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FEI 1) 0 7 v Rk 2 o 8 k2 75 AR 60 3l S it
(36.8°N, 116.6°E) » iZufi iy T4 5o & 771X,
PR L) 20 me ISR L, A RETCA SR R
B, i LOR AP I 1o 32, pH {H 8.5 Aidq,
HHUFTHE BN 0.6%~1.0%, ESas, &N
T 10 g RERe, IR 6 H 10 Sk,
RN LA FHNELE (N i s, "ET
ZAFES: (2005—2010 45) W5, G 5 FhibH:
O A, AHEEE (N0 ; @ B4 WA EEIE
70 kg/hm* (N70); @ SAF Wt ZE 140 kg/hm’
(N140); @ /BT W MEUIE 210 kg/hm®(N210);
® MAEFHNHEIE 280 kg/hm® (N280) . ZUE
A% 2 YR, AR RS AR T35 IE 5t — 2 (i A
e BpMAAES 3AER, DNXCRHBEHL . /D
X HiE 2 FAO 56 HHRIRHE, K/ANsikh 5
mx10 m, PUJENEER KPR, ANiFEK; DX JE
HICH A, KA g, SR KRR

TER IR MR FIBIEK, SF58NNX 3T #E
WE, WEKEIIH 50 mm. AR, KAEFEEE (P) |
BO(K) KF—38 (P,0s 4 100 kg/hm?®; K,0 A
50 ke/hm®) , HoAty A B A I 5 Y M P e —
o A SR BB K H 2008 —2009 112009 —2010
TERE 2 NN AR T R 1) 5, 2008 — 2009
KINFEAKZE, 4 50 mm B E L) F1 238 mm
ERBEREISKMT, X R &R,
AT EAE SR s 2009—2010 & /N K, EE
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REIK B 50%, S K073 H N 4
A 5 AL BAFAE A R oL, I
KAy HiE .
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F 1 2008—2009 #12009—2010 Z/NEFEKME. REEKE. EKPH. EKFRMEKKEIR S
Table 1 Initial, development, middle, falling and end stages of winter wheat in 2008-2009 and 2009-2010 seasons

ERT FERAIY] PR A K 1 aay S AERIEIR ] RS
2008—2009 2008-10-25—2009-02-28  2009-03-01—2009-03-27  2009-03-28—2009-05-08  2009-05-09—2009-06-08  2009-06-09
2009—2010 2009-10-26—2010-03-09  2010-03-10—2010-04-07  2010-04-08—2010-05-15  2010-05-16—2010-06-11  2010-06-12
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fHAEHE TR (NDVD  Z{EM#FRE (DVD | Lk
MRS (RVD RSB RE (SAVD |
SR B SR BAREL (Clygeen) ~ 350 AH Bl 45 30
(EVD | E1E8 B o Fr 2 (MSAVD) |

A A pEFa % (RDVD 45 8 i FHFE e 4R% (%
2) BT M. BAKUHELR, 2% MODIS f&i&4%
(moderate-resolution imaging spectroradiometer)
B, 73 ML E 841~876.620~670. 545~565.459~
479 nm P B -1 S FAEAIELIA (NIRD
2006 (R 406 (G) « 5t (B) SeBUIIRI 24H

x2 AARENAREHEER TR
Table 2 Vegetation indices used in this study

HitHR % Vegetation indices

1524 18 Formulas

5| I 3CHR References

VA ZE R F
Normalized difference vegetation index, NDVI
Z A B 54 Difference vegetation index, DVI
LUAE A Bl H6 L Ratio vegetation index, RVI
LI R R
Soil adjusted vegetation index, SAVT
SR B 4% 452X Green chlorophyll index, Clyreen
15 AR B 540 Enhanced vegetation index, EVI
1B TERY LSRR A AR 2
Modified soil adjusted vegetation index, MSAVI
IR TR

Renormalized difference vegetation index, RDVI

(NIR—R)/(NIR+R)

(NIR—R)/(NIR+R+L)-(1+L), H:H L=0.5

2.5(NIR—R)/(NIR+6.0-R—7.5-B+1)

Bannari 2, 19951
Bannari 2, 199513

&, 199523

NIR—R
NIR/R Bannari
Huete, 1988124
Wu 2%, 20102

Huete 45, 2002179

(NIRIG)—1

(2-NIR+1-+/2-NIR+ 1y —8-(NIR — R))/2

(NIR = R)/\/ (NIR + R)

Qi %%, 199427

Roujean 1 Breon, 19951%

E: NIR. R « G. B 55N 841~876. 620~670. 545~565. 459~479 nm WEFEH FHIRINR; L h+HHAr,
Notes: NIR, R, G and B indicate the mean reflectance of 841~876, 620~670, 545~565 and 459~479 nm respectively. L is a soil adjustment factor.
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TEMFRBK (=
Crop coefficient K (
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H

c. K Ik

c. Daily time-profiles of K_

#¥: NO. N70. N140. N210. N280 4584 0. 70, 140. 210. 280 kg/hm* FIEALEE, R,
Notes: N0, N70, N140, N210, N280 indicated the nitrogen application levels of 0, 70, 140, 210 and 280 kg/hm” respectively. The same as below.
B 1 R AL T AL ZEFT EZBEYE Ko Kew K ZALDHT (2009 - 2010 £ £ F 4045 )
Fig.1 Daily time-profiles of K, K. and K, during period of winter wheat before reviving to harvest under different N levels. Data
given here were from 2009-2010 seasons.
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b. Daily time-profiles of K|

B2 A RARERR AL R LAIEAE R F AT 2RO 49 Kot 2% (2009 - 2010 A X F 4048 )
Fig.2 Peak LAI during whole growth season and daily K during the period of winter wheat before reviving to harvest under
different N levels. Data given here were from 2009-2010 seasons
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e. Relationship between K_and SAVI
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h. Relanonshlp belween K_and CI .
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¢. Relationship between K_and RVI

TE: SRAHSLOBIZEH B8 T KA a B K4 #i. NDVI, EVI, MSAVI, RDVI, SAVI, DVI, RVI, Clye 075 XWE 2, T,
Notes: Solid circles indicated the data points with relatively large water-stress. The definitions of NDVI, EVI, MSAVI, RDVI, SAVI, DVI, RVI and Clgecn

refer to Table 2 (same as below).

B3 AT 2009 - 2010 & R FHAE WM Z 4k Ke (=Ko tK )5 BB AR AE S0 X &
Fig.3 Relationships between K. (=K,,+K,) and canopy spectral vegetation indices of winter wheat
based on data analysis of 2009 — 2010 seasons
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Fig.4 Relationships between K, and canopy spectral vegetation indices of winter wheat

based on data analysis of 2009 — 2010 seasons
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Table 3 Relationships between of Kc» and canopy vegetation indices of winter wheat under well-watered conditions
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Dependent variable Independent variables Regression equations Coefficients of determination
NDVI Y=0.5148In(x) + 1.0787 0.8206
DVI Y=0.4172In(x) + 1.3587 0.8581
RVI Y=0.2974In(x) + 0.2704 0.7382
SAVI Y=0.4699In(x) + 1.2226 0.8763
Kep
Clgreen Y=0.3218In(x) + 0.4164 0.7344
EVI Y=0.4137In(x) + 1.1470 0.8751
MSAVI Y=0.4118In(x) + 1.1731 0.8762
RDVI Y=0.4779In(x) + 1.2543 0.8724
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Fig.5 Performances of canopy vegetation indices on K, estimation of winter wheat (Data used here were from 2008 —2009 season).
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Estimating crop coefficients of winter wheat based on canopy spectral
vegetation indices

Li Heli**3, Luo Yi**, Zhao Chunjiang®, Yang Guijun*
(1. Beijing Research Center for Information Technology in Agriculture, Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100097, China;
Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China,

2. Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and
3. State Key Laboratory of Remote Sensing
Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: At present, many studies have been carried out on crop coefficients and its variation over years under
local climate conditions, but little attention has been given to its estimation method for a regional scale, which
plays a key role in the regional application of the FAO 56 crop coefficient approach in crop evapotranspiration
and transpiration estimation. In this work, experiments including five nitrogen (N) treatments were conducted in
the 2008-2009 and 2009-2010 seasons to investigate the relationships between the crop coefficient (K.), basal crop
coefficient (K.,) and eight common canopy vegetation indices (VIs) of winter wheat, as well as the effects of N
and water stress on them. In addition, the feasibility and the performances of VIs on K, and K., estimation of
winter wheat were analyzed. Results demonstrated that high levels of N were associated with high K, and low K.,
and vice versa, which resulted in no obvious regular differences in K, among different N treatments. Crop K, was
weakly correlated with VIs (the coefficient of determination R* = 0.094 ~ 0.150, p < 0.01, #=195) due to the
variations in soil evaporation and soil background, while K, had strong correlations with VIs (R* = 0.511 ~ 0.685,
p < 0.01, n=195). In addition, the water stress before resulting in an obvious sign on crop canopy spectral
characteristics can introduce considerable scatter in the relations between K., and VIs, while N stress had no
effects on them. Validation results showed that VIs performed well in crop K, estimation, and the enhanced
vegetation index (EV) gave the best accuracy (R*=0.765 ~ 0.864, n=150). The proposed method would be more
favorable for regional application, since VIs can be easily collected by means of remote sensing. However, it
should be pointed out that the method may have some limitations under the conditions with water stress but is not
severe according to the above analysis, and as in this case, additional water stress information collected from other
sources like thermal images and ground-based wireless sensor network observation would be needed.

Key words: estimation, experiments, nitrogen, crop coefficients, winter wheat, vegetation indices
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