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Effects of Land Use Change on Evapotranspiration in the Loess Tableland
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Yangling, Shaanxi 712100, China; 2. School of Resource and Environmental Engineering, University of Ludong, Yantai, Shandong 264000,
China)

Abstract: [ Objective] Studying the response of evapotranspiration to land use change in Chinese Loess Plateau (CLP) is of
great significance to clarify the effects of the Grain for Green Project on regional climate. Many studies have focused on the
temporal trend or spatial distribution of reference evapotranspiration based on meteorological or satellite data at the watershed or
regional scales. However, these studies cannot reflect the actual situation of the impact of land use change on surface
evapotranspiration. Thus, the quantitative evaluation of actual evapotranspiration at the stand scale is lacking. Therefore, the
objective of this study is to evaluate the effects of conversion from cultivated farmland into apple orchard on the actual

evapotranspiration. [ Method ] A paired experimental study was conducted at the Changwu Tableland, south of the CLP. Both the
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cultivated farmlands and 20-year-old apple orchards were sampled with a soil auger (0.06 m in diameter) at 0.2 m intervals at
each of the five selected sites, with a total of 10 deep soil cores (10 m). The volumetric soil water content was calculated by mass
water content and soil bulk density, and the chloride concentrations of soil water were measured by extraction method. Since the
local apple orchards were all converted from cultivated farmlands and the soil texture is uniform, the space-for-time method was
applied. As precipitation is the only source of water for local crops, the chlorine mass balance method can be used to estimate
groundwater recharge. Therefore, the surface evapotranspiration can be estimated by combining soil water mass balance with
chloride mass balance. [ Result ] The results show that the averaged soil water content of 4 ~ 10 m soil layer in 20-year-old apple
orchard was 0.20 m®> m . This was significantly lower than that in farmland (0.28 m*m ) and implies that soil water content
were obviously affected by deep root after cultivated farmland converted into apple orchard 20 years ago. The long-term averaged
groundwater recharge rate was 57+13.5 mmra ' in cultivated farmlands, which resulted in the actual evapotranspiration of
527+13.5 mm-a™ and accounting for 90+2.3% of the annual precipitation. After cultivated farmland converted into 20-year-old
apple orchard, the actual evapotranspiration significantly increased, with an average of 625 mm-a ™', accounting for 107% of the
annual precipitation. Compared to cultivated farmlands, the actual evapotranspiration, in total, increased 1960 mm in 20-year-old
apple orchard from 20 years ago, with an annual average of 98 mm. Within the 20-year-old apple orchards, soil water in 4 ~ 10 m,
and 10~ 18 m soil layers contribute 24 mm-a' (4%), and 41 mm-a' (3%) to the annual evapotranspiration, respectively.
[ Conclusion] The small contributions of 4 ~ 10 m and 10 ~ 18 m soil layers indicated that the deep soil water (below 4 m) has
an important role in evapotranspiration of the deep rooted apple tree. However, the main water sources for evapotranspiration still
depend on the shallow soil water (0 ~4 m) that is easily recharged by the latest precipitation. This is the first study that
quantitatively evaluated the impacts of cultivated farmland being converted into apple orchard on the evapotranspiration and the
contribution of deep soil water to evapotranspiration. This study provides a scientific basis for evaluating the effects of land use
change on the regional evapotranspiration and climate on the CLP and other regions with a significant land use/cover change.

Key words: Land use change; Evapotranspiration; Deep soil water; Chloride mass balance; the Loess Plateau
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Table 1  Soil water content of different soil layers in farmlands and 20-year-old apple orchards/ (m*m*)
Tz ) 2R 2 S it 22
S1 S2 S3 S4 S5
Soil layer/ m Land use types Average Standard deviation

A 024 022 0.21 022 025 0.23 0.02

o 20 HE3F4 l 021 027 023 021 021 0.23 0.02
A 032 026 027 025 030 0.28 0.02

o 20 R 022 021 0.19 019 0.8 0.20 0.02

(S1. S3 il S4) 7E 2~4 m 4 PUEA G 19 50 55 T4 1
WA ¥ B 535 300~500 mg-L ™', X2 H] T T
A ARRE (KCL) F52ma o 254 1l A A b+ 398 K S8
TUWRETE 6~10 m Z 55/, BERE AR LI A R
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A TR . WA 2 [ 22 5 DL KON Bl e R B 4
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NERSZME o [RIIE, 6 m AYASSE R R TARIEDIR R MG (4) SRAFA M 2 45 K9 7l T K Hb 25
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Table 2 The averaged long-term evapotranspiration of farmlands and apple orchards
o3| g mH FHE b2
S1 S2 S3 S4 S5
Land use types Items Average Standard deviation
CI'/ (mg'L™") 14.8 10.0 10.1 19.7 11.4 13.2 3.7
A H Re/ ( mma') 47 70 70 35 61 57 13.5
Farmland ET/ ( mma') 537 514 514 549 523 527 13.5
ETy/P /% 92 38 88 94 89 90 2.3
. ASg.a /mm 554 236 499 361 707 472 162
20 #E3ER
ASp.A/T/ ( mma™) 28 12 25 18 35 24 8.1
20-year-old apple orchard
ETA/ ( mma') 612 596 609 602 619 608 8.1
ASpA/T/ ( mma™t) - - - - 41 9.5
22 32 el *
ETo/ ( mma™') - - - - 625 9.5
22-year-old apple orchard*
ETA/P /% - - - - 107 2

TE: Re, ASpa, T, ETe, ETAMI P 2RS4 A H 245 K90 N R AM G i, AR 3t 45 30 20 Pl %R L SRR K e AU 2E {8, SR A
AR B, o Hb 1 2 A5 HI0RE , S SR Pl b 3R % I A B o 5 AR TR P8O SR R T SCR[23]. Note: Ry, ASp.a, T, ETr, ETsand P are respectively
the long-term groundwater recharge in farmland, the difference of deep soil water storage between farmland and apple orchard, the stand age

of apple orchard, evapotranspiration of farmland, evapotranspiration of apple orchard and precipitation; *, data from reference [23].
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