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ABSTRACT 

This study was carried out to assess the effects of soil solarization and farm yard manure (FYM) on the 

growth and productivity of irrigated rice during the 2019 and 2020 dry seasons at the Teaching and 

Research Farm of the Federal University Gashua, Yobe State, Nigeria. The experiment was arranged in 

a split-plot design with three replications. The main plots consisted of three soil solarization treatments 

(uncovered soil, single-layer polyethylene, and double-layer polyethylene), while the subplots received 

FYM at 0, 15, and 30 t ha-1. The study revealed that, soil solarization and FYM significantly (p ≤ 0.05) 

improved soil temperature, plant height, tiller production, dry matter accumulation, panicle length, 

effective tillers, and grain yield. The result further indicated that, combination of double-layer 

polyethylene solarization and 15 t ha-1 FYM produced the tallest plants, the highest tiller number, and 

the greatest grain yield (5.53 t ha-1). The study demonstrated that integrating double-layer soil 

solarization with 15 t ha-1 FYM provides an effective and sustainable management strategy for 

improving irrigated rice productivity in the Sahel Savanna of Nigeria. 
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INTRODUCTION 

Rice (Oryza sativa L.) is one of the world's most important cereal crops and serves as a staple 

food for millions of people, particularly in sub-Saharan Africa, where its demand continues to increase. 

In Nigeria, rice plays a critical role in food security and rural livelihoods; however, productivity in the 

Sahel Savanna remains below its potential due to declining soil fertility, severe weed infestation, and 

the inherently low nutrient- and water-holding capacity of the predominantly sandy soils (Fukagawa & 

Ziska, 2019). Addressing these constraints requires sustainable soil management practices capable of 

improving soil productivity while reducing dependence on costly external inputs. Among the available 

soil management options, soil solarization has received increasing attention as an environmentally 

friendly technique that utilizes transparent polyethylene sheets to capture solar radiation, thereby 

increasing soil temperature and creating conditions that favour improved crop establishment and 

productivity. According to Gebreegziher (2024) and Cucu et al. (2025), soil solarization has been 

reported to suppress many soil-borne pests and weeds while improving soil conditions for crop growth. 

Likewise, the application of farmyard manure (FYM) contributes organic matter and essential nutrients 

that enhance soil fertility and support sustainable crop production (Kumari et al., 2024; Sheoran et al., 

2024). Consequently, integrating soil solarization with FYM has the potential to provide a 

complementary approach to improving rice productivity under irrigated conditions. 

Despite these reported benefits, information on the combined application of soil solarization 

and FYM under the Sahel Savanna conditions of Nigeria remains scarce. Most previous studies have 

evaluated either soil solarization or organic amendments independently, with limited evidence on their 

interactive effects on rice growth and productivity under the hot, semi-arid conditions of northern 

Nigeria. This knowledge gap limits the development of locally adapted and sustainable soil 

management strategies for irrigated rice production in the region. The present study was therefore 

undertaken to evaluate the combined effects of soil solarization and farmyard manure on the growth 

and productivity of irrigated rice in Gashua, located within the Sahel Savanna of Nigeria. The findings 

are expected to contribute to the development of sustainable and climate-resilient soil management 

practices that improve rice productivity while reducing reliance on synthetic agricultural inputs 

(Anisuzzaman et al., 2021; Sheoran et al., 2022). 
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The general objective of this study was to evaluate the effects of soil solarization and farmyard 

manure on the growth and productivity of irrigated rice in the Sahel Savanna of Nigeria. 

The specific objectives were to: 

i. evaluate the effect of soil solarization on soil temperature and selected physicochemical 

properties of the experimental soil; and 

ii. determine the effects of soil solarization and farmyard manure on the growth and yield of 

irrigated rice. 

 

MATERIALS AND METHODS 

Experimental Site 

Field experiments were conducted during the 2019 and 2020 dry seasons at the Teaching and 

Research Farm of the Federal University Gashua (12°52.585′N, 11°00.773′E; 348 m above sea level) 

in Yobe State, Nigeria. The experimental site is located within the Sahel Savanna agroecological zone, 

characterized by low annual rainfall, high solar radiation, high evaporative demand, and predominantly 

sandy loam soils typical of the semi-arid regions of northern Nigeria. 

Meteorological Data 

Meteorological data comprising daily minimum, maximum, and mean air temperature, relative 

humidity, rainfall, and wind speed were obtained from the Digital Weather Station of the Centre for 

Irrigation and Desertification Studies (CIDS), Federal University Gashua, throughout the experimental 

period. These data were used to characterize the prevailing weather conditions during the study. 

Treatments and Experimental Design 

The experiment consisted of two factors: soil solarization and farmyard manure (FYM). Soil 

solarization comprised of three levels: uncovered soil (control), single-layer polyethylene cover, and 

double-layer polyethylene cover, while FYM was applied at three rates (0, 15, and 30 t ha-1). The 

treatments were arranged in a split-plot design with three replications, giving a total of 27 experimental 

units. Soil solarization treatments were assigned to the main plots, whereas FYM rates were allocated 

to the subplots. Each plot measured 3 × 2 m (6 m²), with 1.0 m and 0.5 m spacing between main plots 

and subplots, respectively, resulting in a total experimental area of approximately 10 × 23 m. 

Soil Sampling and Laboratory Analysis 

Before land preparation, composite soil samples were collected from the 0-15 cm depth using 

a soil auger. The samples were air-dried, gently crushed, passed through a 2-mm sieve, and analyzed at 

the Soil and Water Laboratory, Federal University Gashua, to determine particle size distribution, soil 

pH, electrical conductivity (EC), organic carbon, organic matter, total nitrogen, available phosphorus, 

exchangeable cations (Ca, Mg, K, and Na), cation exchange capacity (CEC), and bulk density using 

standard laboratory procedures described by Black (1956). The physicochemical properties of the soil 

before and after solarization, together with the chemical composition of the farmyard manure, are 

presented in Table 1. 

Farmyard Manure incorporation 

The farmyard manure consisted of a mixture of cattle dung, urine, bedding materials, and feed 

residues collected from the Livestock Unit of the Teaching and Research Farm, Federal University 

Gashua. The manure was thoroughly mixed before application, and representative samples were 

analyzed for selected physicochemical properties before incorporation into the experimental plots. 

Nursery Establishment, Land Preparation and Soil Solarization 

A nursery was established on a 4 × 4 m seedbed using the rice variety FARO 60. Fertilizer was 

uniformly applied at the recommended rate of 80 kg N ha⁻¹ using NPK (20:10:10) fertilizer (Ibrahim, 

2017). Three-week-old healthy seedlings were used for transplanting. 

The experimental field was ploughed, harrowed, and levelled before being laid out into three 

blocks according to the experimental design. Prior to solarization, the field was irrigated to near field 

capacity to facilitate heat transfer within the soil profile. Transparent polyethylene sheets (30 μm; 0.03 

mm thick) were spread over the designated main plots, with the edges buried in the soil and secured 

with stones to minimize heat loss. Soil solarization was maintained for six weeks before transplanting. 
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Following the solarization period, the polyethylene sheets were removed and the designated FYM 

treatments (0, 15, and 30 t ha-1) were incorporated into the respective subplots before transplanting. 

Crop Establishment and Field Management 

Three-week-old seedlings were transplanted during the evening to minimize transplanting 

shock at a spacing of 20 cm × 20 cm. Five representative plants were tagged in each plot for periodic 

observations. Irrigation was applied immediately after transplanting and subsequently every three days 

until panicle initiation and every two days thereafter to maintain adequate soil moisture throughout the 

growing period. 

Manual weeding was carried out at 3, 6, and 9 weeks after transplanting (WAT) to maintain 

weed-free conditions throughout the experiment. At physiological maturity, plants from the net plot 

area were harvested manually by cutting approximately 10–15 cm above ground level using a sickle. 

The harvested plants were sun-dried for five days, manually threshed, and cleaned by winnowing before 

yield determination. 

Data Collection and Analysis 

Growth parameters recorded included soil temperature during the solarization period, and dry 

matter accumulation at 6 and 9 WAT. 

Yield and yield-related parameters included panicle length, number of panicles per hill, 

effective tillers m⁻², panicle density, 1000-grain weight, grain yield per plant, harvest index, and grain 

yield per hectare. Panicle length was measured from the panicle base to the tip, while grain yield per 

hectare was computed from the net plot yield, adjusted to 14% grain moisture content, and converted 

to a hectare basis using standard agronomic procedures. 

Data generated were subjected to analysis of variance (ANOVA) appropriate for a split-plot 

design using GenStat (17th Edition). Treatment means were separated using the Student–Newman–

Keuls (SNK) test at the 5% level of probability. 

 

RESULTS AND DISCUSSION 

Soil Characteristics and Profiling 

The physicochemical properties of soil before and after solarization, together with the chemical 

characteristics of the farmyard manure (FYM), are presented in Table 1. The soil remained sandy loam 

before and after solarization, indicating that the treatment did not alter the soil textural class. According 

to Zubairu et al. (2023) and Gambo et al. (2025), sandy loam soils are typical of the Sahel Savanna and 

are characterized by good drainage but relatively low nutrient- and water-holding capacity. The slight 

decrease in sand content and corresponding increase in silt following solarization were minimal and did 

not modify the overall soil texture. 

Solarization resulted in a slight increase in soil pH from 6.81 to 7.00, while electrical 

conductivity remained virtually unchanged (0.014-0.015 dS m-1), indicating that the treatment had no 

adverse effect on soil salinity. Bogati et al. (2023) reported that soil solarization may induce slight 

improvements in soil chemical properties under warm climatic conditions without causing undesirable 

changes in soil quality. Similarly, Huang et al. (2023) observed modest increases in soil pH following 

solarization, reflecting favourable changes in the soil environment. 

Organic carbon and organic matter changed only marginally after solarization, suggesting that 

the treatment-maintained soil organic status under the prevailing field conditions. In contrast, the FYM 

contained substantially higher organic carbon (15.1 g kg-1) than the experimental soil, highlighting its 

potential as an important source of organic matter for sustaining soil fertility. Similar observations were 

reported by Ndung'u et al. (2021), who demonstrated that farmyard manure contributes significantly to 

improving soil organic matter and overall soil quality. 

Available phosphorus increased slightly from 0.49 to 0.56 mg kg-1, while total nitrogen 

increased from 0.62 to 0.64 g kg-1 after solarization. Although these increases were relatively small, 

they suggest slight improvements in soil nutrient status. According to Zhou et al. (2025), soil 

solarization can enhance phosphorus availability under suitable soil conditions, while Mgolozeli et al. 

(2022) and Tang (2025) reported similar improvements in nitrogen availability in soils managed with 

solarization and organic amendments. 
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Exchangeable calcium and magnesium remained relatively stable following solarization, 

whereas exchangeable potassium declined slightly from 0.48 to 0.22 cmol kg-1. Nevertheless, the FYM 

contained appreciable levels of exchangeable potassium (1.31 cmol kg-1), calcium (2.41 cmol kg-1), and 

other essential nutrients, indicating its potential to supplement soil nutrient reserves. Likewise, cation 

exchange capacity increased slightly from 5.1 to 5.3 cmol kg-1, suggesting a marginal improvement in 

the soil's capacity to retain nutrients. Futa et al. (2024) similarly reported that integrating soil 

solarization with organic amendments can improve soil fertility while maintaining favourable chemical 

properties. 

Overall, the results indicate that soil solarization had no detrimental effect on the 

physicochemical properties of the experimental soil. When considered alongside the favourable nutrient 

composition of the FYM, the findings suggest that the integrated use of soil solarization and farmyard 

manure provides a suitable soil management approach for irrigated rice production in the Sahel 

Savanna. This observation is consistent with the findings of Musei et al. (2024) who reported that 

integrated soil management practices contribute to sustainable soil fertility and improved crop 

productivity under semi-arid conditions. 

 

Table 1: Physicochemical Properties of the Experimental Soil before and after Solarization and of the 

Farmyard Manure (FYM) Used in the Study. 
Soil parameters Pre-Solarization Post-Solarization Farm Yard Manure 

Particle size distribution (g kg-1)   

Clay  160 170 - 

Silt  280 310 - 

Sand  560 520 - 

Textural class Sandy loam  

Chemical properties  

pH 6.81 7.00 6.70 

ECE (dsm-1) 0.014 0.015 - 

Organic carbon (g kg-1) 3.7 3.5 15.1 

Organic matter (g kg-1) 5.2 5.2 - 

Available phosphorus (mg/kg) 0.49 0.56 0.83 

Total Nitrogen (g kg-1) 0.62 0.64 0.36 

Bulk density (g cm-3)  1.38 1.38 1.29 

Exchangeable cations (c mol kg-1)  

Mg  0.92 0.94 0.86 

K  0.48 0.22 1.31 

Ca  8.85 8.88 2.41 

Na  0.87 0.92 0.98 

CEC  5.1 5.3 - 

 

Soil Temperature during the Solarization Period 

Soil temperature differed significantly (p ≤ 0.05) among solarization treatments throughout the 

eight-week solarization period (Table 2). Double-layer polyethylene consistently recorded the highest 

maximum (52-56°C) and minimum (34-36°C) soil temperatures, followed by the single-layer 

polyethylene treatment, whereas the uncovered soil maintained the lowest temperatures (41-45°C 

maximum and 24-27°C minimum). These findings demonstrate the greater effectiveness of double-

layer polyethylene in trapping solar radiation and increasing soil temperature under the hot, dry 

conditions of the Sahel Savanna. 

According to Al-Madani et al. (2024), the use of multiple polyethylene layers enhances heat 

retention by reducing heat loss, resulting in higher soil temperatures than those achieved with a single 

layer. Similarly, Nwagwu et al. (2023) reported that double-layer polyethylene provides a more efficient 

thermal barrier, thereby improving the effectiveness of soil solarization. The soil temperatures recorded 

under the solarized treatments in the present study exceeded 45°C during most of the solarization period, 
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a threshold reported to be effective for suppressing many weed seeds and several soil-borne pests and 

pathogens (Kanellou et al., 2023; Omotayo & Eegunranti, 2023). 

The higher temperatures achieved under solarization may have contributed to the improved 

crop growth observed in the subsequent stages of the experiment. Bárcenas-Moreno et al. (2022) 

reported that elevated soil temperatures during solarization can improve soil conditions for crop 

establishment, while Futa et al. (2024) observed that integrating soil solarization with appropriate soil 

management practices enhanced crop performance under field conditions. The superior thermal 

performance of the double-layer polyethylene treatment therefore highlights its suitability as an 

effective solarization practice for irrigated rice production in the Sahel Savanna. 

 

Table 2: Soil Temperature during the Solarization Period at FUGA during the 2019 and 2020 Dry 

Seasons 
Treatment    Temperature (oC) at 2 Weeks Interval 

Weeks after treatment (WAT) 

Solarization/Soil 

Depth                                                               

1-2 3- 4 5- 6 7- 8 

T max T min T max T min T max T min T max T min 

Uncover                            42b 26b 43b 27b 45b 24c 41d 25c 

Single                                48a 27b 50a 29b 52a 30b 50b 30b 

Double                                                   52a 34a 53a 36a 52a 36a 56a 34a 

SE± 5.12 4.8 4.1 3.4 

Means followed by the same letters in a column are not significantly different at p ≤ 0.05 using Student 

Newman Keuls (SNK).  

 

Effect of Solarization and Farmyard Manure on Vegetative Growth Attributes of Irrigated Rice 

Dry matter accumulation of irrigated rice was significantly (P ≤ 0.05) influenced by soil 

solarization at both 6 and 9 weeks after transplanting (WAT) during the 2019 and 2020 dry seasons 

(Table 3). At 6 WAT, the highest dry matter accumulation was recorded under single-layer polyethylene 

solarization (279 and 292 g in 2019 and 2020, respectively), whereas at 9 WAT, double-layer 

polyethylene solarization produced the greatest dry matter accumulation (350 and 349 g in 2019 and 

2020, respectively). Farmyard manure (FYM) significantly affected dry matter accumulation only at 6 

WAT in 2020, where 30 t ha⁻¹ produced the highest biomass (304 g), while no significant differences 

were observed at the other sampling periods. The interaction between soil solarization and FYM was 

significant at 9 WAT in both seasons, indicating that the response of dry matter accumulation to FYM 

depended on the level of soil solarization. 

The greater dry matter accumulation under solarized treatments suggests that soil solarization 

created more favourable conditions for vegetative growth, particularly during the later stages of crop 

development. Previous studies have shown that soil solarization enhances the soil environment by 

suppressing weeds and soil-borne pathogens while improving nutrient availability, thereby promoting 

crop biomass accumulation and overall plant growth (Lessmann & Rudolph, 2026; Cucu et al., 2025). 

The significant interaction observed at 9 WAT further indicates that combining soil solarization with 

FYM enhanced vegetative growth more effectively than either practice alone. Similar synergistic 

responses have been reported were farmyard manure improved soil fertility and biomass production, 

particularly under integrated soil management systems in rice-based production environments (Asai et 

al., 2025; Kugedera et al., 2025). The lack of a consistent response to FYM across all sampling periods 

suggests that the effectiveness of organic amendments was influenced by the prevailing soil conditions 

and their interaction with soil solarization, rather than by FYM application alone. 

 

 

 

 

 



Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)                           

 Volume 6, Number 3A, September 2026 

 ISSN (Print): 2811-1885; ISSN (Online): 2811-1893 
 

115 
 

Table 3: Effects of Soil Solarization and Farmyard Manure on Dry Matter Accumulation of Irrigated 

Rice at 6 and 9 WAT during the 2019 and 2020 Dry Seasons 
Treatment 2019  2020 

6 WAT 9 WAT  6 WAT 9 WAT 

Solarization (S)      

Uncovered soil 224c 254b  214c 241b 

Single-layer polyethylene 279a 311a  292a 301a 

Double-layer polyethylene 234b 350a  251b 349a 

p- value 0.035 0.045  0.049 0.032 

SE± 33.00 40.01  41.98 40.05 

FYM (t ha⁻¹)      

0  209 315  200b 312 

15  234 349  230b 345 

30  244 323  304a 331 

p-value 0.128 0.115  0.019 0.112 

SE± 40.00 41.01  41.98 40.05 

Interaction       

S x FYM 0.2118 0.00032  0.2118 0.00012 

Means followed by the same letter in a column are not significantly different at p ≤ 0.05 using Student 

Newman Keuls (SNK). 

 

Effects of Soil Solarization and FYM on Yield Components of Irrigated Rice 

Soil solarization significantly (P ≤ 0.05) influenced panicle length and the number of effective 

tillers m⁻² in both the 2019 and 2020 dry seasons (Table 4). Single-layer polyethylene solarization 

produced the longest panicles (15.21 cm) in 2019, whereas double-layer polyethylene solarization 

resulted in the longest panicles (14.97 cm) in 2020. In contrast, both single- and double-layer 

polyethylene solarization produced significantly more effective tillers than the uncovered control in 

both seasons. However, soil solarization had no significant effect on the number of panicles hill-1 or 

panicle density. Farmyard manure (FYM) significantly affected panicle length, effective tillers m-2, and 

panicle density in both seasons. The application of 30 t ha-1 FYM produced the longest panicles and the 

highest number of effective tillers, whereas 15 t ha-1 FYM consistently resulted in the greatest panicle 

density. Significant interactions between soil solarization and FYM were observed for panicle length, 

panicles hill-1, and panicle density, indicating that the response of these reproductive traits depended on 

the combined application of both management practices. 

The improvement in panicle length and effective tiller production under solarized treatments 

suggests that soil solarization created a favourable condition for rice growth and reproductive 

development. Similar responses have been reported where soil solarization improved crop 

establishment and reproductive performance through enhanced soil conditions and reduced weed 

interference (Lessmann & Rudolph, 2026; Cucu et al., 2025). Likewise, the positive response to FYM 

confirms the importance of organic nutrient inputs in supporting reproductive growth through improved 

soil fertility and sustained nutrient supply (Asai et al., 2025). Although soil solarization alone did not 

significantly influence panicle density, the significant soil solarization × FYM interaction indicates that 

the response of panicle density depended on the combined application of both practices. This finding 

suggests that integrating soil solarization with FYM created more favourable conditions for 

reproductive development than either practice applied independently under the irrigated conditions of 

the Sahel savanna (Kugedera et al., 2025). 

The S x FYM significantly (p ≤ 0.05) affected the number of panicles per hill and panicle 

density during the 2020 dry season (Figures 1 and 2), where the highest number of panicles per hill 

(16.00) was recorded under double-layer polyethylene solarization combined with 15 t ha-1 FYM, 

whereas the lowest values (11.90-12.00) occurred in the uncovered soil with 0 or 15 t ha-1 FYM and 

under single-layer polyethylene without FYM. Similarly, the greatest panicle density (245.00 m⁻²) was 

obtained with double-layer polyethylene plus 15 t ha-1 FYM, although it was statistically comparable to 

uncovered soil with 15 t ha-1 FYM and single-layer polyethylene with 15 or 30 t ha-1 FYM. These results 
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indicate that the response of reproductive traits depended on the combined application of soil 

solarization and FYM rather than either practice alone. Similar interactive benefits of integrating soil 

management practices with organic nutrient amendments have been reported to enhance rice 

reproductive growth and stand establishment under irrigated conditions (Iqbal et al., 2022; Liang et al., 

2025). 
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Table 4: Effects of Soil Solarization and FYM on Panicle Length, Number of Panicles per hill, Effective Tillers m-2, and Panicle Density of Irrigated Rice during the Dry 

Seasons of 2019 and 2020  

Treatment  

2019  2020 

Panicle Length 

(cm) 

Number of panicles  

hill-1 

Effective 

tillers m-2  

Panicle 

Density 

Panicle 

Length (cm) 

Number of panicles  

hill-1 

Effective 

tillers m-2  

Panicle 

Density 

Solarization (S)         

Uncover                            14.62a 13.67 235c 218.56  13.54b 13.33 233c 201.78  

Single polythene sheet                             15.21a 14.00 282a 223.22  14.62a 13.67 279b 222.29 

Double polythene sheet                                                                              14.83b 12.67 280a 203.78  14.97a 12.67 282a 218.00 

p-value 0.0156 0.2778 0.0428 0.2136  0.0154 0.493 0.0480 7.659 

SE± 0.29 0.591 0.873 7.823  0.247 0.3645 0.821 0.1820 

FYM (t ha-1)          

0  14.23c 13.22 226c 192.11b  14.06b 13.22 229c 191.33b 

15  14.79b 12.78 259b 244.67a  15.49a 13.67 272b 243.89a 

30  15.59a 14.33 261a 208.78b  14.59b 12.78 279a 208.44b 

p-value 0.0135 0.1882 0.0390 0.0005  0.0024 0.943 0.028 0.0004 

SE± 0.29 1.591 0.873 7.823  0.247 0.4589 0.821 7.659 

Interaction           

S x FYM 0.0232 0.0463 NS 0.0411  0.0345 0.0168 NS 0.0409 

 Means followed by the same letters in a column are not significantly different at p ≤ 0.05 using Student Newman Keuls (SNK). 
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Figure 1: Interaction of Soil Solarization and FYM on Number of Panicles per Hill of Rice at FUGA 

during 2020 Dry Season   

 

 

Figure 2:   Interaction of Soil Solarization and FYM on Panicle Density of Rice at FUGA during 

2020 Dry Season 

 

Effect of Soil Solarization and Farmyard Manure on Yield and Yield Attributes of Irrigated Rice 

Table 5 revealed that, soil solarization and FYM significantly (p ≤ 0.05) influenced grain yield 

per plant and grain yield during the 2019 and 2020 dry seasons, whereas 1000-grain weight and harvest 

index were not significantly (p ≥ 0.05) affected. Double-layer polyethylene solarization consistently 

produced the highest grain yield (4.33 and 4.11 t ha-1 in 2019 and 2020, respectively), while the 

uncovered plots recorded the lowest yields. Likewise, solarized plots produced higher grain yield per 

plant than the control. Farmyard manure also significantly affected grain yield, with 15 t ha-1 

consistently producing the highest grain yield (5.17 and 4.60 t ha-1) and grain yield per plant across both 

seasons. In contrast, increasing the FYM rate to 30 t ha-1 did not result in additional yield benefits. 

The interaction between soil solarization and FYM further demonstrated that the response of 

grain yield depended on the combined application of both practices. Double-layer polyethylene 

solarization integrated with 15 t ha-1 FYM produced the highest grain yield per plant (21.50 g) and grain 

yield (5.53 t ha-1), whereas the untreated combinations generally recorded the lowest yields (Figure 3). 

The superior performance of this treatment combination was consistent with the greater dry matter 

accumulation, and effective tiller formation observed under the same treatments, indicating that 
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improved vegetative growth was associated with enhanced grain production. The positive response to 

integrated soil solarization and FYM agrees with previous studies showing that combining soil 

management practices with organic nutrient amendments can improve rice growth and yield more 

effectively than applying either practice alone (Abid et al., 2020; Urmi et al., 2022). Similarly, soil 

solarization has been reported to improve crop performance by creating favourable soil conditions and 

reducing weed interference, thereby supporting better crop establishment and productivity (Kanellou et 

al., 2023). The present findings therefore demonstrate that integrating double-layer soil solarization 

with 15 t ha-1 FYM provides an effective and sustainable soil management strategy for enhancing 

irrigated rice production under the Sahel Savanna conditions of Nigeria. 
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Table 5: Effects of Soil Solarization and Farmyard Manure on 100 Grain Weight, Grain Yield per Plant and Grain Yield per Hectare of Irrigated Rice during the 2019 and 

2020 Dry Seasons 

Treatment  2019  2020 

1000 grain weight  

(g) 

Grain yield plant-1  

(g) 

Grain yield 

(t ha-1) 

Harvest 

index 

1000 grain 

weight (g) 

Grain yield 

plant-1  (g) 

Grain yield 

(t ha-1) 

Harvest index 

Solarization (S)          

Uncovered soil 22.00 16.06b 3.32b 34.46  23.00 16.21b 2.84c 34.23 

Single-layer polyethylene 22.11 17.54b 4.36a 38.23  23.00 16.23b 3.62b 38.46 

Double-layer polyethylene 21.56 18.43a 4.33a 38.88  23.22 18.09a 4.11a 38.55 

p- value 0.2269 0.0147 0.0500 4.04  0.9519 0.0114 0.0026 4.04 

SE± 0.57 0.52 0.054 0.300  0.58 0.45 0.381 0.300 

FYM (t ha-1)          

0  22.44 16.96b 3.50b 38.63  22.56 15.43b 3.08b 38.59 

15  22.33 19.78a 5.17a 39.30  24.22 19.90a 4.60a 39.20 

30  21.89 15.30c 3.36b 39.95  22.44 15.20b 2.90b 39.95 

p-value 0.7720 <0.0001 0.0018 0.25  0.7649. <0.0001 <0.0001 0.95 

SE± 0.57 0.52 0.576 0.293  0.58 0.48 0.381 0.290 

Interaction           

S x FYM NS 0.0020 0.0017 0.1232  NS 0.0016 <0.0001 0.1223 

 Means followed by the same letter in a column are not significantly different at p ≤ 0.05 using Student Newman Keuls (SNK). 
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Figure 3:   Interaction of Soil Solarization and FYM on Grain Yield per Plant and Grain Yield per 

Hectare of Rice at FUGA during 2020 Dry Season 

CONCLUSION AND RECOMMENDATION 

Soil solarization and farmyard manure (FYM) significantly improved the growth, yield 

components, and grain yield of irrigated rice under the Sahel Savanna conditions of Nigeria. Double-

layer polyethylene solarization consistently enhanced crop performance, while the application of 15 t 

ha-1 FYM produced superior results compared with the control and the higher FYM rate. The integration 

of double-layer polyethylene solarization with 15 t ha-1 FYM was the most effective treatment, resulting 

in the highest overall rice performance. Therefore, integrating double-layer soil solarization for six 

weeks before transplanting with the application of 15 t ha-1 FYM is recommended as a sustainable soil 

management strategy for improving irrigated rice productivity in the Sahel Savanna. Further multi-

location and multi-season studies are recommended to validate these findings across different 

agroecological conditions. 
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