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Abstract: 

The objective of this study is to determine the optimal irrigation dose of tomato through a test by varying the doses by the 

restrictive method of irrigation, 100% Db, 90% Db and 80% Db respectively for D1; D2 and D3. It is conducted in micro-

irrigation at the Falki / Mirriah / Zinder vegetable site in Niger. The estimation of the dose is based on the knowledge of the ETo, 

the SEM knowing the crop coefficients and the useful reserve knowing the soil data. These calculations are done by the FAO 

CROPWAT 8.0 software. Irrigation water intakes during the experiment were 1517.45; 1365.73 and 1213.99 mm respectively 

for D1; D2 and D3. During this test on the device Full Block Reassonated (BCR 3x3); observations and measurements are made 

on the parameters taken into account (HMP; NMF/P; PMF and the yield per unit plot and per hectare). The statistical analysis of 

yield showed a significant effect for the treatments and describes the influence of the variation of the irrigation doses as such: the 

yield given by the D2 (46.69 t/ha) is superior compared to the D1 (36.04 t/ha) and D3 (37.80 t/ha). This variation shows that the 

optimal dose under local climatic conditions is D2 which gives the best yield and is water efficient with the use of 90% of the 

calculated gross dose. 
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I. INTRODUCTION 

 

Tomato (Solanum lycopersicum L.) originates from South 

America [1]. It is one of the most widely grown fruits in the 

world, according to the United Nations Food and Agriculture 

Organization (FAO). In 2013, nearly 162 million tonnes of 

tomatoes were produced worldwide, with China being the 

largest producer, with more than 50 million tonnes [2]. In 

2014, world production exceeded 170 million tonnes, of which 

4.3 million tonnes in Brazil [3]. According to FAO data, 

global tomato production broke records in 2016 with around 

177 million tonnes. This volume shows an increase of 29.08% 

in 10 years. The area devoted was 4782754 hectares, which 

represents an average yield per square meter of 3.7 kilos of 

tomato. The Netherlands recorded the best performance at 

50.7 kg / m² against 8.62 kg / m² in Spain and 8.08 kg / m² in 

Morocco. 

 

Another study estimates Niger's output at 3,100 

hectares per year at an average yield of 19 tons per hectare. 

With an estimated consumption of 15 kg per person per year, 

which would give a demand of 240000 tonnes for Niger [4]. In 

Niger, tomatoes are produced in the regions of the Niger River, 

Ader-DoutchiMagia, Goulbi de Maradi, Korama and around 

ponds and other reservoirs. It is produced mainly for a 

maximum of 6 months (January to June). Niger imports fresh 

tomatoes from Burkina Faso Nigeria, Benin, Ghana and 

Morocco. 

Tomato is an important vegetable that plays a major 

role in providing vitamins and minerals for humans, so 

necessary for the preparation of many local dishes and very 

important in the diet of the inhabitants of rural and urban areas 

of the world [5]. Inadequate availability of water due to 

variability in rainfall patterns and frequent drought 

exacerbated by climate change threatens food security and 

livelihoods in rural sub-Saharan Africa [6, 7]. 

 

The Republic of Niger is a large Sahelian landlocked 

country of which nearly two-thirds are desert. It is a country 

with an agro-pastoral vocation. It covers an area of 1267000 

km2 with an estimated population of 20751801 inhabitants 

(2017) [8]. Its population is very young and predominantly 

rural. A large majority of the active population is engaged in 

the agricultural sector, mainly in small family farms, 

subsistence farming, and livestock breeding. The agricultural 

sector, the basis of the country's economy, is highly dependent 

on difficult climatic conditions, with recurring periods of 

drought. Poverty is deep and widespread, with over 60% of 

Nigerians living below the poverty line. This great structural 

poverty, coupled with persistent deficits in food production, 

leads to a high vulnerability of the population to climatic and 

economic shocks that can provoke, as was the case in 2005, 

serious food crises [8]. 

 

To cope with climate hazards and serious threats to 

food security, the Government of Niger has put water control 
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at the heart of the actions to be promoted to fight against 

poverty. One possible solution is to focus on market gardening 

knowing that vegetables play a vital role in the fight for food 

security and especially against poor nutrition. Off-season 

cultivation is arguably the most promising agricultural sector 

not only because of the high yields it presents but also because 

of the profitability after the sale of the products. 

 

Water is a key factor in agricultural production and has a 

major impact on crop yield, as the lack of it can be harmful for 

plants, as it is essential to eliminate excess water causing 

water damage. erosion by surface runoff or escape at depth by 

missing the roots. While irrigation seems to be one of the 

logical responses to increase and stabilize basic production 

irrespective of climatic variations, if it is poorly conducted, it 

leads to high losses of water and also causes leaching. 

nutrients in the soil. 

 

It is in this context that we focused on the vegetable 

site of Falki which has enormous hydrological potential, an 

environment favorable to agricultural activities and the 

existence of safe outlets to sell the cultivated products. Despite 

these strengths, there is a lack of irrigation management 

techniques that lead to lower crop yields. For this reason, we 

have chosen to study the effect of different irrigation doses on 

tomato cultivation, the general objective of which is to 

determine the optimal irrigation dose of tomato. The specific 

objectives are to evaluate the yield according to the different 

irrigation doses and to identify the optimal dose. 

II. MATERIAL AND METHODS 

A. Presentation of the experimental site 

The experiment is conducted on the irrigated perimeter of 

Falki, located in the Department of Mirriah 4 km south and 25 

km southeast of the capital of the region (Zinder). It is 

between 13°40'49.4''N and 9° 10'57.17''W at an altitude of 397 

m (Figure 1). The climate is semi-arid, the soil of the test plot 

has a silty texture and the water table is about 6 m deep. This 

site covers an exploited area of 300 ha. It is supplied with 

water by an area of more than 100 ha in its strongest extension. 

This pond is used by local populations for: irrigation of market 

garden crops in the dry season, watering animals, fishing but 

also domestic use (laundry, brick making, etc.). The 

speculations practiced are: tomato, lettuce, cabbage, carrots, 

potato, potato, squash and melon [9]. 

 

FIGURE 1 

MAP OF CULTIVATED AREAS AROUND THE MARE OF FALKI 

 
 

B. Plant material 

The tomato variety chosen for the experiment is a local 

variety (Dan Bandé). It meets the criteria of resistance to 

certain diseases and nematodes (TYLCV, bursting), and to 

the adaptability of the nature of the soil and to the climatic 

conditions of the area. 

 

 

 

 

C. Experimental apparatus 

For the implementation of this test, we adopted the BCR 

device. This device has three (3) treatments and three (3) 

repetitions, i.e. a total of nine (9) experimental units 

(elementary plots) (Figure 2). It allows to take maximum 

advantage of the variation of the fertility of the ground. The 

following materials (hoe, shovel, tray, sachets, bottle, ribbon, 

cords, pegs, rakes, EASY-DRIP Kit, 60-liter drum, sprayer, 

organic insecticide, plastic bucket, manual balance, etc.) 

were used. for this experimental study. 
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FIGURE 2 

EXPERIMENTAL DEVICE COMPLETE READONIZED BLOCK (BCR 3x3) 

 
 

D. Needs assessment of tomato water 

 

For the present study, we used the formula of PENMAN-

MONTEITH corrected by the FAO in 1994 (relation 1) [10, 

11, 12]. 

 

ETo =
0.408.∆. Rn−G +γ .

900

T+273
.u2.(es−ea )

∆+γ(1+0.34u2)
    (1) 

 

Where: ETo is the reference Evapotranspiration in (mm/day); 

Rn is the net radiation on the surface of the crop in 

(MJ/m
2
.day); G is the density of heat flux in the soil in 

(MJ/m
2
.day); T is the daily mean air temperature at a height 

of 2 m in (°C); u2 is the wind speed at a height of 2 m in 

(m/s); es: saturation vapor pressure in (kPa); ea is the actual 

vapor pressure in (kPa); Δ is the slope of the saturated vapor 

pressure curve in (kPa/° C); ɤ is the psychrometric constant 

in (kPa/°C). 

 

We used the CROPWAT 8.0 software to determine the 

different climatic parameters. After the determination of net 

requirements, the gross requirements are obtained by the 

relation 2 which takes into account the overall efficiency set 

at 95% for the drip system. 

 

Db =
Dn

Rg
           (2) 

The interval between two (2) irrigations is given by relation 

3. 

 

NJ =
Dn

ETM loc
                                (3) 

With: 

Db: Gross dose in (mm); Dn: Net watering rate in (mm) and 

Rg: Overall yield, Nj: Interval between 2 irrigations in (day); 

ETMloc: Average daily requirements of the peak period in 

(mm/d). In the case of this search, the frequency is 1 day. 

 

Variants 
 

In order to study the influence of localized irrigation dose 

variation on the tomato crop, three treatments were adopted: 

the choice was made of the restrictive irrigation water 

requirement method. The latter is followed in case of limited 

water availability. The study factor is represented by the 

following irrigation doses: D1 = 100% Db; D2 = 90% Db 

and D3 = 80% Db. 

Drip irrigation equipment (EASY-DRIP kit) 

 

The EASY-DRIP equipment (drip) consists of a semi-rigid 

polyethylene pipe 1 mm thick, and drippers. The material 

used in drip works at low flow. It is sensitive to clogging and 

requires a perfectly controlled installation, maintained 

regularly and with efficient filtration. The characteristics of 

irrigation equipment (EASY-DRIP kit) are as follows: Ramp 

width per experimental unit (1m); Number of valves per 

experimental unit (1); Number of ramps per experimental 

unit (2); Length of a ramp per experimental unit (3.5m); 

Distance between ramps per experimental unit (1m); Number 

of drippers per experimental unit (12) and flow of a dripper 

(1 l / h). The experimental positive scheme with installation 

of the Irrigation Kit is given in Figure 3. 
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FIGURE 3 

DEVICE WITH INSTALLATION OF THE IRRIGATION KIT 

 
 

III. RESULTS AND DISCUSSIONS 

A. Results 

The different results obtained are given in the following 

tables: 

Meteorological observations 

During the trial period, no rain event was recorded. However, 

the observed temperatures and humidity are summarized in 

Table 1. 

 

TABLE 1 

CLIMATIC STORIES OBSERVED DURING THE STUDY PERIOD 

Month November December January February March 

decade 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Tmin(°C) 17.95 18.63 17.11 17.03 16.30 14.28 13.47 14.54 16.60 18.13 23.66 21.10 20.64 22.62 

Tmoy(°C) 27.00 25.64 23.54 24.20 23.24 21.02 21.11 21.05 25.55 25.62 30.88 30.07 30.16 29.72 

Tmax(°C) 36.05 32.69 29.96 31.35 30.17 27.70 28.75 27.55 34.49 33.05 38.09 39.06 39.68 36.83 

H(%) 18.00 20.00 24.00 24.00 25.00 26.00 23.00 24.00 18.00 19.00 17.00 12.00 11.00 15.00 

Phenological observations 

The values of the phenological observation parameters are 

given in Table 2. 

 

 

TABLE 2 

INFLUENCE OF TREATMENT ON PHENOPHASES AFTER TRANSPLANTATION) 
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Phenophases 

Reprise Flowering Fructification Maturation 

D F d D F d D F d D F d 

D1 

1
0

/1
1

/2

0
1

7
 

1
7

/1
2

/2

0
1

7
 5 10 5 25 35 10 52 64 12 80 95 15 

D2 7 12 5 24 35 11 49 60 11 82 97 15 

D3 7 13 6 27 39 12 54 65 11 84 99 15 

Legend: D = Start, F = End, d = Duration. 

 

Phytosanitary observations 

- During these observations, he was identified: 

- On three plants the leaf roll of the tomato caused by 

the TYLCV, it is transmitted by the white fly 

Bemissiatabaci. This disease causes the leaves to 

turn yellow to curl up or down. 

- An enemy of the tomato crop is the tomato moth 

(Helicoverpaarmigera). It is considered one of the 

most dangerous pests of several cultures, it is 

characterized by a high mobility and their 

population could fly for 8 to 11 hours at a speed of 

40 km / h. 
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The attack percentage is 7.40% with eight (8) plants attacked 

out of a total of 108 plants. 

Reference evapotranspiration (ETo) given by the formula 

of Penman Monteith 

The evapotranspiration (ET0) values for which the Penman 

Monteithen formula is based on the site meteorological 

parameters are given in Table 3. 

TABLE 3 

VALUES OF EVAPOTRANSPIRATIONS (ET0) 

Month 
Tmin 

 (°C) 

Tmax 

(°C) 

Humidity 

(%) 

Wind 

(km/jour) 

Sunshine 

(hour) 

Ray. 

(MJ/m²/day) 

ETo 

(mm/day) 

January 17.7 37.5 23 576 11.5 23.0 11.62 

February 20.5 40.5 17 584 11.7 25.0 13.47 

March 25.3 41.8 16 552 11.9 27.1 14.16 

April 29.7 43.8 19 524 12.3 28.5 14.60 

May 31.5 44.7 30 492 12.8 29.0 13.71 

June 32.5 43.7 42 536 12.9 28.7 12.96 

July 30.7 41.5 53 532 12.8 28.6 11.21 

Auguste 29.2 39.7 62 476 12.7 28.8 9.50 

September 30.5 41.2 51 436 12.4 27.9 10.35 

October 30.5 41.2 22 504 11.9 25.7 13.13 

November 26.0 38.5 19 528 11.4 23.1 12.36 

December 20.0 35.2 25 588 11.3 22.0 11.06 

Average 27.0 40.8 32 527 12.1 26.4 12.35 

Irrigation water requirements by decade 

Irrigation water requirements per decade are given in Table 4. 
 

TABLE 4 

DECADE IRRIGATION WATER REQUIREMENTS 

Dec. Phases 
Coef

Kc 

ETo 

mm/jr 

ETM 

mm/jr 

ETM 

mm/dec 

Eff Rain 

mm/dec 

Dn, 

mm/dec 

Db 

mm/dec 

100% 

Db, 

mm/dec 

90% 

Db, 

mm/dec 

80% 

1 Initial 0.45 11.06 4.977 49.8 0 49,8 52.42 47.18 41.94 

2 Initial 0.45 11.06 4.977 49.8 0 49.8 52.42 47.18 41.94 

3 Growth 0.6 12.35 7.41 74.1 0 74.1 78.00 70.20 62.40 

4 Growth 0.75 12.35 9.26 92.6 0 92.6 97.47 87.73 77.98 

5 Growth 0.75 12.35 9.26 101.9 0 101.9 107.26 96.54 85.81 

6 Growth 0.75 11.62 8.715 87.2 0 87.2 91.79 82.61 73.43 

7 Mi-season 1.15 11.62 13.36 133.6 0 133.6 140.63 126.57 112.51 

8 Mi-season 1.15 11.62 13.36 147.0 0 147.0 154.74 139.27 123.79 

9 Mi-season 1.15 13.47 15.49 154.9 0 154.9 163.05 146.75 130.44 

10 Mi-season 1.15 13.47 15.49 154.9 0 154.9 163.05 146.75 130.44 

11 Back- season 1.15 13.47 15.49 123.9 0 123.9 130.42 117.38 104.34 

12 Back- season 0.8 14.16 11.33 113.3 0 113.3 119,26 107.33 95.41 

13 Back- season 0.8 14.16 11.33 113.3 0 113.3 119,26 107.33 95.41 

14 Back- season 0.8 14.16 11.33 45.3 0 45.3 47,68 42.91 38.15 

 SUM 1441.60 0 1441.60 1517.45 1365.73 1213.99 
 

Biometric measurements 

The biometric measurement values are given in Table 5. 

 

 

TABLE 5 

HEIGHT OF PLANTS HARVESTED IN CENTIMETER 

  

 

 

 

 

 

 

Number of fruits per plant 

The number of fruits per plant is given in Table 6. 
 

 

Treatment 
Rehearsals  

∑Treatment 
Avg. 

Treatment BI BII BIII 

D1 68.8 74 76.5 219.3 73.10 

D2 59.5 66 67 192.5 64.17 

D3 57.9 69 68 194.9 64.97 

∑Repetitions 186.2 209 211.5 606.7 202.23 



International Journal of Engineering Science and Computing, December 2018                            19489                                          http://ijesc.org/ 

TABLE 6 

NUMBER OF FRUITS PER PLANT 

Treatment 
Rehearsals  

∑Treatment 
Avg. 

Treatment BI BII BIII 

D1 16 18 19 53 17.67 

D2 23 24 24 71 23.67 

D3 19 18 20 57 19.00 

∑Repetitions 58 60 63 181 60.33 

 

Average weight of a fruit 

The average weight values of a fruit in grams are given in Table 7. 
 

TABLE 7 

AVERAGE WEIGHT OF A FRUIT IN GRAM 

Treatment 
Rehearsals  

∑Treatment 
Avg. 

Treatment BI BII BIII 

D1 100 110 108 318 106.00 

D2 96 108 104 308 102.67 

D3 102 106 103 311 103.67 

∑Repetitions 298 324 315 937 312.33 
 

Parcel yield 

The plot yield values in g (6.25m²) are given in Table 8. 

 

TABLE 8 

PARCELLAR YIELD 

Treatment 
Rehearsals  

∑Treatment 
Avg. 

Treatment BI BII BIII 

D1 19200 23760 24624 67584 22528 

D2 26496 31104 29952 87552 29184 

D3 23256 22896 24720 70872 23624 

∑Repetitions 68952 77760 79296 226008 75336 

 
Yield in t/ha 

The yield values in t/ha are given in Table 9. 

 

TABLE 9 

PERFORMANCE IN t/ha 

Treatment 
Rehearsals  

∑Treatment 
Avg. 

Treatment BI BII BIII 

D1 30.72 38.02 39.40 108.14 36.04 

D2 42.39 49.77 47.92 140.08 46.69 

D3 37.21 36.63 39.56 113.40 37.80 

∑Repetitions 110.32 124.42 126.88 361.62 120.53 

Statistical analysis 

The results of the statistical analyzes are given in Table 10. 

 

 

TABLE 10 

SUMMARY OF ANALYZES OF VARIANCE (ANOVA) OF PARAMETERS STUDIES 

Sources of 

variation 

ddl F. calculated F.  Theoretical 

HMPR NMFP PMF Rdt 5% 1% 

Repetitions 2 26.29** 2.71
NS

 10.06* 4.33 
NS

 6.94 18 

Variants 2 29.74** 38.29** 1.52
NS

 15.91* 6.94 18 

Errors 4 - - - - - - 

CV (%) - 0.77 1.46 0.77 2.06 - - 

CVM % 1.265 

HMPR: Height of plants at harvest; NMFP: Average number of fruits per plant; PMF: Average weight of a fruit; Yield: Yield; 

CV: Coefficient of variation and CVM: Average coefficient of variation 

 

Stages of experimentation 

The different stages of this experimental study are illustrated 

in Figure 11. 
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FIGURE 11 

DIFFERENT STAGES OF EXPERIMENTATION 

Tomato Nursery, the 30/11/2017 
Watering tank 

Installation of the drip kit on 

15/12/2017 

Fertilization of the soil by organic 

manure, on 12/01/2018 

Protection of the field against animals Flowering stage, the 17/01/2018 

 

Fruiting phase, the 28/01/2018 

 

Beginning of the stage of maturity, the 

10/02/2018 

Harvesting and counting of fruits, 

the 25/02/2018 

 

B. Discussion 

At the end of the analysis and after the comparison of the 

average heights of the plants at flowering, it was found that 

the variation of the doses had no influence between the 

repetitions, but it is found between the variants; which leads 

us to say that plots with a 100% Db treatment have kept the 

greatest height. This allows us to join the results of Agri 

Morocco which says that the tomato needs a lot of water (50% 

of global needs) during its stage of development. However, 

at the maturity stage (harvest), the variation in the doses 

influenced the height of the plants between the blocks and 

between the treatments. The highest height was recorded at 

treatment level with normal water intake (100% Db). This 

allows us to add the results of other authors [13], which 

states that the highest height is recorded at the level of 

treatment with high water intake. The difference from other 

treatments was statistically highly significant. So, this plant 

is sensitive to drought during its vegetative cycle. 

 

It was found from the statistical analysis of the average 

number of fruits per plant that there was no significant 

difference between the blocks but that there is a highly 

significant difference between treatments. The greatest 

number of fruits was found in the treatment with reduced 

water intake of 10% D2. This makes it possible to say that 

the tomato produces a lot of fruits with a reduction of 

irrigation dose. The results of some researchers show that the 

number of fruits with normal irrigation is identical with that 

of restricted irrigation. The best numbers of fruits per plant 

were observed with reduced irrigation treatments [14]. 

 

Variation in irrigation doses influenced the average weight 

of a fruit between replicates with normal dose irrigation (100% 

Db) which gives the highest weight. On the other hand, [15] 

shows that restricted irrigation gives better sizing with 222 g 

in restricted irrigation and 154 g in normal irrigation. As for 

the statistical analysis of the average yield, the variation of 

the irrigation doses influenced, with the D2 (irrigation with 

10% reduction) which gave the highest yield. However, this 

variant, which recorded the best results (46.69 t/ha), is not in 

contradiction with the results of FAO (1987) which fixes 

tomato yield of 45 to 60 t/ha and those of other tomatoes. 

authors who give the tomato yield under normal conditions 

at 40 - 60 t/ha. Yield remains higher in restricted irrigation 
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than in normal irrigation (10.55 kg/m
2
 against 7.33 kg/m

2
). 

The highest yield was obtained with daily irrigations and a 

reduction coefficient of 0.5 of evaporation [14]. 

 

In our experimental conditions, the water consumption 

which allowed the best tomato yield was evaluated in the 

order of 1365.73 mm. This water consumption was obtained 

in the case of irrigation control based on a frequency of one 

day and a reduction of the calculated gross dose (90% Db). 

With this reduced irrigation, there is a better yield. This 

variant is also water efficient because it reduces up to 10% of 

the raw dose. It is therefore considered the optimal dose. 

IV. CONCLUSION 

At the end of this research, it can be concluded that the 

determination of irrigation doses by the development of 

restrictive method of irrigation doses is useful especially in 

arid zones where water is a limiting factor and the cost of 

water irrigation is high. 

 

It is not uncommon for a better evaluation of irrigation doses 

to lead to a reduction of more than 30% in irrigated 

quantities. It should be noted that for arid zones, this 

reduction is related to a reduction in doses, ie to a better 

assessment of water needs.From our tomato-based irrigation 

program, the highest tomato yield was obtained for irrigated 

treatment with a 90% irrigation requirement. Indeed, in this 

experiment, it was shown that from an irrigation control 

system based on the variation of the different doses, we 

obtain the highest yield with a smaller quantity of water 

compared to the gross need of 'irrigation.In fact, the 

approach of "reducing the amount of irrigation water", can 

ensure a very suitable production system, especially in places 

where water becomes increasingly limited. 
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