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ABSTRACT

field investigation was carried out to study the influence of inorganic fertilizers along with biofertilizer consortium on

the performance of sorghum under rice fallows at Agricultural College Farm, Bapatla, Acharya N. G. Ranga Agricultural
University, Andhra Pradesh, India during rabi (December—April), 2018-19. There were 7 treatments tested in randomized
block design (RBD) with 3 replications. Yield attributes, length of earhead (33.2 cm), number of filled grains earhead™ (1359)
and maximum protein content (9.1) were recorded higher in 125% RDF+biofertilizer consortium and remained significantly
on par with 100% RDF+biofertilzers consortium treatment. Application of 125% RDF+ biofertilizer consortium application
(T,) significantly increased grain and stover yields by (30.3%, 26.5%) respectively, compared to control. The same T, treatment
recorded highest nitrogen, phosphorus and potassium uptake at 30, 60, 90 DAS and at harvest in the grain and straw followed
by T, treatment. Significantly higher grain, stover, and biological yield were obtained with 125% RDF treatment compared
to 75% and 50% RDF. Improvement in N, P and K uptake in grain by (53.0, 58.0 and 74.4%) and stover by (50.5, 51.8 and
50.1%) compared with control treatment. The highest gross returns (X 71710 ha™), net returns (% 43155 ha') and returns 3™
investment (1.88) was obtained with application of 125% RDF+Biofertilizer consortium treatment. When compared to other
treatments, the use of 125% RDF+Biofertilizer consortium increased the production and provided economic benefits may be
adapted as choice of viable alternative in the coastal Andhra Pradesh.
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1. INTRODUCTION

orghum (Sorghum bicolor L. Moench) cultivation is

declining, with acreage shifting to more profitable
cereals (rice, wheat, corn, and pulses) and competing crops
(oilseeds and cotton). The global area under sorghum
cultivation is 41.97 mha, with annual production of 65.2
mt. Globally, India ranks third in sorghum area (4.82 mha)
and seventh in production 4.4 mmt (Anonymous, 2021)
with a productivity of 989 kg ha! (Anonymous, 2021a). The
performance of the monsoon influences the annual variation
in sorghum and millet output, which is largely unirrigated
(Anonymous, 2021b). Sorghum is known to have adopted
to marginal soils with poor nutrient supply (Hari Prasanna
and Patil, 2015, Qietal., 2016, Malobane et al., 2020) and
is resilient to abiotic stresses like heat and drought (Pennisi,
2009, Sunoj et al., 2017, Chiluwal et al., 2018), allowing
it to thrive even in adverse and marginal conditions (Van
Oosterom et al., 2001, Saballos, 2008). However, the
area under 4barif sorghum cultivation is decreasing rapidly
due to various reasons (Chapke et al., 2011, Mundia et
al., 2019). This decline in yields has been attributed to the
reduction in soil fertility and drought as a result of climate
change (Nyamangara et al., 2014). Of late, rabi sorghum
has also been successfully introduced in the rice fallows of
coastal Andhra Pradesh (Patil et al., 2012). The highest
productivity of 6.9 t ha™ in 2014~15 in the country (Chapke
et al., 2017) was reported in sorghum and is now grown in
more than 11,000 ha area in rice-fallows areas of Guntur
district in coastal Andhra Pradesh. One of the most serious
challenges in agriculture is imbalanced plant nutrition
(Regeo etal., 2013). A sufficient supply of nitrogen (N), for
instance, led to higher grain yields in intensive agricultural
systems (Chianu et al.,2012, Bollam et al., 2021). The
organic fertiliser primarily enhances soil organic matter,
improves soil structure, while the inorganic fertiliser supply
nutrients that are easily available (Godara et al., 2012).
To overcome the soil fertility constraint, smart use of a
combination of organic and inorganic resources is a feasible
solution (Abedi et al., 2010, Kazemeini et al., 2010, Mugwe
et al., 2009). Biofertilizers improve soil organic matter,
enzymatic activity, microbial population and decrease the
negative effect of chemical fertilizers and also increase the
yields on sustainable basis (Alizadeh and Ordookhani 2011,
Jala-Abadi et al., 2012). Under IPNS, balanced application
of organic amendments together with chemical fertilisers
containing micronutrients and biofertilizers results in
better soil fertility and crop yield through fertiliser usage
efficiency (Singh et al., 2004, Guggari and Kalghatagi
2005, Jala-Abadi et al., 2012). Therefore, integrated use
of inorganic and bio-fertilizers could play an instrumental
role in enhancing wheat productivity (Gupta et al., 2020).
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Biofertilizers, which promotes plant growth by increasing
supply of nutrient to the plant (Malusa and Vassilev,
2014, Thomas and Singh, 2019). The effects of biological
tertilizers on the growth and yield of Sorghum have been
studied by many researchers (Widada et al., 2007, Kamaei et
al., 2017). By applying manures and bio-fertilizers consortia
in a sensible manner, the yield and nutrient uptake of
sorghum in rice fallows may be improved. In light of this,
the current study was conducted to evaluate the effects of
inorganic fertilisers and the biofertilizer consortia on the
productivity and uptake of nutrients in sorghum.

2. MATERIALS AND METHODS

2.1. Study site and year of experimentation

The field experiment was conducted at Agricultural
College Farm, Bapatla, Acharya N.G. Ranga Agricultural
University, Andhra Pradesh, India during ra4i (December—
April), 2018-19. The study site located in coastal region
of Krishna Agro-climatic Zone of Andhra Pradesh
situated at 15°54" N latitude and 80°25" E longitude with
an altitude of 5.49 m above the mean sea level (MSL)
and about 8 km away from the Bay of Bengal. Weekly
mean maximum temperatures ranged from 25.6 to 34.7°C
with an average of 31.6°C. The weekly mean minimum
temperatures ranged from 14.2 to 25°C with an average
of 19.7°C. The weekly mean relative humidity was 70.3
percent on average, ranging from 40.6 to 77.9 percent.
During the crop growth season, 54 mm of rain fell overall.
The experimental soil was near neutral with a pH of 6.94,
low in organic carbon (0.4%) and available N (224 kg ha"
1), medium in available P (38 kg P,O, ha) and high in K
(482 kg K,O ha™).

2.2. Details of treatments and agronomic operations

The trial comprised of seven treatments viz., T : Control,
T,: 100% Recommended dose of fertilizers (RDF), T: 50%
RDF+Biofertilizer consortium, T,: 75% RDF+Biofertilizer
consortium, T.: 100% RDF+Biofertilizer consortium, T':
125% RDF+Biofertilizer consortium, T.: Biofertilizer
consortium only (RDF=100,60,40 N,P,K only) (Biofertilizer
Consortium= Azospirillum, Phosphate Solubilizing Bacteria
(PSB) and Potassium releasing bacteria (KRB) in liquid
form) was conducted in a randomized block design (RBD)
and each replicated thrice. The trial was taken up with
a Sorghum cultivar, high yielding hybrid (CSH-16) of
yield potential about 5-8 t ha™ and matures in 110-120
days developed by Indian Institute of Millets Research,
Hyderabad. There was no land preparation for sorghum.
The field was divided into the necessary number of plots as
soon as the rice was harvested, and the requisite number of
plots were manually sown with a seed rate of 12 kg ha™ and
a45x15 cm? spacing. According to the treatments, nitrogen
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(100 kg ha™) was administered twice in equal portions,
half at 30 DAS and the other half at 30 days after the first
application, in the form of urea (46% N). Application of
Paraquat @ 2.5 ml 1" to harvested rice stubbles to avoid
ratooning. A pre-emergence herbicide, such as atrazine
@ 5 g 1", was sprayed right away after sowing to control
pre- and post-emergence weeds. The experimental field was
then manually weeded once at 20 and 35 DAS to maintain
the weed-free conditions. After 30 DAS, the crop received
two irrigations to continue growing on the remaining soil
moisture. Cartap hydrochloride 4G granules @ 10 kg ha™!
at 35 DAS and spraying Emamectin benzoate (Barazide)
20% EC, plant protection measures against shoot borer
were applied.

2.3. Data collection and chemical analysis

The data on ancillary traits were recorded on five tagged
plants in the net plot area. The length of earheads were
measured from base to tip of the earhead and filled grain
number earhead™ for tagged 5 plants and the mean value
was computed, the weight of 1000 grains (g) was recorded
from the grain samples drawn randomly from the net plot
produce of each treatment. Grain yield ha™ was worked
out as the sun-dried ears from net plot area were threshed,
cleaned and weight of the grain was recorded as net plot
area and expressed in kg ha™!

2.4. Collection, preparation and analysis of plant samples

The plant samples collected at 30, 60 and 90 DAS were
washed with dilute HCl and then with distilled water. The
samples were shade dried initially and then oven dried
at 60°C+2°C temperature till a constant dry weight was
obtained and powdered in willey mill. Nitrogen content
in sorghum plants was estimated by micro Kjeldahl
distillation method (Piper, 1966). Preparation of acid
extract by wet digestion as one gram of powdered plant
sample was taken in 150 ml Erlenmeyer flask and digested
with diacid mixture (HNO, and HCIO, in 9:4 ratio). The
sample digest was filtered through Whatman No. 42 filter
paper by washing the residue with double glass distilled
water till chloride free and made up to 100 ml volume and
the clear extract was used for the determination of P, K, Zn,
Cu, Mn and Fe. Phosphorus in the diacid extract of plant
samples was estimated by vanado-molybdo phosphoric
yellow colour method using spectrophotometer at 420
nm wave length and potassium was determined using
flame photometer as per the method described by Jackson
(1973). From the chemical analytical data, uptake of each
nutrient was calculated as shown below:

Nutrient uptake (kg ha™)=(Nutrient content (%)xdry weight
in kg ha)/100

2.5. Economics

The economics of different treatments were calculated by
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considering the input costs and output prices prevailing
at the time of the harvest. The cost of cultivation (COC),
gross returns (GRs), net returns (NRs) and Returns 3
Investment were computed by the formulas furnished below.

COC (R ha')=Input cost+labour cost............ 2)
GRs (R ha')=Seed yieldxMarket price ............... (3)
NRs R ha’)=GRs ha'-COC ha™ ............... 4)
Returns Investment ' ()=NRs/ COC............... (5)

2.6. Statistical analysis

Statistical analysis for the data recorded was done by
tollowing the analysis of variance technique for randomized
block design with factorial concept as suggested by Gomez
and Gomez (1984). Statistical significance was tested by
applying F-test at 0.05 level of probability and critical
differences were calculated for those parameters which
turned to the significant (p<0.05) in order to compare the
effects of different treatment.

3. RESULTS AND DISCUSSION

3.1. Changes in yield traits and yield due to inorganic and
biofertilzer consortium application

A perusal of data in table 1 indicated that yield of sorghum
was highest when the crop received recommended dose
of fertilizer (RDF) along with biofertilizer consortium
and resulted in significantly higher grain yield (4135 kg
ha'') and stover yield (7524 kg ha™), were recorded in T,
treatment and remained on par with T, and T, treatments.
The yield attributes were greatly enhanced by the use of
increased levels of inorganic fertilizers upto 125% RDF
and biofertilizers consortium (T,) treatment. With the
application of T, treatment improved ear head length (33.2
cm), filled grains ear head™ (1359) as compared to control
treatment. The data revealed that with different dose of
tertilizers did not bring out any significant change in 1000
seed weight (Table 1). Among the different treatments T,
treatment significantly increased grain (30.3%) and stover
(26.5%) yields compared to control. In addition to grain
yield and biomass, several studies have confirmed that
there is an increase in grain-protein content in sorghum
with an increase in available N (Kaufman et al., 2013).
Increased N, P, and K uptake as well as increased panicle
number and test weight may also contribute to higher grain
and stover yields at higher recommended dose of fertilizers
(Uchino et al., 2013, Sami et al., 2014) showed similar
gains with increased fertiliser levels. Further, this could be
ascribed to its positive influence on both vegetative and
reproductive phases of the crop which lead to increase in
stover yield. Increased photosynthetic rate might have
also resulted in higher accumulation of dry matter and
ultimately enhanced stover yield (Reddy et al., 2021).
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Table 1: Effect of inorganic fertilizers along with biofertilizers consortium on yield attributes and yield of sorghum under

rice fallow

Treatments Earhead Test weight No. of filled grains Protein Grainyield  Stover yield
length (cm) (g 1000 grains™) ear head™ content (%) (kg ha') (kg ha')
T, 27.3¢ 24.6* 1032¢ 6.5¢ 2880¢ 5529¢
T, 32.1® 25.6 11987 8.5 3854 7129
T, 29,5 25.2¢ 1149b« 7.3 3184 6049b
T, 31.4¢b 25.3¢ 1197¢ 7.9b< 3460 6505
T, 32.5% 25.8 1283® 8.7 3918» 7209
T, 33.2 26.3 1359* 9.1* 4135¢ 7524
T, 28.8% 24.9 1050¢ 7.2 3016¢ 5706
SEmz 1.22 1.20 49.60 0.34 198.40 419.30
LSD (p=0.05) 3.80 NS 152.80 1.04 612.00 1292.10

T ,: Control; T: 100% Recommended dose of fertilizers; T.: 50% RDF+Biofertilizer consortium; T,: 75% RDF+Biofertilizer

consortium; T': 100% RDF+Biofertilizer consortium; T,: 125% RDF+Biofertilizer consortium; T’ : Biofertilizer consortium

only

Improvement in various yield attributing characters and
yield due to N and P fertilization is in close conformity
with the findings (Singh and Sumeriya, 2012).

3.2. Nutrient uptake at different crop growth stages and in
grain and stover

Uptake of N, P and K varied significantly due to different
treatments. T, treatment recorded significantly higher
N, P and K uptake in grain (61.8, 9.7 and 34.8 kg ha)
and stover (46.1, 19.3 and 81.7 kg ha™) compared to the
control treatment as described in (Table 2). Improvement
in N, P and K uptake in grain (53.0, 58.0 and 74.4%)
and stover (50.5, 51.8 and 50.1%) was also noticed with
T, over control. Application of nutrients to crop noted

significantly higher uptake of NPK at 30, 60 and 90 DAS
of sorghum crop over no fertility (control). Application of
125% RDF+BFC treatment resulted significantly higher
NPK accumulation in grain and stover at harvest over rest
of the nutrient management practices. Due to enhanced
availability of these nutrients, which led to a larger biomass
production, the absorption of N, P, and K increased with
progressively increasing NPK supply to the crops. The
results of the treatments have also been reflected in the
crop’s performance in terms of growth and output. This is
because the plants under these treatments are able to absorb
more nutrients (Bejbaruha et al., 2009).The application
of biofertilizers plays an important role in the supply of
nutrients to the sorghum by increasing the availability of

Table 2: Effect of inorganic fertilizers along with biofertilizers consortium on nutrient uptake at different crop growth stages

of rice fallow sorghum

Treat- Nitrogen uptake (kg ha™) Phosphorus uptake (kg ha™) Potassium uptake (kg ha™)
ments 30 60 90 Harvest 30 60 90 Harvest 30 60 90 Harvest

DAS DAS DAS Grin Stover PAS DAS DAS Grin Stover PAS DAS DAS Grin  Stover
T, 29 152 293 288 228 11 62 122 3.1 9.3 33 171 374 89 40.8
T, 56 267 51.0 524 377 23 115 225 6.9 158 5.7 272 631 280 753
T, 36 189 354 375 243 14 81 149 45 103 3.6 193 48.7 147 498
T, 40 212 391 429 264 17 93 176 52 126 41 20.7 543 193 565
T, 6.0 285 543 534 384 25 121 237 78 165 6.1 285 659 265 781
T, 84 352 647 618 461 34 146 276 9.7 193 8.6 352 792 348 817
T, 30 156 304 327 240 12 64 126 39 10.2 3.4 172 39.7 11.7 449
SEm+ 023 140 330 263 215 0.08 060 130 031 099 030 125 390 124 390
LSD 0.70 420 1020 8.10 6.60 0.25 1.80 3.90 095 3.04 0.65 3.86 1223 3.80 12.10
(p=0.05)
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nutrients (N, P, and K) because of which encouraged a
proliferous root system resulting in better absorption of
water and nutrients from lower layers and thus resulting
in higher yield and nutrient uptake (Thenmozhi and Paul
Raj, 2009) and higher availability of nutrients resulted in
improved nutrient availability in the rhizosphere, leading
to higher uptake of nutrients by vegetative & reproductive
structures at different growth stages of plants were similar
with the findings of Mudalagiriyappa et al. (2012) , Jat et
al. (2013)

3.3. Economics

The gross returns (3 71710 ha?), net returns (¥ 43154 ha™)
as well as and returns ¥ invested (1.88) were also highest
with 125% RDF combined with biofertilizer consortium
(T,) treatment (Table 3) due to higher grain and stover
yields. However, the latter T, treatment gave on par net
returns (¥ 38143 ha™) and 1.85 returns 3! invested. The
treatment effect on the grain and stover production are
the primary cause of this trend in economic returns. The
results confirm the findings of Jat et al. (2013) and Mishra
et al. (2009).

Table 3: Effect of inorganic fertilizers along with biofertilizers
consortium on economics of rice fallow sorghum

Treat- Cost of Gross  Netreturns Returns
ments cultivation  returns (R ha?) 3!
(R ha?) (R ha?)
T, 20750 49005 28256 1.56
T2 24994 64912 37918 1.86
T3 23372 52667 27296 1.53
T4 24433 57059 30626 1.63
T5 25494 65637 38143 1.85
T6 26555 71710 43154 1.88
T7 21250 51829 30579 1.63
SEm+ - 3842 1975 0.1
LSD - 11838 6085 0.4
(p=0.05)

1US$=69.46 average value during the harvesting month of
sorghum

4. CONCLUSION

Integrated application of 125% RDF+biofertilizers
consortium resulted in significantly higher nutrient
content and uptake in grain and straw and remained at
par with treatment of 100% RDF+biofertilizer consortium
in almost all parameters. From the experiment findings, it
suggests using BFC along with inorganic sources helped
the system use nutrients more effectively in sorghum under
rice fallow no-till condition.

V4
2 © 2023 PP House

5. ACKNOWLEDGEMENT

he authors duly acknowledge to Acharya N.G. Ranga
Agricultural University for providing financial support.
Our sincere thanks are also to the Department of Agronomy,
Agricultural College Farm, Bapatla, ANGRAU, India for

providing the facilities required for this experiment.
6. REFERENCES
Alizadeh, O., Ordookhani, K., 2011. Use of Nz—ﬁxing

Bacteria, Azotobacter, Azosprilium in optimizing
of using nitrogen in sustainable wheat cropping.
Advances in Environmental Biology 5(7), 1572-1574.

Anonymous, 2021. Agricultural statistics at a glance, 2021.
Directorate of Economics and Statistics, Department
of Agriculture and Cooperation. Available at www.
indiastat.com. Accessed on 23 October, 2022.

Anonymous, 2021. Sorghum outlook report, 2021.
Agricultural Market Intelligence Centre, ANGRAU,
Lam, https://angrau.ac.in/ANGRU/Agricultral-
Market-Intelligence.aspx. Accessed on 22 October,
2022.

Anonymous, 2021-22. Crop production report. National
Agricultural Statistics Service (NASS), Agricultural
Statistics Board, United States Department of
Agriculture (USDA). Available at. https://www.nass.
usda.gov/Data_and_Statistics/index.php. Accessed on
227 Qctober, 2022.

Bejbaruha, R., Sharma, R.C., Banik, P., 2009. Direct
and residual effect of organic and inorganic sources
of nutrients on rice based cropping system in the
sob-humid tropics of India. Journal of Sustainable
Agriculture 33(6), 674-689.

Bollam, S., Romana, K.K., Rayaprolu, L., Vemula, A.,
Das, R.R., Rathore, A., Prasad, G., Girish, C.,
Deshpande, S.P., Rajeev, G., 2021. Nitrogen use
efficiency in Sorghum: Exploring native variability for
traits under variable N-Regimes. Frontiers in Plant
Science 12, 643192. DOI https://doi.org/10.3389/
tpls.2021.643192.

Chapke, R.R., Babu, S., Subbarayudu, B., Tonapi, V.A.,
2017. Growing popularity of sorghum in rice fallows:
AnTIMR case study. Bulletin, ICAR-Indian Institute
of Millets Research, Hyderabad. Available at https://
www.millets.res.in/farmer/Rice-fallows_Bulletin.pdf.
Accessed on 22" October, 2022

Godara, A., Gupta, U., Singh, R., 2012. Effect of integrated
nutrient management on herbage, dry fodder yield
and quality of oat (4vena sativa L.). Forage Research
38(1), 59-61.

Gomez, K.A., Gomez, A.A., 1984. Statistical procedures
for agricultural research (2" Edn.). International Rice

1172


about:blank
about:blank
https://angrau.ac.in/ANGRU/Agricultral-Market-Intelligence.aspx
https://angrau.ac.in/ANGRU/Agricultral-Market-Intelligence.aspx
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

Reddy et al., 2023

Research Institute, John Wiley & Sons, New York,
680.

Guggari, A.K., Kalaghatagi, S.B., 2005. Effect of fertilizer
and biofertilizer on pearlmillet (Pennisetum glaucum) and
pigeonpea (Cajanus cajan) intercropping system under
rainfed conditions. Indian Journal of Agronomy 50(1),
24-26.

Gupta, G., Dhar, S., Dass, A., Sharma, V.K., Singh,
Shukla, L., Singh, R., Kumar, A., Kumar, A., Jinger,
D., Sannagoudar, M.S., Kamboj, N.K., Verma, G.,
2020. Assessment of bio-inoculant mediated nutrient
management in terms of productivity, profitability and
nutrient harvest index of pigeonpea-wheat cropping
system in India. Journal of Plant Nutrition 43(19),
2911-2928.

Jackson, ML.L., 1973. Soil chemical analysis. Prentice Hall
of India Private Ltd., New Delhi, 134-182.

Jala-Abadi, A.L., Siadat, S.A., Bakhsandeh, A.M., Fathi,
G., Alemi, S.K.H., 2012. Effect of organic and
inorganic fertilizers on yield and yield components in
wheat (7. aestivum and T durum) genotypes. Advances
in Environmental Biology 6(2), 756-762.

Jat, M.K., Purohit, H.S., Singh, B., Garhwal, R.S,,
Choudhary, M., 2013. Effect of integrated nutrient
management on yield and nutrient uptake in sorghum
(Sorghum bicolor). Indian Journal of Agronomy 58(4),
543-547.

Kaufman, R.C., Wilson, J.D., Bean, S.R., Presley,
D.R., Blanco-Canqui, H., Mikha, M., 2013.
Effect of nitrogen fertilization and cover cropping
systems on sorghum grain characteristics. Journal of
Agricultural and Food Chemistry 61(24), 5715-5719.

Malusa, E., Vassilev, N., 2014. A contribution to set a legal
framework for bio-fertilizers. Applied Microbiology
and Biotechnology 98(15), 6599-6607.

Mishra, J.S., Rayudu, B.S., Chapke R.R., 2009. Sorghum-a
potential high yielder in rice-fallows of Andhra
Pradesh. ICAR News 15(4), 8.

Mudalagiriyappa, Ramachandrappa, B.K., Nanjappa, H.V.,
2012. Moisture conservation practices and nutrient
management on growth and yield of radi sorghum
(Sorghum bicolor) in the vertisols of peninsular India.
Agricultural Sciences 3(4), 588-593.

Nyamangara, J., Nyengerai, K., Masvaya, E., Tirivavi,
R., Mashingaidze, N., Mupangwa, W., Dimes, J.,
Hove, L., Twomlow, S., 2014. Effect of conservation
agriculture on maize yield in the semi-arid areas of
Zimbabwe. Journal of Experimental Agriculture
50(2), 159-177.

Patil, J.V., Chapke, R.R., Mishra, J.S., 2012. Sorghum
cultivation in rice fallows - A profitable option. Indian

Farming 62(9), 24-26.

V4
2 © 2023 PP House

Piper, C.S., 1966. Soil and plant Analysis. Hans Publishers,
Bombay, 368-369.

Reddy, K.S., Rao, P.C., Luther, M.M., Prasad, P.R.K,,
2021. Effect on yield and rhizosphere biota by use
of recommended dose of fertilizers in combination
with biofertilizer consortium on rice fallow sorghum
(Sorghum bicolor L. moench). International Journal of
Plant & Soil Science 33(16), 213-219.

Sami, I.M.N., Gabir, M.K., Parihar, M.S., Indra Mani,
S.S., Das, T.K., 2014. Effect of conservation practices
and fertilizer on sorghum (Sorghum bicolor) yield
under rainfed conditions of northern India. Indian
Journal of Agronomy 59(2), 301-305.

Singh, B.P., Mundra, M.C., Gupta, S.C., Singh,
R.P., 2004. Integrated nutrient management in
predominant cropping systems in Haryana through
participatory approach. Indian Journal of Agronomy
49(3), 135-139.

Singh, P., Sumeriya, H.K., 2012. Effect of nitrogen on yield,
economics and quality of fodder sorghum genotype.
Annals of Plant and Soil Research 14(2), 133—135.

Thenmozhi, A., Paul Raj, N., 2009. In rice-based cropping
system in eastern India, organic manure should be
combined with chemical fertilizer. Indian Farming
40(9), 40-42.

Uchino, H., Watanabe, T., Ramu, K., Sahrawat, K.L.,
Marimuthu, S., Wani, S.P., Ito, O., 2013. Effects
of nitrogen application on sweet sorghum (Sorghum
bicolor (L.) Moench) in the semi-arid tropical zone
of India. Japan Agricultural Research 47(1), 65-73.

Widada, J., Damarjaya, D.I., Kabirun, S., 2003. The
interactive effects of arbuscular mycorrhizal fungi and
rhizobacteria on the growth and nutrients uptake of
sorghum in acid soil. First International Meeting on
Microbial Phosphate Solubilization 102, 173-177.

Abedi, T., Alemzadeh, A., Kazemelni, S.A., 2010. Effect
of organic and inorganic fertilizers on grain yield
and protein banding pattern of wheat. Australian
Journal of Crop Science 4, 384-389.

Chapke, R.R., Mishra, ].S., Subbarayudu, B., Hariprasanna,
K., Patil, J.V., 2011. Sorghum cultivation in rice-
fallows: A paradigm shift. Bulletin, Directorate of
Sorghum Research, Hyderabad, 500(030), p.31.

Chianu, J.N., Chianu, J.N., Mairura, F., 2012. Mineral
fertilizers in the farming systems of sub-Saharan Africa.
A review. Agronomy for Sustainable Development 32,
545-566.

Chiluwal, A., Bheemanahalli, R., Perumal, R., Asebedo,
A.R., Bashir, E., Lamsal, A., Sebela, D., Shetty,
N.J., Jagadish, S.V.K., 2018. Integrated aerial and
destructive phenotyping differentiate chilling stress
tolerance during early seedling growth in sorghum.

1173


about:blank

International Journal of Bio-resource and Stress Management 2023, 14(8):1168-1174

Field Crops Research 227, 1-10.

Hariprasanna, K., Patil, J.V., 2015. Sorghum: origin,
classification, biology and improvement. Sorghum
Molecular Breeding, 3-20.

Kamaei, R., Faramarzi, F.; Parsa, M., Jahan, M., 2019.
The effects of biological, chemical, and organic
fertilizers application on root growth features and
grain yield of sorghum. Journal of Plant Nutrition
42(18), 2221-2233.

Kazemeini, S.A., Hamzehzarghani, H., Edalat, M., 2010.
The impact of nitrogen and organic matter on winter
canola seed yield and yield components. Australian
Journal of Crop Science 4, 335-342.

Malobane, M.E., Nciizah, A.D., Mudau, F.N., Wakindiki,
L.I., 2020. Tillage, crop rotation and crop residue
management effects on nutrient availability in a sweet
sorghum-based cropping system in marginal soils of
South Africa. Agronomy 10(6), 776.

Mugwe, J., Mugendi, D., Kungu, J., Muna, M.M.,
2009. Maize yields response to application of
organic and inorganic input under on-station
and on-farm experiments in central Kenya.
Experimental Agriculture 45, 47-59.

Mundia, C.W., Secchi, S., Akamani, K., Wang, G., 2019.
A regional comparison of factors affecting global
sorghum production: The case of North America,
Asia and Africa’s Sahel. Sustainability 11(7), 2135.

Pennisi, E., 2009. How sorghum withstands heat
and drought. Science 323, 573. doi: 10.1126/
science.323.5914.573

Qi, G, Li, N., Sun, X.S., Wang, D., Ciampitti, I,
Prasad, V., 2016. Overview of sorghum industrial

V4
2 © 2023 PP House

utilization, in Sorghum: A State of the Art and Future
Perspectives, eds I. Ciampitti and V. Prasad (Madison
WI: American Society of Agronomy and Crop Science
Society of America, Inc.), 463-476. doi: 10.2134/
agronmonogr58.c¢21.

Regeo, T.J., Nageswar Rao, V., Seeling, B., Pardhasaradhi,
G., Kumar Rao, J.V.D.K., 2013. Nutrient balance
a guide to improving sorghum and ground-based
dryland cropping systems in semi-arid tropical India.
Field Crops Research 81(1), 53-68.

Saballos, A., 2008. “Development and utilization of
sorghum as a bioenergy crop,” in Vermerris, W. (Ed.),
Genetic improvement of bioenergy Crops, (New York,
NY: Springer), 211-248.

Sunoj, V.SJ., Somayanda, I.M., Chiluwal, A., Perumal,
R., Prasad, P.V.V,, Jagadish, S.V.K., 2017. Resilience
of pollen and post-flowering response in diverse
sorghum genotypes exposed to heat stress under
field conditions. Crop Science 57, 1658-1669. doi:
10.2135/cropsci2016.08.0706.

Thomas, L., Singh, 1., 2019. Microbial biofertilizers: types
and applications. In Giri, B., et al. (eds.), Biofertilizers
for sustainable agriculture and environment, soil
biology 55 pp.1-19. Springer Nature Switzerland AG.
Gewerbestrasse 11, 6330 Cham, Switzerland.

Van Oosterom, E.J., Carberry, P.S., Muchow, R.C., 2001.
Critical and minimum N contents for development
and growth of grain sorghum. Field Crops Research
70, 55-73.

1174



