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maize agricultural ecosystem in 2007

2.3 EXRREESRESFEDRBEMUSRIE

ARAEH X TR — A 5 H BRI S 26
BOA HIESZ2 B BRI . NI A0F5E L% B K
H B A A B R R AR R BO R IE R
AR S PR 2R B 5 2 5 R O G UAE 15k
K3 REAE T8 73 6 A AR A A ORI I L e B
IR IO S A R AR A7 2 A A A CRID - 3K S
KT 75000 LR KED

B3 gy TR R B K. 5 AR L i
KA AW R B v AR B R R e R AR
ZHON 0. 88GAF] 0. 01 W F PR . BFXFBEA M
T ARULI 3t DX F) P 49 2% B B o T R X e T AR
B Ko MR LU ER & R R LA
HURP-SF BRI o ASHIE TS 10 AR i O Y s
SEAT PR A W ST O vk B B R L R L

Fig. 3 Relationship between crop coefficient (K.)

and leaf area index(I;,)

F2 51 T ST (A X i T AR S B AL =G (6, o
a=0.999,6=5.216,c=—13.831,d=5.528,

B4 25 TR &R 8 Ko 5 A% i i AR s 0
KFR . VEY 2B A o R AR B ki &k
RVEMKEREB N 093305 0. 01 B FMAKF),

K. = e+ [ X Ixa + g X Iiea +h X Ijeao (10D
LAOH e, fog F R RPLAZSE 4350 0. 219,
1.36,—4.119,3.907, #4010 F= (3 BEA BI AT
I EARRHAES RGN H LRz

Er = Eqo X (e+ f X Iya +
g X Tja +h X Tian) s (1)

Tnoa P58 3 50 C6) T AEAF 5], 3 B B4 3 A7 nt
T AU B2t ] 38 o S AR H O R R
TS B K H S PR 2R O .



564 TR G T B R 193 £ K32 B AW 2 RO A8 HOBE Y 699

2.0 1.8
Lo R R
I (EV/EN

91 111 131
i /d .,

Bl 4 FEYRECKD 5 A M1 AR B (e I R R

Fig. 4 Relationship between crop coefficient(K.) and relative leaf area index(Ig;.a)

FFH 2006—2008 4F + 3 /K 433 1 78 2 (R +- 3 6) AR ALLAHE 5 LI {1 =22 [a] A4 AH 6 M ke 2 2 500 o
IR RTF 75 Y0 i) HEFRF K B 1 AH 58 BOHE X B N T 0.934 F1 0. 883, & & J5 s £k M 11 5 &2 43 51 A
KA H B VE D) Z 80 S 28 O s AT I & Ik . &5 0.934F0 1. 043, ¥ 7 AR 243514 0. 09 mm » d I

%%Eﬁ S0 A 1T BE 8 AR - 3t A 400 M T oK A 0.37 mm « d ', —HEAE R 4 43517 0. 99 F10. 95,

SRGAEY R B ZE /N F 588 (B 5, K i H AT EREY R EBCGRD S5 /AT A, B
1.8
@ ° )
1.4 i
L _af
L g
2 10 Nl
&
0.6 5L
0.2 ¥=0.9341x+0.0405 | y=1.0434x—0.0483
| | | | | | 0 L L L L L
0.2 0.6 1.0 1.4 1.8 0 1 2 3 4 5 6
LA MLMIE /mm

5 REAEIE S I A Ee AL (O R R B, (b) SE PR 8 Hioh:

Fig. 5 Comparison between simulated and observed values (a)crop coefficient, (b)actual evapotranspiration

1.4
ol B .
: LS 1T} -7 ©
1.0 |- — ———FAOff
0.8
N
0.6 -
0.4 -
* e
02" .
(a)
0 | | | | | | | | | | | | |
1 11 21 31 41 51 61 71 81 91 101 111 121 131

i R ] /d

B 6 HEARBIE S WIEZ H A8k (2)2008 4E/EY) R 5L, (b) 32 BR 25 8=

Fig. 6 Daily changes of simulated and observed values (a)crop coefficient in 2008, (b)actual evapotranspiration



700 MoOoA R % ¥ il %26 &
6
20064 20074F L 2008
s A
A A A
WPpe A
.
g * ¢ 2 b [ ¢ A A
& w LA A N Ve
g 3 »  { A A . (N A
fj'? "t A 4 o o ¢ “‘ %
R~ 0 A MA
2 “AAA.: e AL Iy “‘:‘x &
o VRN XY II‘ 4 A ‘
14 it aw * B
A ADE
0 (b) | | | | | | | | | | | | | | | | | | | |
— — (=) on o~ o o~ v o [=)) Ua) (=] o~ (=1 o0 <t — o o o o~ (o] (=)}
5 L83 2R s 2§28 I oK D a5 3 2 0 =82
8 8 £ 858 8 58 883 38 8 & 85658 8 8 8 8 8 5 83 2
H 4
ZilE 6

o ] — b X o T 09F 52 05 AN TR A5 20 0 A 1 3 50
ANTR] s AN [ i DR IR A 1) 532 75 210 1Y 45 18 1 AN A
Al PRI O B e V) S B 2 S AR ALURG L AN [] 3t
DX 5 ZEAT 0T 25 S PR DU R AR R BT BT . A
WEFE R FORAE R WIS 3 L SRS SR &R
B4y 5 h 0.26,0.55,1. 14 1 0. 63,5 FAO I H#ES

LRI R B 9 45 1 3 A — 5K

FIFH 2011 4R 4K 40 B8 76 AL CED 3K 5 K
759 - B K B AR 36 B0 X B R A
B 112400 28 502 6 ORI A 0L B0 5 SR
VR B S5 AR M ) 2011 4F B M K A 112
RGN R AL E 2 (7. 8D 4

F1 BIMEMRB K 5 FAOREFERBETHRTARILR

Table 1 Comparison of calculated K, in present study with those values from FAO and other researches

FERAF BB EvF1 Epo WL K

1.4

it WM REM W b 997 1 CEr /o)

A 0.26 0.55 1. 14 0.63 hE ARk EC/PM
k28] 0.05 0.51 1.13 0. 64 b=wN R ATREIEES EC/PM
SCHERC29] 0.59 1.24 1. 38 1.17 H [ b # Lys/Lys
CHkL30] 0. 90 0.95 1.25 1. 00 HE kL Lys/Lys
ik[31] 0.45 1. 04 1.43 0. 45 o = P b Lys/PM
CHk[32] 0. 42 1.45 1.3 4L Lys/PM
SCHk[27] 0.25 1.25 0.65 o E P Lys/PM
k[33] 0.61 0.85~1.00 1.02 1.07 HE AL Lys/PM
CHik[34] 0.37 0.79 1.10 0. 90 5 [ 7 e 5 57 Lys/Lys
SCHERCL7] 0. 30 1.20  0.35~0.60

W EC iR BEAE 6 1. Lys H7E B0, PM 2 FAO Penman-Monteith i,

8

(a) (b)
1.0 b 6
&
@ I g
= o 4 -
o6 =
® L
L , L
0.2 + L
y=1.0377x—0.0607 3=1.0051x—0.1862
\ \ \ \ \ 0 | | | | |
0.2 0.6 1.0 1.4 0 2 4 6 8
LA SME/ mm

B 7 2011 AR RYBEHLME S5 000 A

Fig. 7 Comparison between simulated and observed values in 2011

O VEY 2B, (b) SEBr 75 Hl &

(a)crop coefficient, (b)actual evapotranspiration



564

TR G T B R 193 £ K32 B AW 2 RO A8 HOBE Y

701

FALME
4 MLTE
—— ——TFAO

1 11 21 31 41 51 61
H v A A /d

71 81 91 101 111 121 131

Sl - momom om om oL e
7k WA BEHUME
6
ES
=
g 4
=
® O3
2
-
T Y I R I SO Y N IR R N B
0
t o —= o < 0 w0 < - o A v N — = N v N — MO »n =~ O — o
S < ?PTIIIIIIIAL]e L QI FTTToTQPA
O O L - 00D DN DN DD DD DD DD D
o o o ©O o o o o o o o o o o o o o o o o o o o o o
H 1

18 2011 AEMHME 5 WA 2 H A2 1k
Fig. 8 Daily changes of simulated and observed values in 2011

1B WL {E 2 T F) T 52 R 50043 501 2 0. 876 Fi10. 869,
T R S A IR H AER AR 1. 037 L. 005, 3
HARIRZES BN 0,11 F1 0. 54 mm » d ', — it
Bd 4y5h 0.98 Fl 0. 88,

3 g Tie

AT 20062008 4F 1 2011 44 JH £k
AT AEZS RGN BEA G VAR AR A F 3 L 1w
BURBOWI L - 0 M 1T A 32K 70 38 26 18 8 FoK
B H AR R BORAE S S AR R e R . B
L5 .

1) oy B2 A UL B0 2 7S 6 K AR T 52 B 25 i
eI LG R SRR RN TR T T AR E
8 AWk B Ee K AH  4—9 H AR H LR HUE 5%
ZEHCRE I 47 %0

2) VE¥ F B K. (BRI 18] 28 fh R A 5 52 B 28
AR o AR I EEZE 3 4F 1 BE AH O RUE Je A
UL Y R P o AR i RO - S 5 A e 1

(O VEY R HL, (b) SE bR 8 i

(a)crop coefficient, (b)actual evapotranspiration

K BERE FE R CRD R 380K 43 R T 7506 B b K
ORI TEIET FAO $2 H 5 £ REY 280 % 7
Bep il 2 B R

3) VEM RSz 1 AU AR AR KR DL R
7 AR 2 R R AR 4 28 505 i B R
AR MR AS AR [A] L S AR 5 R Bk 0. 88 (I F 0. 01
R B g R Al B OK )5 B
FORAE R LT R o B AN AR B L AR
By QN i D IR L N TR 2R IR 5 9 | N
MEARAERCT 7 R E 8 AWk B KA AR Y
AERB R RARME.

A A5 R AR X i T BR A RS AR W &R R
KA THER T L 5 ARl b A BEK P 25 1
SR TGS - T B RT3 H IR
FORHTRAT R L . Al & T B A RO I s X
4 R AW S B 28 R T3

ES BRSNS VIR N 923 GING SRRV ER L (27
AR B R 0.26,0.55,1. 14 1 0. 63,45 5 FAO
WA HIE Y RBOCEA — B0 SR RES B4 e



702 B R g ¥ R 526 &
%}]Eﬁ 0. 25‘|:':l/ﬁ)ﬂ 1.25 ﬂ:ﬂ}a‘,ﬂ)‘ﬂ 0.6 %zlggﬁj[’ﬁirﬁk [11] He B,Oue H.Wang Y,et al. Measurement and modeling of e-

[29-32 JAY W52 45 S Am 1K » 32 2 5t PR J2 ) 4 25 15 o
2 FIE X Sk R B B BRI 4y R TR . Alberto 455
Al Facchi 25" ) 5 B2 AR & U000 550308 76 7K 43 38 B
THOL N HE T B R AR F B0 573 1 50 b i A6
R A X BT 0 R A v B RS B A ) R B
3B 0.05, 0.51, 1. 13F0 0. 64, B KW A
WFFEAm ARSI o 3 SR B B B S AW — 2 AEY)
RE I TR 5 AR5 T A TR 5 i 5 b A
FEAEHETE 0 X, KRB L b A AR R B
0.30~0.40, 0.96~1.02F1 0. 35~0. 89, F K47
EAHE g S5 R — 20 TP RS 3 A SR A 5
YEM R BOTE S AR AR . MHREIHRERE .
FE T BE AR G 08 AR R AL FAO HEF# M AE
W RBEEA -5

ASHIF G 3 ST 1 A P 3R BSOS TR W] D A g b A
H KA IS Br 25 Bl 2h 4, S 4 IR K A8 3 DL &
VRE R 0 o) SRR . IR AE BRAE EORA R
K3 TR0 S T AF B S YK A 45 1 2 B e L 2 3
TR G W I IE .

2 % x #f

(1] sk, R BB, & Bl , 55, AR b i XK T 5 B 25 A5 AE 43
Br. TR XA BF 5T, 2011,29(1) - 231-236.

(2] M7, TRROAT 22 WL o 2 I ot DXl 3 9 AR 0 1 A8 Ak B
PO B R AR 2003, 14(5) :542-552.

(3] BURSE, gk . 7R bl X 52 5 3 000 % 43 A 45 A K 03P 0
S B AR ICE AR 2009, 18(3) + 1-7.

(4] TN R E B PRGN, 55 . A2 b 3 X0 08 48 B % L TR R &
S A FRAE . T 5 M DR ML BIF 5T, 2011,29(3) : 226-232.

[5] Rana G, Katerji N. Measurement and estimation of actual e-
vapotranspiration in the field under Mediterranean climate; A
review. European Journal of Agronomy,2000,13(2):125-
153.

[6] Ding R,Kang S, Li F,et al. Evapotranspiration measurement
and estimation using modified Priestley-Taylor model in an ir-
rigated maize field with mulching. Agricultural and Forest
Meteorology ,2013,168:140-148.

[7] Kjaersgaard J] H,Plauborg F, Mollerup M, et al. Crop coeffi-
cients for winter wheat in a sub-humid climate regime. Agric
Water Manag ,2008,95(8) :918-924.

(8] EA L, BFR U, AL KN KI5 FOARBERIR. i
R G2 4,1995,6 (3T 1) .42-48.

(9] BEZ. % M5 s, A duil X oK M 98 bR 28 8ot i 1 H 5. 0L

R %24 41.2003.14(6) . 722-728.

B KCHOLE AR SEAEY AR HOE 2 BT8O ik RO

L5 LR PR 24,2000, 1TGH T 1) :128-136.

[10]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

vapotranspiration {rom an irrigated wheat field in the Hetao
Irrigation district of the Yellow River Basin. Journal of Ja-
pan Society of Hydrology and Water Resources, 2007, 20
(1) :8-16.

Kang S Z,Su X L, Tong L,et al. A warning from an ancient
oasis: Intensive human activities are leading to potential eco-
logical and social catastrophe. The International Journal of
Sustainable Development and World Ecology.2008,15(5)
440-447.

Yan H F,Oue H. Application of the two-layer model for pre-
dicting transpiration from the rice canopy and water surface
evaporation beneath the canopy. Jowrnal of Agricultural
Meteorology ,2011,67(3) :89-97.

Yan H F,Zhang C,Oue H,et al. Comparison of different methods
for estimating soil surface evaporation in a bare field. Meteorology
and Atmospheric Physics,2012,118(3) :143-149.

T, AR R A A R I B R RO Al T 5
A 55 v B AR A A 2011,22(6) : T66-772,
ThIGETE - RICE S R AN T 07 98 b S A L 3 DX 0
w0 A B SOG4 4R 2009,5,20(2) 1 186-194.

Allen R G, Pereira L. S, Raes D, et al. Crop Evapotranspira-
tion-guidelines for Computing Crop Water Requirements. Irri-
gation and Drainage Paper No. 56,Food and Agricultural Or-
ganization of the United Nations,Rome,1998.

Gao Y.Duan A,Sun J S,et al. Crop coefficient and water-use
efficiency of winter wheat/spring maize strip intercropping.
Field Crops Research ,2009,111(1-2) :65-73.

Shrestha N K, Shukla S. Basal crop coefficients for vine and e-
rect crops with plastic mulchin a sub-tropical region. Agric
Water Manag ,2014,143.:29-37.

Zhang C,Yan H F,Shi H B. Study of crop coefficient and the
ratio of soil evaporation to evapotranspiration in an irrigated
maize field in an arid area of Yellow River Basin in China.
Meteorology and Atmospheric Physics »2013.,121(3-4) ; 207-
214.

Facchi A, Gharsallah O, Corbari C, et al. Determination of maize
crop coefficients in humid climate regime using the eddy covari-
ance technique. Agric Water Manag ,2013,130:131-141.
Shahrokhnia M H, Sepaskhah A R. Single and dual crop coef-
ficients and crop evapotranspiration for wheat and maize in a
semi-arid region. Theor Appl Climatol ,2013,114(3-4) :495-
510.

FRTVJHT M EF AERIEERKAASRGEEAKSE
- SENT AR T B X A B8 D i o . A 2 4, 2010, 55
(13):1247-1254.

AR WL L 2RO L S KB N S 8O0 K W k-
I LB S M ——— LA BATSle #8546, 1 A 25 22 3R
2013,24(8) :2265-2273.

JRTHE, JR ) M. A K J R T AR AR B0 8 s T Tk K N
il AEZS 2412013, 3(8) : 2596-2603.



564

TR G T B R 193 £ K32 B AW 2 RO A8 HOBE Y 703

[26]

[27]

[28]

[29]

[30]

EFE AT M. TR KR B AR A AR G S HURRE TR R
B A A AR - 2010,21(3) : 647-653.
BRGSO  , FAd 55 i L IX A N RN B KRR 7RI R
YEW) R B2 . Al TR 241 2006, 22(5) : 291-293.
Alberto M C R, Quilty J R,Buresh R J, et al. Actual evapo-
transpiration and dual crop coefficients for dry-seeded rice and
hybrid maize grown with overhead sprinkler irrigation. Agric
Water Manag ,2014.,136:1-12.

Liu C,Zhang X, Zhang Y. Determination of daily evaporation
and evapotranspiration of winter wheat and maize by large-
scale weighing lysimeter and micro-lysimeter. Agricultural
and Forest Meteorology ,2002,111(2) :109-120.

Liu Y J.Luo Y. A consolidated evaluation of the FAO-56 dual

crop coefficient approach using the lysimeter data in the

[31]

[32]

[33]

[34]

North China Plain. Agric Water Manag »2010,97(1) :31-40.
Kang S Z,Gu B J,Du T S,et al. Crop coefficient and ratio of
transpiration to evapotranspiration of winter wheat and maize
in a semi-humid region. Agric Water Manag ,2003,59(3):
239-254.

TE MR ZE A A DN, B TR 28 B AR B Sk I T &
VNG FOAE T K AF Wy 22 BN S5 07 Tk ARl TR 2 4. 2005, 21
(8):25-29.

RSO L B M A A BTG OGPt IX BT R OR AR R B0 58 O
FE. WK HEWE,2011(12) : 14,

Piccini G, Ko J, Marek T, et al. Determination of growth-stage-
specific crop coefficient (K.) of maize and sorghum. Agric Water

Manag2009,96(12) :1698-1704.



704 AN R A S 26 &

Daily Crop Coefficient of Spring Maize Using Eddy Covariance Observation
and Its Actual Evapotranspiration Simulation

Zhang Shujie” Zhou Guangsheng” Li Rongping”
Y (Institute of Atmospheric Environment , CMA, Shenyang 110166)
? (Chinese Academy of Meteorological Sciences, Beijing 100081)

Abstract

Spring maize is one of the most important crops in Northeast China and accounts for about 1/3 of grain
crop area. Due to climate change in Northeast China during recent years, climate warming and drying trend
is very significant. As a result, drought disasters of spring maize occur frequently, moreover, it often oc-
curs in the critical period of the formation of maize production, resulting in a serious impact on maize yield.
How to scientifically irrigate maize farmland and ensure maize yield stable and high is a serious challenge.
In order to accurately calculate the actual evapotranspiration of maize, dynamic daily crop coefficient of
spring maize and its relationship with leaf area index are studied, using the latent heat flux data from eddy
covariance (EC), and corresponding data including meteorological data, phenological data and leaf area da-
ta during 2006 —2008 and 2011 at Jinzhou Agricultural Ecosystem Research Station. Results indicate that
both daily crop coefficient and actual evapotranspiration of spring maize farmland ecosystem show a uni-
modal curve change, and they reach the maximum from late July to early August (maize flowering and silk
stages). A new dynamic crop coefficient model under conditions of enough water supply is developed for
spring maize, and it indicates the close linear relationship between crop coefficient and leaf area index
(R*=0.88, F=73.5, P<C0.01). Furthermore, the relative leafl area index is simulated using the stand-
ardization of growth period based on cumulative temperature. The relationship between daily crop coeffi-
cient of spring maize and relative leaf area index are also developed (R*=0.93,F=527,P<C0. 01), which
solves the calculation of daily actual evapotranspiration over spring maize farmland ecosystems without the
leaf area observation. This new model improves the crop coefficient suggested by FAO, and extends the
calculation from phonological stages to daily scale.

At present, crop coefficients come from different evapotranspiration observation methods, including
lysimeter and eddy covariance, and different methods lead to significantly different results. The compari-
son shows that crop coefficients of maize at four phenological stages based on the evapotranspiration obser-
vations from eddy covariance towers are the closest to values suggested by FAO. The newly developed
crop coefficient model is able to simulate daily actual evapotranspiration of spring maize farmland ecosys-
tem with a good accuracy. It could provide theoretical basis for the management of agricultural water re-

sources and irrigation.

Key words: spring maize; daily crop coefficient; eddy covariance method



