Optimization of nano-DAP fertilization for
improvement in growth and yield of finger millet
[Eleusinecoracana (L.) Gaertn.]

ABSTRACT

Aim:Optimization of nano-DAP fertilization for growth and yield improvement in order to maximize
finger millet production.

Study Design: Randomized Block Design (RBD)

Place and Duration of Study:This investigation was conducted in Kharif 2021-22, with variety VL-
352 at the Research and Extension Centre, Gaja, College of Forestry, Ranichauri (Tehri Garhwal),
Uttarakhand.

Methodology: Volatilization, denitrification, and leaching losses brought on by excessive fertilizer
use have reduced fertilizer efficiency. Phosphorus fixing at soil collisions results in decreased
phosphorus accessibility. One of the quickest ways to improve crop growth is to treat seeds with
foliar spray of nano-DAP to prevent or minimize such losses and fixation. This experiment comprised
of ten treatments viz., T1- NK 100% (Control), T2- NPK 100%, T3- 75%P + 100%N + 100%K, T4-
50%P + 100%N + 100%K, T5- 75%P + 100%N + 100%K + ST + FS(2ml), T6- 75%P + 100%N +
100%K + ST + FS(4ml), T7- 50%P + 100%N + 100%K + ST + FS(2ml), T8- 50%P + 100%N +
100%K + ST + FS (4ml), T9- 50%P + 100%N + 100%K + ST + FS(2ml) + FS(2ml), T10- 50%P +
100%N + 100%K + ST + FS (4ml) + FS(4ml) and was laid out in Randomized Block Design (RBD)
with three replications. The plant growth parameters and yield attributing parameters were recorded
significantly higher in the treatment T10- 50%P +100%N + 100%K + ST + FS (4ml) + FS(4ml) while
significantly lower yield was recorded in T1- NK 100% (Control).

Result: The findings of this study showed that finger millet yield and plant growth were significantly
increased by applying 50% P through DAP and 100% NK, treating the seed with nano-DAP at a rate
of 5 ml/kg seed, and performing two foliar sprays of nano-DAP at a rate of 4 ml/l of water, one at 30-
35 days after seed germination and the other at 45 days.

Conclusion: The use of 50% P through DAP and 100% NK along with seed treatment by nano DAP
@5ml/kg seed as well as two foliar sprays of nano-DAP @4 ml/l of water, first at 30-35 days after
germination and second at 45 days after seed germination gave significantly higher plant growth,
seed yield and seed quality of finger millet.

Keywords; Volatilization, Denitrification, Leaching losses, Sail collisions, Randomized Block Design,
Foliar sprays, Finger.millet, nano-DAP

1. INTRODUCTION

India ranks second in consumption and third in the production of fertilizers worldwide [1]. The usage of
urea, diammonium phosphate (DAP), and muriate of potash (MOP) results in lower fertilizer efficiency
due to volatilization, leaching and denitrification losses [2], ranging from 20-50% for nitrogen, 10-25%
for phosphorous and 70-80% for potassium [3] [4]. Overuse of fertilizer increases the cost of products
economically that have a negative impact on farmers' income [5], and due to its losses from the root
zone, it also contributes to soil, water, and air pollution [6] [7]. Continuous nutrient extraction from the
soil along with improper and uneven fertilizer application has led to increased secondary and
micronutrient deficiency due to which the ability of the crop to respond to the application of primary
nutrients (N, P & K) is inhibited [8] [9]. Nitrogen and phosphorous have prominent roles in plant
metabolic system, in various physiological processes and are essential nutrients for the life of
plants[10]. The low availability of N and P limits grain yield. The management of nutrients becomes



crucial for increasing the yield of the crops. Finger millet (Eleusine coracana (L.) Gaertn.), locally
known as mandua or ragi[1l] [12] is the most dominant kharif season crop in rainfed hills of
Uttarakhand [12]. It is an important small millet crop grown in India that is valued for food, fodder, and
high nutritional security. Even though finger millet is important, less study has been done on it and very
little information is available about how to manage the crop's P levels in dry/rainfed environments. So,
it is necessary to know the optimum dose of the P fertilizer to be applied for maximum yields without
compromising the environment [13].

To avoid or minimize losses from the use of chemical fertilizers, several measures have been adopted all
over the world inthe R&D of fertilizers. The use of nano-fertilizers acts as an alternative substitute for
conventional phosphate fertilizers which are made from non-renewable phosphoric rocks whose
supplies are already depleting [14]. Nano-fertilizers through precision agriculture improves agricultural
production and enhances P use efficiency [14] [15]. Nanoscale materials enhances the fertilizer use
efficiency while foliar application meet the crop nutrient requirement effectively as per its need. Under
rainfed conditions when the availability of moisture becomes scarce, the application of nutrients as foliar
spray results in efficient absorption and usage which is economical in respect:to the other methods of
fertilization [5]. Nano-P applied via foliar application increases P usage efficiency, prometing sustainable
productivity, quality and reduces nutrient losses, P leaching/fixation into underground water through
direct internalization of crops and slow release over a longer period of time while synthetic P fertilizers
supplied directly to the soil have high fixation rates in the soil and low uptake efficiency.[16].

Nano-DAP formulation is an efficient source of available nitrogen (8.0%.N w/v) and phosphorus (16.0 %
P05 w/v) for all the crops and helps in correcting the nitrogen & phosphorus deficiencies in standing
crops. Liguid nano-DAP has an advantage in terms of surface area to volume as its particle size is less
than 100 nanometres (nm). The incorporation of nano-DAP into the plant system results in higher seed
vigour and quality, more chlorophyll, greater photosynthetic efficiency, optimum growth and higher crop
yields because the nano clusters of nitrogen.

Phosphorus in nano-DAP are functionalized with bio-poelymers and other substances for enhanced
spreading capacity. Additionally, nano-DAP meets the nutritional needs of crops through precise,
targeted application without damaging- the environment [17]. As very limited information is available
about the effect of nano-DAP on the finger millet growth; development, seed quality and yield, therefore,
keeping this in view the present investigation has been undertaken with the objective to assess the
effect of nano-DAP fertilizer on growth parameters:and seed yield of finger millet.

2. Materials and methods

Field experiment were conducted with a view to assess the performance of variety VL-352 of finger
millet on growth and yield due to nano-DAP application at Research and Extension Centre, Gaja, Tehri,
Garhwal, Uttarakhand, India during 2 kharif seasons of the year 2021 and 2022. The experiment
comprised of 10 treatments that were laid out in Randomized Block Design (RBD) with three replications
in 30 plots.each of size 2.75m x 2.5m. Plant population per meter row length was measured by counting
the number of:plants present in one meter row length at initial (30DAS) and at harvest stage. Other plant
growth parameters:such as plant height (cm), root length (cm), shoot length (cm), number of green
leaves per plant.and number of tillers per plant of five randomly selected plants from each treatment of
each replication were recorded.

Yield attributes and economic parameters: Panicle length (cm), finger length (cm), and number of fingers
per ear of five randomly selected plants were recorded at maturity. Test weight (g), seed yield (kg/ha),
straw yield (kg/ha), biological yield (kg/ha) and harvest index % were recorded after harvesting.
Economic parameters such as cost of cultivation (¥/ha), gross return (%/ha), net return (¥/ha) and B:C
ratio were also calculated.



Statistical analysis: The experimental data obtained during the investigation was statistically analysed
by applying analysis of variance (ANOVA) through Randomized Block Design with OPSTAT
Programme, designed and developed by O.P. Sheoran, Computer Programmer, Computer Section,
CCS HAU, Hisar, India

Treatment details Time of nano-DAP
application
T: 0% P; Remaining N & 100% K (Control) No Basal DAP
T2 100% P through DAP (100% N&K University Recommended) No foliar spray of nano-
DAP
Ts  75% P through DAP (100% N&K University Recommended) No foliar spray of nano-
DAP
T4 50% P through DAP (100% N&K University Recommended) No foliar spray of nano-
DAP
Ts T3+ Seed treatment with nano-DAP @5ml/kg seed + Foliar spray At 30-35.days after
with nano-DAP @2 ml/l of water germination
Ts T3+ Seed treatment with nano-DAP @5ml/kg seed + Foliar spray At 30-35 days after
with nano-DAP @4 ml/l of water germination
Tz T4 + Seed treatment with nano-DAP @5ml/kg seed + Foliar spray At 30-35 days after
with nano-DAP @2 ml/l of water germination
Ts T4 + Seed treatment with nano-DAP @5ml/kg seed + Foliar spray At 30-35 days after
with nano-DAP @4 ml/l of water germination
To T4 + Seed treatment with nano-DAP @5ml/kg seed + 2 Foliar At 30-35 & 45 days after
sprays with nano-DAP @2 ml/| of water germination
Tio T4 + Seed treatment with nano-DAP @5ml/kg seed + 2:Foliar At 30-35 & 45 days after
sprays with nano-DAP @4 ml/| of water germination

List 1: Treatment details

3. RESULT AND.DISCUSSION

Plant growth parameters: As shown by the data in table 1, the influence of treatments on the plant
population per-meter row dength at initial and at harvesting stage, plant height, root length, shoot length,
number of green leaves per plant and number of tillers per plant were found significant. The plant
population of finger millet were recorded higher at the initial stage than at the harvest stage maybe be
due to-mortality (intraspecific competition) of the plants [18]. It was observed that the plant height, root
length and shoot length of finger millet increased with the crop age and this rise was rapid at the early
growth stages while very slow increase from 90 DAS to harvest stage while number of tillers per plant
increased till 90 DAS and then had become stagnant [19]. There was a linear increase in number of
green leaves from 30 DAS to 90 DAS maybe due to more availability of nitrogen which produces
cytokinin and stimulates the growth of underground and aboveground parts of plants, giving them
intense green colour [20] [21].

The higher plant growth parameters were recorded in treatments where foliar spray of nano-DAP was
applied as compared to the treatments without phosphorous application. This might be due to less
fixation of the phosphorus in the soil, better absorption and utilization of macro & micro nutrients [22],
more availability of nitrogen and phosphorous during the early and vegetative growth stages either
through basal, seed treatment or foliar application of nano-DAP that might have helped the plants to
absorb water and light more effectively through stomata, increased chlorophyll formation, higher



metabolic activity and increased photosynthesis rate resulting in taller plants, increased number of
functioning leaves, higher leaf area index and possibly more number of tillers [23] [24] [25].

Table 1: Effect of nano-DAP on different plant growth parameters of finger millet.

Plant growth parameters

S. Parameters No. of plant Plant Root Shoot No.of No. of
No. population/metre  height length length green tillers/p
Treatments At At (cm) (cm) (cm) leaves lant
30DAS  harvest /plant

T1  NK 100% 14.0 13.1 72.02 16.26 28.80 12.65 1.37

T2  NPK 100% 19.3 16.2 86.69 2055 36.77 16.69 2.48

T3  75% P+ 100%N+ 14.8 135 80.56 18.90 31.08 14.83 1.61
100%K

T4 50% P+ 100%N+ 14.3 13.5 74.72 16.70 29.46 13.08 1.46
100%K

T5 75%P+ 100%N+ 15.3 15.0 81.09 18.57 30.56 14.91 1.62
100%K+
ST+FS(2ml)

T6 75%P+ 100%N+ 18.2 17.4 84.29 19.97 34.32 16.42 1.95
100%K+
ST+FS(4ml)

T7 50%P+ 100%N+ 14.7 14.0 77.02 16.95 30.47 13.66 151
100%K+
ST+FS(2ml)

T8 50%P+ 100%N+ 16.7 15.9 81.80 19.35 33.57 15.43 1.75
100%K+
ST+FS(4ml)

T9  50%P+100%N-+100 19.2 18.7 86.99 20.20 3557 16.85 2.36
%K+ST+FS(2ml)
+FS(2ml)

T10 50%P+100%N-+100 19.8 19.4 89.88 2069 37.14 17.53 2.70
%K+ST+FS(4ml)
+FS(4ml)
C.D. @ 5% 1.8 2.8 10.05 3.03 NS 2.03 0.36
SE(m)+ 0.6 0.9 3.36 1.01 2.19 0.68 0.12

N functions as a signalling” molecule to promote seed germination by lowering the abscisic
acid/gibberellins ratio [26] that regulates seed dormancy and seed germination [27] and helps in cell
division & elongation which promotes healthy vegetative growth and vigorous plant growth [28] [29] [30].
The P present in seeds is the only P available to plants at the time of seed germination [10]. Phosphorus
is a vital component.of the energy unit of plants ATP structure, which is utilized in cellular processes,
including‘synthesis, of macromolecules, membrane phospholipids and nutrient transport and processes
from the. beginning of seedling growth. This higher availability of phosphorus could have accelerated
various physiological processes such as seed germination, seedling establishment, increased root and
shoot development and higher plant growth in finger millet [13] [31]. Similar findings were also reported
by [32] that the foliar application of DAP in pigeon pea resulted in higher growth as DAP contains
nutrients (nitrates and exchangeable P) which are easily available to plant shoots that are involved in
cell division, cell elongation, increase in photosynthetic activity and better accumulation of
photosynthates.
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Yield attributes and economic parameters: As depicted in table 2, the vyield attributes viz. panicle length
(cm), finger length (cm), number of fingers per ear, test weight (g);iseed vield (kg/ha), straw yield (kg/ha)
and biological yield (kg/ha) were significantly influenced by the seed treatment and foliar application of
nano-DAP. The yield attributes were recorded significantly higher in treatment T10 [50%P+ 100%N+
100%K+ ST+FS(4ml) +FS(4ml)] which were statistically at-par, with: T2 [100%NPK], T9 [50%P+ 100%N+
100%K+ ST+FS(2ml) +FS(2ml)], T6 [75%P+ 100%N+ 100%K+ ST+FS(4ml)] and T8 [50%P+ 100%N+
100%K+ ST+FS(4ml)]. The increase in the panicle length and finger length might be due to the direct
availability of optimum phosphorus and nitrogen.through foliar spray of nano-DAP which might have
improved nutrient absorption, resulting in activated metabolic processes such as photosynthesis that
helped in higher accumulation of photosynthates and translocation to the plant’s economic parts,
improving crop growth, development and yield [13] [16]. The increase in the number of fingers per ear
could be due to the synthesis of amino acid, chlorophyll and better transformation of carbohydrates [33].
The higher test weight in T10 might be due to the positive effect of phosphorus and nitrogen to increase
the leaf area index which might have increased the surface exposed to light and its absorption that may
have increased the products of the carbon assimilation process in the leaf as well as stored in other
plant tissues that move later when forming seeds to increase their fullness and weight gain [34].

Phosphorus is a major compound in seeds and an effective source of energy as it moves into newly
formed grains to gain weight. The amount of nitrogen and phosphorus applied by the foliar spray of
nano-DAP enhanced all the growth parameters, dry matter production and yield attributes as a result of
greater photosynthesis that greatly influenced straw yield which affects biological yield which in turn
effects grain yield production. [35] [36].[37] reported that the application of nano-fertilizer resulted in
increased growth rate by 32.6% and seed production by 20.4% in comparison to non-nano-fertilizer. [38]
also observed that foliar spray of nano-fertilizer boosted wheat crop yield and its yield attributes. The
economics parameters for finger millet were calculated and presented in Table 2. The highest gross
return (Z/ha), net return (/ha)and benefit-cost ratio were found with the treatment T10 [50%P+ 100%N+
100%K+ ST+FS(4ml) +FS(4ml)] while lowest were recorded in T1[0%P+NK 100%)]. This might be due to
the higher grain yield production. It was reported by [39] that the application of basal dose of fertilizer
along with:2% DAP spray twice gave higher net return in rice fallow green gram. [40] also reported that
the foliar spray of 2% DAP at two different growth stages registered higher gross monetary return, net
monetary return and benefit-cost ratio in chickpea. Similarly, [41] also observed that the foliar application
of 2% DAP increased the gross return, net return and B:C ratio of soybean.
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Fig 3: Graph depicting Yield attributes against different treatments.
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4.

CONCLUSION

The present investigation clearly indicated that the use of 50% P through DAP and 100% NK along with
seed treatment by nano DAP @5ml/kg seed as well as two foliar sprays of nano-DAP @4 ml/l of water,
first at 30-35 days after germination and second at 45 days after seed germination gave significantly
higher plant growth, seed yield and seed quality of finger millet.

REFERENCES

1.

2.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

Randive, K., Raut, T. and Jawadand, S. 2021. An overview of the global fertilizer trends and India’s
position in 2020. Mineral Economics, 1-14.

Mohd Zuki, M. M., Md. Jaafar, N., Sakimin, S. Z. and Yusop, M. K., 2020. N-(n-Butyl)
thiophosphorictriamide (NBPT)-coated urea (NCU) improved maize growth and:nitrogen use
efficiency (NUE) in highly weathered tropical soil. Sustainability, 12(21): 87-80.

Chaithanya, J., Vivek, R. K., Dhyani, B. P., Kumar, R., and Singh, A. 2022. Effect ofiherbicides on
wheat (Triticum aestivum L.) productivity and soil fertility status after harvest under different nutrient
management practices. The Pharma Innovation Journal, 11(10): 505:508.

Dwivedi, B. S., Singh, V. K., Shekhawat, K., Meena, M. C., and Dey, A. 2017. Enhancing use
efficiency of phosphorus and potassium under different cropping systems:of India. Indian Journal of
Fertilizers, 13(8), 20-41.

Yogendra Kumar (2020). Nano fertilizers - IFFCO Experience: 70-71.

Rahman, K. A., & Zhang, D. 2018. Effects of fertilizer broadcasting on the excessive use of inorganic
fertilizers and environmental sustainability. Sustainability, 10(3), 759.

Pahalvi, H. N., Rafiya, L., Rashid, S., Nisar, B., and Kamili, A. N. 2021. Chemical fertilizers and their
impact on soil health. Microbiota and Biofertilizers, Vol 2: Ecofriendly Tools for Reclamation of
Degraded Soil Environs, 1-20.

Bisht, N., & Chauhan, P. S. 2020. Excessive and.disproportionate use of chemicals cause soil
contamination and nutritional stress. Soil contamination-threats and sustainable solutions, 1-10.
Prasanth, A. and Murugan, P. P. 2021. A study on constraints faced by finger millet growers in
adoption of nutrient management practices in Krishnagiri district of Tamil Nadu. The Pharma
Innovation Journal, 10(12S): 1724-1727.

Malhotra, H., Vandana, S. S. and Pandey, R. 2018. Phosphorus nutrition: plant growth in response
to deficiency and excess. Plant nutrients and abiotic stress tolerance, 171-190.

Rathore, T., Singh, R., Kamble, D. B., Upadhyay, A. and Thangalakshmi, S. 2019. Review on finger
millet: Processing and value ‘addition. The Pharma Innovation Journal, 8(4), 283-291.

Kumar, A., Paliwal;A., Singh, S. B., Sukanya, T. S., & Kishore, A. 2022. Productivity and economics
of intercropping of finger millet (Eleusine coracana) and Amaranth (Amaranthus spp.) in rainfed hills
of Uttarakhand:international Journal of Bio-resource and Stress Management, 13(Dec, 12), 1482-
1487.

Wafula, W. N.,-Nicholas, K. K., Henry, O. F., Siambi, M. and Gweyi, Onyango. J. P. (2016). Finger
millet, (Eleusinecoracana L.) grain yield and yield components as influenced by phosphorus
application:and variety in Western Kenya. Tropical Plant Research, 3(3): 673-680.

Tiwari, K., Kumar,.Y., Singh, T. and Nayak, R., 2022. Nano technology-based P fertilizers for higher
efficiency and agriculture sustainability. Annals of Plant and Soil Research, 24(2): 198-207.

Childers, D. L:, Corman, J., Edwards, M. and Elser, J. J. 2011. Sustainability challenges of
phosphorus and food: solutions from closing the human phosphorus cycle. Bioscience, 61: 117-124.
Poudel, A., Singh, S. K., Jiménez-Ballesta, R., Jatav, S. S., Patra, A. and Pandey, A. 2023. Effect of
nano-phosphorus formulation on growth, yield and nutritional quality of wheat under semi-arid
climate. Agronomy, 13(3): 768.

IIFCO- Nano DAP (2023). https://www.sagarika.com/en/nano-dap. Dated on 28/05/2023.

Pant, C. and Sah, S. K. 2020. Managing plant population and competition in field crops. Acta
Scientifica Malaysia, 4(2): 33-36.

Balasaheb, J. D. 2022. Effect of N-nano fertilizer on growth, yield and quality of pearl millet
(Pennisetum glaucum L.) under rainfed condition. Thesis, Master of Science in Agriculture
(Agronomy). Latur Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, India. 83.

Harika, J. V., Maitra, S., Shankar, T., Bera, M. and Manasa, P. 2019. Effect of integrated nutrient
management on productivity, nutrient uptake and economics of finger millet (Eleusine coracana L.
Gaertn). International Journal of Agriculture, Environment and Biotechnology, 12(3): 273-279.




21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sathishkumar, A., Sakthivel, N., Subramanian, E. and Rajesh, P. 2020. Productivity of field crops as
influenced by foliar spray of nutrients: A review. Agricultural Reviews, 41(2): 146-152.

Singh, L., Sharma, P. K., Jajoria, M., Deewan, P. and Verma, R., 2017. Effect of phosphorus and
zinc application on growth and yield attributes of pearl millet (Pennisetum glaucum L.) under rainfed
condition. Journal of Pharmacognosy and Phytochemistry, 6(1): 388-391.

Suriyaprabha, R., Karunakaran, G., Yuvakkumar, R., Prabu, P., Rajendran, V. and Kannan, N. 2012.
Growth and physiological responses of maize (Zea mays L.) to porous silica nano-particles in soil.
Journal of Nano-particle Research, 14(12): 1-14.

Swati, M., 2017. Effect of integrated use of nano and non-nano fertilizers on quality and productivity
of wheat (Triticum aestivum L.). Thesis, Master of science in agriculture (Agronomy). Sher-e-
Kashmir University of Agricultural Sciences & Technology of Jammu Main Campus, Chatha, Jammu.
87.

Patel, S.P., Malve, S. H., Chavda, M. H. and Vala, Y. B. 2021. Effect of panchagavya and jeevamrut
on growth, yield attributes and yield of summer pearl millet. The Pharma Innovation Journal, 10(12):
105-109.

Yan, D., Easwaran, V., Chau, V., Okamoto, M., lerullo, M., Kimura, M., Nambara, E. (2016). NIN-like
protein 8 is a master regulator of nitrate-promoted seed germination in Arabidopsis. Nature
Communications, 7: 13179.

Nambara, E., Okamoto, M., Tatematsu, K., Yano, R., Seo, M. and Kamiya, Y. 2010. Abscisic acid
and the control of seed dormancy and germination. Seed Science Research, 20(2): 55-67.

Shubha, S., Devakumar, N., Rao, G. G. E., Gowda, S.«B. 2014. Effect of seed treatment,
panchagavya application and organic farming systems on seil micrebial population, growth and yield
of maize. In Proceeding of 4th ISOFAR Scientific Conference ‘Building Organic Bridges’ at the
Organic World Congress, October 13-15, 2014, Istanbul;:Turkey, 2014.

Ramesh, S., Sudhakar, P. and Elankavi, S. 2015. Effect of liquid organic supplements on growth and
yield of maize (Zea mays L.). International Journal of Current:Research, 7(11): 23119-23122.

Yaday, J. K., Sharma, N., Yadav, R. N., Yadav, S. K., Yadav, S. 2017. Effect of different organic
manures on growth and yield of chickpea. (Cicer arietinum L.). Journal of Pharmacognosy
Phytochemistry, 6(5):1857-1860.

Yugandhar, P., Veronica, N., Subrahmanyam, D., Brajendra, P., Nagalakshmi, S., Srivastava, A.,
Voleti, S.R., Sarla, N., Sundaram, R.M., Sevanthi, A.M. and Singh, A.K., 2022. Revealing the effect
of seed phosphorus concentration on seedling vigour and growth of rice using mutagenesis
approach. Scientific Reports, 12(1): 1203.

Rex Immanuel, R., Sivasakthi, K., Baradhan, G., Ravikumar, C. and Suresh, S.M., 2023. Integrated
effects of organic manuring, NPK and foliar fertilization on growth, yield and quality of groundnut and
pigeon pea in legume based intercropping system. The Pharmalnnovation Journal, 12(6): 4583-
45809.

Shashikumar, Basavarajappa, R.;;Salkinkop, S. R., Manjunatha, H., Basavarajappa, M. P. and Patil.,
H. Y. 2013. Effect of growth regulator, organic and inorganic foliar nutrition on the growth and yield of
black gram (Migna:mungo L.) under rainfed condition. Karnataka Journal of Agricultural Sciences, 2:
311-313.

Sabah, N."U. 2018. Phosphorus utilization from rock phosphate by maize (Zea mays L.) through
integrated organic manures. Doctoral dissertation, University of Sargodha, Sargodha.

Sharma, P.-K.,. Kumar, S., Chaudhary, G. R. 2012. Effect of organic manure and nutrient
management on productivity and soil fertility status in Pearl millet (Pennisetum glaucum). Research
on Crops; 13: 503-506.

Sai Ganesh, M.V., Singh, R., Siva Nagi Reddy, V. and Banu Manindhar, M., (2022). Pearl millet
(Pennisetum glaucum L.) Var ABV-04 as influenced by nitrogen & phosphorus effects on growth
parameters and yield. International Journal of Plant & Soil Science, 34(14): 7-12.

Liu, R. and Lal, R. (2014). Synthetic apatite nanoparticles as a phosphorus fertilizer for soybean
(Glycine max). Scientific reports: 4(1): 1-6.

Mer, M. and Ama, E. H. E. 2014. Effect of Cu, Fe, Mn, Zn foliar application on productivity and
quality of some wheat cultivars (Triticum aestivum L.). Journal of the Science of Food and
Agriculture, 2: 283-291.

Pandian, B. J., A. K. S., Veerabadran, V. and Ravichandran, V. K. 2001. Growth and yield of rice
fallow greengram as influenced by methods of sowing, stubble management and nutrient application
in Tambiraparani command area. Madras Agricultural Journal, 7-9: 406-409.

Shinde, S. H. and Bhilare, R. L. 2003. Response of chickpea to soil and foliar application of DAP.
Madras Agricultural Journal, 4-6: 352-354.



41. Vinoth Kumar, C., Vaiyapuri, K., Mohamed Amanullah, M. and Gopalaswamy, G. 2013. Influence of
Foliar Spray of Nutrients on Yield and Economics of Soybean (Glycine max L. Merill). Journal of
Biological Sciences, 13: 563-565.




