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Abstract

A field experiment was conducted during Kharif 2021 in farmer’s field at Halavarthy village,
Davanagere (Dst.), Karnataka, which comes under Central Dry Zone of Karnataka (Zone 4), using RCBD
design with eleven treatments which were replicated three times to evaluate the impact of three different
nano phosphorus fertilizers on uptake of N, P and K by maize. Treatments included T1: Absolute control,
T2: 100% recommended package of practice (RPP), Tz to Ts: 75% RDP (75% recommended dose of P)
through SSP + 5% RDP through NP1(hydroxyapatite nano fertilizer), NP2 (nano rock phosphate) and
NP3 (hydroxyapatite nanoparticles coated with CMC), Te to Ts : 75% RDP + 1% RDP through foliar
spray of NP1,NP2 and NP3, To to T11: 75% RDP + 5% RDP through soil application of NP1, NP2 and
NP3, and 1% RDP through foliar spray of NP1, NP2 and NP3, respectively. Results revealed that
application of phosphorus in nano form had significant effect on uptake of nutrients in maize. Treatment
with 75% RDP through SSP + 5% RDP through soil application of NP1 + 1% RDP through foliar spray
of NP1 recorded higher values of total uptake of N (166.34 kg ha''), P (32.38 kg ha') and K (183.45 kg
ha), by maize compared to rest of the treatments.

Keywords: Hydroxyapatite nanoparticles, nano rock phosphate, coated hydroxyapatite nanoparticles,
carboxy methyl cellulose, nitrogen, phosphorus, potassium

Introduction

In recent years, advancement in nanotechnology has improved ways for large-scale production
of nanoparticles of physiologically important metals, which are now used to improve fertilizer
formulations for increased uptake by plants and thereby minimizing nutrient loss to the
environment (Solanki et al., 2015 and Liu and Lal, 2015) I 61, Nanoparticles have high
surface area, sorption capacity and controlled release kinetics to targeted sites making them
“smart delivery system”. The nano fertilizers are smaller in size and nano size of fertilizers are
achieved either through physical or chemical means. Smaller (nano) size enhances their
surface area in order to allow an increase in absorption of nutrients by roots and may be
absorbed with different dynamics than those in bulk particles or ionic salts, which has
significant benefits in improving morphological, physiological, biochemical and yield
attributes (Chugh et al., 2021) 4,

In recent investigations, it has been reported that nano fertilizers can improve crop productivity
by enhancing the rate of seed germination, seedling growth, photosynthetic activity,
metabolism in plant, carbohydrate and protein synthesis (Solanki et al., 2015) %, Scientists all
over the world synthesized different types of nano fertilizer materials like hydroxyapatite nano
particles by Widiyastuti et al. (2011) ; Wijesinghe et al. (2017) [*3; Taskin et al. (2018) [*3]
and Marchiol et al. (2019), hydroxyapatite (Cas(PO4)sOH) nanoparticles coated with carboxy
methyl cellulose was synthesized by Liu and Lal, (2014) B, nano-diammonium phosphate by
Singh et al. (2021) [, hybrid nanostructures by associating humic substances with nano
hydroxyapatite particles by Yoon et al. (2020) 18I calcium phosphate nanoparticles by Rane et
al. (2015) 1, While, Kottegoda et al. (2017) ¥ and Taskin et al. (2018) I synthesized and
evaluated urea modified hydroxyapatite nano particles. Nano structured slow release
phosphatic and potash fertilizers were synthesized and evaluated by Rajendran et al. (2017) @
and chitosan nano particles loaded with NPK were synthesized by Corradini et al. (2010) [21,
Nano structured fertilizers can increase the nutrient use efficiency through mechanisms such as
targeted delivery, slow or controlled release. They could precisely release their active
ingredients in responding to environmental triggers and biological demands (Solanki et al.,
2015) (24,
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In this regard an experiment was conducted with the objective
to study the effect of nano P fertilizers on uptake of nitrogen,
phosphorus and potassium by maize.

Material and Methods

A field experiment was conducted during Kharif 2021 at
farmer’s field, Halavarthy village, Davanagere (Dst.),
Karnataka, which comes under Agro Climatic Zone — 4,
Central Dry Zone of Karnataka and the experimental details
are as follows.

Central Dry Zone of Karnataka and the experimental details are as

follows
Crop Maize
Variety MAH-14-5
Statls:tlcal RCBD
design
Number of
Eleven
treatments
Nur_nbe_r of Three
replications
Season Kharif 2021
Spacing 60 x 30 cm
RDF 150:75:40 Kg ha! N:P20s:K20
NP1- Hydroxyapatite nanoparticles (NHA), NP2-
Nano Nano Rockphosphate (NRP) and NP3-Coated
fertilizers used hydroxyapatite nanoparticles with CMC
(NHA+CMC)

Treatment details

Treatments Details
T1 Control
T 100% RPP
T3 75% RDP + 5% RDP - NP1
Ty 75% RDP + 5% RDP - NP2
Ts 75% RDP + 5% RDP -NP3
Ts 75% RDP + FS of 1% RDP - NP1
T7 75% RDP + FS of 1% RDP — NP2
Ts 75% RDP + FS of 1% RDP — NP3
To T3+ FS of 1% RDP - NP1
T1o Ta+ FS of 1% RDP — NP2
Tu Ts+ FS of 1% RDP — NP3

Note

NP 1: Hydroxyapatite nanoparticles

NP 2: Nano rock phosphate

NP 3: Coated Hydroxyapatite nanoparticles with CMC

RDP: Recommended dose of P

FS: Foliar spray

e RPP — Recommended package of practices as per the
UAS B package of practices includes application of
Recommended dose of NPK for Maize is 150:75:40 kg
ha' + 10 kg ha* ZnSQO,, with farm yard manure (FYM)
at the rate of 10 t ha™.

e 100% Recommended dose of N, K, Zn and FYM s
common for the treatments T to T1s

e Foliar spray of Nano P fertilizers carried out at 30 and 45
DAS.

Collection and analysis of plant samples

The plant samples which were disease, pest free and healthy
were collected, washed with distilled water 2-3 times and kept
for air dry. The air dried samples are further kept in hot air
oven at 65-70°C for 48 hrs to remove the moisture and to
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inactivate the enzymes. Once dried, the samples were
grounded using a mixer (stainless steel blades). The samples
were analysed for different nutrient content by adopting
standard analytical methods as given in Table 1.

Table 1: Methods employed for the analysis of plant samples
Micro Kjedahl method

1 Total nitrogen

Total Vandomolybdo phosphoric Tandon
2 (1998)
phosphorous yellow colour method 121

3 | Total potassium | Flame photometer method

The uptake of nutrients at harvest was worked out using the
formula,

Nutrient uptake_Nutrient concentration (%)X Yield of grain/stover
(kghat) ~ 100 (g plant™)

Total uptake = uptake by kernel + uptake by stover

Results and Discussion

N uptake

Data presented in Table 2 indicated that nitrogen uptake by
kernel, stover and its total varied significantly due to
application of nano phosphorus fertilizers.

N uptake by kernel, stover and its total uptake was
significantly higher in Ty treatment which received T3 + FS of
1% RDP - NP1 (89.43, 76.91 and 166.34 kg ha?,
respectively) which was on par with treatments Tio (84.76,
73.72 and 158.48 kg ha, respectively) and Ty (86.74, 75.36
and 162.09 kg ha?, respectively) which received 75 per cent
RDP through SSP + 5% RDP through NP2 + FS of 1% RDP
through NP2 and 75 per cent RDP through SSP + 5% RDP
through NP3 + FS of 1% RDP through NP3, respectively.
Lower uptake was recorded in control (38.48, 35.36 and 73.84
kg ha'?, respectively).

P uptake

Phosphorus uptake varied significantly due to application of
nano phosphorus fertilizers (Table 2).

Phosphorous uptake by kernel and total uptake was higher in
To treatment (16.93 and 32.38 per cent, respectively) and the
higher value of P uptake in stover was recorded in T11 (15.69
kg ha?) treatment which was statistically at par with Ty (15.45
kg hat) treatment.

K uptake

The data with respect to the potassium uptake by kernel,
stover and its total as influenced by application of nano P
fertilizers are presented in Table 2.

Data indicated that, lower uptake of K by kernel, stover and
total was recorded in control (47.97, 53.53 and 101.50 kg ha,
respectively) which increased significantly to 83.40, 99.33
and 183.45 kg ha'l, respectively in treatment Ty (T3 + FS of
1% RDP - NP1) and it was on par with Ty, (78.46, 95.99 and
174.45 kg ha'l, respectively) and Ty; (79.88, 97.53 and 177.41
kg ha’l, respectively).

Nutrient uptake is the product of nutrient content and yield.
Data presented in Table 2 indicated that nutrient uptake was
increased in all the treatments which received phosphorus
(conventional and/or nano sources) along with recommended
dose of N and K compared to control. Among them
significantly higher values of nutrient uptake (N, p and K)
were recorded with the application of 75% RDP (SSP) + 5%

~2173 7™


https://www.thepharmajournal.com/

The Pharma Innovation Journal

RDP (NP1) + FS of 1% RDP (NP1) compared to control and
100% RPP applied treatment. This might be due to
application of P in nano form increased uptake of nutrients by
plants as they are small in size and have high rate of
penetration through plant cell membrane (Liu and Lal., 2015;
Khanm et al., 2018) 31, The higher uptake recorded with soil
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and foliar application of nano hydroxyapatite fertilizer might
be attributed to higher nutrient content and yields (both kernel
and stover) due to enhanced absorption of nutrients because,
higher availability of nutrients in soil coinciding with plant
demand as nano hydroxyapatite particles released nutrient
slowly in a sustained manner.

Table 2: N, Pand K uptake (kg ha) in maize kernel and stover as influenced by the application of nano phosphorus fertilizers

N (kg hal) P (kg hat) K (kg ha?)
Treatments Kernel | Stover Total Kernel | Stover | Total Kernel | Stover Total
T1: Control 38.48 35.36 73.84 5.00 3.89 8.89 47.97 53.53 101.50
T2:100% RPP 64.29 53.59 117.88 9.42 7.53 16.95 63.83 80.00 143.83
T3: 75% RDP + 5% RDP - NP1 80.69 67.65 148.34 13.71 13.03 26.74 74.73 88.72 163.45
Ta: 75% RDP + 5% RDP - NP2 77.93 64.45 142.37 12.62 11.96 24.58 70.64 84.11 154.75
Ts: 75% RDP + 5% RDP -NP3 78.69 65.43 144,12 12.81 12.13 24.94 72.35 85.93 158.28
Te: 75% RDP + FS of 1% RDP - NP1 77.07 64.13 141.20 11.97 10.64 22.62 70.95 83.93 154.88
T7: 75% RDP + FS of 1% RDP —NP2 75.04 61.75 136.79 11.49 10.83 22.31 68.91 81.07 149.98
Ts: 75% RDP + FS of 1% RDP —NP3 75.73 63.12 138.86 11.68 11.02 22.69 69.31 82.27 151.58
To: T3+ FS of 1% RDP - NP1 89.43 76.91 166.34 16.93 15.45 32.38 83.40 99.33 183.45
T1o: Ta+ FS of 1% RDP — NP2 84.76 73.72 158.48 15.64 14.22 29.87 78.46 95.99 174.45
T11: Ts+ FS of 1% RDP — NP3 86.74 75.36 162.09 16.41 15.69 32.09 79.88 97.53 177.41
SEm+ 3.15 2.52 4.95 0.30 0.40 0.68 2.74 3.42 06.08
CD @ 5% 9.31 7.44 14.62 0.91 1.19 2.01 08.08 10.09 17.95

RPP: UASB Recommended package of practices NP1: Nano hydroxyapatite particles

RDP: Recommended Dose of Phosphorus NP2: Nano Rock Phosphate
FS: Folair spray NP3: Coated hydroxyapatite nanoparticles with CMC

Conclusion

From this investigation it is confirmed that soil application of
5% RDP through nano fertilizers or foliar application of 1%
RDP through nano fertilizers or both can replace 25% RDP
application through conventional phosphorus fertilizer (SSP),
which saves nearly 25% of conventional P fertilizer
application in maize. So, application of phosphorus in nano
form will increases the uptake of N, P and K in maize.
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