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The macronutrient and humic acid connection:
Boosting growth in cereal-pulse intercropping

P Dhamodharan, VM Sankaran, D Rajakumar and S Somasundaram

Abstract

The research study detailing the effect of recommended dose of fertilizers supplied along with humic
acid at varied levels on the growth of fodder maize (African Tall) and fodder cowpea (CO 9) based
intercropping was carried out at Agricultural College and Research Institute, Killikulam during summer
season (March- May) of 2021. The experiments contains 12 treatment combinations laid down with
Randomized Block Design (RBD) having three replications. Experimental results concluded that the
application of 125% RDF along with enriched farmyard manure and humic acid @ 20 kg ha'! and foliar
spray of 1.0% Urea + 0.5% CaCl. (Ts) under fodder maize and fodder cowpea intercropping recorded
more plant height (237.4 & 181.4 cm), number of leaves per plant in fodder maize (16.3), branches per
plant in fodder cowpea (23.3), dry matter production (71.4 & 47.06 g/plant) at harvest stage which was
followed by application of 100% RDF along with enriched FYM and HA @ 20 kg ha* and foliar spray
of 1.0% Urea + 0.5% CaClz (T7) when compared with control treatments (T12).

Keywords: Humic acid, fodder maize, fodder cowpea, intercropping, NPK, macronutrients, growth

Introduction
Globally, forage grasslands are generally preferred for feeding livestock and accounted for
approximately 26% of land area, and 70% of agricultural area (FAO, 2010) 4. Generally,
forage crops can be fed directly to cattle either by partial drying or pre-digestion processing.
Livestock feed supplement can be classed as bulky feeds or concentrates. Feed which
consumed in larger proportion is generally called as Bulky feeds, also known as fodder, are
made available from the crops of grasses, cereals, and legumes. Livestock can be fed with
bulky feeds either directly by grazing on pasture land or indirectly through processed forms
such as hay or dry (pelleted) biomass. Whereas concentrates are feed supplements given in
small amounts with rich nutrient contents mostly byproducts of processed cereals, oilseeds,
and legume seeds, enriched agricultural molasses and animal byproducts.
The ability to generate significant annual cash revenue makes livestock management, the most
feasible and lucrative occupation. Feed makes up about two-thirds of the overall expense of
raising animals. According to Ghosh et al. (2016) 2, the current feed deficiency is
approximately 35.6% for green fodder, 10.95% for dry fodders and residues, and 44% for
concentrate feed ingredients. Due to the difficulty of moving available fodder over vast
distances, seasonal and regional scarcities are regarded as being more significant. By providing
high-quality feed, necessary nutrients, and correct medical care, cattle can be kept healthier
and more productive.
The quality of the fodder was improved and the productivity of the land was boosted when
fodder legumes were intercropped with cereal fodder. The diverse intercropping patterns were
made possible by the adjusted crop spacing of intercrops (Kumar and Narmadha 2018) 071,
Maize is a cereal crop that can adapt to various agro climatic conditions and is mostly used for
grain and feed. Due to its rapid growth, crop duration, succulent quality, and greater
palatability without any antinutritional components, it consumes more nutrients than any other
crop and is better suited for the production of fodder. Rhizobium leguminasorum, a bacterium,
helps legumes fix more atmospheric nitrogen through their root nodules, increasing their
production and intercrop yield. By making more nutrients available in the soil and helping to
maintain soil moisture, the addition of organic materials like enriched farm yard manure
(FYM) and humic acid (HA) increased crop output. (Albayrak and Camas, 2005; Akman,
2004) 3.2
Therefore, a forage-based diet for livestock is an option, as is a forage diet supplemented with
concentrate. Concentrate feed supplements is used to compensate the nutritional deficiencies
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and shortages in the forage supply, improve livestock
performance, or during particularly at sensitive stages, like
calving. Since forage is used for feeding almost all the
livestock, this review won't cover concentrates and will
instead concentrate on the most often utilized crops (Erb et
al., 2012) [0 To provide dietary and environmental
advantages, forage crops can be cultivated by growing
different fodders under mixed farming. Nutritional quality can
be enhanced by providing livestock feed with various
mixtures of fodder or their combinations. Consider alfalfa can
be grown as sole crop planted alone or intercropped with
various grass species, as it has the potential legume produces
maximum yield and has productivity of more protein per unit
area than any other forage legumes. The need of the hour is to
increase the supply of fodder crops through increasing their
productivity, substantial increase in the total cultivable area
and adopting various technologies like multi-cropping,
intercropping, intensive cropping and relay cropping, or by

providing high-quality nutritional fodder (Singh et al., 2010)
21

2. Materials and Methods

Experimental site and treatment details

The experimental trial was carried out at Agricultural College
and Research Institute, Killikulam during summer season
(March — May, 2021). The initial pH value and electrical
conductivity analyzed from the soil samples was found to be
7.3 (nearly neutral) and 0.08 dSm™ respectively. The soil N, P
and K availability was analyzed and found to be lower in Soil
N (202 kg ha?), medium range in Soil P (14 kg ha?) and
medium range in Soil P (240 kg ha) respectively and the
initial organic carbon content was 0.458. The experiment
followed Randomized Block Design (RBD) with three
replications. Intercrops of fodder maize (African tall) and
fodder cowpea (CO 9) were cultivated under paired row
system (2:2) with altered spacing dimension of 90/45 x 10 cm
(additive series). The treatment details were T; — 100% RDF
+ Foliar spraying of 1.0% MAP + 0.5% CaCly; T, - 100%
RDF + Enriched FYM + Foliar spraying of 1.0% Urea + 0.5%
CaCly; Ts - 75% RDF + Enriched FYM + HA @ 10 kg ha* +
Foliar spray of 1.0% Urea + 0.5% CaCl; T4 - 100% RDF +
Enriched FYM + HA @ 10 kg ha* + Foliar spraying of 1.0%
Urea + 0.5% CaCly; Ts - 125% RDF + Enriched FYM + HA
@ 10 kg ha! + Foliar spraying of 1.0% Urea + 0.5% CaCly;
Te - 75% RDF + Enriched FYM + HA @ 20 kg ha* + Foliar
spraying of 1.0% Urea + 0.5% CaCly; T7 - 100% RDF +
Enriched FYM + HA @ 20 kg ha* + Foliar spraying of 1.0%
Urea + 0.5% CaCly; Tg - 125% RDF + Enriched FYM + HA
@ 20 kg ha + Foliar spraying of 1.0% Urea + 0.5% CaCly;
Te - 75% RDF; Ty - 100% RDF; Ti- 125% RDF; Ti-
absolute control. Soil incorporation of humic acid as per
treatment schedule and prepared enriched farmyard manure
(750 kg ha*) was applied before sowing. Different doses such
as 75%, 100%, and 125% of NPK fertilizers from
recommended levels (60:40:20 kg ha) was applied to the
treatment plots. Half the dose of N and full dose of P and K
were applied as basal dose and remaining dose of N given at
30 DAS. Foliar spraying of 1.0% MAP, 1.0% urea, 0.5%
CaCl;, were applied on 30 and 45 DAS respectively. Fodder
cowpea harvested at 55 DAS whereas fodder maize harvested
at 65 DAS or at the time of 50% flowering stage of both
crops. The biometric plant observations were recorded at 30
DAS, 45 DAS and at harvest stage of crops respectively.
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The leaf area index (LAI) was calculated by dividing the
apparent leaf area to the recommended spacing of the crops.

Apparent leaf area (cm?)

LAI =
Spacing (cm?)

Leaf: stem ratio was calculated by diving the corresponding
weights of leaf and stem obtained from each plant of the
treatments.

Leaf weight (g)

L:S=
Stem weight (g)

3. Results and Discussion

Growth parameters

The non-destructive observations of plant growth parameters
include plant height, total number of leaves and total dry
matter production (DMP) of the fodder maize under
intercropping with fodder cowpea was measured at 30, 45
DAS and harvesting of crop respectively. The maximum plant
height at 30 DAS (80.8 cm), 45 DAS (175.5 cm) and at
harvest stages (237.4 cm) were observed by the application of
125% RDF along with enriched FYM and humic acid @ 20
kg ha! which was incorporated in the soil before sowing and
foliar treatment of 1.0% Urea + 0.5% CaCl, (Tg) and the
minimum height was observed in control treatments (T1) at
all stages of crop. The plant height has increased with the crop
duration and with the response of fertilizer application.
Similarly, the average number of green leaves per plant was
found to be higher in Tgat 30 DAS (7.2), 45 DAS (10.3) and
harvest stage (16.3) of maize crop. This also leads to increase
in the total dry matter production per plant and the maximum
DMP at 30 DAS (17.0 g), 45 DAS (36.0 g) and harvest stage
(71.4 g) also was produced in Tg when compared with other
treatments.

In case of fodder cowpea, growth parameters were measured
on 30, 45 DAS and harvesting of crop respectively. The
maximum plant height at 30 DAS (58.9 cm), 45 DAS (100.2
cm) and at harvest stages (181.4 cm) were observed by the
application of 125% RDF along with enriched FYM and HA
@ 20 kg ha! and foliar treatment of 1.0% Urea + 0.5% CaCl,
(Ts) and the average number of branches per plant was found
to be higher in Tg at 30 DAS (6.5), 45 DAS (14.33) and
harvest stage (23.3) of fodder cowpea. The maximum dry
matter production per plant was obtained at 30 DAS (13.7g),
45 DAS (35.8g) and harvest stage (47.069) by the application
of 125% RDF along with enriched FYM and HA @ 20 kg ha
Land foliar spray of 1.0% Urea + 0.5% CaCl, (Ts).

The obtained results concluded that increasing the nitrogen
levels had significantly increased the vegetative growth of
crop and also increased the internode length which led to an
increase in the plant height (Aman and Rab, 2013) [“. Chen
(2004) [ stated that nitrogen is the main component of
chlorophyll and other enzymes responsible for the metabolic
process involved in vegetative growth which directly involved
in the active cell division and cell elongation process. Humic
acid is a bio-stimulant that contains PGR’s which directly
influenced vegetative growth by increasing the number of
green leaves and branches when applied with increasing
levels of nitrogen. Humic acid also increased the absorption
of nitrogen in the soil by plants and increasing its efficiency.
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Intercropping of maize with legumes generally increased the
uptake of nitrogen from soil by fixing the atmospheric
nitrogen through root nodules (Prasanthi and Venkateswaralu
2014) 1 which also improves the growth of fodder crops.
Maximum plant height and more number of leaves per plant
also increased the dry matter accumulation due to humic acid
application along with N fertilization (Motaghi and Nejad
2014; Sharif et al., 2002) [8.22],

Leaf parameters

In fodder maize, application of 125% RDF along with
enriched FYM and humic acid @ 20 kg ha' and foliar
treatment of 1.0% Urea + 0.5% CaCl, (Ts) has considerably
influenced the leaf length and breadth, thereby increasing the
leaf area index at different stages 5.99 (30 DAS), 12.52 (45
DAS), 18.47 (harvest stage). Leaf to stem ratio is very
important for green fodder for cattle consumption. In this
experiment, fodder maize had decreased the leaf : stem ratio
was observed due to the increased stem weight and crop
maturity. The maximum leaf : stem ratio (0.70) was produced
by the application of 100% RDF (Tig) which was on par
treatment Tg imposing the application of 125% RDF along
with enriched FYM and humic acid @ 20 kg ha* and foliar
treatment of 1.0% Urea + 0.5% CaCl; (Ts).

In the case of fodder cowpea, application of 125% RDF along
with enriched FYM and humic acid @ 20 kg ha* and foliar
treatment of 1.0% Urea + 0.5% CaCl, (Tg) also considerably
influenced the leaf length and breadth, thereby increasing the
leaf area index at different stages 1.75 (30 DAS), 5.63 (45
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DAS), 12.40 (harvest stage). The maximum leaf to stem ratio
(1.38) was recorded by the application of 125% RDF along
with enriched FYM and humic acid @ 20 kg/ha and foliar
treatment of 1.0% Urea + 0.5% CaCl, (Tg) during harvest.

The increased leaf area index at closer spacing was due to the
production of the number of leaves per unit area which
consequently increased the biomass production (Sibhatu et
al., 2015) 1, In paired row system, the higher density
planting increased the photosynthetic efficiency with the
increase in the number of leaves per unit area (Javanmard et
al., 2009) 4. The combined application of humic acid with
nitrogen enhanced the cell division which increased the
length, width and number of leaves (Kumar and Narmadha
2018; Igbal et al., 2006) [17- 31, The rate of LAI decreased at
the harvest stage because of the loss of leaves by senescence.
Higher LAI also directly influenced dry matter production.
The findings of Atarzadeh et al., (2013) ! revealed that
application of humic acid increased the leaf area index of
cowpea. Leaf to stem ratio is very important for green fodder
for cattle consumption and in case of fodder maize, the
decrement in the leaf to stem ratio was observed due to the
increased stem weight and crop maturity. Higher the leaf to
stem ratio, more will be the feed use efficiency. The higher
ratio indicates that the green foliage yield of the crop and
decreases with the crop maturity (Ram and Singh 2003). It is
concluded that by increasing the optimum dose of nitrogen
level led to accumulation in the stem and increased the stem
weight at the harvest stage (Kumar et al., 2016) [*°],

Table 1: Effect of humic acid, fertilizer levels and foliar treatments on fodder maize under intercropping with fodder cowpea

Plant height (cm) Number of leaves DMP (g plant?) Leaf Area Index Leaf: Stem ratio

Treatments 30 45 65 30 45 65 30 45 65 30 45 65 30 45 65
DAS | DAS DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS DAS | DAS | DAS | DAS
T1 70.6 | 148.4 | 195.3 6.5 8.2 112 | 133 | 303 | 58.8 | 3.74 8.02 | 1312 | 139 | 1.12 | 0.44
T2 70.3 | 152.4 | 205.4 6.6 8.9 117 | 122 | 331 | 60.9 | 4.40 736 | 1175 | 134 | 1.37 | 046
T3 70.5 | 158.7 | 210.8 6.5 8.7 123 | 128 | 278 | 61.8 | 4.70 8.78 | 13.30 | 1.23 | 0.96 | 043
T4 75.1 | 164.1 | 218.0 6.8 9.2 138 | 136 | 30.7 | 65.7 | 456 | 11.11 | 1442 | 1.35 | 1.05 | 0.48
Ts 78.3 | 167.5 | 225.2 7.0 9.5 147 | 153 | 341 | 678 | 582 | 10.13 | 16.79 | 142 | 1.15 | 0.50
Ts 72.2 | 160.5 | 212.3 7.0 9.7 13.0 | 121 | 283 | 625 | 499 | 10.00 | 1429 | 1.26 | 0.85 | 0.50
T7 755 | 168.7 | 228.4 7.1 10.1 | 15.0 | 138 | 321 | 674 | 447 | 1042 | 17.28 | 1.38 | 0.90 | 0.55
Ts 80.8 | 1755 | 2374 7.2 103 | 163 | 170 | 36.0 | 714 | 599 | 1252 | 1847 | 143 | 095 | 0.68
Ty 69.4 | 146.3 | 182.1 | 64 84 | 103 | 109 | 26.0 | 57.1 | 337 | 7.77 | 1063 | 1.12 | 0.85 | 0.65
Tio 75.3 | 159.8 | 192.8 6.8 8.8 122 | 11.7 | 285 | 60.3 | 4.69 9.66 | 1335 | 122 | 0.93 | 0.70
Tu 785 | 164.3 | 208.8 7.0 9.3 13.0 | 12.1 | 336 | 66.1 | 3.60 | 10.29 | 1559 | 1.36 | 0.98 | 0.46
Ti2 66.3 | 121.8 | 165.2 | 5.2 7.4 9.7 98 | 255 | 491 | 255 | 597 | 10.37 | 1.07 | 0.95 | 0.57
SEd 141 2.61 4.21 013 | 021 | 031 | 032 | 054 | 1.22 | 0.11 0.16 0.31 0.02 | 0.02 | 0.01
(p:%%s) 293 | 541 | 875 | 027 | 044 | 064 | 066 | 1.12 | 254 | 024 | 032 | 065 | 0.05 | 0.04 | 0.03

(T1 — 100% RDF + Foliar spraying of 1.0% MAP + 0.5% CaClz; T2 - 100% RDF + Enriched FYM + Foliar spraying of 1.0% Urea + 0.5%
CaCly; T3 - 75% RDF + Enriched FYM + HA @ 10 kg ha + Foliar spraying of 1.0% Urea + 0.5% CaClz; T4 - 100% RDF + Enriched FYM +
10 kg hat HA + Foliar spraying of 1.0% Urea + 0.5% CaClz; Ts - 125% RDF + Enriched FYM + 10 kg ha* HA + Foliar spraying of 1.0% Urea
+0.5% CaClz; Ts - 75% RDF + Enriched FYM + 20 kg ha™* HA + Foliar spraying of 1.0% Urea + 0.5% CaClz; T+ - 100% RDF + Enriched FYM
+ 20 kg hat HA + Foliar spraying of 1.0% Urea + 0.5% CaClz; Ts - 125% RDF + Enriched FYM + 20 kg ha* HA + Foliar spraying of 1.0%
Urea + 0.5% CaClz; To - 75% RDF; T10 - 100% RDF; T11- 125% RDF; T12- absolute control.)
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Table 2: Effect of humic acid, fertilizer levels and foliar treatments on fodder cowpea under intercropping with fodder maize

. Number of .

Treatments Plant height (cm) branches/plant DMP (g plant-1) LAI Leaf: Stem ratio

30 45 55 30 45 55 30 45 55 30 45 55 30 45 55
DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS
T1 429 | 81.0 | 1008 | 4.8 88 | 140 | 108 | 2795 | 3639 | 111 | 270 | 6.08 | 1.26 | 1.33 | 1.07
T2 36.8 | 887 | 1084 | 49 94 | 168 | 9.2 | 2729|3916 | 099 | 324 | 735 | 122 | 1.71 | 1.06
Ts 4340 | 90.6 | 1102 | 51 95 | 183 | 102 | 26.14 | 3795 | 141 | 3.02 | 777 | 081 | 1.13 | 1.09
T4 479 | 969 | 1326 | 55 | 102 | 20.3 | 121 | 3146 | 4323 | 161 | 415 | 891 | 0.92 | 1.25 | 1.09
Ts 451 | 989 | 1673 | 6.0 | 118 | 22.0 | 135 | 3456 | 4414 | 162 | 5.08 | 10.85 | 097 | 1.30 | 1.14
Ts 382 | 924 | 1144 | 58 | 10.7 | 19.7 | 11.7 | 29.83 | 4189 | 126 | 3.03 | 878 | 0.86 | 1.35 | 1.08
T7 459 | 973 | 1526 | 6.0 | 121 | 21.7 | 132 | 3243 | 4411 | 156 | 492 | 1074 | 1.01 | 142 | 1.25
Ts 58.9 | 100.2 | 1814 | 65 | 143 | 233 | 13.7 | 358 | 47.06 | 1.75 | 563 | 1240 | 1.11 | 150 | 1.38
Ty 384 | 776 | 92.8 5.2 94 | 157 | 95 | 2545|3670 | 1.02 | 298 | 6.29 | 1.03 | 1.05 | 0.98
Tao 405 | 856 | 1079 | 54 | 108 | 183 | 112 | 27.22 | 39.02 | 1.36 | 431 | 793 | 114 | 1.08 | 1.06
Tu 437 | 952 | 1271 | 58 | 123 | 20.3 | 124 | 3140 | 4009 | 155 | 540 | 9.74 | 1.20 | 1.10 | 1.14
T12 346 | 606 | 716 4.0 84 | 120 | 63 | 2223 | 3556 | 0.77 | 251 | 3.78 | 0.83 | 1.28 | 0.83
SEd 099 | 189 | 251 | 012 | 022 | 0.34 | 0.22 | 054 | 083 | 0.018 | 0.09 | 0.19 | 0.02 | 0.02 | 0.02
(p:%%& 206 | 392 | 520 | 0.26 | 045 | 0.70 | 046 | 112 | 1.73 | 0.04 | 0.18 | 0.40 | 0.05 | 0.05 | 0.05

(T1 — 100% RDF + Foliar spraying of 1.0% MAP + 0.5% CaClz; T2 - 100% RDF + Enriched FYM + Foliar spraying of 1.0% Urea + 0.5%
CaClz; T3 - 75% RDF + Enriched FYM + HA @ 10 kg ha! + Foliar spraying of 1.0% Urea + 0.5% CaClz; T4 - 100% RDF + Enriched FYM +
10 kg ha* HA + Foliar spraying of 1.0% Urea + 0.5% CaClz; Ts - 125% RDF + Enriched FYM + 10 kg ha* HA + Foliar spraying of 1.0% Urea
+0.5% CaCly; Ts - 75% RDF + Enriched FYM + 20 kg ha* HA + Foliar spraying of 1.0% Urea + 0.5% CaClz; T7 - 100% RDF + Enriched FYM
+ 20 kg ha! HA + Foliar spraying of 1.0% Urea + 0.5% CaCly; Ts - 125% RDF + Enriched FYM + 20 kg ha' HA + Foliar spraying of 1.0%
Urea + 0.5% CaClz; To - 75% RDF; T1o - 100% RDF; T11- 125% RDF; T12- absolute control.)

T8 - Application 125% RDF + Enriched FYM + 20 kg ha* HA +
Foliar application of 1.0% Urea + 0.5% CaCl2

T12 - Absolute control treatment

Conclusion

The benefit of intercropping of fodder maize with fodder
cowpea increased the productivity with increased plant
population under paired row method was influenced by the

application of humic acid, as well as the increased fertilizer
level and enriched farmyard manure. According to the results
of the aforementioned study, it is advised to apply soil
incorporation of humic acid at a rate of 20 kg ha* along with
125% RDF and foliar application of 1.0% urea + 0.5% CaCl;
(Ts) to increase the plant height (237 cm & 181 cm), number
of leaves (16) and branches (23), dry matter production (71 &
47 glplant), leaf area index (18 & 12), and leaf: stem ratio
(0.68 & 1.38) of fodder maize and fodder cowpea
respectively.

References

1. Acikgoz E, Mehmet Sincik, Karasu A, Tongel O,
Wietgrefe G, Ugur Bilgili, et al. Forage soybean
production for seed in mediterranean environments. Field
Crops Research. 2009;110(3):213-218.

2. Akman, Zekeriya. Effects of humic acid-added foliar
fertilizer on ear yield and agronomic characters of sweet
corn (Zea mays Saccharata). Indian journal of agricultural
science. 2004;74(1):38-39.

3. Albayrak, Sebahattin, Necdet Camas. Effects of different
levels and application times of humic acid on root and
leaf yield and vyield components of forage turnip
(Brassica rapa L.). Journal of Agronomy; ¢2005.

4. Aman, Sher, Abdur Rab. Response of tomato to nitrogen
levels with or without humic acid. Sarhad Journal of
Agriculture 2013;29(2):181-186.

5. Atarzadeh S, Mojaddam M, Nejad TS. The interactive
effects humic acid application and several of nitrogen
fertilizer on remobilization star wheat. International
Journal of Biosciences 2013;3(8):116-123.

6. Ayub M, Choudhry M, Tanveer A, Ahmad B. Effect of
different levels of nitrogen and seeding density on
growth, yield and quality of maize fodder. Andhra
Agricultural Journal (India); c2001.

7. ChenY, Clapp C, Magen H. Mechanisms of plant growth
stimulation by humic substances: The role of organo-iron
complexes. Soil Science and Plant  Nutrition.

~2760 7™


https://www.thepharmajournal.com/

The Pharma Innovation Journal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2004;50(7):1089-1095.

Dhamodharan P, Sankaran VM, Suresh S, Rajakumar D.
Effects of humic acid and macronutrients on fodder
maize and fodder cowpea intercropping. The Pharma
Innovation Journal. 2021;10(11):384-388

Eyheraguibel, Boris, Silvestre J, Morard P. Effects of
humic substances derived from organic waste
enhancement on the growth and mineral nutrition of
maize. Bioresource technology. 2008;9(10):4206-4212.
Erb KH, Mayer A, Kastner T, Sallet KE, Haberl H. The
Impact of Industrial Grain Fed Livestock Production on
Food Security: An Extended Literature Review. Vienna:
Institute of Soil Ecology; c2012.

FAO. Challenges and Opportunities for Carbon
Sequestration in Grassland Systems: A Technical Report
on Grassland Management and Climate Mitigation.
(Rome: Food and Agriculture Organization of the United
Nations); c2010.

Ghosh P, Palsaniya, Srinivasan R. Forage research in
India: Issues and strategies. Agricultural Research
Journal. 2016;53(1):1-12.

Igbal A, Ayub M, Zaman H, Ahmad R. Impact of
nutrient management and legume association on agro-
qualitative traits of maize forage. Pakistan Journal of
Botany. 2006;38(4):1079.

Javanmard, Abdollah, Nasab AM, Javanshir A,
Moghaddam M, Janmohammadi H. Forage yield and
quality in intercropping of maize with different legumes
as double-cropped. J Food Agric. Environ 2009;7(1):163-
166.

Sachin K, Kumar A, Singh J, Kumar P. Growth indices
and nutrient uptake of fodder maize (Zea mays L.) as
influenced by integrated nutrient management. Forage
Res. 2016;42(2):119-123.

Kumar K, Bhanumurthy V. Effect of staggered sowing
and relative proportion of cowpea on the performance of
maize+ cowpea intercropping system. Forage Res.
2001;27(2):105-110.

Suresh KR, Narmadha R. Maize with green legume
fodder intercropping system; c2018.

Motaghi, Sahar, Nejad TS. The effect of different levels
of humic acid and potassium fertilizer on physiological
indices of growth. International Journal of Biosciences.
2014;5(2):99-105.

Prasanthi K, Venkateswaralu B. Fodder quality in fodder
maize-legume intercropping systems. Journal of Tropical
Agriculture. 2014;52(1):86-89.

Ram S, Bhagwan S. Physiological growth parameters,
forage yield and nitrogen uptake of sorghum (Sorghum
bicolor) as influenced with legume intercropping,
harvesting time and nitrogen level. Indian Journal of
Agronomy 2003;48(1):38-41.

Singh M, Singh R, Singh S, Yadav M, Singh V.
Integrated nutrient management for higher yield, quality
and profitability of baby corn (Zea mays). Indian Journal
of Agronomy. 2010;55(2):100-104.

Sharif M, Khattak RA, Sarir M. Effect of different levels
of lignitic coal derived humic acid on growth of maize
plants. Communications in soil science and plant
analysis. 2002;33(19-20):3567-3580.

Sibhatu, Berhane, Belete K, Tessema T. Effect of
Cowpea Density and Nitrogen Fertilizer on a Sorghum-
Cowpea Intercropping System in Kobo, Northern

~2761 ™

https://www.thepharmajournal.com

Ethiopia. International Journal
Forestry. 2015;5(6):305-317.

of Agriculture and


https://www.thepharmajournal.com/

