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KEEEERPREMNMEFHEENEEHRH NDVI 2
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P 10~ BFISE 1 BOGE D BRETE 2~ FREIE T - BRI 13 - R
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2P TAR SR
3RS Ebe A VI SE T RE AL I 2 AR TR SR 0

TEE 3

A BIFFE I FH K R e B e > o Ak R 2
A R B B IR Bl 8 B R AL A2 2R
M 4 8 ¥ (normalized difference
vegetation index, NDVI)Z BV - 1k BH
S TR > BRiE (e hill) ~ 53 BE9 (tillers
hill'?) ~ ZEE S EEH (%, DW) ~ Hokoy
BEET (%, FW) ~ ZEfFEH (g hill-!) Bl
Koy & RE (%, FW)ZIKF 1571 6
#o MER S E (g, DW) » A S & (g
DW) + % 48,4 ¥ (g, DW) ~ Z2 ¢ i (g hill1) ~
HEHZHE (g hill ) B KHZ (g hillt). 2 71
srRER 6 45 AR EEMEARRI A R e e
(K1 bE » 7R e T A RIS R B VR IR A i 2 0E
I NDVI Z ERREE A > DIk ~ o BEH
Koy & BT (%, FW)SEK S - f ik B
SUT AR o AN S5 80 B 3 A B K I8 ik 50T
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RABEEE © /KA~ ERARN S BREMIR - iR
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ABSTRACT

This study applied grey system theory to
analyze the relationship between agronomic
characters and satellite remote sensing
normalized difference vegetation index (NDVI) of
paddy rice during vegetative stage. The results of
grey relational analysis indicated that plant height,
tiller number, leaf nitrogen content (%, DW)), tiller
water content, leaf fresh weight and total water
content (%, FW) took the 1st, 2nd, 3rd, 4th, 5th and
6th place of proportionality, respectively. Leaf,
total and tiller nitrogen contents (g), tiller fresh
weight, total and tiller dry weights were the last
six items in the order, i.e., these parameters took
the 13th, 14th 15th, 16th, 17th and 18th place of
proportionality, respectively. Other agronomic
characters were located between them. Results
suggest that different agronomic characters of
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paddy rice make different contribution to satellite
NDVI during vegetative stage. Plant height, tiller
number, and water content play a more important
role while dry weight of tissues is relatively less
important. Results from regression and grey
relational analyses are also compared and
discussed.

Key words: Paddy  rice, Vegetative stage,
Agronomic characters, Satellite
remote sensing, Vegetation index,
Grey relational analysis, NDVL
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iy & W EORE B G TS K A 42 [
43 i BB B R B D9 o 2 IRE 22 LY R R 1
Bh o CEIZE A2 R B B s
5T > R BT R S % RN Y o S G I B A
# 2 E% T H(Yang and Lin 2000, Steven
and Clark 1990) o ¥ 58 ] iy 22 & ] ERHS
EEHIE - DU Y A FoR I ru e 2R
fE#(vegetation index) » A1 REfb 72 BAH A
8 B (normalized difference vegetation
index, NDVI) ~ fi§ 5} LLiE 4= $5# (simple ratio
vegetation index, SRVI)%: » #7228 2" 72 b
92 ~ &Y i Bl fE A (Choudhury 1987, Sellers
1985, Sellers 1987, Tucker and Sellers
1986) - FHILIZKE - HERMH B & AR
XRRR % A0 — R E PR REfR DL - Itk
BT » 787 2 2 0 i 30 SR S B e e Uk P
MY by H AT AR M L i & SO R -
ERIIEG - ] 3t 1 40 B HL Y Jo e 7w RE S i 22
M2 GO TE A R JRK - ¥R
TEVIS - BREERR RS - HEANFREZEMEIR
S B W o BB OGRS IR & A N R L 52
2o JRRN R B M e R E W AR R
NDVI G A FERYERRE - S 51 5/ =Rk
JEZHEFP R - A BB S T I g vk - H
JK % i Bl G (grey system theory) HIl w] [
(Deng 1989) -

R R R 20 AT 2RO R B - 1 B
IOPARIPAYEPSE: RALDIUNER - X (olPSE 32N =
% 5 il o3 A w] DU B 5 SR e B FLRER
8 [H] o AH B 1 B R 5 2 - {EL SRk PR 0 ol 1
ST B RE S BRI ~ R ~ B
TR JEE TR /I o TR S5 e B G U 136 I o R 8 e
A fige PR 3% 3 T R A & T T R R S (Deng
1989) © Ji it B G H o B A B HE v B TR
BECEREHEERY 1982 15 XieHi#& (Deng
1982) » 245 4 - TR Wz i
i FHAERT Z WU IF e I FEAD © R ~ A
TR~ K]~ AERE ~ BEEL S BRR - AT~ S
G BE R H  HH (Deng 1982, 1989)
il (L, [ JE S5 (Yang et al. 1999) -

Horh iy JK B Bk 53 At (grey  relational
analysis) - % ¢ € F £ 5 22 52 710 > LR A
HMILEAL Y B PR L )1 2 % (Chao et
al. 2001, Chung et al. 2001, Chu et al.
2003) ~ 1B 5 E A TR BR BT Y 52 % (Che
and He 1993) ~ Ifil 37 o - AfE i Bt A% il
I fEEEEE (Chen and Tan 1995) ~ /NS AL
BRI E & o B (Guo et al. 1991) »
PR E S RHHIERS a/b [
Z ERE ST (Huang et al. 2003a) j % H
M6 A F R 52 8 5 2 (Huang et al.
2004a) - f3IT » IR 0 At A P S R
15 P 1118 22 2 o G 1 L1 2R R o 7 S
fige [A] -5 %8¢ O St AL ol = U0 o B BR 85 2 )
(Huang et al. 2003b, 2004b) -

TEH B LUK ZE Fr 35 ik A M B (1 3%
(chlorophyll-related compounds, CRCs)
B R EW NDVI T IKE 207 - KR
SEUTS 7 J7> T ok e 2 B2 1 (thylakoid ) = A 1
/Ny CRCs #ffif 23& I NDVI 2 HRK
K o 10 23 i S £ (stroma) ZK VA PR A 2
CRCs HI¥ffif =& Ml NDVI & 5= /)
(Yang 2001)  FHBLRE R ANE — A [ B
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H 35 ZE Fr 2831 (Hsu 2003, Hsu et al. 2004) -

AT S E ) o BRI W B G > 20 BT K R
AR R 2R PR SPOT f# k2 & HItH
A FEH NDVI Z BB -

MFERTE

— s kTERERKE

ARWFTE & 5k AT A 2 6 R8T )5 15 B
LT R YR A - ML Y K
Pl R Ty 100m X 100m o fpl 45 &
Hoal/hg - HETE A F 50m X 50m  7KF
B 67 W5 (TN6Y)FERLR 7/26/2000 » 7k F5
FEAE 1T R IR 43 531 By 30cm X 18cm -

—EEUHKAE

IR B R B R AR - o T E T —
R FRE/NEFEREER 10 # - 5 H 8
AAE R - AT E S 18 #E 0 [ bk
7 (cm hill-?) ~ 43 BES (tillers hill-1) - % i fg
(cm?) ~ FERETE (g hill ') ~ ¥EE T (g hill 1) -
f fief 7 (g hill) ~ ZERZ EE (g hill ') ~ ¥HZHEH (g
hill-1) ~ f# 5% 5 (g hill 1)~ BE & & 8 15 50 b (%,
DW) ~» & Z & & E 4t (%, DW) ~ fi R & &
B3 (%, DW) ~ ZE/k 7 & & H 0 b (%,
FW) ~ K5 B & E 57 (%, FW) ~ #8K 53
GERETH (%, FW) ~ BEF (g hill") »
KA ¥ (g hillt) ~ Bl {8 2 58 B (g hill?)
(Yang 2001) o H /A Ik B Wik o3 B 75 S8
B > WMOR SO BRI -

= -HERRK

ik SPOT i 25 e B 12 i H 87 o
RAELKZE e s& I gE oG fr s H I 5l
¥y 2000 4% 8/7 ~ 8/20 ~ 9/28 } 10/11 ; 4
AR 12 25~ 33 Bl 46 K - 4R
HtE i (level 10) - HIFHER - HREML

A HOFH R $R ¥ NDVI 2 & #& Ky
(IR-R)/(IR+R)(Rouse et al. 1973) » R(red)
Rk S8 8 > IR(infrared) By L 40 i<
o RBFERE S EA R AL HIRHE
PRAR B E A H B gy B & H A — S0 i 2
ZEW NDVI REE 543 b7 8 LA ik i 15 &
P A FE B W0k I BRI 93 BT o 2275 2 8K -

m 55

i &M NDVI Bl 2% 4 5 2 i
S HTHR #E SAS(statistic analysis system)ik
%52 5 (SAS Institute 1985) «

B TREAE DR

DAl 5 25 e 1 T T BB R Bk 1 R
M AR DA & NDVI Fy 2235 R 515
RERH > 4 51 i P Bl A B 4 I o B o
T o AWFFEIRITELRER -

1. )5 45 B 88 51 19 29 & L (mean value
normalization):

n

- 1
HEM IR P X = LX)

k=1
RIS xy = 2 3@ 20) k),
x x  x 77 x
2. JK B IRE (grey relational coefficient)
Y LEFEAR

1(xo0(k), xj(k))

minmin max max
o @ —x, (0] +¢ P I
max max

o ()=, ()| + ¢ Pk ey (= x, (h)|

()=, (k) j

ji=1,..., mk=1,..,n
j &3 EfR B (identification coefficient),
HENK [01]2/ 5 xo 22T

(reference data series) ;
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xj 2 HE)rY](test data series) ;
ey () = x, ()| F22 xo(R)FH xi(ke) & ZERAAEEHEL -

EEFTH L5 /N

MU ) —x, ()] S

7= (the secondary minimum difference) ;

™, () - x (0 2 E Tk Z R/

7% (the first minimum difference) it H
max max R4 b Bk -

3. KRB ¥ (x, (k). x, (k) ZEHAF -
7 (e () x, () = DG, ()

R

— . BEHR

=1 K R 2 AR IR KA BT
el S K3 FE L - A e R B IR AR IR Y
AL FEAN ST BEH R oy BER - ZE A -
HE K fiee F w iz S AT PRGE A T (Table 1) » Hy
JRAR Sz T B H B AE R s 2 M IR Bl 1 2 0
W TR B Wk 73 A AR IR TR A
Tt o

* FEENR NDVI 2 &1t

IEHARNKRE  FEOREE  HKE

Higr B ENE A B L2 R AR
NDVI g2 7k f64E & H #ifn 3 4 8 hn (Fig. 1
K Fig. 2) - ff#REE 12 K(8/7/2000).2
NDVI #EA 0.1 - Bl 7k 85 5 #4155 Hh .o 7 5

Table 1.Change of the major agronomic characters of paddy rice during vegetation stage.

Agronomic character

Days after transplanting

36 55 69
Plant height (cm hill-1) 35.83" 58.10 81.65
Tiller No. (tillers hill-") 7.41 10.25 10.88
Leaf area index 1.53 7.30 9.66
Leaf fresh weight (g hill-") 40.04 80.20 100.19
Culm fresh weight (g hill-1) 20.46 178.11 278.71
Total fresh weight (g hill-1) 60.50 258.31 415.71
Leaf dry weight (g hill-?) 4.96 23.62 30.29
Culm dry weight (g hill-") 4.06 28.09 56.41
Total dry weight (g hill-") 9.03 51.71 100.10
Percent of leaf nitrogen content (%, DW) 1.88 2.53 2.18
Percent of culm nitrogen content (%, DW) 1.46 1.37 0.86
Percent of total nitrogen content (%, DW) 1.69 1.90 1.27
Percent of leaf water content (%, FW) 87.60 70.55 69.77
Percent of culm water content (%, FW) 80.14 84.23 79.76
Percent of total water content (%, FW) 85.08 79.98 75.92
Leaf nitrogen content (g hill") 0.09 0.60 0.66
Culm nitrogen content (g hill-1) 0.06 0.39 0.49
Total nitrogen content (g hill-1) 0.15 0.98 1.27

*Only mean values of agronomic characters were shown since grey relational analysis requires them.
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Fig. 1. Change of NDVI of paddy rice monitored by multiple SPOT satellite imageries, taken on 8/7 (A), 8/20 (B),

9/28 (C), and 10/11 (D) in 2000.

RePEAL > SRRt SO KRR S e W 2
Fer AR #R 2 18 e O 7 2k oy s B
A o FRRSE 25 K(8/20/2000) - 7kFEZ
NDVI 3T /* 0.2 - BRI O i 4 =
JE#RER < 1B K > KRR ZEE (canopy) LRk
Fo 5 0T B & W f B LA ST ) - R 0 bh
T RE R 5 2 v 7 2 st i o5 U KRR 25
= JERIN-Z R b el Ra k=L g

=B

A i — iz 30T s e P i 7 95 B AH R BR
B HR /K R iR 25 36 ~ 55 ¢ 69 K Zfif &
EME A F8 8 NDVI » i — 25 Bil 4% fifi o 80
PEHEFT ELRR A 73 47 (Table 2) o f5ARER
R E A%, FW) s IR SR E 4L
FEER &= (%, DW)Z R2EHREAR -
53R 0.004 ~ 0.295 K 0.338 - #H B 1t A< 2
5 RMEmAEREY - KETEE 7 (%,

DW) e 37K 53 & B E 53 Ha(%, FW)Z R2EH
SPRIE 0.748 ~ 0.745 J 0.887 » 45 FAZEAHR
HERZEREZ REFREZ (g hill ")k
0.920 5> #ik:tE 0.95 - BURMREAE < AHRA 1 -

05
*
y = -3E-05x" + 0.0069x + 0.042

0.4 R =0.7782
; 03
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*
0.0 ‘
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Days after transplanting

Fig. 2. Change of satellite remote sensing NDVI of
paddy rice during vegetative stage. Arrows
indicate the days, equivalent to 36, 55 and 69
days after rice transplanting, interpolated
after regression.
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Table 2.Regression coefficient, value and order of grey relation analysis between agronomic characters and
satellite remote sensing NDVI of paddy rice during vegetation stage.

Agronomic character

Grey relational analysis

R2
Grey value Grey order
Plant height (cm hill-") 0.997 0.963 1
Tiller No. (tillers hill-1) 0.747 0.923 2
Leaf area index 0.991 0.733 12
Leaf fresh weight (g hill-?) 0.998 0.860 5
Culm fresh weight (g hill-1) 0.999 0.705 16
Total fresh weight (g hill-!) 0.994 0.751 10
Leaf dry weight (g hill-1) 0.984 0.733 11
Culm dry weight (g hill-?) 0.965 0.687 18
Total dry weight (g hill-?) 0.969 0.701 17
Percent of leaf nitrogen content (%, DW) 0.338 0.875 3
Percent of culm nitrogen content (%, DW) 0.745 0.752 9
Percent of total nitrogen content (%, DW) 0.295 0.776 8
Percent of leaf water content (%, FW) 0.887 0.791 7
Percent of culm water content (%, FW) 0.004 0.875 4
Percent of total water content (%, FW) 0.994 0.836 6
Leaf nitrogen content (g hill-?) 0.920 0.711 13
Culm nitrogen content (g hill-1) 0.975 0.710 15
Total nitrogen content (g hill-1) 0.983 0.710 14

- IXEAEE S

A T Wk B G 5 i B ik B MEL (grey
relational value)fi A » HJKJ¥ (grey order)
HEA SR AT - BRI f R e s e -
It #R & (cm hill-?) ~ 43 BE# (tillers hill-1) ~
TEM AR AR B - BEREEH (g hill!) ~ KiEEH (g
hill-1) ~ 4 fef & (g/ hill) ~ #2647 5 (g hill1)
W7 (g hill") ~ #5258 (g hill") ~ BERA S
(%, DW) ~ A& &5 (%,
DW) ~ # %7 & 1 57 Ha (%, DW) ~ ZEK 35
BEESE (%, FW) ~ K58 853 (%,
FW) ~ fa7k s & B 3 (%, FW) ~ BEE
B (g hill") ~ F 58 u B (g hill ) ~ # & 5e (g
hill-1) ¥ 2 & WAE 4= $5 8 NDVI Z K P47
Bk 12125161011~ 18 ~17 ~
3.9.8~7+4+6~13+15 J% 14(Table 2) -
IR FATE R
1. WK fg 2 #R & (em hill?) ~ 43 BE 8

(tillers hill') ~ % & & & B 20 (%,

DW) ~ ¥k 5> & mH o (%, FW) ~ ZEfif
H (g hill ") K7k s> & 8 EH 5 Ha (%, FW)
N B BURR M 2 K T B AR AT = 4 2 —
B Mo B ALE W AR NDVI 2
SRR > /NG R DART ZFE RIS (em
hill-1) K 43 B2 8 (tillers hill-1) .2 B ki A

K Z B O B (g hill ) ~ B B

(g hill?) ~ FEEH (g hill!) ~ FiEH (g
hill1) ~ §4#7 & (g hill) f %8 & (g hill1)
ANHBRERFREZKFHER =72 —
B Wop B B AR R NDVI 2
SN i N H DIk T BIEEZ E (g
hill-) fz %7 & (g hill-) 2 Bk /) -

Bk (cm hill) - #2fef 5 (g hill ) ~ iz &

(g hill!) ~ BEH & &5 43 LL(%, DW) ~ EK
17 & B 4 P (%, FW) B BE R i B (g hill)
AR A DL R M G AN & - W
B AERES(%) K ER - Ak
B4 (g)) T K Bk Fe e AT T A (7K o3 2 B

ED 3
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Gb) o LR B b o KRS 3 B3
i BRI o B R E WA AR TR B
NDVI & 52 % FL H e T g fH R o B 2y
PEHRE 2 HRAT /K2 A B A E -

4. TR 25 Rl A A% o W2 R LT B ()Rt L
Ao EHMHEENHEAEE NDVI ZH
BREE# /D » R

5. 7k e #5 TR Ak L 7K o3 B AT B 1 A E
fEAf5 3 NDVI s < H=Rk -

5~ EERS R IR EAEE 2 Z L8R

U815 53 BT o2 e A AN o B D G I 3
T 5 SR AR 7 b » TR 35 T e MR D TR o2 1k
B A (Deng 1982, 1989) » BE411 « (1)EE A
FRE ~ FEMEEE (g hill!) ~ #GZ 5 (g hill?) ~ #4
HZH (g hill?) ~ ZE5 5 #5(g hill!) ~ ¥4 5 8
(g hill 1) ~ #8550 50 B (g hill-1)#R B i 22 i
i 4= 58 NDVI 5 Fi = FH B > (0 K BRI
EARE /N BOK FrHE A AR E R T =0 2 —
B IR e HEHE RIS AR R B NDVI 2 B E
AR 5 (QFER & F 4 (%, DW) B H 7k 4
B R 5 H (%, FW) B B % WA AR FR B
NDVI & #H B 14 fix A 8= R2 4B 4031 2 0.338
J 0.004 - {H LK BRBHE AR > BUK T HE
HANEAERT IR =57 2 — B HEIKF o3 hil2
3 K 4 JREHEHEMM A FRE NDVI Z
ORI E YR R SR AT ROK 5 (3)ED
FHEASRE L% DWZ R EHEHE
0.295 » LK F7> 47 b L & - il Bl i 2 5% A
A= 58 ND VI A5 Hi i 25 sl S 3 MH B o2 R B
M Py E A ER -

TE T A FE B L SR I NDVI [ b
R MR TE > L R2{E Ry 0.991  (HEL KP4l
IR =0 — B BURBE LB RE MR
b > TEH AR BOE A E ] NDVI 25
WREERURBAER 5 SO 2k e (em hillt) ~ 43
BEg (tillers hill-") 42 fit 58 & 22 =K -
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