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Executive summary  
Trial 1R: Preliminary evaluation of diverse germplasm for rabi adaptation: Forty-one rabi sorghum landrace 
germplasm along with three checks were evaluated at eight locations. Entries CRS-97 (70) and RNTN -13-23 
(70.9 days) were markedly earlier to flowering while VJP 308 (80 days) was late to reach flowering to all three 
checks (73.5-75.4 days). Plant height had shown significant positive relationship (r=0.3584; P≤0.0169) total 
biomass maturity (mean of Hagari, Rahuri, Nandyal and Tandur), dry fodder yield (r=0.371; P≤0.0133) mean of 
all 8 locations). Entries recorded more LAI than best check (P. Anuradha; 3.92) include SVD-1433 (4.27), VJP-
2703 (4.13), VJP-307 (4.09) and AKSV-401-R (4.07). LAI at flowering (mean of Akola, Hagari, Rahuri and 
Vijapura), had shown significant (P≤0.05) positive relationship with total biomass at flo wering (r=0.3447; 
P≤0.0219). A mean SPAD value, RWC and Pn rate of 47, 75.2% and 29.70 µ mol CO2 m-2 s-1 was recorded by 
sorghum. Genotypes, RSLG-2438 (42.6), RNTN-13-3 (42.9) and RNTN-4-132 (43.4) have markedly lower mean 
SPAD values than P. Suchitra (49.5). None of genotypes have excelled P. Suchitra for Pn rate (30.09) while M-
35-1 has least Pn rate (28.77) among checks and opposite trend is seen for transpiration rate (TR) at 50% 
flowering (m mol H2O m-2 s-1), with least TR in P. Anuradha (2.48) and highest (2.88) in M-35-1 the highest. 
Genotypes VJP-311, SVD-304, SVD-1210, RSV-2371 and AKSV-252-R have markedly low TR values than M-
35-1. Genotype, RNTN-13-8 (38.49) has numerically superior mean grain yields (13.17%) than the best check P. 
Suchitra (34.01 g/plant). On mean basis, CRS-100 has bolder grains (34.67 g) than all genotypes and was 
significantly superior to best check M-35-1. Total biomass yield (g/plant) at maturity (Hagari, Nandyal, Rahuri and 
Tandur) showed significant positive relationship with mean dry fodder yield and grain yield ((r=0.932; p≤0.000 
and r=0.8121; p≤0.000) and further dry fodder yield also has significant positive relationship with grain yield 
(r=0.5454; p≤0.0001). Furthermore, sink size (grain s/panicle) had shown significant positive relationship (r= 
0.328; P≤0.0297) with grain yield (mean of Akola and Vijapura) under terminal drought conditions. 
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Trial 2(M) & 3(S): Phenotyping advanced rabi sorghum entries for drought adaptation traits in medium 
and shallow soils: 15 new genotypes along with three checks (P. Anuradha, P. Suchitra and M-35-1) were 
evaluated for comparative performance in shallow and medium soils (Solapur and Rahuri) and medium soils 
(Tandur, Parbhni, Vijapura). Shallow & Medium soils (Solapur and Rahuri): Mean days to flowering (DF) and 
days to physiological maturity (PM) were 10.3 (6.3) days longer in shallow than medium soils {78.5 (130)}. 
RNTN-13-39 was early in DF (PM) than P. Suchitra and 10 other genotypes while CRS-95 late DF and PM (90.2 
and 139.8). DF and PM did not differ markedly in RSV 1945 (both locations) and CRS-93 (Solapur) due to soil 
depth. In medium deep soils sorghum plants on an average 0.5 m taller than shallow soils (192.6 cm); P. 
Anuradha has shortest plants while VJP-2075 the tallest (markedly superior to all genotypes). Days to flowering 
(Rahuri) showed a positive relationship with leaf, stem, panicle and total biomass at flowering in both the soils 
but were significant for medium soils only (r=0.7853, 0.6526, 0.4596 and 0.7124; p≤0.001; 0.0033; 0.055 and 
0.0009). Medium soils have 34.6% higher leaf area (LA) per plant at flowering than shallow soils (21.62 dm2). LA 
Index (LAI) values of RNTN-14-2, RNTN-14-3 and M-35-1 were unaffected by soil depth. Mean BMF (g/m2

Trial 4RF & Irrg. Phenotyping sorghum for key root traits associated with drought adaptation: (Rahuri 
and Vijapura): Fifteen advanced rabi sorghum genotypes along with three checks (P. Anuradha, P. Suchitra and 
M-35-1) were characterized for root and shoot related traits governing drought tolerance in controlled above 
ground root chambers with and without irrigation. Mean days to flowering, plant height, LAI, SPAD values 
decreased by 9.4 days, 19.6, 32.1 and 12% in rain fed sorghum as compared to irrigated one (72.2 days, 243.8 
cm, 3.80 and 49.81). Genotypes VJP-2704, RSV-1850, RNTN-14-3, RSV-1876 and P. Suchitra on mean basis 
and all genotypes except RSV-2371, CRS-95, RNTN-13-39, RNTN-14-2 and P. Anuaradha at Vijapura have 
stable plant heights across moisture regimes. P. Anuradha at Rahuri and P. Suchitra & RNTN-14-1 at Vijapura 
have stable LAI and SPAD values across moisture regimes, while CRS-95, CRS-98, RNTN-14-2, M-35-1 and P. 
Suchitra have stable LAI values at Vijapura across moisture regimes. Mean biomass produced at flowering, at 
maturity (Rahuri) and mean grain yield (g/plant) were significantly reduced by 43, 40.8 and 45.2% under moisture 
stress over irrigated crop (154.84, 204.17 and 69.69). Grain yield reductions at Vijapura (39.8%) due to moisture 
stress was associated with 33.9 and 14.1% reductions in grains/panicle and 1000 seed mass. At Vijapura, RSV 
2371 has markedly superior grain yields than the best check P. Suchitra across moisture regimes and with 

; at 
Rahuri) and grain yield in shallow soils was 20.3 and 25.8% higher than medium soils (467.22 and 2320 kg/ha). 
P. Suchitra has markedly higher BMF (535) and grain yields (37.9 and 44.9% over P. Anuradha and M-35-1). 
Interaction indicates stable BMF of VJP-2704 across soil depths while CRS-99 (73.4%) and CRS-95 (69.9%) has 
highest loss in BMF in shallow soils when compared to deep soils. In shallow soils of Rahuri, RNTN-14-2 & 
RNTN-14-1 with 13.4 & 10.2% are promising to P. Suchitra that however was is best for shallow soils of Solapur. 
For medium soils of Solapur, CRS-95 (15.7% yield superiority to P. Suchitra, 1782 kg/ha) and at Rahuri, CRS-93 
(13%), CRS-99 (5.4%) and CRS-89 (5.1) exhibited numerical yield advantage to best check P. Suchitra (3816 
kg/ha). In shallow soils, panicle dry weight and 1000-seed weight (g) were reduced by 68 and 15.1% over 
medium soils (210.3 and 34.72). CRS-95 being at par with P. Suchitra, CRS-93 and VJP 2705 recorded 
markedly higher panicle weight over other genotypes. P. Suchitra has markedly higher 1000-seed weight (37.13) 
than other two checks at both locations and CRS-93 (39.02) has excelled P. Suchitra at Rahuri in seed mass. 
Form the above relations, it is inferred that low RWC, Pn rate and TR values at flowering in shallow and high 
RWC, Pn, SC and TR values in medium soils are desired for high yields. In terms of DSI for mean grain yields, 
CRS 99 (DSI=1.37), CRS 89 (DSI=1.347) and RSV 1945 (DSI=1.19) were found highly susceptible to drought 
while RNTN-14-2 with a mean DSI of 0.102, proved drought tolerant and more stable across soil depths under 
terminal drought and heat stress conditions. Medium soils (Tandur, Parbhni, Vijapura, Solapur and Rahuri): 
P. Suchitra with a mean grain yield of 3174 kg/ha has excelled other two checks and 4 new genotypes, while 
CRS-99 exhibited numerical yield superiority to P. Suchitra. P. Suchitra has also high fodder yields (7411 kg/ha) 
though was at par with other two checks. Location wise data shows that CRS 95 & RSV 1876 (Solapur), RSV 
1945, VJP 2704 & CRS 99 (Tandur) out yielded and RSV 1945 (Vijapura, Parbhani) and CRS-93 (Rahuri) 
showed numerical superiority to P. Suchitra. For mean dry fodder, RNTN-13-39 (13.4%) and RNTN-14-2 (12.1%) 
have numerical excellence to P. Suchitra. At Solapur, RSV-2371 (13.9%) & RNTN 14-2 (12.3%) and at Vijapura, 
RNTN 13-39 (60%) gave best fodder yields over P. Suchitra and M-35-1.  
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irrigation, CRS 93, RSV 1876 VJP 2704 and RNTN-13-39 have attained at par grain yields as RSV 2371. P. 
Suchitra is best across moisture regimes of Rahuri, however, RSV 1945, RNTN-14-3, RNTN-13-39 and CRS 99 
showed numerical grain yield superiority under moisture stress.  Mean RWC of rain fed sorghum at flowering was 
6.11% lower than irrigated crop (86.39%) while photosynthetic rate (µ mol CO2 m-2 s-1) and stomatal 
conductance (mol m-1 s-1) values were 7.6 and 14.6% lower in rain fed than irrigated (30.77 and 27.78) sorghum 
at Rahuri, however, 6.23% higher transpiration rate (m mol H2O m-1 s-1

Detailed report 

) was seen in rain fed than irrigated crop 
(2.57). Genotypes CRS 93 and M-35-1 (both sites) CRS 95, VJP2704, RNTN-13-39 and RNTN 14-2 (Rahuri) 
and RSV 1876, P. Suchitra and RSV 2371 (Vijapura) proved sensitive to water stress as evident from markedly 
lower RWC values. Checks have higher Pn rates across moisture regimes than all other genotypes. Under 
irrigation, P. Suchitra & P. Anuradha have more Pn rates than M-35-1. Least Pn rates of rain fed RSV-1876 and 
RSV-1945 were improved to at par level of M-35-1 with irrigation. RNTN-13-39 and M-35-1 have stable Pn rates 
across moisture regimes despite of marked reductions in RWC (Rahuri). CRS 89 under moisture stress was also 
able to keep both Pn and Tn rate lower (27.53 and 2.83) than irrigated crop (30.07 and 3.26) in contrast to other 
genotypes. There was a mean reduction of 49.2, 30.1 and 54.6% in root mass, root length and root volume in 
rain fed crop than irrigated. P. Anurdha and RSV-1850 have highest root length under rain fed situation (Rahuri 
and Vijapura), when irrigated, CRS-95 and M-35-1 & P. Suchitra have more root length. Genotypes RSV-1850, 
RSV-1876, CRS-98 and RNTN-14-1 have stable root lengths (Vijapura) across moisture situations.  Fresh root 
mass and biomass at flowering (BMF) under both moisture situations are significantly (S) and positively (+) 
correlated. For rain fed sorghum, correlation of RWC with SC (+, S) and RWC vs TR / PR / BMF at flowering (+, 
NS). Irrigated crop RWC vs TR and BMF relationship was + S and negative (-) S. TR and Pn are + & S related 
across moisture regimes. BMF was + correlated with BMM (rain fed) and grain yield (both moisture regimes). 
Thus for high biomass producing type sorghums are required in rain fed and irrigated conditions. For this to 
archive, low Pn, high TR, SC, RWC and fresh root mass (high Pn and SC with low RWC and low root volume, 
moderate TR) genotypes are desired under rain fed (irrigated) condition.  

  

Sorghum (Sorghum bicolor (L.) Moench) productivity in India during rabi season is limited by drought and 
temperature stresses (low and high) occurring during seedling, pre-and post-flowering stages besides other biotic 
stresses conditions and has mean yields slightly lower than kharif season. In coordinated rabi sorghum 
physiology program, six trials were conducted at seven locations Akola, Bijapur, Parbhani, Rahuri, Solapur, 
Tandur, and Hagari. 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 climate at test sites 
Soils and planting: The soils where trials were planted are shallow to deep medium vertisols. Planting was mainly 
done between mid-to last week of September and first to third week of October 2020. Weather data was given 
Meteorology Table (Annexure-A) for all centres and is briefed below. 

Akola: The total rainfall received was 771.1 mm at Akola during kharif and rabi cropping period which was about 
7.2% more than normal (714.9 mm). The rainfall received in kharif cropping season was adequate from June to 
September end. The quantum of rainfall received in both kharif and rabi cropping seasons revealed that the 
kharif crop season (622.4 mm) received more rainfall than rabi season crop period (148.7 mm) indicating that this 
location is primarily kharif sorghum-based system. The rainfall distribution was highly bimodal with peaks 
occurred in the month of late July and mid-September. The torrential rains received during second fortnight of 
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September are enough to plant rabi crop. However, the rabi sorghum crop was exposed to terminal drought 
stress during GS2 and GS 3 stages. The accumulated thermal time (or growing degree days, GDD) was 2388 
and 1821 °Cd, respectively for kharif and rabi cropping periods. There was 26.0 % less GDD available for rabi 
than in kharif cropping season was the main reason for lower productivity of sorghum planted in rabi season. 
Weekly mean minimum and maximum temperatures were ranged from 12.6 to 27.5 °C and 27.0 to 41.3 °C, 
respectively. The weekly mean open-pan evaporation too varied between 3.3 and 14.9 mm, respectively across 
kharif and rabi cropping period.  

Hisar: The total rainfall received was 337.5 mm at CCSHAU, Hisar which was 12 per cent lower than the long 
term normal (378 mm) for this location during kharif season (June second wk. to Dec end.). The rainfall received 
in kharif season was just enough to plant and raise the dryland kharif sorghum. Dry spells occurred in early July, 
last week of July to first week of August, fourth week of August to end of August and third week of September to 
second week of November. The rainfall during kharif cropping (June to mid-October) was 323.2 mm, while in rabi 
season (Oct to Dec end) just 19.9 mm rainfall was received. The rainfall distribution was uniform and adequate 
with peak rainfall occurring in second fortnight of July (125.8 mm). The soil was sandy loam, alkaline (pH 7.6), 
with organic carbon (0.46 %), EC (0.26 dS/m), low available N (155.5 kg/ha) medium in K (254.8 kg/ha) and 
phosphorus (12.8 kg/ha) content. The rainfall distribution pattern revealed that the forage sorghum crop was 
subjected to end-stage drought stress being soils are medium sandy loams. Very little rainfall occurred from 
second week of September to December end (only two rainy days with a rainfall of 26.9 mm). Weekly mean 
minimum and maximum temperatures during June to December end were ranged from 2.6 to 28.3 °C and 19.5 
to 41.5 °C, respectively. The weekly mean open-pan evaporation too ranged from 1.2 to 8.1 mm, during June to 
December end. 

Parbhani: The total rainfall received was 1036.6 mm at Parbhani during kharif and rabi cropping period which 
was 53.6 % more than normal (675 mm). The rainfall received in kharif cropping season (906.6 mm) was 
adequate from June to September end. The rainfall distribution was bimodal with peaks occurred in the month of 
mid-September and mid-October. The quantum of rainfall received in both kharif and rabi cropping seasons 
revealed that the kharif crop season (906.6 mm) received more rainfall than rabi season crop period (131.3 mm) 
indicating that this location is primarily for planting both kharif and rabi sorghums. The rabi sorghum crop was 
exposed to terminal drought stress during GS 2 and GS 3 stages. There was no rainfall occurred from November 
first week on wards. The accumulated thermal time (or growing degree days (GDD) was 1862.7 and 1414.3°Cd, 
respectively for kharif and rabi cropping periods. Weekly mean minimum and maximum temperatures during 
June to December end were ranged from 5.1 to 24.5 °C and 19.8 to 35.8 °C, respectively. 

Bijapur: At Bijapur, the total rainfall received during kharif and rabi seasons was 862 mm which was higher by 
35% than the long-term normal rainfall (normal:562 mm). The rainfall distribution revealed the kharif season 
cropping period too received some amount of rainfall from May to July. The Rainfall distribution was unimodal 
with peak occurring in September (267 mm). The quantum of rainfall received in both kharif and rabi cropping 
seasons revealed that the kharif crop season (339 mm) received less rainfall than rabi season crop period (384 
mm) indicating that this location is primarily for planting rabi sorghum-based system. The rainfall received during 
September and October was more than normal. This was sufficient to plant the rabi sorghum with stored soil 
moisture. Subsequently, second week of October onwards very little rainfall occurred which was coincided with 
GS 1. Hence, the rabi sorghum crop experienced severe drought conditions with continued dry spell 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. The minimum temperature dropped to about 9°C 
which was coincided with flowering and subsequent grain-filling. The accumulated thermal time recorded was 
2450 and 2265 °Cd, respectively for kharif and rabi cropping periods. Thus, the lower availability of accumulated 
growing degree days (GDD) for the rabi cropping period was also the reasons for lower productivity of rabi 
sorghum, besides low rainfall occurrence during post flowering period. Weekly mean minimum and maximum 
temperatures recorded were from 11.5 to 23.7 °C and 27.3 to 37.4 °C, respectively. The weekly mean open pan 
evaporation too ranged from 2.2 to 8.2 mm during kharif and rabi cropping period. The mean evaporation values 
were lower in the rabi cropping period than in kharif.  
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Solapur: The rainfall received at Solapur during rabi cropping period (first week of September to last week of 
January) was 377 mm which was less than normal (520 mm) in the corresponding period. rainfall distribution 
revealed that high amount of rainfall occurred in June - August months, resulting into overall 911 mm rainfall 
during 2020 (Jan-Dec). Although, the rainfall received in September and October was 126 mm and 256 mm 
which were more than normal, but November and December months were completely dry resulting in terminal 
drought stress especially in shallow soils. The rainfall distribution was unimodal with peak of rainfall occurring in 
first week of October. More amount of rainfall received in kharif season cropping than in rabi. Subsequently, from 
first week of November onwards very little rainfall occurred which was coincided with flowering and post-
flowering drought and heat stresses despite receiving good rainfall in GS1 stages. Hence, the rabi sorghum crop 
experienced severe drought conditions in during flowering and post-flowering stages. This low rainfall during GS3 
at Solapur resulted in poor performance of the crop especially in shallow soils. Weekly mean minimum and 
maximum temperatures recorded were from 17.0 to 24.0°C and 30.0 to 37.0°C, respectively. 

Rahuri: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) 2020-21 was 1193.6 
mm (54 rainy days) as against average rainfall of 520 mm. Rabi sorghum trials were sown on 14th September, 
2020 and germination was satisfactory but due to continuous rainfall on 17, 18, 19, 20 and 23rd September (75.2, 
96.9, 24.6, 30, 37.6 mm) resulted in to poor stand, stunted growth and yellowing of seedlings. Panicle initiation 
was delayed due to heavy rains on 15 and 19th October (42.8 and 35.2 mm). Cloudy weather on 29 & 30th 
November (sunshine hours 5.7 to 7.2) and higher relative humidity resulted in foliar diseases (blight and rust) 
incidence in sorghum crop. During grain filling stage, temperature was reduced below 15 0C during 49th SW 
(Night temperature: 11.4 to 12.9 0

Nandyal: The total rainfall received during kharif and rabi seasons (standard week 22 to 5) was 1417 mm (54 
rainy days) which was 92.6% more than long term normal (735.6 mm) for the corresponding period. The rainfall 
distribution revealed that in kharif season cropping period, good amount of rainfall was received (1239.3 mm in 

 C) leading to poor starch formation and grain development. In general, the 
crop sown in the second fort night of September was not satisfactory as compared to late sown condition. The 
other trial / demonstration sown during the first week of October are found satisfactory. The crop growth and 
development was also good. Resown trial due to paucity of seed resulted in to poor plant population. In general, 
the season is satisfactory.  

Tandur: The total rainfall received during kharif and rabi seasons (standard week, SW 24 to 5) was 1060.7 mm 
which was 40% more than long term (30 years) normal (757.7 mm). The rainfall distribution revealed that from 
South-West monsoons (kharif season), 862.2 mm rainfall was received. The Rainfall distribution was bimodal 
with peaks of rainfall occurring in third week of Aug and first week of October. Due to continuous heavy rainfall in 
September and October first fortnight, sowings were delayed. The rainfall received in September (247.9 mm; 12 
rainy days) was adequate to plant rabi sorghum with stored soil moisture. In October (8-28), 198.5 mm (8 rainy 
days) was received and no rainfall was received thereafter (44-5 SW). Hence, the crop was subjected to both 
atmospheric and soil drought conditions coinciding both flowering and post flowering (GS3). Temperature data 
showed that the diurnal variation in maximum and minimum was rather narrow at this location. Weekly mean 
minimum temperature during rabi season recorded was ranged from 12.7 (52 SW) to 22.0 °C (42 SW) while 
maximum temperature recorded was ranged from and 25.3 (51 SW) to 31.8 °C (4 SW).  

Hagari: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was 688.2 mm which 
67.9% more than normal (410 mm) for this location. The rainfall distribution revealed that in kharif season 
cropping period, excess amount of rainfall occurred (502.2 mm) in the first fort-nights of June and September. In 
rabi cropping season (mid-September to January end), the rainfall received was 186 mm which was enough for 
planting with stored soil moisture and raising rabi sorghum. The rainfall distribution was bimodal with peaks of 
rainfall occurring in third week of October and September. Subsequently, very little rainfall received from 
December first week onwards. Hence, the crop was subjected to both atmospheric and soil drought stresses 
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. Weekly mean minimum and maximum 
temperature recorded was ranged from 11.7 to 24.6 °C and 27.0 to 35.0 °C, respectively.  
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44 days) during June and September. In rabi season also 177.7 mm rainfall (10 rainy days) was received 
October and end of November. The rainfall distribution was bimodal with peaks of rainfall occurring in third week 
of September and third week of August. The rainfall received in September was more than adequate to plant rabi 
sorghum with stored soil moisture and subsequent crop raising. Subsequently, very little rainfall received from 
November first week onwards. Hence, the rabi crop was subjected to both atmospheric and soil drought stresses 
during reproductive (GS2) and ripening phases (GS3). Temperature data showed that the diurnal variation in 
maximum and minimum was rather very narrow at this location. Weekly mean minimum and maximum 
temperature recorded was ranged from 16.91 to 28.21°C and 26.87 to 37.91°C, respectively. The weekly mean 
open-pan evaporation too ranged between 0.7 and 7.86 mm during kharif and rabi cropping period.  

Trial 1R: Preliminary evaluation of diverse germplasm for rabi adaptation 
(Annexure-I: Tables 1R20. 1.1 to IR20. 1.10).  

Forty-one rabi sorghum landrace germplasm along with three checks (all belonging to the biological race durra 
types) were evaluated at eight test locations (Parbhani, Tandur, Bijapur, Solapur, Hagari, Rahuri and Nandyal) 
with an objective of identifying potential donors possessing rabi adaptation traits of early flowering, key 
physiological traits, components of biomass, and grain yield. The crop was grown as rain fed in medium vertisols 
on stored soil moisture. The data are presented in Annexure-I.  

Phenology: Days to 50% flowering (DFF) and days to physiological maturity (DPM) differed significantly (P≤0.05) 
due to genotypes. DFF ranged (mean) from 70-80 (74.4) while DPM from 115.3-124.4 (119.1). Mean DFF were 
least at Hagari (65.4) and highest at Rahuri (91.1). Three checks though have at par to reach DFF, P. Suchitra 
has numerically quicker (73.5). Entries CRS-97 & RNTN -13-23 and VJP 308 were markedly earlier and late to 
reach DFF to all three checks. Further, VJP-310 & VJP-307 and SVD-1433, CRS-88 & AKSV-401-R exhibited 
markedly longer DFF over M-35-1 and P. Suchitra.  

Plant height: Plant height (cm) differed significantly (P≤0.05) due to genotypes. Genotypes plant height ranged 
from 179.5 (CRS 102) to 233.9 cm (RNTN -13-14) with overall mean of 211.4 cm. Shortest plants were produced 
at Solapur (177.4) while the tallest at Rahuri (244.8). Three checks have at par mean plant heights and only 
RNTN-13-14 has produced markedly taller plants over three checks. At Tandur, SVD-1433 proved superior to 
checks. Plant height had shown significant positive relationship (r=0.3584; P≤0.0169) with total biomass maturity 
(mean of Hagari, Rahuri, Nandyal and Tandur) and dry fodder yield (r=0.371; P≤0.0133).  

Physiological traits: Leaf are index (LAI) and SPAD values at flowering varied significantly (P≤0.05) due to 
genotypes. Among genotypes LAI ranged from 2.97 (VJP 303) to 4.27 (SVD 1433) whereas among locations it 
ranged from 2.98 (Vijapura) to 4.31 (Hagari) with a mean of 3.59. For LAI, no genotype has surpassed the 
checks (mean basis) though SVD-1433 (4.27), VJP-2703 (4.13), VJP-307 (4.09) and AKSV-401-R (4.07) have 
recorded numerically more LAI than best check P. Anuradha (3.92). LAI at flowering (mean of Akola, Hagari, 
Rahuri and Vijapura), had shown significant (P≤0.05) positive rel ationship with total biomass at flowering 
(r=0.3447; P≤0.0219).  

SPAD values at flowering varied from 42.6 (RSLG 2438) to 51.2 (P. Anuradha) with an average of 47.0. None of 
the genotypes exceeded the checks for SPAD values, however, RSLG-2438 (42.6), RNTN-13-3 (42.9) and 
RNTN-4-132 (43.4) has markedly lower SPAD values than P. Suchitra (49.5).  

M-35-1 among checks has the highest SLW (5.49 mg/cm2) and thus least SLA (190.8 cm2

Relative water content (RWC) at flowering (Akola), Photosynthesis rate (Pn rate), transpiration and stomatal 
conductance at flowering (Rahuri) differed significantly (P≤0.05). RWC  varied from 65.0 to 86.3% with an 
average of 75.2%. Entries RSV 2408, RSV 2441 and VJP 303 (range: 83.2-86.3%) maintained higher RWC than 
best check M-35-1 (80.2%). CRS-97, VJP-304 and RSV-1988 have markedly lower RWC values than M-35-1. 
Pn rate varied from 28.90 to 30.20 with an average of 29.70 µ mol CO

/g) values while P. 
Anuradha the least SLW and highest SLA (3.64/279.3).  Entries RNTN-13-23 has least SLW (2.42) while CRS-
101, RSV-2115, CRS-88 and RNTN-13-8 (6.84-8.24) have higher (lower) SLW (SLA than M-35-1.  

2 m-2 s-1. P. Suchitra (30.09) being at par 
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with P. Anuradha (29.91) has maintained markedly highest Pn rate than M-35-1 (28.77) and none of genotypes 
have excelled Pn rate of P. Suchitra statistically. For transpiration rate (TR) at 50 % flowering (m mol H2O m-2 s-

1), check P. Anuradha has least TR (2.48) while M-35-1 (2.88) the highest. Genotypes RSV-2115, VJP-306, 
RSV-2011 and VJP-311, SVD-304, SVD-1210, RSV-2371 and AKSV-252-R have markedly lower and higher TR 
values than M-35-1.  

Three checks have statistically identical (-5.70 to -5.87) leaf to air temperature differential (LTD, o

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

C) at flowering 
(Akola) and varied significantly among genotypes (p≤0.05) with a mean value of -4.95. Genotypes RSV-2095 (-
3.67) and VJP 2703 (-3.73) has least LTD values while VJP-302 (-6.33) and VJP-308 (-6.03) have highest LTD 
values than checks.   

Biomass components and fodder yields: Leaf, stem, panicle and total dry biomass (g/plant) at flowering and total 
dry biomass at maturity differed significantly (p≤0.05). Total dry biomass at flowering on mean basis ranged from 
58.8 to 106 g/plant while at maturity it ranged from 79.9 to 137.1 g/plant. Mean biomass was highest at Rahuri 
(both flowering and maturity) while the least at Vijapura (flowering) and Tandur (maturity). CRS-88 has produced 
significantly more total dry biomass at flowering than the checks. Total biomass yield (g/plant) at maturity 
(Hagari, Nandyal, Rahuri and Tandur) showed significant positive relationship with mean dry fodder yield and 
grain yield ((r=0.932; p≤0.000 and r=0.8121; p≤0.000) and further dry fodder yield also has significant positive 
relationship with grain yield (r=0.5454; p≤0.0001).  

Grain yield components: Grain yield (g/plant), 1000-seed weight (g), grains/ panicle and HI (%) differed 
significantly (p≤0.05) among genotypes. Genotype, RNTN-13-8 (38.49) has numerically superior mean grain 
yields (13.17%) than the best check P. Suchitra (34.01 g/plant). Three checks have at par grain yields, 1000-
seed weight and HI values. Genotypes, VJP-304 over M-35-1 and P. Anuradha and CRS-103 and RSV-2397 
over 3 checks have markedly lower yields. On mean basis, CRS-100 has bolder grains (34.67 g) than all 
genotypes and was significantly superior to best check M-35-1. RSV-2442, RSV-2441, VJP-305, VJP-308 and 
CRS-103 have lower seed mass than best check M-35-1. P. Suchitra has 31.2 and 58.7% higher mean number 
of grains/ panicle than P. Anuradha and M-35-1. HI values did not differ markedly over checks with a mean HI 
value of 30.74; however, VJP-305 (22.45) and CRS-103 (22.84) with least HI values are inferior to checks 
statistically.  

Furthermore, sink size (grains/panicle) had shown significant positive relationship (r= 0.328; P≤0.0297) with 
grain yield (mean of Akola and Vijapura) under terminal drought conditions. 

(Annexure-II: Tables: 2M & 3S20. 1.1 to 1.4) & (Annexure-III. Tables: 2M20. 1.1 to 1.8)  

Eighteen advanced rabi-adapted sorghum genotypes including three checks were phenotyped in both shallow 
(≤45 cm soil depth at Solapur and Rahuri) and medium soils (≤75 cm soil depth; Bijapur, Parbhani, Rahuri, 
Solapur and Tandur). Plant Breeders from different sorghum centres contributed these test materials based on 
their superior performance in the station, state MET trials and advanced stage of development (stabilized F6-F7). 
The test materials are primarily belonging 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, besides 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 
depths (medium and shallow soils) and identify potential donors or contrasting parents for further crop 
improvement work. In medium and shallow soils where development of flowering and post-flowering drought 
stress is sets in quickly and was severe than in 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 and the same genotype can be 
planted across soil depths. 
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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 non-stress condition (medium soil) and D is the drought 
stress intensity =1– X/Xp; where X is the mean Y of all genotypes in drought stress condition (shallow soil); Xp is 
the mean Yp of all genotypes in non-stress condition (medium soil). 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). Relative Yield (RY) is yield of a genotype under stress to that of highest 
yielding genotype under stress. 

Analysed data of shallow and medium soils (Solapur and Rahuri) are presented in Annexure-IIa. 

Phenology: Days to flowering (DF) and days to physiological maturity (PM) and plant height (cm) differed 
significantly (P≤0.05) due to soil depths, genotypes and their interaction. Mean DF (PM) were 10.3 (6.3) longer in 
shallow soils than medium soils {78.5 (130)}. Phule Anuradha (early check) being at par with M-35-1 and RNTN-
13-39 took markedly lower DF (PM) than P. Suchitra and 10 other genotypes while CRS-95 took longest time for 
DF and PM (90.2 and 139.8). DF and PM did not differ markedly in RSV 1945 (both locations) and CRS-93 
(Solapur) due to soil depth. Days to flowering (Rahuri) showed a positive and significant relationship with leaf, 
stem, panicle and total biomass at flowering in medium soils (r=0.7853, 0.6526, 0.4596 and 0.7124; p≤0.001; 
0.0033; 0.055 and 0.0009) while in shallow soils they are positive correlation but are non-significant (r=0.104, 
0.1909, 0.2123 and 0.2223; p≤0.682; 0.448; 0.3978 and 0.3753).    

In medium deep soils sorghum crop on an average 0.5 m (25.8%) taller than shallow soils (192.6 cm); among 
genotypes, P. Anuradha being at par with M-35-1 and P. Suchitra recorded the lowest plant height while VJP-
2075 produced markedly taller plants than all genotypes. Plant height (mean of Solapur and Rahuri) has shown 
significant positive correlation (p≤0.05) with biological yield in shallow soils only (r=0.4819; p≤0.0429; for 
medium soils: r=0.1715; p≤0.4962) and non-significant but positive relation grain yield in both shallow (r=0.2205; 
p≤0.3794) medium soils (r=0.2057; p≤0.4128). However, biological yield was positively and significantly 
correlated with grain yield in shallow and medium soils (r=0.9135; p ≤0.000 and r=0.6414; p≤0.0041).   

Physiological traits: Leaf area per plant (LAP, dm2) at flowering, leaf, stem, panicle and total biomass (g/m2) at 
flowering (BMF) and maturity (BMM) varied significantly (p≤0.05) among genotypes, soil depths and their 
interactions. Medium soils have 34.6% higher LAP than shallow soils (21.62 dm2). Among checks, M-35-1 
(23.27) has lower LAP while CRS-89 (31.07) and CRS-99 (20.65) & RNTN-14-3 (20.90) have the highest and 
lowest LAP values. LAI values of RNTN-14-2, RNTN-14-3 and M-35-1 were unaffected by soil depth while rest of 
genotypes have marked reductions in LAI values in shallow soils.  

Mean BMF (g/m2; at Rahuri) in shallow soils was 20.3% than medium soils (467.22). Total BMF ranged from the 
lowest of 323.33 (RNTN-14-2) to the highest of 553.33 (CRS 99) with a mean of 409.95 g/m2. P. Anruradha has 
markedly lower BMF (324.2) than M-35-1 (399.2) and P. Suchitra (535). Interaction effect shows that only VJP-
2704 has stable BMF across two soil depths. Genotypes, CRS-99 (73.4%) and CRS-95 (69.9%) has highest loss 
in BMF in shallow soils over deep soils.      

Leaf relative water content (RWC), leaf to air temperature differential (LTD, oC) and SPAD values recorded at 
flowering (all at Rahuri) varied significantly (p≤0.05) due to treatments. Shallow soils have 7.21, 14.34  and 
18.4% lower RWC, LTD and SPAD values than medium soils (89.48%, -6.06 and 52.92). Genotypes RSV 1850, 
RSV 1876, RSV 1945, CRS 93, CRS 98, VJP 2705, RNTN-14-1, RNTN-14-1 and P. Anuradha have maintained 
similar RWC in both the soils however, CRS-95 and CRS-98 failed to maintain RWC and LTD under shallow 
soils as that of medium soils.  Phule Anuradha, RNTN-14-3, RNTN-14-1 and RSV-2371 genotypes have stable 
SPAD values across the soil depths while others have markedly lower SPAD values in shallow than medium 
deep soils.  
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Photosynthesis rate (Pn; µ mol CO2 m-2 s-1), transpiration rate (TR, m mol H2O m-1 s-1) and stomatal 
conductance (SC, mol/m²/sec) at 50% flowering differed significantly (p≤0.05) at Rahuri in both soils. 
Photosynthesis rate and stomatal conductance have decreased by 4.08 and 9.74% in shallow over medium soils 
(30.1 and 25.57) but are statistically at par.  

RNTN-14-3 and RSV-2371 (30.10, 29.90) have markedly higher Pn rate than all genotypes including best check 
P. Anuradha (28.83). In medium soils, Pn rate was markedly higher in P Suchitra (30.87) than other two checks 
and 4 genotypes, further, best Pn rates entries of shallow soils (RNTN-14-3 and RSV-2371) have at par values 
as P. Suchitra.  

Transpiration rate (TR) differ among genotypes due to soil depths with RSV-1850 (3.40) and CRS-95 (3.77) 
recording markedly higher TR values in medium soils than shallow soils over all genotypes. Further, all 
genotypes except (RSV-1850, CRS-95, RSV-1945, CRS-93, VJP-2705 and RNTN-14-1) have high TR values in 
shallow soils than medium soils. Stomatal conductance (SC) of RNTN-14-3 in shallow soils (23.41) was markedly 
lower than deep soils (27.03). P. Anuradha and P. Suchitra has highest TR rates in shallow and medium soils. 

Over best checks, RSV-1876, RSV-1945 and CRS-89 have markedly lower SC values in both soils.  Further, 
CRS-89, CRS-93, CRS-95 and CRS-98 in shallow soils and RSV-1850, CRS-99 and VJP-2704 have markedly 
lower SC values than the best check.  

At Rahuri, RWC has an insignificant negative relationship with TR, biomass yield at flowering (r=-0.2496, 
p≤0.3178 and r=-0.1728, p≤0.0411) and significant positive relation with Pn rate (r=0.4245, p≤0.0791) in shallow 
soils. In medium soils, RWC has insignificant negative relationship with TR (r=-0.1033, p≤0.6834), but significant 
positive relation with Pn (r=0.4854, p≤0.0411) and insignificant positive relation with biomass yield at flowering 
(r=0.2107 p≤0.4014). Pn rate at flowering has a significant negative relationship with total biomass produced at 
flowering i.e. BMF (r=-0.5276, p≤0.0244) in shallow soils but tuned towards positive though insignificant 
relationship in medium soils (r=0.0309, p≤0.9032). Pn rate and SC values have positive relation in both soils but 
were significant in medium soils only (r=0.2076, p≤0.4085 shallow and r=0.3781, p≤0.1219 medium soils) and 
Pn rate and TR have an insignificant negative relation in shallow soil (r=-0.1558, p≤0.5371) and insignificant 
positive relation in medium soils (r=0.0326, p≤0.8978). Further, BMF has negative insignificant relation with 
biological and grain yields harvested in shallow soils (r=-0.2458, p≤0.3254 and r= -0.3152, p≤0.2026) but are 
positive and significant in medium soils (r=0.8614, p≤0.000 and (r=0.4352, p≤0.0711). Form the above relations, 
it is inferred that low RWC, Pn rate and TR values at flowering in shallow and high RWC, Pn, SC and TR values 
in medium soils are desired for high yields (Table 2).  

Grain yield and its components: Grain, stover yield (kg/ha), panicle dry weight and 1000-seed mass differed 
significantly (p≤0.05) due to soil depth, genotype and their interaction. Mean grain and dry fodder yield 
decreased by 25.8 and 41.3% in shallow soils over medium (2320 and 8351). Phule Suchitra (2427 kg/ha) has 
37.9 and 44.9% higher grain yields than P. Anuradha and M-35-1. In shallow soils of Rahuri, RNTN-14-2 & 
RNTN-14-1 exhibited 13.4 & 10.2% yield superiority over best check P. Suchitra. P. Suchitra is best for shallow 
and medium deep soils of Solapur with CRS-93 and VJP-2705 having at par yields in shallow soils and CRS-95 
showing 13% yield superiority (insignificant but) to P. Suchitra. For deep soils of Rahuri, CRS-93 (13%), CRS-99 
(5.4%) and CRS-89 (5.1) exhibited numerical yield advantage to best check P. Suchitra (3816 kg/ha).  

At Solapur, in shallow soils, CRS-93, RNTN 14-1 and RNTN 13-39 gave 34.6, 25.1 and 24.4% higher mean 
stover yields than P. Suchitra (3283 kg/ha) while in deep soils, RSV-2371 and RNTN14-2 having 13.9 and 12.3% 
higher stover yields than P. Anuradha (7870 kg/ha). In both deep and shallow soils of Rahuri, P. Suchitra gave 
best stover yields with M-35-1 having at par yields in deep soils. In shallow soils, panicle dry weight and 1000-
seed weight (g) were reduced by 68 and 15.1% as compared to medium soil (210.3 and 34.72). CRS-95 being at 
par with P. Suchitra, CRS-93 and VJP 2705 recorded markedly higher panicle weight than all other genotypes. P. 
Suchitra has markedly higher 1000-seed weight (37.13) than other two checks at both locations, CRS-93 (39.02) 
has markedly bolder seeds than P. Suchitra at Rahuri.  
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 In terms of DSI for mean grain yields, CRS 99 (DSI=1.37), CRS 89 (DSI=1.347) and RSV 1945 (DSI=1.19) were 
found highly susceptible to drought while RNTN-14-2 (DSI= 0.102), proved drought tolerant and more stable 
across soil depths under terminal drought and heat stress conditions. M-35-1 was moderately susceptible. Other 
genotypes have varied DSI values among locations, hence same genotype falls under different category and 
thus not classified (Table 1).   

Table 1. DSI values and genotypes 

Genotype Rahuri Solapur Mean 
RSV 1850 1.249 0.106 0.677 
RSV 1876 0.816 1.674 1.245 
RSV 1945 1.009 1.361 1.185 
RSV 2371 0.866 1.366 1.116 
CRS 89 1.028 1.666 1.347 
CRS 93 1.438 -0.368 0.535 
CRS 95 0.876 2.560 1.718 
CRS 98 0.940 1.278 1.109 
CRS 99 1.606 1.134 1.370 
VJP 2704 1.360 0.931 1.146 
VJP 2705 0.982 -0.564 0.209 
RNTN-13-39 0.988 -1.049 -0.031 
RNTN-14-1 0.744 1.293 1.018 
RNTN-14-2 0.101 0.103 0.102 
RNTN-14-3 0.657 1.199 0.928 
M-35-1 0.773 0.597 0.685 
Phule Suchitra 0.947 1.311 1.129 
Phule Anuradha 1.362 -0.039 0.662 

 

Table 2. Pearson Correlations for Shallow and medium soils for various physiological traits (Rahuri) 
 

Parameter Relative 
water 

content 

Transpiration 
rate 

Photosynthetic 
rate 

Stomatal 
conductance 

Biomass 
at 

flowering 

Biomass 
at 

maturity 
Shallow soils 
Transpiration 
rate   

R value -0.2496      
P-VALUE   0.3178      

Photosynthetic 
rate 

R value 0.4245 -0.1558     
P-VALUE   0.0791 0.5371     

Stomatal 
conductance 

R value 0.2947 0.0138 0.2076    
P-VALUE   0.2351 0.9566 0.4085    

Biomass at 
flowering 

R value -0.1728 0.1999 -0.5276 -0.1245   
P-VALUE   0.4928 0.4265 0.0244 0.6225   

Biomass at 
maturity 

R value -0.1807 -0.3621 -0.0055 -0.2084 -0.2458  
P-VALUE   0.4731 0.1398 0.9828 0.4067 0.3254  

Grain yield R value 0.0114 -0.4539 0.1628 -0.2406 -0.3152 0.9167 
P-VALUE   0.9641 0.0585 0.5185 0.3363 0.2026 0.0000 

Medium soils 
Transpiration 
rate   

R value -0.1033      
P-VALUE   0.6834      

Photosynthetic 
rate 

R value 0.4854 0.0326     
P-VALUE   0.0411 0.8978     

Stomatal 
conductance 

R value 0.1117 -0.2133 0.3781    
P-VALUE   0.6589 0.3954 0.1219    

Biomass at 
flowering 

R value 0.2107 0.2355 0.3268 -0.1934   
P-VALUE   0.4014 0.3469 0.1856 0.4419   

Biomass at 
maturity 

R value 0.1829 0.0429 0.0309 -0.3190 0.4352  
P-VALUE   0.4675 0.8657 0.9032 0.1970 0.0711  

Grain yield R value 0.3239 0.1014 0.0912 -0.2186 0.4275 0.8614 
P-VALUE   0.1897 0.6888 0.7191 0.3836 0.0768 0.0000 
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Medium deep (≤75 cm) soils (Bijapur, Parbhani, Rahuri, Solapur and Tandur). 
Eighteen advanced rabi-adapted sorghum genotypes including three checks were phenotyped in medium soils of 
Bijapur, Parbhani and Tandur, Rahuri and Solapur. Analysed data is given in Annexure-III. 

Phenology: Days to flowering (DF) and days to physiological maturity (PM) and plant height (cm) differed 
significantly (P≤0.05)  among locations and genotypes. In general, the DF (PM) ranged from 70.6 (108.1) at 
Parbhani to 86.2 (130.8) at Rahuri (Solapur) with a mean of 76.0 (118.9). Phule Anuradha (early check) being at 
par with M-35-1 together took markedly lower DF (PM) than P. Suchitra. On mean basis, RNTN-14-2, RNTN-14-
3, RNTN-13-19, RSV-1850 and CRS-98 have at par DF as P. Anuradha. Similar trend was observed for PM also.  
Days to flowering showed significant positive relationship with leaf mass at flowering (r=0.7142, p≤0.0009 
Rahuri; r=0.654, p≤0.0032 mean of Rahuri and Vijapura) but was insignificant at Vijapura (r=0.0568, p≤8229).     

Plant height ranged from 192.8 (Parbhani) to 277.4 (Rahuri) with a mean of 212.7 cm among locations. Three 
checks (P. Anuradha>P.Suchitra>M-35-1) have at par plant height values with RSV-1876, RSV-1850 and RSV-
2371 have markedly short stature plants than P. Suchitra.  

Physiological traits: Leaf area (dm2) at flowering varied significantly (p≤0.05) among genotypes. P. Anuradha 
(26.31) being at par with P. Suchitra (24.92) has significantly more mean LA than M-35-1 (21.77). CRS-89, RSV-
1850, RSV-1945 and RSV-2371 have similar (26.63-28.47) LA as P. Anuradha, RNTN-14-3 has significantly 
lower LA than all genotypes (15.86).  Leaf, stem, panicle and total biomass (g/m2

Trial 4RF & Irrg. Phenotyping sorghum for key root traits associated with drought adaptation in medium 
soil (Rahuri & Bijapur) 

) differed significantly at 
flowering (p≤0.05) among genotypes and ranged from 390 (RNTN-14-2) to 628 (CRS 99) with a mean of 497.4. 
Phule Anruradha has markedly lower biomass at 50% flowering than M-35-1 (510.5) and P. Suchitra (564.5). 
Biomass accumulation at flowering was markedly higher in CRS-99 (628) while lower in RNTN-14-2 (390.7) than 
all other genotypes. RNTN-14-1, CRS-95, CRS-93 and RSV-1850 have at par biomass values as best check P. 
Suchitra.     

Grain yield and its components: Grain, dry fodder yield, HI, grain number and 1000-seed mass differed 
significantly (p≤0.05) among genotypes. P. Suchitra with a mean grain yield of 3174 kg/ha has excelled other 
two checks and 4 new genotypes (CRS-99 has numerical yield superiority to P. Suchitra). CRS 95 & RSV 1876 
(Solapur), RSV 1945, VJP 2704 & CRS 99 (Tandur) out yielded P. Suchitra while RSV 1945 (Vijapur) and CRS-
93 (Rahuri) showed only numerical yield superiority to P. Suchitra. Checks have at par mean dry fodder yields 
though P. Suchitra has highest yields (7411 kg) however, RNTN-13-39 and RNTN-14-2 have numerically higher 
dry fodder yields than P. Suchitra.  RNTN 13-39 is best fodder yielder at Vijapura to check and all genotypes.  

(Annexure-IV: Tables 4RF-IRR20.1.1 to 4RF-IRR20.1.4).  

Eighteen advanced rabi sorghum genotypes including checks were characterized for root and shoot related traits 
that contribute to survival at flowering and post-flowering drought and heat stress in specially created above 
ground root screening structure facilities with required soil depth (≥1.0 m) and compaction as applicable to 
natural field conditions at Rahuri and Bijapur. This root screening facility was filled with vertisol and irrigated up to 
saturation prior to the sowing. The genotypes were planted under two water regimes (rain fed and limited 
irrigated (main-plots) with eighteen genotypes (sub-plots) in split-plot design with two replications. Irrigated 
treatment received 4-irrigations and the soil was brought back to field capacity with each irrigation. In rain fed 
treatment, crop was irrigated once for successful crop establishment. Analysed data was given in Annexure-IV. 

Phenology: Significant differences were observed for various physiological, root and shoot related traits (P≤0.05) 
due to water regimes, genotypes and their interactions at both locations. Days to flowering and maturity 
increased significantly due to irrigation at Bijapur (9.4 and 8.9) over rain fed crop (72.2 & 115.1). 

Mean plant height decreased by 19.6% in rain fed crop as compared to irrigated one (243.8 cm). Significant 
reductions in plant height under rain fed situation were seen in RSV-2371, CRS-95, RNTN-13-39, RNTN-14-2 
and P. Anuaradha only at Vijapura as compared to irrigated crop. At Rahuri, all genotypes have markedly shorter 
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plants with CRS-95, CRS-99 and P. Anuradha showing very high reduction (117, 52.1 and 51.9%). VJP-2704, 
RSV-1850, RNTN-14-3, RSV-1876 and P. Suchitra (9.7-17.2% variation across moisture regimes) have mean 
stable plant heights. 

LAI at flowering and SPAD values declined significantly in rain fed sorghum at both locations with a mean decline 
of 32.1 and 12.0% over its irrigated counterpart (3.80 and 49.81). P. Anuradha at Rahuri and P. Suchitra & 
RNTN-14-1 at Vijapura have stable LAI and SPAD values across moisture regimes, while CRS-95, CRS-98, 
RNTN-14-2, M-35-1 and P. Suchitra have stable LAI values at Vijapura across moisture regimes.  

Total biomass production of sorghum at flowering (g/plant) was significantly reduced at both the locations under 
moisture stress and on mean basis 43% reduction was observed when compared to its irrigated crop (154.84 
g/plant). Reductions in dry weight due to moisture stress were of higher order in stem (50.5%) than leaf (37.3) 
and panicle components (33.1%) at Rahuri. Biomass produced at maturity was reduced by 40.8% at Rahuri 
(49% in grain and 35% dry fodder yield) while at Bijapur, grain yield was reduced by 39.8% due to moisture 
stress. Reductions in grain yield at Bijapaur was due to reductions in grains/panicle (33.9%) and 1000 seed 
weight (14.1%). Mean data shows 12.8% reduction in seed mass due to moisture stress. At Vijapura, RSV 2371 
has markedly superior grain yields (g/plant) than the best check Phule Suchitra under both moisture stress and 
no stress. However, under irrigated situation, CRS 93, RSV 1876 VJP 2704 and RNTN-13-39 have at par grain 
yields as RSV 2371. At Rahuri, RSV 1945, RNTN-14-3, RNTN-13-39 and CRS 99 have numerically superior 
grain yields/plant than the best check Phule Suchitra under moisture stress. P. Suchitra is more susceptible to 
moisture stress at Rahuri.  

Mean RWC of moisture stressed sorghum at flowering was 6.11% lower than irrigated crop (86.39%) similarly 
there was 7.6 and 14.6% reduced photosynthetic rate (µ mol CO2 m-2 s-1) and stomatal conductance (mol m-1 s-

1) values in stressed crop over irrigated (30.77 and 27.78) at Rahuri, however, stressed crop has 6.23% higher 
transpiration rate (m mol H2O m-1 s-1

Correlation: Irrigated sorghum root volume and fresh root mass at maturity (g) were significantly and positively 
correlated. Fresh root mass and BMF under both moisture situations are significantly and positively correlated. 
Rain fed sorghum RWC at flowering has a significant positive relationship with SC at flowering and a positive but 
insignificant relation with TR / PR / BMF at flowering. Irrigated crop RWC has significant positive and significant 

) than irrigated crop (2.57). CRS 93 and M-35-1 at both the locations CRS 
95, VJP2704, RNTN-13-39 and RNTN 14-2 at Rahuri and RSV 1876, P. Suchitra and RSV 2371 at Vijapura 
proved sensitive to water stress as evident from marked reductions in RWC.  

Checks have highest Pn rates under both conditions over other genotypes. Under rain fed conditions checks 
have statistically similar Pn rate, however, when irrigated, P. Suchitra and P. Anuradha surpassed M-35-1 for Pn 
rate. Under rain fed condition, RSV-1876 and RSV-1945 have markedly lower Pn rates than all genotypes 
(except CRS-89 and CRS-95) and have improved their Pn rates with irrigation to at par level as M-35-1. 
Similarly, rain fed CRS-99 has inferior Pn rate than checks but boosted it to at par rates as best checks with 
irrigation (such trend is seen for 8 more genotypes). RNTN-13-39 and M-35-1 have least Pn rate reductions 
under moisture stress (0.79 & 0.83) despite of marked reductions in RWC as compared to irrigated counterpart 
(Rahuri). CRS 89 under moisture stress was also able to keep both Pn and Tn rate lower (27.53 and 2.83) than 
irrigated crop (30.07 and 3.26) when irrigated in contrast to other genotypes.   

The root biomass at maturity decreased significantly in stressed crop on account of decreased root number, 
length and volume over irrigated crop. There was a mean reduction of 49.2, 30.1 and 54.6% in root mass, root 
length and root volume in rain fed crop than irrigated. At Rahuri, there was 43.3% reduction in root numbers in 
rain fed crop over irrigated.  

Root length (cm) at physiological maturity differed significantly at each location and on mean basis rain fed plants 
have 43% less root length than irrigated (52.81). P. Anurdha and RSV-1850 have highest root length under rain 
fed situation (Rahuri and Vijapura), while under irrigated condition, CRS-95 and M-35-1 & P. Suchitra took their 
places. At Vijapura, RSV-1850, RSV-1876, CRS-98 and RNTN-14-1 have stable root lengths across two 
moisture situations.      
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negative relationship with TR and BMF. TR and Pn are positively and significantly related both under rain fed and 
irrigated condition with different P values (p≤0.0397 and p≤0.1184). Further rain fed sorghum TR has a negative 
and positive (both insignificant) relation with SC and BMF and the trend is opposite for irrigate crop. Sorghum 
crop SC has negative and positive (both insignificant) relation with Pn and BMF irrespective of moisture 
condition. Pn rate however, has negative (rain fed) and positive (irrigated) and insignificant relation with BMF. RF 
sorghum BMF was positively correlated with BMM (p≤0.1638) and grain yield of both rain fed and irrigated are 
correlated positively and significantly (p≤0.0259 and p≤0.0005). (Table 3a and Table 3b). TR and Pn rate and Pn 
and BMF have significant negative relationships based on mean of two moisture stress condition for genotypes 
(Table 4). M-35-1, RSV 1850, CRS 89, CRS 93, CRS 98, VJP 2704, VJP 2705, RNTN-14-1, RNTN-14-1, P. 
Suchitra and P. Anuradha are susceptible and rest are moderately tolerant to moisture stress (Table 5).   

Thus for high biomass producing type sorghums are required in rain fed and irrigated conditions. For this to 
archive, low Pn, high TR, SC, RWC and fresh root mass (high Pn and SC with low RWC and low root volume, 
moderate TR) genotypes are desired under rain fed (irrigated) condition.  

  Table 3a. Pearson Correlations (r) of traits at flowering of rain fed sorghum (Rahuri)  

Parameter Root 
volume* 

Fresh root  
mass* 

RWC TR SC Pn BMF BMM* 

Fresh root 
mass* 

R value 0.1553        
P value (≤) 0.5383        

RWC R value 0.2222 -0.2432       
P value (≤) 0.3756 0.3308       

TR   R value 0.0489 -0.2626 0.0231      
P value (≤) 0.8473 0.2925 0.9274      

SC R value 0.0664 -0.1765 0.5593    -0.0414     
P value (≤) 0.7935 0.4835 0.0158      0.8705     

Pn R value -0.0313 -0.0866 0.0543    -0.4885    -0.2616    
P value (≤) 0.9018 0.7326 0.8304      0.0397      0.2943    

BMF R value 0.3901 0.5383 0.2162      0.1897      0.2622    -0.2922   
P value (≤) 0.1095 0.0212 0.3888      0.4509      0.2933     0.2393   

BMM R value 0.0913 0.0127 0.0027 0.3954 0.2429 -0.7833 0.3428  
P value (≤) 0.7186 0.9601 0.9915 0.1044 0.3315 0.0001 0.1638  

GY R value 0.0726 -0.3917 0.2174 -0.0006 0.3164 -0.2050 -0.0531 0.5230 
P value (≤) 0.7747 0.1080 0.3861 0.9980 0.2009 0.4145 0.8343 0.0259 

RWC; Relative water content; SC: Stomatal conductance, TR; Transpiration rate; Pn: Photosynthesis rate; BMF; Biomass at flowering; 
BMM at maturity; Biomass at maturity (g/plant), GY: grain yield (g/plant) * at maturity (others parameters at flowering).  
Bold are significant (P≤ 0.05 or 0.01)   
    

Table 3b. Pearson Correlations (r) of traits at flowering of irrigated sorghum (Rahuri) 
   Parameter Root 

volume* 
Fresh root  
mass* 

RWC         TR         SC Pn BMF BMM 

Fresh root 
mass* 

r value 0.5735        
P value (≤) 0.0128        

RWC r value 0.1733 -0.1040       
P value (≤) 0.4917 0.6813       

TR   r value 0.1126 0.0240 0.3474      
P value (≤) 0.6563 0.9247 0.1578      

SC r value -0.2289 0.0047 -0.1817 0.1974     
P value (≤) 0.3609 0.9852 0.4706 0.4325     

Pn r value 0.1272 -0.0516 0.1001 -0.3814 -0.0019    
P value (≤) 0.6150 0.8389 0.6927 0.1184 0.9942    

BMF r value 0.3291 0.4821 -0.4695 -0.0808 0.2302 0.1983   
P value (≤) 0.1823 0.0428 0.0493 0.7499 0.3581 0.4302   

BMM r value -0.4568 -0.0944 -0.5015 -0.0469 0.4053 -0.2453 0.1386  
P value (≤) 0.0567 0.7094 0.0340 0.8534 0.0952 0.3266 0.5833  

GY r value -0.5745 -0.2409 -0.3839 -0.1553 0.5254 0.0845 0.2444 0.7376 
P value (≤) 0.0126 0.3356 0.1158 0.5384 0.0252 0.7388 0.3283 0.0005 

RWC; Relative water content; SC: Stomatal conductance, TR; Transpiration rate; Pn: Photosynthesis rate; BMF; Biomass at flowering; 
BMM at maturity; Biomass at maturity (g/plant), GY: grain yield (g/plant) * at maturity (others parameters at flowering).  
Bold are significant (P≤ 0.05 or 0.01)   
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Table 4. Pearson Correlations (r) of traits at flowering of sorghum (for genotypes) 

 
Parameter RWC TR SC Pn 

TR   r value 0.2224    
P value (≤) 0.3750    

SC r value 0.2996 -0.0150   
P value (≤) 0.2271 0.9529   

Pn r value 0.2269 -0.4988 -0.0959  
P value (≤) 0.3653 0.0351 0.7051  

BMF r value -0.3229 0.0999 0.2815 -0.6085 
P value (≤) 0.1913 0.6932 0.2577 0.0074 

 

Table 5. DSI values of genotypes 

Genotype Rahuri Vijapura Mean DSI rating 
RSV 1850 1.108 1.118 1.113 Susceptible 
RSV 1876 0.928 1.017 0.968 Moderately tolerant 
RSV 1945 0.765 0.801 0.781 Moderately tolerant 
RSV 2371 1.074 0.859 0.978 Moderately tolerant 
CRS 89 1.256 0.830 1.065 Susceptible 
CRS 93 1.123 1.027 1.080 Susceptible 
CRS 95 1.141 1.011 1.083 Susceptible 
CRS 98 1.054 1.187 1.113 Susceptible 
CRS 99 0.993 0.738 0.879 Moderately tolerant 
VJP 2704 0.816 1.054 0.923 Moderately tolerant 
VJP 2705 0.942 1.190 1.053 Susceptible 
RNTN-13-39 0.550 1.145 0.817 Moderately tolerant 
RNTN-14-1 0.985 1.219 1.090 Susceptible 
RNTN-14-2 0.628 1.066 0.825 Moderately tolerant 
RNTN-14-3 0.550 1.198 0.840 Moderately tolerant 
M-35-1 1.185 1.059 1.129 Susceptible 
Phule Suchitra 1.318 0.795 1.084 Susceptible 
Phule Anuradha 1.054 0.838 0.957 Susceptible 
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