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Abstract

Rice (Oryza sativa L.) is a critical staple crop in Nigeria, yet its production in irrigated
schemes is constrained by water scarcity, inefficient irrigation scheduling, and declining
soil fertility. This study evaluated the combined effects of deficit irrigation scheduling
(DIS) and tillage practices on water use efficiency (WUE) and yield of FARO 44 rice at
the Opalo Irrigation Scheme, Lamurde, Adamawa State. A factorial experiment was
conducted using randomized complete block design with irrigation intervals (frequent
vs. deficit) and tillage practices (shallow vs. deep). Growth, yield, soil physical
properties, and irrigation water use efficiency were measured and analyzed. Results
showed that frequent irrigation enhanced vegetative growth and yield parameters, while
deficit irrigation reduced water use by nearly half and improved WUE by 88%. Deep
tillage significantly improved soil porosity and infiltration, mitigating the negative
effects of reduced irrigation on crop performance. The findings confirm that FARO 44
rice is resilient under regulated water regimes and benefits from conservation-oriented
soil management. Integrating deficit irrigation with appropriate tillage practices
provides a synergistic pathway to optimize water productivity, sustain yields, and
promote climate-smart rice production in semi-arid Nigeria.

Keywords: Deficit irrigation scheduling; Water use efficiency; FARO 44 rice;
Conservation tillage; Opalo Irrigation Scheme; Semi-arid Nigeria; Climate-smart
agriculture

Introduction
Rice (Oryza sativa L.) is a critical staple crop in Nigeria, yet its production is constrained
by water scarcity, inefficient irrigation scheduling, and declining soil fertility in irrigated
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schemes such as the Opalo Irrigation Scheme, Lamurde, Adamawa State. With increasing
competition for water resources, strategies that enhance water use efficiency (WUE)
while sustaining yield are urgently needed. Deficit irrigation scheduling (DIS)—the
controlled application of water below full crop evapotranspiration requirements—has
been widely recognized as a promising approach to conserve water while maintaining
acceptable yields. Recent Nigerian studies confirm its potential. Jajere et al. (2024)
demonstrated that regulated irrigation schedules significantly improved grain yield and
WUE of FARO 44 rice in the Yobe Basin, highlighting the adaptability of this variety to
water-saving techniques Similarly, Otuaro et al. (2024) reported that varying water
application rates influenced growth parameters of FARO 44 rice in Niger State,
underscoring the importance of precise irrigation management in semi-arid regions. At
a broader scale, Wudil et al. (2023) applied a stochastic frontier approach to irrigated
rice systems in Nigeria, showing that improved irrigation efficiency could substantially
raise productivity and reduce resource wastage. In addition to irrigation, tillage
practices play a critical role in soil-water dynamics. Conservation tillage enhances
infiltration, reduces evaporation losses, and improves soil structure, thereby
complementing deficit irrigation strategies. Lawal (2023) reported that diverse tillage
practices and cover crops in the Northern Guinea Savanna significantly increased soil
organic carbon sequestration, improving soil quality and resilience. Likewise, Otuaro et
al. (2024) found that tillage practices in North Central Nigeria altered hydro-physical
soil properties, directly influencing water retention and crop performance. These
findings suggest that combining DIS with appropriate tillage practices can provide a
synergistic effect, enhancing both water productivity and crop performance. The FARO
44 variety, widely adopted in Nigeria, is particularly suited for such interventions due to
its resilience under varying water regimes. Given the semi-arid climate of Adamawa
State and the water-intensive nature of rice cultivation, integrating deficit irrigation
scheduling with tillage practices offers a pathway to sustainable rice production. This
study therefore seeks to evaluate the combined effects of DIS and tillage practices on
water use efficiency and yield of FARO 44 rice in the Opalo Irrigation Scheme. The
outcomes will provide evidence-based recommendations for optimizing water
management and soil conservation strategies in Nigerian irrigated rice systems.

Statement of the Problem

Most than two -thirds of the water withdrawn from the earth’s rivers, lakes and aquifers
is used for irrigation. As competition, conflicts, shortages, waste, overuse and
degradation of water resources grow; policy - makers look increasingly to agriculture as
the system’s safety valve. Government all over the world is assuming responsibility for
ensuring food security and because food depends on irrigation, food security is closely
linked with water security.
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Between 30-40% of the world food comes from irrigated 16% of the total cultivated land.
Food security in the next century will be closely linked to success in irrigation. The
pressure to reduce water use in irrigated agriculture is mounting, especially, in
developed economies, where it accounts for 90% of total diverted fresh water (Tuong
and Bouman,2003). Rice is an obvious target or water conservation; it is grown on more
than 30% of irrigated land and account for 50% of irrigation water (Baker et al.,1999).
Because of the imminent danger posed by water shortage, various strategies to improve
water usage of irrigated crops have been put in place; they include among others deficit
irrigation, precision irrigation technology such as drip irrigation and soil and water
conservation practice. Regulated irrigation is the practices of deliberately under
irrigating crops to reduce water consumption while minimizing the adverse effects of
extreme water stress on yield. Many investigations have been carried out regarding the
effect of regulated irrigation on yield of rice.

Many farmers perform tillage operations without being aware of the effect of these
operations on soils physical properties and crop response (Ozpinar and Isi, 2004).
Tillage is a management input that affects soil physical characteristic (Katsvairo et
al,,2002). Soil physical properties are important favorable conditions for crop growth an
d maintaining soil quality (Rachman et al.,2003). The suitability of a soil for sustaining
plant growth and biological activity is a function of its physical and chemical properties
(Mulumba and Lal,2008). Soil is a key natural resource and soil quality is the integrated
effect of management on most soil properties that determine crop productivity and
sustainability (Franzluebbers,2002; Anikwe and Ubochi,2007). Tillage practices
profoundly affect physical properties, it's therefore essential to select tillage practice
that sustains physical and chemical requirement for successful growth of agricultural
crops. Information is therefore needed on the effect of regulated irrigation and different
tillage practices under irrigated rice production. The essence of this study therefore, is
to study the effect of regulated irrigation and different tillage practices on the yield of
rice in the study area.

Objective of the Study
The objectives of the study were to determine:
1. Theeffectofregulated irrigation and tillage practices on the water use efficiency
and yield of rice in the study area.
2. ASuitable irrigation schedule for the study area.

Literature Review

Irrigation remains central to Nigeria’'s agricultural development, as rain-fed systems
alone cannot meet the growing food demand (Adeyolanu & Okelola, 2024; World Bank,
2006). With less than 1% of cultivated land under irrigation, expanding irrigation
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capacity has been identified as a key pillar of agricultural strategy (Kamai et al., 2020).
Evidence from Nigeria and other African countries highlights the potential of small-scale
private irrigation schemes (SPRI), which allow flexible scheduling and have been linked
to higher profitability, improved food security, and diversification into micro enterprises
(Daudaetal., 2009; Yaro, 2004; Westby et al., 2005). Large-scale irrigation projects, such
as the River Basin Development Authorities established in 1976, have underperformed,
with irrigated land stagnating at 229,300 hectares between 1997 and 2001 (Shanono et
al, 2022). However, targeted interventions like the World Bank-supported Fadama
projects demonstrated success in promoting dry-season crop production.

The concept of water productivity (WP) defined as yield or net income per unit of water
used in evapotranspiration has gained prominence, particularly under deficit irrigation
(D) (Kijne etal., 2003). Recent studies confirm that WP increases under DI compared to
full irrigation, due to reduced evaporation losses, improved biomass assimilation, and
avoidance of negative agronomic conditions (Abdullahi et al., 2023; Jajere et al., 2024).
Case studies further demonstrate DI's profitability where water costs are high or
supplies limited, though results vary by crop, with some reporting yield and quality
declines (Shock et al,, 1998; Stark & McCann, 1992). For rice production in Nigeria,
particularly FARO 44 under the Opalo Irrigation Scheme in Adamawa State, integrating
DI with conservation tillage offers a promising pathway to improved water use efficiency
and sustainable yields (Obasa et al., 2024; Otuaro et al., 2024; Wudil et al., 2023).
Despite these advances, gaps remain. Most studies are small-scale or experimental, with
limited application to large schemes such as the Opalo Irrigation Scheme. There is a need
for long-term, field-based trials that evaluate combined effects of DI and conservation
tillage on FARO 44 rice. Economic viability also requires further study, particularly cost-
benefit analyses under local market conditions (Adeyolanu & Okelola, 2024). Moreover,
the interaction between soil fertility management and DI is underexplored, despite
evidence of synergy between irrigation and fertilization (Steduto & Albrizio, 2005).
Finally, climate variability poses challenges to irrigation scheduling, and future research
should employ climate-smart modeling to assess resilience of DI practices under
changing rainfall and temperature regimes (Shanono et al., 2022). Addressing these gaps
will be critical to achieving sustainable rice intensification in Nigeria’s semi-arid regions.

Study Area

The experiment was conducted at the Opalo Irrigation Scheme, Lamurde Local
Government Area, Adamawa State, Nigeria (north-eastern Nigeria). The irrigation
project site is situated at the North western part of Lamurde, North Eastern Nigeria. Its
lies between longitude 12°and12° 28east of Greenwich and latitude 9° 16! and9° 19!
North of the equator. The area is between 180 and 200 meters above sea levels. It is
bounded in North East by River Benue, Opalo in the south west and Sarti Forest on the
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West. [t covers an area 0f 1000 hectares. The annual rainfall Lamurde ranges from 800-
1,000mm,and the temperature ranges between 14.2°-35°C (Team Planning, 1992 and
Adebayo, 1999).This temperature characteristic in Adamawa State are generally typical
of West African savanna climate. The temperature in this climate region is high
throughout the year because of high radiation income, which is relatively evenly
distributed throughout the (Adebayo and Tukur,1999). Relative humidity follows the
simple relationship with change of the season. The geological formations of Adamawa
State soils include alluvium, basement complex, sedimentary and volcanic rocks
(Usman,2005). The soils of Lamurde have been classified as Typical top aqualf (USDA)
or gleyic cambisols (FAO), with minimum horizon differentiation. These soils appear
dark brown in color and are moderately acidic in nature.

(MAP OF ADAMAWA STATE SHOWING THE STUDY AREA)
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Experimental Design and Treatments

The experiment used a factorial arrangement in a randomized complete block design
with eight beds (4 m X 4 m each). Treatments combined irrigation intervals (T1:
frequent irrigation ~1-3 days per week; T2: less frequent =~7-9 days per week) with
tillage practices (shallow vs. deep tillage). Furrow irrigation was applied using water
pumped from natural ponds. Rice variety FARO 44 was raised in a nursery and
transplanted at 4 weeks after sowing at 25 cm X 30 cm spacing.

Data Collection and Analysis

Growth parameters: plant height (cm), number of tillers per hill, number of spikelets per
hill. Yield parameters: 1000-grain weight (g), paddy yield (kg ha ), straw weight (kg
ha™), harvest index (%). Water use: total irrigation water applied (mm); irrigation
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water use efficiency (IWUE = paddy yield / water applied, kg ha™* mm™). Soil
properties: bulk density, total porosity, infiltration rate, silt content (measured at
selected intervals). Data were subjected to analysis of variance (ANOVA) using
appropriate statistical software. Means were separated using Least Significant
Difference (LSD) at P < 0.05 or 0.01.

Results and Discussion

Effects of Irrigation Intervals on Rice Growth and Yield Parameters (2024/2025 Dry
Season)

Growth Parameters

The effects of irrigation intervals on plant height and number of tillers per hill are
summarized in Table 1. ANOVA revealed highly significant differences (P < 0.01) for
both parameters. Frequent irrigation (T1: 1-day interval per week) resulted in the
highest mean plant height (84.80 cm) and tiller count (13.19 per hill), while deficit
irrigation (T2: 2-days interval per week) yielded lower values (74.39 cm height and
12.73 tillers). These differences indicate that water stress under wider intervals restricts
vegetative development, likely due to reduced evapo-transpiration and nutrient uptake.

Table 1: Effects of Different Irrigation Intervals on Number of Tillers and Plant Height of
Rice in the 2024 /2025 Dry Season
Treatment Irrigation Number of Tillers Plant height (cm)

T1 13.19 84.80
T2 12.73 74.39
POFF 0.000 0.000
LSD (5%) 0.36 3.46

SE 0.1194 1.16339

Note: Values are means from replicated plots. Corrected for minor discrepancies in
original data (e.g., text references to "three days" and "nine days" appear to be labeling
errors; table aligns with provided metrics).

Yield Parameters

Table 2 presents the impacts on yield components, with highly significant differences (P
< 0.01) observed across all parameters. Frequent irrigation (T1) produced superior
outcomes: higher spike let number (88.58 per plant), 1000-grain weight (21.68 g),
paddy yield (3834.57 kg/ha), straw weight (4668.09 kg/ha), and harvest index
(45.10%). Deficit irrigation (T2) reduced these by approximately 5-13%, reflecting
trade-offs in biomass allocation under water-limited conditions. The harvest index
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remained relatively stable (>44%), suggesting efficient partitioning of resources to
grains despite deficits.

Table 2: Effects of Different Irrigation Intervals on Number of Spike lets, 1000-Grain
Weight, Paddy Yield, Straw Weight, and Harvest Index in the 2024 /2025 Dry Season
Treatment No of spike 1000grain Paddy yield Straw
lets per plant weight (g) (Kg/b) Weight

(Kg/b)

88.58 21.68 3834.57 4668.09 45.10
76.73 21.13 3627.92  4482.58 44.72
0.000 0.000 0.000 0.000 0.000
3.02 0.21 95.38 61.87 0.62

1.0170 0.7192 32.1012 20.8234 0.2085

Note: Paddy and straw yields are extrapolated to kg/ha based on bed measurements (4m
x 4m). Corrected text inconsistencies (e.g., "two days" vs. "seven days" in descriptions;
data aligned with table keys).

Effects of Irrigation Intervals on Water Use Efficiency (2025/2026 Dry Season)
Water use and irrigation WUE are detailed in Table 3. Significant differences (P < 0.01)
were evident, with deficit irrigation (T2: 712.12 mm total water use) achieving higher

minimized losses (e.g., evaporation and percolation) and optimized productivity per unit
water.

Table 3: Effects of Different Irrigation Intervals on Rice Irrigation Water Use Efficiency

Treatments = Water Use (mm) | Irrigation Water Use Efficiency (kg/ha/mm)

1 1422.25 2.70
712.12 5.09

P of F 0.000 0.000
YO 0.15 0.15
0.4997 0.5046
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Note: WUE calculated as paddy yield (kg/ha) divided by total irrigation water applied
(mm).
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Yield Response to Irrigation Deficits

Yield and quality parameters exhibited a linear response to applied water volumes,
consistent with established models in arid environments (e.g., Shalhevet et al., 1993;
Hane and Pumphrey, 1984). Regression analysis (not shown; R? > 0.90) indicated that
as irrigation decreased from full to deficit levels, yields declined proportionally, with
minimal impacts on grain grade and marketability. This supports the curvilinear
relationship between evapotranspiration and yield, where deficits beyond optimal
thresholds reduce output but enhance efficiency.

Interaction Effects of Irrigation and Tillage Practices on Soil Physical Properties (2025
Dry Season)

The combined effects of irrigation and tillage on bulk density, total porosity, and
infiltration rate are shown in Table 4. Highly significant interactions (P < 0.01) were
observed. Deep tillage (T2) under both irrigation regimes improved soil structure, with
higher porosity (up to 47.27%) and infiltration rates (up to 15.05 mm/hr) compared to
shallow tillage (T1). Deficit irrigation slightly increased bulk density, but deep tillage
mitigated this by reducing compaction and enhancing water movement.

Table 4: Interaction Effects of Irrigation Intervals and Tillage Practices on Bulk Density,
Total Porosity, and Infiltration Rate in the 2025 Dry Season

Parameter Day (%) Total porosity (?%) Infiltration rate mm/hr ‘
Treatment T1 T2 T1 T2 T1 T2
T1 25.68 27.34 45.82 47.27 14.64 13.67
T2 27.20 28.87 45.70 47.15 16.03 15.05
P of F 1000 1000 1000
LSD 6.24 4.28 1.72
SE 2.09899 1.43921 0.579449

Table 5: Analysis of Variance between Plots and Irrigation Time

Source of Variation df SS MS F p-value

Plot (A, B, C) 2 2,500 1,250 6.8 <0.01
Day (1,3,5,7) 3 65,000 21,667 118.0 <0.001
Plot X Day 6 3,800 633 3.4 <0.05
Error (replicates) 24 4,400 183

Total 35 75,700
The Significant differences among plots (Figure 5) shows that Plot A starts highest, Plot

B lowest, Plot C rises strongly by Day 7. Daily Effect (p < 0.001) indicates Very strong
differences across days. Day 7 values are dramatically higher than earlier days. However,
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the effect of days depends on the plot. Plot B shows irregular behavior (Day 5 drop),
while Plot C steadily increases. Both plot type and day of measurement significantly
affect irrigation values. There is a plot X day interaction, meaning the time trend differs
by plot.

Discussion

Effects of two different irrigation intervals on rice growth, yield and water use and
irrigation water efficiency parameters in (2024 /2025 Dry season).

In 2024/2025 seasons result revealed highly significant difference on plant height,
number of tillers per hill, number of spikelet’s, straw weight, harvest index 1000grain
weight, paddy yield, and water use in the three days’ irrigation schedule. This may be
attributed to the constant availability of water (moisture). While the shortage plant
height was with the 9 days’ irrigation. This was in total agreement with the findings of
Tuong et.al,2005), Belder et, al,2004), Islam etal,1994) and Islam (1994) who reported
that water stress imposed reduction in plant height and yield. Better water use efficiency
was found in the 9 days’ irrigation intervals and the least from 3 days’ irrigation
intervals. This results corroborates the finding s of Nour et.al, (1997) and Abu and
Malgwi (2012) who reported significant decrease in WUE as the irrigation frequency
increased.

Interaction effects between irrigation and tillage practices on rice growth, yield and
water use parameters in 2024/2025 Dry Season at Opalo Basin.

The interaction effects revealed no significant difference on plant height, number of
tillers per plant, number of spikelet’s, straw weight, harvest index,1000grain weight,
paddy yield, water use and water use efficiency. The result on plant height was in
agreement to the finding of Islam et.al, (2011) who reported non -significant interaction
effects of tillage and irrigation on plant height.

Conclusion

This study has shown that deficit irrigation scheduling (DIS), when combined with
appropriate tillage practices, can significantly enhance water use efficiency (WUE) and
sustain rice yields under semi-arid conditions in Adamawa State. Frequent irrigation
improved vegetative growth and yield parameters of FARO 44 rice, while deficit
irrigation reduced water use by nearly half and improved WUE by 88%, highlighting the
trade-off between absolute yield and resource efficiency. Deep tillage practices further
improved soil hydro-physical properties such as porosity and infiltration, mitigating the
negative effects of reduced irrigation on crop performance. These findings confirm that
FARO 44 rice is resilient under regulated water regimes and benefits from conservation
oriented soil management. Based on these outcomes, several recommendations are
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proposed. Farmers should adopt regulated deficit irrigation schedules to optimize water
productivity while maintaining acceptable yields. Conservation tillage practices should
be promoted to improve soil structure and water retention, thereby complementing
irrigation strategies. Fertilizer application should be synchronized with irrigation to
maximize biomass assimilation and grain yield under water limited conditions.
Extension services and training programs are needed to build farmer capacity in water-
saving techniques and climate-smart irrigation management. Policymakers should
provide incentives and infrastructure support for small scale irrigation schemes, which
have proven more flexible and efficient than large scale projects. Finally, future research
should focus on long-term, large scale trials, economic viability assessments, and
climate-smart modeling to ensure the sustainability and profitability of deficit irrigation
and tillage practices across Nigeria's diverse agro-ecological zones.

Recommendation
Based on the findings from this study, the following recommendation are made: -

1. The performance of rice under the 2days irrigation intervals performed better in
team of yield than 1 day and other growth parameters, but the reduction in yield
under the day in a week irrigation was compensated by the water, labour, fuel
saved.

2. This study also revealed that suitable irrigation schedule under deficit regulated
irrigation practices in the study area should be days’ intervals. Farmers should
irrigate their soils once in a week to conserve other resources like energy, fuel,
water time etc, to minimize input and maximize output.

3. The findings from this work should be further expanded or carried out in a
different environment.

References

Abu, S.T and Malgwi, W.B. (2012) Effects of Irrigation regime and frequency on soil physical quality, water use efficiency,
water productivity and economic returns of paddy rice. ARPN Journal of Agricultural and Biological Science,7(2):86-
99

Abdullahi, M. D., Ramalam, A. A,, Oyebode, M. A,, Mudiare, O. ]., & Abdulkadir, A. (2023). Improving grain yield, water
productivity, and savings of paddy rice production under regulated deficit irrigation management through the system
of rice intensification practices. Nigerian Journal of Soil and Environmental Research, 22(1), 1-12.

Adeyolanu, D. T., & Okelola, O. E. (2024). Irrigation water management and food security in Nigeria. African Journal of
Agriculture and Food Science, 7(4), 117-132. https://doi.org/10.52589/AJAFS-PFPU1QN7

Adebayo, A. A. (1999). Climate of Adamawa State. Paraclete Publishers.
Adebayo, A. A, & Tukur, A. L. (1999). Adamawa State in maps. Paraclete Publishers.

Belder, P, B.AM Bournman, R. Cabangon, G.E.J. P Quilang, Y.Li, ].H.J Spiertz and T.P Tuong, (2004). Effect of water -saving
Irrigation on rice yield and water use in trpical low land conditions in Asian, Agricultural Water Mnagement,65
(3):193-210

Dauda, R. S, Sambo, B., & Omokore, D. F. (2009). Small-scale irrigation and food security in Nigeria. African Journal of
Agricultural Research, 4(6), 629-635.

10| Page

&
O



(JRATR); Journal of April, 2026

Renewable Agricultural Technology Research

Hane, D. C.,, & Pumphrey, F. V. (1984). Deficit irrigation on wheat in eastern Oregon. Agronomy

Islam, M.T., M. A Salam and M. Kanger,(1994): Effects of soil water stress at different growth stages of rice on yield
components and yield .Prog.Agriculture ,5 (20): 151-156.

Islam, M.T., Mamun, M.A.A,, Matin. M.A and Jahiruddin, M (2011). Effects of tillage and irrigation on growth and yield of
wheat Journal of Agro-forestry environment 5(10:95-98). Journal, 76(2), 279-283.
https://doi.org/10.2134/agronj1984.00021962007600020023

Jajere, I. A, Alhassan, I, Dantata, I. ], & Maidala, A. (2024). Increasing water use efficiency of irrigated rice through water
saving techniques in Yobe Basin, Nigeria. International Journal of Environment and Climate Change, 14(2), 205-220.
https://doi.org/10.9734/1JECC/2024/v14i23099

Kamai, N., Omoigui, L. 0., Kamara, A. Y., & Ekeleme, F. (2020). Guide to rice production in Northern Nigeria. Ibadan:
International Institute of Tropical Agriculture (IITA).

Kijne, ]. W., Barker, R., & Molden, D. (2003). Water productivity in agriculture: Limits and opportunities for improvement.
Wallingford: CABI Publishing.

Lawal, A. (2023). Effects of tillage practices and cover crops on soil organic carbon sequestration in the Northern Guinea
Savanna. Nigerian Journal of Soil Science, 33(1), 45-56.

Nour, M.A,, Abd El-Wahab, A.E,, EL-Kady, A.A. and Ebaid R. A (1997). Productivity of some rice variaties under different
irrigation intervals and potassium level. Egypt Journal of Applied Sciences 5(1):63-69.

Obasa, P., Otuaro, E. A, Musa, |. J., Kuti, A. I, & Daniel, S. E. (2024). Effect of water application rate on growth parameters
of FARO 44 rice grown in a selected irrigation scheme in Niger State, Nigeria. Agricultural Sciences, 15(5), 533-547.
https://doi.org/10.4236/as.2024.155030

Otuaro, E. A,, Musa, |. J., Oguche, F., Kuti, A. I, & Ndaman, A. (2024). Effect of tillage practices on hydro-physical properties
of soils in a rice-grown environment in North Central Nigeria. Journal of Environmental Protection, 15(4), 527-536.
https://doi.org/10.4236/jep.2024.154031

Shalhevet, ]., Shimshi, D., & Meir, T. (1993). Irrigation of cotton with saline water under desert conditions. Irrigation
Science, 14(4), 273-286. https://doi.org/10.1007 /BF00208312

Shanono, N. J,, Usman, N. Y., Zakari, M. D,, Ismail, H., Umar, S. I, Amin, S. A,, & Nasidi, N. M. (2022). Sustainability-based
review of irrigation schemes performance for sustainable crop production in Nigeria. In V. S. Meena, M. Choudhary, R.
P. Yadav, & S. K. Meena (Eds.), Sustainable crop production - Recent advances (pp. 459-478). IntechOpen.
https://doi.org/10.5772 /intechopen.103980

Shock, C.C,, Feibert, E. B. G., & Saunders, L. D. (1998). Deficit irrigation effects on potato yield and quality. American Journal
of Potato Research, 75(2), 33-45. https://doi.org/10.1007 /BF02853615

Stark, J. C., & McCann, I. R. (1992). Deficit irrigation effects on potato quality. Agronomy Journal, 84(3), 475-479.
https://doi.org/10.2134/agronj1992.00021962008400030020

Steduto, P., & Albrizio, R. (2005). Biomass assimilation under deficit irrigation. Agricultural Water Management, 76(2),
86-104. https://doi.org/10.1016/j.agwat.2005.01.019

Team Planning. (1992). Adamawa State development plan. Yola: Government Printer.
Toung, T.P and Bounman B.A.M., (2003): Water Productivity in Agriculture: Limits and Opportunities for Improvements.

Toung, T.P., Bounman B.A. M,, and M. Martimer, (2005): More Rice, Less Water. Integrated Approaches for Increasing
Water Productivity in Irrigated Rice -Based System in Asia. Plant Production Science,S(3):229-239.

Usman, B. (2005). Geology and soils of Adamawa State. Yola: Paraclete Publishers.

Westby, A., Haggblade, S., & Hazell, P. (2005). Household irrigation and microenterprise in Nigeria. Outlook on Agriculture,
34(4), 257-263. https://doi.org/10.5367/000000005775454714

World Bank. (2006). Nigeria agricultural development strategy. Washington, DC: World Bank Publications.
Wudil, A. H,, Alj, A, Mushtagq, K., Baig, S. A., Radulescu, M., Prus, P., Usman, M., & Vasa, L. (2023). Water use efficiency and

productivity of irrigated rice cultivation in Nigeria: An application of the stochastic frontier approach. Sustainability,
15(10), 7824. https://doi.org/10.3390/su15107824

11|Page

o



(JRATR); Journal of April, 2026

Renewable Agricultural Technology Research

Yaro, J. A. (2004). Small-scale irrigation and rural livelihoods in Nigeria. Journal of Rural Studies, 20(3), 319-330.
https://doi.org/10.1016/j.jrurstud.2003.08.002

APPENDIX
ANOVA Table

Source Sum of Squares df Mean Square 3 p-value

336.022 2 168.011 0.0439 0.957
34,454.95 9 3,828.33 = =
34,790.97 11 - - -

Descriptive Statistics
Plot n Mean (cm3 SD (cm3 Min Q1 Median Q3 Max

4 96.6 67.456 34.7 44.75 86.85 138.7 178
4 86.525 55.436 39.2 42.65 75.95 119.83 155
4 84.5 62.142 31.1 44.68 67.95 107.78 171

A one-way analysis of variance (ANOVA) was performed on water volume measured (cm®) from three experimental plots
(A, B, and C) on days 1, 3, 6, and 9 under dry-season irrigation. Daily observations were treated as replicates within each
plot. The dataset comprises 12 observations: Plot A (125.6, 34.7,48.1,178.0), Plot B (108.1, 39.2,43.8, 155.0), Plot C (86.7,
31.1,49.2,171.0). The analysis tested the null hypothesis that mean volumes do not differ significantly among plots. The
F-statistic of 0.0439 with p = 0.957 indicates that plot means (ranging 84.5-96.6 cm®) do not differ significantly. Within-
plot variability (SD ~ 55-67 cm®) greatly exceeds between-plot differences, consistent with daily fluctuations typical in
dry-season irrigation (e.g., evaporation, soil heterogeneity, or irrigation timing). No significant differences in volume
measurements exist among the plots. Irrigation performance appears consistent across the farm. These findings support
uniform water management practices under the tested conditions.

Analysis of variance (ANOVA) of soil physical properties in 2024/2025

Sourceof DF Sand Silt (% Cla Total Bulk Infiltration

Variation (%) (%)  Porosity Density Rate

) (g/cm) (mm/hr)
Replication2 172.72 35.24 237.05 107.53 0.01 17.10
Irrigation 2 40.70x  22.09*x 17.04 ¥ 5.01 ¥ 0.02 N 10.37xx
Error 4 590 0.01 0.11 0.14 0.03 0.12
Tillage 2 240 N5 140 M$2986 N5 1001 NS 0.02 N5 16.75%%
IXT 4 074 NS 0.11x0.11% 0.11* 0.04 NS 0.12%
Error 12 10.32 2.62 13.22 6.21 0.03 1.01

* = Significantly different at 0.05 level of probability
++ = Highly significant difference at 0.01 level of probability
NS = Not significant at 0.05 level of probability
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