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Executive summary

Field studies have indicated that under saline soils of sweet sorghum has a mean fresh biomass and
seed production of 8.36 t/ha and 64.9 kg/ha. The mean data of AISIP-Agronomy studies during kharif
2022 with CSH22SS and CSH24SS at 7 locations indicate a mean fresh stalk yield and grain yield of
28.7 t/ha and 1.67 t/ha. Thus a loss of 70.9 and 96.1% in biomass and grain yield was seen in sweet
sorghum due to its cultivation in a saline soil.In case of forage sorghum genotypes, CSV-21 F (check)
being at par with SH 1514 and SH 1519 have produced markedly higher fresh, dry biomass at flowering
(g/plant) and seed yield (kg/ha) than all other genotypes (mean: 329.7, 95 g/plant and 607.8 kg/ha).
CSH-13 and CSV-30 F proved highly sensitive to soil salinity.

Intercropping of sorghum with cotton has indicated that intercropped sorghum has a yield penalty of
17.1%. Hybrids are best grain yielders under both sole and intercropping (varieties have high biological
yields over hybrids) and long duration sorghum hybrid ‘CSH-35’ is the best for grain yields under both
sole and intercropping.

At Akola, ‘AKSH-799" and at Hagari, ‘SPH-1938'sorghum gave the best grain yields. Interaction effect
of genotype and planting density indicates that at Akola, All the six sorghum varieties have markedly
better yield under reducing inter and intra row spacing with ‘AKSH-799’ having highest grain yields at
30 x 10 cm spacing. At Hagari, ‘CSH-45" at 30 x 10 cm spacing, ‘AKSH-800’ at 37.5 x 10 cm and'CSH-
30" at 37.5 x 15 cm resulted in best grain yield realization. At Palem, high density has reduced sorghum
yields.

8-Sorghum-Physiology Kharif Report-agm23 Page 1 of 6



Detailed Report

The primary objectives of kharif sorghum physiology were:

l. To identify morpho-physiological traits associated with salinity tolerance and identify
potential donors.

Il. To identify suitable sorghum cultivars for intercropping with cotton and to

Il Identify genotypes suitable for high density planting for use in breeding program

A total of three trials (1KA & P22, 2 KA & P 22 and 3 KA & P 22) were conducted duringkharif 2022. At
Hisar: 1KA & P22, at Hisar(29°05' N, 75°26'E at 215 metres altitude), At Akola (21° N; 77° E):2 KA & P
22 and at Akola, Vijayapura (16°83'N; 75°7' E at 606 metres altitude) and Hagari 3 KA & P 22 studies
were conducted.

Trial 1KA & P-22. Evaluation of forage and sweet sorghum elite lines for salinity tolerance.

Field experiments were conducted to evaluate the tolerance and relative performance of fourteen (ten
forage and four sweet sorghum) sorghum genotypes/ cultivars in saline soilat Hisar during kharif 2022.
The trial data collected was analysed in RBD and are presented in Annexure-|.

Sweet sorghum

Phenology: Mean days to maturity (DM) of sweet sorghum varied significagfly03P among
genotypes. Under saline soil situation, sweet sorghum crop required 87.3 and 138.8 days for DFF and
DM. Among the genotypes, ‘CSH-22SS’ (127.5 days) was quick to maturity, and has values at par with
‘CSV-19SS’ (131.8 days) however, ‘SPV-2530" (152.3 days) took significantly longer time than all other
genotypes. Sweet sorghums on an average have a reproductive period (flowering to maturity) of 51.4
days and CSV 24SS (57.3 days) and SPV 2530 (63.8 days) have longer reproductive cycles than the
mean while the rest have lesser than the mean.

Growth parameters: Plant height (PH) at flowering, green leaf area cm?/plant (LAP) and biomass
production at maturity (BMP-M) varied significantly among sweet sorghum genotypes. Sweet sorghums
have a mean PH, LAP, fresh and dry BMP-M values of 126.2 cm, 1076.2 cm?, 8356.8 kg and 2420.6
kg, respectively. Among the sweet sorghum genotypes, ‘CSV 19SS’ (86.8 cm) being at par with ‘CSH
22SS’ (103 cm) has produced significantly shorter plants while ‘SPV 2530’ (182.7 cm) has tallest plants.
‘CSV 24SS’ (965.2 cm?) has at par LAP as CSH22SS. There is significant difference in biomass
production (fresh & dry) at maturity only. Markedly lower fresh and dry BMP-M was recorded by ‘CSV
19SS’ (5803 &1701kg/ha) while ‘SPV 2530’ (10973 & 3177,8 kg/ha) has superior BMP-M than all other
genotypes. Further CSH 22SS’ has at par fresh (dry) biomass as that of ‘CSV 24SS’

Physiological parameters at flowering: {Relative water content (RWC, %), total chlorophyll content
(TCC, mg/g Fresh weight), SPAD values, Relative Stress Injury (RSI) and Chlorophyll Index (CI)} varied
significantly (P<0.05) among sweet sorghum genotypes. Relative water content (%) of ‘CSV 19SS’
(58.2 %) being at par with ‘CSH 22SS’ (61.3%) was markedly lower than ‘SPV 2530' (73.5%) and the
later has at par RWC as ‘CSV 24SS’ (68.7%). Chlorophyll content was significantly higher in ‘SPV
2530' (2.5 mg/g FW) and least in ‘CSH 22SS’ (2.2 mg/g FW) and this chlorophyll content values of
genotypes were reflected in SPAD and Chlorophyll Index (CI). SPAD was significantly higher in ‘SPV
2530' (40.6) and least in ‘CSV 19SS’ (27). Chlorophyll Index (CI) was significantly higher in ‘CSH 22SS’
(37.2) being at par with ‘SPV 2530’ (35.8) and lower in ‘CSV 19SS’ (28.8) being at par with ‘CSV 24SS’
(30.6). Relative Stress Index (RSI) was markedly lower in 'SPV 2530’ (24.3) and higher in ‘CSV 19SS’
(41.1). Genotype ‘SPV 2530" with maximum RWC, total chlorophyll content, SPAD values exhibited
lowest RSI.
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Yield: Seed yields (kg/ha) were markedly lower in ‘CSV 19SS’ (25) being at par with ‘SPV 2530’ (36.1)
and higher in ‘CSV 24SS’ (104) being at par with ‘CSH 22SS’ (94.6).

Forage sorghum

Phenology: Mean days to 50% flowering (DFF)and days to maturity (DM) of forage sorghum varied
significantly (P<0.05) among forage sorghum genotypes grown in a saline experimental field. Forage
sorghum crop on an average has83.8and 125.7 days for DFF and DM. Among the genotypes, ‘CSH-13’
and ‘CSV-30F' took significantly less (72 days) and higher time to reach flowering (100.8 days) than
other genotypes. Significantly longer time required by ‘CSV-30F for flowering continued for maturity
also however, ‘HBM-3' was quickest to maturity (112.8 days) as compared to all other genotypes.
Forage sorghums on an average have a reproductive period (flowering to maturity) of 41.9 days and
SPV-1891 and CSV-30F (57 5 days), CSH-13 (47.5 days) and CSV-21F (43.5 days) have longer
reproductive cycles than the mean while the rest have lesser than the mean.

Growth parameters and yield: Plant height (PH) at flowering, Leaf number /plant (LNP), green leaf area
cm?/plant (LAP) and fresh and dry biomass production (BMP) at flowering -F (g/plant), BMP at maturity-
M (kg/ha) and seed yields (kg/ha)varied significantly among forage sorghum genotypes. Forage
sorghums have a mean PH, LP, LAP, fresh BMP-F and fresh BMP-M values of 152.5 cm, 10.3, 1784.8
cmz?, 237.9 g and 17210 kg, respectively. Among the forage sorghum genotypes, ‘CSH13' (100.3 cm)
being at par with ‘SHH 1509’ (112.6 cm) and CSV 30F (121.4 cm) has produced significantly shorter
plants than all other genotypes while ‘SH 1519’ (218.6 cm) being at par with ‘SH 1514’ (213.6 cm) and
‘CSV 21F' (203.8 cm) has tallest plants. Significantly lower and higher LNP were produced by ‘SHH
1509’ (6.8) and ‘SH 1519’ (14.0), respectively, however, later has at par LNP with ‘SH 1514’ (13.9). The
higher LNP values were reflected in LAP of ‘SH 1519’ ‘SH 1509’, however, ‘CSV 31F despite of lower
LNP (8.8), has at par LAP as the above best LAP genotypes (due to longer & wider leaf lamina).
Further, the high LNP values of ‘HBM 3’ (10.4), ‘CSV 30F (10.1) and CSH-13 (10.0) were not reflected
in LAP indicating their shorter leaf lamina. Markedly lower fresh BMP at flowering was recorded by
‘CSV 30F' (167 g)that however, was at par with ‘SPH 1891' (172.9 g) and ‘CSH 13’ (182.8 g) further
‘SH 1519’ (335.4 g)being at par with ‘SH 1514’ and ‘CSV 21F' (323.1 g) has superior BMP-F than all
other genotypes. Fresh biomass produced at maturity (kg/ha) was significantly lesser in ‘SHH 1509’
(3459 kg/ha)and higher in SH 1519(36471) as compared to other genotypes. Further, SH 1514 and
CSV 21F are other two genotypes having closer BMP-M values to the highest producing genotype ‘SH
1519'. The differences in BMP-M of low producer genotypes was compounded by the decrease (lower)
in population.

Physiological parameters at flowering:

Physiological traits {Relative water content (RWC, %), total chlorophyll content (TCC, mg/g Fresh
weight), SPAD values, Relative Stress Injury (RSI) and Chlorophyll Index (CI)} varied significantly
(P<0.05) among forage sorghum genotypes. Relative water content (%) of ‘CSV 30F' (57.5) being at
par with ‘SHH 1509’ (59.3) and ‘HBM 3’ (59.5) was markedly lower than all other genotypes while ‘SH
1514’ (81.9) has maintained highest RWC values.CSV-21F, CSH-13 and SH 1519 genotypes also
maintained higher RWC values than the mean (68.4). Chlorophyll content was significantly higher in
‘SH 1514’ (2.9 mg/g) and least in ‘SHH 1509' (2.2 mg/g) and this chlorophyll content values of
genotypes was reflected in SPAD and Chlorophyll Index (CI).Relative Stress Index (RSI) was markedly
lower in ‘SH 1514’ (12.5) and higher in ‘SHH' (40.3). Genotype ‘SH1519" with maximum RWC, total
chlorophyll content, SPAD values, CI exhibited lowest RSI.

Yield

Seed yields (kg/ha) of ‘CSV 30F' (24.2) being at par with ‘SHH 1509’ (30) was markedly lower than all
other genotypes while ‘SH 1519’ (636) being at par with ‘SH 1514’ (597.1) and ‘CSV 217’ (590.4) were
markedly higher to other genotypes.
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Trial 2KA & P 21. Identification millet genotypes for intercropping suitability during kharif
Six sorghum cultivars (sub-plots) were evaluated for their performance in sole and intercropping with
cotton (main plot) at Akola during kharif 2022 in Factorial RBD with 2 replications. Sole cotton crop was
also grown for comparison and working out intercropping functions. The trial data collected was
analysed in SPD and are presented in Annexure-II.

Table 1. Performance of sorghum genotypes in sole and intercropping with cotton

Treatment Plant height Green leaf Total Total SPAD Test Grains Grain | Biological
(cm) at area at biomass biomass at50% | weight | /panicle yield yield
flowering flowering/plant | (g/plant) | (g/plant) | flowering (9) (number) | (kg/ha) (kg/ha)
(cm2) at at
flowering | maturity

Cropping system (C)
C1: Sole sorghum 145.0 32515 179.6 252.5 48.9 28.2 2311.6 3571 10977
C2: Sorghum + cotton 149.3 3391.4 168.6 240.6 49.1 27.1 2344.0 3050 9439
CD 5% 16.8 224.2 17.9 16.9 1.7 1.7 166.8 13.9 11.2
Sorghum Genotypes (S)
S1: CSV 17 (early) 117.4 2371.0 133.4 192.3 48.3 27.9 1638.8 2747 13013
S2: CSH 14 (early) 125.4 2708.8 150.2 219.1 45.3 28.8 1849.5 3957 7307
S3: CSV 20 (mid) 129.5 4697.5 151.0 2195 475 26.9 2215.0 2517 13499
S4: CSH 30 (mid) 171.4 2103.5 194.4 261.5 49.5 27.3 2085.8 3460 6850
S5: CSV 27 (long) 170.6 3581.8 203.6 282.8 52.5 28.3 2893.0 3070 10281
S6: CSH 35 (long) 168.7 4466.3 211.9 303.9 51.0 26.9 3284.8 4113 10300
CD 5% 4.7 388.3 31.0 29.3 2.9 2.9 288.9 24.2 19.3

Data (Table 1) shows significant differences growth, yield attributes and yield due to cropping system
and sorghum genotypes. Intercropped sorghum with cotton has significantly lower biological and grain
yields (14.01 and 17.1%) than sole sorghum. Hybrid sorghums irrespective of duration have shown
significant grain yield superiority to varieties however, varieties have excelled the hybrids for biological
yield. Long duration sorghum hybrid ‘CSH 35’ is best for grain yields that is closely followed by mid
duration ‘CSH-14'. Hybrids on an average (mean of 3 durations) have 38.4% higher grain yield than the
varieties (2778 kg/ha).

Interaction effect of cropping system and sorghum variety reveals stable performance’CSV-17" in sole
and intercropping system and CSH-35 is best for sole and intercropping performance (Annexure-Il).

Trial 3KA & P-22. Identification the morpho-physiological traits of germplasm / varieties
suitable high density planting in kharif under protective irrigated conditions

Six sorghum cultivars (sub-plot) were evaluated for their performance at six planting densities (main
plot) in Split plot design with 2 replications at Akola, Hagari and Palem during kharif 2022. The trial data
collected was analysed in SPD and are presented in Annexure-IIl.

Data (Table 2) shows that plants grew taller with decrease in spacing. A decrease in row to row or plant
to plant spacing from normal spacing of 45 cm x 10 cm has resulted in marked increases in plant height
with tallest plant production in 30 cm x 10 cm spacing at Akola. Though the trend is same at Hagari too,
the increase in plant height over normal planting pattern (45 cm x 15 cm) were significant with 30 cm x
10 cm only. At Palem, no definite trend in plant height due to planting geometry were seen. There is
gradual decrease in test weight (g) of sorghum on mean basis and this decrease was significant at
Akola. At Hagari, closer spacing’s have lower test weights than normal planting (45 cm x 15 cm) and no
definite trend was seen at Palem. Grains/ panicle have shown a decreasing trend with closer planting
patterns at Hagari and Palem. However, at Akola, grains/ panicle increased with increasing planting
density.

Significant differences in plant height, test weight and grain / panicle among sorghum genotypes were
observed on mean basis and at individual locations too. Among the genotypes, ‘CSH -17" has markedly
shorter plants while ‘AKSH-799’ the taller ones. Further, at Hagari, ‘AKSH-800" has at par plant heights
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as ‘AKSH-799'.Grains / panicle (at Akola and Hagari) and test weight (Akola) was markedly lower in
‘CSH-17" among all sorghum genotypes. Grains/ panicle of ‘CSH-30" at Akola was markedly higher to
other genotypes, while at Hagari ‘AKSH-799" has highest values which was at par with other genotypes
except CSH-17 and at Palem, ‘AKSH-799" was superior to ‘CSH-45", ‘SPH-1938.However, at Hagari,
though ‘CSH-17" has lower test weight, it was at par with all other genotypes except ‘AKSH-800" and
‘SPH-1938'.At Palem, differences in test weight among sorghum genotypes were not significant.

Table 2. Impact of planting density and cultivars on growth and yield attributes of sorghum

[ Treatment [ Plant height (cm) at maturity | Test weight (q) | Number of grains /panicle |
Treatments Grain yield (kg/ha) Biological yield (Kg/ha) Harvest Index
Akola | Hagari | Palem Akola | Hagari | Palem Akola | Hagari | Palem | Mean

Main plot (M): Planting density
45cmx 15 cm 6181 2275 10057 33807 9476 45842 18.13 24.10 21.93 21.39
45 cm x 10 cm 7605 2098 11783 38878 8772 48904 19.39 23.90 24,01 22.43
37.5cmx 15 cm 6577 2556 7677 32182 10681 41853 20.26 24.15 18.45 20.95
37.5x10cm 8332 2649 8704 37010 10993 37326 22.31 24.25 23.18 23.25
30x15cm 6754 2229 8990 28723 9287 38062 23.31 24,15 23.79 23.75
30x10cm 8563 2645 8155 33034 11132 30589 25.69 23.75 26.72 25.39
CD 5% 685.7 202.0 2124.2 31.1 863.2 4452.4 2.023 0.007 3.289
Sub-plot (S): Sorghum cultivar
S1: CSH-30 6141 2346 9103 30698 9863 39668 20.09 23.90 23.39 22.46
S2: CSH-45 7703 2336 9778 35595 9787 44424 21.72 23.90 22.07 22.56
S3: CSH-17 5363 2097 - 27735 8437 - 19.41 24.85 - 22.13
S4: SPH-1938 8662 2734 8816 38041 11530 37178 22.87 23.90 23.74 23.50
S5: AKSH-799 9473 2480 8812 39968 10389 42374 23.80 24.00 20.63 22.81
S6: AKSH-800 6671 2460 9628 31598 10336 38503 21.19 23.75 25.23 23.39
CD 5% 195.8 183.9 1675.1 534.4 708.4 2666.7 0.380 0.006 2.902

Akola | Hagari | Palem | Mean | Akola | Hagari | Palem | Mean | Akola | Hagari | Palem | Mean

Planting geometr

45cmx 15cm 159.2 | 126.9 238.1 1747 | 23.49 | 26.17 2217 | 23.94 | 1816.1 | 2065.7 | 1825.2 | 1902.3

45cmx10cm 165.8 | 127.7 237.3 1769 | 22.44 | 26.17 20.84 | 23.15 | 1818.9 | 2075.7 | 1862.9 | 1919.2

37.5cmx15cm | 173.3 | 131.0 216.6 1736 | 21.48 | 25.83 2347 | 23,59 | 1824.0 | 2075.0 | 1782.2 | 1893.7

37.5x10cm 1794 | 133.7 220.3 177.8 | 1941 | 25.92 21.88 | 22.40 | 1924.7 | 2039.0 | 1642.6 | 1868.8
30x15cm 190.1 | 1323 231.7 184.7 | 1839 | 25.25 23.58 | 22.41 | 1953.1 | 2040.3 | 1659.3 | 1884.2
30x10cm 1955 | 137.7 2322 1885 | 16.32 | 25.92 2159 | 21.27 | 2097.2 | 1914.2 | 1896.6 | 1969.3
CD 5% 2.78 | 845 17.49 0.592 | 1.904 3.436 51.35 | 179.04 | 130.68
Sorghum genotype

S1: CSH-30 157.5 | 1454 230.1 177.7 | 17.37 | 2542 22.04 | 21.61 | 2084.8 | 2111.4 | 1583.5 | 1926.6
S2: CSH-45 181.1 | 134.7 225.7 1805 | 21.21 | 25.50 2391 | 2354 | 1882.1 | 2069.8 | 1701.8 | 1884.5
S3: CSH-17 1359 | 843 110.1 | 1491 | 25.08 20.00 | 1716.7 | 1712.1 17144

S4: SPH-1938 196.1 | 125.1 220.6 180.6 | 23.20 | 26.42 22.09 | 23.90 | 1849.3 | 2101.3 | 18225 | 19244

S5: AKSH-799 204.8 | 1494 243.0 199.1 | 25.52 | 25.83 21.79 | 24.38 | 1967.3 | 2156.4 | 2051.3 | 2058.3

S6: AKSH-800 187.8 | 150.3 2275 1885 | 19.32 | 27.00 21.44 | 2259 | 1933.8 | 2058.9 | 1731.7 | 1908.1

CD 5% 235 | 6.85 9.14 0.468 | 1.138 2.056 48.20 | 230.23 | 293.50

Table 3. Impact of planting density and cultivars on yield and harvest index of sorghum

Data (Table 3) shows that reduced inter and intra row spacing from 45 x 15 cm to 37.5 x 10 cm / 30 cm
10 cm could bring marked gains in grain yields at Akola and Hagari. Further at Hagari, 37.5 cm x 15 cm
has at par yields as that of 37.5 x 10 cm and 30 cm x 10 cm. At Palem, no gain due to closer spacing
was observed. Biological yield trend is similar to grain at Hagari. However, at Akola, closer plant to
plant spacing’s have better biological yields. Among the genotypes, ‘CSH -17' has markedly lower
biological and grain yields than all other genotypes. ‘AKSH-799’ (Akola) and SPH-1938 (Hagari) are the
best grain and biological yielders. At Palem, all genotypes have at par grain yields though biological
yields are the best with CSH-45 (at par with AKSH-799) as compared to others. Harvest index trends
did not have any trend but mean data shows a gradual increase in it as spacing got reduced.

Interaction effect (Table 4) indicates that sorghum varieties differed in their performance due to row
and plant spacing. At Akola, All the six sorghum varieties have markedly better yield under reducing
inter and intra row spacing while ‘AKSH-799" has highest grain yields at closer spacing. At Hagari,
genotypes responded differently to planting densities. For ‘CSH-45" 30 x 10 cm spacing, for AKSH-800,
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37.5 x 10 cm spacing, for CSH-30, 37.5 x 15 c¢m is the best for grain yield realization. At Palem, in
general grain yield decreased as planting density increased with 45 cm rows having highest yields.

Table 4.Interaction effect of planting density and cultivars on grain yield of sorghum

Sorghum

Planting density ( row x plant spacing)

cultivar 45cmx 15 45cmx 10 37.5cmx 15 37.5cmx 10 30cmx 15 30cmx 10
cm cm cm cm cm cm

Akola
S1: CSH-30 5177 6364 5505 6980 5652 7167
S2: CSH-45 6490 7980 6909 8747 7091 9000
S3: CSH-17 4520 5568 4808 6091 4932 6258
S4: SPH-1938 7298 8977 7768 9838 7977 10114
S5: AKSH-799 7980 9823 8495 10758 8727 11053
S6: AKSH-800 5619 6919 5980 7576 6144 7788
CD 5% 479.5

Hagari
S1: CSH-30 2124 2153 2792 2762 1981 2266
S2: CSH-45 1654 2538 2197 2570 1770 3288
S3: CSH-17 2333 1903 2219 1886 2395 1846
S4: SPH-1938 2642 2524 2868 2846 2509 3014
S5: AKSH-799 2287 2070 2673 2452 2513 2883
S6: AKSH-800 2611 1400 2589 3378 2206 2574
CD 5% 450.3

Palem
S1: CSH-30 8264 12109 6869 7500 11106 8769
S2: CSH-45 11446 12412 8915 7947 9912 8038
S3: CSH-17 - - - - - -
S4: SPH-1938 10575 10657 9465 7425 8050 6727
S5: AKSH-799 11244 12096 6132 9112 6980 7311
S6: AKSH-800 8757 11641 7003 11536 8902 9928
CD 5% 4103.3
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