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Evapotranspiration characteristics of mulched drip-irrigated sunflower farm-
land in arid region®

ZHANG Zhenyu'>3, LIU Lijuan'?, LI Xiaoyu'>"*
(1. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, China; 2. Xinjiang Institute of Ecology and
Geography, Chinese Academy of Sciences, Urumgqi 830011, China; 3. University of Chinese Academy of Sciences, Beijing 100049,
China)

Abstract: Mulched drip-irrigation is a burgeoning water-saving irrigation mode in the arid region of Northwest China. It is of
great significance to understand and optimize mulched drip irrigation in arid region by analyzing the characteristics of evapo-
transpiration in mulched drip-irrigated farmland and comparing it with ordinarily irrigated farmland. Using the oasis sunflower
farmland in the Sangong River basin on the northern slope of the Tianshan Mountain in Xinjiang as the study area, the farm-
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land evapotranspiration characteristics during the sunflower growth period in 2016 were analyzed using the Bowen ra-
tio-energy balance method, geographical detector, and path analysis method. Furthermore, these characteristics were compared
to those of ordinarily irrigated farmlands. The results showed that: 1) for mulched drip-irrigated farmland, the average daily
evapotranspiration was highest at the flowering stage, followed by the maturity stage, and lowest in the seedling stage. With
the growth of crops, the correlation between net radiative flux and daily evapotranspiration gradually decreased. The change
trends of average daily evapotranspiration were the same as those of ordinarily irrigated farmland, whereas the average daily
evapotranspiration of mulched drip-irrigated farmland was lower than that of ordinarily irrigated farmland at each stage. 2)
Regarding the intraday flux in mulched drip-irrigated farmland, the net radiative flux peak was highest at the flowering stage,
followed by that at the mature stage, and the minimum appeared at the seedling stage. In terms of turbulent flux, the latent heat
flux was equivalent to the sensible heat flux at the seedling stage. Post the flowering period, the latent heat flux was signifi-
cantly higher than the sensible heat flux, and this characteristic was the opposite at the mature stage. For the ordinarily irri-
gated farmland, the latent heat flux was higher than the sensible heat flux in all three crop growth stages. 3) The relationship
between evapotranspiration and meteorological factors calculated by path analysis showed that temperature, humidity, and
wind speed were the dominant factors influencing evapotranspiration. The lower limit of humidity determined the minimum
evapotranspiration. The upper limit of wind speed and temperature determined the maximum evapotranspiration. The influence
of wind direction was not significant on evapotranspiration. Sunflower farmland using mulched drip-irrigation has unique
evapotranspiration features compared with ordinarily irrigated farmland, the amount of water saving exceeds 300 mm during
the entire growth period.

Keywords: Arid region; Sunflower farmland; Mulched drip-irrigation; Evapotranspiration; Bowen ratio energy balance

method; Path analysis

ZE RN N Bl 22 RE G R KOK G PR Y 2 — 3R,
XA ERK GRS A A A 1 B RAE IS,
TR G R ERE AR 26% LA E X, R4

e SC LR HE 1k T DL b il B3 TR AR TH B R
I A2 HICRE o KK 3 S RO I SCEH R e AR L

RASRGEWELEHAMI 7. TR, TRXZEHR
R G AL A I o T X T K B R A AR X
B =, AR 22 Rk T K BE R, 1 7K E
SR AR ) ZE B R SRR, i — 2 X R A S AR
T RCRE M o PR 9 T 5 XY K R A Y 25 UK
TR LA T 5 X KR P AR A AR K B R I B A
HE B X,

H i b 26 2 HIOR 0 2 5 76 E 8 WA
RIED PSRBT VA S L RALAR OGN KR
SED-100 I S PG RE ST D AR AR T B S B
SRR SAE S /N RO ZR ORI i B3 T )32 g
FHUIT, AR [ B b A T8 SC b RE - i vk X e
HZE 8 AT 7 R i pFoe U4 15), e [ P s
BN TR Z N . T AR ORI T SC LG RE P
St KAT ISR /N (Triticum  aestivum) 4R T ZE B3
17 7O, 0 1 4/ NZ2 A H BE Y- 1 F0RE £ 0 ic
AR ACRRAE S (R 3R S 25 SR LIRS E
A 6 T SR X P il AT R b Y ZE R T T
RO SA, BB TGN R M 2R ORI o R ] S U8R
FHE SC LG Z G Xt 5 o D o) 2B A8 R R 2R UL A T
T 5 AR O W TR AT T A, 4
2 TR SC G I 235 R 5 Aty 12 0 a5 SR A DM R
U o 25 R FRAEUOLR A SC e B i A vk o B T RR
VP E K (Zea mays)fe HZE UL FrAE, 45 R K]

JE A& /N A T ZE B R R A EAT T3 HIR % Fe b T
AN [R) VR 4 3 2 R A Bl S ] 14 25 Ak, 25 SR 3 B v o o
TR RIS FE . DL R B Ik e
Ll B S P 0 RS [R] A 450 T 194 B 28 H0UR R AIE
AT T, AR R THE T 268Uk 54N F 10
MYIEFR, XL e 005 T % SC L RE i 1 7
b F AL TS A R

SRR %ok T YRV AR FH ) 28 BB S H RTS8
B 4N Ding SRV Hp ] - w5 I XA (] 2 Ak HE
A H ZEHUR AT T IR5E, S5 R RN A
B T - HEZR R A R A E T AR 2R MR
SERARGY T BT T HE AR ] B SR (Gossypium spp.)
HH Z8 10 & KooK 3 RIS 52 e, AR e A0 R g
REARAR HHJCAFEZK, $2TH7K 43R 4% . Shukla 5523
FI FHZE B SO AN [) 2571 5 [ 4 2 36 BT i T AL
(Capsicum annuum var. grossum){& HFZ&HUKR HEAT
B HR, 250 R 24 28 B e i B 2 = TRk
Z, O MU E Z I E FEY AR A K B B2
BUOR B AR AR ARRAE, R X6 6T i HE A % H P 3
ACFHIE P BT A IR A [, BEXS R A X 2%
BICR (52 W0 43 T A 25 I G I [ A7 AL .
P FRA TR I A SC LA st = 1 3 3 A ik A
SIS, R I SC HE B G AR B 2R LR REAE

http://www.ecoagri.ac.cn



5 8 4]

SRR AF: TR DCBE T R HE 1) H 28R TH 28 BUR RRAIE 1197

Lol B AR AT O 5, IR Tl AR e A
7 19 52 BAE X Z8 8O B, iR+ 2 X
7 7KV TR A HH ZE 0K R AE R A FH K 9 I 1 - B T
SR

1 M 5R%
1.1

VIASE 58 i % Ll A6 3% 09 = Tl 3k st S ko
X, DRI 2R g gy R R, AR
6.9 °C, 4EHMBIPBORT 2600 h, HIEFER; HEHELM,
H F AU R K s, 245 PR K 234.5 mm. B84
AR A DY K R 3 2RI, K U
FEEF R I BRI mhoK o SO0 35 40 T i Sk
A H N EB(44.36°N, 87.87°E, 4k 457 m), 1EHFh
YA Ky 0] H 38 (Helianthus annuus), YEYRKFIE],
SEMIBN FESTAEY Z —, R EEB )T
THHE
1.2

ESE 361 3 s U= 551V 3 e s A & ) DU
RG-SR HTWS07), S0 H 55Kk . KU,
WL REE . WRSTE R REEMGE R oK ESE,
FE BI85 S L2 1T BE S 2016 4 4—10
H, M AR FE 2R, st m H 254 F W oh
4—9 J1, LI EE B rets g w R AR F A, 0 Py
R K AL UL 1,

x1 EERMLRER

Table 1 Summary of instruments used for observation
gk e
W5 RERE e
. . Installation
Observation project height (m) Model
XL /X
. mﬁ/mﬁl N 3.0 05103-6
Wind speed / wind direction
HR AR Temperature / humidity 1.5/2.0 111N&222N
ViR s 3 Net radiant flux 2.0 Q*7.1
G R Soil heat flux -0.1 HFPO1
%7K i Precipitation 2.0 7852M
12
= L
g 10}
= L
g 8t
s L
g
= g4l
E L
A
=0 | |
ol | k| 1 L ok 1 . 1
05-20 07-09 08-28 10-17

H | (J1-H) Date (month-day)

Bl 1 2016 FRME N REKEEN
Fig. 1 Change of precipitation during the observation period
at observation station

1.3

B SC L RE 1 i 35 25 T 0 SCEE (b)PSI RN RE 1Y
WA, REHFFTUEW IR — Pl oA R H R A
P14 2 A 0 g 3 2720

R=JE+H+G (1)
A R NHEESHEEWm?), AE NENEE
(W-m™2), 2 AKRALEIR R kg™), E NFERL

%
(kg'm™'-s7h), H A8 PG E(W-m™2), G+ IEHGE &
(W-m=),

40
H PanKhE
PET A @
;{PaCPKWE

Hf Py A (kgm2); C, N2 SE I H
(kJ-kg™-°C); A K BIRAIE IR B (T kg™"); Kn R
T IS R B Ky KR A e R A, AR
PEARRIFEIS, SEPRIH I IAN K=K B 40 K
LI 25 ) P N 3R 225 Aq b I g ) ) 3 2
AH SR 55 B 25 (m)
F T 7 2 AT A5 8 i ) 2 R (E):
R-G
2(1+b) )
F T R I 8] B AP % Ik I 33 S R ], TR
AR I () BE A ZE B I, S 2 S kL b HEA T
AR, 4 S AE 5 — it ] BE N HEAT T m Y SC
FU LI, D032 B 1] B3 Fr) 2% R (ETn) A
== (4)
m

ETh :—R_(i
/1(1+b)
S b NS G U A ) R B SC e, B R i SCEE
UL EIR i N 7 s SR AR N (O 3 G A S R DU RIS
G ic ik fa) B s () B BE A 1 b, DR b o i /N B 2%
A SRR H 2R . 59 A I SO H R G U
SRR, A X R R JE K IE R O SR 3
HEAT AL B
14
Hh BRI 2 e — A L T s Al o e, IR AR
GRS F A —FhGe it 245 ik0234, B
IEEHE 4R FFENE . RS ERI R
A ASTRDN 5 A BAE R s . BT 28 T 3=
TR S R 0T R A o A A R T, A8 ELAE PRI 2
S AR R Ao DL [ A PR 7 2 B oot PR A o 1
=N I oyt o v R VA £ W Pz B LE

xh (&)

http://www.ecoagri.ac.cn


User
高亮

User
高亮


1198

PR AR (P 3E30) 2019

%27 %

0 85 2 PRI 2 1] 54 PR 0 R 728k s i) R AR
P, A B ] P 70 s O 00 K4k by o ] g R
HOoh 28z B (8 2), PSEASAT 8 i i s BEAR

0 24 h

1[2]3]4] —ooeee
= [2T~~.
g G] - e
m o[ Sso Measurement data
=

\\
[ 1]

365/366

DA SR B RARTEA [A] UR A X 28 Uk B B )

LSRG F R B HEAE R o BRI A5 R 1
FARAVEVEA AR TE T www.geodetector.org,

1 AR
Indicator 1

1

|
v WSR2 |
1 ! Indicator 2 1 !
VAR | )
1 Indicator 3 1

S AE,

Similar spatial data

2 “RFEHEREEGERARBARETE, LUNTIT, 0:00—24:00; HEHARIN BE, LLdit, 0—365/366
"R, SMRRRE—XERBEHNELE BMNEREESZINESER, NMAKT S ENEEKE)
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Fig. 3 Changes of daily evapotranspiration and fluxes of sunflower field at different growth stages under mulched drip-irrigation

ET: H¥yzZEHit; R: HEB e G: By Lt H . A BREe, ET:

average daily evapotranspiration; R:

average daily net radiation flux; G: average daily soil heat flux; H: average daily sensible heat flux.
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Fig. 4 Fitting results of daily evapotranspiration (ET) and net radiant flux (R) of sunflower field at different growth stages under

mulched drip-irrigation
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Fig. 5 Intraday changes of net radiation flux (R), soil heat flux (G), soil sensible heat flux (/) and soil latent heat flux (A1) of sun-
flower field at different growth stages under mulched drip-irrigation
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Table 2 Interpreting contribution of various meteorological factors to evapotranspiration of sunflower field under mulched
drip-irrigation

R AT AR L AR 5 v il R
Wind speed Wind direction  Minimum temperature Minimum humidity Maximum temperature Maximum humidity
q 0.49 0.58 0.56 0.64 0.54 0.72

g EMRF AR x BT ¢x100%H K25 y, g represents the explanatory power of independent variable x to dependent variable y which ex-
plains the dependent variable y of ¢ x 100%.

*3 BRKATEAREMEAMNBETHEDAZHFAHLANBERIRERSEFHERANEZMES
Table 3 Interpreting contributions of interaction and impact difference of various meteorological factors to evapotranspiration of
sunflower field under mulched drip-irrigation

~ %1&/5’1’% =) N=U:d EL 27 YH Be = N = e
A ] Min T IR B i e i B e 1 T
Wind speed Wind direction nimum Minimum humidity Maximum temperature Maximum humidity
temperature
K Wind speed 0.49
KU Wind direction 0.99 (Y) 0.58
=} yE B
o SRR 2 0.99 (Y) 0.99 (N) 0.56
Minimum temperature
=N VL E
. ,HX{E&MEA . 1.00 (Y) 0.99 (Y) 1.00 (Y) 0.64
Minimum humidity
B2 yH [BE
. T k22 0.99 (Y) 1.00 (N) 0.99 (N) 0.99 (N) 0.54
Maximum temperature
I=Re=u i i
e e 1.00 (Y) 0.99 (Y) 1.00 (Y) 0.99 (Y) 0.99 (Y) 0.72

Maximum humidity
Y FR WA PR R AR B s B AT B R 25 5, N R AN BB 0k IR S B A S YR AT B SR 25 5 . Y™ means obvious differences in effects
between two factors, “N” means no significant difference in effects between two factors.

F4 BIHRESKEFESETHEDHZAZUEBESNE

Table 4 Path analysis between weather factor and evapotranspiration of sunflower field at hour scale under mulched drip-irrigation

[a] 2/E ] Indirect effect

= [
LR T HEEN - - — — JSRiLiIN
Meteorological Direct Ak Wi AR T AR Jre s IR TR A Total
factor effect Wind Wind Minimum Minimum Maximum Maximum contribution
L 5 g Total
speed direction temperature humidity temperature humidity
A%
. 0.168 1 —-0.007 9 -0.6127 0.779 6 0.5399 -0.677 1 0.0219 0.19
Wind speed
R
. s -0.1123 0.0118 —0.186 5 —-0.0650 0.2273 0.084 6 0.072 3 —-0.04
Wind direction
BRI
Minimum -2.6637 0.0387 -0.0079 1.364 4 2.8416 -1.3330 2.9037 0.24
temperature
. .%MHEE. . -2.1657 —-0.0605 -0.0034 1.678 1 -1.733 4 2.094 8 1.97517 —-0.19
Minimum humidity
5 v il
Maximum 2.8416 0.0319 -0.009 0 -2.663 7 1.3211 -1.3119 -2.6316 0.21
temperature
R 2.1159 -0.0538 -0.0045 1.678 1 -2.144 0 -1.761 8 -2.2859 -0.17

Maximum humidity

40 - .
11 Seedling stage ! FFAE Flowering period ! 1] Mature period |
o 30 T,e0=16.48 C \ o Toea25.56 C o 7,$.,:=23.39 C |
s 0 et . PPy Ll 7\ !
2 Vil S\t AT
2 oI A A LA e
P g 20 Soe J H\ 0 .‘ . e - %
= g‘ 9". ad \./xi [ \ * .f 1 1 o™
5 (WRINY, \ r o \.,c | \ \ -\. .
= 10F s . | WY
< | \ ! —'../“\ ,0'.\
| | | % .\".‘.b
0 1 1l 1 11 1 L1 J
04-30 05-30 06-29 07-29 08-28 09-27

H (J1-H) Date (month-day)
6 BT HENHEEEHAKAANETUESEEEHNTEHSRE

Fig. 6 Daily average temperature and each stage’s average temperature of sunflower field during growth period under
mulched drip-irrigation
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Table 5 Results of some evapotranspiration studies in ordinary irrigated sunflower fields
7% YZE R .
B b D MRRE itk
Research area Stage aly average evapf)l ranspiration Literature
(mm-d~")

Karnal, India i) Seedling stage 222 [44]
FFAE#] Flowering period 3.93
A Mature period 2.73

Albacete, Spain T Seedling stage 1.80 [45]
FFAEW Flowering period 6.45
J I Mature period 4.40

T EHEX 49 Seedling stage _ [46]
Hetao irrigation area FFAEW Flowering period 185
B Mature period 3.25

B, R Y Bk 7R IR 5 ARIE S LA R B
3 ANBYBC N M E W ) H S B H g RO Y S T
ARWFFEEE R, WG E 0.1~0.6 mm-d~', 2253H/;
WA AR 0.9 mmd!, ZRKZ,; RKHEY
1.0~3.7 mm-d™!, ZREAK, B FHENFEZKH
BAEEY KA. TR e s e T TR
DX 3080l DX, AT ok 5 2R A0 T 5 B TS i v A H
REME AR K Mk /D 28 o, R BT K B Y, 7 A
YR, 5K &Pk 300 mm,
3.3

JET S 1) H SRR R TR) A 400 H 3 AR f
DT, B IERGE AN, HoAE s 9:00 R T
ERIE, % 21:00 fIESE 7, - 8EHGE AR A T bl
TE H AR B AT B A B, FR G I A R S
1~2 h, W21 m HIERZ L e S8
PG AR A T A AR H AR R b B Y
BRI, Y IGE R PG TR S
() F2 B3R 4y, 3B B AE AN R B H O A AR b
AR WEHGE RS B HGE BSR4, TR
W TR 2R 0 A s (5 75 v ARG i B 2 T
Pam i, EYIEA BN E, 5 han A R 5 Al
o S PG A TR HGE L RS BT T A
FH H P A fh 2 S 55 38 3 VE TR A FH I 4 SR
AN, 5 5 16 S5 ST 3 PR A 0103501 F 2001 4R A1
2005 FAEARI S HEAT T 5 AR U & /N
(R ZE BOR 6 bl B e, 45 R R, CITEEY
B JFAE A 2 I, &/ N HH P ARG
¥im TR uE s, SEEE2ZEN 50~400 Wm2, 22
SRR ARBETE T, BRAEYISCK AN, 1R A
P H N HGE 5 G AR AR AR - 3 3 TR
PR B AETERR 22 5 MR R0, JBE T T i ok

FH PN T A o 5 2 i A Y, P TE H N1
FERERZE IR XIRER, ALY A,
T S PREA LAY S A o DU g TPl i (14 5), 1
HEEZE2 50 Wem™, 1248505558 AR HAH
P WY T OB A B S X P PRl e A PR,
MR 1 B BOK 7 AL 225 K

4 %t

WEFERIF 2016 AFRRT i HE n] H 25 4% FH UL 2%
Wi, BV TAEDAS IR B B A HH 28 1l & B Hh 3 3 = 11
AL, I oA T 5 A v A 2R LSS R B
(22 58, [RIIRE, 35 MR 48 0 1 R348 0 BT Jr 9 52
BT G TR 28 HUR 1 B3 R A e
AT, AR

D)AS[R) B B BT S 0 1) H 3% 4% H 28 180k A8 g
i 5 38 3 WE W FH — 2, PR H 38 28 B ok,
AR Z, W /s R, S v A TR A
B B H 428 BOKF- 2 T T R AR

2) H P38 AR Al T, s TS U R A 4%
T8 AR A RRAE 5 A H— 2 N A
A ST HGE A Y, R H N G Y
R TR IGE &, G S R AR
KER.

IEAG A T X ZEHUR IVE Ry T, IR IR
B KU 5 M T 5 DRSS T A 2R R R,
ST AR AN B &
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