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Fig. 1. The water characteristic curves (dotted line) at depths of 30 cm and 60 cm
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Fig. 2. The daily reference evapotranspiration (ETo) from January 1, 2023
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Table 1. Soil available moisture content

Soil depth Gravimetric Volumetric +tEEEEKE ﬁ;liffrl:
(cm) water content (%) water content (%) (mm)

content (mm)

0.1 bar 0.33 bar 15bar 0.1 bar 0.33 bar 15 bar 0.1 bar 0.33 bar 15 bar

0-15 30.5 266 1097 39.1 342 1.24 59 51 2 57
15-30 20.9 187 1290 328 293 2020 49 44 30 19
30-60 30.9 263 12.59 405 345 339 121 103 10 111

R TEEEMEDKEBLASR

Table 2. Soil saturated hydraulic conductivity and infiltration rate

. Saturated hydraulic
Soil Soil texture conductivit Bulk
CEC y . Infiltration rate
depth ) o density
Sand  Silt  Clay Texture fi& Pty k
(cm) (cmol/kg)  -—-—me- (%) -=-mmmm- (ml/min) (cm/s) (g/em’) (ml/s) (mm/h)
0-15 18.24 4346 3622 20.32 Loam 1.57 0.0130 1.28 0.65 75
15-30 13.57 4170 3288 2542 Loam 0.90 0.0062 1.57 0.09 10
30-60 10.99 39.62 3443 2595 Loam 2.10 0.0149 1.31 2.03 233
=~ 1BV E

it Ke {E i DA EZERY ETe BRLAEAIRY ETo AR - HE ETe $8A 5K
SULEEE 0 B ETe #2388 AS + P+ 11— F + Q (Martinez-Ferri ef al., 2013) » i AS
BE HER—HZ TBKEEER KR EH4EKE - P HARIFRE > &
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Fig. 3. The relationship between cumulative ETc and ETo from January 1, 2023
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Table 3. The Kc value and soil critical depletion at each stage of Citrus tankan

Stage Days after planting Ke Critical depletion
Initial 60 0.6 0.95
Development 30 0.6-1.0 0.95-0.54
Mid-season 180 1.0 0.54
Late-season 95 1.0-0.40 0.54-0.95
VY ~ REREEE(EH
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f& 106 mm > RAM EE{E 775 5 0.54 J2 0.95 » ZAFEVIAE R PE B (s F Y R /K IR (E LA
RAM LLEEHENFE = -

h -~ FAKREREY

CROPWAT AUl 2 R el B i H & B FR /K 245 R A8 71 > 2023 it 24
EIKEL R 787 mm - £EEERE R 735 mm o HARER AR A) 0 REER
R EEIKITRR - DAEBRMERAER Z AR - EAFRE 8K &
B EBFREVHERTAEYFRKE - BXERE > £ 3 HHHaRT > HINE
WFEREE D  ERBERKERTFENEYTFKE -4 HERAZE S ATA -7 A%A]
£ 9 A LA HRBERERESNEYTEKE  ERFRKELFEZ - JERFXKE
ek 6 H M A 33.5mm > R 9 Ha)> 273 mm 817 H &) 26.3 mm »
Heg A EaEMTERENN 0~22.5 mm » £EEMTERE ST 320 mm » A {F &
BAGAERSF -

£/ CROPWAT BB EHBEREE 7



140 1

120

100

Soil moisture depletion (mm)
- N 0
o o (e

[\
(=)

10 30 50 70 90 110 130 150
Soil moisture tension (kPa)

[V~ HHEESE 30 em 2 H3EFRTI(E L 0~60 cm HIFEHE/KE Z Bk

Fig. 4. The relationship between 30 cm depth soil moisture tension and 0-60 cm soil
moisture depletion.
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Fig. 5. Results of CROPWAT modelling water requirements of each month-decade
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Table 4. Results of CROPWAT modelling crop water requirement of citrus field

Growth period coumement it requisemen
Sprouting and flowering stage 1.70 0.36 1.34
Fruit physiological dropping stage 2.52 4.17 0.25
Fruit expanding stage 2.92 3.25 0.87
Fruit color transition stage 1.54 0.36 1.18
Fruit ripening and harvesting stage 0.89 0.37 0.63

7N~ RS REEEE A B
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BIEEL - R e M E -
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Fig. 6. Comparison of daily moisture depletion between CROPWAT modelling and soil
monitoring
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Fig. 7. Comparison of CROPWAT modelling irrigation and soil monitoring irrigation
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Applying CROPWAT model to optimize
irrigation management in citrus

Jeng-Hsien Tsai*, Yu-Ren Lin, Ya-Ling Chang

Miaoli District Agricultural Research and Extension Station, Ministry of Agriculture

ABSTRACT

Citrus is a moderately drought-sensitive crop. It is necessary to estimate the
agricultural water use of citrus and irrigation guide. In this study, CROPWAT model was
used to evaluate the Citrus tankan water requirement and irrigation compared with the
soil moisture tension methods. The climate, soil and crop parameters required by the
model were derived from field data. The total rainfall during the experiment was 1,398
mm, and the reference evapotranspiration in the field increased from an average of 1.52
mm/day in January to an average of 3.04 mm/day in July. The soil available moisture in
the root zone was about 187 mm. The crop coefficient (Kc) of Citrus tankan increased
from 0.59 at the initial stage to 1.0 at the mid-season, and then decreased to 0.40 at fruit
ripening stage. The model irrigate at 60 mm of soil water depletion at the initial stage,
and at 106 mm of soil water depletion after fruit ripening. The annual water requirement
of Citrus tankan in 2023 was about 787 mm, the annual effective rainfall was 735 mm,
and the annual irrigation requirement was 735 mm. The highest irrigation requirement
was 1.34 mm/day at sprouting and flowering stage. The lowest irrigation requirement was
0.25 mm/day at fruit physiological dropping stage. CROPWAT model recommends the
irrigation consistent with the methods of field soil moisture tension monitoring. The model
recommends annual irrigation 210 mm, higher than the 171.6 mm of soil moisture tension
monitoring irrigation. If the irrigation was stopped at least 3 days before the rainfall, the
recommended irrigation can be reduced by about 15 mm to improve the agricultural water
use more efficient.

Keywords: crop evapotranspiration, CROPWAT model, irrigation, citrus
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