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Abstract 
Grape is a major fruit crop which occupies 33% of the total area of fruit cultivation in Yemen. Grape vines are 
cultivated under both irrigated and rainfed production systems. The irrigation practices in grape orchards are 
traditional with low efficiency due to high losses of water. In order to obtain rapid and reliable results, the 
comparison of five equations for calculation of evapotranspiration and obtaining the Kc values by utilizing actual 
evapotranspiration of grape became necessary. Crop water requirement of grape trees in Sawan, Bani Hushaish 
District in Sana'a Governorate was studied and two methods of irrigation were investigated for two years 
(2005-2006). The investigated irrigation methods were: bubbler (localized) irrigation and basin irrigation. Results 
indicated the significant superiority of bubbler irrigation over the basin irrigation. The actual water requirements 
reached 601 and 736 mm water depth respectively with application efficiency reaching 82.6% and 69.8% 
respectively. The irrigation water productivity of the bubbler irrigation was significant (3.8 kg/m3) while it was 
less under basin irrigation (1.8 kg/m3). Results indicated that the average crop coefficient throughout the growing 
season ranged from 0.42 in the case of using Ivanov equation and 0.75 in the case of Hargreaves. In addition to 
standard FAO Penman-Monteith equation, the Hargreaves and Blaney-Criddle are the best equations that can be 
used in determination of crop water requirements and irrigation scheduling of grapes. It was also observed that the 
highest crop coefficient was recorded in the months of May and June in all treatments. 
Keywords: basin irrigation, bubbler irrigation, water requirements, crop coefficient, grapes, Yemen 
1. Introduction 
Grapes are considered one of the most important fruits in Yemen. Total acreage occupied under grapes reaches 
13488 ha producing 129385 ton (MAI, 2009). Statistics of the past five years indicates that grape cultivation 
occupies the third place among different fruit crops cultivated in Yemen and constitute 14.5% of the total fruit 
growing areas. Grape trees are cultivated in Yemen under rainfed and irrigated production systems. Supplementary 
irrigation are also practiced under rainfed production systems. Under all circumstances, basin irrigation is 
practiced and the low irrigation efficiency is evident almost everywhere. The low irrigation water efficiency is 
attributed to the losses of irrigation water in the earthen canals as well as in farm.  
Some statistics indicate that the total irrigation water applied in grape cultivation ranges from 1342 mm and 740 
mm per season. Intervals between irrigations during the summer season are 4 and 18 days respectively (Stevens & 
Cole, 1987). The use of modern methods of irrigation such as drip and bubbler irrigation led to increase in yield 
reaching 136% and 125% respectively when compared with the pipe irrigation (Tayel, El Gindy, & Abdel-Aziz, 
2008). 
Evapotranspiration is very important issue of the hydrologic budget, which differs in terms of locations and 
seasons. These variations require attention by water managers for good and efficient water sustainability 
management (Hanson, 1991). Studies of crop water requirement of grape in Yemen have not been conducted, for 
that there was a need to obtain knowledge on water requirement of this crop under local Yemeni conditions. In 
order to obtain quick and reliable results, the comparison of different equations for calculation of 
evapotranspiration and obtaining the Kc values by utilizing actual evapotranspiration of grape became necessary. 
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Review of literature revealed that, there are several equations to calculate evapotranspiration. The equation of 
FAO 56-PM - Benman is the most widely applied equation on the basis of Penman -Monteith in the calculation of 
evapotranspiration (Allen, Pereira, Raes, & Smith, 1998). This equation is considered a standard method of 
calculation despite its requirements for collection of several weather and climatic parameters such as air 
temperature, relative humidity, wind speed, sunshine hours as well as a series of units conversion, lengthy and 
complicated mathematical calculations (Cai, Liu, Lei, & Periera, 2007). Studies conducted by (XU & Singh, 2001) 
revealed that it is possible to calculate evapotranspiration in the north east of Ontario in Canada using the 
mathematical equations (Blaney-Criddle, Hargreaves, & Thornwhite). Tsutsumi in Hiroshima studied the equation 
of Thornwhite. He concluded that evapotranspiration during winter season is minimal and not accurate (Tsutsumi, 
Jinno, & Berndtsson, 2004). It is less by 10-20% when compared to Blaney-Criddle equation. The equation of 
Hargreaves tends to exaggerate evapotranspiration by nearly 20-30% compared to evapotranspiration calculated 
by Blaney-Criddle and Thornthwaite respectively. On the other hand, Thornwaite equation represents potential 
evaporation because of the lack of water stress in the soil (Mintz & Walker, 1993). At earlier stages Ivanov used 
the relationship between air temperature and relative humidity in the calculation of evapotranspiration (Georgiev, 
Pafailov, Dimitrov, & Tsonev, 1974). This approach was highlighted in several publications (Weerainghe, 1986; 
Dyck, 1983). 
Teixeira, Bastiaanssen, and Bassoi (2007) reported that the Kc values at the initial and the end stages are highly 
related to the cover crop and irrigation. For wine grape, the mean weekly values in the first growing cycle were in 
the range from 0.65 to 0.82, while for the second growing cycle they were from 0.63 to 0.87. For table grape, the 
mean weekly average Kc values for both growing seasons varied between 0.77 and 0.91. 
Crop water productivity is defined in either physical or monetary terms as the ratio of the product (usually 
measured in kg) over the amount of water depleted (usually limited to crop evapotranspiration, measured in m3). 
Some studies indicate that water productivity in table grape cultivation is 3.18 kg/m3 of water (Yunusa, Walker, & 
Guy, 1997) and 2.67-3.72 kg/m3 (Nourjou, Baneh, & Aali, 2011) while in South Africa there are indications that 
water productivity reached 3.7 kg/m3 (Klaasse, Bastiaanssen, & de Wit, 2007). FAO publications state that water 
productivity ranges from 2 to 4 kg/m3 in grape trees growth under sub-tropical conditions (Doorenbos & Kassam, 
1979). 
The Objective of present study is to determine the crop water requirements of grape crop under the bubbler and 
basin irrigation techniques and to identify crop coefficient for grape crop with the use of mathematical equations 
for evapotranspiration under the condition of northern highlands of Yemen. 
2. Material and Methods 
2.1 Description of the Study Area 
This study was conducted under the Northern Highlands conditions in Sawan area in the District of Bani Hushaish 
in a grape fruit orchards in the vicinityof Mukhtan water reservoir at latitude (N 15° 22′ 53.5″) and longitude (E 44° 
19′ 52.4″) in a soil with loam to sandy loam texture and altitude 2190 m above sea level. Climatic data, temperature, 
relative humidity of the air, wind speed, hours of sunshine and the rainfall were recorded for two subsequent 
seasons of the study are reflected in (Table 1). It can be observed from the data in Table 1 that the average 
temperature ranged from 20 °C in March to 23.3 °C in June 2005 and from 18.9 °C in March to 24 °C in June 2006. 
The average relative humidity of the air was generally low and did not exceed 55%. The maximum speed of wind 
found to be 2.7 meter per second in June 2005 and 3.5 meter per second in May 2006. 
2.2 Soil and Water Measurements 
Soil samples were taken from 100 cm depth and the soil water physical characteristics such as field water capacity, 
wilting point, available moisture and bulk density were analyzed in the central laboratory of the Agricultural 
Research and Extension authority (AREA) in Dhamar Governorate. Chemical analysis of the irrigation water 
revealed that the salinity (Ec) in this well was 0.47  dSm-1, pH 8, SAR 1.92 , RSC1.6. These results confirm the 
suitability of irrigation water for grape trees.  
The study was conducted on 20 grape trees. The black grape variety was planted at 5 x 5 meters spacing. Ten trees 
were allocated for bubbler irrigation methods and the other ten trees for basin irrigation as per farmer’s practices in 
irrigation without interference in irrigation scheduling or the amount of water applied per irrigation. The amount of 
water entered the plot and the amount of water under bubbler irrigation was determined using a scaled barrow. The 
discharge of water in the pipes when entered the plots was 8 liters per second and the discharge in the bubblers was 
400 liters per hour. Soil moisture samples were taken at a depth of 100 cm before and after each irrigation to 
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2.3.2 Hargreaves Method 
The 1985 Hargreaves-Samani method requires only maximum and minimum daily air temperature and solar 
energy. It has the form: 

ETo = 0.0023(Tmax - Tmin )0.5 (Tmean +17.8) Ra                     (3) 
Where ETo is potential evapotranspiration, mm d-1, Tmax is maximum daily air temperature °C, Tmin is minimum 
daily air temperature °C, Tmean is mean daily air temperature, computed as (Tmax + Tmin)/2, Ra is extraterrestrial 
radiation mm d-1 , Ra in mm d-1 = Ra in MJ m-2 d-1 / 2.45. 
2.3.3 Blaney-Criddle method 
The Blaney-Criddle procedure for estimating ET is well known in the western U.S.A. and has been used 
extensively elsewhere. The usual form of the Blaney-Criddle equation converted to metric units written as: 

ETo = P (0.46 * Tmean + 8)                                 (4) 
Where ETo is Reference crop evapotranspiration (mm/month), T mean is mean monthly (°C), p = mean monthly 
percentage of annual daytime hours. 
2.3.4 Thornthwaite Method 
The Thornthwaite equation given by Thornthwaite in 1948. It has the following form: 

a

I
T
⎟
⎠
⎞

⎜
⎝
⎛= 1016ETo                                      (5) 

Where T is the monthly mean temperature (C), I is the heat index for the year, given by:  
5.1

5
⎟
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⎞

⎜
⎝
⎛∑=∑= TiI   

a = 0.49 + 0.0179I - 0.0000771I2 + 0.000000675I3 . 
2.3.5 Ivanov Method 
The method of Ivanov cited by Georgiev et al. (1974) stressed the relationship between temperature and relative 
humidity to estimate the potential evapotranspiration as the following equestion: 

ETO = 0.0018 (T + 25)2*(100-RH)                            (6) 
Where T is the monthly mean temperature (C), RH is relative humidity (%). 
2.3.6 Crop Coefficient (Kc) Estimation 
The crop coefficient (Kc) was estimated by dividing the actual crop water requirement on the estimated potential 
evapotranspiration at different mathematical levels as per the following equation: 

Kc = ETc/ETo                                     (7) 
Where Kc is crop coefficient, ETc is actual crop evapotranspiration and ETo is potential evapotranspiration. 
For comparing the studied equation with consideration to ET FAO Penman-Monteith as standard method, the 
percentage errors in averages evapotranspiration estimates were calculated by using the following equation stated 
by Xu and Singh (2001):  
Percentage Error = [100 × ( ETo - ET FAO Penman-Monteith) / ET FAO Penman-Monteith] 
Where ETo is estimated potential evapotranspiration; FAO Penman-Monteith: is evapotranspiration estimated by 
standard FAO -56 question.  
2.4 Statistical Analyses 
Two treatments were applied, with each treatment replicated ten times in completely randomized Block Design. 
Similarly the excel program version 2.0. Software was used to calculate evapotranspiration (De Pauw, 1999). All 
data were analyzed following standard procedures for analysis of variance (ANOVA) and differences between 
means were compared for significance at P= 0.05 and P= 0.01. In the study, the Genstat program (Lane & Payne, 
1996) was used to conduct statistical analysis of the different treatments. 
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3. Results and Discussion  
3.1 Applied Irrigation Water 
Table (2) illustrates the water physical characteristics of the soil field capacity, wilting point, available water, and 
bulk density at the 100 cm depth. The soil moisture content at the field capacity and wilting point were 230 and 128 
mm respectively, while the available water reached 102 mm and the average bulk density for the same depth 
reached 1.45 gm/cm3.  
 
Table 2. Soil water content at wilting point, field capacity and available water and bulk density 

Depth, cm Bulk density, 
g/cm3 

Wilting Point Field Capacity Available Water 
% mm % mm % mm 

0-20 1.48 8.1 24.0 14.9 44.1 6.8 20.1 
20-40 1.47 8.2 24.1 15 44.1 6.8 20.0 
40-60 1.46 8.9 26.0 15.1 44.1 6.2 18.1 
60-80 1.44 9 25.9 16.7 48.1 7.7 22.2 
80-100 1.42 9.9 28.1 17.6 50.0 7.7 21.9 
0 - 100 1.45 8.8 128.1 15.9 230.4 7.0 102.3 

 
Table 3. Irrigation water applied for grape trees during the years of study  

Year Date 
Bubbler 
Irrigation, mm

Application 
Efficiency, %

Basin 
Irrigation, mm  

Application 
Efficiency, %

2005 

14/3/2005 45 86.5 75 68.2 
21/4/2005 30 78.9 60 70.6 
6/5/2005 32 84.2 70 70.0 
10/9/2005 35 83.3 80 66.7 
Total 142 83.5 285 68.9 

2006 

8/3/2006 54 83.1 73 66.4 
18/4/2006 53 81.5 71 61.7 
15/5/2006 53 81.5 71 71.0 
12/6/2006 54 83.1 73 73.0 
2/7/2006 55 84.6 73 69.5 
3/8/2006 54 83.1 72 75.8 
10/9/2066 53 81.5 71 71.0 
Total 376 82.6 504 69.8 

 
Table (3) illustrates the amounts and timing of irrigation. It was noted that the total amount of water per irrigation 
in the year 2005 ranged from 30 to 45 mm in the bubbler irrigation method and 60 to 80 mm in the case of basin 
irrigation method, While in the year 2006 the total amount of water per irrigation under bubbler and basin 
irrigation methods were 53-55 mm and 71-73 mm respectively. Therefore, the total irrigation water applied and 
stored in the soil during the year 2005 was 142 mm in the bubbler and 285 mm water depth in the case of basin 
irrigation, while the amount of irrigation water applied and stored in the soil in the 2006 was 376 and 504 mm 
respectively with average application efficiency reaching 82.6% and 69.8% respectively. The differences in 
amount of applied water between the years of study can be attributed to fluctuation of the amount of rainfall in the 
two seasons of study. On the other hand, the differences between the methods of irrigation suggest that there is a 
considerable amount of water wasted through deep percolation and evaporation from the surface of the soil in the 
case of basin irrigation compared to bubbler irrigation where irrigation water was localized directly under each tree. 
The volume of water applied per grape tree was about 50 to 25% less in the bubbler than basin for the years of 
study respectively.  
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3.2 Actual Evapotanspiration 
The water requirements of grape differ as per the applied irrigation method. In the case of basin irrigation, the 
water requirements are much higher when compared to bubbler irrigation. The actual crop evapotranspiration (Etc) 
in the case of basin irrigation was 783 and 689 mm during the duration of the study (2005 and 2006) respectively, 
with an average of 736 mm for two seasons. In the case of bubbler irrigation, the crop evapotranspiration (Etc) 
ranged from 640 - 561 mm water depth during the two seasons of the study (2005 and 2006) with an average of 601 
for both seasons (Table 4). It can be also noted that the actual crop evapotranspiration (Etc) in the year 2005 was 
more than the year 2006. This is attributed to the flow of large amount of floods on the 21st May and 12th July 
2005. The amount of floods was in the range of 180 and 300 mm water depth respectively (Table 5). 
 
Table 4. Actual evapotanspiration (mm) of grape under basin and bubbler irrigation 

Month 
Basin Irrigation Bubbler Irrigation 

2005 2006 Average 2005 2006 Average 

March 71 78 74 62 62 62 
April 105 93 99 93 75 84 
May 149 127 138 112 96 104 
June 156 132 144 120 102 111 
July 127 109 118 105 84 95 
August 93 68 81 74 62 68 
September 60 63 62 54 57 56 
October 22 20 21 20 23 21 
Total 783 689 736 640 561 601 

 
3.3 Water Productivity 
Irrigation technology has an important and a significant impact on the amount of water-use in grape production. 
The yield of grapes irrigated by bubbler system was significantly higher than that of the control (Basin irrigation). 
There was significant decrease in water use due to bubbler irrigation system adopted in grape cultivation, 
compared to the traditional basin irrigation.  
The application of bubbler irrigation technology reduces the amount of water-use by 1350 m3 per hectare 
compared to the use of the traditional basin irrigation method with an average increase in yield being 6.8 ton/ha 
(Table 5).  
 
Table 5. Water use efficiency of grape under basin and bubbler irrigation methods 

Years Method of 
irrigation 

Rain Spate 
mm 

Irrigation Etc Yield WUE 
Kg/ m3 mm Number mm m3/ha Ton/ha 

2005 
Bubbler 218 280 4 142 6400 20 3.1 
Farmer 218 280 4 285 7830 11.2 1.4 

2006 
Bubbler 185 - 7 376 5610 20.8 3.7 
Farmer 185 - 7 504 6890 16 2.3 

Mean 
Bubbler - - - - 6010 20.4 3.4 
Farmer - - - - 7360 13.6 1.8 

Sd = 929.135,        Se = 464.567,       C.V. % = 13.904,    t = 14.38,   L.S.D. =  2.382     p = < 0.001 

 
The average yields of fresh grape under bubbler and basin irrigation were 20.4 and 13.6 ton/ha respectively. The 
increase in yield under bubbler irrigation can be attributed to the fact that over irrigation under basin method has 
negative effect of nutrients and water uptake by the root system and disturbs the oxygen balance of the root zone 
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(Irmak & Rathje, 2008). The water productivity under bubbler irrigation of grape during the two years study was 
3.1 and 3.7 respectively, with an average of 3.4 kg/m3, while the water productivity under basin irrigation of grape 
during the two years of study was 1.4 and 2.3 respectively, with an average of 1.8 kg/m3. These findings confirm 
the superiority of bubbler irrigation method in comparison with the basin irrigation method. These results are in 
agreement with previous studies, (Yunusa et al., 1997; Klaasse et al., 2007; El Gendy, 2012). The estimated 
coefficient of the variation of the irrigation technology was 13.9% as an average for the two years. Significant 
differences were detected between methods of irrigation P ≤ 0.001 (Table, 5). 
3.4 Estimated Potential Evapotranspiration 
Table (6) demonstrates potential evapotranspiration calculated by the selected mathematical equations. Ivanov 
equation recorded the highest rate of evaporatranspiration 1783.1 and 1848.8 mm water depth for the growing 
period of grapes (1 March - 13 October) during the two seasons of the study respectively. The lowest rates of 
evaporatranspiration recorded in the case of using Thornthwaite equation 779.9 mm and 791.7 respectively. In the 
case of using FAO Penman-Monteith equation as a standard equation, the results were 1337.3 mm and 1439.1 mm 
respectively. These results are in confirmation with results published by Xu and Singh (2001) and Tsutsumi et al. 
(2004).  
 
Table 6. Reference evapotranspiration (ETo) in (mm) and crop coefficient (Kc) of grape 

ETo 2005 

ETO METHODS Mar Apr May Jun Jul Aug Sep Oct Total

ETo_FAO 56 170.1 175.0 188.5 195.5 177.8 186.7 180.1 63.7 1337.3

ETo_ Hargreaves 157.4 154.6 173.4 174.1 170.5 173.0 156.1 57.9 1217.2

ETo_Blaney-Criddle 179.7 175.4 198.0 203.8 210.4 204.2 183.3 66.7 1421.6

ETo_ Thornthwaite 93.3 83.6 108.8 117.6 126.8 122.0 99.0 28.6 779.9

ETo_Ivanov 170.9 180.4 222.4 282.6 218.4 237.4 260.8 91.1 1663.9

Average 154.3 153.8 178.2 194.7 180.8 184.7 175.9 85.4 1307.8

ETo 2006 

ETo_FAO 56 178.8 2 211.3 206.0 194.6 194.1 186.4 72.7 1439.1

ETo_ Hargreaves 161.2 161.9 181.1 180.7 181.2 165.8 156.1 61.0 1249.0

ETo_ Blaney-Criddle 174.5 180.2 204.1 205.5 213.8 201.2 181.0 70.5 1430.8

ETo_ Thornthwaite 85.4 90.1 118.0 120.1 132.0 117.1 95.3 33.7 791.7

ETo_Ivanov 183.4 192.3 258.3 303.6 232.9 182.8 251.4 105.8 1527.0

Average 156.7 163.9 194.6 203.2 190.9 172.2 174.0 96.4 1351.9

 
Comparing the rates of evaporatranspiration at the different levels under investigation with FAO 
Penman-Monteith equation, it suggests that the Hargreaves and Blaney-Criddle equations were almost close with 
FAO Penman-Monteith equation values. Figure 1 shows the percentage errors of selected equations. In this figure, 
the percentage error was less than those values calculated by Penman-Monteith equation throughout the growing 
months except the month of July where the values of percentage error calculated by Blaney-Criddle exceeded 
those values calculated by FAO Penman-Monteith. This indicates that the more applicable equation for calculation 
of potential evapotranspiration under irrigated grape grown in the highlands of Yemen are Hargreaves and 
Blaney-Criddle.  
3.5 Crop Coefficient (Kc) 
The values of crop coefficient (Kc) were derived from the relationship between actual water consumption and the 
potential evapotranspiration calculated based on the use of mathematical equations. It was observed that the 
highest crop coefficient values (Kc) were obtained by Thornthwaite equation where the average of the total 
growing period for the two years of study were 0.83 and 0.91 for bubbler and basin irrigation methods respectively, 
while the lowest values of (Kc) derived by Ivanov equation were 0.35 and 0.42 respectively. The Kc values at all 
equations were highest during June in comparison with the other months; this increase was probably caused by 
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more rapid development of grape tree under the warmer atmospheric conditions. Similar results were found by 
Myburgh (2012). The obtained average values of (Kc) for grape under bubbler irrigation were 0.44 and 0.47 using 
Blaney-Criddle and Hargreaves equations respectively, while the average values of (Kc) for grape under basin 
irrigation were 0.50 and 0.57 using Blaney-Criddle and Hargreaves equations respectively. These data are close to 
(Kc) calculated by FAO Penman-Monteith equation (Table 7) and confirm the results of previous studies carried 
out by Teixeira et al. (2007) and Myburgh (2012).  

 

 
Figure 1. Pecentage error in average evapotranspiration estimates 

 
Table 7. Estimated Crop coefficient of Grape crop by using different evapotranspiration equations  

Crop Coefficient (Kc) for Bubbler Irrigated Grape 

ETo_ Methods Mar Apr May Jun Jul Aug Sep Oct Total 
ETo_FAO 56 0.36 0.46 0.52 0.55 0.51 0.36 0.30 0.32 0.42 
ETo_ Hargreaves 0.39 0.53 0.59 0.63 0.54 0.40 0.36 0.36 0.47 
ETo_ Blaney-Criddle 0.35 0.44 0.51 0.53 0.45 0.36 0.56 0.31 0.44 
ETo_ Thornthwaite 0.73 0.84 0.88 0.90 0.75 0.64 1.24 0.69 0.83 
ETo_Ivanov 0.35 0.45 0.44 0.38 0.42 0.33 0.22 0.22 0.35 
Average 0.44 0.55 0.59 0.60 0.53 0.42 0.54 0.38 0.50 
Sd. 0.17 0.17 0.17 0.19 0.13 0.13 0.42 0.18 0.19 
C.V. 38.2 31.2 29.4 31.7 24.0 30.6 77.4 47.8 37.7 

Crop Coefficient Kc for Basin Irrigated Grape 
ETo_FAO 56 0.43 0.54 0.70 0.72 0.64 0.42 0.34 0.31 0.51 
ETo_ Hargreaves 0.47 0.63 0.78 0.81 0.67 0.47 0.39 0.35 0.57 
ETo_ Blaney-Criddle 0.42 0.56 0.69 0.70 0.56 0.40 0.34 0.31 0.50 
ETo_ Thornthwaite 0.84 1.14 1.22 1.21 0.91 0.67 0.63 0.68 0.91 
ETo_Ivanov 0.42 0.53 0.58 0.49 0.52 0.38 0.24 0.22 0.42 
Average 0.51 0.68 0.79 0.79 0.66 0.47 0.39 0.37 0.58 
Sd. 0.18 0.26 0.25 0.26 0.15 0.12 0.15 0.18 0.19 
C.V. 35.2 38.6 31.5 33.5 23.2 25.2 38.1 48.0 33.0 

Mar Apr May Jun Jul Aug Sep Oct
ET0_IVANOV 1.6 0.7 20.2 46.0 21.2 10.3 39.8 44.4
ET0_THO -48.8 -53.1 -43.3 -40.8 -30.5 -37.2 -47.0 -54.3
ET0_BL/CR 1.5 -3.9 0.6 2.0 13.9 6.5 -0.6 0.7
ET0_HRGR -8.7 -14.5 -11.3 -11.6 -5.6 -11.0 -14.8 -12.8
ET0_FAO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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4. Conclusions 
The bubbler irrigation method appeared to be more efficient in terms of water use and water saving and led to 
significant increase in yield compared to the basin irrigation. The water productivity under bubbler irrigation 
reached 3.4 kg/m3 compared to 1.8 kg/m3 under basin irrigation. The average water consumption for grape was 
22.5% less compared to basin irrigation. Therefore, the application of bubbler irrigation method in grape orchards 
is a potential water saving technology towards achieving the sustainable water management in Yemen, which 
suffers from water scarcity and is a limiting factor of agricultural expansion. Five equations were studied to 
determine evapotranspiration under the conditions of Sawan district in Bani Hushaish, northern highlands of 
Yemen. The average values of (Kc) ranged from 0.50 to 0.58 under bubbler and basin method respectively. The kc 
values determined in this study could be useful tool for estimations of ETc for bubbler and basin irrigation. It was 
concluded that Hargreaves and Blaney-Criddle are the best equations for determination of crop water requirements 
and irrigation scheduling of grapes that can be used under local Yemeni conditions in addition to standard FAO 
Penman-Monteith equation. The finding of this study supports the global trend which is directed to avoid water 
wastage and divert to application of more efficient methods of irrigation.   
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