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Abstract  
This research presents the findings of the effects of deficit irrigation on yield and 

water productivity of tomato (Solanum lycopersicon) in Fadama plain of Bunga 

in Bauchi State, Nigeria. The field experiment was conducted during the 

2016/2017 dry season farming. Eighteen treatment combinations which 

comprised of two tomato varieties (Roma VF and UC-82B); three (3) levels of 

water application depth (100, 80 and 60% ETo) and three (3) irrigation intervals 

(3, 5 and 7days) were replicated three (3) times, and imposed in a Randomized 

Complete Block Design (RCBD) were studied. Crop water requirement for each 

treatment was computed by relating the reference Crop evapotranspiration (ETo) 

and Crop coefficient (Kc) for all the four crop growth stages: initial, 

development, midseason and late stages. Water applied to each basin was 

measured using moisture meter. Soil moisture depletion was monitored using 

Portable Soil Moisture probe (PSM). Harvested yield was weighed per unit basin 

area (kgm-2). Yield obtained ranged from 18.49 to 34.67 t/ha for tomato Roma-

VF and 18.15 to 27.94 t/ha for tomato UC-82B varieties respectively. From the 
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Introduction 
Irrigation is the artificial application of 

water to the soil to supplement and or 

complement the natural supply for the 

purpose of raising crop. The objective is 

to increase the agricultural production 

to suppress depleted rainfall regimes. If 

rainfall is adequate to replenish soil 

moisture to the desired level to meet the 

total crop water requirement and occurs 

at the time when the crops require it, 

then irrigation is not necessary. 

However, such ideal conditions are rare 

especially in a tropical country like 

Nigeria. Bauchi State is located in a 

climatic region where the rainfall is 

seasonal and erratic. Though, the State 

was endowed with fresh water notably; 

Jama’are/Bunga and Gongola Rivers, 

but the supply of water for dry season 

farming is more of extraction from the 

conserved underground water for 

irrigation owing to minimal water 

conservation structures (Thematrix, 

2008).  

According to Holzapfel and Arumí 

(2010), when irrigation is required, 

there are many available methods and 

management strategies. The selection of 

a method and approach depends on 

factors such as; water availability, crop 

type, soil characteristics, land 

topography, and associated cost.  

results, least total yield of 23.46 t/ha was obtained from treatment with 60% ETo 

and 7days irrigation interval. Contrarily, highest total yield of 26.01 t/ha was 

recorded by 80% ETo and 5day irrigation interval. Seasonal water applied varied 

from 393.89 to 689.47mm. Seasonal crop water used was 205.98mm at 60% and 

487.14mm at 100% water application depths. Highest water productivity (WP) 

was achieved with D80I5 treatment. Relatively, greatest net income of 

₦1484124.80/ton was realized at D80I5 treatment based on economic analysis 

outcome. Hence, adopting tomato Roma VF variety with water application depth 

of 80% ETO when kept at 5days irrigation interval, would realize more profitable 

tomato production in and around Bunga Valley. Main effect results inferred that 

80% irrigation application depth and 3days irrigation interval are the best, thus 

recommended. So, deficit irrigation using good soil sensor technology in 

irrigation scheduling improves not only the fruit yield, but conserve water and 

energy, and reduce nutrient leaching. 

 

Keywords: Deficit irrigation, Tomato variety, Water productivity, Crop 

evapotranspiration, Fadama 

 



87  africanscholarpublications@gmail.com                                                                               

 2022 

 

Nevertheless, one of the important factors in increasing production per unit area of 

land is the correct use of water (Azizi et al., 2013). 

The traditional irrigation practices in most parts of Northern Nigeria are designed 

to avoid crop stress in order to maximize crop yield (English et al., 2002; Amin, 

2014). As such, farmers tend to supply much water to irrigate their crop with a 

view to realize maximum yield. Consequently, this leads to land degradation 

through soil erosion, salinization and other processes that eventually render the soil 

infertile. Nevertheless, this approach is unsustainable, in view of the economic 

competition of the resource and climate change. Hence, the focus now should be 

more of maximizing benefits rather than only yield. This approach is termed 

‘optimization’ and is recognized by economists and growing number of irrigation 

professionals as the most rational basis for irrigation management (English et al., 

2002). 

According to Bailey and Spackman (1996), achieving optimum benefit from 

irrigation in a variable climate, regulation in timing and quantity of water 

application seems very necessary to provide the continuously changing crop water 

requirements, and this is term optimum irrigation scheduling. However, Sarwar et 

al. (2001) reported that, for a long term sustainability of an irrigation system, 

improvements in the performance of current water application and on-farm water 

management practices seem to be more necessary than any other practice. Besides, 

Feyen and Zerihun (1999); Zerihun et al. (2001); Hillel and Vlek (2005) and Hsiao 

et al. (2007) are of the view that, an important aspect for sustainable irrigation 

agriculture, is designing an efficient irrigation system at the farm-level.  

Nevertheless, effective irrigation system design is one that ensures the system 

performs satisfactorily during its design life. More specifically, the design must 

check that the structure is capable of supplying the required quantity of water for 

the system and that the system is not excessively stress owing to insufficiency or 

less than optimum requirement. Thus, the supplies of water to the various crops are 

adjusted in such a fashion as to get optimum benefit ratio, not only for the efficient 

use of available water and maximum yield, but also to prevent water logging of the 

land in question. Conversely, this ideal practice is rear in Bunga valley of Ningi 

LGA., Bauchi State because the irrigation practices in the area was based on 

intuition rather than standard.  Nonetheless, optimizing irrigation scheduling is 

undoubtedly an important issue that if properly practiced in the research area, water 

saving measures can be comprehended and will serve as insurance against future 

uncertainties for the voluminous fresh water availability. Moreover, information 



88  africanscholarpublications@gmail.com                                                                               

 2022 

 

on crop-water requirement which is crucial for irrigation water management and 

planning will be generated.  

 

Materials and Methods 

Study Area 

The field experiment was conducted during the 2016/2017 dry season at Alaramma 

farm in Bunga (a small riparian village) of Ningi L.G.A. of Bauchi State, Nigeria. 

Bunga is situated within the Sudan savanna ecological zone of Northern Nigeria 

and lies around the geographic coordinate of latitude 11.0610N and longitude 

09.6450E on a mean altitude of 459m above sea level (Diyam, 1996). It has a vast 

plane arable land with a mean daily temperature ranging from 200C to 330C, annual 

evapotranspiration range from 1400 to 1450mm and annual rainfall range from 800 

to 1000mm per annum (Thematrix, 2008).  

Bunga which was named after River Bunga has two major seasons, namely the 

rainy season (May-October). The River has wide contributory tributaries 

(Danwara, Delimi, Telengu and Jauro) and low lands that are often explore by local 

farmers especially for dry season farming and fishing. Farmers in Bunga usually 

plant Tomato as dominant crop by basin irrigation. The soil textural classification 

of the area was sandy loam but of low to medium fertility (Thematrix, 2008). Thus, 

make it a good soil for tomato production when augmented with fertilizer as 

recommendation by Abdulkadir (2017) at the NPK ratio of 20:10:5. 

 

Description of Experimental Treatments 

The field experiment consists of three factors: this include two tomato varieties 

(Roma VF and UC 82B), three levels of irrigation application intervals and three 

levels of irrigation application depths that are randomly assigned to each block 

using Randomize Complete Block Design (RCBD) and replicate three times, thus 

constituting 2×3×3×3 factorial experiment, making a total of 54 plots. The three 

levels of irrigation application depths were; D100%, D80% and D60% (100% ETO, 20% 

irrigation deficit and 40% irrigation deficit respectively). While the three levels of 

irrigation intervals were; 3, 5 and 7days respectively. Table 1 gives further 

description of the experimental treatments. 

 

Table 1: Description of the Experimental Treatments  

Exp. Plot No. Treatment Code Treatment Labels Description of the treatment labels 

1 B1 V1D100%I3 Roma VF with 100% application at 3days interval 

2 B2     V1D100%I5 Roma VF with 100% application at 5days interval 

3 B3     V1D100%I7 Roma VF with 100% application at 7days interval 



89  africanscholarpublications@gmail.com                                                                               

 2022 

 

4 B4 V1D80%I3 Roma VF with 80% application at 3days interval 

5 B5 V1D80%I5 Roma VF with 80% application at 5days interval 

6 B6      V1D80%I7 Roma VF with 80% application at 7days interval 

7 B7 V1D60%I3 Roma VF with 60% application at 3days interval 

8 B8 V1D60%I5 Roma VF with 60% application at 5days interval 

9 B9 V1D60%I7 Roma VF with 60% application at 7days interval 

10 B10 V2D100%I3 UC 82B with 100% application at 3days interval 

11 B11 V2D100%I5 UC 82B with 100% application at 5days interval 

12 B12 V2D100%I7 UC 82B with 100% application at 7days interval 

13 B13 V2D80%I3 UC 82B with 80% application at 3days interval 

14 B14 V2D80%I5 UC 82B with 80% application at 5days interval 

15 B15 V2D80%I7 UC 82B with 80% application at 7days interval 

16 B16 V2D60%I3 UC 82B with 60% application at 3days interval 

17 B17 V2D60%I5 UC 82B with 60% application at 5days interval 

18 B18      V2D60%I7 UC 82B with 60% application at 7days interval 

V = variety; D = Water Application Depth; I = Irrigation Interval 

 

Experimental Design and Field Layout 

The experimental site was divided in to three (3) blocks, each block containing 

eighteen (18) basins of equal size (2×2m2). The blocks were separated by 1m buffer 

zone, while the basins in each block were separated 0.5m apart to minimize lateral 

interference among treatments. The total area of the experimental field was 0.063 

ha (See Fig.1 below). 

 
 

 
Figure 1: Experimental Field Layout indicating the Design Installations 



90  africanscholarpublications@gmail.com                                                                               

 2022 

 

Agronomic Operations 

A land area of 21m by 30m designated for the experiment was cleared and 

sufficiently incorporated with 30kg of organic manure (chicken droplets) by 

broadcasting and tilted to a good loose physical state and fallowed for two weeks 

during the 2016/2017 dry season farming, to improve the soil humus and structure 

for proper root development and plant growth. The land was divided into blocks 

and then, sub-divided into basin plots of 2×2 m2 each.  

Tomato variety Roma VF and UC-82B seeds were planted by broadcasting on two 

prepared seed beds. Soil was spread over the seed beds and then mulched with rice 

straw to ensure proper emergence. The seedlings emerge in a week. The seedlings 

were then thinned and raised in the nursery for three more weeks before 

transplanting. The experimental site was pre-irrigated an hour prior to transplanting 

of the seedlings for good establishment. Transplanting was carried out on 4th 

January, 2017 in the evening at 40cm inter and intra-row spacing, making a total 

of 25 crop stand per basin. Uniform quantity of water was applied to the basins at 

the rate of 100% ETo and at 3days irrigation interval for two weeks to ensure good 

crop establishment before treatments were imposed. Weeding was carried out 

manually thrice during the growing season; at 3-weeks interval after transplanting. 

Moreover, a total of 145kg/ha of N.P.K. 20:10:5 fertilizers was applied in 

accordance with Abdulkadir (2017). The first application was two weeks after 

transplanting and the second application was four weeks later. There was slice 

outbreak of pest (Tuta absoluta) in the study farm during development stage but 

with the application of pesticide (Ampligo) 150g per knap sack three times during 

the growing season, the incidence was curbed to barest minimum. Harvest was 

carried out manually by hand picking thrice during the growing season; first at 11th 

week after transplanting, second at 13th after transplanting and the later three weeks 

accordingly.  

 

Irrigation Water Application 

Surface irrigation system by basin method was adopted in the experimental field. 

Though, the common surface irrigation practices in Bunga were characterized by 

on field means of water conveyance and distribution by gravity. However, in this 

research work, a 4000ltr capacity reservoir tank was installed to serve the basins 

with the irrigation water via a network of hose pipes that serve as laterals. Kent 

water flow meter attach with a gate valve were installed at the laterals to measure 
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the irrigation depth delivered per basin. The valve served as a control that regulates 

the flow in to the basin when the desired crop water requirement was achieved.  

 

Measurements 

Amount of water depletion in the soil between successive irrigations was 

monitored throughout the growing period using a Portable Soil Moisture probe 

(PSM). The readings were taking at 0-20, 20-40 and 40-60 cm soil depth. First, 

2days after irrigation when the soil reaches field capacity and second, the very day 

before irrigating the basin. Two observation tubes were installed at 20cm and at 

40cm to enable measurement below the 20cm basin top soil. The crop water use 

was obtained from the change in soil water content in successive soil sampling for 

the irrigation intervals in accordance with Igbadun and Oiganji (2012) using 

Equation 1. 

 

𝐸𝑇𝑎 =  ∑
(𝑀1𝑖−𝑀2𝑖) × 𝐵𝑠𝑖 × 𝐷𝑖 

𝑡

𝑛
𝑖=1        (1) 

 

Where;   

ETa = actual crop evapotranspiration from the root zone in mm, for a sampling 

period within one irrigation cycle. 

M1i = moisture percentage on oven-dry basis at the first sampling in the i-th layer  

M2i = moisture percentage on oven-dry basis at the second sampling in the i-th 

layer  

BSi = Bulk density of the i-th layer of soil  

Di = Depth of soil in mm of the i-th layer  

t = time between successive irrigation interval 

The harvest of the tomato fruit was carried out by hand picking of the ripped 

fruits per basin and labeled according to the treatment applied and then weighed. 

The crop yield was computed for each of the experimental plot in accordance with 

Igbadun et al. (2012) using Equation 2. 

𝑌 =  
W

A
         (2) 

Where; 

Y = crop yield (kg/m2) 

W = weight of the harvest fruit (kg)  

A= plot area of the harvest fruit (m2) 
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Yield Response Factor 

The yield response factor was computed for each of the irrigation depth in 

accordance with Igbadun and Oiganji, (2012) using Equation 3,   

 

(1 −
Ya

Ym
)   = Ky ( 1 − 

SETa

SETm
)      (3) 

 

Where;                          

Ya = tomato yield of deficit irrigated (D80 and D60) treatments with respect to 

interval  

Ym = tomato yield of the fully irrigated (D100) treatments with respect to interval

  

SETa = seasonal consumptive water use of the deficit irrigated treatments, and  

SETm = seasonal consumptive crop water use of the fully irrigated treatments 

 

Benefit Cost Ratio 

The analysis of costs and interpretation of the results are carried out in accordance 

with the method adopted by Haruna et al. (2012) in equation 4. The cost concepts 

used in this study are cost-A and Cost-B. The cost-A made up the total revenue 

(TR) generated, while Cost-B made up variable costs (including the cost of seed, 

fertilizer, pest treatment, irrigation water and human labour costs) in total (TVC). 

The gross margin analysis (GM) was taken as the difference between total revenue 

(TR) and the total variable cost (TVC) of the production. These parameters are 

used to determine the returns as well as profitability per naira invested of the 

tomato. The total revenue was calculated based on the average 50kg weigh basket 

of the tomato (at ₦4000k) based on the marketable price at which tomato was sold 

in the 2016/2017 dry season production in the study area. 

𝐺𝑀 = 𝑇𝑅 − 𝑇𝑉𝐶         (4) 

 

Where; GM = Gross Margin,  

 TR = Total Revenue,  

TVC = Total Variable Cost 

𝐵𝐶𝑅 =  
𝐺𝑅

𝑇𝑉𝐶
         (5) 

Where; BCR = Benefit Cost Ratio 

GR = Gross Revenue,  

TVC = Total Variable Cost 
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Statistical Analysis        

The result of the treatments imposed was analyzed using the Analysis of Variance 

(ANOVA), incorporated in Statistical Analysis Software (SAS). The significance 

of the irrigation treatments was determined using LSD.  

 

Table 2: ANOVA Format  

 
I=Irrigation interval,  D=Irrigation Depth, V= Tomato variety 

 

Results and Discussion 

The yield obtained ranged from 34.67 to 18.49t/ha for tomato Roma VF and 27.94 

to 18.15t/ha for tomato UC 82B varieties respectively. The least yield of 23.46t/ha 

was obtained from the treatment with 60% water application and 7day irrigation 

interval. The highest yield of 26.01t/ha was obtained from the treatment with 80% 

water application depth and 5day irrigation interval. These values are higher than 

10.90 to 28.22t/ha obtained by Amin (2014). However, the result relatively agrees 

with Mofoke et al. (2003) who reported tomato yield of 2.6 to 37.2t/ha under 

Fadama irrigation in Nigeria. Nevertheless, Mofoke et al. (2006) also reported 

yield range from 42.6 to 44.4t/ha under four continuous flow drip irrigation rates 

of 0.03, 0.05, 0.06 and 0.07 lh-1 against a bi-daily control application with 22.3t/ha. 

However, the highest value of seasonal applied water was 689.47mm, while the 

lowest seasonal applied water was 393.89mm. The estimated SAW are consistent 

with the values noted by (Ramalan & Nwokeocha, 2000; Hanson & May, 2006; 

Mukherje et al, 2010). These authors stated that the water requirement of tomato 

vary from 215 to 841mm under open field conditions. The average seasonal crop 

water use was 467.14mm at 100% water application depth and 205.98mm at 60% 

application depth. While higher Water Productivity (WP) was achieved with D80I5 

treatment. Relatively, the economic analysis carried out indicated highest net 
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income per ton with D80I5 treatment with a profit of ₦2.15 and ₦1.73 per naira 

invested.  

 

Table 3: Yield of the Experimented Roma VF and UC-82B Tomato varieties 

S/NO. Treatment 

Level 

Irrigation 

Depth 

(%) 

Irrigation Interval 

(Days) 

Yield (t/ha) 

Roma 

VF 

UC-

82B 

      

1 D100I3 100 3 26.66 25.00 

2 D100I5 100 5 30.83 27.48 

3 D100I7 100 7 21.28 19.75 

4 D80I3 80 3 27.20 26.23 

5 D80I5 80 5 34.67 27.94 

6 D80I7 80 7 20.34 19.68 

7 D60I3 60 3 26.91 25.80 

8 D60I5 60 5 26.88 24.50 

9 D60I7 60 7 18.49 18.15 

D = Irrigation Depth, I = Irrigation Interval, Rep. = Replication 

 

Table 4: Effect of Irrigation Depth, Interval and Varieties of Tomato on Yield 

Treatment  Yield (t/ ha) 

Depth (D)  

D100 25.17a 

D80 26.01a 

D60 23.46b 

Significance ** 

LSD @5% 1.0116 

Irrigation Interval (I)  

I3 26.30b 

I5 28.72a 

I7 19.62c 

Significance ** 

LSD @5% 1.0116 

Variety (V)  

V1 25.91a 

V2 23.84b 
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Significance  ** 

LSD@5% 0.8259 

Interaction   

D x I  ** 

D x V * 

I x V * 

D x I x V  *  

 

Mean followed by the same letter are not significantly different at 5% confidence 

level,   D=Irrigation D100 = 100% ET; D80 = 80% ET; D60 = 60% ETo; V1 = ROMA 

VF, V2 = UC-82B and I3 = 3days interval I5= 5days interval, I7 = 7days interval, 

** = highly significant at 5%, * = significance at 5%, ** = significance at 1% 

 

Table 5: Effect of Irrigation Depth, Irrigation Interval and Varieties of 

Tomato on Seasonal Crop Water Use of Tomato 

 Treatment  SCWU (mm) 

 Depth (D)  

 D100 434.65a 

 D80 392.72b 

 D60 321.72c 

 Significance ** 

 LSD @ 5% 12.943 

 Irrigation Interval (I)  

 I3 435.24a 

 I5 378.54b 

 I7 335.31c 

 Significance  ** 

 LSD @ 5% 12.943 

 Variety (V)  

 V1 386.24 

 V2 379.81 

 Significance  Ns 

  LSD @ 5% 10.568 

 Interaction  

 D x I ** 

 D x V Ns 

 I x V Ns 
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 D x I x V * 

 

Mean followed by the same letter are not significantly different at 5% confidence 

level,   D=Irrigation D100 = 100% ET; D80 = 80% ET; D60 = 60% ETo; V1 = ROMA 

VF, V2 = UC - 82B and I3 = 3 days interval I5 = 5days interval, I7 = 7days interval, 

** = highly significant at 5%, * = significance at 5%, ** = significance at 1%, Ns 

= no significance  

 

Table 6: Economic Analysis of the Tomato Production 

ROMA VF 

S/N Treatment 

Combination 

Total 

Yield  

(ton/ha) 

Average 

Price 

(₦/ 

ton/ha) 

Gross 

Revenue (GR) 

(₦/ha) 

Total 

Variable 

Cost 

(₦/ha) 

Gross 

Margin 

(GR-TVC)          

(₦) 

Gross 

Margin per 

Naira 

Investment  

(₦/ha) 

1 D100I3 26.66 80000 2132800 1686780.00 446020.00 1.26 

2  D80I3 27.20 80000 2176000 1603604.00 572396.00 1.36 

3  D60I3 26.91 80000 2152800 1464172.00 688628.00 1.47 

4  D100I5 30.83 80000 2466400 1414731.20 1051668.80 1.74 

5  D80I5 34.67 80000 2773600 1289475.20 1484124.80 2.15 

6  D60I5 26.88 80000 2150400 1166900.00 983500.00 1.84 

7 D100I7 21.28 80000 1702400 1228140.00 474260.00 1.39 

8 D80I7 20.34 80000 1627200 1179000.00 448200.00 1.38 

9 D60I7 18.49 80000 1479200 1016300.00 462900.00 1.46 

  

UC-82B 

S/N Treatment 

Combination 

Total 

Yield  

(ton/ha) 

Average  

Price    

(₦/ton/ha) 

Gross 

Revenue 

(GR) 

(₦/ha) 

Total 

Variable 

Cost           

(₦/ha) 

Gross 

Margin 

(GR-TVC)          

(₦/ha) 

Gross 

Margin per 

Naira 

Investment  

(₦/ha) 

1 D100I3 25.00 80000 2000000 1686780.00 313220.00 1.29 

2  D80I3 26.23 80000 2098400 1603604.00 494796.00 1.31 

3  D60I3 25.80 80000 2064000 1464172.00 599828.00 1.41 

4  D100I5 27.48 80000 2198400 1414731.20 783668.80 1.65 

5  D80I5 27.94 80000 2235200 1289475.20 945724.80 1.73 

6  D60I5 24.50 80000 1960000 1166900.00 793100.00 1.78 

7 D100I7 19.75 80000 1580000 1228140.00 351860.00 1.39 
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8 D80I7 19.68 80000 1574400 1179000.00 395400.00 1.34 

9 D60I7 18.15 80000 1452000 1016300.00 435700.00 1.43 

GR = Gross Revenue,   TVC = Total Variable Cost GM = Gross Margin 

 

Conclusion 

Predominantly, farmers in Bunga produce tomato in large scale using Roma VF 

and UC-82B as preferred varieties for being more economical to produce and 

moderately resistant to water stress. Further, Roma VF was better when assessed 

in terms of economic water productivity. The need for a more objective 

comparative test between these two most preferred varieties necessitated the 

conduct of this research trial. Cost-Benefit analysis conducted indicated that, 

higher water productivity and net income per capital was obtainable with D80I5 

irrigation treatment. This is for the fact that it generated ₦148412.80 as marginal 

return which depicts that, the expected benefit is feasible by adopting 80% seasonal 

crop water requirement applied at 5days interval. Hence, it is concluded that by 

adopting tomato Roma VF variety with water application depth of 80% ETO at 

5days irrigation interval, a more profitable tomato production would be realized in 

and around Bunga Valley. Main effect results inferred that 80% application depth 

and 3days irrigation interval are they best, thus recommended.  
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