2106 in root number at maturity were relatively 
superior to checks across stress and non-stress conditions. 
 

 
Sorghum (Sorghum bicolor (L.) Moench) is one of the important nutritional cereal crops grown for food, feed, and fodder and 
bioenergy production in India and 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 seedling, pre-and postflowering 
stages are major environmental constraints limiting sorghum productivity besides other biotic stress conditions. Average yields 
are ≤1.0 t ha -1

Environmental conditions at different test locations  

 due to negative impacts of these abiotic and biotic stresses. Furthermore, climate change especially short 
episodes of heat stress (above optimum) are projected to impact the sorghum yields considerably.  

 
In coordinated rabi sorghum physiology program, six trials were conducted at seven locations Bijapur, Parbhani, Rahuri, 
Solapur, Tandur, Hagari, and Nandyal. The objectives of the rabi sorghum crop physiology program were to 1) evaluate 
preliminary and advanced landrace germplasm (primarily local durra biological races) for traits related to drought adaptation, 2) 
to quantify selectable crop physiological traits governing higher biomass and grain productivity combining drought and 
temperature stress (low and high) tolerance under stored soil moisture conditions and 3) identify potential and durable sources 
for utilizing in crop improvement programs. Identification of stress tolerant and early maturing genotypes combining higher 
yields is important in view of current climate change and its variability. This ultimate goal of the program is to identifying 
contrasting sources/traits for tolerance/susceptibility that determine broad adaptation to climate change (drought, heat stress & 
combined (drought & heat)) 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.   

(Tables  1-6) 
Akola:  Total rainfall received was 754 mm at Akola during kharif and rabi cropping period which was about which was almost 
close to the normal (745 mm) (Met Table 1-6). The rainfall received in kharif cropping season was adequate from June to 
September end. The rainfall distribution was highly bimodal with peaks occurred in the month of late June  and late August. 
The crop was exposed to terminal drought stress. There was no rainfall occurred during the entire rabi season. The 
accumulated thermal time (or growing degree days (GDD)) was 2255 and 1869 °Cd, respectively for kharif and rabi cropping 
periods. There was 17.0 % 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 9.6 to 
26.0 °C and 26.5 to 37.7 °C, respectively. The weekly mean open-pan evaporation too ranged between 2.9  and  10.8 mm, 
respectively across kharif and rabi cropping period. 
 
Hyderabad: Total rainfall received was just 414 mm at Rajendrangar, Hyderabad which was about 38% lower than normal 
(670 mm) during kharif and rabi cropping seasons (Met Table 1-6).  The rainfall received in kharif cropping season was 
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inadequate. Prolonged early and mid-season dry spells occurred July, August, and September.  In rabi season about 75 mm 
rainfall received. The rainfall distribution was highly erratic in kharif cropping with  peaks occurring in July and August. No 
rainfall occurred from November onwards excepting late January. The accumulated thermal time (or growing degree days 
(GDD)) was 2299 and 1858 °Cd, respectively for kharif and rabi cropping periods. There was 17.0 % 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 5.5 to 22.60 °C and 24.6 to 35.1 °C, respectively. The 
weekly mean open-pan evaporation too ranged between 2.2 to 7.5 mm, respectively during kharif and rabi cropping period. 
 
Parbhani: Total rainfall received was 668 mm at Parbhani during kharif and rabi cropping period which was about which was 
almost close to the normal (675 mm) (Met Table 1-6). The rainfall received in kharif cropping season (663 mm) was adequate 
from June to mid-September. The rainfall distribution was bimodal with peaks occurred in the month of mid June and mid-Aug. 
The crop was exposed to terminal drought stress. There was no rainfall occurred during the entire rabi season from 
September first week onwards. The accumulated thermal time (or growing degree days (GDD)) was 2257 and 1865 °Cd, 
respectively for kharif and rabi cropping periods. There was 16.0 % 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 8.5 to 23.8 °C and 27.1 to 36.1 °C, respectively. The weekly mean open-pan 
evaporation too ranged between 4.2  and  9.0 mm, respectively across kharif and rabi cropping period.  The soil was medium-
deep black 
 
Bijapur: At Bijapur, the total rainfall received during kharif and rabi seasons was 214 mm which was deficit by 62% than the 
long term normal rainfall (normal: 562 mm).  The rainfall distribution revealed the kharif season cropping period too received 
some amount of rainfall during June and August (Met Table 1-6). The Rainfall distribution was unimodal  with peak occurring 
in late September. The rainfall received during September and October was  highly less with erratic distribution. This was not 
sufficient plant the rabi sorghum with stored soil moisture. Subsequently, about 33 mm rainfall  occurred in late November 
which was coincided with PI stage. Following this, the crop experienced severe drought conditions in during reproductive (GS2) 
and ripening phases (GS3). The crops grown in medium and shallow soils were protected with one life saving irrigation each. 
Hence severe mid season and terminal drought conditions were prevailing in rabi season at this location. Temperature data 
showed that the diurnal variation in maximum and minimum was wide in rabi cropping season than kharif. The minimum 
temperature dropped to about 10.0°C which was coincided with flowering and subsequent grain-filling. The accumulated 
thermal time recorded was 2278 and 1908 °Cd, respectively for kharif and rabi cropping periods. Thus, the lower availability 
(16.0 % 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 (GS3) stages. 
Weekly mean minimum and maximum temperatures recorded were from 10.0 to 22.5 °C and 27.7 to 34.0 °C, respectively.  
The weekly mean open pan evaporation too ranged from 3.5 to 6.6 mm during kharif and rabi cropping period.  The 
evaporation values were  lower in the rabi cropping period than in kharif. 
 
Solapur: The rainfall received at Solapur during kharif and rabi cropping period and was 440 mm which was 30% less than 
normal (629 mm). The rainfall distribution revealed that good amount of rainfall received during kharif season cropping period. 
(Met Table 1-6). The Rainfall distribution was unimodal with peak of  rainfall occurring in first week of June. More amount (360 
mm) of rainfall received in kharif season than in rabi season (79 mm). The rainfall received during the first fortnight of 
September was not adequate to plant the rabi sorghum with stored soil moisture. Subsequently, some rainfall occurred in first 
week of  October which was coincided with seedling establishment . Temperature variability was almost similar to Bijapur. The 
crop was exposed to seedling pre (GS2)-and post-flowering (GS3) stage drought and heat stresses from October last week 
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 11.2 to 23.5°C and 31.1 to 36.0°C, 
respectively.  
 
Rahuri: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was 247 mm which was far lower 
than long term normal (595 mm), thus amounts to a higher deficit of 57%. The rainfall distribution revealed that in kharif 
season cropping period, good amount (224 mm) of rainfall occurred from  June to August only. The Rainfall distribution is 
unimodal with peak rainfall (68 mm) occurring in second week of August. he rainfall received in rabi cropping period was just 
18.0 mm only. The rainfall received in September was far lower and not adequate to plant rabi sorghum with stored soil 
moisture conditions. Subsequently, the rainfall ceased completely  from second week of October onwards. The crops grown in 
medium soil were protected with one to two life saving irrigation due to complete failure of monsoon in rabi season. 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 1-6 ). Immediately after sowing of rabi crop, the minimum temperatures dropped continuously 
reaching a low of about 8.8° C which coincided with flowering to soft-dough stage. The accumulated thermal time recorded 
was 2365 and 1594 °Cd, respectively for kharif and rabi cropping periods. Thus, the lower availability (17.0 % less than kharif) 
of accumulated GDD for the rabi cropping period is one of the reasons for lower productivity of rabi sorghum, besides 
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occurrence of drought stress during pre-(GS2) and post-flowering (GS3) stages. Weekly mean minimum and maximum 
temperatures recorded were ranged from 8.8 to 25.0 °C and 26.5 to 35.3 °C, respectively. The weekly mean open-pan 
evaporation too ranged between 3.6  and 7.0 mm during kharif and rabi cropping period.   
 
Tandur: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was 441 mm was lower than long 
term normal (750 mm), thus amounts to a deficit of 41%. The rainfall distribution revealed that in kharif season cropping period, 
good amount of rainfall occurred in the first fort-nights of June and September (Met Table 1). The Rainfall distribution was 
bimodal with peaks of  rainfall occurring in second week of Aug  and September. The rainfall received in September was 
adequate to plant rabi sorghum with stored soil moisture. Subsequently, no rainfall received from October second week 
onwards excepting November end. Following this, the crop was subjected to 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 narrow at this location too  (Met Table 1-6).  Weekly mean minimum and maximum temperature recorded 
was ranged from 9.4 to 23.0 °C and 23.2 to 36.6 °C, respectively.  
 
Hagari: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was just 215 mm was far lower than 
long term normal (410 mm), thus amounts to a deficit of 47%. The rainfall distribution revealed that in kharif season cropping 
period, some amount of rainfall occurred (92mm) in the first fort-nights of June and September (Met Table 1-6). In rabi 
cropping season, the rainfall received as just 121 mm only. The Rainfall distribution was unimodal with peak of  rainfall 
occurring in second week of October. The rainfall received in September and October was just adequate to plant rabi sorghum 
with stored soil moisture. Subsequently, no rainfall received from October last week onwards excepting January end. 
Following this, the crop was subjected to 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 narrow at 
this location too  (Met Table 1-6). Weekly mean minimum and maximum temperature recorded was ranged from 9.8 to 
24.7 °C and 30.0 to 35.6 °C, respectively.  
 
Nandyal: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was just 220  mm was lower than 
long term normal (620 mm), thus amounts to a deficit of 64%. The rainfall distribution revealed that in kharif season cropping 
period, some amount (97 mm) of rainfall occurred in the first fort-nights of June and September (Met Table 1). In rabi season , 
an amount of just 97.2 mm was received in September to October only.  The Rainfall distribution was unimodal with peak of  
rainfall occurring in second week of September. The rainfall received in September was adequate to plant rabi sorghum with 
stored soil moisture. Subsequently, no rainfall received from October second week onwards excepting little  in November. 
Following this, the crop was subjected to 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 narrow at 
this location too  (Met Table 1-6).  Weekly mean minimum and maximum temperature recorded was ranged from 14.4 to 
26.6 °C and 29.7 to 37.1 °C, respectively. The weekly mean open-pan evaporation too ranged between 3.1  and 9.6 mm 
during kharif and rabi cropping period.   
 

Trial 1R:  Preliminary evaluation of diverse germplasm for rabi adaptation 
(Table 1R.1.1 – 1R.1.10) 

Thirty-seven rabi sorghum landrace germplasm  along with three checks were evaluated at seven test locations (Parbhani, 
Tandur, Bijapur, Solapur, Hagari, Rahuri and Nandyal)  with an objective of identifying potential donors for rabi adaptation 
traits such as phenology, key physiological traits, components of biomass, and grain yield.  All the accessions were 
primarily belongs to the biological races durra types. The crops were grown on medium vertisols under stored soil 
moisture rainfed conditions. The data are presented in table’s 1R.1.1 – 1R.1.10. 
 
Phenology and plant height: Mean days to flowering and days to physiological maturity differed significantly (P≤0.05) and 
were ranged from 69-76 d and 114-120 d, respectively. In general, average time taken for flowering was longer at Rahuri 
(82) followed by  Bijapur (77 d), and Parbhani (77 d). Least time to flowering was recorded at Nandayl (64 d), Hagari (68d) 
and Solapur (71 d). Six entries recorded early flowering than check CSV 22R (74) include RSSV 2234, CRS 70, CRS 72, 
CRS 73,  CRS 69, RSV 1988 (69-71 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  177 to 217cm with an average of 202 cm. Majority of 
entries were tall typical of rabi land races. Plant height recorded was more at Solapur followed by Nandyal. Days to 
flowering had shown significant (P≤0.05) positive relationship with, Pn rate,  total biomass and dry fodder yield.  
 
Physiological traits: Leaf are index (LAI) at flowering varied significantly (P≤0.05) at different locations and ranged from 
2.82  to 4.04 with a mean of 3.26. The LAI was higher at Rahuri and Hagari .  
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Relative chlorophyll content (SPAD units) at flowering differed significantly (P≤0.05) and varied from 35.8 to 51.6 with an 
average of 42.8.  Entries maintained higher SPAD include EP85, RSV 1988, VJV 115, CRS 69 (46.8-51.0) than check 
CSV 22R. 
 
Relative water content  (RWC) at flowering differed significantly (P≤0.05) and varied from 69.2 to 79.0% with an average 
of 74.2%.  Entries maintained higher RWC values include EP 94, RSV 2197, EP 98 and Phule Suchitra  (77.0-79.0%) than 
check CSV 22R. Photosynthesis rate (Pn rate) , transpiration and stomatal conductance at flowering differed significantly 
(P≤0.05). Pn rate varied from 27.4 to 43.6 with an average of 34.9 u mol Co2 m-2 S-1. Entries maintained higher Pn rate 
EP 94, RSV 1837,  RSV 1984, and  CRS 73  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 91 to 141 g pt -1

Trial 2(M) & 3(S): Phenotyping advanced rabi sorghum entries for drought adaptation traits in medium and 
shallow soils 

. Four entries  superior in biomass than check CSV 22R 
include RSV 2252, VJV 111, PVR 947, CRS 71. Leaf mass at flowering  has shown very high significant positive 
relationship with biomass flowering (r=0.4814**). On the other hand,  total biomass at maturity showed significant positive 
relationship with dry fodder yield (r=0.938**) and grain yield (r=0.653**).  Pn rate has shown significant positive 
relationship with stomatal conductance (r=0.8477**), while, its relationship with transpiration was negative.   
 
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 Hagari and Solapur, while very low grain yields were obtained at Bijapur. 
Grain yield ranged from 21 to 35 g/ plant with an average of 29.8 g /plant. In grain yield, entries superior to check include 
VJV 112, PEC 23, PVR 950, and  PVR 16-3 (21.0- 35.0 g/pl). HI was negatively related (r= -0.407*) to dry fodder yield, 
while its relationship was significantly positive (r= 0.315*) for with grain yield under drought conditions. Sink number was 
also positively related with grain yield  (r= 0.448*) 
 

 (Tables 2M 2.1-2M2.5 and 3S 3.1- 3S.3.5). 
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 at the advanced stage of development (stabilized F6-
F7)

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) was observed in plant height in 
both the soil depths at all the locations. Plant height ranged from 187 to 213 cm in medium and 146 to 183 cm in shallow 
soils. Average plant height decreased by 16.6 % in shallow soil over medium. As regards DSI, entries Phule Suchitra 

. 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 said to be 
possessing relatively superior traits conferring tolerance to shoot fly, drought and heat, low temperature, pearly white and 
bold grain. The objectives of this trial were to evaluate advance rabi sorghum entries for putative traits (phenes) 
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 deep soil. 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-phenological, physiological traits, biomass, yield and its components were recorded as per 
standard procedures. Drought susceptibility index (DSI) for plant height, biomass, stover and grain yield was calculated 
according to the Fischer and Maurer (1978) method, 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 soil); 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. DSI 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 less than 50% of available in the surface 
layers indicating the prevalence of drought conditions. The moisture content decreased further decreased at maturity.  As 
discussed previously,  no rainfall occurred during  G2 and GS3 at all rabi centres indicating the occurrence of  pre –and 
post-flowering drought and heat stress conditions.  
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(0.603)  and  BJV 129 (0.429) showed less DSI means more plant height stability. Plant height has shown significant 
positive correlation with days to flowering, leaf mass, HUE grain and biomass, HI  (P≤0.05 resp.; N=16) and negatively 
related to grain yield in medium soil. Days to flowering showed positive relationship with leaf mass (r=0.887**), and HI 
(r=0.532*).   
 
Physiological traits: Leaf area index (LAI) varied significantly (P≤0.05) at all locations in both soils depth. Mean LAI 
decreased by 63 % in shallow soil over medium. RSV 1822 and Phule Anuradha  recorded higher LAI, and showed least 
reduction under shallow soil stress condition 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 maturity decreased by 36.3% in 
shallow soil over medium.  Entries RSV 2138, BJV125, and BJV 129 recorded lower DSI for biomass and were stable 
across the soil depths. LAI showed significant positive with leaf mass and stomatal conductance (r= -0.749**, and 0.794** 
in medium soil). 
 
Leaf water content (RLWC) recorded at flowering significantly (P≤0.05) varied at different locations.  RLWC at flowering 
reduced by 3.6% in shallow soil stress conditions over medium. SPV 1910, BJV 129, and  CRS 66 were stable for RWC in 
both soil depths. Interestingly, higher leaf water status (RLWC)  resulted in more Pn rate, HUE grain, and grain yield 
(P≤0.05). 
 
SPAD values differed significantly (P≤0.05) in both medium (mean: 51.7) and shallow (mean: 17.5) soils. Higher SPAD 
values were recorded in medium soil than in shallow soil. Further, SPAD values had decreased by 8.1% in shallow soil 
stress conditions over medium. None was superior to check Phule Anuradha for SPAD in both soils. Phule  Anuradha 
alone was stable across the soil depths for SPAD. In total chlorophyll content, even higher values were recorded in 
shallow soil than medium. 
 
Photosynthesis rate, transpiration rate, and stomatal conductance at 50% flowering differed significantly (P≤0.05) in both 
soil depths. In Pn rate, RSV 1910, RSV 1736, BJV 125 were superior but statistically  on par with check P Suchitra.  Pn 
rate showed significantly positively relationship with  HUE biomass,  dry stover yield  at maturity at  Rahuri. Leaf 
temperature differential (LTD) recorded at flowering varied significantly (P≤0.05) among the entries. LTD showed 
significant positive relationship with Pn rate, HUE biomass and dry fodder yield(P≤0.05). Heat use efficiency based on 
grain and biomass indicated that entries RSV 2121, CRS 65, and BJV 362 were superior in terms of grain and biomass 
basis.  
 
Grain yield and its components: Grain yield, HI, grain number and 1000-seed mass differed significantly (P≤0.05) at all 
locations in both soil depths.  Mean grain yield ranged from 2070 to 3243 kg ha-1 and 920 to 1585 kg ha-1

Trial . 4 Irrg:  Phenotyping advanced rabi sorghum genotypes for drought adaptation traits under limited 
irrigated condition  

  in medium and 
shallow soil, respectively. High mean grain yield was realized at Rahuri  followed by Parbhani in medium soil. Significant 
difference was observed for grain yield at all locations in both soils. The grain yield data at Bijapur was inconsitent due to 
irrigation to shallow soil. Hence, for comparison with medium soil, only Solapur shallow soil data was used. On overall 
mean basis, none was significantly superior to check Phule Suchitra in medium soil, while in shallow soil, entry CRS 66 
was on par with check Phule Anuradha. Similar trend was observed in case of 1000-grain mass and HI. Harvest index 
showed significant negative correlation with dry fodder (r=0.963**).  Yield components such as 1000- grain  weight, grains/ 
panicle, and dry fodder yields decreased by 11, 7.3, and 35.5 % , respectively in shallow over medium. 
 
Grain yield decreased by 52.8% in shallow soil depth over medium. In terms of DSI for grain yields, CRS 66 (DSI=0.551), 
Phule Anuradha (DSI=0.655) and M35-1 (DSI=0.737) were relatively 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) method and is classified the genotypes for their 
relative degree of tolerance based on these values (DSI ≤0.50 highly stress tolerant >0.50 to ≤1.00 moderately stress 
tolerant, and >1.00 susceptible).  
 

This trial was conducted at Bijapur with same set of entries to that of 3M and 3S with an objective of optimization of irrigation 
response in rabi conditions. The trial could not be conducted properly as per envisioned objectives due to lack of irrigation 
facilities at Bijapur. Hence, the  results were  not presented . 
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Trial 5 RF and 5 Irrg: Phenotyping sorghum for key root traits associated with drought adaptation 
(Tables 5R.5.1 to 5.3). 

Thirteen advanced rabi sorghum genotypes including checks were characterized for root and shoot related traits that 
contribute survival at flowering and postflowering drought and heat stress. Genotypes were evaluated in the specially 
constructed root structure facility at Rahuri and Bijapur. 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. The 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 about 4-irrigations. The dryland treatment 
was  irrigated once up to 45 DAs (up to PI stage)  for crop to establish.  The soil was brought back to near field capacity 
each time whenever irrigated.   
 
Significant differences were observed for main effects and interactions for various physiological, root and shoot related 
traits (P≤0.05) at Rahuri and Bijapur . There was significant decrease in root and shoot related traits under rainfed than in 
irrigated. Mean plant height, decreased by 18% in dryland than irrigated. Mean LAI and SPAD declined by 41%, and 9.8% 
under rainfed over control. CRS 57 in LAI  and P Anuradha in SPAD were superior for above traits across moisture 
regimes. Total biomass differed significantly among moisture regimes, genotypes including interaction effects. There was 
38% decrease in biomass at  maturity under moisture stress than irrigated control.  RWC, Pn rate, TP rate and stomatal 
conductance differed significantly.  
 
Genotypes BJV 125, alone recorded higher biomass across the rainfed and irrigated conditions than check P Suchitra.  
Grain yield decreased by 27 % in drought over irrigated and none was superior to Phule Suchitra across moisture regimes. 
The mean fresh root biomass, dry root mass,  root length, root volume, and root numbers declined by 42%, 47%, 46%, 
and 29 %, respectively in rainfed condition than in irrigated. Mean root length at physiological maturity under rainfed 
condition varied from 37 to 51 cm/plant. Root number per plant at maturity varied in 24 to 42 in rainfed  stress conditions. 
Root dry mass under moisture stress ranged from 1.47 to 4.03 g/plant. While root volume too ranged from 2.40  (P 
Anuradha) to 7.51 cm3
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 (P Suchitra) under rainfed conditions. Phule Suchitra and RSV 2106  were superior for root volume 
in stress conditions.  Entries, RSV 1986, CRS 57 in root length,  CRS 66, CRS 57, & P Suchitra in root fresh and dry mass, 
BJV 125, M35-1 in root volume, CRS 66, RSV2106 in root number at maturity were relatively superior to checks under 
stress and non-stress conditions. 
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