
 

©
2

0
1

5
 S

u
g

a
r 

B
e

e
t 

S
e

e
d

 I
n

st
it

u
te

, P
O

 B
o

x
 4

1
1

4
-3

1
5

8
5

, 
K

a
ra

j,
 I

.R
. I

ra
n

 

A
ll

 r
ig

h
ts

 r
e

se
rv

e
d

. 

 
Journal of Sugar Beet 

http://jsb.areeo.ac.ir/ 
 

Journal of Sugar Beet 2014, 30(1) 

 

 

DDeetteerrmmiinnaattiioonn  ooff  eevvaappoottrraannssppiirraattiioonn  aanndd  ccrroopp  ccooeeffffiicciieenntt  ooff  ssuuggaarr  

bbeeeett  uussiinngg  llyyssiimmeetteerr  aanndd  iittss  ccoommppaarriissoonn  wwiitthh  eexxppeerriimmeennttaall  mmeetthhooddss  iinn  

SShhaahhrreekkoorrdd,,  IIrraann  

N.A. Ebrahimipak
(1)*

 and S. Ghalebi
(2)

 

(1)
 Associate professor of Soil Physics and Irrigation Research, Soil and Water Research Institute. Karaj, Iran. 

(2)
 Instructor of Soil Physics and Irrigation Research ,Soil and Water Research Institute. Karaj, Iran. 

 
 

 

 

Ebrahimipak NA, Ghalebi S. Determination of evapotranspiration and crop coefficient of sugar beet using lysimeter and its 

comparison with experimental methods in Shahrekord, Iran. J. Sugar Beet. 2014; 30(1): 23-32. DOI: 10.22092/jsb.2014.5854 

 

Received January 9, 2013; Accepted December 16, 2013 

ABSTRACT 

This study aimed to determine the evapotranspiration and crop coefficient (kc) of sugar beet during the plant growth using drain-

age lysimeter based on water balance and experimental methods for three years in Shahrekord, Iran. After planting sugar beet 

seed inside and outside lysimeter, evapotranspiration was measured on weekly and monthly basis by measuring the equation of 

water- balance. Results showed that the total evapotranspiration of sugar beet was 1016.6 mm during the growing season and the 

rate of water drainage and the soil moisture content were 73.9 and 66.1 mm, respectively. The amount of evaporation from the 

class A evaporation pan was 1364.5 mm. Evapotranspiration of the reference crop was measured by drainage lysimeter and calcu-

lated using the experimental methods. Results showed that evapotranspiration rate of the reference crop was 1123.03 mm and 

among the experimental methods, the Blaney- Criddle, Food and Agriculture Organisation’s (FAO)-24 and Penman-Monteith (FAO)-

56 methods had more accuracy. Crop coefficient at early, development, middle, and final stages was 0.72, 0.81, 1.04, and 0.7, re-

spectively, with an average of 0.89 for the whole growing period. The average pan evaporation coefficient (Kp) was 0.83, and the 

average water requirement coefficient (Kc.p) was 0.73. In other words, sugar beet water requirement was 0.73 of the evaporation 

from the evaporation pan which can be used in estimation of accurate water requirement. Water use efficiency for root and white 

sugar yield was 5.14 and 0.753 kg m
-3

, respectively. 

Keywords: Evaporation, class A pan, pan coefficient, reference crop, water requirement coefficient 
 

 

INTRODUCTION 

ecause of the need for sugar consumption, 

sugar beet is grown in vast areas of the world 

which makes its irrigation water requirement 

(IWR) estimation so important. Sugar beet water 

requirement varies from 250 mm (wet weather 

condition) to 2700 mm (dry weather condition) 

based on variety and climate difference (Koocheki 

1997). Methods used to estimate sugar beet wa-

ter requirement include direct and experimental 

methods. Lysimeter is a direct method for water 

requirement estimation. Studies performed in Iran 

showed that the amount of sugar beet evapotran-

spiration estimated by drainage lysimeter was 

1221 mm in Toroq Mashhad (Rahimian et al. 

2008), 516 and 1296 mm in Karaj for sugar beet 

seed (Chegin et al. 2010), and root (Khajehnouri 

1993) production, respectively, 1066 mm in Kabo-

tarabad, Isfahan (Panahi et al. 2007), 1635 mm in 

Mahidasht, Kermanshah (Taheri 1983), 1885 mm 

in Kermanshah (Vaziri 1992), 1096 mm in Hame-

dan (Rahimi 1998), 1705 mm in Urmia (Razavi 

1996), and 1130 mm in Isfahan (Aghdaie et al. 

2000). Sugar beet water requirement is influenced 

by different factors such as climate, soil, planting 

date, plant characteristics, and irrigation methods. 

Climate, especially humidity influences evapotran-

spiration. In a wet zone in Germany, using drain-
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age lysimeter, sugar beet evapotranspiration was 

286 mm during a growth period (Roth 1992), 

while in south western of Italy, in a semi-wet area, 

using lysimeter , the evapotranspiration was 670 

mm (Caliandro et al. 1980). Planting and harvest 

dates have a direct effect on sugar beet IWR. In a 

study by Barbier (1982), late and early harvest of 

sugar beet crop resulted in 650 and 350 mm 

evapotranspiration, respectively. In Davis, Califor-

nia, the actual sugar beet evapotranspiration was 

975.4 and 726.4 mm for early and late planting, 

respectively (Pruitt et al. 1978). Soil type also in-

fluences evapotranspiration so that 372.9-420 mm 

evapotranspiration was reported for sugar beet in 

heavy soil. In Hokkaido, USA, the evapotranspira-

tion was 5.38 mm per day in an average soil (Trze-

ciecki 1994). In California, using drainage 

lysimeter, sugar beet evapotranspiration was 1045 

mm in a clay-loam soil with 67% evaporation from 

the class A pan (Ehlig et al. 1979). In Albecete, 

Spain, Urrea et al. (2006) estimated reference 

crop evapotranspiration using Penman-Monteith 

56, Penman, Penman (FAO)-24 I and II, Blaney 

Criddle (FAO)-24, FAO radiation 24, and Har-

greaves-Samani methods and compared results 

with lysimeter data. They ranked the equations 

based on their accuracy as follows:  

Penman-Monteith 56 > Hargreaves-Samani > 

FAO radiation 24 > Penman (FAO)-24 I and II > 

Penman > Blaney Criddle (FAO)-24. 

The amount of evapotranspiration estimated 

by Penman (FAO)-24 I and II and Blaney Criddle 

(FAO)-24 equations was greater and that of Pen-

man equation lower than the value estimated by 

lysimeter. In Chelif zone, Legoupil et al. (1972) re-

ported 1611 and 1165-1375 mm sugar beet evap-

otranspiration using lysimeter and experimental 

methods, respectively. Hargreaves et al. (2003) 

compared evapotranspiration results estimated by 

Hargreaves and Samani equation (Hargreaves and 

Samani 1985) with lysimeter in Chamberlain, Ida-

ho, and reported that Hargreaves and Samani 

equation results were 97% greater than lysimeter 

results. Dehghanisanij et al. (2004) compared bar-

ley evapotranspiration results estimated by drain-

age lysimeter in Karaj with Penman-Monteith 56, 

Hargreaves and Samani, Penman-Wright, Mack-

ing, and Blaney Criddle (FAO)-24. Results showed 

that in April and August, monthly ET values esti-

mated by all aforesaid equations (except Penman-

Monteith 56 and Hargreaves and Samani) were 

greater than those estimated by lysimeter which 

might be due to the rapid temperature increase. 

However, in October and November, the ET values 

were underestimated which might be due to rapid 

temperature decrease. The crop coefficient (Kc) 

incorporates crop characteristics and average ef-

fects of evaporation from the soil. Crop coeffi-

cients are properties of plants used in predicting 

evapotranspiration. It is the ratio of ET observed 

for the studied crop (ETc) over that observed for 

the reference crop (ET0) (Allen et al. 1998). Crop 

coefficients were first introduced by Doorenbos 

and Kassam (1979). Jensen et al. (1990) reported 

that crop coefficients are influenced by climate, 

soil, plant properties and irrigation methods. Crop 

coefficients vary according to plant type, growth 

stage, climate, and irrigation conditions (Godrat-

nema 2003). Kassam and Smith (2001) reported 

sugar beet crop coefficient for different morpho-

logical stages including early, development, in-

termediate, and final stages as 0.40, 0.85, 1.20, 

and 0.90, respectively. In a study by Synder 

(2002), sugar beet crop coefficient was 0.20, 1.05, 

and 0.95 for early, intermediate, and final devel-

opment stages, respectively. In Toroq, Mashahd, 

Sugar beet crop coefficient was 0.50, 0.60, 0.90, 

1.0, 0.90, and 0.80 in June, July, August, Septem-

ber, and October, respectively (Rahimian et al. 

2008). Chegini et al. (2010) reported 0.29, 0.89, 

1.12, and 0.66 crop coefficients for sugar beet. 

Zare Abyaneh et al. (2012) reported that average 

sugar beet IWR for four years was 8759 m3 ha-1 

with 4.42 (early stage), 1.0 (mid-season), and 0.65 

(final stage) crop coefficients. They have also re-

ported 24, 26, 65, and 29 days plant development 

duration for early, development, mid-season, and 

final stages, respectively. Mirzaei and Rezvani 

(2012) evaluated sugar beet crop coefficient 

based on water balance by measuring soil mois-

ture changes and daily evapotranspiration of the 

reference crop in Qazvin. Using Penman-Monteith 

equation, they showed that the crop coefficient 

proposed by FAO based on four developmental 

stages was influenced by soil moisture, growing 

degree days, and leaf area index. Therefore, the 

above factors should be considered in crop coeffi-

cient evaluation. They have also developed the 

crop coefficient curve and mathematical equa-

tions for crop coefficient estimation. The crop co-

efficient for early, mid-season, and final growth 

stages was 0.59, 1.19, and 0.85, respectively. Crop 

coefficient values for early and final growth stag-

es, using field water balance approach, was great-

er and lower than FAO method, respectively. A 5th 

degree regression relationship was found be-

tween growing degree days (GDD) and crop
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Table 1. Soil physical properties of the experimental field   

Sampling depth (cm) 0-25 25-50 50-75 75-120 120-140 140-185 Average 

Field capacity (weight percentage) 

Permanent wilting point (weight percentage) 

Soil bulk density (g cm
-3

) 

Soil texture 

22.5 

12.7 

01.34 

Silt-clay 

23 

12.9 

01.57 

Silt-loam 

24 

13.5 

01.78 

Loam-sand 

17.2 

09.5 

01.67 

Sand-loam 

19.2 

09.7 

01.69 

Silt-loam 

20.6 

10.1 

01.67 

Silt-loam 

21.08 

11.4 

01.62 

 

coefficient. Nielsen and Hinkle (1996) estimated 

maize crop coefficient based on GDD, growth 

stage, and growth duration and showed that crop 

coefficient results based on GDD and growth 

stage, contributed in the prediction of evapotran-

spiration for irrigation programming. In a sugar 

beet study, Mirzaei and Abdollahian-Noghabi 

(2012) used the following equation for GDD eval-

uation:  

GDD= Σ(Tmax+Tmin) / 2 –TB 

If Tmin <3°c ⇒Tmin= 3°C 

If Tmax >30°c ⇒Tmax= 30°C 

(1) 

in which, 

Tmax = the maximum daily temperature rec-

orded by the closest weather station 

Tmin = the minimum daily temperature rec-

orded by the closest weather station 

TB = base temperature for sugar beet devel-

opment which was considered to be 3 
o
C 

 

This study aimed to estimate the sugar beet 

evapotranspiration based on water balance using 

lysimeter method under standard conditions to 

compare it with experimental methods. Crop coef-

ficient and evaporation from class A pan were also 

estimated to determine sugar beet IWR for irriga-

tion programming. 

MATERIALS AND METHODS 

This study was conducted in three years (1997-

99) at Agricultural Research Center, Shahrekord 

(Latitude 32
◦
18´N and Longitude 50

◦
56´E at 2066 

m above sea level). The soil texture was clay-loam. 

The average temperature and humidity were 

19.18 
o
C and 36.5%, respectively. In order to 

measure sugar beet evapotranspiration, a drain-

age lysimeter (circular) with 3 m diameter, 2.2 m 

depth, and 7.06 m
2
 area was placed in the middle 

of a field with an area of 2400 m2 evenly cultivat-

ed by sugar beet crop. In the spring of each year 

and before planting, lysimeter soil was saturated 

and water moved from lysimeter into drainage 

tube. When the soil reached field capacity, 

monogerm seed was planted with a density of 

80000 plants per hectare. Row to row and plant to 

plant distances within area covered by the lysime-

ter were 60 and 20 cm, respectively. In each year, 

plants were thinned and weeds were removed. 

Because of boron deficiency in the soil, boron-

foliar spray applied two times and necessary ferti-

lizers were applied based on Soil and Water Insti-

tute recommendation. Before and after planting, 

and also before any irrigation, the moisture con-

tent of lysimeter soil was monitored and meas-

ured up to 185 cm depth uing neutron moisture 

meter. Finally, based on physical properties of ly-

simeter soil (Table 1) and by using equation (2), 

sugar beet evapotranspiration was estimated (Al-

len 1998). 

(2) ∑
=

−±−+=

n

i

PwPwDPIETc
1

21
)(

 

in which, Etc is plant’s evapotranspiration (mm), I 

is the amount of irrigation water (mm), P is the 

amount of rainfall (mm), D is drained water (mm), 

Pw1 is soil moisture before irrigation (mm), and 

Pw2 is soil moisture after irrigation (mm). 

First and second irrigations were normally per-

formed but following irrigations were performed 

based on 45% moisture drainage from the soil at 

root development depth and to compensate the 

soil moisture deficiency, the IWR was calculated 

based on field capacity. A drainage lysimeter value 

was used for determination of reference crop 

evapotranspiration (lawn). The daily lysimeter da-

ta of the reference crop had been measured daily 

for several years, which was used in the current 

study for the sugar beet growing period. Crop co-

efficient (Kc) for growing period was measured 

based on equation (3): 

(3) 
ETo

ETc
Kc =

 

in which, Etc is sugar beet evapotranspiration and 

ETo is reference crop (lawn) evapotranspiration.  

While measuring the evapotranspiration of the 

reference crop by drainage lysimeter, the evapo-

transpiration ofsugar beet was measured simulta-

neously using 58 experimental methods. Based on 

minimum standard error of estimate (SEE) and 

coefficient of determination (R
2
), 13
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Table 2. Sugar beet evapotranspiration based on lysimeter water balance at different plant growth stages and GDD (average of 

three years). 

Date Growth stage 

(based on FAO 

four stages) 

Growing degree 

days (GDD) 

Irrigation 

water (ml) 

Rainfall 

(ml) 

Drainage 

water (ml) 

Soil moisture 

change (ml) 

ETc (ml during 

growth stage) 

ETc 

(ml per day, 

during growth stage) 

2.5-3.8 (25 days) 

3.8-4.9 (32 days) 

4.9-6.26 (79 days) 

6.26-7.15 (20 days) 

Early 

Development 

Intermediate 

Final 

0335.6 

0888.5 

2337.8 

2685.3 

0159.3 

0160 

0638.5 

0048.7 

10.5 

05.6 

02.1 

00 

25.1 

17.5 

26.3 

06.2 

-21.5 

-39.7 

-20.8 

-25.2 

0123.2 

0187.8 

0635.1 

0067.7 

4.93 

5.87 

8.04 

3.39 

Total  2685.3 1006.5 18.2 75.1 -64.2 1013.8  

 
experimental methods which had low SEE and 

high R
2
 were selected (Ebrahimipak 2012). Low 

SEE and high R2 values indicate higher correlation 

between evapotranspiration results estimated by 

experimental methods and and those measured 

by lawn lysimeter. During growing season, the dai-

ly amount of evaporation from class A pan was 

measured and the evaporation coefficient of the 

pan was measured by equation (4): 

(4) 
Ep

ETo
Kp =

 

in which, Kp is pan coefficient and Ep is the 

amount of evaporation from class A pan. 

At harvest, roots were collected from 5 m
2
 plot 

area (by eliminating the border rows) and root 

yield was estimated. After weighing, roots were 

washed in sugar factory and root pulp was sent to 

Sugar Beet Technology Laboratory for sugar con-

tent determination. Harvested plants were oven-

dried  at 60 
o
C for 48 hours and the total dry mat-

ter yield was determined.  

RESULTS AND DISCUSSION 

Sugar beet evapotranspiration measured by 

drainage lysimeter 

Table 2 shows sugar beet evapotranspiration 

based on water balance measured by drainage 

lysimeter at four different stages of FAO and GDD. 

Total sugar beet evapotranspiration was 1013.83 

ml with a maximum of 635.1 ml GDD at mid grow-

ing season and a minimum of 67.7 ml at final 

growing season. Evapotranspiration results of this 

study had -17.04, -21.6, -5.07, -38.04, -7.6, -15.77, 

-40.6, and -10.4% difference with results of 

Rahimian and Shahabifar (2008), Khajehnouri 

(1993), Panahi et al. (2007), Taheri (1983), Rahimi 

(1998), Razavi (1996), and Aghdaie and Fyzee 

(2000), respectively which might be due to cli-

mate, plant density, soil type, planting and harvest 

dates. During growing season, the average rainfall 

was 18.2 ml which was insufficient and indicated 

that the plant growth period is located in dry sea-

son, and almost all IWR was provided by irrigation. 

The volume of drainage water was 75.1 ml which 

means that from 1006.5 ml irrigation water, 75.1 

ml was out of access. Soil moisture variation was 

64.2 ml from which 6.3% was related to evapo-

transpiration and 6.5% was related to irrigation 

water. According to Table 2, the morphological 

growth of sugar beet is divided into four stages 

including early, development, intermediate, and 

final stages (Doorenbos and Kassam 1979; Kassam 

and Smith 2001). Early growth stage was lasted for 

25 days with 10.8-335.6 GDD and 123.2 ml (aver-

age 4.93 ml) evapotranspiration which might be 

due to the lack of full plant coverage. The inter-

mediate growth stage was lasted for 32 days with 

335.6-888.5 GDD which might be due to the aerial 

parts growth rate and increase in water require-

ment. As e result, the evapotranspiration was 

187.8 ml (average 5.87). 

The intermediate and final growth stages were 

lasted for 79 and 20 days with 888.5-2337.8 and 

2337.8-2685.3 GDD, respectively. In terms of 

evapotranspiration, intermediate growth stage 

had higher values (635.1 ml with an average of 

4.93 ml) than final growth stage (67.7 ml with an 

average of 4.93 ml) which might be due to high 

leaf area index and as a result higher photosyn-

thesis rate. Using weekly lysimeter data, and cal-

culation of daily evapotranspiration together with 

GDD (based on equation 1), correlation between 

average daily evapotranspiration (ETc) and GDD 

was fitted in the form of 3
rd

 degree which is 

shown in equation 5 and Figure 1.  

ETc= -2×10-9 (GDD)3 + 3×10-6 (GDD)2 + 0.0024 

(GDD) + 3.8971 

R2=0.9599 

(5) 

in which,  

ETc = sugar beet evapotranspiration based on 

ml per day 

GDD = growing degree days based on
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Figure 1. The correlation between sugar beet evapotranspiration (ml) and GDD  

 

Table 3. Evaporation from class A pan, reference crop evapotranspiration, and crop coefficients. 

Date Growth stage 

(based on four FAO 

stages) 

Growing degree 

days (GDD) 

ETo 

(ml) 

Etc 

(ml) 

EPAN 

(ml) 

Kp Kc Kc from equation 

(average) 

Kc x Kp=Kcp Kcp from 

Equation 

(average) 

2.5-3.8 (25 days) 

3.8-4.9 (32 days) 

4.9-6.26 (79 days) 

6.26-7.15 (20 days) 

Early 

Development 

Intermediate 

Final 

0335.6 

0888.5 

2337.8 

2685.3 

0176.06 

0230.41 

0611.95 

0104.62 

0123.23 

0187.8 

0635.1 

0067.7 

0206.34 

0274.4 

0763.68 

0120.1 

0.85 

0.84 

0.8 

0.87 

0.7 

0.82 

1.04 

0.65 

0.75 

0.76 

1.11 

0.82 

0.6 

0.69 

0.83 

0.57 

0.72 

0.62 

0.98 

1.06 

Total  2685.3 1123.04 1013.83 1364.5      

 
cumulative thermal units measured by special re-

lationship according to base temperature.  

The highest daily evapotranspiration was about 

1600 GDD (9 ml per day) (Figure 1).  

Comparison between sugar beet and reference 

crop evapotranspiration using direct method 

(lysimeter) 

To determine crop coefficient, reference crop 

lysimeter data was also used. The reference crop 

lysimeter data was recorded on a daily basis for 

several years and was used for sugar beet growth 

period in this study. According to Table 3, evapo-

transpiration of reference crop lysimeter was 

1123.04 ml. Results also showed that from plant-

ing to early July, reference crop evapotranspira-

tion was greater than sugar beet and it continued 

increasing with a constant slope. However, by in-

creasing leaf area index and root development at 

development stage, sugar beet evapotranspiration 

increased sharply and from early July to early Sep-

tember it became greater than reference crop and 

from late September the trend was vice-versa. 

These results are in agreement with those ob-

tained by Dehghanisanj et al. (2004) and Urrea et 

al. (2006). 

Comparison of the reference crop 

evapotranspiration measured by direct (lysimeter) 

and experimental methods 

According to the results of this study, Torak, 

Penman-Monteith, Copais, Irmak, Penman-

Monteith (FAO)-56, Priestley–Taylor, modified 

Penman-Monteith, Christiansen, Blany Criddle 

FAO 24, Hargreaves-Samani, relative Penman-

Wright, Torrent White, and modified Penman-

Monteith by (FAO)-24 had more accuracy than 

reference crop lysimeter results.  

Estimation of ugar beet crop coefficient 

Sugar beet crop coefficient results, which were 

calculated based on ETc/ETo ratio, using four FAO 

stages and GDD, is presented in Table 3. The max-

imum sugar beet crop coefficient (1.04) in the 

range of 888.5-2337.8 GDD was obtained at in-

termediate growth stage and the minimum (0.65) 

in the range of 2337.8-2685.3 GDD was obtained 

at final growth stage, respectively. Table 5 shows 

monthly sugar beet crop coefficients. The crop 

coefficient in May, June, July, August, and Sep-

tember was 0.74, 0.74, 0.91, 1.1, 1.03, and 0.7, 

respectively which were 12% more than those re-

ported by Rahimian et al. (2008) for June (0.5), 

July (0.6), August (0.9), September (1), October 

(0.9), and November (0.8) in Toroq, Mashhad.
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Table 4. The reference crop and sugar beet evapotranspiration measured by lysimeter and experimental methods, and crop 

coefficient (average of three years) 

 Method Early growth 

stage (25 days) 

Development stage 

(32 days) 

Mid-season 

(79 days) 

Final stage 

(20 days) 

Total/average 

ET0* 

Etc** 

Kc*** 

EP 

KP 

KP×KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

ET0 

KC 

Lawn lysimeter 

Sugar beet lysimeter  

Sugar beet coefficient 

Pan evaporation 

Pan evaporation coefficient 

Combined ratio 

Penman-Monteith 

  

Penman (1948) 

  

Penman FAO24 

  

Modified Penman  

  

Penman-Wright 

  

Penman-Monteith56 

  

Blany Criddle FAO24 

  

Macking 1984 

  

Hargreaves-Samani 

  

Torrent White 

  

Christiansen  

  

Priestley–Taylor 

  

Torak  

179.21 

129.81 

000.724 

209.48 

000.855 

000.619 

138.33 

000.732 

124.5 

000.92 

118.4 

000.83 

119 

000.745 

119.8 

001.15 

133.8 

000.95 

176.1 

001.11 

142.2 

001.087 

113.9 

001.1 

176.4 

000.935 

177.4 

000.93 

143.1 

000.95 

155.3 

001.04 

227.26 

183.1 

000.805 

271.25 

000.837 

000.673 

187.34 

001.04 

148.5 

000.885 

166.1 

000.917 

171.9 

000.8 

178.8 

001.073 

182.7 

000.86 

230.2 

001.1 

206.9 

001.027 

170.9 

001.067 

175.1 

000.95 

245.6 

001.013 

198.8 

001.015 

199.3 

001.1 

593.95 

617.11 

001.04 

742.76 

000.799 

000.83 

552.66 

001.34 

506.4 

000.914 

503.4 

001.028 

537 

001.071 

523 

001.06 

541.2 

000.87 

539.9 

001.24 

627.2 

001.096 

541.7 

001.07 

429.9 

001.038 

627.2 

001.075 

615.8 

001.054 

557.9 

001.13 

122.62 

086.1 

000.702 

141.01 

000.869 

000.61 

205.87 

000.712 

190.8 

000.575 

190.12 

000.685 

202.1 

000.785 

175.3 

000.64 

200.7 

000.6 

160.9 

000.675 

221.5 

000.73 

197.8 

000.63 

182.6 

000.625 

157.3 

000.61 

233.8 

000.6 

186.1 

000.667 

1123.03 

1016.43 

0000.817 

1364.5 

0000.84 

0000.683 

1084.3 

0000.957 

0970.2 

0000.824 

0978.02 

0000.866 

1030.8 

0000.851 

0996.9 

0000.981 

1058.41 

0000.82 

1107.1 

0001.03 

1197.8 

0000.985 

1024.3 

0000.968 

0964 

0000.894 

1207.5 

0000.907 

1191.5 

0000.904 

1098.6 

0000.98 

* reference plant evapotranspiration ml 

** Sugar beet  evapotranspiration ml 

*** sugar beet crop coefficient 

 

Sugar beet crop coefficient for early, develop-

ment, intermediate and final growth stages was 

0.72, 0.81, 1.04, and 0.70, respectively with an 

average of 0.89, which were 5% more than those 

reported by Kassam and Smith (2001) (0.4, 0.85, 

1.2, and 0.9, respectively) and 15% more than 

those obtained by Chegini et al. (2010). Kassam 

and dorenbos (1979) reported crop coefficient 

values for early (0.4-0.5), development (0.75-

0.85), intermediate (1.05-1.2), and final (0.9-1) 

growth stages which had 41% (less than this 

study), 0%, 0%, and 22% (more than this study) 

difference with this study. The difference between 

this study and the aforesaid studies might be due 

to climate change, plant density, soil type, plant-

ing and harvest date. Based on weekly crop coeffi-

cient values and GDD of the aforesaid data, a 3
rd

 

degree polynomial with regression coefficient (R
2
 

= 0.8991) and a degree of trust (p<0.001) can be 

established (equation 4). 3rd degree polynomial 

has high accuracy and regression coefficient, 

which indicates that these changes follow 3
rd

 de-

gree equation. When ETc cannot be measured, 

this equation and GDD data of the specified period 

can be used to estimate crop coefficient and IWR.        

Kc = -3 × 10
-10

(GDD)
3 

+ 1 × 10
-6

(GDD)
2 

-

0.0006(GDD) + 0.8128 

R2=0.8991 

(4) 

in which, GDD is calculated by taking the average 

of the daily temperatures compared to base tem-

perature. 

 

Figure 2 shows that the highest crop coefficient 

(1.11) in 1650 GDD was recorded at intermediate 

growth stage.  

Table 4 indicates sugar beet crop coefficient 

which was measured through the ratio of ET ob-

served for the studied crop (ETc) to that estimated 

by experimental methods. 

Penman-Monteith 56, Penman (1948), modi-

fied Penman-Monteith, modified Penman by 

(FAO)-24, Priestley–Taylor, Christiansen, Penman-

Monteith, Hargreaves-Samani (1994), Torak,
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Figure 2. Relationship between sugar crop coefficient and degree of heat unit absorbed by plant 

 

Table 5. GDD, sugar beet and reference crop evapotranspiration, Kc, Kp, and Kc.p in different months (average of three years) 

Parameter April May June July August September October November 

GDD 

ET0 (ml) 

ETC (ml) 

EP  (ml) 

Kc from measurement 

Kc from equation 

KP  

KC×KP=KCP  

Kc from equation 

219 

074.6 

055 

087.4 

000.74 

000.63 

000.85 

000.63 

000.63 

721 

217.7 

161.4 

254.3 

000.74 

000.79 

000.86 

000.63 

063.0 

1312 

0286.8 

0259.7 

0361.5 

000.91 

001.07 

000.80 

000.72 

000.86 

1895 

0224.9 

0251.8 

0289.6 

0001.12 

0001.22 

0000.78 

0000.87 

0001.10 

2412 

0196.3 

0201.9 

0230.7 

0001.03 

0000.97 

0000.85 

0000.87 

0001.12 

2685 

0122.7 

0086.4 

0141.1 

0000.70 

0000.60 

0000.87 

0000.61 

0001.00 

 

187.2 

169.4 

227.4 

000.89 

000.88 

000.82 

000.73 

000.89 

 

1123.0 

1013 

1364.5 

 

Penman-Wright, Macking, Torrent White, and 

Blany Criddle methods had 0.37, 0.85, 3.99, 5.65, 

8.61, 9.62, 9.92, 14.63, 15.59, 16.63, 16.72, 17, 

and 20.68% difference with measured crop coeffi-

cient. It was concluded that Penman-Monteith 56, 

Penman (1948), modified Penman-Monteith 

methods which had less than 5% difference within 

a year and more accuracy than other methods are 

highly recommended. 

Evaporation from class A pan 

The evaporation from class A pan was estimat-

ed on a daily, weekly, and monthly basis (Table 3 

and 4). According to Table 3, evaporation from 

class A pan was 1364.5 ml with maximum (763.7 

ml) and minimum (120.1) values obtained at in-

termediate (at 888.5-2337.8 GDD) and final (at 

2237.8-2685.3 GDD) stages, respectively. Based on 

Table 5, maximum and minimum evaporation 

from class A pan were recorded in July (361.5 ml) 

and May (87.37 ml), respectively. The relationship 

between reference crop evapotranspiration (with 

full coverage) and evaporation from evaporation 

pan is called pan evaporation coefficient (Kp) 

which was 0.82. Pan evaporation is usually calcu-

lated at lysimeter stations that measure reference 

crop evapotranspiration.  

The pan coefficient estimated by Ebrahimipak 

(2011), Satar (1999), Soltani (2000), Razavi (2002), 

Sarami (2004), Madahyan and Farzamnia (2005), 

and Hang and Miller (1986) was 0.94, 0.88, 0.85, 

0.79, 0.724, 0.68, and 0.95, respectively which had 

6, 2.7, -4, -14.2, and 12.09% difference with this 

study.  

As it shown in Figure 3, the highest evapora-

tion from evaporation pan was 10.8 at 1150 GDD 

which corresponds to intermediate growth stage. 

Since the ratio of sugar beet evapotranspira-

tion to class A pan evaporation is one of the accu-

rate indexes for IWR determination and irrigation 

programming based on pan evaporation, there-

fore a relationship was established between class 

A pan evaporation and sugar beet evaporation to 

estimate the IWR based on pan evaporation. To 

achieve this goal, first the sugar beet crop growth 

rate (Kc) and pan evaporation coefficient (Kp) 

were estimated and then Kc was multiplied by Kp 

to obtain Kc.p. If the result was multiplied by pan 

evaporation, the sugar beet evapotranspiration 

could be estimated. The average of this ratio, for 

the entire growth period, was 0.73 (Table 5), in 

other words the sugar beet water requirement 

was 0.73 of pan evaporation. The maximum value 

(0.83) was obtained at intermediate growth stage 

(888.5-23337.8 GDD) and the minimum (0.57) at
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Figure 3. Relationship between evaporation from class A pan (ml per day) and GDD 

 

Figure 4. The 4
th

 degree correlation between pan evaporation coefficient and GDD 

 
Table 6. Yield and yield components of sugar beet (average of three years) 

Total 

yield 

(t ha
-1

) 

Sugar 

content 

Sugar 

yield 

Root 

potassium 

(meq 100g 

root
-1

) 

Root sodium (meq 

100g root
-1

) 

Root amino 

nitrogen 

(meq 100g root
-

1
) 

White 

sugar 

(%) 

Extraction coefficient of 

sugar 

Molasses 

sugar 

(%) 

52.2 14.6 7.65 5.55 2.59 5.15 11.71 80 2.9 

 

final growth stage (2337.8-2685.3 GDD). In a study 

by Panahi et al. (2007), the ratio of sugar beet 

evapotranspiration to pan evaporation was 0.79 

which was greater than this study. Table 5 shows 

Kc.p in a monthly basis with maximum (0.87) and 

minimum (0.61) results obtained in August and 

September, respectively. 

Based on Kc.p, class A pan evaporation (weekly 

basis), and GDD results in Table 5, a 3
rd

 degree 

polynomial equation with regression coefficient 

(R
2
=0.817) was established. When ETc cannot be 

measured, equation 5 can be used to estimate the 

evaporation pan and IWR: 

KC.P = -2 × 10
-10

(GDD)
3 

+ 8×10
-7

(GDD)
2
 - 

0.0006(GDD) + 0.7214 

R2=0.817 

(5) 

in which, GDD is the growing degree days based 

on cumulative thermal units.  

 

As it shown in Figure 4, the highest Kc.p value 

(0.92) was estimated at 1800 GDD. 

Yield 

According to Table 6, the total sugar yield was 

52.2 t ha
-1

 with 14.6% sugar content and 7.65 t ha
-

1 sugar yield. The amount of potassium, sodium 

and amino nitrogen was 5.55, 2.59, and 5.15 meq 

Kg
-1

 sugar beet. White sugar and Extraction coeffi-

cient of sugar were 11.71 and 80%, respectively.  

Water use efficiency 

Table 7 indicates the water use efficiency of 

sugar beet for 1 m3 irrigation water. Water use 

efficiency based on root production and sugar 

yield was 5.14 and 0.753 kg m
-3

 of water. In other 

words, for producing 1 kg root, 1% sugar, and 1 Kg 

sugar, 200.3 litres, 713 m
-3

, and 1360 litres of wa-

ter was used, respectively.  
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Table 7. Water use efficiency in correlation with yield and yield components for three years (average of three years) 

Water consumption 

(m
3
 ha

-1
) 

Total yield 

(Kg ha
-1

) 

Water use efficiency (root) 

(Kg m
-3

) 

Sugar content White sugar yield 

(Kg ha
-1

) 

Water use efficiency (sugar yield) 

(Kg ha
-1

) 

10160 52200 5.14 14.6 7650 0.753 

 

 

Figure 5. Correlation between Kc.p and GDD absorbed by plant 

 

CONCLUSION 

Results of this study showed that there was a 

significant linear equation between reference crop 

evapotranspiration measured by lysimeter and 

sugar beet crop, and also between reference crop 

evapotranspiration measured by Penman-

Monteith method and lysimeter results which may 

be used for determination of sugar beet evapo-

transpiration (in the lack of lysimeter data) by us-

ing meteorological data. On the other hand, the 

GDD values measured by different methods indi-

cated a linear equation between absorbed GDD 

and sugar beet evapotranspiration, sugar beet 

growth coefficient, pan evaporation coefficient, 

and Kc.p which facilitated the determination of 

crop evapotranspiration, crop coefficient and IWR 

in the lack of ETc data. 

 

REFERENCES 

Aghdaie M, Fyzee M. Determining evapotranspiration of sug-

ar beet plants in lysimeters having method in Esfahan, 

Proceedings of the Eighth Seminar on Irrigation and re-

ducing evaporation of Kerman. 2000. p 27.(in Persian, 

abstract in English) 

Allen RG, Pereira LS, Raes D, Smith M. Crop evapotranspira-

tion- Guidelines for computing crop water require-

ments. FAO Irrigation and Drainage Paper; 1998. No. 56, 

FAO, Rome, Italy. 

Barbier G. Effect of irrigation and harvesting dates on the 

yield of spring, sown sugar beet; Agricultural Water 

Management 1982; 5(4); 354-357. 

Caliandro A, Tarantion E, Rubino P. Water consumption of 

sugar beet sown in the spring under the environmental 

conditions of southern ltaly: Rivista di Agronomia. 1990; 

14(3); 178-193.  

Chegini MA, Rezaei-rad B, Ghalebi S. Determination of crop 

transpiration coefficient (Kc) at various growth stages of 

sugar beet. Plant Ecophysiology. 2010; 2: 31-36 

Dehghanisanij H, Yamamoto T, Rasiah V. Assessment of evap-

otranspiration estimation models for use in semi-arid 

environments. Agricultural Water Management. 2004; 

64:91-106. 

Doorenbos J, Kassam AH. Yield response to water. Food and 

Agriculture Organization of the United Nation. FAO Irri-

gation and Drainage Paper 33. Rome. 1979; 193 pp.  

Ebrahimipak NA. Determining evapotranspiration potential 

reference crop (grass) with method lysimeters having 

and compared with experimental methods in 

Shahrekord, Agricultural Scientific Information and Doc-

umentation Centre, Iran, No. 40235, Soil and Water Re-

search Institute Publisher. 2012; 105P. (in Persian, 

abstract in English) 

Ebrahimipak NA. Determining evapotranspiration of sugar 

beet plants in lysimeters having method in Shahrekord, 

Agricultural Scientific Information and Documentation 

Centre, Iran, No. 89.909, Soil and Water Research Insti-

tute Publisher. 2011; 65P.(in Persian, abstract in English) 

Godratnema G. Corp coefficient to estimate the optimum 

water requirements of plants, Workshop on, applied 

approach to the management of irrigation water deficit; 

2003. (in Persian) 

Hang AN, Miller DE. Yield and physiological responses of po-

tatoes to deficit, high frequency sprinkler irrigation. 

Agronomy Journal, Madison. 1986; 78:436-440 

Hargreaves GH, Allen RG. History and evaluation of Har-

greaves evpotranspiration equation. Journal of Irrigation 

and Drainage Engineering. 2003; 29(1):53-63. 

Jensen ME, Burman RD, Allen RG. Evapotranspiration and 

irrigation water requirements. ASCE Manuals and Re-

ports on Engineering Practice. 1990; No. 70, 332 pp. 

Kassam A, Smith M. AEO methodologies on crop water use 

and crop water productivity. 2001. ww.fao.org/AG/AGL/ 

aglw/crop water/docs/mehod.pdf 

Khajehnouri A. Determining evapotranspiration of sugar beet 

plants in lysimeters having method in Karaj, Agricultural 

Scientific Information and Documentation Centre, Iran, 

Water Research Institute Publisher. 1993; 35P. (in Per-

sian) 

Koocheki AR. Agronomy Sugar beet: Translating Jihad Mash-



32 Journal of Sugar Beet, 2014, 30(1): 23-32  
 

 

had University publisher. 1997. (in Persian) 

Legoupil JC. Water requirement of crops in the upper chelif 

reign: semaine. d’ Etude des problems mediterraneensi, 

13-17 sept 1971. 1972; 254-265. 

Mirzaei MR, Rezvani SM. Effect of deficit irrigation levels at 

four growth stages on yield and quality of sugar beet. 

Iranian Journal of Crop Sciences. 2012;14(2):94-107. (in 

Persian, abstract in English). 

Mirzaei MR, Abdollahian-Noghabi M. Study of sugar beet 

growth pattern in Hamedan, Iran. Journal of Sugar Beet. 

2012; 27(2): 1-9. (in Persian, abstract in English) 

Mdahyan H, Farzamnia M. Determining evapotranspiration 

potential reference crop (grass) with method lysimeters 

having in Yazd, Agricultural Scientific Information and 

Documentation Centre, Iran, No. 83.714, Soil and Water 

Research Institute Publisher. 2005. (in Persian, abstract 

in English) 

Nielsen DC, Hinkle SE. Field evaluation of basal crop coef-

ficints for corn based on growing degree day, growth 

stage or time. Transaction of the ASAE. 1996; 39 (1):97-

103 

Panahi M, Aghdaie M, Rezaei M. Determination of sugar beet 

standard evapotranspiration by lysimeter method in 

Kabotar-Abad, Esfahan, Iran. Journal of Sugar beet. 

2007; 22(1): 37-25. (in Persian, abstract in English) 

Pruitt WO, Fereres E, Kaita K, Snyder RL. Reference evapo-

transpiration (ETo) for California. Agriculture and Exper-

iment Station Bulletin 1922, University of California. 

1987;16 pp. and 12 maps. 

Rahimi MB. Determining evapotranspiration of sugar beet 

plants in lysimeters having method in Hamadan, Agricul-

tural Scientific Information and Documentation Centre, 

Iran, Water Research Institute Publisher. 1998; P30. (in 

Persian) 

Rahimian MH, Shahabifar M. Determination of water re-

quirement of sugar beet by means of lysimeters having 

in Mashhad, Journal of Sugar beet. 2008; 23 (2): 184-

177. (in Persian, abstract in English) 

Rahimian MH. Determining evapotranspiration of sugar beet 

plants in lysimeters having method and related crop co-

efficient In Mashhad, Agricultural Scientific Information 

and Documentation Centre, Iran, Water Research Insti-

tute Publisher. 2003; P35. (in Persian) 

Razavi R. Determining evapotranspiration potential reference 

crop (grass) with method lysimeters having in Orumieh, 

Agricultural Scientific Information and Documentation 

Centre, Iran, 2002; No. 80.409, Soil and Water Research 

Institute Publisher. (in Persian, abstract in English) 

Razavi R. Determining evapotranspiration of sugar beet plants 

in lysimeters having method in Orumieh, Agricultural 

Scientific Information and Documentation Centre, Iran. 

1996; No. 74.456, Soil and Water Research Institute 

Publisher. (in Persian, abstract in English) 

Roth D, Gunther R. Comparison of measured and estimated 

potential evapotranspiration : zeitschrift Fur Kultur-

techink and landen twickluy: 1992, 33(1): 13-22. 

Sarami M. Determining evapotranspiration potential refer-

ence crop (grass) with method lysimeters having, Agri-

cultural Scientific Information and Documentation 

Centre, Iran. 2004; No. 82.607, Soil and Water Research 

Institute Publisher. (in Persian, abstract in English) 

Soltani K. Determining evapotranspiration potential reference 

crop (grass) with method lysimeters having, Agricultural 

Scientific Information and Documentation Centre, Iran. 

2000; No. 78.41, Soil and Water Research Institute Pub-

lisher. (in Persian, abstract in English) 

Star M. Determining evapotranspiration potential reference 

crop (grass) with method lysimeters having in Esfahan, 

Agricultural Scientific Information and Documentation 

Centre, Iran. 1999; No. 77.360, Soil and Water Research 

Institute Publisher.(in Persian, abstract in English) 

Synder RL. Crop Coefficient. 2002; http/www.biomet.ucdavis. 

edu/ATM133/14.Crop Coefficient .pdf 

Taheri K. Determination of water plants such as forage maize- 

sugar beet and sunflower area using lysimeters having 

Bakhtaran, Agricultural Scientific Information and Doc-

umentation Centre, Iran. 1983; No. 16, Soil and Water 

Research Institute Publisher.(in Persian, abstract in Eng-

lish) 

Trteciechi E. Water demands of winter wheat – spring barley , 

field’s beans and sugar beet grown on very heavy alluvi-

al soil in the tulawy region  of the vistula data: Oddtial 

tulawski IMUZW Elblayu 80-300; 1992. 

Urrea LR, Martín de Santa Olalla F, Fabeiro C, Moratalla A. 

Testing evapotranspiration equations using lysimeter 

observations in a semiarid climate. Agriculture Water 

Management. 2006; 85:15-26. 

Vaziri J. Determination of water potential of sugar beet using 

lysimeters having, Agricultural Scientific Information 

and Documentation Centre, Iran, Soil and Water Re-

search Institute Publisher. 1992. (in Persian, abstract in 

English) 

Zare Abyaneh H, Farrokhi E, Bayat Varkeshi M, Ahmadi M. 

Determination of water requirement and the effect of 

the changes on some quantitative and qualitative char-

acteristics of products of sugar beet. Journal of Sugar 

Beet. 2012, 27(2): 153-167. 

  

 

 


