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Division between transpiration and evaporation, and crop water consumption
over farmland within oases of the middlestream of Heihe River basin,

Northwestern China
ZHAO Liwen, ZHAO Wenzhi " , JI Xibin
Linze Inland River Basin Research Station, Chinese Ecosystem Network Research, Key Laboratory of Ecohydrology of Inland River Basin, Cold and Arid

Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract; The process of evapotranspiration ( ET) , which takes into account both evaporation (E) and plant transpiration
(Tr), plays a prominent role in water and heat exchange in terrestrial ecosystem, given that it involves interactions between
plants, soil and atmosphere. Evapotranspiration is also vital for developing water-saving irrigation schemes and improving the
crop water productivity of farmland ecosystems. As for the components of evapotranspiration, investigating transpiration and
evaporation separately can help us understanding crop water requirements more thoroughly. We investigated the variation in
crop water consumption during the growing season for a maize field located in the Linze Inland River Basin Research Station
of the Chinese Ecosystem Research Network. In this investigation, we obtained essential data, including microclimate,
turbulent exchange, evaporation, and leaf stomatal conductance, in 2009. Based on these data, we simulated transpiration
and evaporation in half-hour time steps using the Shuttleworth-Wallace (S-W) model. Comparing the calculated ET data

with eddy covariance data through correlation analysis, we found that the correlation coefficient (R*) was 0.70, the mean
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square error ( MSE) was 0.67, and P less than 0.001. A correlation analysis between evaporation data measured by a micro-
lysimeter and evaporation data simulated by S-W model shows a good accordance between them, with R* of 0.64, MSE of
0.67, and P less than 0.001. The S-W model was found to be useful for dividing evapotranspiration into transpiration and
evaporation. After applying the model, it can be concluded that during the growing season, the cumulative
evapotranspiration was about 640 mm, which consisted of 467 mm of transpiration and 173 mm of evaporation. It means that
transpiration and evaporation accounted for 72.9% and 27.1% of evapotranspiration, respectively. On a daily basis,
transpiration ranged from 0 to 6.3 mm/d (mean = 2.8 mm/d) , while evaporation ranged from 0 to 4.3 mm/d (mean = 1.0
mm/d). The ratio of transpiration to evaporation varied with crop growth. Transpiration ( water consumption) of maize
during different growing stages can be summarized as follows. The ratio of transpiration to evaporation ( Tr/E) was 0.04
when the leaf area index (LAI) was close to zero from seeding to emergence stage, indicating that evaporation constituted a
large proportion of evapotranspiration. From emergence to jointing stage (LAI= 0.35) , the ratio of Tr to E was 0.8, while
transpiration and evaporation accounted for 45% and 55% of evapotranspiration, respectively. However, from jointing to
tasseling stage (LAI= 3.81), when most of the solar radiation was captured by the canopy, transpiration accounted for
87.4% and evaporation dropped to only 12.6% of evapotranspiration, while Tr/E was 7.0. From tasseling to filling stage,
the ratio of Tr to E was 5.2, while transpiration and evaporation constituted 83.8% and 16.2% of evapotranspiration,
respectively. Finally, from filling to maturity, the ratio of Tr to E dropped to 1.4 causing by little water requiring by mature
maize. From these findings about evapotranspiration related to maize, it can be seen that water consumption varies by
regions, growing stages of the crop, and water availability. Evapotranspiration was greatest during the tasseling and filling
stages, and irrigation was also heavy at these times, indicating that the irrigation scheme was reasonable. The total
evapotranspiration over the growing season was 640 mm, while the total water supply (the sum of irrigation and
precipitation) was 895 mm, which means that the current irrigation scheme supplied a sufficient amount of water to the
maize. However, as precipitation changes during the growth stage, the irrigation scheme should also be adjusted such that
the water supplied is balanced with the water requirements of the crop for a particular growth stage. To keep water balance
between supply and consumption will be help water saving in this area. Both meteorological factors and crop conditions can
affect evapotranspiration. Microclimate changes with meteorological factors, leading the variation in total evapotranspiration.
In addition, the earth surface coverage, canopy aerodynamics, and other conditions are affected by the crop itself

(especially the LAT) , which can alter the ratio of crop transpiration and water evaporation from soil.

Key Words: Shuttleworth-Wallace model ; transpiration; evaporation; water consumption
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Fig.2 The sketch of two-source evapotranspiration model scheme
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o, R, R, 53531 A 568 2 R T (9 4 4 S8 £ (W/m?) |, G oy IG5 (W/m®)
R =R, exp(- C(LAI)) (11)

AP, C R ST AR SO 2 VR b A S0l 2R 25, A R R AR X B MR S P BB AR 0.3—1.5 2
(8], H 3% Monsi #1 Saeki E‘Jé};ﬁ%{’ﬁﬂlﬂﬂ@%é&z\ﬁ“ﬂr(m =exp(— C(LAL)) W%, 7 N K HEE S AEAL Y BEVS
HR 2838 A0, X T AR ERM AR BUE LR 1,
F1 HEAREHESFERY - WXRER
Table 1 The relationship between LAI and 7

T FRTE %Y Leafl area index 0 0.1 0.2 0.4 0.6 1.0 1.5 2.0 3.0 5.0
%1% 23X Extinction coefficient 1.000  0.908 0.823  0.696 0.590 0.429 0.292  0.201  0.098 0.024

BRI e T BB S80S S s Sy 24000 ¢ B0 RO )2 FHZ ML) v R Shuttleworth F1 Wallace™' 0 $2
W B, TEIEBE T r SR R T 1Y Jarvis BUEGHEE 1 IR IR £ (A B 32+
HOK Y BRBORTE . = a (0,0,)" , 30 0, H7 20 em ARG HHUARI &K, 0, H 0—20 em +)Z A H A K
L a Al b WAKRSE AL a=19,6=3.5"

2 #R

2.1 RHE/NTEFHE

R S P A T /NS AR 32 6 B T (865 10 59 R G ORI 22 25 UL 450 40 %o 2009 4 il b K A= 4 2 s 43
VR IR R AR R B A N ORI T BT, 5 AR I A E ISR 2 R, AE
WYk K 2 v R SRS S e TS R B 2R 7E 7.8—218.9 W/m® Z [A]AE 4k, H A K 138.5 W/m?”, 7 il Fl
FORARKIEEEM 6 AR 7 A SRa dife e — MmO, H3EAE-1.3—28.8 CZ ksl Kb 4 J 4 ik
FEReAR,5 A A LIRS shi K ,6—8 A H ¥ JIRAERRTE 20 C A4, WA 4 A 5 A0 EY KA1 H ¥(E
KT 2 m/s, FEVEW R BAK T 6—8 ALK, AHR IR K IR R ZE R E K Bl RA0K D RAVEW A K
I RZ I S Bk ek 3, HISMEA 1.2 kPa, Hit 8 A HI(EF K, A% 1.4 kPa, HHES/KETEEANERKFR
SR INE N AR R T 8 ANIE(E 5 7 YRUEME KL 1 YRR KO N, ELIEAE ) R /IN VE T % R
JK i B4R R AL A S

#2 SRBEETFHANE

Table 2 Mean monthly values for some environmental factors
KHRHE Meteorological factors

A - oy - ; -
Month B S/ (W/m?) ZRIRE/C A/ (m/s) MAKIREZ/kPa +HES/KE/ (em®/em®)
Net radiation Temperature Wind speed Vapor pressure deficit Soil water content
4 92.9 12.3 2.5 0.8 0.13
5 117.7 17.1 2.2 1.1 0.15
6 148.2 21.3 1.2 1.1 0.17
7 153.1 22.2 0.7 1.3 0.19
8 136.2 20.7 0.8 1.4 0.20
9 84.5 15.9 1.3 1.0 0.17
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Fig.3 Daily Evapotranspiration, Evaporation and transpiration estimated by S-W model
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8 3.0 —
R*=0.70 R*=0.64
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Fig.4 The relationship between ETg ; and ET 4y, the relationship between Eg, and E

micro-Lysimeter

Tr/E=5.2 AMEWIZ508 & BB 28 BUR 1Y 83.8% , 1 3EZ8 K T o5 LU 4 15 16.2% 5 HE 3K -8, 1R 2 Al
B R AR R R BT RR AK SN VRN 2 W] 055, ELE TR, ¥ A Ul s R A1, R
RE s, OB B Tr/E= 1.4, FHLC Tl Jb i X2 FOKAE KL 114 d, HAEY) 706 5 L2k
R VCAEAR T 391 2R by V30 0 s 2 v B MK Ry 2.7 (3.5 3.3 R 3.0 IMTTRI R & &4 /N2
HEASA IV 26 1 5 32 R L R R A, THR1T il 3k B e R 7.0 il e T VE P S
TKHLEAEAN TR i DX A [R] Bsf (E) RS R BER 250 i BE R AR AN Tm] o il Fft KA A i I AN BEZ 21K
Sy, PR HEK SE L SORAE K AN TR S E X

TRl E R AT A SR - SR - R SO ) 2 S T e (36 3) T I P X 7 4 7 30 L i
VEHLX A BB BONHERE S B B A T AR O 173 mm , 5 B AR HUR 1 27.19% , 7] R B
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TE S HTRERT AT, FE M n] PR FORAK ST AL | Y A 4K 2 P R i/ S 9 DR, R O ) ) 47
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£33 TRERMERKREKRSF AR

Table 3 Farmland water use during different growing stage

A HH B H i AR Ve 8 RG i TR THE g Rk
Growing stage Date Evapotranspiration Transpiration/mm  Evaporation/mm Irrigation/mm Precipitation/mm
9 T
*éﬁl-ﬂj i 04-10—04-20 31.6 1.1 30.6 0 0
Seeding to emergence
4545
il 04-21—05-29 106.5 47.9 58.6 149 5.7
Emergence to jointing
ol
- 05-30—07-11 200.8 175.5 25.3 261 10.8

Jointing to tasseling
b
Tasseling to filling
TR -1 Y

Filling to maturity

07-12—09-10 277.2 232.2 45.0 387 68.6

09-11—09-20 23.7 10.0 7.2 0 12.6

3.2 R ZEHUE KT R R 4 I
YEZERUR R E SRR KR AR RS A K8 F B B AR b H AR it 7 8k HE A 5 e
AT R R AR AR K B R ER KA BER FE A, A REZ BN K A aa A I ZE UL A8 Ak 3 B i BRI
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R LAEY ARG . XTI -5, i S 5 28 80 B B AR M | AR S I BCHE b /s | v o3
/NTF 137 W/m?P B R FH ZE 1K Bl R S 3 IR e S e 137—226 W/m B, A FZE R ek, H
HIAF) 6.4 mm/d; X TAHIVEYIZERS AR SHTE 137—199 W/m? I VE) 25 1 d R e bl | H H4(E 55 6.0 mm/
do Y HBER 17.4—25.7 CH} R HZEECE S51EW 7 B SHE R B R RE, K3 50 RIFAR A
G ET SHRUKIR R 2 23 R AR GbE IEASEN  Blinfe e -HESR I ,8 H 12 HA1 8 A 20 HXFR;fY
HIRK IR ZE 7350028 2.65 Fi1 0.38 kPa, HXTN A9 H BIZE8H0E 8 6.1 mm/d F13.9 mm/d, X IESFHEHT 173X — 8,
IR XS} VB 00 25 30 11 2 M 2 308 3 i B PR 8 U D /K YR BBOBEL ) R S B , e — S L DY, 280U 3 5
RGH Y 0.5—1 YRI5 BIE b (AR AR K RN, S N A 25 15 45 XU 2 6 AH 56, FLAR G/

MR A B 28 B0 B A= P IR 2R, 2R AR 22 0 % 28 B AR ) o R ) A g A o e LS 4
(LAT) RAEIED 2T AR B B IRBE IR 0 B 4 B DO AS [ 1 S B3l AR AR AR, LA S A 1 Fn A A 2%
BICREZK AT b LA 2 1o 3 S A A AR 3B 48 L G e nl i, iR TR e85 % Ve 251 5
LA fA7E I E WA COC R InE 6 iR . B AT LUE VR 2510 528 80R FN LAL S20EAHC, R 5 LAT
SRR, X F B AR ZE S T 2R R E AR LB BIANT  BO ik  B /NFI R R AR AR K
FRRE o e T 26 M R ik X 1 % 2 A0 R iR 3 3 2 T e 1 P 5 R R A BH 4 B A 2 SOk s
B I TS BUCE SE R e 2% i 2 TR, L i b 2 7 5 R 968 S22 38 KR B 3 3 — R 51 B RN i T 2
R, 24 LAI<0.5 m*/m? i +3825 % H H{EAF] 2.0 mm/d, 24 LAT>0.5 m?>/m? i, T35 & B Wi s VEW 7%
I 5 LAl 2 03 IEA G MEYZE B JIBE S LAL 38 KM aR , 2 LAT>3.0 m®/m*BAVEYIZE S A ¥(E ik %) 4.7
mm/d, 4 LAI=3.2 m*/m’ i, & HZEHCE H ¥ER KK 6.5 mm/d,
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i FRTETFR  Hb A 55 B MO R A R B ) AR AFAEAR KRR BE 52 T AR 26 s 5 R IEZ R W LU

8 —

c
3z ) o S
= = p ¥ g E
£ £ o . S00° & E
~ < ® oy 03. g
= 5 @@ o o® o S otk &4
2 ;‘é o @ ey 0c? TP 8 =
0 O Q8 ©
§ = o 0? % o o K 2
% o o o O o ES
H o °© %o &S
o
1 Ol n I 1 0
1 2 3 4

HHEFRIRE LAL/(m*/m?)

5 S-WXURREGE T IEER R EEBRAEY BT ER IS HH I 5
Fig.5 Response of modeled E . ET and Tr on LAI, respectively
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(1) S-W RUBR R BEAS A S Al 3 ST vh i e T DI A PR A b R SRR I X e 25 1 5 338
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