
Journal homepage: http://www.pertanika.upm.edu.my/

TROPICAL AGRICULTURAL SCIENCE

e-ISSN: 2231-8542   © Universiti Putra Malaysia Press

Pertanika J. Trop. Agric. Sci. 49 (1): 285 - 301 (2026)

Article history:
Received: 02 June 2025
Accepted: 18 February 2026
Published: 27 February 2026

ARTICLE INFO

E-mail addresses:
nurhidayati@unisma.ac.id (Nurhidayati Nurhidayati)
sama_iradat_tito@unisma.ac.id (Sama’ Iradat Tito)
abdulbasit@unisma.ac.id (Abdul Basit)
masyhuri.machfudz@unisma.ac.id (Masyhuri Machfudz)
* Corresponding author

DOI: https://doi.org/10.47836/pjtas.49.1.17

Integrated Application of Compost, ZnO Nanoparticles, and NPK 
Fertiliser in Pot Paddy Cultivation on Inceptisol Enhance Nutrient 
Use Efficiency and Grain Yield 

Nurhidayati Nurhidayati1*, Sama’ Iradat Tito2, Abdul Basit1, and Masyhuri Machfudz2

1Department of Agrotechnology, Faculty of Agriculture, Universitas Islam Malang, 65144 East Java, Indonesia 
2Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Islam Malang, 65144 
East Java, Indonesia 
3Department of Agribusiness, Faculty of Agriculture, Universitas Islam Malang, 65144  East Java, Indonesia 

ABSTRACT
The integration of technology and innovative practices has been created to address the adverse 
effects of synthetic fertilisers on agroecosystems, aiming to pinpoint sustainability constraints and 
enhance agricultural production systems, particularly in rice farming. This current study aimed to 
determine the impacts of the combined use of compost powder, ZnO nanoparticles (ZnO-NPs), and 
NPK fertiliser on yield, nutrient use efficiency, and grain yield of paddy. A greenhouse experiment 
with Randomised Block Design was used to test the effectiveness of nine treatments, namely P0 (no 
fertiliser), P1 (NPK fertiliser), P2 (300 g compost powder), P3 (P2+ ZnO-NPs 50 mgkg-1 compost), 
P4 (P2+ZnO-NPs100 mgkg-1 compost), P5 (P2+ ZnO-NPs 150 mgkg-1 compost), P6 (P3+½NPK), 
P7 (P4+½NPK), P8 (P5+½NPK). Each treatment had five replications. The treatment P7 (compost 
+ ZnO NPs 100 mg kg⁻¹ + ½ NPK) showed higher N, P, K, and Zn uptake than the NPK treatment. 
Although the differences were not statistically significant, the results indicate comparable nutrient 
uptake efficiency. This treatment also had higher dry grain weight per hill and per box (80cm 
× 60cm × 30cm dimension, with six plant samples), potentially of harvested and milled grain 
weight, than the NPK treatment. The Relative Agronomy Effectiveness of the P7 increased by 12% 
compared with the NPK treatment. The agronomic efficiency of P4 increased by 72% compared 

with the NPK treatment. This recent study 
offered new perspectives on the possibilities of 
utilising nanoparticles, decreasing the chemical 
Fertilisers used, and enhancing the efficiency 
of nutrient use and grain yield for lowland rice 
cultivation. The findings could be confirmed in 
field trials. 
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INTRODUCTION

To date, most of the increase in agricultural productivity throughout Indonesia has been 
carried out through conventional farming using chemical fertilisers continuously and at 
high rates to overcome nutrient deficiencies in the soil. The fertiliser needs of farmers 
in Indonesia should be 13.5 million tons per year. However, Indonesia can produce 3.5 
million tons annually, and an additional 7.3 million tons are imported (Central Statistics 
Agency of Indonesia (CSAI, 2023). Chemical fertilisers supply nutrients to ensure ideal 
plant growth and yield; however, current production systems struggle to meet rising food 
demand without substantial fertiliser application (Zhang et al., 2015). However, applying 
chemical fertilisers negatively impacts soil fertility because these inorganic fertilisers 
cannot replenish soil humus and, therefore, cannot restore soil fertility in the long term 
(Purwanto & Alam, 2020). Due to global limitations on available farmland and water 
resources, optimising mineral fertiliser use is crucial for increasing food production, 
supporting a growing population, and driving economic progress. Yet, sustainability in 
agriculture faces obstacles like inefficient nutrient absorption and environmental concerns 
linked to chemical fertiliser application. However, excessive fertiliser use raises expenses, 
diminishing farmers’ profitability. High rates of conventional fertiliser release that surpass 
the pace at which plants absorb nutrients and/or transform fertiliser into forms unavailable 
to plants are the usual causes of low nutrient utilisation efficiency (Chhipa, 2017).

Utilising organic fertilisers and minimising inorganic fertiliser application is an 
effective strategy for preserving soil health, boosting plant productivity, and improving 
fertiliser efficiency in farming systems (Lal & Stewart, 2019; Vanlauwe et al., 2015). The 
use of compost and chemical fertilisers is also the best practice of best practices of an 
integrated nutrient management strategy that has been extensively studied for its potential 
to increase agricultural output and sustainably improve Nutrient Use Efficiency (NUE) 
(Oyetunji et al., 2022). However, using organic fertilisers such as compost derived from 
organic residues often faces the constraints of slow nutrient release and low nutrient content. 
Organic fertilisers are not soluble in water, and their nutrients are dispersed into the soil 
more slowly than conventional water-soluble fertilisers, which are readily dispersed as the 
fertiliser dissolves (Shaji et al., 2021). Therefore, a growing interest is in developing new 
fertiliser technologies to maximise efficiency (Van Eerd et al., 2018). 

The application of nanotechnology in fertiliser development represents a promising 
strategy to enhance global food crop production sustainably in the context of climate 
change (Feregrino-Perez et al., 2018; Pradhan & Mailapalli, 2017; Raliya et al., 2017). 
Nevertheless, the use of nanomaterials must be carefully managed to prevent adverse effects 
on plant metabolic processes (Mirbakhsh, 2023; Tarafdar et al., 2015). Nanomaterials such 
as ZnO, FeO, and ZnFeCu-oxide can significantly enhance seed germination, support plant 
growth, and elevate crop yield quality in several species, including peanut, soybean, wheat, 
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onion, spinach, tomato, potato, and mustard greens (El-Saadony et al., 2021; Pradhan 
et al., 2010; Shojaei et al., 2019). These improvements are attributed to the enhanced 
nutrient efficiency resulting from nanoparticles' high surface area and active penetration 
capabilities (Mirbakhsh, 2023). However, research on the application of nanoparticles in 
rice cultivation remains limited despite rice's strategic and economic importance as a staple 
food in Indonesia. Therefore, this study investigates the effect of nanoparticle-enhanced 
compost on the nitrogen use efficiency (NUE) of rice cultivation. The gradual development 
of nanomaterials improves NUE while lowering N losses and environmental pollution 
(Panel, 2015; Preetha & Balakrishnan, 2017). Nitrogen use efficiency (NUE) computes 
the conversion of nitrogen inputs into agricultural products and looks at nitrogen losses in 
the environment (Norton et al., 2015). 

Adding nanoparticles to powdered compost is expected to improve nutrient use 
efficiency and decrease dependence on chemical fertilisers within rice cultivation systems. 
In particular, zinc oxide (ZnO) nanoparticles have attracted considerable attention due 
to their beneficial effects on plant growth and health. Several previous research studies 
have demonstrated that applying ZnO nanoparticles at optimal doses can significantly 
stimulate plant development. Zinc is essential for activating various plant enzymes 
involved in carbohydrate metabolism, maintaining cell membrane stability, facilitating 
protein synthesis, and regulating auxin synthesis, which collectively promote the growth 
and development of roots and shoots (Jolli et al., 2020). This research hypothesises that 
adding ZnO nanoparticles to organic fertilisers can increase the efficiency of inorganic 
fertiliser use. Therefore, this current research is designed to evaluate the integrated effects 
of compost powder, ZnO nanoparticles, and the reduction of NPK fertiliser dosage on 
optimising nutrient use and enhancing grain yield in paddy cultivation. Through this 
approach, it is expected that innovative solutions can be found to increase rice productivity 
sustainably and efficiently.

MATERIALS AND METHODS

Experimental Site and Design

A greenhouse experiment was conducted at the field laboratory, the Faculty of Agriculture, 
Universitas Islam Malang, East Java Province, Indonesia, located at coordinates 7 ° 56 ’ 15” 
S and 112 o 36 ’ 21” E with an elevation of 510 m above sea level. This study tested nine 
treatments using a randomised block design, consisting of P0 (control, no fertiliser), P1 
(NPK fertiliser), P2 (300 g compost powder), P3 (P2 + ZnO-NPs at 50 mg kg-1 compost), 
P4 (P2+ZnO-NPs at 100 mg kg-1 compost), P5 (P2+ZnO-NPs at 150 mg kg-1 compost), P6 
(P3+½ NPK), P7 (P4+½ NPK), and P8 (P5+½ NPK). Each treatment was replicated five 
times. The planting pot used was a wooden box with dimensions 80 cm × 60 cm × 30 cm. 
To achieve a soil depth of 25 cm in the box, 100 kg of Inceptisol soil is required. The soil 
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weight for each pot was calculated using the bulk density method (1.25 g cm⁻³). Inceptisol 
soil samples were taken from agricultural land at 0-30 cm depth using a stainless-steel 
auger (Blake & Hartge, 1986). Six rice seedlings aged 21 days after sowing were planted 
in a wooden box with a planting distance of 20 cm × 20 cm. The total number of wooden 
boxes was 45, and the total plant population was 270. 

Making of Powder Compost and ZnO 
Nanoparticles

Composting was carried out in the integrated 
laboratory of the Faculty of Agriculture, 
Universitas Islam Malang, where the 
compost material was first prepared in a 
composting bin. Cow dung, goat dung, 
cocopeat, spent mushroom waste, rice husk 
biochar, and rice bran were the compost 
materials utilised in a 3:1:3:3:3:3:1 ratio. 
The organic matter was first dried and 
ground to speed up decomposition. Then, 
it was evenly blended with a hoe to ensure 
uniformity. Afterwards, a decomposer, 
activated at a concentration of 2.5 litres 

Table 1 
Chemical composition of compost powder

Parameter Results Methods
pH 7.3 Electrometry
C-Organic (%)
Organic matter (%)

12.96
16.46

Walkley and 
Black

N-Total (%) 1.23 Kjeldahl
C/N ratio 10.54 -
P-Total (%) 0.35

Wet Oxidation 
with HNO3 and 
HClO4

K-Total (%) 0.68
Ca-Total (%) 1.85
Mg-Total (%) 0.66
Fe-Total (ppm) 7333.70
Zn-Total (ppm) 107.80
S-SO4 (ppm) 1859.13

per 500 kg of compost, was added to the composting container. Next, after diluting the 
decomposer solution with water, it was equally distributed across the organic materials' 
surface until the materials' moisture content reached 40%. Composting lasted 30 days 
under aerobic conditions, and maturity was determined by C/N ratio (<20) and stable 
temperature (Antil et al., 2014; Kumar et al., 2010). Compost production was replicated 
three times. In addition, to achieve compost powder, the produced compost was dried to 
10% moisture and pulverised using a grinder mill. The chemical composition of compost 
powder is presented in Table 1.

The ZnO-NPs utilised in this recent study were acquired from NanoTech Indonesia 
Global Co., Ltd., located in Serpong, Indonesia, and obtained using a top-down approach. 
A bulk ZnO material that has been oven-treated at a temperature of 100 °C was reduced in 
size mechanically using Planetary Ball Milling, which contains four milling jars containing 
balls. The machine was turned on at 400 rpm for 12 hours until nanometer-scale ZnO was 
produced. These nanoparticles were identified as spherical, with an average size of roughly 
100 nm, based on PSA characterisation (Figure 1) (Ealia & Saravanakumar, 2017). The 
ZnO-NPs solids were weighed at 15 mg, 30 mg, and 45 mg and added to 300 g of powder 
compost using a dry mixer. The weighing of ZnO-NPs and powder compost was carried 
out using several predetermined treatments.
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Soil Properties

The agricultural soil samples obtained 
from 0-30 cm depth were air-dried, ground, 
and sieved through a 2 mm mesh, then 
blended for consistency. The soil type was 
an Inceptisol. The soil characteristic was 
Sandy Clay Loam, covering 31.6% clay, 
22.8% silt, and 45.6% sand. The soil was 
very low in organic carbon (0,53%), with 
pH 5.9 (low), low in total N (0.13%), low in 
phosphorus (15.37 mg kg-1), and moderate 
in exchangeable K (0.33 me.100 g-1 soil), 

Figure 1. Particle size distribution of ZnO nanoparticles

high in Capacity Exchangeable Cation (CEC) (25.99 me.100 g-1), very low in Electrical 
Conductivity (EC) (978 µS cm-1),  moderate in zinc (0.14 mg kg-1), and very high in Basic 
Saturation (73%). 

Agronomic Management System

The 100 kg of air-dried soil samples were flooded and made into mud in the planting 
box. Application of ZnO-NPs enhanced compost powder was carried out one day before 
transplanting. This current research involved Inpari 32 variety rice seed, which is frequently 
cultivated in East Java, Indonesia. This rice variety has a growth cycle spanning 125 days. 
The seeds were sown on April 18, 2024. The seedlings were transplanted after 25 days 
of growth into the growing block containing muddy soil with a planting distance of 20 
cm × 20 cm at a density of 6 hills per box, and each hill contained three rice seedlings 
(Figure 2). One week after planting (WAP), inorganic fertilisers were applied following 
the recommended dosage for P1 treatment, consisting of urea (100 kg ha-1 ≈5g per box), 
superphosphate (100 kg ha-1 ≈ 5g per box), and KCl (50 kg ha-1 ≈2.5g per box). The second 
fertilisation, conducted at 5 WAP, involved only urea at the same dosage (100 kg ha-1 ≈5g 
per box). Treatments P5 and P6 received half the dose of NPK fertiliser, and treatment P7 
received a quarter of the dose of NPK fertiliser. The plant nursery included watering into 
the planting box until the height of the flooding water is 1 cm. Harvesting took place on 
August 23, 2024.

Sampling and Data Collection

Chlorophyll and Nutrient Content of the Leaf

This study employed the Chlorophyll Meter SPAD-502 to measure chlorophyll content 
(Ling et al., 2011), and the Kjeldahl method was employed to determine the nitrogen (N) 
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content in the leaves of these crops (Okalebo et al., 2002). The wet combustion method 
determined the P and K using HNO3+HClO4 solvent, a Flame photometer for K content, 
and a UV-spectrophotometer for P content. The Zn content was controlled using an Atomic 
Absorption Spectrophotometer (Kalra, 1997). Then, leaf nutrient content was assessed 12 
weeks after planting (WAP). Nutrient uptake was calculated from the leaf nutrient content 
multiplied by the plants' total dry weight per hill.

Yield and Yield Components

At maturity, the paddy plant from each box was harvested to determine the paddy plant's 
total fresh and dry weight. The panicles were manually cut and threshed to determine the 
grain yield per hill. The number of panicles and the weight of the panicle per hill were 
determined by calculating the average number of panicles from 6 rice plants per box. Then, 
the number of grains per panicle was calculated.

Grain Quality

Following harvest, the grain from each box was sun-dried and stored at room temperature 
for one week to prepare for grain quality analysis. A 100 g grain sample was put into a 
90% alcohol solution to determine the weight of the filled and empty grain. Furthermore, 
the grain was also measured for dry harvest water content by oven-drying at 70 °C for 2 
× 24 hours.

Figure 2. The growth of paddy plants in a greenhouse from early growth, the maximum vegetative phase and 
the generative phase
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Measurement of Nitrogen Use Efficiency

There are some indices of nutrient use efficiency, their calculation using the difference 
method as follows:

1.	 RE = Apparent crop recovery efficiency of applied nutrient (kg increase in N uptake 
per kg N applied)

2.	 PE = Physiological efficiency of applied N (kg yield increase per kg increase in N 
uptake from fertiliser)

3.	 IE = Internal utilisation efficiency of a nutrient (kg yield per kg nutrient uptake)

4.	 AE = Agronomic efficiency of applied nutrient (kg yield increase per kg nutrient 
applied) (Dobermann, 2007)

Statistical Analysis

The gathered data were analysed using one-way ANOVA at a 5% significance level in 
SPSS Statistics version 26.0. If the variance analysis indicated a significant effect, the 
Tukey test was applied at the same significance level to determine the differences among 
treatment means.

RESULTS AND DISCUSSION

Chlorophyll Content and Nutrient Uptake    

The variance analysis (ANOVA) results showed that the tested treatments significantly 
affected chlorophyll content and nutrient uptake. The integrated application of compost 
powder, ZnO-NPs, and NPK fertiliser positively impacted the chlorophyll content compared 
to the control (P0) and compost alone (P2). The P7 treatment of compost powder + ZnO-
NPs of 100 mg kg-1 compost powder +½ NPK fertiliser in the cultivation of rice increased 
the chlorophyll content (SPAD value). However, the P7 treatment was not significantly 
different from the inorganic fertiliser treatment (P1) (Figure 3A). 

Increasing the concentration of ZnO-NPs by more than 100 mg kg-1, such as in P5 and 
P8 treatments, decreased the chlorophyll content (Figure 3A). ZnO-NPs act as a zinc (Zn) 
source, which is important for various plant physiological processes, such as chlorophyll 
synthesis and enzyme activation. The results observed in this current study align with 
those reported by Skiba et al. (2021), who noted that Pisum sativum L. showed a decrease 
in chlorophyll levels, expressed in SPAD units, when cultivated in soil supplemented by 
ZnO-NPs at concentrations above 100 mg kg-1.  Mukherjee et al. (2014) and Küpper et 
al. (1996) stated that this decrease was attributed to the Mg substitution by Zn. It results 
from the substitution of the Mg atoms at chlorophyll centers by Zn, which finally hampers 
the photosynthesis process. Zinc is an essential microelement required in small amounts 
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Figure 3.  Chlorophyll content (A), N (B), P (C), K (D), and Zn uptake (E) of each treatment compared to 
control (no fertiliser, P0), NPK fertiliser (P1), and compost powder alone (P2) based on the results of Tukey 
test (p<0.05). Remark: HSD 5% =2.05 (A); 1.77 (B); 0.09; (C); 0.017 (D); 1.07 (E)

but significantly affects plant growth (Ayyar & Appavoo, 2017; Subramanian et al., 2014; 
Suganya et al., 2020).

The P4 treatment of compost powder+ZnO-NPs 100 mg kg-1, and P7 of compost 
powder+ ZnO-NPs 100 mg kg-1 + ½ NPK had high N and P uptake and was not significantly 
different from the NPK fertiliser treatment. This treatment of compost powder+ZnO-NPs 
50-150 mg kg-1 +½ NPK (P6-P8) provided similar K uptake as the NPK treatment (Figure 
3B-D). The highest Zn uptake was found in the P7 treatment of compost powder+ZnO-
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NPs 100 mg kg-1 +½ NPK, but not significantly different from the NPK fertiliser treatment 
(Figure 3E). The macro and micro nutrient content of the soil samples used in this study 
was low to moderate, thus providing a positive response to the application of fertiliser and 
compost, as well as ZnO-NPs. This result showed that the addition of ZnO-NPs in compost 
not only functions as a more bioavailable source of zinc but also affects the absorption of 
other macro and micronutrients in rice plants, so that rice plant growth is better (Yang et 
al., 2021). ZnO-NPs have a wider specific surface, allowing the release of Zn gradually and 
efficiently so that plant roots can take it up (Arora et al., 2014). Plant physiology is altered 
by the nanoparticles in several ways, resulting in modifications at the cellular, organ, and 
individual plant levels (Dhiman et al., 2021; Marchiol et al., 2019; Marslin et al., 2017; 
Rizwan et al., 2017). Specifically, nanoparticles may either help or hinder photosynthesis, 
the vital process that produces bioenergy (Faizan et al., 2020; Kalaji et al., 2017; Tighe-
Neira et al., 2018; Wang et al., 2018; Zhao et al., 2014). Increasing the concentration of 
ZnO-Nanoparticles to more than 100 mg kg-1 decreased the nutrient uptake of N, P, K, and 
Zn in leaves (Figure 3B-E). This is likely due to the effects of excess Zn, but is still not 
toxic to plants (Kaur & Garg, 2021).

Paddy Yield and Nutrient Utilisation Efficiency 

The results of the analysis of variance (ANOVA) established that the tested treatments 
significantly affected the parameters of rice yield, including the fresh weight and dry weight 
of plant biomass, number of panicles per hill, number of grains per hill, weight of panicles 
per hill, weight per individual panicle, dry weight of grains per hill, dry weight of grains 
per box, and potential production of grains per hectare and Nutrient Utilisation Efficiency. 
The results of this study showed that all treatments tested gave significant differences based 
on the 5% Tukey test  (P<0.05) in the parameters of rice yield (Table 2 and 3).  

The P7 treatment of compost powder+ZnO-NPs100 mg kg-1 +½ NPK had a high 
rice yield component and was equal to the results of the NPK treatment statistically. This 
treatment had the same fresh and dry weight of biomass, number of panicles per hill as the 
NPK fertiliser treatment. The treatments of integrated compos powder+100-150 mg kg-1 
ZnO-NPs+NPK fertiliser had a higher number of grains per panicle than NPK treatment 
(P1) and compost powder alone (Table 2), and potential yield per hectare compared to the 
NPK treatment and other treatments. Therefore, this treatment has the highest Relative 
Agronomy Effectiveness (RAE value) of 112%  (Table 3;  Figure 4). 

This study showed that combining compost and ZnO nanoparticles can provide better 
results than a single application of compost. Compost supplies organic material that 
strengthens soil structure and boosts microbial processes, while ZnO nanoparticles, as a 
source of microelements, can improve plant mineral nutrition. This is due to increased 
nutrient uptake and better photosynthetic efficiency, which contribute to greater biomass 
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formation and higher plant productivity. ZnO-NPs may readily release bioavailable Zn2+ 
into the soil, whereupon it may either react with soil organic matter or agglomerate and 
stick to soil particles, hence influencing soil microorganisms and enzymes (Liu et al., 
2015; Santiago-Martín et al., 2016). This condition will greatly assist root development so 
that more water and nutrients from the soil will ultimately increase rice grain production.

Table 2 
Fresh and dry weight of biomass, number of panicles per hill, and number of grains per panicle of rice of 
each treatment compared to control (no fertiliser, P0), NPK treatment (P1), and compost alone (P2)

Treatments Fresh weight 
of biomass (g)

Dry weight 
of biomass 
(g)

Number of 
panicles per 
hill

Number of 
grains per 
panicle

P0 214.28±50.49 a 62.15±9.88 a 24.93±0.81 a 115.87±3.98 a
P1 353.01±14.89 c 98.18±4.79 e 30.30±1.31 bc 119.96±12.33 a
P2 231.94±30.84 ab 65.82±4.76 ab 28.93±0.81 b 116.49±2.44 a
P3 231.54±32.24 ab 70.39±4.37 abc 30.30±0.69 bc 126.49±2.44 ab
P4 260.51±29.71 ab 79.31±2.91 bcd 29.70±0.40 bc 132.98±12.88 ab
P5 271.51±10.09 ab 80.25±6.95 cd 28.93±0.29 b 137.84±12.41 ab
P6 260.47±41.12 ab 78.17±2.85 bcd 29.30±0.79 bc 133.55±6.16 ab
P7 296.54±32.35 bc 85.41±4.32 de 30.63±0.65 c 144.71±10.94 b
P8 271.99±22.56 ab 81.87±7.21 cd 30.20±1.51 bc 146.73±2.58 b
HSD 5% 73.96 13.51 1.66 23.70

Note. Means followed by different letters in the same column are significantly different at Tukey test, p <0.05

Table 3 
Panicle weight per hill, dry weight of grain, and Relative Agronomy Effectiveness of each treatment 
compared to control (no fertiliser, P0), NPK treatment (P1), and compost alone (P2)

Treatments Weight of 
panicles per 
hill (g)

Weight 
per 
individual 
panicle (g)

Dry weight 
of grain 
per hill (g)

Dry weight 
of grain per 
box (g)

Relative 
Agronomy 
Effectiveness 
(RAE)

P0 56.31±7.76 a 3.29±0.15 a 37.94±4.12 a 227.67±24.74 a -
P1 111.06±6.63 c 3.75±0.25 abc 86.51±2.48 bc 519.07±14.29 bc 100.00
P2 67.64±4.46 ab 3.35±0.08 a 47.22±1.80 a 283.34±10.81 a 19.10
P3 66.53±4.76 ab 3.43±0.11 ab 52.82±5.68 a 316.95±34.11 a 30.64
P4 97.06±11.67 c 4.03±0.68 abc 74.75±4.92 b 448.51±29.52 b 75.79
P5 90.17±6.70 bc 4.13±0.27 abc 70.95±3.43 b 425.69±18.49 b 67.95
P6 89.40±4.21 bc 3.93±0.33 abc 72.56±8.41 b 435.35±50.48 b 71.27
P7 117.50±21.22 c 4.58±0.29 c 92.45±10.22 c 554.73±61.34 c 112.24
P8 100.84±4.23 c 4.33±0.26 bc 83.66±2.56 bc 501.96±15.39 bc 94.13
HSD 5% 28.36 0.94 16.77 99.09

Note. Means followed by different letters in the same column are significantly different at Tukey-test, p <0.05
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Figure 4.  Potential of harvested and milled grain weight of each treatment compared to control (no fertiliser, 
P0), NPK treatment (P1), and compost alone (P2), based on the results of Tukey test (p<0.05). (Remark: HSD 
5% =3.28; 2.52)

Based on the results of the calculation of nutrient use efficiency using the parameters 
of the Internal Utilisation Efficiency, the P0 treatment (no fertiliser) and the treatments 
of powder compost alone (P2) and compost+ZnO NPs 50-150 mg kg-1 (P3 and P5) 
provided higher efficiency than the NPK treatment (Table 4). However, quantitatively, 
these treatments gave low yields. Based on the results of the calculation of the Agronomic 
Efficiency against the control (P0), treatments P4 and P5 (compost powder+ZnO-NPs 

Table 4 
Internal Utilisation Efficiency (IE), Agronomic Efficiency (AE), Physiologic Efficiency (PE), and Apparent 
Crop Recovery Efficiency (RE) of each treatment calculated against the control (no fertiliser, P0)

Treatments IE AE PE RE
P0 34.60±2.01 d            
P1 24.05±1.52 b 187.80±30.73 c 17.66±1.37 bcd 10.62±1.18 c
P2 32.54±0.52 d 62.39±7.18 a 21.64±6.79 cd 2.77±1.19 a
P3 29.80±0.11 c 111.42±17.52 ab 18.83±2.66 bcd 5.95±0.92 ab
P4 19.14±0.90 a 260.07±41.96 d 10.38±2.64 a 24.91±4.09 d
P5 29.70±0.14 c 246.26±44.18 d 23.28±2.04 d 10.55±1.25 c
P6 24.57±0.06 b 77.01±12.85 ab 15.21±3.11 ab 4.92±1.18 ab
P7 20.58±0.32 a 118.28±10.37 b 13.28±2.31 ab 8.73±1.44 bc
P8 23.48±0.26 b 99.52±8.50 ab 15.76±0.93 abc 6.31±0.26 ab
HSD 5% 2.43 51.44 6.17 3.99

Note. Means followed by different letters in the same column are significantly different at Tukey-test, p <0.05
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100-150 mg kg-1) provided high-efficiency values in utilising nutrients in the soil and 
higher than the NPK treatment (P1), while the Physiologic Efficiency and Apparent Crop 
Recovery Efficiency of P5 treatment (compost powder+ZnO-nanoparticles 150 mg kg-1) 
had the highest efficiency values.

Grain Quality 

The variance analysis (ANOVA) results demonstrated that the tested treatments significantly 
affected parameters. In addition to increasing quantitative yield, the treatments of compost 
powder+ZnO-NPs 100-150 mg kg-1 compost (P4 and P5)  and the treatment of compost 
powder+ZnO-NPs 50-100 mg kg-1 compost +½ NPK fertiliser (P6 and P7) improve the 
grain’s value as measured by the percentage of weight of filled and empty grain and grain 
water content. The treatments had the lowest grain water content (Table 5). The treatments 
provided better grain quality than the NPK treatment (P2) and control (P0). This study's 
results align with the research of Zhang et al. (2021), which reported that applying ZnO-
NPs increased grain production, dry matter accumulation, and grain quality. Zhao et al. 
(2014) reported that adding ZnO nanoparticles also improves the quality of cucumber plants.

Zn is an essential element in protein synthesis and formation of pollen grain 
(Herschfinkel et al., 2007; Mathpal et al., 2015) and enzyme activity since plant enzymes 
that utilise Zn as a cofactor include SOD, CA, alcohol dehydrogenase and the structural 
Zn-finger domains mediating DNA-binding of transcription factors and protein-protein 
interactions (Maret, 2009; Sinclair & Krämer, 2012). Zinc also plays a vital role in seed 
development, as its deficiency in plants leads to delayed maturity (Hansch & Mendel, 

Table 5 
Weight of empty and filled grain per 100 g, and water content of grain of each treatment compared to 
control (no fertiliser, P0), NPK treatment (P1), and compost alone (P2)

Treatments Weight of empty grain per 
100 grammes

Weight of filled grain per 
100 grammes

Water content of grain 
(%)

P0 5.49±0.22 e 94.51±0.22 a 13.49±0.55 d
P1 4.41±1.01 de 95.59±1.01 ab 15.06±0.33 e
P2 3.83±0.64 cd 96.17±0.64 bc 10.76±0.48 ab
P3 3.14±0.07 abc 96.86±0.07 cd 10.62±0.17 a
P4 2.20±0.22 ab 97.80±0.22 de 12.13±0.16 bc
P5 2.52±0.40 ab 97.48±0.40 de 11.78±0.49 abc
P6 1.23±0.12 a 97.91±0.12 e 12.72±0.61 cd
P7 2.43±0.37 ab 97.57±0.37 de 11.70±0.58 abc
P8 3.41±0.13 bcd 96.59±0.13 bcd 12.99±0.60 cd
HSD 5% 1.23 1.23 1.17

Note. Means followed by different letters in the same column are significantly different at Tukey-test, p <0.05
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2009). Therefore, the addition of ZnO nanoparticles to the compost can affect the quality 
of rice grain. This most likely indicates that the dry matter content in rice grains increases, 
which improves the quality of rice as a food source. This is because the ZnO nanoparticles 
contained in the compost are able to increase the synthesis of certain enzymes involved 
in protein metabolism, such as the enzyme RNA polymerase. Thus, Zn is a component 
of protein (Rudani et al., 2018). Overall, the addition of ZnO nanoparticles provides dual 
benefits, namely increasing the efficiency of nutrient use and increasing the yield and 
quality of rice plants (El-Saadony et al., 2021).

CONCLUSION

The combination of compost powder+ZnO nanoparticles 100 mg kg-1+½ NPK fertiliser (P7 
treatment) increased the N, P, K, and Zn uptake, biomass weight, and number of panicles 
per hill. This treatment also had a higher harvested and milled grain weight potential than 
the NPK treatment, with a yield increase of 7% compared to the NPK chemical fertiliser 
treatment (P1). The Relative Agronomy Effectiveness and Agronomic Efficiency of the 
P7 treatment increased by 12%  and 72% when compared to the NPK treatment. Compost 
powder+ZnO-NPs 150 mg kg-1 treatments provided higher nutrient use efficiency than the 
NPK treatment. This research suggests that combining organic fertiliser and nanoparticles 
should be considered for sustainable rice production in paddy cultivation. However, this 
study was limited to a pot experiment; thus, field validation under various conditions is 
recommended to confirm the efficiency of ZnO NP-compost combinations.
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