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ABSTRACT
Background: Quality traits of forage crops are largely influenced by various agronomic management practices at field conditions in
different climatic strata. Judicious use of organic and inorganic sources of nutrients may sustain soil health, fodder productivity and
quality. Keeping above facts in view an experiment was conducted for evaluation of nutrient management practices to increase fodder
quality of pearl millet.
Methods: The experiment was carried out during kharif season (2019-20) at Agronomy Research Farm, ICAR-NDRI, Karnal and laid
out in randomized block design with eight treatments, viz., T1: Absolute control; T2: 100% RDF; T3: 100% RDF + Cow urine foliar spray;
T4: 100% RDF + PGPR; T5: 100% RDF + PGPR + Cow urine foliar spray; T6: 75% RDF + Cow urine foliar spray; T7: 75% RDF + PGPR
and T8: 75% RDF + PGPR + Cow urine foliar spray. Each treatment had three replications.
Result: The results showed that the fodder proximate principles viz., dry matter, crude protein, ether extract and total ash content
increase by 27.04, 21.33, 24.06 and 31.17% respectively, with T5 treatment than absolute control. The cell wall constituents such as
neutral detergent fibre (63.99%), acid detergent fibre (39.50%) and acid detergent lignin (5.60%) were also lower in T5 treatment over
the other treatments. It can be concluded that the fodder quality of pearl millet significantly better with application of T5 treatment, that
was found statistically at par with T4 treatment. Which, will further strengthen and sustain the performance of livestock in terms of
health and milk production.
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INTRODUCTION
India has highest number of livestock (536.76 million) in the
world and according to 20 th livestock census 2019, the
population of major livestock viz., buffalo, cattle, sheep and
goat in India is 109.85, 193.46, 74.26 and 148.88 million,
respectively (Anonymous, 2020). Fodder is an essential
component for livestock production, its demand increases
with increasing population of livestock. Good quality fodder
can curtail the cost of livestock feeding because feeding
contributes about 65 to 70% of total cost of livestock farming.
Currently, India is facing a net deficit of green fodder by
35.6%, dry fodder (straw) by 10.95% and concentrates by
44% (Kushwaha et al., 2018). Deficiency of quality fodder
and feed for livestock leads to decrease their production
level and has impact on their health, which ultimately
influences return from livestock sector (Surve et al., 2011).
Among the different fodder crops pearl millet (Pennisetum
glaucum) is a gifted crop of the tropical and sub-tropical
regions that provide food, fodder and stover (dry straw) to
millions of families of poor farmer and their livestock. Nutrient
management is an important aspect to achieve sustainable
crop production. Scenario from green revolution era, shows
productivity of cereals increased largely with the use of high
yielding variety, intensive agronomic practices and
indiscriminate use of chemical fertilizers at higher rate with
little or no use of organic source of nutrients to plant, that
creates adverse effects on soil viz., inadequacy in one or
more nutrients and deterioration of soil fertility, which, leads
to stagnating or even declining of crop productivity and

quality (Shormy et al., 2013). Deficiency of nutrients in soils
leads to the production of mineral deficient foods and fodder.
However, animal and humans depending on such fodder
and foods have also shown symptoms of nutrients deficiency
(Shukla et al., 2015). Judicious use of inorganic and organic
sources of nutrients may sustain and enhance the crop
productivity and quality.

Among different organic source of nutrients for plant,
cow urine and PGPR are excellent and important for
agriculture uses. Cow urine contains; nitrogen, phosphorus,
potassium, sulphur, sodium, manganese, iron, carbolic acid,
silicon, chlorine, enzymes, and hormones (Saunders, 1982).
PGPR, is a consortium of microorganisms that actively
colonize around plant roots and enhances plant growth and
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yield (Wu et al., 2005). PGPR strains belongs to a wide range
of genera viz., Pseudomonas, Azospirillum, Bacillus, Serratia
and Azotobacter (Bashan et al., 2004). The beneficial effects
of PGPR are due to their ability to produce various organic
compounds viz., auxins, gibberellins, cytokinin, ethylene,
organic acids, siderophores, nitrogen fixation, solubilization
of insoluble inorganic soil phosphate to available form,
sulphur oxidation, extra cellular production of antibiotics,
increase in root permeability and enhancement of essential
plant nutrients uptake (Enebak and Carey, 2000 and Pal et al.,
1999). Considering the above facts, the present study was
executed to find out a suitable combination of nutrient source
to enhance the fodder quality of pearl millet.

MATERIALS AND METHODS
This study was conducted during kharif season, in the year
2019-20 at Agronomy Research Farm, ICAR-NDRI, Karnal,
Haryana, India, located at 2945 North latitude and 7658
East longitude and at an altitude of 245 m above mean sea
level. The area has a semi-arid climate, with a mean annual
rainfall of 707 mm, 70-80% of the rainfall is received during
the months of July-September and rest during winter and
spring seasons. The mean minimum, maximum temperature
during study period was 20.49C and 34.54C, respectively.
The soil of experimental site was clay loam in texture
(Piper, 1942) with pH of 7.35, Electrical conductivity of
0.37 dS/m (Jackson, 1967), organic carbon of 0.49%
(Walkley and Black’s, 1934), available nitrogen of 215 kg/ha
(Subbiah and Asija, 1956), available phosphorus of
24.70 kg/ha (Olsen et al., 1954) and available potassium
of 285 kg/ha (Jackson, 1967).

The experiment was laid out in randomized block
design with eight treatments viz., T1: Absolute control; T2:
100% RDF; T3: 100% RDF + Cow urine foliar spray; T4:
100% RDF + PGPR; T5: 100% RDF + PGPR + Cow urine
foliar spray; T6: 75% RDF + Cow urine foliar spray; T7: 75%
RDF + PGPR; T8: 75% RDF + PGPR + Cow urine foliar
spray. Each treatment had three replications. The land
preparation involved one deep ploughing each with disc
plough, disc harrow and thereafter planking. As per
treatments, recommended dose of fertilizers (80:30:30 kg/ha,
N: P2O5: K2O, respectively) were applied. The half of N
and full doses of P2O5 and K2O were applied at the time of
sowing. The remaining half of the nitrogen was top-dressed
as two doses 1st at 25 days after sowing (DAS) and 2nd at
40 DAS as per the treatment. Other package of practices
was followed as per standard procedure for fodder pearl
millet cultivation.

The PGPR (100 ml/ha seeds) liquid culture was diluted
in water and applied on seeds. Thereafter, inoculated seeds
were dried in shade for 60-90 minutes, after drying seeds
were manually sown. Nutrifeed variety of fodder pearl millet
(Pennisetum glaucum) was sown using 10 kg seed per
hectare with maintaining row to row spacing of 30 cm and
plant to plant spacing of 10 cm. As per treatments, cow urine
(10%) foliar spray was applied at 30 and 45 DAS. The crop

was harvested manually at 50% flowering stage. Net plot
area was harvested separately from each plot. Fresh
chopped plant samples were collected and subjected to
analysis of different quality parameters.

The oven-dried fodder samples were ground to pass
through 40 mesh sieves using a Macro-Wiley Mill, stored in
air tight containers and were used for chemical analysis.
The proximate analysis was done as per AOAC (2005), crude
protein (CP) in samples were determined by multiplying the
N % by 6.25 factor. Fibre fractions were determined as per
Van Soest et al. (1991). All data recorded were analysed
with the help of analysis of variance (Gomez and Gomez,
1984) at 5% level of significance (P<0.05).

RESULTS AND DISCUSSION
Effect of nutrient management on green and dry fodder yield
The study indicated (Fig 1) that green and dry fodder yield
of pearl millet were significantly influenced by different
nutrient management practices. Significantly higher green
fodder (548.33 q/ha) and dry fodder yield (113.35 q/ha) at
harvest recorded with T5 treatment (100% RDF+PGPR+
Cow urine foliar spray), which, was found statistically at
par with T4 treatment (100% RDF+PGPR) and both were
significantly higher than the other treatments. Balanced
and regular supply of essential plant nutrients increases
plant physiological processes mainly photosynthetic
process which produce organic compounds that are
translocated and assimilated in different parts of plant and
this produces higher number of basal nodes leading to
increase tillers per plant; increase in length, diameter and
number of internodes; leaf length and width; more number
of internodes leads to increase number of leaves/plants,
all these growth parameters contribute to the final green
fodder yield. Dry fodder yield increases due to higher
accumulation of photosynthates in plant that contribute to
increase dry matter content. Similar result also was reported
by Chattha et al. (2017).

Effect of nutrient management on proximate principles
Quality parameters of fodder pearl millet was significantly
influenced by different nutrient management practices.
Results presented in Table 1 indicates that significantly
higher dry matter (20.67%), total ash (12.83%), crude protein
(9.78%), ether extract (2.44%), hemicellulose (24.49%) and
cell soluble (36.01%) on dry matter basis were observed with
the application of 100% RDF+PGPR+CU. However, it
remained at par with 100% RDF+PGPR and both these
treatments were found significantly higher over rest of the
treatments. The treatment of 100% RDF+PGPR+CU
improved CP content by 3.27, 6.65, 8.78 and 21.33%; ether
extract by 0.826, 6.70, 8.12 and 24.06%; total ash content by
1.63, 8.74, 9.84 and 31.17% over 100% RDF+PGPR, 100%
RDF+CU, 100% RDF and absolute control, respectively.

PGPR produce phytohormones (Enebak and Carey,
2000), cow urine supply enzyme and hormones (Saunders,
1982) that attributed to stimulate plant growth. Optimum
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supply of nutrients as well as production of growth promoting
components attributed to increase leaf area index per unit
area that is responsible for higher interception of solar
radiation and produce more photosynthates and nutrients
acquired, resulted in to increase dry matter content. Similar
results also have been reported by Chattha et al. (2017).
Further, nitrogen accumulation in plant increase
carbohydrates metabolism and subsequently, increase total
ash content and decrease organic matter and total
carbohydrates content in plant (Iqbal et al., 2017). The
highest CP content with 100% RDF+PGPR+CU, might be
due to ideal availability, uptake and utilization of nitrogen.
Nitrogen is integral part of amino acid that contributes in
amino acid synthesis and amino acids are building block of
protein. The protein content increase with increase nitrogen
levels has been reported by Kushwaha et al. (2018). The
higher availability of nitrogen with application of
recommended dose of nitrogen; PGPR additionally
supplement atmospheric nitrogen through biological nitrogen
fixation and cow urine foliar spray supplied nitrogen to plant
foliage for quick recovery of nitrogen deficiency (Sadhukhan
et al., 2018). The ether extract contains dissolved fats, oils,

fat-soluble substance and pigments that was recorded
highest with 100% RDF+PGPR+CU, due to optimum
availability of nitrogen and phosphorus (Kushwaha et al.,
2018) through recommended dose of fertilizer application
along with PGPR inoculation and cow urine foliar spray. Cow
urine contains hormones and enzymes (Kishore et al., 2015),
PGPR produce Phyto-hormones IAA (Kumar et al., 2014)
that increase physiological process of plant that could have
resulted in increase of ether extract.

Effect of nutrient management on yield of proximate
principles
The analysis of experimental data (Fig 2) shows that likewise,
quality parameters the yields of these parameters significantly
influenced by nutrient management practices. The fodder
pearl millet received 100% RDF+PGPR+CU attributed
maximum yields of CP (11.09 q/ha), EE (2.77 q/ha) and total
ash (14.55 q/ha). However, remained at par with the treatment
that received 100% RDF+PGPR and both were found
significantly higher over rest of the treatments. Better quality
and yields of quality parameters in fodder pearl millet was
also reported by Chattha et al. (2017) and Yolcu et al. (2011).

Fig 1: Effect of nutrient management practices on mean* green and dry fodder yield of pearl millet.
Note: *Mean of three replications.

Table 1: Effect of nutrient management practices on mean* proximate principles of pearl millet fodder.

Treatments DM (%) CP (%) EE (%) TA (%) Cell soluble (%) Hemi-cellulose (%)

T1: Absolute control 16.27 8.06 1.97 9.78 30.61 21.24
T2: 100% RDF 19.30 8.99 2.26 11.68 34.27 23.45
T3: 100% RDF+CU 19.40 9.17 2.29 11.80 34.40 23.50
T4: 100% RDF+PGPR 20.48 9.47 2.42 12.63 35.87 24.43
T5: 100% RDF+PGPR+CU 20.67 9.78 2.44 12.83 36.01 24.49
T6: 75% RDF+CU 17.37 8.47 2.13 10.57 32.00 22.45
T7: 75% RDF+PGPR 18.50 8.72 2.19 11.30 33.39 23.36
T8: 75% RDF+PGPR+CU 18.80 8.86 2.23 11.41 33.68 23.41
SEm (±) 0.31 0.12 0.04 0.21 0.42 0.30
CD (P=0.05) 0.95 0.35 0.12 0.63 1.26 0.90

Note: *Mean of three replications, DM: Dry matter, CP: Crude protein, EE: Ether extract, TA: Total ash, PGPR: Plant growth promoting
rhizobacteria, CU: Cow urine, RDF: Recommended dose of fertiliser, SEm: Standard error of mean and CD: Critical difference.
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Effect of nutrient management on fibre fraction
The chemical analysis of fodder pearl millet showed that
fibre fractions was significantly influenced with different
nutrient management practices (Table 2) and found
decreasing trend of these parameters with increased fertility
levels. Significantly lowest organic matter (87.17%), neutral
detergent fibre (63.99%), acid detergent fibre (39.50%), acid

detergent lignin (5.60%), organic matter (87.17%), cellulose
(33.39%) and total carbohydrate contents (74.94%) was
observed with the application of 100% RDF+PGPR+CU.
However, it remained at par with the treatment that received
100% RDF+PGPR and both were found significantly lower
over rest of the treatments. Fibre fraction viz., neutral
detergent fibre (NDF), acid detergent fibre (ADF) and acid

Table 2: Effect of nutrient management practices on mean* fibre fractions, organic matter and total carbohydrate of pearl millet fodder.

Treatments NDF (%) ADF (%) ADL (%) Cellulose (%) OM (%) T-CHO (%)

T1: Absolute control 69.39 48.14 6.78 41.36 90.22 80.19
T2: 100% RDF 65.73 42.28 6.06 36.22 88.32 77.07
T3: 100% RDF+CU 65.60 42.10 5.92 36.18 88.20 76.74
T4: 100% RDF+PGPR 64.13 39.70 5.61 34.10 87.37 75.48
T5: 100% RDF+PGPR+CU 63.99 39.50 5.60 33.91 87.17 74.94
T6: 75% RDF+CU 68.00 45.55 6.48 39.07 89.43 78.83
T7: 75% RDF+PGPR 66.61 43.24 6.15 37.10 88.70 77.79
T8: 75% RDF+PGPR+CU 66.32 42.90 6.12 36.78 88.59 77.50
SEm (±) 0.42 0.41 0.09 0.43 0.21 0.23
CD (P=0.05) 1.26 1.23 0.26 1.31 0.63 0.71

Note: *Mean of three replications, NDF: Neutral detergent fibre, ADF: Acid detergent fibre, ADLL: Acid detergent lignin, OM: Organic
matter and T-CHO: Total carbohydrates.

Table 3: Correlation coefficient (r) between yield and different fodder quality parameters of pearl millet.

Pearson
Correlations

GFY DFY CP EE TA CS NDF ADF ADL

GFY 1
DFY .978** 1
CP .861** .944** 1
EE .908** .972** .988** 1
TA .898** .970** .989** .994** 1
CS .904** .973** .982** .991** .998** 1
NDF -.904** -.973** -.982** -.991** -.998** -1.000** 1
ADF -.926** -.984** -.976** -.991** -.996** -.998** .998** 1
ADL -.898** -.969** -.982** -.990** -.997** -.996** .996** .995** 1

Note: GFY: Green fodder yield, DMY: Dry fodder yield, CP: Crude protein, EE: Ether extract, TA: Total ash, CS: Cell soluble, NDF:
Neutral detergent fibre, ADF: Acid detergent fibre, ADL: Acid detergent lignin and ** - Correlation significant at 1% level.

Fig 2: Effect of nutrient management practices on mean* yield of proximate principles.
Note: *Mean of three replications.
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detergent lignin (ADL) content recorded lowest with 100%
RDF+PGPR+CU followed by 100% RDF+PGPR treatments,
due to higher nitrogen level in plant tissue that increase
metabolism of carbohydrates leads to decrease cell wall
constituents/carbohydrates (Iqbal et al., 2017). Less fibre
fraction attributed to increase cell soluble contents in plant.
These results are in line reported by Kushwaha et al. (2018).

Correlation studies
The results showed on correction (Table 3) indicates that the
DFY (r=0.978), DM (r=0.903), CP (r=0.861), EE (r=0.908),
TA (r=0.898) and CS (r=0.904) content were highly positively
correlated with the yield of green fodder. Green fodder yield
was highly negatively correlated with the contents of NDF
(r=-0.904), ADF (r=-0.926) and ADL (r=-0.898). Quality
parameter like DM, CP, EE, TA, CS increase with increase
in green fodder yield. However, fibre fractions like NDF, ADF
and ADL are inversely correlated with green fodder yield.
Correlation matrix also indicates that DM, CP, EE, TA and
CS were inversely correlated with fibre fractions. Similar
results also reported by Bhakar et al. (2020).

CONCLUSION
Study concludes that conjoint application of inorganic
fertiliser and organic sources of plant nutrients shows
positive effect on quality and fibre fraction value of pearl
millet fodder. In summary 100% RDF+PGPR+CU remained
productive as well as profitable in term of quality and
nutritional value. For future line of work, as like pearl millet,
different cereal fodder crops can be explored location wise
along with proper dose and sources (inorganic and organic)
of nutrients for better productivity and quality.

ACKNOWLEDGEMENT
We sincerely acknowledge Indian Council of Agricultural
Research for financial support and Director, ICAR-NDRI,
Karnal for providing field staff, laboratory facilities and
assistance in conducting this research.

Conflict of interest: None.

REFERENCES
Anonymous. (2020). 20th Livestock Census-2019. All India Reports.

Department of Animal Husbandry and Dairying, Ministry
of Fisheries, Animal Husbandry and Dairying, Government
of India. p. 16.

AOAC. (2005). Association of Official Analytical Chemists, 18th edn.
Official Methods of Analysis, Arlington, Virginia, USA.

Bashan, Y., Holguin, G. and De-Bashan, L.E. (2004). Azospirillum-
plant relationships: Physiological, molecular, agricultural
and environmental advances. 1997-2003. Canadian Journal
of Microbiology. 50(8): 521-577.

Bhakar, A., Singh, M., Kumar, S., Dutta, S., Mahanta, R.K. and
Onte, S. (2020). Ensuring nutritional security of animals
by mixed cropping of sorghum and guar under varying
nutrient management. Indian Journal of Animal Nutrition.
37(1): 48-56.

Chattha, M.B., Iqbal, A., Chattha, M.U., Hassan, M.U., Khan, I.,
Ashraf, I., Faisal, M. and Usman, M. (2017). PGPR
inoculated-seed increases the productivity of forage
sorghum under fertilized conditions. Journal of Basic and
Applied Sciences. 13: 150-153.

Enebak, S.A. and Carey, W.A. (2000). Evidence for induced systemic
protection to Fusarium rust in Loblolly pine by plant growth
promoting rhizosphere. Plant Disease. 84: 306-308.

Gomez, K.A. and Gomez, A.A. (1984). Statistical Procedures for
Agricultural Research. John Willey and Sons, Singapore.
p. 680.

Iqbal, A., Iqbal, M.A., Iqbal, A., Aslam, Z., Maqsood, M., Ahmad,
Z., Akbar, N., Khan, H.Z., Abbas, R.N., Khan, R.D., Abbas,
G. and Faisal, M. (2017). Boosting forage yield and quality of
maize (Zea mays L.) with multi-species bacterial inoculation
in Pakistan. International Journal of Experimental Botany.
86: 84-88.

Jackson, M.L. (1967). Soil Chemical Analysis. Prentice Hall of India
Private Limited, New Delhi, pp. 111-203.

Kishore, S.V., Rao, L.R., Ramesh, B. and Aditya, A.K. (2015). Indian
cow urine distillation and therapeutic uses. Mintage Journal
of Pharmaceutical and Medical Sciences. 4(1): 1-5.

Kumar, A., Maurya, B.R. and Raghuwanshi, R. (2014). Isolation
and characterization of PGPR and their effect on growth,
yield and nutrient content in wheat (Triticum aestivum L.).
Biocatalysis and Agricultural Biotechnology. 3(4): 121-128.

Kushwaha, M., Singh, M., Kumar, R., Tyagi, N., Soni, P.G., Choudhary,
S. and Makarana, G. (2018). Yield and quality of multicut
fodder sorghum as affected by nutr ient levels and
biofertilizer application. Indian Journal of Animal Nutrition.
35(1): 82-89.

Olsen, S.R., Cole, C.V., Watanabe, F.S. and Dean, L.A. (1954).
Estimation of Available Phosphorus in Soils by Extraction
with Sodium Bicarbonate. USDA Circular 939, U.S.
Government Printing Office, Washington D.C. p. 19.

Pal, K.K., Dey, R., Bhatt, D.M. and Chauhan, S.M. (1999). Enhancement
of groundnut growth and yield by plant growth promoting
rhizobacteria. International Arachis Newsletter. 19: 51-53.

Piper, C.S. (1942). Soil and Plant Analysis: A Laboratory Manual of
Methods for the Examination of Soils and the Determination
of the Inorganic Constituents of Plants. Hans, Bombay.
p. 152.

Sadhukhan, R., Bohra, J.S. and Choudhury, S. (2018). Effect of
fertility levels and cow urine foliar spray on growth and
yield of wheat. International Journal of Current Microbiology
and Applied Sciences. 7(3): 907-912.

Saunders, W.H.M. (1982). Effects of cow urine and its major
constituents on pasture properties. New Zealand Journal
of Agricultural Research. 25(1): 61-68.

Shormy, S.A.S., Chowdhury, M.A.H., Saha, B.K. and Haque, M.A.
(2013). Effects of different sources of organic materials
on nutrient contents and their uptake by T. aman rice.
Journal of Agroforestry and Environment. 7(1): 37-40.

Shukla, A.K., Malik, R.S., Tiwari, P.K., Prakash, C., Behera, S.K.,
Yadav, H. and Narwal, R.P. (2015). Status of micronutrient
deficiencies in soils of Haryana. Indian Journal of Fertilisers.
11(5): 16-27.



 Volume 57 Issue 3 (March 2023) 339

Subbiah, B.V. and Asija, G.L. (1956). A rapid procedure for
determination of available nitrogen in soil. Current Science.
25: 259-260.

Surve, V., Patil, P. and Arvadia, M. (2011). Forage production
potential of sorghum (Sorghum bicolor), maize (Zea mays)
and cowpea (Vigna unguiculata) under sole and intercropping
systems. Madras Agricultural  Journal. 98(4):  372-374.

Van Soest, P.V., Robertson, J.B. and Lewis, B. (1991). Methods
for dietary fibre, neutral detergent fibre and non-starch
polysaccharides in relation to animal nutrition. Journal
of Dairy Science. 74(10): 3583-3597.

Walkley, A. and Black, I.A. (1934). An examination of the Degtjareff
method for determining soil organic matter and a proposed
modification of the chromic acid titration method. Soil
Science. 37(1): 29-38.

Wu, S.C., Cao, Z.H., Li, Z.G., Cheung, K.C. and Wong, M.H. (2005).
Effects of biofertilizer containing N-fixer, P and K solubilizers
and AM fungi on maize growth: A greenhouse trial.
Geoderma. 125(1-2): 155-166.

Yolcu, H., Turan, M., Lithourgidis, A., Çakmakçi, R. and Koc, A.
(2011). Effects of plant growth-promoting rhizobacteria
and manure on yield and quality characteristics of Italian
ryegrass under semiarid conditions. Australian Journal
of Crop Science. 5(13): 1730-1736.

Proximate Composition and Fibre Fraction of Pearl Millet Fodder as Influenced by Different Nutrient Management Practices


