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ABSTRACT 
 

     Determination of crop coefficients at different growth stages is important for estimating irrigation water requirements 

in order to have better irrigation scheduling and water management. A field experiment was conducted during cool 

cropping season started from November and during main cropping season started from June for two consecutive years 

from 2012/13 – 2013/14 to determine the water requirement and establish the crop coefficient (Kc) values for tomato by 

using lysimeter. Three non-weighing type lysimeter with the dimension of 2m × 2m area and 3m depth were used 
to determine the daily ETc of tomato crop. Tomato crop coefficient was estimated at different growth stage based on 

lysimeter measured ETc from components of water balance and reference evapotranspiration obtained from long term 

metrological data. The obtained Kc values for cool season planted tomato were 0.63, 0.84, 1.15 and 0.84 in the initial, 

crop development, mid season and late-season stages, respectively. Meanwhile, the corresponding Kc values for main 

season planted tomato were 0.64, 0.97, 1.22, and 0.89 in the four stages, respectively. The seasonal crop 

evapotranspiration was 552mm and 584mm during cool and main cropping season respectively. The water requirement 

and crop coefficient values determined in this study can be useful for agricultural planning and efficient management of 

irrigation water for cultivation of tomato in semi-arid climate. 
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INTRODUCTION 

 

       Globally, water is considered as a precious element for 

agricultural sector as well as other sectors due to climate 

change (Mila et al., 2016). Climate change and increasing 

competition among irrigated agriculture water users in 

Middle Awash Valley due to increasing medium and large-

scale irrigation schemes has brought increased attention to 

agricultural water management particularly, determination 

of actual crop evapotranspiration (ETc) during the growing 

season has a potential advantage to attain proper irrigation 

scheduling. The Knowledge of crop evapotranspiration 

(ETc) is important in scheduling irrigations, optimizing 

crop production, and improving water use efficiency 

(Abedinpour, 2015). Crop coefficient (Kc) is an important 

factor to convert reference evapotranspiration (ETo) to Crop 

evapotranspiration (ETc). Growth stage specific Kc values 

are influenced by local climate, soil types, crop type, 

irrigation regime, management practices, and other 

environmental factors (Allen et al., 1998; Djaman and 

Irmak, 2013). Doorenbos and Kassam (1979) have reported 

crop coefficients for many crops. These values are 

commonly used in places where the local data are not 

available. Allen et al., (1998) recommended the 

determination of crop coefficient values for each crop based 

on local climatic conditions by observed data using 

lysimeter when the accuracy is highly concerned. Also, 

proper irrigation scheduling and efficient water 

management will be impossible without the exact 

estimation of crop coefficient values (Mila et al., 2016). 

Crop coefficients can be estimated by lysimeter (Karam et 

al., 2007). Tomato is a very important vegetable crop 

widely cultivated by using irrigation in study area. 

However, the crop coefficient and crop water requirement 

data of this crop is not locally available. Therefore, 

knowledge of experimentally determined Kc value is 

important for proper irrigation scheduling and efficient 

water management of the selected crop. In order to fulfill 

this, proposed study has been taken to determine the water 

requirement   and crop coefficient of tomato. 
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MATERIALS AND METHODS 

 
The experiment was conducted at Werer Agricultural 

Research Center from 2012/13 to 2013/ 14 for two 

consecutive years during the cool cropping season, started 
from December and during the main cropping season, 
started from June. The geographical location of the site was 
09°13 ′– 09°50 ′ N and 40°05 ′– 40°25 ′E. with an altitude 

of 750 m asl. The site receives a mean annual rainfall of 
589 mm with an average minimum and maximum 
temperature of 15 and 38.4°C, respectively. Climate at the 
site is typically dry period from October to June and short 

wet season from July to September. 
Temperatures are high started from Appiril and reach 

to peak at June (Table 1). Typically, tomato production 
takes place twice a year, from November to February in the 
cool season and from June to September in the main season. 

The soil textures of lysimeter soil were black clay soil. 
 

 Lysimeter operation 
       The non-weighing type lysimeter having dimension of 

2m width x 2m length x 3m depth was used to directly 
measure tomato evapotranspiration during the growing 
season. The soil excavated in the lysimeter was kept at the 
same profile with the surrounding ground surface. A pipe 

having a diameter of 2.5cm was installed at the bottom of 
each lysimeter to conduct drain water towards a graded 
container which measured excessive water from the 
lysimeter. 

 

Crop agronomy 
       Melka Salsa tomato variety was used as test crop. The 
seeds was drilled onto the well prepared raised nursery seed 
bed and covered with dry grass. Watering was done by 

using water can daily in the morning throughout the 
growing period of the seedlings in the nursery. The three 
week old tomato seedlings from the raised nursery bed 
were transplanted in row at row spacing of 90 cm and plant 
spacing of 30cm. All agronomic practices were done 

according to the recommendation made for the area. 
 

Soil moisture monitoring and irrigation application 

       The amount of the irrigation water added to the 

lysimeter, drainage water, and rainfall were monitored 
during the growing season. Soil moisture content before 
and after irrigation of lysimeter was monitored by 
gravimetrical method. Drainage water from lysimeter was 

measured by graduated cylinder and ETc was measured by 
water balance equations. The calculated ETc was applied 
to the lysimeter manually by using buckets of known 
volume. 
 

Determination of Reference Crop Evapotranspiration 

(ETo) 

Long term daily metrological data such as minimum 
and maximum temperatures, sunshine hours, wind speed 

and relative humidity recorded by Werer Agricultural 
Research Center weather station was applied to Cropwat 
model version 8.0 to calculate daily ETo on basis of FAO 
Penman-Monteith method (Allen et al., 1998). 

 

Determination of crop evapotranspiration (ETc) 
Tomato evapotranspiration (ETc) was computed from 

the water balance equation expressed as: 

ETc = P + I - R– D –∆S                                                       1  
 
Where ETc is the combined loss due to evaporation and 
transpiration from the lysimeter that stand for the crop water 
requirement, CWR, in mm, P is rainfall in mm, I is irrigation 
depth in mm, R is runoff in mm, D is deep drainage in mm, 
and ∆S is the change in water content inside the lysimeter in 
mm. In this experiment the runoff is nil because measured 
water was applied and the lysimeter is protected from 
incoming runoff by extended the rims on the lysimeter. 
 

Crop coefficient (Kc) 

The single crop coefficient (Kc) for different growth 

stages was determined as a ratio of cropevapotranspiration 

(ETc) to reference evapotranspiration (ETo) as suggested 

by Jenson (1968) and Allen et al.(1998): 
 

𝐾𝑐 =
𝐸𝑇𝑐

ETo
                                                                                 2   

 

Transplanted tomato growing period was divided into four 

distinct stages: initial, crop development, mid-season, and 

late season and average Kc values were determined for 

each stage.  
 

RESULTS AND DISCUSSION 

 

Determination of growth stage 

The tomato growing season was divided in to four 
growth stages, namely initial, crop development; mid and 
late season stage, as suggested by Doorenbos and Pruitt 
(1977). The initial stage refers to the period from 
germination to 10% canopy cover. The crop development 
stage denotes the vegetative period of the crop that includes 
from the end of initial stage to full canopy cover (canopy 
cover 70 – 80%). The mid-season stage represents the 
period between full ground cover to the time of start of 
maturity (leaf yellowing, leaf drop, browning of fruit). Late 
season stage stands for the crop period from end of mid-
season stage to full maturity. The lengths of each growth 
stage of tomato were indicated in Table 2. 
 

Tomato crop Coefficient (Kc) 

The Kc values during cool and main cropping 

season was showed variation with growth stage (Table 3). 

The average determined Kc values for tomato panted 

during the cool cropping season was 0.63 at initial, 0.84 at 

development,1.15 at mid and 0.84 at late stage. Meanwhile 

the average Kc values for main cropping season planted 

tomato at initial, development, mid and late-seasonal stage 

were 0.64, 0.97, 1.22 and 0.89 respectively. The average 

Kc value was low at initial and high at mid-season stage. 

During the mid-season stage, highest value of Kc is 

obtained due to the crop attained peak value of leaf area 

index and maximum canopy cover, which leads to increase 

crop evapotranspiration (Srinivas and Tiwari, 2018). 

Abedinpour, (2015) reported that the Kc values for most 

agricultural crops is minimum value at planting and 

reached maximum at full canopy cover. 
 

Comparisons of lysimeter Kc values with FAO 56 Kc 

values 

As shown in figure 1 a and b, the measure Kc values 

follow  similar  trend  with  the recommended Kc values by 
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Table 1: Long term mean monthly climatic data of the area  

Month T min (°C) Tmax (°C) RH (%) WS (m/sec) SH (h/day) RF (mm) ETo mm/day 

Jan 16.0 31.6 54.7 2.8 8.8 19.3 5.4 

Feb 17.3 33.2 51.1 2.7 8.8 26.2 6.0 

Mar 19.2 35.0 51.3 3.1 8.5 72.6 6.7 

Apr 20.4 35.7 51.0 3.2 8.4 75.3 7.0 

May 21.0 37.4 44.2 3.6 9.2 26.60 8.0 

Jun 23.6 38.3 39.8 5.2 8.7 25.3 9.7 

Jul 21.9 35.2 53.8 4.9 7.2 123.1 7.6 

Aug 21.0 33.5 60.4 3.6 7.3 131.3 6.2 

Sep 21.0 34.7 56.4 4.3 8.1 50.5 7.2 

Oct 17.6 34.1 50.5 3.3 9.1 21.7 6.8 

Nov 15.0 32.4 50.3 2.9 9.4 12.1 6.0 

Dec 14.9 31.3 52.7 2.6 9.1 5.26 5.3 

WS = wind speed, RH = relative humidity, ETo = Reference evapotranspiration. 

 

Table 3: Average crop evapotranspiration, reference crop evapotranspiration and crop coefficient values 

Tomato (Cool season) 

Growth stage Seasonal 

Initial Development Mid Late ETo (mm) ETc (mm) 

ETo (mm/day) 5.89 5.38 5.45 5.52 608 552 

ETc (mm/day) 3.69 4.50 6.27 4.63 

Kc 0.63 0.84 1.15 0.84 

Tomato (Main season) 

ETo (mm/day) 5.12 5.32 5.50 5.36 589 584 

ETc (mm/day) 3.28 5.15 6.70 4.77 

Kc 0.64 0.97 1.22 0.89 

Table 2: The length of growth stages (days) of the tomato 

Crop Growth stage Total 

(days) Initial Development Mid Late 

Tomato 20 30 40 20 110 

 

 
 

Fig. 1a: Kc values of tomato during main cropping season 

 

 
 

Fig. 1b: Kc values of tomato during cool cropping season 
 

FAO 56 (Allen et al., 1998), constant in initial stage, 

increment from end of initial stage to end of development 

stage, almost constant values in the midseason stage and 

decreasing in the late stage during both cool and main 

cropping season. The measured Kc values during cool 

cropping season were slightly higher in initial and late stage 

and almost similar during development and mid stage as 

compared to Kc values estimated by FAO 56 (Figure 1b). 

However as shown in figure1a, during main cropping 

season, the values are slightly larger at all growth stages 

than those from FAO 56 (Allen et al., 1998). According to 

the results in this study, the measured Kc value was 

different from the estimated Kc value by FAO 56 due to 

specific cultivator, soil type, the changes in local climatic 

conditions, and seasonal differences in crop growth 

patterns. Such differences obviously reflect the difficulty 

not only in extrapolating crop coefficients to other 

environments, but also in applying crop coefficients to 

determine crop water requirement (Daisuke et al., 2007). 

 

Crop Evapotranspiration (ETc) 

The crop evapotranspiration (ETc) during cool and 

main cropping season was showed variation with growth 

stage (Table 3). During the cool cropping season, the 

maximum ETc of (6.27mm/day) and minimum ETc (3.69 

mm/day) was measured at mid and initial stage 

respectively. Similarly, during main cropping season, the 

maximum ETc of (6.70 mm/day) at mid stage and the 

minimum ETc of (3.28mm/day) was measure at initial 

stage. The crop evapotranspiration (ETc) is low in initial 

and followed in late stage during both cool and main 

cropping season which was due to low canopy cover in the 

initial stage and cessation of leaf growth in the late stage 

(Allen et al., 1998). As shown in the Table 3, the crop 

evapotranspiration (ETc) exceeded ETo only at mid-season 

stage where as in the rest stages ETo are higher than ETc 

during cool and main cropping season. This indicates in 

mid-season stage, the crop water demand is high due to 

flowering, fruit formation and filling. The result reported 

by Srinivas and Tiwari (2018) support this justification. 

The seasonal ETc for tomato was 552mm and 584mm 

during cool and main cropping season respectively. The 

seasonal water requirement obtained in both main and cool 

season planted tomato was within the range reported by 

Doorenbos and Kassam (1979) for tomato which varies 

from 500 mm to 600 mm depend on regions climate and 

variety. 
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 The significant difference in crop evapotranspiration 

(ETc) between the cool and main cropping season of the 

same variety can be explained by the seasonal difference in 

climatic conditions. 

 

Conclusion 

The seasonal crop evapotranspiration (ETc) of tomato 

were 552mm and 584mm during cool and main cropping 

season respectively. The average Kc values of tomato 

planted during the cool cropping season were 0.63, 0.84, 

1.15 and 0.84 in initial, development, mid and late seasonal 

stage respectively. Meanwhile the Kc values of tomato 

planted during main cropping season were 0.64, 0.97, 1.22 

and 0.89 respectively. The Kc values developed in this 

study could be used by irrigators, engineers, researchers, 

and students for agricultural planning and efficient 

irrigation water management for cultivation of tomato in 

the study area. 
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