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Executive summary

Trial 1K. Physiological basis of assessing the genetic progress in yield potential of kharif sorghum historical
released cultivars: Twelve kharif sorghum released cultivars (6 hybrids + 6 verities) were assessed for physiological
basis of genetic gains in the yield potential. CSV 20 and SPV462 were the earliest for flowering. Mean plant height
has shown significant positive relationship (P<0.05) with total dry biomass and 1000- seed mass. Latest cultivars
CSV23 and CSV 27 produced higher leaf mass, SLA and SLW . In total biomass, CSH 27 and CSH 16 in hybrids,
CSV 23 and SPV 462 in varieties were superior. Modern hybrids (CSH 30) produced higher biomass in GS3 than
older. Biomass in GS3 showed significant (P<0.05) positive relationship with source to sink ration. In general,
hybrids produced higher grain yield than varieties. Hybrids CSH27 and CSH 30 produced more grain yields than
others but still these are on par with older hybrid such as CSH 14 under current season climatic conditions. In
varieties, CSV 23 and CSV 20 were superior. In general, hybrids recorded higher HI than varieties. Modern hybrids
had greater HI (44.1 to 53.7 %) than older ones. CSH27 and CSH 30 in hybrids and CSV 15 in varieties were
superior for HI. Interestingly, per day grain yield productivity showed very high significant positive (P<0.05)
relationship with HI, grain /panicle, and grain yield. On the other hand sink potential i.e., grain /panicle and grain/m2
had significantly positively (P<0.05) related with grain yield.

Trial 2K: Physiological basis of assessing the genetic progress of kharif sorghum parental lines (old and
new) for yield potential: Sixteen kharif sorghum parental lines (8- B lines + 8- R lines) were assessed for
physiological basis of genetic gains in the yield potential. Mean plant height has shown significant positive
relationship (P<0.05) with total dry biomass. In general, all R-lines had recorded higher LAI at flowering than B-lines.
LAl did not improved much in the recently developed R-lines (CB 11, CB 33) excepting Indore 12. Latest lines CB 33
and Indore 12 have produced higher leaf mass, biomass in GS3 and total biomass. In SLW, lines RS 29,KMS 14B,
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and AKR 150 were superior. R-lines in general were superior to B-lines for biomass. In source to sink ratio, B-lines in
general were superior to R-lines. Biomass in GS3 showed significant (P<0.05) positive relationship with grains
Ipanicle, and grain yield. Latest R-line CB33, produced more grain yields than older lines C43, and RS 627.Modern
R-line CB33 produced higher sink number followed by CS3541,and PMS 28 B. Per day grain yield productivity
showed very high significant positive (P<0.05) relationship with HI , grain /panicle , and grain yield. Both 1000- seed
mass and grains / panicle were negatively related (r= -0.516; P<0.05). On the other hand, sink potential i.e.,
grain/panicle and grain/m2 had very high significantly positive (P<0.05) relationship with grain yield.

Trial 3K. Evaluation of sorghum elite lines (forage/sweet sorghum) for salinity tolerance: Evaluated 19
genotypes (13 entries + 6 checks) under two treatments (Non-saline, 8 dS/m) under pot culture at Hisar. All forage
sorghum lines (HJ 541, HJ 513, SSG 59-3, HC 308) were the earliest for flowering both in non-saline and saline
conditions. Plant height was reduced by 36.6% under salinity as compared with non-saline. Similarly, on an average
the number of leaves , leaf area, fresh biomass and dry weight per plant at flowering were reduced by 16%, 24.0%,
47.3% and 50.6%, respectively, under salinity as compared to non-saline condition. SPV 2531, SPV 2526, and SPV
2462 maintains highest values for fresh and dry biomass than others under salinity stress. An average reduction of
12.6%, 20.6% and 24.5% in RWC, total chlorophyll content and SPAD values, respectively was observed under
salinity. SPV 2530, SPH 1858, SPH 1892, and HJ513 were superior. Average ionic content in the leaves across
genotypes indicates that accumulation of Na+ ion has increased by 79.8%, but the accumulation of K+ and Ca+ ions
decreased by 35.5% and 36.4%, respectively. The maximum Na+ ions were accumulated under salinity in SPH1798
followed by SPV 2462, and HJ 541, whereas minimum was in SPH 2458. The K+ ions accumulation was highest in
SPH 1858 followed by SPH 1892 and HJ 541. In general, biomass accumulation was negative with Na+ ion content
and positive with K+ and Ca2+ ions contents, respectively, but these relationships was non-significant. The
relationship between biomass accumulation under salinity treatment and Ca+ contents was positive (r = 0.336 ns).
lonic ratio of K+/Na+ may be potential selection criteria screening sorghum germplasm for salinity tolerance.

Detailed report

The primary objectives of kharif physiology were:

I.  To quantify changes in yield components associated with grain yield progress in sorghum historical released
cultivars (hybrids& varieties) and parental lines (B and R-lines).
Il To identify putative physiological traits associated with yield increase and to investigate physiological
causes of variation in yield between old and new sorghum cultivars and s parental lines (B and R-lines)..
lll.  To identify potential donors with salinity tolerance and identify morph-physiological traits associated with
salinity tolerance

Three trials were panned for Kharif 2017. Two trials (1K and 2K)were conducted three locations i.e. Parbhani
(19°08' N; 76° 50'E), Phaltan (18°47' N; 74°32'E), Akola (21° N; 77° E) and Hyderabad. The third trial (3K) was a pot
experiment conducted at Hisar

Trial 1K. Physiological basis of assessing the genetic progress in yield potential of kharif
sorghum historical released cultivars

Twelve kharif sorghum released cultivars (6 hybrids + 6 verities) were assessed for physiological basis of genetic
gains in the yield potential. Each genotype was planted in four rows of 5m length (plot size: 1.8 * 5.0m =9.00 m2) in
RCB design with three replications. The crops were raised entirely on rainfed condition and were allowed to grow
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under natural rainfall conditions. The soil was light to medium vertisol. A plant spacing of 45 cm between the rows
and 15 cm within the row were adopted.

Recommended dose of fertilizer was applied (@ 80:40:0 kg N: P»0s: K,O hat in the form of urea, single super
phosphate, muriate of potash, respectively) with half N and complete P and K as basal, and balance N was side-
dressed at 35-40 DAE based on soil moisture. Furadan 3G (@ 20 kg ha) was applied in furrows at planting to
control the shoot fly (Atherigona soccata R). Need based minimal plant protection measures were followed to control
the major insect pests of sorghum. The data were collected as per standard procedures and are presented in tables
1K1.1to IK1.4.

Phenology: Significant differences (P<0.05) were observed among the genotypes for phenology (days 50%
flowering and physiological maturity) at each location as well as between the averages across locations (Table
1K1.1). In days to 50 % flowering and physiological maturity, genotypes CSH 14 and CSH 27 were the earliest in
flowering (mean: 69, and 71 d res.) as well as in maturity (mean: 109 and 110 d res.). The flowering ranged from 69
to 78 days with an average of 74 d. Among the varieties, CSV 20 and SPV462 were the earliest for flowering. The
average days to flowering was lowest at Akola (66 d) followed by Parbhani (75 d) and Hyd (80 d) and almost similar
trend was observed in days to maturity too (Table 1K1.1). Mean days to flowering has shown significant positive
relationship (P<0.05) with leaf area at maturity, leaf mass at flowering and maturity, SLW at flowering, total dry
biomass at flowering & maturity, On the other hand, days to flowering showed significant negative relationship
(P<0.05) with source -sink ratio and harvest index (ns).

Plant height: Plant height varies significantly among genotypes at each location, but the variations among the
average heights of genotypes across location was significant (P<0.05). Average plant height recorded was 194 cm
across locations with a range of 150 to 226 cm. The average plant height recorded was maximum at Parbhani (202
cm) followed by Akola (192) and Hyderabad (188 cm). Cultivars CSH 13K & R among hybrids, and CSV 27 in
varieties were taller than others (Table 1K1.1). Mean plant height has shown significant positive relationship (P<0.05)
with leaf mass at maturity, total dry biomass at flowering & maturity and 1000- seed mass.

Leaf area index, growth traits and biomass components: Significant differences (P<0.05) were observed among
the genotypes for leaf area, LAl and their components, biomass components among the genotypes (Table 1K1.3-1.4).
The LAl at flowering ranged from 2.48 to 4.03 at flowering with an average of 3.10. Older cultivars CSH 14 and CSV
13 still continue to maintain higher LAI than modern ones. Traits such as specific leaf area (SLA), and specific leaf
weight (SLW) too differed significantly. Latest cultivars CSV23 and CSV 27 produced higher leaf mass, SLA and
SLW. In total biomass production at maturity, CSH 27 and CSH 16 in hybrids, CSV 23 and SPV 462 in varieties were
superior than others. In biomass production during GS 3 stage significant differences were observed. Varieties in
general produced lower biomass in GS 3 than hybrids means low current photosynthetic assimilates than hybrids.
Biomass in GS 3 ranged from 53 to 474 g/m? with an average of 266 g/m2. In hybrids modern ones (CSH 30)
produced higher biomass in GS 3 than older. But in varieties, older ones (SPV 462) still continue to produce more
biomass in GS 3. In source to sink ratio, the trend was similar to that of biomass in GS3. Biomass in GS3 showed
significant (P<0.05) positive relationship with source to sink ration and per day grain productivity.

Interestingly, source to sink ratio (grain # per unit LAI) has shown significant (P<0.05) positive relationship with per
day grain productivity, HI, grains per panicle, and grain yield. Similarly, high biomass at maturity has shown positive
relationship (P<0.05) with rate of grain filling and 1000- seed mass, while its relationship with HI was turned out to be
negative (P<0.05). CSV 15 and CSV 20 were found to possess higher stay green score at physiological maturity than
others.

Grain yield and its components: Grain yield and its components such as grain number, 1000-seed mass, HI
differed significantly (P<0.05) at all locations (Table 1K 1.2). Although variations in the grain yield across locations
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was significant, but variation mean grain grain yield across locations was non-significant. Average grain yield of 305
g/m2 across locations was recorded with a range of 252 to 369 g/m2. Highest location mean values for grain yield
were recorded at Akola (330 g) followed by Hyderabad (280g). In general, hybrids produced higher grain yield than
varieties. Hybrids CSH27 and CSH 30 produced more grain yields than others but these are on par with older hybrid
such as CSH 14 under current season climatic conditions. Among the varieties, CSV 23 and CSV 20 were superior.

In general, hybrids recorded higher HI than varieties. Modern hybrids had greater HI (44.1 to 53.7 %) than older ones.
CSH27 and CSH 30 in hybrids and CSV 15 in varieties were superior for HI. The trend in grain no per panicle and
per day grain yield was similar to that of HI. Promising genotypes for both grain number and Hl include CSH27, CSH
30 and CSV 15.

The rate of grain filling had shown high significant positive relationship (P<0.05) with 1000-seed mass and was
negatively related to grains/m2. Interestingly, per day grain yield productivity showed very high significant positive
(P<0.05) relationship with HI, grain /panicle, and grain yield. 1000- seed mass and grains / panicle were negatively
related (r= -0.423; P<0.05 ns). On the other hand sink potential i.e., grain /panicle and grain/m2 had significantly
positively (P<0.05) related with grain yield.

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

Sixteen kharif sorghum parental lines (8- B lines + 8- R lines) were assessed for physiological basis of genetic gains
in the yield potential. Each genotype was planted in four rows of 5m length (plot size: 1.8 * 5.0m =9.00 m2) in RCB
design with three replications. The crops were raised entirely on rainfed condition and were allowed to grow under
natural rainfall conditions. The soil was light to medium vertisol. A plant spacing of 45 cm between the rows and 15
cm within the row were adopted.

Recommended dose of fertilizer was applied (@ 80:40:0 kg N: P20s: K,O hat in the form of urea, single super
phosphate, muriate of potash, respectively) with half N and complete P and K as basal, and balance N was side-
dressed at 35-40 DAE based on soil moisture. Furadan 3G (@ 20 kg ha) was applied in furrows at planting to
control the shoot fly (Atherigona soccata R). Need based minimal plant protection measures were followed to control
the major insect pests of sorghum. The data were collected as per standard procedures and are presented in tables
2K2.1to 2K2.4.

Phenology: Significant differences (P<0.05) were observed among the genotypes for phenology (days 50%
flowering and physiological maturity) at each location and across the locations (Table 2K2.1). In days to 50 %
flowering and physiological maturity, entries 279B, AKMS 14B, 415B in B-lines and AKR 150 and CS 3541 in R-lines
were the earliest. The flowering ranged from 72 to 82 days with an average of 76 d. The average days to flowering
was lowest at Akola (72 d) followed by Parbhani (74 d) and Hyd (82 d) and almost similar trend was observed in days
to maturity too (Table 2K2.1). Mean days to flowering has shown significant positive relationship (P<0.05) with leaf
mass at flowering and maturity, total dry biomass at flowering. On the other hand, days to flowering showed
significant negative relationship (P<0.05) with rate of grain-filling and HI.

Plant height: Plant height varies significantly among genotypes at each location and also across location (P<0.05).
Average plant height recorded was 146 cm across locations with a range of 110 to 185 cm. The average plant height
recorded was maximum at Parbhani (154 cm) followed by Hyderabad (138 cm). Genotype RS 29, CB 33, and 27 B
were taller than others (Table 2K2.1). Mean plant height has shown significant positive relationship (P<0.05) with leaf
mass at maturity, total dry biomass at flowering & maturity.
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Leaf area index, growth traits and biomass components: Significant differences (P<0.05) were observed among
the genotypes for leaf area, LAl and their components, biomass components among the genotypes (Table 2K2.3-2.4).
The LAl at flowering ranged from 0.99 to 3.00 at flowering with an average of 1.59. Older B-lines 296 B still continue
to maintain higher LAl than recent lines. In general, all R-lines had recorded higher LAI at flowering than B-lines. LAI
did not improved much in the recently developed R-lines (CB 11, CB 33) excepting Indore 12, which had higher LAI
of 3.0 and is also possessed staygreen trait. Lines Indore 12, CS 3541, and CB 11 were superior for LAI. Lines
Indore 12, CS 3541, and CB 11 were superior for LAl. Mean LAl at flowering has shown significant positive
relationship (P<0.05) with leaf mass at flowering and maturity, total dry biomass at flowering. Traits such as specific
leaf area (SLA), and specific leaf weight (SLW), SPAD values at flowering, source to sink ratio too differed
significantly(P<0.05).

Latest lines C43, CB 33 and Indore 12 have produced higher leaf mass, biomass in GS3. In SLW, lines RS 29,KMS
14B, and AKR 150 were superior. While for SPAD at flowering, older lines 27B, RS 29, and 296 B still maintaining
higher chlorophyll content than others. In total biomass production at maturity, R-lines in general were superior than
B-lines. Recently developed R-line CB33 recorded higher biomass at maturity followed by RS 29. In recently
produced B-lines, biomass production is still on par with older ones and PMS 28B and 27 B were superiot. In
biomass production during GS 3 stage significant differences were observed. In general, R-lines produced more
biomass in GS 3 than B-lines which means high current photosynthetic assimilates in them.

C43 still continues to produce higher biomass in GS 3 followed by RS 27, and CB 33. In source to sink ratio, B-lines
in general were superior to R-lines. In source to sink ratio, newer B-lines such as 415B was on par with older lines
such as 2219B, AKMS 14B. Lines Indore 12, CB 33 were found to possess higher stay green score at physiological
maturity than others.

Correlations: Biomass in GS3 showed significant (P<0.05) positive relationship with per day grain productivity,
grains /panicle, and grain yield. Interestingly, source to sink ratio ( grain # per unit LAI) has shown significant (P<0.05)
positive relationship with HI. Similarly, high biomass at maturity has shown negative relationship (P<0.05) with rate of
grain filling and HlI

Grain yield and its components: Grain yield and its components such as grain number, 1000-seed mass, HI
differed significantly (P<0.05) at all locations (Table 2K 2.2). Although variations in the grain yield at individual
locations was significant, but variation mean grain yield across locations was non-significant. Average grain yield of
271 g/m2 across locations was recorded with a range of 224 to 364 g/m2. Highest location mean values for grain
yield were recorded at Akola (358 g) followed by Hyderabad (184g).

In general, R-lines produced higher grain yield than B-lines. Latest R-line CB33, produced more grain yields than
older lines C43, and RS 627. Among the B-lines, latest lines 415 B and MS 7B were superior. Lines recorded higher
HI include MS 7B, 415B, AKMS 14B and C43 than others. In grain no per panicle, latest R-line CB33 produced
higher sink number followed by CS3541,and PMS 28 B.

The rate of grain filling had shown high significant positive relationship (P<0.05) with 1000-seed mass and was
negatively related to grains/m2. Interestingly, per day grain yield productivity showed very high significant positive
(P<0.05) relationship with HI , grain /panicle , and grain yield. Both 1000- seed mass and grains / panicle were
negatively related (r= -0.516; P<0.05). On the other hand, sink potential i.e., grain/panicle and grain/m2 had very
high significantly positive (P<0.05) relationship with grain yield.
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Trial 3K. Evaluation of sorghum elite lines (forage/sweet sorghum) for salinity tolerance

Pots experiments were planned to evaluate the selected set of elite lines of forage/sweet sorghum for salinity
tolerance at three locations- Hisar, Bapatla and Gangawati. We could not executed the trial at Gangawati, as we
could not get the naturally salinised plots, and no responsible person was there to execute the trial. The trial at
Bapatla was not conducted as the Rice fallow sorghum centre was closed. Therefore, we are presenting the results
from one location i.e., Hisar. At this location the trial was conducted at three level of salinity (Non-saline, 8 dS/m and
10 dS/m).

Twenty genotypes (include two sweet sorghum checks and four forage sorghum checks) were sown at three levels,
but most of genotypes performed very poorly under highest levels of salinity after few days of seedling growth. Many
genotrypes at 10 Ec did not produce growth or grain yield. Hence we analysed the data of 19 genotypes (13 entries
+ 6 checks) under two treatments (Non-saline, 8 dS/m). The genotype SPV 2324 even did not germinated and hence
totally deleted. The data are presented in tables 3K1.1. In general, differences for treatments, genotypes and their
interactions were significant (P<0.05) for all the traits.

Phenology: Data on mean 'days to flowering' varied significantly between two treatments i.e. Non-saline and 8 dS/m.
While genotypes also differed significantly within each treatment, in general all forage sorghum lines HJ 541, HJ 513,
SSG 59-3, HC 308, CSV19SS, and SPH 1895 were the earliest both in non-saline and saline conditions .

Growth parameters at flowering: The average plant height and number of leaves at flowering stage were reduced
significantly under salinity as compared with non-saline. On average the plant height was reduced by 36.6% under
salinity as compared with non-saline treatment. SPH 1798 was the tallest followed by SSG 59-3, and SPV 2531.
Similarly, on an average the number of leaves, leaf area, fresh biomass and dry weight per plant at flowering were
reduced by 16%, 24.0%, 47.3% and 50.6%, respectively under salinity as compared to non-saline treatment. The
genotypes SPV 2531, SPV 2526, and SPV 2462 maintains highest values for fresh and cry biomass than others
under salinity stress.

Physiological parameters at flowering: Three parameters, Relative water content (RWC), total chlorophyll content
and SPAD values were recorded in all the genotypes under both non-saline and saline treatments. On an average, a
reduction of 12.6%, 20.6% and 24.5% in RWC, total chlorophyll content and SPAD values, respectively was recorded
under salinity as compared to non-saline treatment. SPV 2530, SPH 1858, SPH 1892, SPH 1893, and HJ513 were
superior for these physiological traits under salinity.

lonic contents: Most of the genotypes accumulates the Na+ under, whereas there is reduction in K and Ca contents.
Average ionic content in the leaves across genotypes indicates that accumulation of Na+ ion has increased by
79.8%, but the accumulation of K+ and Ca+ ions decreased by 35.5% and 36.4%, respectively. The maximum Na
ions were accumulated under salinity in SPH1798 followed by SPV 2462, and HJ 541, whereas minimum were
accumulated in SPH 2458 followed by SPH 1892 and SPH 1858. The K ions accumulation was highest in SPH 1858
followed by SPH 1892 and HJ 541, whereas, the accumulation of K ions were minimum in SPV 2462 followed by
2530 and 2526.

Relationship between biomass accumulation and lonic content: Although the trend of relationships of biomass
accumulation in 19 genotypes evaluated was negative with Na* ion content and positive with K* and Ca2* ions
content, respectively, but these relationship was non-significant. The relationship between biomass accumulation
under salinity treatment and Ca* contents was positive (r = 0.336 ns). But the relationship of the ratio of K*/Na* ions
in leaves with biomass accumulation under salinity treatment although was poor, but positive. This indicates that ionic
ratio of K*/Na* may be potential selection criteria.
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