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Kharif Physiology Program-K2017
(Akola, Parbhani, Hyd, Hisar)

Tria
l  ID

Trial Entries Locations

1K Physiological basis of assessing the
genetic progress in yield potential of
kharif sorghum cultivars historical
releases (last four decades)

12 (6 
hybrids + 
6 Var.

3 (Akola 
Parbhani
Hyderabad)

2K Physiological basis of assessing the
genetic progress of kharif sorghum
parental lines (old and new) for yield
potential

16 (8- B + 
8- R 
lines)

3 (Akola 
Parbhani
Hyderabad)

3K Evaluation of elite lines of sweet 
sorghum for salinity tolerance
(Pot expts)

17 + 2 
checks

1 (Hisar )
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Total rainfall received at different centers, 
Kharif & Rabi seasons 2017-18
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Akola Total Rainfall: 491 mm ;           Normal: 723 mm ;    Deficit = -36 %

Environmental conditions during kharif & rabi, Akola, 17-18
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Environmental conditions during kharif & rabi, Parbhani, 17-18
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Total Rainfall: 1324 mm ;    Normal:  680mm;   Excess:  95%          Parbhani



Environmental conditions during kharif & rabi, Hyd., 17-18
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2017 Kharif and Rabi: Hyderabad

Rainfall: 984mm ;    Normal:  722 mm;   Excess:  36 %          Hyderabad 



Tr 1k. Physiological basis of assessing the genetic progress in 
yield potential of kharif historical releases (4-decades)

12 Cultivars (6 hybrids + 6  Varieties )- 3 locations

The LAI ranged from 2.48 to 4.03. Older cultivars CSH 14 and CSV 
13 still continue to maintain higher LAI than modern ones.
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LAI;         LSD (0.05)=1.49



I. In Source to sink ratio and biomass GS3, modern hybrids, (CSH 27 CSH 
30) were superior  than older ones. 

II. In general, Hybrids  have maintained higher source to sink ratio and 
biomass in GS3 than varieties.

Trail 1k. Physiological basis of assessing the genetic progress in 
yield potential of kharif historical releases -contd----
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Source-sink ratio;  LSD (0.05)=4077 Biomass GS3;  LSD (0.05)=198



Positive relationship between source to sink ratio and grain yield in cultivars,
Kharif 2017, 3 loc; (N=12)  

y = 0.006x + 262.4
R² = 0.341
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Trail 1k. Physiological basis of assessing the genetic progress in yield 
potential of kharif historical releases -contd----
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Positive relationship between per day grain productivity and grain yield 
and harvest index in cultivars, Kharif 2017, 3 loc; (N=12)  

Trail 1k. Physiological basis of assessing the genetic progress in yield 
potential of kharif historical releases -contd----
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Per day product. vs. GY and HI



I. Modern hybrids produced higher grain and had greater HI than older ones. 
II. In general hybrids were superior for grain yield and HI than varieties

Trail 1k. Physiological basis of assessing the genetic progress in 
yield potential of kharif historical releases -contd----

Grain yield                                   Harvest Index
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LSD (0.05)= 149 LSD (0.05)= 13.3



Positive relationship between harvest index and grain yield in cultivars 
Kharif 2017, 3 loc; (N=12)  

Trail 1k. Physiological basis of assessing the genetic progress in 
yield potential of kharif historical releases -contd----
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2K: Physiological basis of assessing the genetic progress of kharif sorghum 
parental lines (old and new) for yield potential

LAI at flowering 

1. In general, all R-lines had recorded higher LAI at flowering than B-lines.
2. LAI did not improved much in the recently developed R-lines (CB 11, CB 

33) excepting Indore 12
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LSD (0.05)= 0.87



2K: Physiological basis of assessing the genetic progress of kharif sorghum 
parental lines (old and new) for yield potential, Contd---

Source to sink ratio

1. In source to sink ratio, B-lines in general were superior to R-lines
2. Older B-lines still continue to maintain superiority 

14
Sorghum Physiology         AGM 2018         SS Rao 21-23 April 2018,                     MPKV  Rahuri

LSD (0.05)= 4503



2K: Physiological basis of assessing the genetic progress of kharif sorghum 
parental lines (old and new) for yield potential, Contd---

Positive relationship of biomass GS 3, and grains per panicle  with grain 
yield  in parental lines, Kharif 2017, 3 loc; (N=16)  
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Grain yield  vs. Biomass GS & Grain panicle-1



2K: Physiological basis of assessing the genetic progress of kharif
sorghum parental lines (old and new) for yield potential, Contd---

Negative relationship between sink size and sink number in 
parental lines, Kharif 2017, 3 loc; (N=16)  - Need to break
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2K: Physiological basis of assessing the genetic progress of kharif sorghum 
parental lines (old and new) for yield potential, Contd---

Genetic variation for grain yield among parental lines 

I. In general, R-lines produced higher grain yield than B-lines 
II. Latest R-line CB33, produced more grain yields than older lines C43, and  RS 627. 
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LSD (0.05)= 106



Trial 3K.  Evaluation of sorghum elite lines 
(forage/sweet sorghum) for salinity tolerance

• 19 genotypes (13 entries + 6 checks)  (from IAVSHT) evaluated  
in 2 treatments (Non-saline, 8 dS/m) under pot culture at Hisar. 

• Fresh biomass and dry weight per plant at flowering were 
reduced by 7.3% and 50.6%, resp. under salinity.

• Average  reduction of 12.6%, 20.6% and 24.5% in RWC, total 
chlorophyll content and SPAD values, respectively was 
observed under salinity

• Four entries-SPV 2530,  SPH 1858, SPH 1892, and HJ513 were 
superior for RWC and SPAD content under salinity
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Variations  in Biomass and biomass ratio under salinity
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 >3 fold variations in biomass under salinity
 Superior lines (3 #): SPV 
2531, 2526, 1893, 1895

 biomass ratio varies from 0.22 -0.97 
 Superior lines (4 #): SPV 
2527, 2526, 1893, 1895 
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Biplot between biomass under salinity and 
biomass ratio
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Progress of Rabi Sorghum Physiology Research 
(AICSIP centres (6 loc): Rahuri, Bijapur, Solapur, Parbhani, Tandur, Gulbarga)
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Rabi Sorghum physiology program,R2017-18

Trial  
ID

Trial Entrie
s 

Locations

1R Preliminary evaluation of 
diverse germplasm for rabi
adaptation

37 
+ 3 
Checks

6 (Rahuri, Bijapur, 
Solapur, Parbhani
Tandur, Gulburga)

2M & 
3S

Phenotyping advanced rabi
sorghum entries for drought 
adaptation traits in medium and 
shallow soils.

13 
+ 3 
checks  

4 (Rahuri, Bijapur, 
Solapur, Tandur)

4RF & 
4Irr

Phenotyping sorghum for key 
root traits associated with 
drought adaptation

13 
+ 3 
checks

Rahuri
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Total : Five trials  conducted 



Environmental conditions during kharif & rabi, Rahuri, 17-18

Total Rainfall: 510 mm ;    Normal:  595 mm;   Deficit: -14 %Rahuri
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Environmental conditions during kharif & rabi, Bijapur, 17-18

Total Rainfall: 686 mm ;    Normal:  590mm;    Excess : 16 %         Bijapur
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Environmental conditions during kharif & rabi, Solapur, 17-18

Total Rainfall: 480 mm ;    Normal:  629 mm;    Deficit: -24 %Solapur
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Environmental conditions during kharif & rabi, Tandur, 17-18
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Tandur Total Rainfall: 693 mm ;    Normal:  720 mm;    Deficit: -4 %         



Environmental conditions during kharif & rabi, Gulbarga, 17-18
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Gulbarga  Total Rainfall: 840 mm ;    Normal:  750 mm;    Excess: 12 %         



Total accumulated thermal time at different centers 
during kharif and rabi 17-18

1. Avrg. accumulated thermal time was 2362 °Cd in kharif and 1812 
°Cd, in rabi season with 20.0% decrease in rabi than in kharif. 

2. Reduced availability of accumulated thermal time (°Cd ) was one of 
the reasons for realizing low productivity in rabi sorghum. 
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Soil moisture content at different growth stages, Medium and 
shallow soils, Rahuri, Rabi17-18

S.N
o Particulars

Soil depth 
Medium Shallow soil 

0-15 15-30cm
30-

45cm
45-60 

cm
0-15 
cm

15-30 
cm 30-45 cm

I Gravimetric Soil moisture content (%)
a. At planting 40.7 41.6 43.0 42.7 37.6 40.4 41.3
b. At Panicle initiation 34.2 37.7 39.8 40.7 33.2 35.9 39.1
c. At 50% flowering 31.0 33.8 35.2 39.2 28.6 33.8 32.7
d. At maturity 26.4 27.8 31.2 34.6 22.2 25.2 26.7

II Available soil moisture content (%)
a. At planting 135 140 148 146 169 188 194
b. At Panicle initiation 98 136 130 135 139 157 179
c. At 50% flowering 80 96 104 127 107 143 135
d. At maturity 54 62 81 101 64 84 95

III. Field capacity (%) 34.5 27.5
IV Wilting point (%) 16.8 12.8
V Bulk density (g/cc) 1.48 1.31
VI Rainfall during crop 

period (st week 38-
5th)

205 mm

VII
Date of sowing-
Medium and shallow 14/09/17
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Soil moisture content at different growth stages, Medium and 
shallow soils, Bijapur R17-18

Medium soil
Shallow  soil



Tr 1R:  Preliminary evaluation of diverse germplasm for 
Rabi adaptation, Rabi17 -18  (N=40, 6 loc)

Sn
o

Trait Range Mean LSD 
(0.05)

Promising entries 
(Check:s CSV22R, P.Suchitra)

1 Days to flowering
(days )

68-77 73 4.0 6no.-CRS 70, CRS 72, 
CRS 73, PEC 15, VJV 
109, RSV 1988 

2 Plant height at  
maturity (cm)

184-223 209 16.0 3no-RSV 2209, RSV 
2255, CRS70

3 LAI at flowering 2.27-3.23 2.67 0.98 VJV 110, Ph. Suchitra
4 SPAD at flowering 47.9-58.6 53.6 8.8 5no. -EP 98, EP85, RSV 

2234, RSV 2209, VJV 112

5 Relative water 
content (%)

71.1 -85.6 75.9 6.7 4no.-PEC 23, RSV 1837,  
RSV 1988 and PVRL 16-2 

6 Photosynthesis 
rate flowering (µ 
mol Co2 m-1 S-1) 

30.8 -43.7 37.7 3.3 4no.-CRS 74, VJV 106, 
VJV 109, & RSV 1837

7 Grain yield(g/pl) 24.9- 41.7 34.7 9.5 3no.-PVR 947, RSV 1921, 
RSV 1945 
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Promising  entries = for Traits (3#): CRS70, RSV1988, VJV109;  for Yield (3#): PVR 947, RSV 1921, RSV 1945



Tr. 2M & 3S: Evaluation of advanced rabi entries for drought adaptation 
in medium & shallow soils (Rabi 17-18; Mean of  loc; N=16)

Trait Mean Mean decr. in 
shallow over 
med. (%)

Stable entries for medium and 
shallow soilsMedi

um
Shall
ow

Plant height (cm) 219 164 25 RSSV 1910 (0.692) and  BJV 125 
(0.764) 

LAI at flowrg. 2.83 1.96 31 BJV 362, and  RSV 2138 

RWC flow. (%) 79.8 77.2 3.3 SPV 1736, CRS 65

SPAD flow. 49.1 36.9 25 Phule Anuradha

Chlorophl (mg/g fr wt) 2.49 2.15 11 Phule Anuradha

Grains /panicle 1639 1196 27 RSSV 1910, BJV 371, RSV 2138 

Biomass at mat(kg/ha 10163 7735 24 BJV 362, and RSV 1910

HI  (%) 28.4 18.0
36.6 RSSV 1910, BJV 371
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Promising for traits  (4 #): RSV1910, BJV362, BJV 371, RSV 2138 



Tr. 2M & 3S: Change in SPAD and LAI in shallow soil over 
medium , Rabi 2017-18 

BJV 362, and  RSV 2138 were stable across soils depths for LAI  
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SPAD LAI



Tr. 2M & 3S: Variation in total chlorophyll content of rabi
sorghum in shallow soil and  medium soil, Rabi 2017-18 

RSV 2121,  RSV 1910, had high total  chlorophyll content  in both soils 
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Chlorophyll



• Days to flowering showed positive relationship with leaf 
mass (r=0.630**), and biomass (r=0.512*) in shallow soil.  

• Harvest index showed significant positive correlation with 
grain yield (r=0.537*, and 0.917** for medium and shallow 
soil, res.)

• Photosynthesis rate showed significantly positively (P≤0.05) 
relationship with  biomass maturity, and fodder yield  in 
both soils 

• Grain yield decreased by 50% in shallow soil depth over 
medium.
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Tr. 2M & 3S: Evaluation of advanced rabi entries for drought adaptation in 
medium & shallow soils (Rabi17-18; Mean: 4 loc; N=16)
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Tr. 2M & 3S: Genetic variation in grain yield of rabi sorghum genotypes in 
shallow and  medium soils, Rabi 2017-18, N=16 

I. Mean grain yield reduced by 50 % in shallow soils over medium.
II. None was superior to check Phule Suchitra in medium soil. 
III. In shallow soil, BJV 362, BJV 129, BJV 371, RSV 1910  were 

superior to check Phule Anuradha
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DSI



Tr. 2M & 3S : Drought susceptibility index (DSI) for grain yield in rabi
sorghum genotypes, Rabi 17-18 (Mean; 4 loc; N=16)

1. DSI varied from 0.689 to 1.280.
2. In DSI for grain yields, (4 # ) RSV 1910 (DSI=0.686), and BJV 362

(DSI=0.749) and BJV 371 (DSI=0.762) and BJV 129 (DSI=0.785) were 
relatively more stable than checks.
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Tr.4R &  4Irrg: Phule Root Phenotyping facility for root traits  
studies at MPKV, Rahuri
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Tr.4 R &  4 Irrg. Variation in root traits in rabi sorghum as influenced 
by drought stress, Rabi17-18, (N=13) 

Root Trait

Mean Increase/ 
decrease  
in rainfed 
over irrig 
(%)

Range (under 
drought )Irrig. Rainfed

Root length  at 
maturity (cm /plant) 50.62 70.42 +39 46.5-123

Root no/ plant 44 37 -16 31.5-49.0

Root Biomass (g/pl) 62 36 - 42 23-53

Root volume (g/cc) 77 56 -28 37.5-77.5

Root: shoot ratio 0.345 0.284 1.5 0.217-0.389

Promising ( 4 #):  BJV 129, BJV 125, RSV 2145, and RSV 1986 were to 
superior to checks for key root traits under stress and non-stress conditions.
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Tr.4 R &  4 Irrg. Variation in root mass in rabi sorghum  under both 
drought and irrigated conditions, Rabi 17-18, (N=13) 
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Promising:  BJV 129, CRS 66, and RSV 1986 were to superior for  root mass in 
both stress and non-stress conditions.
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Root mass
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Summary and conclusions (1 of 2)
I. Kharif program:
1. In LAI, older cultivars (CSH 14 & CSV 13) still continue to maintain superiority than 

modern ones. 
2. In Source to sink ratio & biomass GS3, modern hybrids, (CSH 27, CSH 30) 

distinctly  superior to older ones. 
3. Modern hybrids produced higher grain and had greater HI than older ones. 
4. Per day grain productivity  and HI are criteria to select higher yielding kharif

sorghum cultivars 

5. LAI did not improved much in the recently developed R-lines (CB 11, CB 33) 
excepting Indore 12 . In general, all R-lines maintained higher LAI than B-lines.

6. In source to sink ratio, B-lines in general were superior to R-lines, and older B-
lines still continue to maintain superiority 

7. Biomass GS 3, LAI and sink number traits needs to incorporate in new parental 
lines for enhancing yield potential.  

8. Negative relationship between sink size and sink number in kharif parental lines -
need to break  this negative relationship in order to raise the yield ceiling . 

9. In general, R-lines produced higher grain yield than B-lines . Latest R-line 
CB33, produced more grain yields than older ones. 

II. Salinity screening
1. RWC, chlorophyll and SPAD reduced by 12.6%, 20.6% & 24.5%, res. under 

salinity, while four entries SPV2530, SPH1858, SPH1892, & HJ513 promising. 
2. 3 -fold variations in biomass under salinity, and high biomass lines with salinity 

tolerance identified include (5 #): SPV 2531, 2526, 1892, 1893, 1895 



42

Summary and conclusions (2 of 2)
III: Rabi program
1. Avrg. Accumulated thermal time was lower in rabi season by ~20.0% over 

kharif
2. In prelim trial, (4 # )  PVR 947, RSV 1921, RSV 1945 were promising yield & 

desired physiological traits. 

3. In advanced trials, BJV 362, & RSV 2138 were stable for LAI across soil 
depths.  

4. RSV 2121,  RSV 1910, were superior for  chlorophyll content  in both soils. 
5. Harvest index to be used as selection criterion in rabi sorghum as it 

showed high significant positive correlation with grain yield (r=0.537*, & 
0.917** for medium & shallow soil res.).

6. In shallow soil (4 #), BJV 362, BJV 129, BJV 371, RSV 1910  were superior 
to check Phule Anuradha

7. In DSI for grain yields (4 #) , RSV 1910 (DSI=0.686), and BJV 362 (DSI=0.749) 
and BJV 371 (DSI=0.762) and BJV 129 (DSI=0.785) were relatively more 
stable across soils than checks.

8. Promising ones for root traits (4 #) :  BJV 125, BJV 129, RSV 1986, and  
RSV 2145 under stress and non-stress conditions.



43

Path-forward
i. Unravel the physiological basis of genetic gains in kharif

sorghum cultivars and parental lines

ii. Characterize the elite lines of sweet and forage sorghums for
salinity tolerance.

iii. Phenotyping new rabi sorghum landrace germplasm lines for
rabi adaptation traits combining biomass and grain yields.

iv. Phenotyping physiological basis of drought adaptation of
advanced rabi sorghum lines to different soil depths and
identify potential donors.

v. Characterize the advanced rabi genotypes for key root traits.

vi. Long-term: Identify field based selectable morpho-physiological 
traits associated with grain & biomass productivity combining 
stress tolerance leading to development of climate resilient 
plant type.
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