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Executive summary 
 
Trial 1R: Preliminary evaluation of diverse germplasm for rabi adaptation:  
Forty-four rabi sorghum landrace germplasm (that includes three checks were) evaluated at five locations. 
Entries CRS-97 (63.8) was markedly earlier to reach flowering as compared to checks ‘M-35-1’ and ‘Phule 
Anuradha’ while CRS-103 (65.3) was markedly earlier in DFF to Phule Anuradha and VJP-309 (72.3) took 
maximum number of days to flowering. Mean plant height had shown significant positive relationship with total 
biomass maturity (r=0.4610; P≤0.0016) and dry fodder yield (r=0.3264; P≤0.0304). Leaf area index (LAI) ranged 
from 2.91 (CRS 103) to 4.66 (VJP 2703) whereas among locations it ranged from 2.62 (Vijayapura) to 4.84 
(Hagari) with a mean of 3.68. LAI at flowering (mean), had shown significant positive relationship with total 
biomass at flowering (r=0.2581; P≤0.0907). SPAD values at flowering varied from lowest of 44.90 (RNTN-13-23) 
to 51.65 (Phule Anuradha) with an average of 48.35. None of the genotypes exceeded the checks for SPAD 
values. However, eight genotypes have markedly lower SPAD values ranging from 44.90 (RNTN-13-23) to 
46.11(CRS 96) than P. Suchitra (49.5). Mean grain yield (g/plant) ranged from lowest of 25.30 (VJP305) to the 
highest of 52.43 (RSV-2011) with a mean of 35.09. Among locations, mean grain yield was < 30 g lowest being 
at Akola & Solapur (21.28 & 21.32 g) while Rahuri has 2-3 times more grain yield (64.14 g) than other four 
locations. Total biomass yield (g/plant) at maturity (Akola, Solapur, Rahuri, Vijayapura) showed significant 
positive relationship with mean dry fodder yield and grain yield (r=0.7803; p≤0.000 and r=0.6790; p≤0.000) and 
further dry fodder yield also has significant positive relationship with grain yield (r=6016; p≤0.0001).  
 
Trial 2(M) & 3(S): Phenotyping advanced rabi sorghum entries for drought adaptation traits in medium 
and shallow soils:  
Fifteen new genotypes along with three checks (P. Anuradha, P. Suchitra and M-35-1) were evaluated for 
comparative performance in both shallow and medium deep soils at Solapur and Rahuri and in medium deep 
soils alone at Tandur, Parbhani, Vijayapura.  
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Shallow & Medium soils (Solapur and Rahuri): Mean days to flowering (DF) and physiological maturity (PM) 
did not differ due to soil depth. Phule Anuradha (early check) being at par with M-35-1 took markedly lower time 
for DFF (5.6) than P. Suchitra. None of the genotypes were early in DF to P. Anuradha though ‘RNTN-14-3’ was 
quick to reach DFF (63.4). Seven and three (VJP 2705, CRS-95 and RSV-1945) genotypes have markedly 
higher DF than P. Anuradha and M-35-1, respectively. In medium deep soils sorghum plants were 20.9% taller 
than shallow soils (230.6 cm) and among genotypes, five genotypes (CRS 89, CRS 93, CRS 95, CRS 98 and 
VJP 2705) have exceeded ‘P. Anuradha’ while one genotype (CRS 95) has exceeded ‘M-35-1’ for plant height. 
Mean plant height (mean of Solapur and Rahuri) has shown significant positive correlation with biological yield in 
shallow (r=0.4777; p≤0.0450) and medium soils (r=0.5994. p≤0.086). Mean plant height has a non-significant but 
positive relation with grain yield in shallow soils (r=0.0659; p≤0.7950) while in medium soils it was significant and 
positive (r=0.6078; p≤0.0075). Medium soils have 70.26% higher leaf area per plant (LAP) at flowering than 
shallow soils (19.10 dm2). Among checks, Phule Anuradha (19.58 dm2

At Vijayapura, under rain fed condition, sorghum plants have 15, 13 and 9% lower Photosynthetic (Pn, µ mol 
CO

) has markedly lower LAP than M-35-1 
(23.15) and P. Suchitra (28.93). Mean grain and dry fodder yield decreased by 30.0 and 13.0% in shallow soils 
over medium deep soils (2608 and 10857). Genotypes, CRS-93, CRS-95 and VJP-2705 have markedly higher 
mean grain yields than check ‘P. Anuradha’. At Rahuri, ‘CRS-93’ and at Soalpur, ‘CRS-95’ has excelled the best 
cheek (P. Suchitra) for grain yields. In shallow soils of Rahuri, CRS-89 proved the best grain yielder while RNTN-
14-3 was the poor yielder and both these genotypes performance was stable across soil depths while all other 
genotypes have better performance in medium deep soils. At Solapur, genotypes CRS-89, CRS-95 and VJP 
2705 and check P. Suchitra have markedly superior performance in medium deep than shallow soils. In shallow 
soils, mean panicle dry weight and 1000-seed weight (g) were reduced by 16 and 19.4% as compared to 
medium soil (287.42 and 31.10). 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 mean panicle dry 
weight (313.62) and 1000-seed weight (at Rahuri) than other two checks, CRS-98 (39.02) being at par with CRS-
93 has markedly higher test weight than all genotypes at Rahuri.  In terms of DSI for grain yields, CRS 93 
(DSI=1.23), CRS 99 (DSI=1.41) and RSV 1876 (DSI=1.28), VJP-2705 (DSI=1.23), M-35-1 (DSI=1.25) and Phule 
Suchitra (DSI=1.79) were found highly susceptible to drought while RSV 1945 (DSI=0.77) and Phule Anuradha 
(DSI=0.79) were found moderately drought tolerant at both the locations and on mean basis.   
 
Medium soils (Tandur, Parbhani, Vijayapura, Solapur and Rahuri): Check variety ‘Phule Suchitra’ with a 
mean grain yield of 3076 kg/ha has excelled ‘M-35-1’ by 34.1% but was at par with ‘Phule Anuradha’. None of 
the genotypes excelled P. Suchitra for mean grain yield though CRS-93 has highest grain yield (3527 kg/ha). 
Checks have at par mean dry fodder yields though P. Suchitra has highest yields (7118 kg) however, RNTN-13-
39 and RNTN-14-2 have numerically higher dry fodder yields than P. Suchitra. At Vijayapura RNTN 13-39 is best 
fodder yielder to check and all genotypes while at Tandur, P. Suchitra is the best for stover yields to all 
genotypes.  
 
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 at Rahuri and Vijayapura. Mean days to flowering and maturity increased by 
2.4 and 6.7 due to irrigation. Mean plant height and LAI at flowering decreased by 28.15 and 38% in rain fed crop 
as compared to irrigated one (225.8 cm and 3.00). At Rahuri, RSV-1976 has stable plant height across moisture 
regimes. RSV-1945 has stable LAI across moisture regimes.   
 
 ‘M-35-1’ has markedly superior mean grain yields (64.61g/plant) among checks and at Rahuri, seven genotypes 
(RSV-1850, RSV-1876, RSV-1945, CRS-93, CRS-95, VJP-2705 and RNTN-14-1) excelled ‘M-35-1’ for grain 
yield. Genotypes, RSV-1945, CRS-95, CRS-98 (Rahuri) and RSV-1850, CRS-99 and VJP-2704 on mean basis 
proved their suitability to irrigated condition. At Rahuri and on mean basis, RNTN-14-3, have stable grain yields 
across moisture regimes. 
 

2 m-1- s-1), Transpiration rate (Tn, m mol H2O m-1-s-1) rate and Stomatal Conductance (SC, mol per m² per 
sec) than irrigated crop. Among checks, ‘M-35-1’ has markedly higher Pn rate while ‘Phule Suchitra’ has higher 
Tn and SC values. Genotype, CRS -93 has highest Pn rate (39.40) that along with RSV-2371 and RSV-1945 
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have markedly higher Pn rates than best check ‘M-35-1’. Further, M-35-1 has stable Pn rate across moisture 
regimes. P. Suchitra has markedly higher SC values with irrigation indicating its ability to control stomatal 
opening.  
 
Rain fed sorghum plants have 21.1 and 28.3% less fresh root length and fresh root biomass (g/plant) at maturity 
than irrigated (55.77 and 76.18) crop. No genotype has markedly higher mean root length than P. Anuradha, 
however, CRS 89, VJP 2704 over P. Suchitra and RSV-1945 over M-35-1 recorded markedly higher root length.  
 
Root volume (g/cc) and fresh root mass at maturity (g) relation with grain yield was negative for rain fed crop 
while positive for irrigated. RWC at flowering has a significant positive relationship with Pn at flowering in rain fed 
situation (r=0.2104; p≤0.4020) while a significant nega tive relation in irrigated crop (r=-0.1777; p≤0.4805). Tn 
and Pn rate have significant positive relationships in both moisture regimes and Pn and BMM have a significant 
negative relationship in irrigated crop (r=-0.1760; p≤0.3046) but a positive relationsh ip in for rain fed crop 
(r=0.2029; p≤0.4193). Rain fed sorghum BMM was negatively correlated with grain yield (r=-0.1213; p≤0.6317) 
while positively and correlated (r=0.2019; p≤0.9311) for irrigated crop  
 
Thus for low biomass producing type sorghums are required in rain fed and high biomass producers under 
irrigated conditions. For this to archive, high Pn, high SC, high fresh root mass & volume, low Tn and low RWC 
genotypes are desired under rain fed while for irrigated condition, genotypes with high Pn, RWC and low SC, 
fresh root mass & root volume are desired. For DSI based on grain yields, P. Suchitra, M-35-1 (checks) and 
RSV-2371were moderately drought tolerant at both locations. RTN-14-1, RNTN-14-2, RNTN-14-3, VJP-2705 
were found drought tolerant at Rahuri only.  

 
5R. Boron nutrition studies in rabi sorghum for enhanced seed set and yields 
A trial on boron nutrition of sorghum was initiated during rabi-2021 with 9 treatments (soil and foliar application) 
in RBD with 3 replications at Akola and Vijayapura. The trail was unsuccessful at Vijayapura and data was 
inconsistent at Akola. Data not presented.   
 
 

Detailed report 
 
Sorghum (Sorghum bicolor (L.) Moench) productivity in India during rabi season is limited by drought and 
temperature stresses occurring during seedling, pre-and post-flowering stages besides other biotic stresses. In 
coordinated rabi sorghum physiology program, five trials were conducted at seven locations Akola, Vijayapura, 
Parbhani, Rahuri, Solapur, Tandur, and Hagari. The objectives of the rabi sorghum crop physiology program 
were to 1) evaluate preliminary and advanced landrace germplasm for traits related to drought adaptation, 2) to 
quantify selectable crop physiological traits governing higher biomass and grain productivity combining drought 
and temperature stress 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 medium deep vertisols. Planting was mainly 
done between mid-to last week of September and first to third week of October 2021. Weather data was given 
Meteorology Table (Annexure-A) for all centres and is briefed below. 
 
Akola: The total rainfall received was 1084.0 mm at Akola during kharif and rabi cropping period which was 
about 369.1 mm (41%) 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 revealed that the kharif season (818.8 
mm) received more rainfall than rabi season (258.0 mm) indicating that this location is primarily for kharif 
sorghum production. The rainfall distribution was highly bimodal with peaks in late July and mid-September. The 
torrential rains received during second fortnight of September are enough to plant rabi crop. However, the rabi 
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sorghum crop was exposed to terminal drought stress during GS2 and GS 3 stages. The accumulated thermal 
time or growing degree days (GDD) was 2366 and 1873 °Cd, respectively for kharif and rabi cropping periods. 
There was 20.83 % less GDD available for rabi than in kharif crop that was the main reason for lower productivity 
of rabi sorghum. Weekly mean minimum and maximum temperatures ranged from 10.5 - 27.8 °C and 29.1 - 41.5 
°C, respectively. The weekly mean open-pan evaporation varied between 2.3 and 13.3 mm, respectively in kharif 
and rabi cropping period.  
 
Hisar: The total rainfall received was 693.2 mm at CCSHAU, Hisar which was 83.4% higher than the long term 
normal (378.0 mm) for this location during kharif season (June second wk. to Dec end.). The rainfall received in 
kharif season was sufficient to plant and raise the dryland sorghum. Dry spells occurred in October to end of 
December (no rainfall). The rainfall during kharif cropping (June to mid-October) was 735.7 mm, while in rabi 
season (October 1 to December end) 6.7 mm rainfall was received. The rainfall distribution was uniform and 
adequate with peak rainfall occurring in last week of July (131.4 mm), first week of August (66.2 mm). High 
rainfall was received during September (160.2 mm during first fortnight and 268.0 mm during last week of 
September). The soil was sandy loam, alkaline (pH 7.7), with organic carbon (0.47 %), EC (0.29 dS/m), low 
available N (142.5 kg/ha) medium in K (244.7 kg/ha) and phosphorus (12.8 kg/ha) content. The rainfall 
distribution pattern revealed that the multi-cut forage sorghum crop was subjected drought stress during initial 
period being soils are medium sandy loams. Very little rainfall occurred from first week of October to December 
end (only one rainy day with a rainfall of 3.5 mm). Weekly mean minimum and maximum temperatures during 
June to December end were ranged from 3.3 to 28.3 °C and 18.9 to 41.4 °C, respectively. The weekly mean 
open-pan evaporation too ranged from 1.2 to 9.4 mm, during June to December end. 
 
Parbhani: The total rainfall received was 1710.1 mm at Parbhani during kharif and rabi cropping period which 
was 221.2 % more than normal (773 mm). The rainfall received in kharif cropping season (1510.4 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 (1510.4 mm) received more rainfall than rabi season crop period (167.10 
mm) indicating that this location is primarily for planting both kharif and rabi sorghums. There was no rainfall from 
November first week on wards. The accumulated thermal time (or growing degree days (GDD)) was 1556.9 and 
1960.7°C, respectively for kharif and rabi cropping periods. Weekly mean minimum and maximum temperatures 
during June to December end were ranged from 5.9 to 25.7 °C and 14.96 to 35.8 °C, respectively. Pest 
infestation found in Kharif and rabi season as moderate to high infestation of shoot fly and moderate infestation 
of stem borer found in kharif whereas Moderate to high infestation of shoot fly, moderate infestation of stem 
borer and aphid and lower to moderate infestation of FAW found in Rabi on sorghum crop. The weekly mean 
open-pan evaporation too ranged between 1.5 and 11.9 mm across kharif and rabi cropping period. The soil was 
medium-deep black. 
 
Vijayapura: At Vijayapura the total rainfall received during kharif and rabi seasons was 632.8 mm which was 
higher by 11% than the long term normal rainfall (normal: 562 mm). The rainfall distribution revealed the kharif 
period too received some amount of rainfall from April to August. The rainfall distribution was unimodal with peak 
occurring in September (161.7 mm). The quantum of rainfall received revealed that the kharif season (386 mm) 
received more rainfall that rabi (246 mm). This indicates that rabi rainfall primarily supports the planting of 
sorghum based system in the location. Subsequently, the first week of October onwards very good rainfall 
occurred which coincided with GS1. However, the rainfall data represents that the rabi crop experienced mild 
drought conditions with continued dry spell during reproductive (GS 3) and grain ripening stage (GS 3). 
Temperature showed that the diurnal variation in maximum and minimum varied was in rabi cropping season 
than kharif. The minimum temperature dropped to about 13oC in January which coincided with grain filling. The 
accumulated thermal time recorded was 2575 and 2348 oCd, respectively for kharif and rabi crop seasons. Thus 
the lower accumulated growing degree days for the rabi season was also the reason for lower productivity in rabi 
sorghum besides low rainfall occurrence during post flowering period. Weekly mean maximum and minimum 
temperature recorded were from 32.1 to 28.8oC and 19.8 and 15 oC, respectively. The weekly mean pan 
evaporation too ranged from 7.6 and 2.6 mm during kharif and rabi cropping seasons. The mean evaporation 
lower in the rabi cropping period than kharif.  
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Solapur: The rainfall received at Solapur during rabi cropping period (September to December) was 316.5 mm 
which was less than normal (520 mm, September-January). Rainfall distribution revealed that 305 mm of rainfall 
occurred during June - August months of 2021). During rabi season, high rainfall was received in September 
(221.7 mm) and a rain fall of 38.7, 52.1 and 4.0 mm was received during October, November and December 
months.  The rainfall distribution was unimodal with peak of rainfall occurring in September as against normal 
October. More amount of rainfall received in rabi season cropping than in kharif. Subsequently, flowering and 
post-flowering faced little and no moisture stress in addition to receiving good rainfall in GS1 stages. Hence, the 
rabi sorghum crop did not experienced much  drought conditions in during flowering and post-flowering stages. 
This better rainfall during GS3 at Solapur resulted in good performance of the crop even in shallow soils.  
 
Rahuri: The total rainfall received during kharif and rabi seasons (standard week, 24 to 8) 2021-22 was 814.8 
mm (48 rainy days) as against average rainfall of 520 mm. Rabi sorghum trials were sown on 16th September, 
2021 and germination was satisfactory. Cloudy weather on 15 to 18 & 20 - 23 November (sunshine hours 0 to 
5.7) and higher relative humidly resulted in foliar diseases (blight and rust) incidence in sorghum crop. During 
grain filling stage, temperature was reduced below 15oC during 51th

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

 SW (Night temperature: 10.5 to 13.1° C) 
leading to poor starch formation and grain development. In general, the crop sown in the second fort night of 
September was 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. In general, the 
season is satisfactory. 
 
Tandur: The total rainfall received during kharif and rabi seasons (Standard week, SW 24-5) was 985.6 mm 
which was 30.1% more than long term (30 years) normal (757.05 mm). The rainfall distribution revealed that from 
South-West monsoons (kharif season), 918.7 mm rainfall was received. The rainfall distribution was bimodal with 
peaks of rainfall occurring in July and September. Due to continuous heavy rainfall in September and October 
first fortnight, sowings were delayed. The rainfall received in September (265 mm, 11 rainy days) was adequate 
to plant rabi sorghum with stored soil moisture. In October, 61.4 mm (3 rainy days) was received and 5.5 mm 
received in November and no rainfall received thereafter (44-5 SW). Hence, the crop was subjected to both 
atmospheric and soil drought conditions coinciding both flowering and post flowering stages (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 20.6 (51 SW) to 14.6 (4 SW).  
 
Hagari: The total rainfall received during kharif and rabi seasons (standard week 24 to 5) was 624.3 mm which 
34.3% more than normal (410 mm) for this location. The rainfall distribution revealed that in kharif season 
received 375.5 mm of rainfall between 19-37 Meteorological week (7 May – 16 September). In rabi cropping 
season (mid-September to 1 February), the rainfall received was 248.8 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, no rainfall was 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 ranged from 
11.8 to 25.0 °C and 20.2 to 34.9 °C, respectively.  
 

(Annexure-I: Tables 1R21. 1.1 to IR21. 1.8). 
 
Forty-one rabi sorghum landrace germplasm along with three checks (all belonging to the biological race durra 
types) were evaluated at five locations (Akola, Solapur, Hagari, Rahuri and Vijayapura) 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. Mean DFF ranged from 63.8-72.3 with a mean of 68.5 days while DPM from 113.4-118.5 with 
a mean of 115.8 days. Mean DFF were least at Akola (59.5) and highest at Vijayapura (75.2). Phule Suchitra 
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(65.3) being at par with ‘M-35-1’ (68.1) was statistically quick to reach DFF as compared to ‘Phule Anuradha’ 
(69.3). Further, ‘M-35-1’ and ‘Phule Anuradha’ have at par DFF values. Entries CRS-97 (63.8) was markedly 
earlier to reach DFF than checks ‘M-35-1’ and ‘Phule Anuradha’ while ‘CRS-103’ (65.3) was markedly earlier in 
DFF to ‘P. Anuradha’ on mean basis. None of the genotypes were markedly late to checks in DFF though ‘VJP-
308’ (72.3) took maximum number of days to flowering. None of the genotypes were markedly early to ‘P. 
Suchitra’ for DFF. DFF has shown positive and significant relation with plant height (r=0.2847; P≤0.0522) and 
total biomass at maturity (r=0.3303; P≤0.0285).   
 
Plant height: Plant height (cm) differed significantly (P≤0.05) due to genotypes. Mean plant height of genotypes 
ranged from 189.7 (CRS 102) to 244.3 cm (CRS-104) with overall mean of 223.2 cm. Shortest plants were 
produced at Akola (182.0) while the tallest at Rahuri (261.9). Three checks have at par mean plant heights 
though ‘Phule Suchitra’ (217.1) and ‘M-35-1’ (231.8) have numerically low and high values to ‘Phule Anuradha’ 
(229.6). None of the genotypes were superior for plant height to checks ‘Phule Anuradha’ and ‘M-35-1’. 
However, genotypes, ‘CRS 104’ (244.3), ‘VJP 304’ (242.0), ‘SVD 1433’ (240.7), ‘CRS 101’ (239.5) and ‘RSV 
2441’ (238.7) has produced markedly taller plants to check ‘Phule Suchitra’. Mean plant height had shown 
significant positive relationship (r=0.4610; P≤0.0016) with total biomass maturity and dry fodder yield (r=0.3264; 
P≤0.0304).  
 
Physiological traits: Leaf are index (LAI) and SPAD values at flowering varied significantly (P≤0.05) due to 
genotypes and locations. Among genotypes, LAI ranged from 2.91 (CRS 103) to 4.66 (VJP 2703) whereas 
among locations it ranged from 2.62 (Vijapura) to 4.84 (Hagari) with a mean of 3.68. All three checks were 
markedly superior for LAI and no genotype has surpassed the checks (mean basis) though ‘SVD-1433’ (4.22), 
‘VJP-2703’ (4.66) have recorded numerically more LAI than best check ‘P. Anuradha’ (4.16). LAI at flowering 
(mean), had shown significant positive relationship with total biomass at flowering (r=0.2581; P≤0.0907). SPAD 
values at flowering varied from lowest of 44.90 (RNTN-13-23) to 51.65 (Phule Anuradha) with an average of 
48.35. None of the genotypes exceeded the checks for SPAD values. However, eight genotypes have markedly 
lower SPAD values ranging from 44.90 (RNTN-13-23) to 46.11(CRS 96) than ‘P. Suchitra’ (49.5).  
 
Mean Specific leaf weight (SLW) among checks has markedly highest in ‘M-35-1’ (6.38 mg/cm2) and thus least 
Specific leaf area (SLA) i.e 164.67 cm2/g values while ‘P. Anuradha’ has the least SLW (4.21 mg/cm2) and 
highest SLA (241.33 cm2/g).  However, 6 genotypes have significantly lower SLA values when compared to ‘M-
35-1’ while ‘RSV 2095’ (10.30), ‘RNTN-13-8’ (10.18) and ‘CRS 88’ (9.19) have markedly higher SLW values than 
‘M-35-1’.  
 
Relative water content of leaf (RWC) at flowering differed significantly (P≤0.05). Mean (Akola & Solapur) relative 
water content (RWC, %) did not vary significantly among three checks though ‘M-35-1’ (78.81) has the highest 
RWC than other two checks. Among genotypes, RWC ranged from 66.96 (CRS 97) to 84.18 (RSV 2408) with a 
mean value of 76.16. However, Akola showed markedly lower RWC values (63.84 mean) to that of the mean 
value and Solapur (88.48). Nine genotypes exhibited numerically superior RWC values than check ‘M-35-1’, 
whereas, ‘SVD 1210’ (71.37), ‘VJP 304’ (67.09), ‘CRS 97’ (66.96) and ‘RNTN-13-8’ (68.44) genotypes have 
numerically lower RWC values than check ‘Phule Suchitra’ (71.99). 
 
The leaf temperature difference (LTD) ranged from 5.49 (RSV-2397) to 7.82 (RSV 2371) with an average value 
of 6.28. Solapur has higher mean LTD values (8.17) than Rahuri (4.39) ‘P. Anuradha’ among three checks have 
higher LTD value at both locations (Solapur & Rahuri) with significant differences at Rahuri only.  
 
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 (g/plant) on mean basis 
ranged from 79.58 to 132.05 g/plant Total dry biomass 96.69. At maturity total dry biomass/plant ranged from 
125.56 to 235.58 with a mean value of 181.71 g/plant. Mean biomass was highest at Rahuri (both flowering and 
maturity) while the least at Vijayapura (flowering) and Akola (maturity). No genotype has produced significantly 
more total dry biomass at flowering than the check ‘M-35-1’ (132.05) and P. Suchitra has lowest biomass (82.16). 
Mean (Akola, Solapur, Rahuri, Vijayapura) total biomass yield (g/plant) at maturity showed significant positive 
relationship with mean dry fodder yield and grain yield (r=0.7803; p≤0.000 and r=0.6790; p≤0.000) and further 
dry fodder yield also has significant positive relationship with grain yield (r=6016; p≤0.0001).  
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Grain yield components: Grain yield (g/plant), 1000-seed weight (g), grains/ panicle and harvest index (HI, %) 
differed significantly (p≤0.05) among genotypes. Mean grain yield (g/plant) ranged from lowest of 25.30 
(VJP305) to the highest of 52.43 (RSV-2011) with a mean of 35.09. All locations except Rahuri have a mean 
grain yield was < 30 g, lowest being at Akola & Solapur (21.28 & 21.32 g) while Rahuri has 2.14-3.01 times more 
grain yield (64.14 g). Three checks have at par 1000-seed weight and HI values. All checks have at a par grain 
yield though ‘M-35-1’ has numerically the highest yields. Seven genotypes (32.06-33.36 g) have markedly 
superior 1000-seed weight over ‘Phule Suchitra’ (28.12 g) with highest being with ‘CRS 100’. None of the 
genotypes were inferior to P. Suchitra for 1000-seed weight. Among checks, ‘P. Suchitra’ being at a par with P. 
Anuradha has 27.4 higher mean number of grains/ panicle than ‘M-35-1’ (924). HI values of genotypes did not 
differ markedly over checks with a mean HI value of 21.06; however, ‘CRS 103’ (17.33), ‘RNTN-13-61’ (17.31), 
‘RSV 2422’ (16.95) and ‘RSV 2397’ (16.88) exhibited statistically inferior HI values over the best check ‘Phule 
Suchitra’ (24.91). Sink size (grains/panicle) had shown a significant positive relationship (r= 0.4962; P≤0.0007) 
with mean grain yield.  
 
Trial 2(M) & 3(S): Phenotyping advanced rabi sorghum entries for drought adaptation traits in medium & 
shallow soils (Solapur and Rahuri) and Medium soils (Parbhani, Tandur, Vijayapura) 

(Annexure-II: Tables: 2M & 3S21. 2.1 to 2.4) & (Annexure-III. Tables: 2M21. 3.1 to 3.4)  
 
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) and at Vijayapura, Parbhani 
and Tandur in medium deep soils. 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. 
 
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-II. 
 
Phenology: Days to flowering (DF) and days to physiological maturity (PM) and plant height (cm) differed 
significantly (P≤0.05) due to genotypes and their interaction. Mean DF (PM) did not differ in shallow and medium 
soils. Phule Anuradha (early check) being at par with M-35-1 took markedly lower DFF (5.6) than P. Suchitra. 
None of the genotypes were early in DFF to P. Anuradha though ‘RNTN-14-3’ was quick to reach DFF (63.4) 
Seven and three (VJP 2705, CRS-95 and RSV-1945) genotypes have markedly higher DFF than P. Anuradha 
and M-35-1, respectively.  
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In medium deep soils sorghum crop on an average 0.482 m (20.9%) taller than shallow soils (230.6 cm); among 
genotypes, P. Anuradha (241.5) being at par with M-35-1 (251.9) recorded markedly lower plant height than P. 
Suchitra (266.3) which in turn was at par with M-35-1. Five genotypes (CRS 89, CRS 93, CRS 95, CRS 98 and 
VJP 2705) have exceeded P. Anuradha while CRS 95 has exceded M-35-1 for plant height. Mean plant height 
(mean of Solapur and Rahuri) has shown significant positive correlation (p≤0.05) with biological yield in shallow 
soils (r=0.4777; p≤0.0450) while in medium s oils at p≤0.086 with r=0.5994. Mean plant height has a non -
significant but positive relation with grain yield in shallow soils (r=0.0659; p≤0.7950) while in medium soils it was 
significant and positive (r=0.6078; p≤0.0075). Similarly, biological yield was positively and significantly correlated 
with grain yield medium deep soil (r=0.4142; p≤0.0.0875) and insignificantly correlated in shallow soil (r=0.0528; 
p≤0.8351). Table 1. 
 

Table 1. Correlations (Pearson)-Plant height, biological and grain yield-in  
Shallow and medium soils (Rahuri) 

Parameter  Plant height Biological yield  
Medium soils 
Biological yield R value 0.5994  

P value (≤) 0.0086  
Grain yield R value 0.6078 0.4142 

P value (≤) 0.0075 0.0875 
Shallow soil 
Biological yield R value 0.4777  

P value (≤) 0.0450  
Grain yield R value 0.0659 0.0528 

P value (≤) 0.7950 0.8351 
 
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 at Rahuri. Medium soils have 70.26% higher LAP at flowering than shallow soils (19.10 dm2). Among 
checks, Phule Anuradha (19.58 dm2

Parameter 

) has markedly lower LAP than M-35-1 (23.15) and P. Suchitra (28.93). All 
genotypes have markedly higher LAP than P. Anuradha. CRS-95 (31.20) has markedly higher LAP than the best 
check, P. Suchitra. Interaction effect of soil depth and genotype shows that all genotypes have higher LAP in 
medium deep soils and the difference between shallow and deep soils ranged from 23.3% (M-35-1) to the 
highest of 169% with CRS-93.  
 
Leaf dry weight at flowering (Rahuri) showed a positive and significant relationship with leaf, panicle, stem and 
total biomass at maturity in medium (r=0.8428, 0.1214, 0.4908 and 0.3348; p≤0.0000; 0.6314; 0.0386 and 
0.1744) and shallow soils (r=0.8135, 0.3072 and 0.4757; p≤0.0000; 0. 2149; 0.1305 and 0.0460).  Table 2 and 
Table 3. 

 
Table 2. Correlations (Pearson)-DFF, Leaf, panicle, stem and total biomass in Shallow soils (Rahuri) 

 Days to 50% 
flowering 

Leaf dry weight, 
LDW (flowering) 

LDW 
(Maturity) 

Panicle dry 
weight (PDW) 

Stem dry 
weight(SDW) 

LDW-F R value 0.0751     
P value (≤) 0.7672     

LDW _M R value 0.1310 0.8135    
P value (≤) 0.6044 0.0000    

PDM R value 0.1918 0.3072 0.2818   
P value (≤) 0.4459 0.2149 0.2573   

SDW R value 0.1610 0.3702 0.1862 0.2412  
P value (≤) 0.5234 0.1305 0.4594 0.3349  

Total Biomass at 
maturity  

R value 0.2078 0.4757 0.3254 0.5420 0.9431 
P value (≤) 0.4081 0.0460 0.1877 0.0201 0.0000 

 
Table 3. Correlations (Pearson)-DFF, Leaf, panicle, stem and total biomass in Medium soils (Rahuri) 
 

Parameter  Days to 50% 
flowering 

Leaf dry weight, 
LDW (flowering) 

LDW 
(Maturity) 

Panicle dry 
weight (PDW) 

Stem dry weight 
(SDW) 

LDW-F R value 0.2538     
P value (≤) 0.3096     
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Parameter  Days to 50% 
flowering 

Leaf dry weight, 
LDW (flowering) 

LDW 
(Maturity) 

Panicle dry 
weight (PDW) 

Stem dry weight 
(SDW) 

LDW _M R value 0.1278 0.8428    
P value (≤) 0.6132 0.0000    

PDM R value 0.0529 0.1214 0.2554   
P value (≤) 0.8350 0.6314 0.3063   

SDW R value 0.3759 0.4908 0.3940 0.0600  
P value (≤) 0.1242 0.0386 0.1057 0.8132  

Total Biomass 
at maturity  

R value 0.1765 0.3348 0.4376 0.9349 0.4021 
P value (≤) 0.4835 0.1744 0.0693 0.0000 0.0981 

 
Mean BMF (g/m2; at Rahuri) in shallow soils was 67% that of in medium soils (436.02). BMF ranged from the 
lowest of 323.33 (CRS-89) to the highest of 431.67 (P. Suchitra) with a mean of 364.31 g/m2

Genotype 

. P. Anuradha has 
markedly lower BMF (350.0) than M-35-1 (400) and P. Suchitra (431.67). Interaction effect shows that only RVS-
1945 has stable BMF across two soil depths (17% change). Thirteen genotypes have a loss of BMF over 50% in 
shallow soils with highest in RTN-14-1 (65.4%) as compared to medium deep soil.  
 
SPAD values recorded at flowering varied significantly (p≤0.05) due to genotypes at Rahuri and due to soil 
depths at both Rahuri and Solapur. Shallow soils have 9.4% lower SPAD values than medium soils (54.18). 
Genotype CRS-95 has lowest mean SPAD values (50.41) that were markedly lower than that of RNTN-14-3 
(56.01) and P. Suchitra (55.68). Location wise, CRS -95 at Rahuri and RSV-1945 at Solapur have lowest SPAD 
values.   
 
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 30.0 and 13.0% in shallow soils over medium (2608 and 10857). Same trend is seen at Rahuri as 
mean, however, at Solapur, medium deep soils have lower dry fodder yields than shallow soils.  All checks were 
at par for mean grain yields though Phule Suchitra (2464 kg/ha) has 22.8% higher grain yields than P. Anuradha. 
Genotypes, CRS-93 and CRS-95 and VJP-2705 have markedly higher grain yields than P. Anuradha while 
RNTN-14-3 has markedly lower grain yields. At Rahuri, CRS-93 and at Soalpur, CRS-95 has excelled the best 
cheek (P. Suchitra) for grain yields. In shallow soils of Rahuri, CRS-89 proved the best grain yielder while RNTN-
14-3 was the poor yielder and both these genotypes performance was stable across soil depths while all other 
genotypes have better performance in medium deep soils s compared to shallow soils. At Solapur, genotypes 
CRS-89, CRS-95 and VJP 2705 and check P. Suchitra have markedly superior performance in medium deep 
than shallow soils.  
 
In shallow soils, mean panicle dry weight and 1000-seed weight (g) were reduced by 16 and 19.4% as compared 
to medium soil (287.42 and 31.10). 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 mean panicle dry 
weight (313.62) and 1000-seed weight (at Rahuri) than other two checks, CRS-98 (39.02) being at par with CRS-
93 has markedly higher test weight than all genotypes at Rahuri.  
 
In terms of DSI for grain yields, CRS 93 (DSI=1.23), CRS 99 (DSI=1.41) and RSV 1876 (DSI=1.28), VJP-2705 
(DSI=1.23), M-35-1 (DSI=1.25) and Phule Suchitra (DSI=1.79) were found highly susceptible to drought while 
RSV 1945 (DSI=0.77) and Phule Anuradha (DSI=0.79) were found moderately drought tolerant at both the 
locations and so on mean basis.  Other genotypes have varied DSI values among locations, hence same 
genotype falls under different category and thus not classified (Table 4).   

 
Table 4. Drought Stress Index (DSI) values and genotypes 

Rahuri Solapur Mean 
RSV 1850 0.82 1.23 1.03 
RSV 1876 1.11 1.45 1.28 
RSV 1945 0.71 0.84 0.77 
RSV 2371 1.03 0.55 0.79 
CRS 89 0.31 1.67 0.99 
CRS 93 1.24 1.23 1.23 
CRS 95 0.81 1.26 1.03 
CRS 98 1.39 -0.42 0.49 
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Genotype Rahuri Solapur Mean 
CRS 99 1.32 1.49 1.41 
VJP 2704 0.57 1.43 1.00 
VJP 2705 1.02 1.43 1.23 
RNTN-13-39 0.91 -1.18 -0.13 
RNTN-14-1 0.85 -0.08 0.38 
RNTN-14-2 1.11 -2.39 -0.64 
RNTN-14-3 0.48 -2.65 -1.09 
M-35-1 1.37 1.13 1.25 
Phule Suchitra 1.47 2.12 1.79 
Phule Anuradha 0.83 0.74 0.79 

 
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, mean  DF (PM) was 70.6 (130.8), at Solapur, 
86.2 (129.2) at Rahuri, 70.8 (119.9) at Tandur and 74.9 (125.0) at Vijayapura with a mean of 77.5 (122.6). Phule 
Anuradha (early check) being at par with M-35-1 together took markedly lower DF / PM than P. Suchitra (80.3 
/125.7). On mean basis, RNTN-14-2, RNTN-14-3, RNTN-13-19, RSV-1850 and CRS-98 have at par DF as P. 
Anuradha and M-35-1.  
 
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 3076 kg/ha was at par with P. 
Anuradha and has excelled M-35-1 by 34.1%.  None of the genotypes excelled P. Suchitra for mean grain yield 
though CRS-93 has highest grain yield (3527 kg/ha). At Tandur, VJP 2704, RSV -1945, CRS 99 showed marked 
grain yield superiority to P. Suchitra and P. Anuradha, the best checks. At Vijayapura, Checks were at par with 
each other for grain yields and RSV-1945 has highest yields and out yielded M-35-1. Checks have at par mean 
dry fodder yields though P. Suchitra has highest yields (7118 kg) however, RNTN-13-39 and RNTN-14-2 have 
numerically higher dry fodder yields than P. Suchitra. At Vijapura RNTN 13-39 is best fodder yielder to check and 
all genotypes while at Tandur, P. Suchitra is the best for stover yields to all genotypes.  
 
Trial 4RF & IRR. Phenotyping sorghum for key root traits associated with drought adaptation in medium 
soil (Rahuri & Bijapur) 

(Annexure-IV: Tables 4RF-IRR21.1.1 to 4RF-IRR21.1.6).  
 
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. Mean days to flowering and maturity 
increased by 2.4 and 6.7 due to irrigation and the differences were significant at Vijayapura (4.3 and 10) over 
rain fed crop (72.6 & 113.4). 
 
Mean plant height decreased by 28.15% in rain fed crop as compared to irrigated one (225.8 cm) and differences 
between irrigated and rain fed crop for plant height are highest at Rahuri (228.1). At Vijayapura, sorghum crop 
was 54.1 cm shorter than that of Rahuri (228.1 cm).  At Vijayapura, three checks differed significantly plant 
heights with P. Anuradha (139.2 cm) < P. Suchitra (173.2 cm) < M-35-1 (217.7 cm), however at Rahuri and on 
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mean basis, cheeks were at par with each other for plant height. No genotype was superior for plant height to M-
35-1 at Vijayapura and CRS-89 has produced shortest plants (133.9 cm) but was at par with P. Anuradha. 
Reductions in plant height under rain fed situation were not only significant but of huge magnitude in check P. 
Suchitra (46.0%) than M-35-1 (35%) and P. Anuradha (25%) as compared to their irrigated crop (293.5, 273.5 
and 272.5 cm) at Rahuri. However, at Vijayapura, it was significant but difference are of small magnitudes (11, 9 
and 8% for P. Anuradha, P. Suchitra and M-35-1). At Rahuri, RSV-1976 has stable plant height across moisture 
regimes (22.3% difference between rain fed and irrigated) whereas CRS-93 like P. Suchitra has huge loss in 
plant height (85%) when rain fed as compared to irrigated crop (302.5 cm).  
 
SPAD values at flowering did not differ due to moisture regimes though irrigated has numerically higher values.  
LAI at flowering declined significantly in rain fed sorghum at both locations with a mean decline of 38% over its 
irrigated counterpart (3.00). P. Anuradha has markedly lower LAI (1.85) than other two checks ‘P. Suchitra’ (2.50) 
and M-35-1 (2.70) on mean basis and location wise too. At Rahuri, RSV-1945 (4.54) and CRS-95 (4.17) have 
excelled the best check P. Suchitra for LAI. All other genotypes have higher LAI than P. Anuradha. However, at 
Vijayapura, all genotypes were inferior to best check ‘M-35-1’ for LAI. RSV-1945 has maintained its high LAI in 
both moisture regimes.   
 
Total biomass production (Rahuri) of sorghum at flowering (g/plant) was significantly reduced at both the 
locations under moisture stress and on mean basis 33% reduction was observed when compared to its irrigated 
crop (162.22 g/plant). Reductions in dry weight due to moisture stress were of higher order in stem (38%) than 
panicle (26%) and leaf portion (23) at Rahuri. Biological yield (g/plant) was reduced by 35% at Rahuri (30% in 
grain and 35% dry fodder yield) while at Vijayapura, grain yield was reduced by 25% while dry fodder yield 
increased by 16% under rain fed situation as compared to irrigated. Reductions in grain yield at Vijayapura was 
due to reductions in grains/panicle (30%) and 1000 seed weight (9%). Mean data shows 7% reduction in seed 
mass due to moisture stress.  
 
‘M-35-1’ has markedly superior mean grain yields (64.61g/plant) than other two checks ‘P. Suchitra’ (48.79) and 
P. Anuradha (40.80) and later two were at par. The grain yield trend is same at both locations with the exception 
that at Vijayapura, grain yield differences among P. Suchitra’ and ‘P. Anuradha’ were significant. None of 
genotypes excelled M-35-1 for grain yield at Vijayapura however, at Rahuri seven genotypes (RSV-1850, RSV-
1876, RSV-1945, CRS-93, CRS-95, VJP-2705 and RNTN-14-1) excelled ‘M-35-1’ for grain yield.   
 
Genotype and moisture regime impacts were distinctly seen on grain yield (g/plant) at Rahuri (at Vijayapura, all 
genotypes performed markedly superior with irrigation) and to some extent on mean basis too. Genotypes, RSV-
1850, RSV-1945, CRS-95, CRS-98, CRS-99 and VJP-2704 have markedly superior grain yields under irrigated 
than rain fed situation at Rahuri and on mean basis too, RSV-1850, CRS-99 and VJP-2704 proved their 
suitability to irrigated condition. At Rahuri and on mean basis, RNTN-14-3, have stable and statistically identical 
grain yields/plant under both irrigated and rain fed conditions.  
 
RWC of rain fed sorghum crop (Vijayapura) at flowering was 4.2% lower than irrigated crop (84.64%) while at 
Rahuri both irrigated and rain fed crops have similar RWC on account of untimely rains. Similarly, among 
genotypes, P. Anuradha has markedly lower RWC than P. Suchitra (83.64) and M-35-1 (87.45). No genotype 
excelled ‘M-35-1’ for RWC.  
 
At Vijayapura, under rain fed condition, sorghum plants have 15, 13 and 9% lower Photosynthetic rate (Pn, µ mol 
CO2 m-1- s-1), Transpiration rate (Tn, m mol H2O m-1-s-1) rate and Stomatal Conductance (SC, mol per m² per 
sec) than irrigated crop. Among checks, ‘M-35-1’ has markedly higher Pn rate while ‘Phule Suchitra’ has higher 
Tn and SC values. Genotype, CRS -93 has highest Pn rate (39.40) that along with RSV-2371 and RSV-1945 
have markedly higher Pn rates than best check ‘M-35-1’. Further, M-35-1 has stable Pn rate across moisture 
regimes while other two checks (P. Anuradha and P. Suchitra) have markedly higher Pn rates under irrigation. 
Similarly, SC were stable across moisture regimes for ‘M-35-1’ and P. Anuradha, while P. Suchitra has markedly 
higher SC values with irrigation indicating its ability to control stomatal opening. Sorghum plants at Vijayapura 
have a mean Pn, Tn and SC values of 33.66, 3.96 and 29.38.  
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Root length (cm) at physiological maturity differed significantly at Vijayapura and on mean basis. Rain fed 
sorghum plants have 21.1% less root length than irrigated (55.77) crop. No genotype has markedly higher mean 
root length than P. Anuradha, however, CRS 89, VJP 2704 over P. Suchitra and RSV-1945 over M-35-1 
recorded markedly higher root length. Mean fresh root biomass at maturity decreased by 28.3% in rain fed crop 
as compared to irrigated (76.18 g) that is ascribed to decreased root length and volume.  
 
Correlation: Root volume (g/cc) and fresh root mass at maturity (g) were significantly and positively correlated in 
both moisture regimes and both have positive significant correlation with biomass at maturity. Root volume (g/cc) 
and fresh root mass at maturity (g) relation with grain yield was negative for rain fed crop while positive for 
irrigated. RWC at flowering has a significant positive relationship with Pn at flowering in rain fed situation 
(r=0.2104; p≤0.4020) while a significant negative relation in irrigated crop (r=-0.1777; p≤0.4805). Tn and Pn rate 
have significant positive relationships in both moisture regimes and Pn and BMM have a significant negative 
relationship in irrigated crop (r=-0.1760; p≤0.3046) but a positive relationship in for rain fed crop (r=0.2029; 
p≤0.4193). Rain fed sorghum BMM was negatively correlated with grain yield (r=-0.1213; p≤0 .6317) while 
positively and correlated (r=0.2019; p≤0.9311) for irrigated crop (Table 5 and Table 6).  
 
Thus low biomass producing type sorghums are required in rain fed while high biomass producers for irrigated 
conditions. For this to archive, high Pn, high SC, high fresh root mass & volume, low Tn and low RWC genotypes 
are desired under rain fed while for irrigated condition, genotypes with high Pn, RWC and low SC, fresh root 
mass & root volume are desired. 

 
Table 5. Pearson Correlations (r) of traits at flowering of rain fed sorghum (Vijayapura) 

Parameter Root 
volume* 

Fresh root  
mass* 

RWC SC Tn Pn BMM 

Fresh root 
mass* 

R value 0.9285       
P value (≤) 0.0000       

RWC R value -0.2374 -0.1628      
P value (≤) 0.3429 0.5187      

SC R value 0.4328 0.5290 0.0007     
P value (≤) 0.0728 0.0240 0.9977     

Tn R value 0.1477 0.2075 0.2608    0.6477    
P value (≤) 0.5585 0.4087 0.2690      0.0037    

Pn R value 0.1686 0.2066 0.2104    0.6875    0.9027   
P value (≤) 0.5037 0.4107 0.4020      0.0016      0.0000   

BMM R value 0.8102 0.9385 -0.1699 0.4100 0.2184 0.2029  
P value (≤) 0.0000 0.0000 0.5002 0.0911 0.3839 0.4193  

GY R value -0.0983 -0.0666 0.9099 0.1090 0.1974 0.1688 -0.1213 
P value (≤) 0.6980 0.7930 0.0000 0.6667 0.4325 0.5032 0.6317 

RWC; Relative water content; SC: Stomatal conductance, Tn; Transpiration rate; Pn: Photosynthesis rate; BMM: Biomass at maturity 
(g/plant), GY: grain yield (g/plant) * at maturity (others parameters at flowering).  
 

Table 6. Pearson Correlations (r) of traits at flowering of irrigated sorghum (Vijayapura) 
Parameter Root 

volume* 
Fresh root  

mass* 
RWC SC Tn Pn BMM 

Fresh root 
mass* 

R value 0.9860       
P value (≤) 0.0000       

RWC R value -0.1742 -0.1700      
P value (≤) 0.4893 0.5000      

SC R value 0.1372 0.1643 0.2076     
P value (≤) 0.5872 0.5148 0.4084     

Tn R value 0.2888 0.3308 0.1762 0.6955    
P value (≤) 0.2451 0.1800 0.4842 0.0012    

Pn R value -0.1131 -0.0646 -0.1777 0.6319 0.5790   
P value (≤) 0.6549 0.7990 0.4805 0.0049 0.0118   

BMM R value 0.9785 0.9730 -0.1527 0.1946 0.4238 -0.0336  
P value (≤) 0.0000 0.0000 0.5451 0.4392 0.0797 0.8948  

GY R value 0.0063 0.0184 0.8069 0.1440 0.2857 -0.2242 0.2019 
P value (≤) 0.9802 0.9421 0.0001 0.5685 0.2504 0.3712 0.9311 

RWC; Relative water content; SC: Stomatal conductance, Tn; Transpiration rate; Pn: Photosynthesis rate; BMM: Biomass at maturity (g/plant), GY: grain 
yield (g/plant) * at maturity (others parameters at flowering).  
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Table 7. DSI values of genotypes 
Genotype Vijayapura Rahuri Mean DSI rating (based on mean) 
RSV 1850 1.138 1.574 1.36 Susceptible 
RSV 1876 1.095 0.903 1.00 Susceptible 
RSV 1945 1.076 1.007 1.04 Susceptible 
RSV 2371 0.999 0.697 0.85 Moderately tolerant 
CRS 89 1.433 1.038 1.24 Susceptible 
CRS 93 1.003 0.684 0.84 Moderately tolerant 
CRS 95 1.105 1.175 1.14 Susceptible 
CRS 98 -1.718 1.222 -0.25 Tolerant 
CRS 99 1.086 1.399 1.24 Susceptible 
VJP 2704 1.066 1.258 1.16 Susceptible 
VJP 2705 1.022 0.818 0.92 Moderately tolerant 
RNTN-13-39 1.187 0.908 1.05 Susceptible 
RNTN-14-1 1.051 0.877 0.96 Moderately tolerant 
RNTN-14-2 1.052 0.888 0.97 Moderately tolerant 
RNTN-14-3 1.071 0.610 0.84 Moderately tolerant 
M-35-1 0.763 0.885 0.82 Moderately tolerant 
Phule Suchitra 0.949 0.505 0.73 Moderately tolerant 
Phule Anuradha 1.294 1.114 1.20 Susceptible 

 
For DSI based on grain yields, check Phule Anuradha (DSI=1.20) was found susceptible while other two (P. 
Suchitra and M-35-1) were moderately tolerant at both the locations and so on mean basis.  Similarly, RSV-1850, 
RSV 1945, CRS-89, CRS-95, CRS-99, VJP-2704 were found drought susceptible at both locations. Only CRS-98 
has shown better performance in rain fed than irrigated conditions at Vijayapura and thus have –DSI value (-
1.718). Other genotypes have varied DSI values among locations, hence same genotype fell under different 
category and thus not classified (Table 7).   
 
5R. Boron nutrition studies in rabi sorghum for enhanced seed set and yields  
A new trial on boron nutrition of sorghum was initiated during rabi-2021 with 9 treatments (soil and foliar 
application) and were evaluated in RBD with 3 replications at Akola and Vijayapura. The trail was unsuccessful at 
Vijyapura and data of Akola was inconsistent, hence, not presented.  
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