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SUMMARY

Field experiment was made to assess the impact four graded levels of recommended fertilizer
doses (RDF 0, 50, 100 and 150% with 75.0-13.2-24.9 kg N-P-K/ha as RDF) on fodder productivity,
quality and economics of six single cut forage sorghum [Sorghum bicolor (L.) Moench] genotypes
(SPV 2584, SPV 2587, SPV 2593, CSV 21F, CSV 30F and SH 1519) at Hisar (Haryana), India during
kharif season of 2020 using Split plot design with two replications. Results revealed that ‘SPV 2584’
‘SPV 2593’ and ‘SH 1519’ with identical green and dry fodder yields i.e. 51.74 and 12.75 t/ha (mean)
have excelled both checks CSV 21F and CSV 30F by 8 & 8 and 11 & 13 per cent, respectively and are
promising from crude protein, digestible dry matter yield and net income wise also. Check cultivar
“CSV 30F’ that fared very badly for both fodder quality and net income generation point of view;
however, was most efficient from dry fodder yields/ kg N-P-K uptake. CSV 21F has lowest HCN
content (54 µg/g) while SPV 2584, the highest (89.8 µg/g).  High fodder producing genotypes (SPV
2584, SPV 2593 and SH 1519) are more depletive of soil nutrients. Among RDF levels, significant
improvement was seen in leaf area index values only with 150% RDF application over RDF and thus
RDF was best for realizing the fodder yield and also for economics. Fertilizers (RDF) have contributed
to 20.2, 40.3 and 49.9% green, dry fodder yield and net income enhancements at the test site as
compared to 0% RDF i.e. unfertilized control (42.26, 8.26 t/ha and    19,528). Inherent soil fertility (0%
RDF) has contributed to 105.3-9.94-92.0 kg/ha N-P-K uptake of forage sorghum crop producing
highest dry fodder/kg NPK uptake (78.4-831.0-89.8 kg fodder / kg N-P-K) and uptake got 2.08-2.88-
1.89 times more with RDF use. Application of 150% RDF has not only reduced the soil NP uptake
over RDF but also produced highest dry fodder/kg NPK application (61.8-458.0-78.1 kg fodder/kg N-
P-K). HCN content increased from 60 to 96 µg/g as RDF increased from 0 to 150% RDF. It is concluded
that single cut forage sorghum genotypes SPV 2584, SPV 2593 and SH 1519 are promising and
application of 100% RDF (75.0-13.2-24.9 kg/ha N-P-K) was recommended for higher fodder yield,
quality and income.
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Sorghum [Sorghum bicolor (L.) Moench] is
the widely grown cereal forage crop of the country
(2.6 m ha) and single cut sorghums account for 23.1%
of this (PrabhakarBabu, 2018). Short duration (60
days) with its ability to produce high biomass (Satpal
et al., 2020) under wide edapho-climatic situations
across the country including Andaman & Nicobar
Islands (Gangaiah and Kundu, 2020) and saline
conditions (Devi et al., 2021) during kharif season.

Efforts are being made to improve not only the fodder
productivity but also its quality under All India
Coordinated Sorghum Improvement Project (AICSIP)
continuously. For this, promising new genotypes of
breeding program (AVT-II) are tested for agronomic
performance also against the check cultivars (CSV
21 F and CSV 30F). High productivity of forage
sorghums results in removal of huge quantity of
primary nutrients (NPK) that is evident from the fact
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that a silage producing sorghum crop was estimated
to remove 13-4.6-15 kg N-P

2
O

5
-K

2
O per tonne of

biomass produced (Nathan et al., 2020). Such high
nutrient removal by fodder crops calls for adequate
supply both through native soil fertility and fertilizer
and manure application. Indian soils are already deficit
in primary nutrients. Data of 500 districts
(Muralidharudu et al., 2011) indicated that 51 & 40%
and 9 & 42% district are low & medium for available
P and K, respectively. This fertility is further declining
under intensive cultivation. These declines in
macronutrient availability coupled with declines in soil
organic matter and degradation in physical soil
structure in the Indo-Gangetic Plains is leading to crop
yield declines (Bhandari et al., 2002). In Haryana, the
situation is still precarious as 99, 24.8 and 10% of the
1.4 million soil samples analyzed for soil health card
purpose, are very low for available N, P and K while
31.7 and 19.0% of samples are low for available P
and K. Thus 99-56.5-29% samples are deficit for soil
fertility and can’t support high levels of production
without fertilizers. In this context, there is need to
revise recommended fertilization schedules to various
crops keeping in view the increasing crop requirements

and depleting soil supplies and reduced fertilizer use.
Selection of high yielding but low fertilizer requiring
crop cultivars also needs due attention. It is in this
context the present study was made to assess the
response of new single-cut forage sorghum genotypes
(including the checks) to graded levels of primary
nutrients (NPK) fertilization.

MATERIALS  AND  METHODS

A field experiment was conducted during
rainy (kharif) season of 2020 at Forage Section
Research Area, Department of Genetics & Plant
Breeding, CCS Haryana Agricultural University, Hisar
(29° 10 N of 75° 46 E, at an average elevation of
215.2 m above mean sea level) having semi-arid and
sub-tropical climate with hot dry summer and severe
cold winters and receives 450 mm precipitation per
annum. A rainfall of 225.3 mm was received during
crop duration. Weekly weather parameters i.e .
temperature (oC), relative humidity (%) and rainfall
(mm) during the crop duration are given Fig 1. The
experimental sandy loam soil samples drawn from
plough layer at the start of study with pH 7.7 was

0

10

20

30

40

50

60

70

80

90

100

0.0

20.0

40.0

60.0

80.0

100.0

120.0

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

Rainfall Temp max Temp mini RH mor RH eve

Te
m

pe
ra

tr
ue

 (o C
) 

Ra
in

fa
ll 

(m
m

)  

Standard Meteorological Weeks 

Re
la

te
iv

e 
H

um
id

ity
 (%

) 

Fig. 1. Weekly weather data during the crop period kharif 2020.
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rated as low for organic carbon (0.48%), available N
(166.5 kg/ha), and medium for available P and K (12.5
and 266.4 kg/ha). Twenty-four treatments formed by
combination of six single-cut forage sorghum
genotypes (SPV 2584, SPV 2587, SPV 2593, CSV
21F, CSV 30F and SH 1519) and four recommended
dose of fertilizer (RDF, 75-16.7-20.3 kg/ha N-P-K)
levels (control, 50 % RDF 75% RDF, 100% RDF and
150% RDF) were evaluated in split plot design with
two replications, keeping RDF levels in main plot and
genotypes in sub plot. Entire P and K along with 2/

3
 N

was applied basal at the time of sowing in last
ploughing and remaining N was top dressed at 30 days
after sowing (DAS). Crop was sown manually on July
18, 2020 in solid rows at 25 cm apart and were
harvested at 50 per cent flowering stage. All the other
package of practices for kharif crops of CCS Haryana
Agricultural University, Hisar, were followed for forage
sorghum culture (Anonymous, 2017). The samples
for estimation of HCN were taken at 30 DAS from
the portion of the plant immediately below the
uppermost leaf collar and HCN content was estimated
as per Hogg and Ahlgren (1942). Nitrogen content
(AOAC, 1995) and in vitro dry matter digestibility
(IVDMD) (Barnes et al.,1971) were estimated for
dried and grinded samples (2 mm sieve size) collected
at 50 per cent flowering stage. Crude protein content

(CPC) was calculated by multiplying the nitrogen
content (%) with 6.25. Crude protein and digestible
dry matter yield (t/ha) were calculated by multiplication
of CPC and IVDMD with dry matter yield (t/ha),
respectively. Data were analyzed by using OPSTAT
software available at CCS Haryana Agricultural
University website (Sheoran et al., 1998). The results
are presented at five per cent level of significance
(p=0.05) for making comparison between treatments.

RESULTS  AND  DISCUSSION

Genotypes

Data (Table 1) reveals significant differences
in days to 50% flowering (DFF). None of the single
cut forage sorghum (SCFS) genotypes have at par
DFF as early check CSV-21F (82.1 days) while SPV
2587 and SPV 2593 have at par DFF as late check
CSV 30F (96.3) and SPV-2584 and SH-1519 being at
par with each other, stood in between two checks for
DFF (>CSV-21F and < CSV 30F). Plant height and
leaf area index (LAI) of all SCFS genotypes were
identical with the exception that SH 1519 (252.6 cm)
being at a par with SPV 2584 and CSV 30F have
markedly taller plants than other three genotypes while
SPV 2593 (5.53) being at par with SPV 2584 have

TABLE  1
Performance of single cut sorghum genotypes to different fertilizer levels

Treatments Days to Plant LS Leaf Green Dry Per day Per day
50% height ratio area fodder fodder productivity productivity

flowering (cm) index yield yield of GFY of GFY
(t/ha) (t/ha) (kg/ha) (kg/ha)

Fertilizer level (F)
0% RDF 88.9 213.5 0.26 3.02 42.26 8.26 477.5 93.2
50% RDF 89.9 234.4 0.29 4.90 49.40 12.00 551.7 134.2
100% RDF 90.3 248.2 0.30 6.28 52.96 13.83 589.1 153.9
150% RDF 90.8 253.2 0.32 6.66 54.21 14.46 599.8 160.1
CD (P=0.05) 1.2 18.12 0.03 0.29 1.57 1.04 13.2 12.8
Genotype (G)
SPV 2584 86.1 239.2 0.32 5.39 52.23 12.87 606.0 148.9
SPV 2587 94.5 230.6 0.28 5.18 48.32 11.50 511.0 121.5
SPV 2593 94.8 227.9 0.33 5.53 51.59 12.58 544.5 132.7
CSV 21F (early check) 82.1 234.7 0.26 5.12 48.10 11.81 585.5 143.7
CSV 30F (late check) 96.3 239.0 0.27 5.00 46.61 11.27 484.1 117.0
SH 1519 86.3 252.6 0.29 5.06 51.39 12.80 596.1 148.3
CD (P=0.05) 1.8 15.17 0.01 0.26 3.22 0.99 40.9 11.8
Factor G at same level of F
CD (P=0.05) NS NS NS NS NS NS NS NS
Factor F at same level of G
CD (P=0.05) NS NS NS NS NS NS NS NS
CV% 1.85 6.09  - 4.78 6.56 7.91 7.03 8.32
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excelled other 3 genotypes for LAI values. For leaf:
stem (LS) ratio too, SPV 2593 (0.33) superseded all
other genotypes except SPV 2584 (0.32). Both green
and dry fodder yields of SPV-2584 and SH-1519 were
markedly higher than both the checks while SPV-2593
showed its superiority over checks for GFY only and
SPV-2587 has at par GFY and DFY as the checks.
Tall stature of plants (SH-1519) and high LAI and LS
values of SPV-2584 and SPV-2593 are the reasons
for their yield superiority. Poor performance of both
the checks and SPV-2587 was ascribed to low LAI
and LS values. Per day green and dry fodder
productivity too, CSV-30F and SPV-2587 fared badly
with the at par and least values. However, none of the
genotypes could fare better than CSV-21F though
SPV-2584 and SH-1519 have at par values. Superior
per day productivity of CSV-21F was ascribed to its
shortest duration (82.1 days). Despite of best fodder
yields, SPV-2584 and SH-1519 stood at par with CSV-
21F owing to their longer duration for flowering /
harvest stage (94.8 & 86.3 days). The differential
values of SCFS genotypes could be ascribed to their
genetic makeup (Meena et al., 2012).

Quality parameters data was presented in
Table 2.  Genotypes differed for HCN contents and
they remained below critical limit (200 µg/g at 30 days).
CSV-21F has the least HCN content, while SH-1519
and SPV-2593 (<78 µg/g) and SPV-2587, CSV-30F

and SPV-2584 (>85 to <90 µg/g) stood at a high and
very levels of HCN. Yield superiority of SPV 2593
and SPV 2584 continued for crude protein (CP)
content, CP yield, In-vitro dry matter digestibility
(IVDMD, %) and digestible dry matter yield (DDMY)
also over all other genotypes. In-vitro dry matter
digestibility was markedly lower in SH 1519 (being at
par with CSV 30F) than other four genotypes.
However, on account of higher fodder yield despite
of lower CP (%) and IVDMD (%), SH 1519 reached
at par CPY and DDMY as SPV 2593 and SPV 2584.
For quality traits, CSV 21F fared poor among all
genotypes.

Recommended Dose of Fertilizers (RDF)

Perusal of the data of fertilizer levels (Table
1) shows that except leaf area index, no other growth
parameter and thus productivity were improved
significantly due to enhanced fertilizer levels over RDF.
On the contrary, reduction in RDF to 50% and to 0%
RDF (un-fertilized control) proved detrimental to crop
growth and yields as well. Unfertilized crop was
markedly quicker to reach 50% flowering stage and
has leaf production as evident from markedly lower
LS ratio than 50% RDF and RDF. However, for plant
height and LAI both 0 and 50% RDF could bring
marked reductions in their values over their respective

TABLE  2
Quality of single cut sorghum genotypes to different fertilizer levels

Treatments HCN (µg/g) Crude IVDMD Crude protein Digestible dry
on fresh protein (%) (%) yield (t/ha) matter yield
wt. basis (t/ha)

Fertilizer Level (F)
0% RDF 60.00 7.95 49.18 0.66 4.07
50% RDF 75.80 9.04 51.95 1.09 6.24
100% RDF 82.20 9.91 53.88 1.38 7.45
150% RDF 96.03 10.08 54.09 1.46 7.82
CD (P=0.05) 3.08 0.18 2.34 0.08 0.78
Genotype (G)
SPV 2584 89.79 9.56 52.58 1.25 6.82
SPV 2587 85.68 9.17 52.35 1.07 6.05
SPV 2593 77.84 9.66 53.38 1.24 6.77
CSV 21F 53.99 9.11 52.71 1.09 6.26
CSV 30F 86.54 8.95 51.63 1.02 5.85
SH 1519 77.22 9.02 50.99 1.20 6.61
CD (P=0.05) 3.65 0.30 1.34 0.11 0.49
Factor G at same level of F
CD (P=0.05) 7.64 NS NS NS NS
Factor F at same level of G
CD (P=0.05) 7.27 NS NS NS NS
CV% 4.42 3.08 2.44 10.01 7.17
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succeeding level of RDF i.e. 50%RDF and RDF. Green
fodder and dry matter yields realized with RDF use
(52.96 and 13.83 t/ha) were reduced by 6.7 and 13.2%
with 50% RDF that got further reduced by 14.5 and
31.2% with 0% RDF as compared to 50% RDF. Thus
the data infers that fertilizers (RDF) have contributed
to 20.2 and 40.3% of green and dry fodder yields
realized at the test site. Yield reduction reported in this
study due to reduced RDF are close to those reported
Satpal et al. (2020).

Fodder quality was markedly impacted by
fertilizers (Table 2).   Enhanced RDF (150% RDF) has
brought significant increases in HCN contents (96.03
µg/g). On positive side, 150%RDF could bring marked
increases in crude protein yield and over RDF. However,

TABLE  3
Interaction effect of fertilizer levels and genotypes on HCN content

SPV 2584 SPV 2587 SPV 2593 CSV 21F CSV 30F SH 1519 Mean of fertilizer
levels

0% RDF 67.59 67.91 53.62 44.15 66.38 60.35 60.00
50% RDF 87.52 90.54 80.52 51.60 74.01 70.61 75.80
100% RDF 94.54 86.57 83.51 54.45 90.76 83.41 82.20
150% RDF 109.51 97.71 93.73 65.77 115.01 94.49 96.03
Mean  of genotypes 89.79 85.68 77.84 53.99 86.54 77.22

TABLE  4
Nutrient content in dry fodder and nutrient uptake of single-cut sorghum genotypes as influenced by different fertilizer levels

Treatments Nutrient content Nutrient uptake Nutrient balance
(%) (kg/ha) (Uptake-Application)*

N P K N P K N P K

Fertilizer level (F)
0% RDF 1.27 0.169 1.11 105.3 9.9 92.0 - - -
50% RDF 1.45 0.120 1.19 174.0 20.4 143.3 136.5 13.8 130.9
100% RDF 1.59 0.206 1.26 219.4 28.6 173.6 144.4 15.4 148.7
150% RDF 1.61 0.218 1.28 233.8 31.6 185.2 121.3 11.8 147.9
CD (P=0.05) 0.03 0.009 0.03 11.44 2.34 14.37 - - -
Genotype (G)
SPV 2584 1.53 0.186 1.23 200.4 25.0 159.1 144.2 15.1 140.4
SPV 2587 1.47 0.171 1.20 170.9 20.4 138.8 114.7 10.5 120.1
SPV 2593 1.55 0.190 1.23 197.9 24.9 156.0 141.7 15.0 137.3
CSV 21F 1.46 0.174 1.19 174.7 21.3 142.3 118.5 11.4 123.6
CSV 30F 1.43 0.166 1.19 163.7 19.3 135.5 107.5 9.4 116.8
SH 1519 1.44 0.181 1.22 191.3 24.8 159.5 135.1 14.9 140.8
CD (P=0.05) 0.05 0.012 0.03 18.20 2.74 12.35 - - -
G at same level of F
CD (P=0.05) NS NS NS NS NS NS - - -
F at same level of G
CD (P=0.05) NS NS NS NS NS NS - - -
CV% 3.02  - 2.61 9.46 11.52 7.92 - - -

*Mean N-P-K applied for genotypes: 56.3-9.9-18.7 kg/ha.

a reduction from RDF has proved quality inhibitive.
Crude protein content, crude protein yield, IVDMD and
DDMY got significantly reduced with 0 and 50% RDF
over 50% RDF and RDF, respectively and the only
exception is the reduction in IVDMD with 50%RDF
over RDF was not significant. The decrease in CP and
IVDMD content with increase in fertilizers levels were
ascribed to decreases in L:S ratio.  Similar impacts of
N fertilization on crude protein and IVDMD were
reported by Joshi et al. (2009). HCN content also got
decreased markedly with reduced RDF from RDF to
0% RDF. Enhanced HCN contents of forage sorghum
due to higher levels of fertilizers of the present study
were corroborated by findings of Khatri et al. (1997)
and Aziz-Abdel and Abdel-Gwad (2008).
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Perusal of the nutrient content data (Table 4)
shows that SPV 2593, SPV 2584 has more N, P and
K content (SH 1519 higher PK contents) in their
biomass and thus has significantly higher uptakes than
CSV 30F, CSV 21 and SPV 2587. Nutrient
concentration (NP) in fodder and their uptake were
significantly increased with 150% RDF over RDF.
Reduced fertilizer level impacts were more discernible
than that of enhanced RDFs on NPK nutrient content
and uptake. Inherent soil fertility has contributed to
105.3-9.94-90.2 kg/ha N-P-K uptake and application

Fig. 2. Dry fodder yields/kg nutrient uptake.

of RDF has resulted in 2.08-2.88-1.89 times more N-
P-K uptake. Application of 150% and 50% RDF have
enhanced the NPK uptake by 6.6-10.4-6.7% and
reduced by 20.7-28.8-17.5 over RDF. At RDF, 63.0-
483.6-79.7 kg dry fodder was produced /kg N-P-K
uptake. More fodder is produced per kg N-P-K uptake
at 50% RDF (69.0-589.7-83.7) while less with 150%
RDF (61.8-458.0-78.1). Lower fodder production per
kg nutrient uptake at 150% RDF indicates their luxury
consumption as the fodder yield increases were
insignificant. On native soil fertility highest dry fodder
is produced / unit NPK uptake (78.4-831.0-89.8 kg
fodder / kg N-P-K). Mean data of genotypes (Fig. 2)
shows that 66.4-539.6-81.8 kg dry fodder is produced
per kg N-P-K uptake. Fodder sorghum CSV 30F
(check) proves to be most efficient while SPV-2593
the inefficient from their highest and lowest dry fodder
yields/ kg N-P-K uptake. Apparent nutrient balance
(Uptake-application through fertilizers) indicates that
150% RDF has reduced the N and P depletion of soil
over RDF while CSV 30F, SPV 2587 and CSV 21F
are less depletive of soil nutrients than other three
genotypes.

ECONOMICS

Perusal of the data (Table 5) of net returns
and BC ratio shows that SPV 2584, SPV 2593 and
SH-1519 are equally promising while CSV-30F (being
at par with CSV-21F and SPV-2587) is least promising.
Among fertilizer levels, recommended dose of
fertilizers (RDF) is the best for net returns (   29, 233)
and benefit cost ratio (1.79).

`

TABLE  5
Economics of single cut sorghum genotypes as influenced by

different fertilizer levels

Treatments Cost of Gross Net Benefit :cost
cultivation returns returns (BC ratio)

(   /ha) (   /ha) (   /ha)

Fertilizer Level (F)
0% RDF 33569 52827 19258 1.57
50% RDF 35448 61750 26302 1.73
100% RDF 36969 66201 29233 1.79
150% RDF 38493 67758 29266 1.76
CD (P=0.05)  - 1962 0.05
Genotype (G)
SPV 2584 36119 65292 29172 1.81
SPV 2587 36119 60396 24277 1.67
SPV 2593 36119 64490 28370 1.78
CSV 21F 36119 60127 24008 1.66
CSV 30F 36119 58261 22141 1.61
SH 1519 36119 64240 28120 1.77
CD (P=0.05)  - 4029 0.11

` ` `
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CONCLUSION

It is concluded from the study that single cut
forage sorghum genotypes, SPV-2584, SPV-2593 and
SH-1519 are promising from fodder, crude protein,
digestible dry matter yields and economics point of
view over the checks (CSV-21F and CSV-30F).
However, for per day productivity, CSV 21F proved
as equally promising as SPV 2584 and SH 1519. For
dry fodder yields/ kg N-P-K uptake, CSV-30F was
most efficient while SPV-2593 most inefficient. Among
fertilizer levels, no significant gains in fodder yields
and profits were seen due to 150% RDF application
and thus RDF (75-16.7-20.3 kg/ha N-P-K) is the best.

ACKNOWLEDGEMENTS

The authors are thankful to All India
Coordinated Research Project on Sorghum, Hyderabad
and Head, Forage Section, Department of Genetics &
Plant Breeding, CCS HAU, Hisar for providing the seed
of single-cut forage sorghum genotypes used in the
experiment and necessary guidelines to conduct the
agronomy trial under AICRP on Sorghum.

REFERENCES

Anonymous, 2017 : Package of Practices for kharif crops
of Haryana, Directorate of Extension Education,
CCS HAU, Hisar, pp. 171-176.

AOAC. 1995 : Association of Official Analytical Chemists,
16th edn. Official Methods of Analysis, Arlington,
USA, ID No. 984.13.

Aziz-Abdel, T. K. and M. A. S. Abdel-Gwad, 2008 : Yield
and quality of tunis grass as affected by plant
height at cutting and N fertilizer. Animal Agric.
Sci., (Cairo), 53: 157-169.

Barnes, R. F., L. D. Muller, L. F. Bauman, and V. F.
Colenbrander, 1971 : In vitro dry matter
disappearance of brown midrib mutants of maize
(Zea mays L.). J. Anim. Sci., 33 : 881-884.

Bhandari, A. L., J. K. Ladha, H. Pathak, A. T. Padre, D.
Dawe and R. K. Gupta. 2002 : Yield and Soil
Nutrient Changes in a Long-Term Rice-Wheat
Rotation in India. Soil Science Society of
America Journal, 66(1): 162-170.

Devi, S., Satpal, S.S. Rao and B. Gangaiah, 2021 : Screening
and selection of elite forage lines for salinity

tolerance. pp. 36. In: Souvenir and Proceedings:
Physiological Interventions for Climate Smart
Agriculture, International Plant Physiology
Virtual Symposium, 11-12 March, 2021, ICAR-
SBI, Coimbatore.

Gangaiah, B. and M.S. Kundu, 2020 : Introduction and
evaluation of single and multicut fodder crops
for augmenting fodder supplies in Andaman &
Nicobar Islands for supporting dairy farming.
Forage Research, 45(4): 289-294.

Hogg, P. G. and H. L. Ahlgren, 1942 : A rapid method of
determining hydrocyanic acid content of single
plant of sudan grass. J. Am. Soc. Agron., 43 :
199-200.

Joshi, U.N., R.N. Arora, D.S. Phogat, B.S. Jhorar, R. Avtar
and R.S. Sheoran, 2009 : Current status of crude
protein and in vitro dry matter digestibility in
forage crops. In: Emerging Trends in Forage Res.
& Livestock production (eds. S.K. Pahuja, U.N.
Joshi, B.S. Jhorar and R.S. Sheoran) published
by Indian Society of Forage Research, Hisar,
India pp. 146-153.

Khatri, A., I. A. Khan, S. H. Siddiqui, M. Ahmed and K. A.
Saddiqui, 1997 : In vitro culture of indigenous
and exerted banana clones for maximizing
multiplication. Pakistan J. Bot., 29 : 143-150.

Meena, A. K., P. Singh and P. Kanwar 2012 : Effect of
nitrogen levels on yield and quality of sorghum
(Sorghum bicolor L.) genotypes. Forage Res.,
37 : 238-240.

Muralidharudu, Y., K. Sammi Reddy, B. N. Mandal, A.
Subba Rao, K. N. Singh, and S. Sonekar, 2011 :
GIS Based Soil Fertility Maps of Different States
of India. Indian Institute of Soil Science, Bhopal.

Nathan, M. V., Y. Sun and D. Dunn, 2020 : Nutrient removal
values for major agronomic crops in Missouri
report for 2006–2007. Agronomy Department
College of Agriculture, Food and Natural
Resources University of Missouri, p.128.

Satpal, B. Gangaiah, N. Kumar, S. Devi, N. Kharor, K. K.
Bhardwaj, P. Kumari, D. S. Phogat and Neelam,
2020. Performance of single cut forage sorghum
cultivars at different fertilizer levels. Forage
Research, 46(2) : 202-207.

Sheoran, O. P., D. S. Tonk, L. S. Kaushik, R. C. Hasija and
R. S. Pannu, 1998 : Statistical Software Package
for Agricultural Research Workers. Recent
Advances in information theory, Statistics &
Computer Applications by D.S. Hooda & R.C.
Hasija, Department of Mathematics Statistics,
CCS HAU, Hisar (139-143).

186 SATPAL,  GANGAIAH,  KUMAR,  DEVI,  KHAROR,  BHARDWAJ,  KUMARI,  SHARMA,  NEELAM  AND  KUMAR


