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Executive summary

o New genotype ‘SPV2468’ with 15.8% higher grain yield was promising to chekcs (3.6 t/ha) at Dharwad. Sorghum
grain productivity can be enhanced by 7.9% with increasing RDF by 25% over RDF (2.35 t/ha).

e Use of FYM/ vermicompost enriched with ZnSO4 and FeSO4 (7.5 kg each) + RDF was promising to RDF (80-40
kg/ha N-P20s) at Rahuri. Enriched manures have no impact at Parbhani and Tandur.

o Seed treatment with Azosprillum + PSB (@ 4 ml each/kg seed) gave 16.7% higher grain yield than its powder form
(2636 kg/ha).

e Two irrigations at 30 and 60 DAS along with use of FYM enriched ZnSO4 and FeSO4 (15 kg each) + RDF resulted
in 6.45 times more net profit than its rainfed sorghum receiving RDF (Rs. 2797) at Hagari, Karnataka.

o Paired row sorghum intercropped with chickpea has 26.5 and 45.7% higher system productivity than sole sorghum
(1.47 t/na and Rs. 8652) at Hagari, Karnataka.

Grain sorghum experiments
1R Genotype x Fertility Levels

During rabi 2019, response of a pre-released sorghum genotype ‘SPV-2468’ alongwith three check varieties i.e. CSV 22R,
CSV 29R and M35-1 to three different fertilizer levels under receding soil moisture environment (AVHT) was assessed at
six centres (Dharwad, Hagari, Nandyal, Parbhani, Rahuri, Tandur). Twelve treatments formed by combination of four
genotypes and three fertility levels were evaluated in Factorial RBD with three replications. The data was analyzed using
FRBD and summarized data tables are given as Annexure I.

Rabi sorghum grain yield was significantly influenced by fertility levels at all six locations (Table 1) and genotypes at four
out of six locations (except at Nandyal and Parbhani). At Hagari and Tandur, no significant variations in grain yield were
seen due to decrease or increase in RDF level over 100%RDF however, at Dharwad, a reduction in RDF was found to
bring significant yield reduction while 125%RDF failed to impact grain yield significantly. At Nandyal, Parbhani and Rahuri,
changes in fertility level from RDF (both reduction or enhancement) brought significant yield variations. On mean basis,
application of 125%RDF has brought 7.88% increase in grain yields over RDF, however, a reduction in RDF (75%RDF)
has affected 13.42% yield penalty.
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Genotypes evaluated have at par grain yields at Nandyal, Parbhani and also on mean basis. However at Dharwad,
Hagari, Rahuri and Tandur, significant varitions in grain yield among genotypes were observed. New genotype ‘SPV2468’
evaluated was found promising for grain yields to all other 3 genotypes at Dharwad only. At Tandur ‘CSV 22 R’ and at
Rahuri ‘CSV 29R’ outyielded other three genotypes. At Hagari, ‘CSV 29R’ proved promising over ‘CSV 22R’ only.

Table 1. Sorghum genotypes grain yield (kg/ha) as influenced by fertility levels

Treatment | Dharwad | Hagari | Nandyal | Parbhani | Rahuri |  Tandur |  Mean
Fertility level
75%RDF 3465 1710 2849 1510 1621 1040 2032
100% RDF 3817 1884 3503 1765 1954 1161 2347
125%RDF 3942 1998 3819 2039 2188 1206 2532
CD (5%) 197.1 182.7 167.8 2504 147.6 125.1 136.6
F (Prob) 0.00 0.01 0.00 0.00 0.00 0.03 0.00
Genotype
SPV?2468 4168 1890 3368 1743 1793 964 2321
CSV 22R 3528 1698 3488 1735 1929 1484 2310
CSV 29R 3490 1996 3327 1810 2188 1214 2338
M 35-1 3780 1872 3378 1797 1773 880 2247
CD (5%) 227.6 211.0 193.8 289.2 1704 144.5 157.7
F (Prob) 6.22 11.58 5.85 16.7 9.08 13.01 10.25
CV (%) 0.00 0.06 0.38 0.93 0.00 0.00 0.68
Table 2. Sorghum genotypes stover yield (kg/ha) as influenced by fertility levels
Treatment Dharwad Hagari | Nandyal | Parbhani | Rahuri | Tandur | Mean |
Fertility level
75%RDF 7002 6210 8291 3923 4457 3662 5591
100%RDF 7726 6582 8377 6566 5665 4015 6488
125%RDF 7967 7023 8535 6913 6514 4158 6852
CD (5%) 459.4 265.4 89.3 459.3 496.3 398.5 356.5
F (Prob) 0.00 0.00 0.00 0.00 0.00 0.05 0.00
Genotype
SPV2468 7562 6803 8105 5890 4984 3812 6193
CSV 22R 8166 6182 8488 5779 5599 3756 6328
CSV 29R 7330 7064 8840 5875 6581 4071 6627
M 35-1 7202 6371 8171 5659 5017 4142 6094
CD (5%) 530.5 306.4 103.1 5304 573.1 460.1 411.6
F (Prob) 717 4.75 1.26 9.36 10.57 11.93 9.76
CV (%) 0.01 0 0 0.79 0 0.25 0.07

Stover yield was significantly influenced by fertility levels at all six locations (Table 2) At Dharwad, Parbhani and Tandur,
125% RDF failed to significantly improve stover yields over RDF while a reduction in RDF has brought a significant
reduction in stover yields. At Hagari, Nandyal, Rahuri and on mean basis, both increase and decrease in RDF has
singnificantly imapcted sover yields. On mean basis, application of 125%RDF has brought 5.61% increase in stover yields
over RDF, however, a reduction in RDF (75%RDF) has affected 13.83% yield penalty.

Stover yield of genotypes varied significantly at four out of six locations (except at Parbhani and Tandur). On mean basis,
‘CSV 29R’ being at par with ‘CSV 22R’ has recorded significantly higher stover yields than ‘M-35-1" and ‘SPV2468’ (Table
2). Centre wise data reveals that at Nandyal and Rahuri ‘CSV 29R’ out yielded all other genotypes for stover yields, while
at Dharwad ‘CSV 22R'’ has superior performance over other 3 genotypes. At Hagari, CSV 29R and SPV 2468 have at par
stover yields while at Parbhani and Tandur, all sorghum genotypes have at par stover yields.

Based on net reurns (Annexure 1), RDF was promsing at Dharwad, Hagari, Parbhani and Tandur. However, at Nandyal and
Rahuri, 125 % RDF was promising. Genotypes have at par net income at Nadyal, Parbhani. At Tandur ‘CSV22R’ and at
Dharwad ‘SPV2468’ registered significantly higher income than all other genotypes.

Table 3. Net income (Rs/ha) of sorghum genotypes as influenced by fertility levels

Treatment Dharwad | Hagari | Nandyal | Parbhani | Rahuri | Tandur | Mean |
Fertility level
75%RDF 54048 17500 42631 19655 29536 16803 30029
100%RDF 62390 20239 55742 28812 40898 20459 38090
125%RDF 64907 21870 61476 33674 48715 21479 42020
CD (5%) 5057 3663 3680 5407 5062 3390 3325
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Treatment Dharwad Hagari Nandyal Parbhani Rahuri Tandur Mean
F (Prob) 0.00 0.06 0.00 0.00 0.00 0.02 0.00
Genotype
SPV2468 69828 20762 52584 26985 34811 14824 36632
CSV 22R 56662 15811 55507 26607 40085 27619 37049
CSV 29R 54571 23346 52211 28308 49493 22018 38325
M 35-1 60731 19561 52830 27620 34476 13863 34847
CD (5%) 5839 4230 4249 6243 5846 3915 3840
F (Prob) 9.88 21.78 8.16 23.32 15.05 20.45 15.66
CV (%) 0.00 0.01 0.38 0.95 0.00 0.00 0.35

7R Enrichment of organic source of fertilizer in rainfed rabi grain sorghum

A filed study was conducted to quantify the effect of Fe and Zn enriched organics on grain sorghum ‘CSV-29R’ at three
locations (Nandyal, Rahuri, Parbhani). Eleven treatments formed by combination of two organic manures (FYM and
Vermicompost both @ 50 kg/ha) enriched with Zinc sulphate and Ferrous sulphate (3.75, 7.50, 11.25 and 15.00 kg/ha each)
along with no fertilizer control, recommended NP fertilizers (RDF i.e. 50-25 kg N-P20s) and RDF + 15 kg ZnSQ4 +
Azospirillum + Trichoderma seed treatment (RPP). The multi-locational data was analyzed using RBD and summarized data
tables are given as Annexure Il.

Grain and stover yield data (Table 4) shows that there was a significant response of sorghum to recommended dose of NP
fertilization (RDF) when compared to unfertilized control at Parbhani, Rahuri and on mean basis and there was no significant
response at Tandur. Application of 15 kg ZnSO4 along with Azospirillum + Trichoderma seed treatment (RPP) over RDF
falied exert any influence on grain and stover yield at all 3 location an also on mean basis. Enrichment of 50 kg
vermicompost with 7.5 kg each ZnSO4 and FeSO. at Rahuri and on mean basis has brought in significant grain yield
(stover yield remained unaffcetd significantly) gains over RPP. Further all manure enrichment tretaments were at par with
each other. Economics (net reurns) also indicate superiority of 7.50 kg each ZnSO4 and FeSO4 enriched vermicompost over
RPP at Rahuri, however, on mean basis; vermicompost enrichment with 11.25 kg each of ZnSO4 and FeSOQy4 is required for
attaining significance level over RPP (Annexure I).

Table 4. Grain and stover yield (kg/ha) of sorghum as influenced by organic manure enriched ZnSO4 and FeSO4

application
Treatment Grain yield (kg/ha) Mean Stover yield (kg/ha) Mean
Nandyal Parbhani Rahuri Nandyal Parbhani Rahuri
Control 2414 831 1604 1616 8529 3220 4004 5251
RDF 2563 1871 2005 2146 8645 5095 5300 6346
RPP 2633 1913 2284 2276 8798 5118 6156 6691
Enriched FYM 1 2816 1991 2272 2359 8647 5221 6186 6685
Enriched FYM 2 2948 1942 2274 2388 8763 5137 6335 6745
Enriched FYM 3 2997 2031 2439 2489 8756 5385 6677 6939
Enriched FYM 4 3024 2079 2328 2477 8864 5324 6497 6895
Enriched Vermicompost 1 3041 2085 2294 2473 8580 5465 6497 6847
Enriched Vermicompost 2 3138 2102 2319 2520 8647 5499 6525 6890
Enriched Vermicompost 3 3283 2090 2479 2617 8742 5450 7090 7094
Enriched Vermicompost 4 3114 2064 2335 2505 8849 5398 6631 6959
CD (5%) 430 517 388 230 265 794 1188 729
F (Prob) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CV (%) 8.70 15.91 10.17 5.75 1.78 9.10 11.30 6.42

Enriched FYM 1/ Vermicompost 1: 50 kg FYM/ Vermicompost enriched with 3.75 kg each of ZnSO4 and FeSO4; Enriched FYM 2/
Vermicompost 2: 50 kg FYM/ Vermicompost enriched with 7.50 kg each of ZnSO4 and FeSO4; Enriched FYM 3/ Vermicompost 3: 50 kg
FYM/ Vermicompost enriched with 11.25 kg each of ZnSO4 and FeSQ4; Enriched FYM 4/ Vermicompost 4. 50 kg FYM/ Vermicompost
enriched with 15.00 kg each of ZnSO4 and FeSO4

8R Liquid vs powder form of biofertilizer in rabi grain sorghum

An experiment to evaluate the relative efficacy of four seed treatment with bio fertilizers (Azospirillum-Azo and Phosphorus
Solubilizing Bacteria-PSB) in liquid form on improving performance of rabi grain sorghum in comparison to its powder form
of application and no biofertilizer treatment (control) at four locations (Hagari, Dharwad, Nandyal, Rahuri). The multi-
locational data was analysed using RBD and summarized data tables are given as Annexure Ill.

Data (Table 5 and 6) shows that treatment of seed with powder form of Azosprillum + PSB (@50g/kg each) proved effective
in improving grain and stover yields over control at Dharwad only. However, Azosprillum + PSB in liquid form (both @
2ml/kg seed) at all locations (2 ml + 4 ml or 4 ml + 2 ml at Rahuri) and on mean basis were effective in enhancing sorghum
grain and stover yields over control. At Nandyal, biofertilizers irrespective of its form were ineffective in impacting stover
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yield. Further Azosprillum @ 2 ml + PSB @ 4 ml/kg seed proved promising to their powder form at Hagari, Dharwad (for
both grain and stover), Nandyal and on mean basis for grain yields. However at Rahuri grain yields remained at par with
each other in liquid and powder form of biofertilizers seed treatment where as stover yields were significantly improved with
Azosprillum @ 4 ml + PSB @ 2 ml/kg seed over their powder form.

Net income (Table 7) was singnificanly increased with use of Azosprillum @ 4 ml + PSB @ 2 ml/kg seed at all locations
(with 2 ml + 4 ml at Rahuri) and on mean basis to its powder form and over no biofertilizer control as well.

Table 5. Grain yield (kg/ha) of sorghum as influenced by liquid and powder form of biofertilizers

Treatment Hagari Dharwad Nandyal Rahuri Mean
RDF (control) 1694 2934 3171 2066 2466
RDF + Azosprillum + PSB @ 50 g each /kg seed 1760 3247 3314 2222 2636
RDF+ Azospirllum @ 2 ml + PSB @ 2 ml/kg seed 1888 3403 3407 2162 2715
RDF+ Azospirllum @ 2 ml + PSB @ 4 ml/kg seed 2060 3481 3675 2296 2878
RDF+ Azospirllum @ 4 ml + PSB @ 2 ml/kg seed 2086 3709 3544 2354 2923
RDF+ Azospirllum @ 4 ml + PSB @ 4 ml / kg seed 2166 4091 3653 2396 3077
CD (5%) 181 80 156 206 204
F (Prob) 0.00 0.00 0.00 0.00 0.00
CV (%) 6.19 152 2.99 6.09 4.87
Table 6. Stover yield (kg/ha) of sorghum as influenced by liquid and powder form of biofertilizers
Treatment Hagari Dharwad Nandyal Rahuri Mean
RDF (control) 6667 6901 8663 3883 6529
RDF + Azosprillum + PSB @ 50 g each /kg seed 6833 7225 8759 4386 6801
RDF+ Azospirllum @ 2 ml + PSB @ 2 ml/kg seed 7111 7410 8718 4166 6851
RDF+ Azospirllum @ 2 ml + PSB @ 4 ml/kg seed 7278 7480 8796 4944 7125
RDF+ Azospirllum @ 4 ml + PSB @ 2 ml/kg seed 7311 7772 8737 5306 7282
RDF+ Azospirllum @ 4 ml + PSB @ 4 ml / kg seed 7333 8145 8788 5324 7398
CD (5%) 208 159 203 707 399
F (Prob) 0.00 0.00 0.00 0.00 0.003
CV (%) 1.94 1.41 154 10.05 3.78
Table 7. Net income (Rs/ha) of sorghum as influenced by liquid and powder form biofertilizers
Treatment Hagari Dharwad Nandyal Rahuri Mean
RDF (control) 15270 41560 47723 38321 35719
RDF + Azosprillum + PSB @ 50 g each /kg seed 16791 48548 50833 41491 39416
RDF+ Azospirllum @ 2 ml + PSB @ 2 ml/kg seed 19823 52744 52919 39379 41216
RDF+ Azospirllum @ 2 ml + PSB @ 4 ml/kg seed 23415 54585 58847 45110 45489
RDF+ Azospirllum @ 4 ml + PSB @ 2 ml/kg seed 23968 60163 55913 47693 46934
RDF+ Azospirllum @ 4 ml + PSB @ 4 ml / kg seed 25528 69073 58335 48728 50416
CD (5%) 3495 1583 3377 6197 4720
F (Prob) 0.00 0.00 0.00 0.00 0.00
CV (%) 11.15 1.93 4.14 9.46 7.25

9R Enrichment of organic source of fertilizer in irrigated rabi grain sorghum

An experiment to assess the performance of rabi grain sorghum to three irrigation schedules allotted to main plot under four
fertilizer treatments allotted to sub plots was conducted at Hagari. Irrigation treatments include un irrigated control (rainfed),
irrigation at 30 days after sowing (DAS) and irrigations at 30 and 60 DAS. Fertilizer treatments include recommended dose
of fertilizers (RDF), 7.5, 11.25 and 15 kg each FeSO4 and ZnSO4 enriched FYM (50 kg) for 15 days. The data was analysed
using Split Plot Design and summarized data tables are given as Annexure V.

Grain, stover yield and net income data (Table 8) shows that there was a significant response of sorghum to irrigation,
fertilizers and their interaction. Irrigation at 30 DAS has enhanced grain, stover yields (kg/ha) and net income (Rs/ha) by
388, 513 and 8197 respectively over its rain fed crop. Two irrigations at 30 & 60 DAS have further enhanced grain and
stover yields by 158 and 718 kg/ha over one irrigation. Thus two irrigations could boost rainfed rabi sorghum grain and
stover production by 546 and 1231 kg/ha that together resulted in Rs. 12246 more net income over rainfed crop.

Impact of ferilizers on grain, stover yield of sorghum and net income (Table 8) were also found significant but were of less
magnitude. Application of 50 kg FYM enriched with 11.25 kg each ZnSO4 and FeSO4 + RDF has resulted in significant yield
(grain and stover) enhancements over RDF. However, net income (Rs/ha) attained highest values with FYM enriched with
15 kg each ZnSO4 and FeSO4 + RDF and was at par with its other two levels of enriched organics.
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Interaction effect of irrigation and fertilizers indicates no response of sorghum (grain, stover, and net income) to fertilizers
when unirrigated. Sorghum crop irrigated twice along with application of FYM enriched ZnSO4 and FeSO4 (15 kg each) +
RDF gave significantly higher yields and profits than that with RDF. Same fertilizer dose proved promising with one irrigation

too.
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Table 8. Grain, stover yield (kg/ha) and net income of sorghum as influenced by irrigation and manure enriched Zn
and Fe application

Fertilizer treatment Irrigation Mean
Control One irrigation 30 Two irrigations at 30
(no irrigation) DAS and 60 DAS
Grain yield (kg/ha)
RDF 1212 1515 1644 1457
RDF + Enriched FYM 1 1250 1589 1757 1532
RDF + Enriched FYM 2 1271 1679 1825 1592
RDF + Enriched FYM 3 1288 1789 1978 1685
Mean 1255 1643 1801
Irrigation Fertilizers Interaction
CD (5%) 93.9 108.5 187.9
F (Prob) 0.00 0.00 0.57
CV (%) 7.08
Fertilizer treatment Stover yield (kg/ha)
RDF 5143 5347 6324 5605
RDF + Enriched FYM 1 5234 5762 6391 5795
RDF + Enriched FYM 2 5305 5970 6503 5926
RDF + Enriched FYM 3 5360 6012 6749 6040
Mean 5260 5773 6491
Irrigation Fertilizers Interaction
CD (5%) 180.9 208.9 361.8
F (Prob) 0.00 0.00 0.43
CV (%) 3.66
Fertilizer treatment Net income (Rs/ha)
RDF 2797 8684 12727 8069
RDF + Enriched FYM 1 2962 10192 14316 9157
RDF + Enriched FYM 2 3139 11989 15470 10199
RDF + Enriched FYM 3 2675 13296 18043 11338
Mean 2893 11040 15139
Irrigation Fertilizers Interaction
CD (5%) 1976.9 2282.7 3953.8
F (Prob) 0.00 0.04 0.52
CV (%) 24.09

10R Assessing the performance of sorghum based intercropping system with rabi crops under different
establishment methods

Performance of rabi grain sorghum in sole stands (uniform rows and paired rows) was compared with sole crops of chickpea,
safflower, linseed and coriander and intercropping of paired row sorghum with chickpea / safflower / linseed / coriander at
Hagari. Ten cropping systems as treatments (6 sole and 4 intercrops) were evaluated in RBD with three replications. The

data was analysed using RBD and summarized data tables are given as Annexure V.

Table 9. Performance of rabi sorghum in sole and intercropping systems

Treatment Grains/ | Grain | Stover | Grain Stover LER System Cost of Net B:C
panicle yield yield yield yield productivity | cultivation | returns | ratio
(kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) (t/ha) (Rs /ha) (Rs/ha)
Sorghum (normal) 1237 1503 5766 - - 1.00 1.50 32931 8652 | 1.26
Sorghum (paired rows)* 1232 1467 5749 - - 1.00 147 32909 7924 1.24
Sorghum* + Chickpea 1162 1406 5676 229 391 121 1.86 36685 12607 | 1.34
Sorghum* + Safflower 925 1111 5476 210 364 121 1.48 38220 2719 1.07
Sorghum* + Linseed 1131 1378 5596 109 206 1.20 1.58 36500 6483 | 1.18
Sorghum* + Corinader 1233 1503 5692 29 56 1.08 1.59 38141 5190 1.14
Sole Chickpea - - - 886 1475 1.00 1.75 20672 17257 1.84
Sole Safflower 469 871 1.00 0.82 20072 -2806 | 0.86
Sole Linseed 423 762 1.00 0.78 19670 -3290 | 0.83
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Treatment Grains/ | Grain | Stover | Grain Stover LER System Cost of Net B:C
panicle yield yield yield yield productivity | cultivation | returns | ratio
(kg/ha) | (kg/ha) | (kglha) | (kg/ha) (t/ha) (Rs /ha) (Rs/ha)
Sole Coriander - - - 526 960 1.00 1.63 27182 6278 | 1.23
CD (5%) 114 185 180 360 636 0.10 0.161 - 3105 | 0.09
CV (%) 5.43 7.27 1.75 313 4.28 5.27 6.48 29.67 | 4.56

*Paired row sowing of sorghum (30cm-60cm-30cm)

Data on performance of crops as sole and intercrops of rabi season are given in Table 9. Data shows that sorghum grain
yields were significantly reduced when intercropped with safflower while other 3 sorghum based intercrops have at par
yields as that of sole sorghum. Stover yields of sorghum remained unaffected due to cropping system. Based on system
productivity (sorghum equivalent yield, SEY), sole safflower and linseed crops proved poor performers and the negative net
income and BC ratio <1.00 proves the same. Sorghum in normal and paired row planting have similar performance. SEY of
intercropped sorghum with chickpea (1.86 t’ha) being at par with sole chickpea was highest and were significantly superior
to all sole and intercrops. However, based on net income, sole chickpea (Rs. 17257) was promsing to its intercropping with

sorghum (Rs. 12607). All inrecropping systems except sorghum + coriander have enhanced land equivalent ratio (LER).
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Grain sorghum draft paper (Zn and Fe enriched FYM/VC)

Enrichment of organic source of fertilizer with zinc and iron sulphate for rainfed rabi grain sorghum enhanced
productivity: 7R

B. Gangaiah, Deepak Dudhade, T. Bhagavatha Priya, V. S. Kubsad, P.O. Bhutada, S. Ravi Kumar, S.S. Rao and
R. Swarna

All India Coordinated Research Project on Sorghum,
Indian Institute of Millets Research (IIMR), Rajendranagar,
Hyderabad. 500 030.

ABSTRACT

Field studies were made during rabi seasons of 2017, 2018 and 2019 under All India Coordinated Sorghum Improvement Project
(AICSIP) at Rahuri (Maharashtra) and Nandyal (Andhra Pradesh) to assess the impact of application of two organic manures (FYM
and vermicompost (VC) both @ 50 kg) fortified with iron and zinc sulphate (3.75, 7.50, 11.25 and 15.00 kg each) for 15 days prior
to application on rainfed rabi grain sorghum performance. The experiment comprising of eleven treatments was laid out in
Randomized Complete Block Design (RCBD) with three replications per treatment. Pooled results of the study (Nandyal and
Rahuri) revealed that soil application of 15 kg ZnSO4 along with recommended dose of fertilizers (RDF; 80-40 kg/ha N-P20s) +
Azospirillum (500 g/ha) and Trichoderma (30 g/ha) treated seed can bring significant increases in grain yields (0.17 t/ha) over RDF
alone (2.64 t/ha). Application of 3.75 kg each ZnSO4 and FeSO4 enriched FYM / VC with 2.79 / 2.94 t/ha grain yields proved as
good as RDF + 15 kg ZnSO4 + seed treatment (2.81 t/ha). Vermicompost enriched with 7.50 kg each of ZnSO4 & FeSO4 or FYM
enriched with 11.25 kg each of ZnSO4 & FeSO4 being at par with each other brought in further significant improvements in grain
yields (0.24 t/ha) and though the increases in stover yields were not significant (0.32 t/ha,) these increases together have
enhanced the net returns of rabi sorghum by Rs. 6160/ha as compared to RDF + ZnSO. and RDF + FYM enriched with 3.75 kg
each of ZnSO4 & FeSO4 (2.80 t grain, 7.46 t stover and Rs. 64961) and thus is recommended for realizing higher profits by rabi
sorghum farmers of Nandyal and Rahuri region.

Keywords: Sorghum, Rabi, FYM, Vermicompost, Fortification, Iron, Zinc,

INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) is fifth most important cereal of globe (Taylor, 2019) produced in arid and semi-arid
regions that are characterised by soil and climate constraints to which major cereals including maize are less well adapted. This
crop has varied uses ranging from food, feed, fuel, fiber, brewing, and construction purposes (Srinivasarao et al., 2015). that is
cultivated for not only food, feed, and fuel purpose of millions of poor farm families but also as a fodder (stover) source for
livestock. In India, though it is cultivated in all the three seasons (kharif, rabi and zaid seasons) of year, and as per first Advance
estimates for 2019-20 released on 23-09-2019 by Directorate of Economics and Statistics, Ministry of Agriculture and Farmers
Welfare, rabi season accounted for 53.7% of total sorghum grain production (3.76 million tonnes) in 2018-19. Not only higher share
in total productions but also its use for food purposes of human beings while stover forming livestock feed shows its importance.
Moisture stress constrains the use recommended fertilizers and thus crop faces not only macronutrients but also micronutrients like
zinc and iron. Studies have indicated lower zinc and iron content in grains and stover of rabi sorghum its kharif counterpart (Kumar
et al., 2013). Role of zinc and iron in crop nutrition is well recognized as they paly important role in bio-synthesis of plant auxins,
nitrogen metabolism, oxidation-reduction reactions, which are considered to be necessary for plant growth and development,
chlorophyll formation, photosynthesis, important enzyme system and respiration in plants (Murthy et al.,2006). Studies have
indicated that soil application of ZnSO4 + FeSO, followed by foliar application along with recommended dose of fertilizer produces
micronutrient (Fe and Zn) rich sorghum (Nissar et al., 2019). These small quantity of micronutrient fertilizers when applied to soil
gets fixed and availability is low, hence their application after enriching manures like cow dung slurry was found promising
(Durgude et al.,2019). In this context, current study was made to assess the impact of use of organic manures (FYM and
vermicompost) incubated with iron and zinc sulphate fertilizers for 2 weeks on rabi sorghum.

MATERIALS AND METHODS

Experiment was conducted for three consecutive years (2017, 2018 and 2019) under All India Coordinated Sorghum Improvement
Project (AICSIP) at its two centres i.e. Rahuri (Maharashtra) and Nandyal (Andhra Pradesh). The experiment consisting of eleven
treatments (Table 1) were evaluated in a randomized complete block design (RCBD) with three replications. Eight treatments
formed by combination of two organic fertilizer sources (50 kg each of Farm Yard manure (FYM) and Vermicompost (VC) enriched
with four levels of Zinc and Iron sulphate (3.75, 7.5, 11.25 and 15 kg each) with at for a period of 15 days were compared with
three checks i.e. unfertilized control, recommended dose of NP fertilizers (RDF) and RDF+ 15 kg ZnSO4/ha soil application + seed
treatment with Azospirillum and Trichoderma.
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Table 1. Treatment details of study

Treatment Treatment connotation Treatment details
number
Ty Control No fertilizers / manures
Ta: RDF 50-25 kg/ha N-P20s
. RDF + 15 kg ZnSO4 + seed treatment with Azospirillum (500g/ha) and Trichoderma
Ta: RPP (30g/ha)
Ta Enriched FYM 1 RDF + 50 kg FYM enriched with 3.75 kg ZnSO4 + 3.75 kg FeSO4
Ts: Enriched FYM 2 RDF + 50 kg FYM enriched with 7.50 kg ZnSO4 + 7.50 kg FeSO4
Te: Enriched FYM 3 RDF + 50 kg FYM enriched with 11.25 kg ZnSO4 + 11.25 kg FeSO4
Tr: Enriched FYM 4 RDF + 50 kg FYM enriched with 15 kg ZnSO4 + 15 kg FeSO4
Ts: Enriched Vermicompost 1 | RDF + 50 kg vermicompost enriched with 3.75 kg ZnSO4 + 3.75 kg FeSO4
To: Enriched Vermicompost 2 | RDF + 50 kg vermicompost enriched with 7.5 kg ZnSO4 +7.5 kg FeSO4
T1o: Enriched Vermicompost 3 | RDF + 50 kg vermicompost enriched with 11.25 kg ZnSO4 + 11.25 kg FeSQO4
Tu: Enriched Vermicompost 4 | RDF + 50 kg vermicompost enriched with 15 kg ZnSO4 + 15 kg FeSO4

Experimental sites have deep vertisols rated as low in available nitrogen (197.6 kg/ha), medium in available phosphorus (25.4
kg/ha) and very high in potassium (384 kg/ha) and have DTPA extractable zinc and iron contents of 0.52 and 0.41 kg/ha. Crop was
raised on residual soil moisture and during growing season 397.0 mm (2017-18), 17.2 mm (2018-19), & 376.0 mm (2019-20)
rainfall was received at Rahuri canter whereas128.0 mm (2017-18), 15.2 mm (2018-19) & 99.0 mm (2019-20) was received at
Nandyal centre. During the year 2018-19, due to 50 % less rainfall, the trial was taken under protective irrigation. CSV 29R, a rabi
sorghum cultivar was used in the experiment. CSV 29R, a rabi sorghum cultivar was used in the experiment. Crop was in 45 cm
rows with a plant to plant spacing of 15 cm. A gross and net plot size of 22 (4.50 m x 5.00 m) and 15.84 m? (3.60 m x 4.50 m).
Sorghum growth, yield attributes, grain and stover yields were recorded and economics were worked out year wise and results
based on pooled analysis of data of 3 years for two locations (Nandyal and Rahuri) was presented below.

RESULTS AND DISCUSSION

The data on grain, stover yield and economics of sorghum are presented in Table 1. Data indicates that there was a significant
response of rabi sorghum to application of RDF (80-40 kg/ha N-P»Os) when compared to unfertilized control. Grain and stover
yields increased by 0.30 and 0.48 t/ha due to RDF use over control (2.34 and 6.85 t/ha). Soil application of 15 kg ZnSO4 over RDF
besides use of Azospirillum (500g/ha) and Trichoderma (30g/ha) treated sorghum seed brought marked increase in grain yield
(0.17 t/ha) while the stover yield gains (0.13 t/ha) were non-significant over RDF (2.64 and 7.33 t/ha). Application of ZnSO4 +
FeSO4 (3.75 kg each) enriched FYM / VC along with RDF proved to be as effective as RDF + 15 ZnSO4 + seed treatment for both
grain and stover yields. Further significant enhancements in grain yield were seen with use of VC enriched ZnSO4 + FeSOs (7.5
kg each). To reach this performance with FYM, 3.75 kg higher dose of ZnSO4 + FeSO. (11.25 kg each) was required. Though
there is increasing yield tendency with higher dose of ZnSO4 + FeSO4 (15.00 kg each) enriched FYM/VC, the increase could not
quantify for statistical significance. Vermicompost enriched with 15 kg each of ZnSO4 + FeSO4 recorded the highest grain and
stover yields (3.15 and 8.11 t/ha).

Economics (Rs/ha) of rabi sorghum indicates that vermicompost enriched ZnSO. + FeSO. (7.5 kg each) as most rewarding based
on net income (70993) and to get a similar net income, higher dose of ZnSO4 + FeSO4 (11.25 kg each) enriched FYM is needed
(71250). The increases in grain and stover yields and associated income far exceeding the increases in cost of cultivation (Rs.
370/ha for 3.75 kg each ZnSO4 + FeS04 enriched manure) has resulted higher profit margins. Vermicompost enriched with 15 kg
each of ZnSO4 + FeSO4 recorded the highest net income (74176).

The increases in stover yield were ascribed to enhanced plant height and thus biomass while the increases in grain yield was
ascribed to cumulative effect of enhanced yield attributes of grains/panicle and test weight. These increases in yield was due to
improved availability of iron and zinc was attributed to the formation of stable organometallic complexes with organic matter,
especially during the enrichment process to last for a longer time and release the nutrients slowly in the soil system in such a way
that the nutrients are protected from fixation and made available to the plant root system throughout the crop growth (Meena et al.,
2006).

Similar increases in rabi sorghum grain, stover yield and profits were reported by Durgude et al. (2019) due to use of 20 kg/ha
ZnSOy4 incubated with cow dung water slurry (1:4 ratio) @ 500 L/ha at 30 and 45 days after sowing along with RDF; Dambiwal et
al. (2017) due to soil application of 5 kg Zn/ ha + two foliar sprays before flowering and at dough stage of ZnSO+ @ 0.5% and also
by Patel et al. (2016) with application of 7.5 kg/ha ZnSO4 + three foliar sprays of ZnSO. (0.5%) when compared to other
treatments.

CONCLUSION

Based on the three year results of Nandyal and Rahuri, it was recommended that application of 80-40 kg/ha N-P20s along with 50
kg vermicompost enriched with ZnSO4 + FeSO4 (7.5 kg each) or 50 kg FYM enriched with ZnSO4 + FeSO4 (11.25 kg each) for
rabi sorghum for realizing higher grain, stover yield and net returns in lieu of currently recommended RDF or RDF + 15 kg ZnSOs.
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Table 1. Grain, stover yield (tha) and economics of rabi sorghum (pooled data of 2017-19) as influenced by use of iron and
zinc fortified organics

Treatment Grain Stover Gross Cost of Net
yield yield returns | cultivation | returns | B:Cratio
(Rs./ha) (Rs./ha) (Rs./ha)
T1 - Control 2.34 6.85 77909 22802 55107 3.42
T2 - RDF (80-40 kg/ha N-P205s) 2.64 7.33 86454 24931 61523 3.47
T3- RDF + 15 kg ZnSO4 + seed treatment 2.81 7.46 90650 25613 65037 3.54
T4- RDF + Enriched FYM 1 2.79 7.45 90271 25386 64885 3.56
Ts- RDF + Enriched FYM 2 2.89 7.64 93292 25755 67536 3.62
Te- RDF + Enriched FYM 3 3.05 7.80 97375 26125 71250 3.73
T7- RDF + Enriched FYM 4 3.07 7.79 97768 26495 71273 3.69
Ts- RDF + Enriched Vermi-compost 1 2.94 7.69 94653 25513 69140 3.71
To- RDF + Enriched Vermi-compost 2 3.03 7.75 96875 25883 70993 3.74
T10- RDF + Enriched Vermi-compost 3 3.14 7.90 99830 26252 73577 3.80
T11- RDF + Enriched Vermi-compost 4 3.15 8.11 100798 26622 74176 3.79
Mean 2.90 7.61 93261 67682 3.64
CDat 5% 0.14 0.33 3759 0.15
CV (%) 2.74 2.55 3 2.44
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Grain sorghum draft paper (liqud and powder form of Azospirillum an PSB)

Response of rabi grain sorghum to different levels of liquid and powder form of biofertilizers: 8R

B. Gangaiah, T. Bhagavatha Priya, Krishnamurthy, D., T. T. Bandiwaddar, S. Ravi Kumar, S.S. Rao and R.
Swarna

All India Coordinated Research Project on Sorghum,
Indian Institute of Millets Research (IIMR), Rajendranagar
Hyderabad. 500 030

ABSTRACT

Field studies were conducted during rabi seasons of 2018 and 2019 under All India Coordinated Sorghum Improvement Project
(AICSIP) at Nandyal (Andhra Pradesh), Dharwad and Hagari (Karnataka) to assess the impact of application of different form of
biofertilizers on rabi grain sorghum. The experiment comprising of six treatments (T1: Recommended dose of fertilizer (RDF)
alone, T2: RDF + seed treatment with Azospirillum (Azo.) @ 50 g + PSB @ 50 g/kg seed, T3: RDF + seed treatment with Azo. @ 2
ml + PSB @ 2 ml/kg seed, T4: RDF + seed treatment with Azo.@ 2ml + PSB @ 4 ml/kg seed, Ts: RDF + seed treatment with
Azo. @ 4 ml + PSB @ 2 ml/kg seed and Te: RDF + seed treatment with Azo. @ 4 ml + PSB @ 4 ml /kg seed) were laid out in
Randomized Complete Block Design (RCBD) with four replications. Pooled results of multi-location study revealed that seed
treatment with Azospirillum and PSB fertilizers were promising to RDF alone from yield and net income point of view. Seed
treatment with Azospirillum + PSB (50 g/kg seed each) have enhanced seed and stover yields by 0.08 and 0.33 t/ha over RDF that
together have improved net income (Rs/ha) by 5501. Further with use of the above inoculants in liquid form (Azo. 4 ml + PSB @ 4
mi/kg seed) enhancing grain and stover yields by 0.41 and 0.29 t/ha over their powder form (2.98 and 7.89 t/ha) have recorded Rs.
11402 higher net income. Liquid form of Azo. 4 ml + PSB 2 ml/kg seed have at par performance as that of Azo. 4 ml + PSB @ 4
mi/kg seed.

Keywords: Azospirillum, Biofertilizers, Liquid biofertilizer, PSB, Rabi, Sorghum

INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) is fifth most important cereal of globe (Taylor, 2019) produced in arid and semi-arid
regions that are characterised by soil and climate constraints to which major cereals including maize are less well adapted. This
crop has varied uses ranging from food, feed, fuel, fiber, brewing, and construction purposes (Srinivasarao et al., 2015). In India,
sorghum grown in rabi season is preferred for human consumption thus has gained prominence to its kharif season. This is evident
from the fact that rabi season accounted for 52.7% of total sorghum grain production of 3.76 m t (2018-19). However, its
productivity (931 kg/ha) was lower than kharif season (1016 kg/ha) during 2017-18 (DOES, 2019). Low productivity was ascribed
to moisture stress that aggravates mineral nutrient stress. The escalating cost of inorganic fertilizers, environmental hazards
associated with them and failure in sustaining yields have given way for integrated use of organic and inorganic sources of
nutrients, which will help to mitigate the abeyance state of soil thus improving biological power of the soil. Sustainable yield levels
could be achieved only by the usage of organic sources of nutrients and chemical fertilizers. In respect of organic sources of
nutrients, biofertilizers form an integral part of nutrient supply system (Sivamurugan et al., 2018). Among bio fertilizers, Azospirillum
and phosphate solubilizing bacteria (PSB) are commonly used in crops like sorghum. However, these carriers based powder form
inoculants with lower shelf life, low temperature tolerance, low moisture retention capacity and reduced survival, contamination
problems etc. were found to result in their reduced filed effectiveness. In this context, liquid biofertilizers formulation (LBF) were
evolved addressing all these concerns (Mahdi et al., 2010). Azospirillum species is known to fix considerable quantity of nitrogen in
non-leguminous plants such as cereals, millets, oilseeds, cotton etc. with an estimated 25- 30% chemical nitrogen fertilizer
savings. Phosphorus solubilizing bacteria (PSB) were reported to play a vital role in persuading the insoluble phosphatic
compound such as rock phosphate, bone meal, basic slag and particularly the chemically fixed soil phosphorus into available form,
PSB encourages early root development, produce organic acids like malic, succinic, fumaric, citric, tartaric and alpha ketoglutaric
acid which hastens the maturity and thereby increases the ratio of grain to straw as well as the total yield, helps in rapid cell
development in plants and consequently enhance diseases resistance towards pathogens, increase micro nutrient content in soil
like Mn, Mg, Fe, Mo, B, Zn, Cu etc., and make them available to the plant parts; stimulates formation of fats, convertible starches
and healthy seeds. Inoculants of phosphate solubilizing bacteria as fertilizer increases P uptake by the plant and enhance crop
yield (Pavan and Satyanarayana, 2012). Azospirillum alone and in combination with PSB were reported to increase yield of
sorghum substantially (Patidar and Mali, 2004). Keeping in view the above facts, the present experiment was conducted to study
the effect of liquid biofertilizers on growth and yield of rabi sorghum when compared its powder form and no biofertiliser inoculation.

MATERIALS AND METHODS

A field experiment was conducted for two consecutive rabi seasons (2018 and 2019) at Nandyal (Andhra Pradesh), Dharwad and
Hagari (Karnataka). The experiment consisting of six treatments (T1: Recommended dose of fertilizer (RDF) alone (Control), T2:
RDF + seed treatment with Azospirillum @ 50 g + PSB @ 50 g/kg seed, Ts: RDF + seed treatment with Azospirillum @ 2 ml +
PSB @ 2 ml/kg seed, T4: RDF + seed treatment with Azospirillum @ 2ml + PSB @ 4 ml/kg seed, Ts: RDF + seed treatment with
Azospirillum @ 4 ml + PSB @ 2 ml/kg seed and Ts : RDF + seed treatment with Azospirilum @ 4 ml + PSB @ 4 ml /kg seed)
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were evaluated in Randomized Block Design (RBD) with four replications. Sorghum cv. CSV-29 R was sown with spacing of 45 cm
x 15 cm and recommended dose of fertilizers was applied to soil in each treatment and seeds were treated with both powder and
liquid form of biofertilizers (Azospirillum and PSB) at the time of sowing as per treatment. Sorghum growth, yield attributes, grain
and stover yields were recorded and economics were worked at all the locations (Nandyal, Dharwad and Hagari) and all the data
was analyzed statistically as outlined by Panse and Sukhatme (1967).

RESULTS AND DISCUSSION
Grain, stover yield and economics of rabi sorghum varied significantly among the bio fertilizer treatments during both the years of
study at all the centres (Table 1).

Seed treatment with Azospirillum @ 50 g + PSB @ 50g /kg seed significantly improved stover yields (0.33 t’ha) over no bio-
fertilizer control (RDF) treatment (7.66 t/ha). Grain yields too showed increasing trend (0.08 t/ha) due to seed treatment with
powder form of bio fertilizers, the increase was statistically insignificant over control (2.90 t/ha). Use of liquid biofertilizer inoculants
(Azo. @ 2 ml + PSB @ 4 ml) being at par with its other three rates (Azo. @ 2 ml + PSB @ 2 ml; Azo. @ 4 ml + PSB @ 2 ml and
Azo. @ 4 ml + PSB @ 4 ml) have brought significant improvement in grain yield (0.31 t/ha) over powder form inoculants i.e.
Azospirillum @ 50 g + PSB @ 50g /kg (2.98 t/ha). Stover yields remained unaltered statistically with use of liquid form of
biofertlizers as compared to its powder form. Liquid biofertilizers treated sorghum (mean over 4 rates) has 0.32 and 0.185 t/hha
higher grain and stover yields than its powder form (Azospirillum @ 50 g + PSB @ 50g /kg) treatment (2.98 and 7.89 t/ha). Grain
(3.47 t/ha) and stover yields (8.18 t/ha) were highest with Azospirillum @ 4ml + PSB @ 4 mllkg seed treatment. Higher yields of
powder and liquid form of Azospirillum and PSB biofertlizer inoculated sorghum crop of present were supported findings of Jat et
al. (2013) and Raja and Takankharb (2017). Increased availability of nitrogen and phosphorus with powder form and enhanced
efficacy of bio-might have promoted growth, yield attributes formation and thus higher yields.

Seed treatment with biofertilizers irrespective of its form (powder or liquid) have brought marked improvements net incomes. Seed
treatment with Azospirillum @ 50 g + PSB @ 50g /kg seed has improved net income by Rs. 5051 as compared to RDF i.e. no bio
fertilizer control (Rs.39804). The net incomes of sorghum crop were further improved by Rs. 6735 with use of liquid form
Azospirillum and PSB for seed treatment. Among liquid bio fertilizer inoculant levels, Azospirillum + PSB @ 4 ml/kg seed each
being at par with Azospirillum 4 ml + PSB @ 2 ml has recorded highest net income (Rs. 55,257) and B:C ratio (2.76). These results
are in conformity with the findings of Patel (2015). Higher net income and BC ratio in liquid bio fertilizer inoculation (Azospirillum +
PSB @ 4 ml/kg seed each) was ascribed to higher grain and stover yields.

Table 1. Grain, stover yield and economics of rabi sorghum as influenced by levels of liquid and powder form of biofertilizers
(Pooled data of 2018 and 2019 over 3 locations)

Treatment Grainyield | Stoveryield | Grossincome | Cost of cultivation | Net income B:C
(thha) (thha) (Rs./ha) (Rs./ha) (Rs./ha) ratio
T1 - RDF (80:40:40 kg/ha N:P:K) 2.90 7.66 71112 31308 39804 2.27
T2 -RDF + Azo. + PSB (50 g each) 2.98 7.89 76311 31456 44855 245
Ts- RDF + Azo. @ 2ml + PSB @ 2 ml 3.13 8.01 78926 31437 47489 2.54
T4+ RDF +Az0. @ 2ml + PSB @ 4 ml 3.29 8.12 82733 31348 51385 2.63
Ts- RDF + Azo. @ 4ml + PSB @ 2 ml 3.33 7.99 83816 31585 52230 2.69
Ts - RDF + Azo. @ 4 ml + PSB @ 4 ml 347 8.18 86871 31614 55257 2.76
Mean 3.18 7.97 79961 31458 48503 2.55
CDat 5% 0.28 0.32 3938 - 3666 0.11
CV (%) 4.78 2.16 2.67 4.10 2.30
CONCLUSION

Based on the two year results of 3 locations (Nandyal, Dharwad and Hagari), it was recommended that for rabi sorghum seed
treatment with Azospirillum + PSB irrespective of its form (liquid or powder) is promising to the existing use of recommended dose
of fertilizers (RDF) alone. Liquid form bioincoulants i.e. Azospirillum 4 ml + PSB @ 4 ml/kg seed is promising to its powder form of
inoculation from grain, stover yield and net returns point of view and are recommended for adoption in lieu of current practice of
use of RDF alone.
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Grain sorghum draft paper (organic fertilizer enrichment)

Response of rabi grain sorghum to organic fertilizer enrichment as influenced by irrigation : 9R
D. Krishnamurthy
All India Coordinated Research Project on Sorghum
Indian Institute of Millets Research (IIMR), Rajendranagar, Hyderabad. 500 030

ABSTRACT

A field study was made during rabi season to assess the impacts of protective irrigation and FYM enriched zinc and iron sulphate
along with recommended dose of fertilizers at Hagari for two years (2018-19 and 2019-20). Twelve treatments formed by
combination of 3 irrigation schedules in main plot (unirrigated control, one irrigation at 30 days after sowing (DAS) and two
irrigations at 30 & 60 DAS) and four fertility treatments in sub-plots (RDF; RDF +50 kg FYM enriched with 7.5 kg ZnSQO4 + 7.5 kg
FeSO4, RDF + 50 kg FYM enriched with 11.25 kg ZnSO4 + 11.25 kg FeSO4 and RDF + 50 kg FYM enriched with 15.00 kg ZnSO4
+15.00 kg FeSO4) were tested in split plot design with three replications. Results based on pooled data of two years indicated that
irrigation of sorghum crop twice (30 and 60 DAS) has boosted grain and stover yields by 56.8 and 26.8 per cent over its rainfed
crop (1467 and 6012 kg/ha) that has enhanced net income by 1487% over control (Rs. 1295/ha). Application RDF along with
enriched FYM @ 15 kg Zn and Fe has effected 24.1 and 7.07% increase in grain and stover yields that together brought 83%
increase in net income over RDF alone (Rs. 8137/ha). Two irrigations with RDF + enriched FYM @ 15 kg Zn and Fe gave highest
grain (2619 kg/ha) and straw yields (7992 kg/ha) over unirrigated crop raised with RDF (1280 and 6057 kg/ha). Water use
efficiency was highest with one irrigation and crop receiving RDF along with enriched FYM @ 15 kg Zn and Fe.

Key words: Protective irrigation, RDF and Enriched FYM with Zn and Fe

INTRODUCTION

Sorghum (Sorghum bicolor L. Moench) is the most important coarse cereal crop of rainfed regions of the country during both kharif
and rabi seasons. Importance of rabi crop is gaining increasing prominence year after year owing to its use for human
consumption. Thus its share in total production has increased to 52.7% in 2018-19. However, its productivity (931 kg/ha) was lower
than that of its kharif counterpart (1016 kg/ha) during 2017-18. Low productivity of rabi sorghum was ascribed to its rain fed culture.
Under rainfed conditions, fertilizers use is low and so the response too. Thus moisture and nutrient stress together compounds the
yield limiting capacity (Gebreyesus, 2012). Studies have indicated that protective irrigations could boost rainfed sorghum
productivity by 19 (Khade, 1986) to 66% (Anonymous, 1982). As per Agricultural Statistics at a Galnce (2018), sorghum is
cultivated on 1.09 m ha with a production of 1.13 m t during 2017-18 in Karnataka and rabi sorghum is most important for food
purposes. Keeping this in view, studies were made to assess the impact of nutrient management and protective irrigations on rabi
sorghum productivity.

MATERIALS AND METHODS

A two rabi season (2018-19 and 2019-20) experiment was conducted under All India Coordinated Research Project on Sorghum,
at Hagari, Karnataka. The experiment consisted of twelve treatments formed by combinations of three irrigation treatments
assigned to main plots (unirrigated control, one irrigation at 30 days after sowing (DAS) and two irrigations at 30 & 60 DAS) and
four fertilizer treatments in sub-plot (recommended dose of fertilizer (RDF) i.e. 50:25:0:15 kg/ha N:P205:K20:ZnS04 + FYM @ 2.5
t/ha; RDF +50 kg FYM enriched with 7.5 kg ZnSO4 + 7.5 kg FeSO4, RDF + 50 kg FYM enriched with 11.25 kg ZnSO4 + 11.25 kg
FeSO4 and RDF + 50 kg FYM enriched with 15.00 kg ZnSO4 + 15.00 kg FeS0Oa). The experiment was laid out in split plot design
with three replications. Entire P, Zn, and 50% N fertilizers and FYM enriched ZnSO4 and FeSO4 were applied as basal at the time
of sowing. Remaining N was top dressed a month after sowing. FYM (2.5 t/ha) was applied 15 days prior to sowing and
incorporated into soil by ploughing. Rabi sorghum cultivar CSV-29R was used in the experiment. Growth, yield attributes, grain and
fodder yields of sorghum were recorded and all the data were analyzed statistically as outlined by Panse and Sukhatme (1967).
Economics were worked out based on inputs costs and output prices. The water use in rainfed, 1 and 2 irrigation treatments was
127.2,152.7 and 177.2 mm.

RESULTS AND DISCUSSION:

Grain and stover yield: Yield, economics and water use efficiency (WUE) of rabi sorghum on pooled basis were significantly
influenced by irrigation, FYM enriched Fe & Zn fertilization and their interaction (Table 1). Provision of one irrigation at 30 DAS has
enhanced grain and stover production by 47.2 and 13.2% over its rainfed crop (1467 and 6012 kg/ha). Two irrigations have
boosted grain and stover yields over one irrigation by 6.53 and 12.0% and over unirrigated crop by 56.8 and 26.8%, respectively.
Increases in grain yield of current study with one irrigation and two irrigations are in tune with the findings of Anonymous (1982)
and Kharde (1986).

There was significant increase in grain and stover yields with successive increase of ZnSO4 + FeSO4 dose used for enriching FYM
from 7.5 to 15 kg/ha. Thus application of RDF along with enriched FYM with 15 kg each of ZnSO4 + FeSO4 has recorded highest
grain and stover yields that were 24.1 and 7.07%, respectively over RDF alone. Similar results were obtained by Anilkumar and
Kubsad (2017) with use of 3.75 kg ZnSO. ha and 3.75 kg FeSO4 enriched FYM.

Interaction between Zn & Fe enriched FYM and irrigation were found significant. Application of enriched FYM with 15 kg each of
ZnSO4 + FeS04 along with two irrigations at 30 and 60 DAS has more than doubled the rabi sorghum grain yields (105%) and the
increase in stover yields were of lesser magnitude (32%) when compared unirrigated crop reciving RDF alone. The above
increases in grain yield were mainly ascribed to increases in test weight (2.3%).
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Net returns and benefit-cost ratio: Net returns(Rs./ha) following trend of grain and stover yields were significantly highest with two
irrigations (19268) and application of enriched FYM @ 15 kg each of Zn and Fe +RDF (24924) which were 1487 and 83% higher
than that of unirrigated crop and crop receiving RDF alone, respectively. Application of enriched FYM with 15 kg each of ZnSO4 +
FeSO4 along with two irrigations at 30 and 60 DAS has highest income (24924) and was significantly superior to all other
treatments

Water use efficiency (WUE): Water use efficiency (kg/ha-cm) of sorghum crop were enhanced with irrigation and were highest with
one irrigation at 30 DAS (190.2) and least with rainfed crops (157.1). Two irrigations have recorded a lower WUE values (164.5)
than one irrigation. Application of RDF + enriched FYM @ 15 kg each of Zn and Fe has 28% higher WUE values (186.6) than
RDF treatment (146.2). Interaction effect showed that WUE with one irrigation and use of enriched FYM @ 15 kg each of Zn and
Fe (212.3) compared to unirrigated crop receiving RDF (129.1 kg/ha-cm).

Table 1. Yield, economics and water use efficiency (WUE) of rabi grain sorghum as influenced by FYM enriched Fe and Zn
fertilization and irrigation (pooled data of 2 years)

Treatment Y@eld (kg/ha) Cost of cultivation Net returns Benefit'- WUE (kg/ha-
Grain | Stover (Rs./ha) (Rs/ha) cost ratio cm)
Main plots (Irrigation)
Control 1467 6012 38706 1295 1.04 157.1
Irrigation at 30 DAS 2159 6808 39714 15504 1.38 190.2
Irrigations at 30 and 60 DAS 2300 7625 40239 19268 1.47 164.5
CD @ 5% 85 98 - 1687 0.03 5.1
Sub plots (Enriched FYM)
RDF 1743 6564 38353 8137 121 146.2
RDF + FYM enriched with 7.5 kg ZnSO4 +
75 kg FeSO, (En.FYM 1) 9 1929 6794 39281 11327 1.28 165.9
RDF + FYM enriched with 11.25 kg ZnSO«
+11.25 kg FeSO. (En.FYM 2) 4 2065 6874 39789 13693 1.34 183.8
RDF + FYM enriched with 7.5 kg ZnSO4 +
75 kg FeSO, (ENFYM2) 9 2163 7028 40789 14932 1.36 186.6
CD@ 5% 40 46 762 0.02 4.2
Interaction (Irrigation X Enriched FYM)
Control + RDF 1280 6057 37538 -1216 0.98 129.1
Control + RDF + En. FYM 1 1440 5855 38449 761 1.03 153.1
Control + RDF + En. FYM 2 1665 6061 39051 5011 1.13 189.2
Control + RDF + En. FYM 3 1481 6074 39785 625 1.02 157.3
One IR @ 30 DAS + RDF 1928 6194 38521 11019 1.28 167.4
One IR @ 30 DAS + RDF +En. FYM 1 2031 6881 39356 13434 1.34 176.8
One IR @ 30 DAS + RDF +En. FYM 2 2284 7139 39985 18314 1.45 204.4
One IR @ 30 DAS + RDF +En. FYM 3 2391 7018 40996 19249 1.46 212.3
Two IR @ 30 & 60 DAS + RDF 2022 7442 38999 14607 1.38 142.0
Two IR @ 30 & 60 + RDF +En. FYM 1 2316 7645 40037 19786 1.49 167.8
Two IR @ 30 & 60 + RDF +En. FYM 2 2246 7423 40333 17755 1.44 157.8
Two IR @ 30 & 60 + RDF +En. FYM 3 2619 7992 41587 24924 1.59 190.2
CD@ 5% 119 139 - 2287 0.05 125
CONCLUSION

From the two years’ field study it is concluded that depending on availability of water, irrigation (one irrigation at 30 DAS or two
irrigations at 30 and 60 DAS) is promising for enhanced productivity and income of rabi sorghum over its rain fed cultivation.
Irrigation together with application of 50 kg FYM with 15 kg/ha ZnSO4 and Fe SO. along with recommended dose of NP fertilizers
was promising for higher yield, income and water productivity in rabi grain sorghum crop.
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