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ABSTRACT 

	Maize (Zea mays L.) is a globally vital cereal crop, essential for food security and agricultural economies. With increasing demand, there is a pressing need for sustainable production systems that maintain high yields while protecting soil health and reducing reliance on chemical inputs. This study evaluated the effects of integrating maize straw as an organic amendment with inorganic fertilizers on maize performance under contrasting monsoon and post-monsoon growing conditions in central Myanmar. A field experiment was conducted using a randomized complete block design with six treatments: a control (no input), organic amendment (maize straw) alone, 100% inorganic fertilizer (NPK), and combinations of maize straw with 50%, 75%, and 100% of the recommended NPK rate.Results showed that in the post-monsoon season, full inorganic fertilization produced the highest yields, and adding maize straw did not significantly increase productivity. However, during the monsoon season, integrating maize straw with inorganic fertilizers significantly improved grain yield, with the combination of maize straw and 75% NPK performing as well as the full fertilizer rate. This suggests that organic amendments enhance nutrient retention and soil resilience under high-rainfall conditions, where leaching limits the efficiency of chemical fertilizers. The findings highlight that the benefits of integrating organic and inorganic nutrient sources are season-dependent. For monsoon maize production, applying maize straw along with 75% of the standard fertilizer dose offers a sustainable, cost-effective alternative that maintains high yields while reducing chemical input use. This strategy supports climate-resilient agriculture and promotes long-term soil fertility, particularly in rainfed and resource-limited farming systems.
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1. INTRODUCTION 
Maize (Zea mays L.) is a globally significant cereal crop, serving as a primary source of calories, protein, and raw materials for industry (Shiferaw et al., 2011). In Myanmar, maize plays a pivotal role in food security, livestock feed, and agricultural exports, with rising demand driven by both domestic consumption and international markets (MOALI, 2024). However, continuous cultivation and overreliance on inorganic fertilizers have led to soil degradation, nutrient imbalances, and declining returns, threatening the sustainability of maize-based farming systems (Dwivedi & Dwivedi, 2015). Depletion of soil organic carbon (SOC) is a major constraint to productivity in tropical and subtropical agroecosystems.
Organic amendments (OA), derived from plant or animal sources, offer a promising strategy to improve soil health by enhancing soil organic matter, improving soil structure, water-holding capacity, and supplying nutrients through mineralization (Cherr et al., 2006). When combined with inorganic fertilizers, OA can synchronize nutrient release with crop demand, reduce nutrient leaching, and stimulate beneficial microbial activity, thereby improving nutrient use efficiency (NUE) (Pimentel et al., 2005). This integrated approach, known as Integrated Soil Fertility Management (ISFM), is increasingly promoted for sustainable intensification of agriculture in developing countries (Vanlauwe et al., 2010).
The organic amendment is an important strategy to enhance soil chemical and physical properties and slowly supplies nutrients to crops through the mineralization process. Thus, it reduces nutrient leaching, stimulates microbial activity, and improves nutrient efficiency. It can be used as part of Integrated Soil Fertility Management (ISFM) and is widely promoted for sustainable agricultural production.
Despite the documented benefits of ISFM, its effectiveness is highly context-dependent, varying with climate, soil type, crop genotype, and management practices. Central Myanmar experiences two distinct growing seasons: the monsoon season and the post-monsoon season, each presenting unique challenges for nutrient management. The post-monsoon season offers favorable temperatures and low rainfall, supporting steady crop growth but potentially limiting organic matter mineralization. In contrast, the monsoon season is characterized by high rainfall and humidity, increasing the risks of nutrient leaching and waterlogging, which can diminish the efficacy of inorganic fertilizers.
This research is important for the scientific community as it provides context-specific insights into the integration of organic amendments with inorganic fertilizers for maize production under contrasting seasonal conditions in Myanmar. The findings contribute to the growing body of knowledge on sustainable intensification, showing how integrated nutrient management can improve soil health, enhance nutrient use efficiency, and maintain high yields while reducing chemical inputs. By identifying season-specific strategies, such as the recommendation of maize straw with 75% NPK for monsoon production, this study offers practical solutions for smallholder farmers facing climate variability. Overall, it advances both theoretical understanding and field-level application of climate-resilient and sustainable crop management practices.
Experiential data on the combined effects of organic and inorganic nutrient management on maize yield traits under these contrasting seasonal conditions in Myanmar remain limited. Understanding how different fertilization strategies influence phenological, morphological, and yield components across seasons is essential for developing climate-resilient and sustainable maize production systems. Therefore, this study was conducted to: (1) evaluate the impact of organic amendment on maize yield traits, and (2) investigate the combined effects of organic amendment and inorganic fertilizers under both post-monsoon and monsoon growing seasons.

2. MATERIALS AND METHODS
2.1 Experimental Site and Seasons
A field experiment was carried out at the research farm of the Department of Soil and Water Science, Yezin Agricultural University, Myanmar (19°83′ N, 96°26′ E), across two cropping seasons: the post-monsoon season from December 2024 to April 2025, and the monsoon season from May 2025 to August 2025. Weather data (Figure 1) indicated that the post-monsoon season was characterized by moderate temperatures, with minimum temperatures ranging from 18 to 22°C and maximum temperatures between 32 and 36°C, along with very little rainfall. In contrast, the monsoon season had high rainfall, reaching up to 250 mm per month, and higher humidity levels. These differences created distinct environmental conditions, providing a suitable basis for studying nutrient management under varying climatic scenarios.
2.2 Experimental Design and Cultural Practices
The experiment followed a Randomized Complete Block Design (RCBD) with six treatments and four replications. The maize hybrid Yezin-14, a widely cultivated variety in Myanmar, was used. Each plot consisted of six rows, 5 m long, with a row-to-row spacing of 75 cm and plant-to-plant spacing of 25 cm.
The organic amendment (OA) ,maize straw, was applied at 10 t ac⁻¹, chopped into ~2 cm pieces, and incorporated into the topsoil two weeks before sowing to allow partial decomposition. The recommended inorganic fertilizer rates were:
· 130 kg N ha⁻¹
· 60 kg P₂O₅ ha⁻¹
· 75 kg K₂O ha⁻¹ (Source: Department of Agricultural Research, Myanmar)
Nitrogen and potassium were split into three equal applications: at sowing (basal), 21 days after sowing (DAS), and 45 DAS. Phosphorus was applied entirely at basal. All cultural practices, including hand weeding and pest and disease management, were uniformly applied across treatments to minimize non-treatment variability.




2.3 Treatments
The treatment details were as follows:
· T₁: Control (no fertilizer or organic amendment)
· T₂: Organic amendment (OA) only (10 t ac⁻¹ maize straw)
· T₃: 100% inorganic NPK fertilizer
· T₄: OA (10 t ac⁻¹ maize straw) + 50% NPK
· T₅: OA (10 t ac⁻¹ maize straw) + 75% NPK
· T₆: OA (10 t ac⁻¹ maize straw) + 100% NPK

2.4 Data Collection
Data were collected using standardized descriptors from the International Board for Plant Genetic Resources (IBPGR, 1991).
2.4.1 Phenological Traits:
· Days to 50% tasseling (DA)
· Days to 50% silking (DS)
2.4.2 Growth Parameters:
· Plant height (cm): measured from base to tassel base
· Ear height (cm): from base to node of uppermost ear
· Measured at 63 DAS on five randomly selected competitive plants per plot
2.4.3 Yield Components (Sampled from five representative ears per plot at harvest)
· Ear length (EL, cm)
· Row length (RL, cm)
· Ear diameter (ED, cm)
· Number of rows per ear
· Number of kernels per row
2.4.4 Grain Quality and Yield:
· Shelling percentage (%) = (grain dry weight / ear dry weight) × 100
· 1000-seed weight (g) at 14% moisture
· Grain yield (t ha⁻¹) calculated as:
· Grain yield = 85 (100 − Moisture%) × Field weight (kg) × Shelling%​ × Harvest area (m²) × 10,000 ​÷ 1,000
2.5 Statistical Analysis
Data were analyzed using ANOVA under RCBD. Mean comparisons were made using the Least Significant Difference (LSD) test at P < 0.05. Analyses were performed using Statistix 8. Coefficients of variation (CV%) were calculated to assess data reliability.




[bookmark: _Toc207639968]Figure 1. Monthly weather data on maximum and minimum temperatures and rainfall in Yezin during the experimental period (December 2024 to August 2025)

Table 1. Physicochemical properties of experimental soil

	Characteristics
	 
	Rating

	% sand
	-
	82.9

	% silt 
	-
	8.52

	% clay 
	-
	8.58

	Texture class
	-
	Loamy sand

	Bulk density (g cm-3)
	-
	1.3

	Particle density (g cm-3)
	-
	2.47

	Porosity (%)
	-
	47

	Water holding capacity (%)
	-
	46

	pH
	-
	5.75

	CEC (cmolc kg-1)
	-
	13.26

	EC (dS m-1)
	-
	0.03

	Organic carbon (%)
	-
	1.35

	Total N ( % )
	-
	0.06

	Available P ( mg kg-1 )
	-
	22.58

	Available K ( mg kg-1 )
	-
	78.43





3. Results and Discussion
3.1 Post-Monsoon Season (December 2024 – April 2025)
3.1.1 Plant Height (cm)
Plant height was significantly influenced by treatments at all growth stages (Table 3). At 63 DAS, the tallest plants were recorded in T₃ (185.03 cm) and T₆ (182.98 cm), which were statistically similar. The control (T₁: 98.13 cm) and OA-only (T₂: 113.15 cm) treatments were significantly shorter. The rapid vegetative growth under full inorganic fertilization is attributed to the immediate availability of nitrogen (N), which promotes cell division and stem elongation (Rawat, Sanwal & Saxena, 2016). N is a key component of chlorophyll and amino acids, directly influencing photosynthetic efficiency and biomass accumulation (Bender et al., 2013). The near-equivalence of T₃ and T₆ suggests that OA does not hinder vegetative growth when combine with full NPK, supporting the concept of Integrated Nutrient Management (INM) (Tittonell et al., 2008). The intermediate performance of T₄ and T₅ indicates a dose-dependent response to NPK, supporting the importance of balanced nutrition.
Table 2.  Mean plant heights as influenced by organic amendment and inorganic fertilizers during the postmonsoon experiment
	Treatments
	Plant height (cm)
	

	
	14 DAS
	21 DAS
	28 DAS
	35 DAS
	42 DAS
	49 DAS
	56 DAS
	63 DAS

	T1
	10.43
	d
	22.83
	c
	31.32
	c
	45.41
	e
	58.34
	e
	66.77
	f
	83.41
	e
	98.13
	e

	T2
	10.51
	d
	23.38
	c
	33.53
	c
	50.56
	d
	67.27
	d
	81.55
	e
	95.91
	d
	113.15
	d

	T3
	16.07
	a
	37.81
	a
	57.90
	a
	74.45
	a
	103.59
	a
	137.58
	a
	172.23
	a
	185.03
	a

	T4
	13.09
	c
	33.12
	b
	48.31
	b
	62.48
	c
	87.47
	c
	120.29
	d
	146.00
	c
	163.11
	c

	T5
	13.84
	b
	36.80
	a
	51.17
	a
	69.09
	b
	92.48
	b
	124.84
	c
	158.93
	b
	176.40
	b

	T6
	16.01
	a
	37.60
	a
	56.43
	a
	71.68
	b
	100.81
	a
	132.82
	b
	169.97
	a
	182.98
	a

	LSD 0.05
	0.24
	1.18
	2.62
	2.68
	4.61
	4.00
	8.00
	6.50

	Pr>F
	**
	**
	**
	**
	**
	**
	**
	**

	CV%
	1.19
	2.46
	3.74
	2.85
	3.60
	2.40
	3.85
	2.81



[bookmark: _Hlk198836457]Means followed by the same letter in each column are not significantly different
** Significant difference at 1% level
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK)
3.1.2 Days to 50% Tasseling 
Tasseling occurred earliest in T₃ and T₆ (53 days), while the control (T₁) took the longest (56 days) (Table 3). The delay in T₁ and T₂ indicates nutrient limitation, particularly nitrogen, which slows developmental processes (Pixley & Bjarnason, 1993). The lack of difference between T₃ and T₆ shows that OA does not delay tasseling when combined with full NPK. Early and synchronized tasseling reduces the anthesis-silking interval (ASI), improving pollination efficiency (Mclaughlin & Boyer, 2004). A shorter ASI is associated with higher kernel set and yield stability, especially in environments with terminal drought stress (Ahmad, Hassan & Belford, 2009).
3.1.3 Days to 50% Silking 
Silking was earliest in T₃ and T₆ (58 days) and latest in T₁ (66 days). Silking is highly sensitive to nutrient and water stress. Early silking under full NPK reflects optimal nutrient availability, supporting rapid ear development and silk emergence (Ahmad, Hassan & Belford, 2009). Phosphorus (P) and potassium (K) play critical roles in energy transfer (ATP synthesis) and water regulation, both essential for silk elongation (Rawat, Sanwal & Saxena, 2016). The synchronization of tasseling and silking in T₃ and T₆ reduces ASI, enhancing pollination success. The results support the source-sink theory, which posits that adequate nutrient supply enhances the partitioning of assimilates to reproductive organs (Ahmad, Hassan & Belford, 2009).
3.1.4 Ear Height 
Ear height was highest in T₃ (96.23 cm) and lowest in T₁ (36.25 cm). High ear height is linked to strong apical dominance and adequate N and K supply (Sánchez, Rasmussen & Porter, 2014). K enhances cell turgor and stem strength, reducing lodging risk (Rawat, Sanwal & Saxena, 2016). The similarity between T₃ and T₆ indicates that OA supports optimal ear positioning without compromising structural stability. High ear height may improve light interception but excessively high ears can increase harvest losses. T₆ achieves an optimal balance between yield potential and harvestability. The results also suggest that OA improves root anchorage and mechanical stability, contributing to high EH (Lynch, 2019).
3.1.5 Ear Length, Row Length, and Ear Diameter 
The longest ear length was observed in treatment T₃ (20.79 cm) and T₆ (20.47 cm), while the shortest ear length was recorded in T₁ (12.83 cm). Similarly, row length was greatest in T₃ (19.11 cm) and T₆ (18.73 cm), and ear diameter was largest in T₃ (5.20 cm) and T₆ (5.08 cm). These ear morphological traits—ear length, row length, and ear diameter—are key yield components that are strongly influenced by phosphorus (P) and potassium (K) availability. Phosphorus supports cell division during ear development, while potassium contributes to spikelet survival and overall sink strength (Khaleeq et al., 2023). The superior performance of T₃ and T₆ suggests that adequate nutrient supply, particularly from balanced inorganic fertilizers (T₃) and integrated organic-inorganic applications (T₆), enhances ear formation and increases potential grain number per ear. This improved sink capacity under optimal nutritional conditions directly contributes to higher grain yield, as reported in previous studies (Nleya, Chungu & Kleinjan, 2016).
Table 3.  Mean effect of organic amendment and inorganic fertilizers on agronomic characters of maize during the monsoon experiment.
	Treatments
	DA
	DS
	EH
	EL
	RL
	ED

	
	
	
	
	
	
	

	T1
	56
	a
	66
	a
	36.25
	e
	12.83
	e
	10.50
	f
	3.75
	e

	T2
	55
	ab
	61
	b
	45.28
	d
	14.68
	d
	14.49
	e
	4.40
	d

	T3
	53
	c
	58
	c
	96.23
	a
	20.79
	a
	19.11
	a
	5.20
	a

	T4
	54
	bc
	60
	b
	66.55
	c
	16.88
	c
	15.51
	d
	4.58
	c

	T5
	54
	bc
	60
	b
	76.40
	b
	18.73
	b
	17.41
	c
	4.90
	b

	T6
	53
	c
	58
	c
	94.55
	a
	20.47
	a
	18.73
	b
	5.08
	a

	LSD 0.05
	1.77
	1.33
	2.74
	1.06
	0.31
	0.13

	Pr>F
	**
	**
	**
	**
	**
	**

	CV%
	2.17
	1.46
	2.63
	4.03
	1.28
	1.80



Means followed by the same letter in each column are not significantly different
** Significant difference at 1% level
[bookmark: _Hlk206875459]DA = days to 50% tasseling, DS = days to 50% silking, EH = ear height, EL = ear length, RL = row length, ED = ear diameter
3.1.6 Number of Rows per Ear and Kernels per Row
The number of rows per ear was highest in treatment T₆ (14.30) and T₃ (13.90), while the number of kernels per row was greatest in T₃ (36.86) and T₆ (35.80). Ear row number is typically determined during the V5 to V8 vegetative growth stages and is influenced by early availability of nitrogen (N) and phosphorus (P). The superior performance of T₆ indicates that organic amendments (OA) may enhance early root development and nutrient uptake, likely due to improved root-soil contact and increased microbial activity (Nleya, Chungu & Kleinjan, 2016). The high kernel count observed in T₃ can be attributed to adequate supply of N and potassium (K), which play key roles in pollen viability and silk emergence (Bender et al., 2013). The fact that T₆ performed nearly as well as T₃ suggests that OA can support comparable reproductive development, highlighting its potential role in integrated nutrient management (INM) systems.

3.1.7 Shelling Percentage and 1000-Seed Weight
The highest shelling percentage was recorded in treatment T₆ (86.48%) and T₃ (86.29%), while the 1000-seed weight was greatest in T₃ (281.19 g) and T₆ (279.96 g). Shelling percentage, defined as the ratio of grain weight to total ear weight, reflects harvest index and the efficiency of grain filling (Bender et al., 2013). The high values observed in T₃ and T₆ indicate effective partitioning of assimilates into kernels, resulting in a greater proportion of grain relative to cob material. This improvement is likely due to optimal nutrient availability, which supports sustained grain development and reduces the number of unfilled or sterile kernels (Bender et al., 2013). The slightly higher performance of T₆ may be attributed to the gradual release of nutrients from organic amendments during the grain-filling period, ensuring continued supply when demand is high (Pimentel et al., 2005).
Seed weight is largely determined during the grain-filling stage and depends on the availability of carbohydrates and potassium (K). Potassium plays a critical role in activating enzymes involved in starch synthesis and in maintaining cell turgor, both of which facilitate the transport and accumulation of photosynthates into developing seeds (Rawat, Sanwal & Saxena, 2016). The high seed weight in T₃ can be linked to readily available K from inorganic sources, providing immediate nutritional support. In contrast, the marginally lower value in T₆ may reflect a short delay in nutrient release due to the time required for mineralization of organic materials. Nevertheless, the small difference between T₃ and T₆ suggests that nutrient supply from organic amendments was well-synchronized with crop demand, supporting efficient grain development and reinforcing the effectiveness of integrated nutrient management (Cherr et al., 2006).
Table 4.  Mean effect of organic amendment and inorganic fertilizers on yield and yield components of maize during the postmonsoon experiment.
	Treatments
	No. of rows ear-1
	No. of kernels row-1
	Shelling %
	1000 seeds weight(g)

	
	
	
	
	

	T1
	10.80
	d
	22.83
	d
	78.14
	e
	265.37
	f

	T2
	12.10
	c
	32.95
	c
	84.88
	d
	271.44
	e

	T3
	13.90
	a
	36.86
	a
	86.29
	a
	281.19
	a

	T4
	12.50
	c
	34.64
	bc
	85.25
	c
	276.93
	d

	T5
	13.20
	b
	34.87
	b
	85.56
	b
	278.57
	c

	T6
	14.30
	a
	35.80
	ab
	86.48
	a
	279.96
	b

	LSD 0.05
	0.64
	1.76
	0.25
	0.21

	Pr>F
	**
	**
	**
	**

	CV%
	3.29
	3.57
	0.19
	0.05



Means followed by the same letter in each column are not significantly different, ** Significant difference at 1% level
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK)
3.1.8 Grain Yield (kg ha-1)
Grain yield was highest in T₃ (6752.99 kg ha⁻¹) and T₆ (6730.93 kg ha⁻¹), with no significant difference (Figure 2). The control (T₁: 2753.64 kg ha⁻¹) and OA-only (T₂: 4464.48 kg ha⁻¹) yielded significantly less. The high yield in T₃ and T₆ results from superior performance across all growth and yield components. The near-equivalence of T₃ and T₆ indicates that OA can complement full NPK without yield penalty (Vanlauwe et al., 2010). The lower yields in T₄ and T₅ confirm that reducing inorganic NPK by 25–50%, even with OA, cannot fully compensate for high nutrient demand under optimal conditions.

Pr>F      **
LSD0.05   762.07
CV%      9.31

Figure 2. Mean values of yield (kg ha-1) as influenced by organic amendment and inorganic fertilizers from December 2024 to April 2025.
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK), ** Significant difference at 1% level
3.2 Monsoon Season (May – August 2025)
The monsoon season (May - August 2025) was characterized by high rainfall, elevated humidity, and frequent waterlogging, creating suboptimal conditions for maize production. Despite these challenges, nutrient management strategies significantly influenced phenological, morphological, and yield-related traits, with notable differences in treatment performance compared to the post-monsoon season. The integration of OA with inorganic fertilizers demonstrated a clear advantage under these stressful conditions.
3.2.1 Plant Height (cm)
At 63 DAS, T₆ (152.70 cm) was significantly taller than T₃ (145.40 cm), both far exceeding the control (T₁: 68.60 cm) (Table 5). The reversal (T₆ > T₃) suggests that OA improves nutrient retention and root function under high rainfall, reducing leaching. In waterlogged soils, N and K are prone to leaching and denitrification, limiting their availability (Lobell et al., 2013). OA enhances soil aggregation and cation exchange capacity (CEC), retaining nutrients like K⁺ and NH₄⁺ in the root zone (Ávila et al., 2008). Furthermore, organic amendments have been shown to improve root architecture and nutrient uptake efficiency under adverse soil conditions such as salinity, suggesting broader benefits in stress mitigation (Afshana Doulat et al., 2025).
Table 5.  Mean plant height as influenced by organic amendment and inorganic fertilizers during the monsoon experiment
	Treatments
	Plant height (cm)
	

	
	14 DAS
	21 DAS
	28 DAS
	35 DAS
	42 DAS
	49 DAS
	56 DAS
	63 DAS
	

	T1
	9.73
	e
	15.30
	d
	20.30
	f
	25.40
	f
	38.60
	f
	53.60
	f
	60.60
	e
	68.60
	f

	T2
	10.90
	d
	16.50
	d
	28.20
	e
	45.28
	e
	52.90
	e
	67.90
	e
	79.90
	d
	91.40
	e

	T3
	17.90
	a
	26.30
	b
	39.40
	b
	55.70
	b
	73.20
	b
	98.30
	b
	120.60
	b
	145.40
	b

	T4
	16.10
	c
	21.20
	c
	34.23
	d
	49.30
	d
	63.40
	d
	88.50
	d
	108.50
	c
	130.30
	d

	T5
	17.10
	b
	25.30
	b
	37.80
	c
	53.10
	c
	71.78
	c
	96.88
	c
	119.68
	b
	143.08
	c

	T6
	18.40
	a
	29.75
	a
	43.90
	a
	59.20
	a
	77.70
	a
	102.80
	a
	126.20
	a
	152.70
	a

	LSD 0.05
	0.60
	1.34
	1.02
	0.93
	1.21
	1.22
	1.21
	1.22

	Pr>F
	**
	**
	**
	**
	**
	**
	**
	**

	CV%
	2.67
	3.98
	2.01
	1.30
	1.28
	0.95
	0.79
	0.66



Means followed by the same letter in each column are not significantly different, ** Significant difference at 1% level
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK)







3.2.2 Days to 50% Tasseling 
Days to 50% tasseling did not differ significantly among treatments, ranging from 61.67 (T₆) to 65.08 (T₁) days (Table 6). This indicates that photoperiod and temperature dominate nutrient effects on tasseling under monsoon conditions (Hatfield & Prueger, 2015). In stable environments, developmental timing is governed by genetic and photoperiodic factors, whereas in variable conditions, nutrient supply becomes a key driver (Pixley & Bjarnason, 1993).
3.2.3 Days to 50% Silking 
Days to 50% silking was earliest in T₆ (66.75 days) and latest in T₁ (73.42 days). T₆’s advantage suggests improved water and nutrient uptake efficiency under high rainfall, likely due to enhanced root-soil contact and hydraulic conductivity (Lynch, 2019). OA improves soil structure and porosity, facilitating root penetration and function even under waterlogged conditions (Dwivedi & Dwivedi, 2015).
3.2.4 Ear Height, Ear Length, Row Length, and Ear Diameter
Ear height was highest in treatment T₆ (98.80 cm), followed by T₃ (93.93 cm). Similarly, ear length, row length, and ear diameter were greater in T₆ (15.91 cm, 14.59 cm, and 3.91 cm, respectively) compared to T₃ (14.89 cm, 13.41 cm, and 3.76 cm, respectively). The consistent performance advantage of T₆ over T₃ indicates the beneficial role of organic amendments (OA) in supporting plant growth, particularly under conditions prone to nutrient leaching. Organic amendments improve soil physical properties such as structure, water retention, and cation exchange capacity (CEC), which enhance root function and nutrient availability during critical reproductive stages (Dwivedi & Dwivedi, 2015). The larger ear diameter observed in T₆ suggests improved radial expansion of the ear, which may be linked to better potassium availability and more favorable plant water status factors known to influence cell expansion and assimilate delivery to developing kernels (Rawat, Sanwal & Saxena, 2016). These results demonstrate that integrated nutrient management with OA can promote stronger reproductive development, even in challenging environments.
Table 6.  Mean effect of organic amendment and inorganic fertilizers on agronomic characters of maize during the monsoon experiment.
	Treatments
	DA
	DS
	EH
	EL
	RL
	ED

	
	
	
	
	
	
	

	T1
	65.08
	
	73.42
	a
	42.75
	e
	10.65
	d
	8.90
	d
	3.38
	f

	T2
	63.75
	
	71.67
	b
	57.93
	d
	11.38
	d
	9.70
	d
	3.45
	e

	T3
	62.08
	
	68.42
	c
	93.93
	b
	14.89
	b
	13.41
	b
	3.76
	c

	T4
	62.75
	
	68.50
	c
	83.87
	c
	13.74
	c
	12.36
	c
	3.69
	d

	T5
	62.42
	
	68.33
	c
	92.38
	b
	15.04
	ab
	13.72
	ab
	3.83
	b

	T6
	61.67
	
	66.75
	d
	98.80
	a
	15.91
	a
	14.59
	a
	3.91
	a

	LSD 0.05
	3.11
	0.55
	4.85
	0.96
	0.99
	0.06

	Pr>F
	ns
	**
	**
	**
	**
	**

	CV%
	3.27
	0.53
	4.12
	4.72
	5.43
	1.10


Means followed by the same letter in each column are not significantly different, ns – Non-significant different,        ** Significant difference at 1% level
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK)
3.2.5 Number of Rows per Ear and Kernels per Row
The number of rows per ear was highest in treatment T₆ (14.30), followed by T₃ (13.20). Similarly, kernels per row were greater in T₆ (34.00) compared to T₃ (33.00). These yield components are determined during the early vegetative stages (V5–V8) and are highly sensitive to environmental stresses such as waterlogging and nutrient deficiency. The superior performance of T₆ suggests that organic amendments (OA) improve rhizosphere conditions by enhancing soil structure, microbial activity, and nutrient retention, thereby supporting stable meristem development under stress (Lynch, 2019). In contrast, the lower values observed in T₃ may be attributed to nutrient leaching—particularly of nitrogen and potassium—before plants can fully utilize them, reducing their availability during critical growth stages. These findings align with recent studies showing that organic inputs alter the sorption behavior of soluble compounds in soil, reducing vertical movement and leaching of nutrients and agrochemicals (Janaki, 2023). This protective effect helps maintain nutrient availability in the root zone, especially under heavy rainfall.
3.2.6 Shelling Percentage and 1000-Seed Weight
Shelling percentage was highest in treatment T₆ (85.89%), compared to T₃ (82.56%). Similarly, 1000-seed weight was greatest in T₆ (210.50 g) and T₅ (210.25 g), while T₃ recorded a lower value of 191.70 g. These results suggest that treatments incorporating organic amendments, particularly T₆, supported more efficient and prolonged grain filling. The improved performance in T₆ is likely due to the slow and sustained release of nutrients from organic matter, which maintains nutrient availability during the critical grain development phase (Pimentel et al., 2005). In contrast, the lower shelling percentage and seed weight in T₃ may reflect premature cessation of grain filling, possibly caused by nutrient leaching or reduced root function due to poor soil aeration under high-rainfall conditions (Lobell et al., 2013). These findings highlight the role of organic amendments in enhancing nutrient use efficiency (NUE) by stabilizing nutrient supply and improving soil conditions, especially in environments prone to waterlogging and nutrient loss.
Table 7. Mean effect of organic amendment and inorganic fertilizers on yield and yield components of maize from May to August, 2025.
	Treatments
	No. of rows ear-1
	No. of kernels row-1
	Shelling %
	1000 seeds weight (g)

	
	
	
	
	

	T1
	10.80
	f
	25.00
	e
	76.22
	e
	186.60
	f

	T2
	12.10
	e
	27.03
	d
	77.89
	d
	196.40
	d

	T3
	13.20
	c
	33.00
	b
	82.56
	c
	191.70
	e

	T4
	12.50
	d
	28.00
	c
	84.82
	b
	198.72
	c

	T5
	13.90
	b
	33.00
	b
	84.58
	b
	210.25
	b

	T6
	14.30
	a
	34.00
	a
	85.89
	a
	210.50
	a

	LSD 0.05
	0.36
	0.35
	0.35
	0.14

	Pr>F
	**
	**
	**
	**

	CV%
	1.89
	0.79
	0.29
	0.05


Means followed by the same letter in each column are not significantly different, ** Significant difference at 1% level
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK)
3.2.12 Grain Yield ( kg ha-1)
Grain yield was significantly highest in T₆ (OA + 100% NPK) at 4707.86 kg ha⁻¹, followed closely by T₅ (OA + 75% NPK) at 4615.17 kg ha⁻¹, both of which outperformed T₃ (100% NPK alone) (4473.08 kg ha⁻¹) during the monsoon season (Figure 3). This represents a clear advantage of integrating maize straw with inorganic fertilizers under high-rainfall conditions, where nutrient leaching and waterlogging limit the efficiency of synthetic inputs (Lobell et al., 2013). The superior yield in T₆ can be attributed to enhanced soil structure, improved nutrient retention, and sustained nutrient supply from organic matter decomposition, which collectively support better root function and grain filling under stress (Dwivedi & Dwivedi, 2015; Ávila et al., 2008). Notably, T₅ achieved 98% of T₆’s yield despite using only 75% of the recommended inorganic fertilizer, indicating high nutrient use efficiency and strong agronomic potential.
This suggests that maize straw not only reduces nutrient loss but also compensates for reduced chemical inputs by improving cation exchange capacity (CEC), water-holding capacity, and microbial activity (Cherr et al., 2006). Given its high yield, lower input cost, and contribution to long-term soil fertility, T₅ (OA + 75% NPK) is recommended as a sustainable and practical option for monsoon maize production. It aligns with the principles of Integrated Soil Fertility Management (ISFM), which promotes context-specific combinations of organic and inorganic inputs to enhance resilience and sustainability (Vanlauwe et al., 2010).
These findings confirm that sole reliance on inorganic fertilizers (T₃) is suboptimal during the monsoon, while full integration (T₆) or partial substitution (T₅) significantly improves yield stability. For smallholder systems in tropical agroecosystems, adopting ISFM strategies such as T₅ offers a balanced approach maintaining productivity while reducing environmental risks and input costs.

Pr>F      **
LSD0.05   107.47
CV%      1.95

Figure 3. Mean values of yield (kg ha-1) as influenced by organic amendment and inorganic fertilizers from May to August, 2025.
T1 – (control), T2 – (Organic amendment (OA)), T3 – (100%NPK), T4 – (OA + 50% NPK), T5 – (OA + 75% NPK), T6 – (OA + 100% NPK), ** Significant difference at 1% level
4. Conclusion
This study shows that integrating maize straw as an organic amendment (OA) with inorganic fertilizers improves maize productivity, but the best strategy depends on the growing season. In the post-monsoon season, the highest grain yields were achieved with T₃ (100% NPK: 6752.99 kg ha⁻¹) and T₆ (OA + 100% NPK: 6730.93 kg ha⁻¹), with no significant difference. This indicates that full inorganic fertilization is sufficient under favorable, dry conditions. In the monsoon season, T₆ gave the highest yield (4707.86 kg ha⁻¹), significantly outperforming T₃ (4473.08 kg ha⁻¹). However, T₅ (OA + 75% NPK) produced a similar yield (4615.17 kg ha⁻¹) at lower input cost, with no significant difference from T₆. These results show that OA reduces nutrient leaching, especially under high-rainfall conditions. For monsoon maize, T₅ is recommended as a sustainable and cost-effective option, combining high yield with 25% less chemical fertilizer. Thus, while inorganic fertilizers alone are effective in dry seasons, integrating them with organic amendments like maize straw enhances productivity and sustainability in wetter environments, supporting long-term soil health and efficient resource use.
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