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ABSTRACT

A field experiment was conducted during Rabi 2022 season at Crop Research Farm, Department of
Agronomy, Naini Agriculture Institute, Sam Higginbottom University of Agriculture, Technology and
Sciences, Prayagraj, Uttar Pradesh, to study the response of organic manure and soil application of
zinc on the growth, yield attributes and economics of maize. The treatment consists of three level of
zinc sulphate (2, 4 and 6 kg/ha) vermicompost (12 t/ha), poultry manure (4 t/ha) and control. The
experiment was laid out in Randomized Block Design (RBD) with ten treatment and replicated
thrice. The soil of the experimental field was sandy loam with pH (8.0), EC (0.56 ds/m), organic
carbon (0.62%), available N (225 kg/ha), available P (38.2 kg/ha), and available K (240.7 kg/ha).
The results showed that application of 50% poultry manure and 50% vermicompost along with zinc
6kg/ha recorded significantly higher plant height (208.33 cm), higher dry weight (89.90 g), number
of cobs/plants (2.93), cob length (29.80 cm), number of seeds/cob (414.70). Maximum gross
returns (254310.40 INR/ha), net returns (173950.40 INR/ha) and Benefit Cost (B.C) ratio (2.16).
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1. INTRODUCTION

Zea mays L., also known as maize, is regarded
as one of the most significant cereal crops in the
world due to its wide range of uses as food, feed,
and fodder. On the basis of the endosperm of the
kernels, maize is divided into many categories or
varieties, including dent corn, popcorn, waxy
corn, flint corn, pod corn, and sweet corn, among
others. Dent corn (Zea mays indenata), also
referred to as "grain corn,” is the most typical
variety of maize farmed on a big scale for
commercial purposes. With a total production
1018 million tonnes at an average productivity of
5.49 tons per hectare, maize is grown on 185
million hectares of land in 160 countries. The
USA produces around 35% of the world's maize,
making it the top producer in the world.

Poultry manure is a readily available fertilizer that
works well as a substitute for chemical-based
fertilizers [17-8]. Exchangeable cations increase
after manure application, and the amount of
nitrogen in the soil rises by nearly 53% (from
0.09 to 0.14%) [9]. In agriculture, using poultry
manure is primarily done to provide crops with
nutrients and to alter the soil organically [10].
Due to its high levels of N, P, and K as well as
other essential nutrients, poultry waste makes an
excellent organic fertilizer. In comparison to other
organic sources, it is said to provide P that is
ready to be planted [11,12]. Therefore, the goal
of this study was to ascertain how applying
poultry manure at various rates will affect the
soil's availability of phosphorus and the growth of
the maize plant [13-15].

Vermicompost is a good substitute for
commercial fertilizer and has more N, P, and K
content than the typical heap manures [16-21].
Vermicompost was significantly influenced the
grain yield of maize, starch content in the grain, a
thousand kernel weight, and content of the five
observed macro-elements. Furthermore,
switching to organic farming will lessen the
additional environmental damage brought on by
the manufacture of these synthetic fertilizers
[22,23].

Zinc deficiency in soil is a worldwide nutritional
constraint for crop production, especially cereals
[24,25] In India, it has been calculated that
36.7% of soils are zinc (Zn) deficient [26-29].
Plant physiologists evaluated and recorded the
decrease in maize vyield brought on by the

absence of zinc (Zn) application. Basic plant life
processes like (a) nitrogen metabolism - nitrogen
uptake and protein quality; (b) photosynthesis -
chlorophyll synthesis; (c) resistance to abiotic
and biotic stresses - protection against oxidative
damage are all greatly influenced by zinc [30].

2. MATERIALS AND METHODS

This experiment was carried out during the Rabi
season of 2022 at Crop Research Farm,
Department of Agronomy, Naini Agricultural
Institute, Sam Higginbottom  University of
Agriculture, Technology and Sciences, Prayagraj
(U.P.). The crop research farm is situated at 25
39” 42" N latitude, 81°67” 56” E longitude and at
an altitude of 98 m above mean sea level. The
experiment was laid out in Randomized Block
Design consisting of ten treatments with T,
Poultry Manure 4t/Ha + 2 kg/ha Zinc, T, -Poultry
Manure 4t/Ha + 4 kg/ha Zinc T3 — Poultry Manure
4t/Ha + 6 kg/ha Zinc, T, - Vermicompost 12t/Ha
+ 2 kg/ha Zinc, Ts - Vermicompost 12t/Ha + 4
kg/ha Zinc, T - Vermicompost 12t/Ha + 6 kg/ha
Zinc, T; -50% Poultry Manure + 50%
Vermicompost + 2 kg/ha Zinc, Tg -50% Poultry
Manure + 50% Vermicompost + 4 kg/ha Zinc, Tg
-50% Poultry Manure + 50% Vermicompost + 6
kg/ha Zinc, Tyo - Control (RDF). The soil of
experimental field was sandy loam with pH (8.0),
organic carbon (0.62%), available N (225 kg/ha),
available P (38.2 kg/ha), and available K (240.7
kg/ha). The crop was sown on 17" December
2022 with seed rate of 10kg/ha. Seeds are sown
at a spacing of 30 cm x 15 cm. Data recorded on
different aspects of crop, viz., growth parameters
and yield attributes were subjected to statistically
analysis by analysis of variance method [31] and
economic data analysis by mathematical method.

3. RESULTS AND DISCUSSION
3.1 Growth Parameters
3.1.1 Plant height (cm)

The data revealed that significantly higher plant
height (208.33 cm) was recorded in treatment 9
[50% Poultry Manure + 50% Vermicompost +
Zinc 6 kg/ha] followed by treatment 8 with
application of 50% Poultry Manure + 50%
Vermicompost + Zinc 4 kg/ha (202.67 cm).

The plant height of maize was found increasing
significantly during all crop growth stages, this
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could be attributed to the fact that integrated use
of organic manure and foliar application of
micronutrient zinc led to adequate and balanced
nutrient supply to the crop at right time and right
place, this promoted rapid vegetative growth,
resulting in production of more number of
internodes and leaves, thus enhancing the plant
height [32-35]. The results are in close
accordance with findings of Naga Vani et al. [36].

3.1.2 Plant Dry Weight (g/plant)

Significantly maximum plant dry weight (89.90 g)
was recorded in treatment 9 [50% Poultry
Manure + 50% Vermicompost + Zinc 6 kg/ha].
Whereas, treatment 8 [50% Poultry Manure +
50% Vermicompost + Zinc 4 kg/ha] (84.01 g) and
treatment 7 [50% Poultry Manure + 50%
Vermicompost + Zinc 2 kg/ha] (83.96 g) were
found to be statistically at par with treatment 9.

The application of plant nutrient in combination of
organic and inorganic enabled the availability of
plant nutrients throughout the growing season,
increased the plant height, number of
leaves/plant and total leaf area and eventually
increasing the plant dry matter production. The
improvement in number of leaves might have
increased the photosynthetic efficiency of maize
and have induced to produce more plant dry
matter. This was in accordance with the earlier
findings of Kalaraju et al. (2011) and Rajesh [37].

3.2 Yield Attributes
3.2.1 Number of cobs/plant

The data revealed that maximum number of cobs
per plant (2.93) was recorded in treatment 9
[50% Poultry Manure + 50% Vermicompost +
Zinc 6 kg/ha] which was superior over all other
treatments, followed by treatment 8 (2.74) with
the application of [50% Poultry Manure + 50%
Vermicompost + 4 kg/ha Zinc].

Nagavani et al. [36] confirmed these results with
the application of nutrient sources in organic and
inorganic combination along with foliar
application of zinc ultimately accrued huge
guantity of biomass and partitioned a large
fraction of assimilates to the sink, resulting in
enhanced vyield structures (cobs) as displayed by
all the yield attributes.

3.2.2 Cob length (cm)

In treatment 9 [50% Poultry Manure + 50%
Vermicompost + Zinc 6 kg/ha] was recorded

maximum cob length (29.80 cm) which was
superior over all other treatments. However, the
treatment 8 [50% Poultry Manure + 50%
Vermicompost + 4 kg/ha Zinc] (28.19 cm) was
found to be statistically at par with the treatment
9.

Prajapati et al. [38] revealed that application of
100% NPK and vermicompost recorded
significantly higher growth components like
increasing plant height per plant (158.22 cm),
number of leaves per plant (11.00), leaf length per
plant (46.87 cm), cob length (17.50 cm), test
weight (209.26 g) and dry weight per plant
(163.46 g) in maize.

3.2.3 Number of seeds/cob

Treatment 9 [50% Poultry Manure + 50%
Vermicompost + 6 Kkg/ha], was recorded
significantly maximum number of seeds/cob
(410.70) which was superior over all other
treatments. However, the treatment 7 [50%
Poultry Manure + 50% Vermicompost + 2 kg/ha
Zinc] (378.49) and treatment 8 [50% Poultry
Manure + 50% Vermicompost + 4 kg/ha Zinc]
(397.11) was found to be statistically at par with
the treatment 9.

The conjunctive application of inorganics and
organics fertilizers has probably increased
uptake of nutrients that led to better translocation
of photosynthates. Hence enhancing the yield
attributes. These findings are in close
accordance of Aparna et al. [39].

3.3 Economics
3.3.1 Maximum Gross Returns (INR/ha)

Treatment 9 with the application of [50% Poultry
Manure + 50% Vermicompost + 6 kg/ha Zinc]
was recorded higher gross returns (254310.40
INR/ha) than other treatment which was closely
followed by treatment 8 with the application of
[50% Poultry Manure + 50% Vermicompost + 4
kg/ha Zinc] (250007.40 INR/ha).

3.3.2 Net returns (INR/ha)

Treatment 9 with the application of [50% Poultry
Manure + 50% Vermicompost + 6 kg/ha Zinc]
recorded higher net return (173950.40 INR/ha) as
against other treatment which was closely
followed by treatment 8 with the application of
[50% Poultry Manure + 50% Vermicompost + 4
kg/ha Zinc] (169767.40 INR/ha).
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Table 1. Effect of Organic Manure and Zinc on Growth Parameters of Maize

S. No. Treatment combinations At 100 DAS
Plant height Dry weight
(cm) (g/plant)
1. Poultry Manure 4t/ha + 2 kg/ha Zinc 196.67 81.64
2. Poultry Manure 4t/ha + 4 kg/ha Zinc 192.97 80.61
3. Poultry Manure 4t/ha + 6 kg/ha Zinc 194.67 79.73
4, Vermicompost 12t/ha + 2 kg/ha Zinc 197.99 81.22
5. Vermicompost 12t/ha + 4 kg/ha Zinc 188.82 75.20
6. Vermicompost 12t/ha + 6 kg/ha Zinc 196.33 79.59
7. 50% Poultry Manure + 50% Vermicompost + 2 kg/ha Zinc 191.33 83.96
8. 50% Poultry Manure + 50% Vermicompost + 4 kg/ha Zinc 202.67 84.01
9. 50% Poultry Manure + 50% Vermicompost + 6 kg/ha Zinc 208.33 89.90
10. Control (RDF) 185.91 76.85
F-test S S
SEm(%) 4.13 2.37
CD (p=0.05) 12.28 7.04

Table 2. Effect of Organic Manure and Zinc on Yield attributes of Maize

S. Treatment combination No. of No. of Cob
No. cobs/ seeds/ length
plants cob (cm)
1. Poultry Manure 4t/ha + 2 kg/ha Zinc 2.47 336.47 20.23
2. Poultry Manure 4t/ha + 4 kg/ha Zinc 2.13 328.58 18.65
3. Poultry Manure 4t/ha + 6 kg/ha Zinc 1.97 342.49 19.29
4. Vermicompost 12t/ha + 2 kg/ha Zinc 221 337.57 22.05
5. Vermicompost 12t/ha + 4 kg/ha Zinc 2.62 360.54 25.03
6. Vermicompost 12t/ha + 6 kg/ha Zinc 1.73 371.57 24.18
7. 50 % Poultry Manure + 50% Vermicompost + 2 kg/ha Zinc 2.57 378.49 23.74
8. 50 % Poultry Manure + 50% Vermicompost + 4 kg/ha Zinc 2.74 397.11 28.19
9. 50 % Poultry Manure + 50% Vermicompost + 6 kg/ha Zinc 2.93 414.70 29.80
10. Control (RDF) 1.61 310.53 16.94
F-test S S S
SEm(%) 0.28 12.97 1.42
CD (p=0.05) 0.83 36.77 4.23

Table 3. Effect of Organic Manure and Zinc on Economics of Maize Production

Sr.  Treatment combinations Gross return Netreturn B:C

No. (INR/ha) (INR/ha) Ratio

1 Poultry Manure 4t/ha + 2 kg/ha Zinc 174929.20 114809.20 1.91

2 Poultry Manure 4t/ha + 4 kg/ha Zinc 180907.13 120667.13 2.00

3 Poultry Manure 4t/ha + 6 kg/ha Zinc 186261.60 125901.60 2.09

4 Vermicompost 12t/ha + 2 kg/ha Zinc 218623.60 118503.60 1.18

5 Vermicompost 12t/ha + 4 kg/ha Zinc 219604.47 119364.47 1.19

6 Vermicompost 12t/ha + 6 kg/ha Zinc 234475.84 134115.84 1.34

7 50% Poultry Manure + 50% Vermicompost + 2 kg/ha  194992.03 114872.03 1.43
Zinc

8 50% Poultry Manure + 50% Vermicompost + 4 kg/ha  250007.40 169767.40 2.12
Zinc

9 50% Poultry Manure + 50% Vermicompost + 6 kg/ha 254310.40 173950.40 2.16
Zinc

10  Control (RDF) 125200.80 84575.80 2.08

MSP for Maize — 1962 INR/q
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3.3.3 Benefit cost ratio

Treatment 9 with the application of [50% Poultry
Manure + 50% Vermicompost + 6 kg/ha Zinc]
was recorded higher B:C ratio (2.16) than other
treatments which was closely followed by
treatment 8 with application of [50% Poultry
Manure + 50% Vermicompost + 4 kg/ha Zinc
(2.12).

4. CONCULSION

Based on the finding it is concluded that with the
application of 50% Poultry Manure and 50%
Vermicompost along with 6 kg/ha Zinc has
responded with better growth parameters, yield
attributes as well as Benefit Cost (B:C) ratio.

ACKNOWLEDGEMENT

The authors are thankful to Department of
Agronomy, Naini Agricultural Institute, Prayagraj,
Sam Higginbottom University of Agriculture
Technology and Sciences, (U.P) India for
providing necessary facilities to undertaken the
studies.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Arancon QN and CA Edwards. The
utilization of vermicompost in Horticulture
and Agriculture. In: Edwards CA, Jeyaraaj
R, Indira AJ (Eds.) Vermitechnology in
Human  welfare. Rohini  Achagam,
Coimbatore, Tamil Nadu, India: 98-108.

2. Baharvand ZA, Zahedi H, Rafiee M. Effect
of Vermicompost and Chemical Fertilizers
on Growth Parameter of three Corn
Cultivars. Journal of Applied Science and
Agriculture. 2014,2009;9(9):22-26.

3. Barbara MH, Joy D, Praveena R. Effect of
nitrogen, boron and zinc as basal and foliar
application on growth and yield of maize
(Zea mays L.). Journal of Pharmacognosy
and Phytochemistry. 2018;7(6):1-4.

4, Chakirwa ZP, Sarkodie-Addo J, Adjei-
Gyapong T, Bashagaluke BJ. Response of
cowpea (Vigna unguiculata L. Walp.) to
zinc fertilizer application in the semi
deciduous forest zone of Ghana.
International Journal of Agriculture and
Plant Science. 2020;2(1):15.

10.

11.

12.

13.

14.

458

Chandrashekara CP, Harlapur Sl
Murlikrishna, Girijesh GK. Response of
maize (Zea maize L.) to organic manures
with inorganic fertilizers, Karnataka Journal
Agriculture Science. 2000;13(1):144-146.
Mangal CB, et al. Influence of integrated
nutrient management on productivity and
quality of single cross hybrid maize (Zea
mays L.) cv. HQPM 1. Advance research
journal of crop improvement. 2013;4(1):
54-58.

Sharma L, Baldev R and Meena DS. Effect
of integrated nutrient management on
productivity, profitability, nutrient uptake
and soil fertility in rainfed maize (Zea
mays). Indian Journal of Agronomy.
2016;4(2011):373-376.

Singh Brar, Singh B, Singh J, and Kaur G.
Effects of long term application of inorganic
and organic fertilizers on soil organic
carbon and physical properties in maize—
wheat rotation. Indian Journal  of
Agronomy. 2015;5(2):220-238.

Boateng SA, Zickermann J and Kornahrens
M. Pouutry Manure Effect on Growth
and Yield of Maize. West African
Journal of Applied Ecology. 2009;8(3):327-
328.

Warren JG, Phillips SB, Mullins GL,
Keahey D and Peun CJ. Environmental
and Production consequences of using
alumamended poultry litter as a nutrients
source for corn. Journal Environmental
Quality, 2006;35:172.

Ahmed ZFR, Alnuaimi AKH, Askri A,
Tzortzakis N. Evaluation of Lettuce
(Lactuca sativa L.) Production under
Hydroponic System: Nutrient Solution
Derived from Fish Waste vs. Inorganic
Nutrient Solution. Horticulturae. 2021;7:
292.

Khalil HA, El-Ansary DO, Ahmed ZFR.
Mitigation ~ of  Salinity = Stress  on
Pomegranate (Punica granatum L. cv.
Wonderful) Plant Using Salicylic Acid
Foliar Spray. Horticulturae. 2022;8:375.
Available:https://doi.org/10.3390/horticultur
ae 8050375

Channabasanagowda PK, Patil BN,
Awaknavar JS, Ninganur BT and Ravi H.
Effect of organic manures on growth,
seed yield and quality of wheat.
Karnataka Journal Agriculture Science.
2008;21(3):366-368.

Chavan SD. Effect of organic manures
and inorganic fertilizers on quality and
yield of sweet corn (Zea mays L.



15.

16.

17.

18.

19.

20.

21.

22.

23.

Raj et al.; Int. J. Environ. Clim. Change, vol. 13, no. 10, pp. 454-460, 2023; Article no.lJECC.104509

saccharata). Indian Journal of
Agronomy. 2009;23(5):23-28.
Choudhary, Rakesh & Yadav, R &
Shivran, A & Parihar, Sagar. Effect of
vermicompost and fertility levels on
growth, yield, nutrient uptake and net
returns in pearl millet (Pennisetum
glaucum). Indian Journal of Agricultural
Sciences. 2014,;84:1428-1430.

Kavita S and Garg VK. Vermicomposting
technology for organic waste management.
Current Development in Biotechnology and
Bioengineering. 2023;29-56.

Gupta V, Sharma A, Kumar J, Abrol V,
Singh, Singh. Effects of integrated nutrient
management on growth and yield of maize
(Zea mays L.)-Gobhi sarson (Brassica
napus L.) cropping system in sub-tropical
region under foothills of north-west
Himalayas. Bangladesh Journal of Botany.
2015;43(2):147-155.

Hameeda B, Harini G, Rupela OP and
Gopal Reddy. Effect of composts or
vermicomposts on sorghum growth and
mycorrhizal colonization. African Journal of
Biotechnology. 2007;6(1):009-012.
Hamouda HA, Anany TG, El-Bassyouni
MSS. Growth and vyield of dry bean
(Phaseolus vulgaris L.) as affected by Zn
and B foliar application. Middle East
Journal of Agriculture Research
2018;7(2):639-649.

Manoj PT, Joy D and Tarun T. Effect of
Phosphorus, Zinc and Iron Levels on
Growth and Yield of Kharif Maize (Zea
mays L.). International Journal Current
Microbiol Applied Sciences. 2020;9(12):
2312-2323.

Mahesh LC, Kalyanamurthy KN, Ramesha
YM, Shivakumar KM, and Yogeeshappa H.
Effect of integrated nutrient management
on nutrient uptake and economics of maize
(Zea mays L.). International Journal of
Agricultural  Sciences.  2010;6(1):327-
329.

Ahmed ZFR, Askri A, Alnuaimi AKH,
Altamimi ASHR and Alnagbi MMA. Liquid
fertilizer as a potential alternative nutrient
solution for strawberry production under
greenhouse conditions. Acta Horticulturae.
2021b;1321:165-172.

Albadwawi MAOK, Ahmed ZFR, Kurup SS,
Alyafei MA, Jaleel AA. Comparative
Evaluation of Aquaponic and Soil Systems
on Yield and Antioxidant Levels in Basil, an
Important Food Plant in Lamiaceae.
Agronomy. 2022;12:3007.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

459

Cakmak. Enrichment of cereal grains with
zinc: Agronomic or genetic biofortification?.
Plant and Soil. 2008;302:1-17.

Ahmed ZF, Kaur N, Hassan FE.
Ornamental Date Palm and Sidr Trees:
Fruit Elements Composition and Concerns
Regarding Consumption. International
Journal of Fruit Science. 2022;22(1):17-34.
Shukla AK, Tiwari PK and Chandra PH.
Micronutrients Deficiencies vis-a-vis Food
and Nutritional Security of India. Indian
Journal of Fertilisers. 2014;10(12):94-
112.

Dedi Saputra, Merakati Handajaningsih.
Effect of incubation of goat manure on
growth and vyield of sweet corn. Akta
agrosia. 2017;20(2):43-47.

Debnath P, Pattanaaik SK, Sah D,
Chandra G, Pandey AK. Effect of boron
and zinc fertilization on growth and yield of
cowpea (Vigha unguiculata L.) in
Inceptisols of Arunachal Pradesh. Journal
of the Indian Society of Soil Science.
2018;66(2):229- 234.

Anees MA, Ali A, Shakoor U, Ahmed F,
Hasnain Z, Hussain A. Foliar applied
potassium and zinc enhances growth and
yield performance of maize under rainfed
conditions, International  Journal  of
Agriculture & Biology. 2016;18:1025-1032.
Alloway BJ. Zinc in Soils and Crop
Nutrition. IZA Publications, International
Zinc Association, Brussels. 2004;1-116.
Gomez KW, Gomez AA. Statistically
procedures for agricultural research. John
Wiley and Sons (New York). 1984;680.
Singh G, Singh N, and Kaur R. Integrated
nutrient management for increasing growth
with  sustainability of baby corn.
International Journal of Bioassays. 2015;
5(02):48174820.

Verma A, Nepalia V, Kanthalia PC. Effect
of integrated nitrogen management
practices on the growth, yield and nutrient
uptake by maize (Zea mays L.) — wheat

(Triticum  aestivum) cropping system.
Indian Journal Agronomy. 2006;51:3-
6

Waseem M, Igbal N, Ali A, Nadeem MA,
Tahir M, Zamir & Igbal, A. An Integrated
Nutrient Management Approach for
Improving Maize (Zea mays L.) Yield. In
Series B: Biological Sciences. 2011;64.

Yasin MU, Zulfigar U, Ishfag M, Ali N,
Durrani S, Ahmad T. Influence of foliar
application of Zn on vyield of maize (Zea
mays L.) under water stress at different



36.

37.

Raj et al.; Int. J. Environ. Clim. Change, vol. 13, no. 10, pp. 454-460, 2023; Article no.lJECC.104509

stages, Journal of Global Innovations in
Agriculture Sciences 2018;5(4):165-
169.

Nagavani V, Madhavi Y, Rao DB, Rao PK,
Rao TR. Free radical scavenging activity and
qualitative analysis of polyphenols by RP-

HPLC in the flowers of Couroupita
guianensis. Electronic Journal of
Environmental,  Agricultural &  Food
Chemistry. 2010 Oct 1;9(9).

Rajesh K, Kalaraju. System  of
crop intensification in  finger millet
(Eleusine coracana L.) under irrigated

38.

39.

condition. M.Sc.

(Ag.)
2011.
Prajapati S, Tiwari A, Kadwey S, Jamkar T.
Genetic variability, heritability and genetic
advance in tomato (Solanum lycopersicon
Mill.). International Journal of Agriculture,
Environment and Biotechnology. 2015;
8(2):245-251.
Aparna K, Bhanu RK, Vani KP and Ram
PT. Growth and yield of Finger Millet as
influenced by crop residue composting.
Journal of Pharmacognosy and
Phytochemistry. 2019;8(4):1108-1111.

[Thesis]. TNAU;

© 2023 Raj et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/104509

460


about:blank

