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Abstract: The crop coefficient method recommended by FAOS56 is a method to calculate the actual evapotranspiration of crops,
which can simply and accurately reflect the evapotranspiration patterns and characteristics of different agroecosystems during differ-
ent growth stages. Although the crop coefficient method is widely used, there are still some problems in applying this method in the
North China Plain. Research on a single agroecosystem of winter wheat-summer maize has been conducted for a long time. However,
there is a lack of systematic and comprehensive research on the evapotranspiration patterns of various typical agroecosystems in the
North China Plain through the single crop coefficient method. Therefore, it is difficult to provide quantitative theoretical support for
water consumption management and planting structure adjustment. Furthermore, the variation in crop coefficients for the typical pear
orchard agroecosystem, the main fruit and the most important economic crop in the North China Plain, is urgently needed. In this
study, the crop coefficients and evapotranspiration patterns of different growth stages of irrigated crops in the typical agroecosystems
of winter wheat-summer maize farmland, cotton field, and pear orchard in the North China Plain were examined and verified from
2016 to 2017. The entire growth stage was divided into initial, developing, mid, and end stages based on the crop growth stages and
physiological characteristics. According to the single crop coefficient method recorded in FAO56 manual, the average crop coefti-
cients of the initial, developing, mid, and end stages of different crops were 0.60, 0.88, 1.07, and 0.72 for winter wheat; 0.46, 0.76,
1.01, and 0.80 for summer maize; 0.34, 0.71, 1.07, and 0.78 for cotton; 0.81, 0.91, 1.02, and 0.96 for pear trees, respectively; while
the calculated actual evapotranspiration was 694.3 mm, 472.2 mm, and 825.7 mm for the above three ecosystems, respectively.
Evapotranspiration measured by the eddy covariance systems was 701.4 mm, 496.5 mm, and 763.5 mm for winter wheat-summer
maize, cotton field, and pear orchard agroecosystems, respectively. Both the calculated and measured actual evapotranspiration val-
ues of the four crops showed a single-peak change from the initial to the end stages, with the same trend. The correlation coefficients
between the calculated and measured evapotranspiration for all three agroecosystems were greater than 0.8. The calculated actual
evapotranspiration values compared to the measured values during the growth stage of winter wheat-summer maize, cotton, and pear
orchard agroecosystems were 1.0% lower, 4.9% lower, and 8.1% higher, respectively. This study not only provided the crop coefti-
cients of wheat, maize, and cotton but also filled the gap in the research on crop coefficient of pear trees in this region. It is particu-
larly important that this study used the observed evapotranspiration by the eddy correlation system to verify the calculated evapotran-
spiration using the single crop coefficient method at the same spatial and temporal scale, which shows the applicability of the calcu-
lated crop coefficients in the region. The applicability of the single-crop coefficient method in different agroecosystems in the North
China Plain was clarified. This research provides a scientific basis for making reasonable irrigation plans and achieving precise man-
agement of crop water consumption.

Keywords: Crop coefficient; Actual crop evapotranspiration; Reference crop evapotranspiration; Typical agroecosystem; North

China Plain
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Table 1 Detail information of plants and soil property in different experimental sites (agroecosytems)
+ 3T Soil property
A HOTRAR b B7EST! Mk EREC B A A
Experiment site  Geographical coordinate Crop type Field capacity Wilting point of ~ Available Available Available
%) soil moisture nitrogen phosphorus potassium
0 — — —
(%) (mgkg)  (mgkg')  (mgkg))
PYE NS
ZE3 Luancheng 37°53'N, 114°41'E . hEE-BEK . 34 12 60~80 15~20 150~170
Winter wheat-summer maize
&M Shenzhou 37°47'N, 114°55'E HI4E Cotton 28 11 80 21 180
84 £L Zhaoxian 37°54'N, 115°42'E S4B Pear 35 13 70 19 257
*2 TREMEEME (B-B) o
Table 2 Division of growth stages (month-day) of crops of different agroecosystems
14 Crop WAE K] Initial stage ik % & ) Developing stage A B H Mid stage B A End stage
£ /N# Winter wheat 10-06—03-17 03-18—05-02 05-03—05-28 05-29—06-12
H K Summer maize 06-13—07-19 07-20—08-31 09-01—09-18 09-19—09-27
HA4E Cotton 05-01—06-15 06-16—07-15 07-16—09-30 10-01—10-25
Z4H} Pear 03-01—03-31 04-01—06-30 07-01—08-31 09-01—10-31
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Fig. 1 Schematic diagram of eddy covariance system and soil moisture sensors
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%%\ﬁ (Kc-mid %u Kc-end) HE] :Et (4) N (5) Hﬁﬁg
Kc-mid = Kc-Tab-mid + [004 (u2 - 2) -0.04 (RHmin_

45)] x (h/3)* “4)
Kc-end = Kc-Tab-end + [004 (u2 - 2) -0.04 (RHmin_
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X K. tap-mia # K tab-en %E%‘%%ﬁ%’ﬁi%%@(ﬁ (%‘% 3);
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2.40 m A1 2.40 m, A 4L 53 B HU(E 0.35 m. 0.75 m,
1.00 m i1 1.10 m, B4Rk & HUE 3.50 m,

x3 TREDZREEMBRERMESENRY (K1) BUE
Table 3  Crop coefficient (K, .1,,) values of different growth
stages of crops

LFW ZINE HEK R AR

Growth stage Winter wheat Summer maize Cotton Pear
PIIGHERIY Initial stage 0.60 0.47 0.35  0.80
A ] Mid stage 1.07 L11 L15 120
HF AR End stage 0.70 0.83 0.60  0.85
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2 fiw, BRI K i g 2 kA3 H L 6
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K, = (TAW - D,)/(TAW — RAW) (6)
D, = 1000 X (6rc — ;) X Z, (7)
TAW = 1000 X (frc — 6y) X Z, (8)
RAW = p x TAW ©))

A TAW AR X B 23K (mm), il A2 (8)
T DA R X FEK 4 (mm), a3t A (7) R
RAW AR X 5 4 W £ 38K B (mm), B 228 (9)
THE; 0056 § R HIEARFLE K A (%), WF5T il 56
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7K R R A TR - S A K R R M Z o AR
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K5 A R HE K e, S BnT i i A
FAOS56 F Wi 5, B4 p BUH 0.5; O A H ] F5 7K 2
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Fig. 2 Soil water stress coefficients (K,) during growth period
of pear trees
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REM & . 25 AR A RGE AN R, X sS4 T 1 A
e XHEY K S S A 28 i A8 1™ A 5%
M. AniEl 4 B, A BN AN B FORR AL
2 G0 Y M IR BE Ol 64%, B K B 358.2 mm;
R A 25 RGO IR HRRE N 73%, BRIk 449.9 mm;
Bl A 25 R G AR N 66%, FEKE 414.9 mm,
BEAEBRG 4 MEFWNFEHREN 1.1~1.6 ms ',

HFAFEZRB RS RGS BTN AR
MR MR AF R N AR, 5 ERREM ET,
AR AR . Z/NE-H EREBRGENGE
KIARIAEFH RN ET, 2B 56 L TG TRy i
B (K 5a), 4 F WA ET, b 939.0 mm (% 4), H %
K ET, N 82mmd ', HEALE 201746 H 10 H, H
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Fig. 3 Average temperature of different crops at different growth stages in different agroecosystems (Ini: initial stage; Dev: develop-
ing stage; Mid: mid stage; End: end stage)
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Fig. 4 Changes of precipitation, average relative humidity and wind speed at different growth stages of corps of different agro-
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Fig. 5 Reference evapotranspiration (ET,) variations during
growth stages of different agrecosystems (Ini: initial
stage; Dev: developing stage; Mid: mid stage; End: end
stage)
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Table 4 Reference evapotranspiration (ET,) of different crops
at different growth stages and during whole growth
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Fig. 6 Actual evapotranspiration (ETg.) variations during
growth stages of different agrecosystems (Ini: initial
stage; Dev: developing stage; Mid: mid stage; End: end
stage)
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Fig. 7 Calculated actural evapotranspiration (ET,;,0) vari-
ations during crop growth stages of different agroe-
cosystems (Ini: initial stage; Dev: developing stage;

Mid: mid stage; End: end stage)
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Fig. 8 Verification of correlation between measured (ETg.) and calculated (ET, o) actural evapotranspiration of different
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