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Fig.2 Diurnal variation of maize sap flow rate before and after
rainfall in 2017 and 2018
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Fig.3 Diurnal variation of maize sap flow rate under different
weather conditions in 2018
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Table 1 Correlation analysis of maize sap flow rate and
environmental factors in 2017 and 2018

¥E#45 Indexes 2017 2018

K& Wind speed 0.15%  0.39%*
+ IR ¥ Soil temperature -0.14%  -0.77**
137K 5} Soil moisture 0.02  -0.37**
7KK JE Water vapor pressure 0.51%*  0.37**
2L Air temperature 0.81%* (.80%*
FEXTHEFE Relative humidity -0.88%* -0.87%*

KA Atmospheric pressure 0.07 0.05
Y6 BRSNS Photosynthetically active radiation 0.86**  (.96**

e 7 FORE 0.01 AKCF EARREASS, %7 RIRFE 0.05 /K L EER.
Note: “**” means extremely significant correlation at 0.01 level, “*” means
significant correlation at 0.05 level.
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Lh Kifi, HRELBRNER, ZRERS TR, —B
B[] fE P8k 2 o 1 ANEAE, 32 B RN ORI S =
B I B B R AR HLE, 8N SFLRIR N, i R IK
NG RGE S A3 st (8] T 2R et ], 2 5
Hob A BRI, BR8N, P AR
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Fig.4 Variation of maize sap flow rate and its main influencing factors
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Table 2 Transpiration of spring maize population calculated by

R (5~ (7)) KA R E 5T iR different scaling conversion factors (mm-d™)
ﬂﬁ/fﬂ‘ﬁ;i%% ’ %%ﬂﬂ 5 *D?% 2 Fff% ° 7 ¥ Transpiration
—=— X T 7 B172:Stem cross-sectional area method [ B B e 1y N EX D
— BV Leaf area method—8—22 7% Stem diameter method Ye:r S)t[age ;—ffnﬁéfz_ % TSP ng;f
o | sectional area Lea{;{ rza diameter
2 g method metho method
\é 2017 08-04—09-07 125.07 112.86 118.60
-g 4r 2018 08-06—09-07 112.96 97.68 104.91
2 " - s
g,k M2 a BIETIE , EERIIN, (EYZABEEA
£ _ L _ . N .
& [FREESRTET5 9 T AR, e S R N AR
e TSN R K, ML SR TR RO
H 8Date TR S 2R B R . X 52T DI P AL H i b

a.2017
—s— X TR F7:Stem cross-sectional area method
—&— [ Bli%Leaf area method—2— 25fH % Stem diameter method

[=2)

7& 5 Transpiration/(mm-d™')

1
08-23
[ ¥Date
b. 2018

B 5 2017 542 2018 SRR RESEH A T+ A ABE L
Fig.5 Variations of transpiration calculated by different scaling
conversion factors methods in 2017 and 2018
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2.2.2 REALFHITHE

FRIE 2 a Frdid 7 SVR HRIEIZE K FASE AL | 25 56
TEZE R LK 6. anE AT, SVR HERY A 45 b b B Tl SRR
B & R AR, WIZEAEGE R ¥I7E 0.80 UL E, RMSE #/h T
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Table 3 Comparisons of evapotranspiration (ET) during filling
stage of spring maize by different calculation methods
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2018 125.41 14594 1637 130.66 4.18 137.89 9.94
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Variations of sap flow rate and its farmland scale improving method for
spring maize in northeast China

Huang Xi, Yang Weicai, Mao Xiaomin™
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2. Wuwei Experimental Station
for Efficient Water Use in Agriculture, Ministry of Agriculture and Rural Affairs, Wuwei 733000, China)

Abstract: Maize is one of the main food crop in the northeast China. It is of great significance to understand the sap flow rate
variation and its environmental impact factors for optimizing the structure of maize production and achieving high water use
efficiency in the northeast China. In order to reveal the daily variation of sap flow rate and its environmental impact factors, to
clarify the scaling conversion factors for upscaling individual plant sap flow estimation to the farmland level, and to investigate
the characteristics of evapotranspiration (ET) during the filling stage, field experiments were conducted in two consecutive
years (2017 and 2018) in the northeast China. The sap flow rates, crop growth indices, meteorological data, soil evaporation
and soil water content of the root zone in black soil were determined. The results showed that there was an obvious day-night
fluctuation of spring maize sap flow rate, and the average peak values of sap flow rate in the two years were 58.72 and 48.26
g/h, respectively. Rainfall events had a strong inhibitory effect on the sap flow of spring maize, and the sap flow rate increased
significantly after rainfall, even higher than that before rainfall. The sap flow rate was quite different among the sunny, cloudy
and rainy days. The sap flow rate revealed a multi-peak curve in the cloudy and rainy days. The maize sap flow rate was the
highest in the the sunny day, followed by cloudy and rainy days, with the average values of 16.14, 8.28, 3.13 g/h respectively
in 2018. The variation of sap flow rate could be regarded as the result induced by the comprehensive effects of various
environmental factors. According to the correlation analysis, the sap flow rate had a significant positive correlation with air
temperature, wind speed, water vapor pressure and photosynthetic active radiation, and a significant negative correlation with
relative humidity and soil temperature. The absolute values of the correlation coefficients between the sap flow rate and air
temperature, photosynthetic active radiation, and relative humidity were above 0.8, indicating that they were the main
environmental factors affecting spring maize sap flow rate in the black soil region of northeast China. Using the stem diameter,
stem cross-sectional area and leaf area as the scaling conversion factors, the individual plant sap flow rates were upscaled to
the farmland level during the spring maize filling stage, which were 118.60, 125.07 and 112.86 mm in 2017, and 104.91,
112.96 and 97.68 mm in 2018, respectively. Leaf area index, wind speed, average soil moisture content at 1-m soil layer, and
net radiation were selected to establish the soil evaporation forecast model based on the Support Vector Regression (SVR).
Then the SVR model was used to estimate the evaporation values that were absent in micro-lysimeter monitoring mainly in
rainfall days. The results showed that the Root Mean Squared Error (RMSE) and Coefficient of Determination (R) of the soil
evaporation forecast model based on SVR were 0.39 mm and 0.82. Therefore, the SVR model was reliable to be used for the
evaporation forecast. The evaporation values during the spring maize filling stages in the two years were 42.32 and 32.98 mm,
respectively. The sum of transpiration (obtained by the three upscaling methods) and evaporation (obtained as mentioned
above) in the two years were compared with the ET calculated by water balance method, and the relative errors were all within
20%. The average daily ET values were within the range of 4.22~4.78 and 3.91~4.56 mm/d, respectively during the spring
maize filling stages of the two years. The ET calculated by using leaf area as the scaling conversion factor was the closest to
the result of water balance method, with an relative error of about 5%. It demonstrated that the leaf area was suitable to be used
as the converting factor for upscaling the single plant sap flow to farmland level of the maize field in black soil of northeast
China.

Keywords: evapotranspiration; transpiration; evaporation; spring maize; sap flow rate; upscaling; support vector regression
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