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-2 -2
533 3 kg hm , 300 kg - hm NDRPl s ineg = Rt - Riner (1)
Rr¢ + Rindex
, NDPI (¢, index) (ref) (index)
12 i R Rindex
121
(1) ASD FiedSe Pro
FRTM 350 2 500 nm 350 1 000 Table 1 Published ratio based normalized
nm 14 nm 3 nm: 1000 difference pigment indices
2 500 nm 2 nm, 10 nm Pigment index Reference
- R
@ s e
(R7s0 - R7os) / (Ryso + Raos) Gtdson  (1994) (1]
' ' (Rsso - Res0)/ (Rsso + Rsso) Gtelson  (1996) (2]
’ g, (Reso - Raso) / ( Reso + Ra) Pénuelas  (1994) (13
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, 350 2500 nm '
Table 2 Satigtical analysis of chlorophyll and carotenoid contents
| %
252 a 37581 0. 765 8 2 3163 0. 2789 0.528 1 22 80
b 11319 0. 2438 0. 7533 0. 0253 0. 159 2 21 13
4.890 1 1 009 5 3069 7 0. 465 5 0. 682 3 22 23
13021 0.3518 0. 8334 0.025 2 0. 158 9 19. 06
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a b '
22 , a b
1729,1554,1729, 1536 nm; 700
221 nm , a b 707,
1 R 706, 707 nm, b 572 nm
Table 3 Pigment indices selected using the best fitted modelsfor estimating contents
of chlorophyll and carotenoid in leaves of rice and validations of the models
R? RM SEcv RMSE
a (R1720 - Rzo7)/ (R1720 + Ryor) 0 773 816 0. 254 098 0. 282 761
b (Riss4 - Rs72)/ (Rissa + Rs72) 0. 750 138 0. 080 377 0. 095 564
(R1720 - Ros)/ (R1729 + Rios) 0 774 147 0 327 969 0. 369 226
(R1536 - Ryor)/ (Risss + Rror) 0. 653 667 0. 095 563 0. 095 744
RMSE , b
(1 RMSE (Rmo - Rros)/ (Rmso + Ruos) )
, , RMSE
, RM SEcv RM SE ,
RMSE( 4) , , (Rso - )
Rros)/ (Rsso + Ruos) , ( Rsoo - b , (Russa - Rs2)/ ( Ruissa + Rerz)
Re3s) / (Reoo + Ress) RM SEcv , (R0 - Rros)/ (Rso + Ruos)
SEov RM SEcy ,

Table 4 Results of the published pigment index tested againgt the experimental data of rice leaves

a b
RM SEcv RMSE RM SEcv RMSE RM SEcv RMSE RM SEcv RMSE
(Rsoo - Reso)/ ( Reoo + Reso) 04257 0. 39 9 0. 130 5 01211 0. 550 0 05118 0 1394 01191
(Rsoo - Re3s)/ (Reoo + Reas) 03161 03017 0. 099 4 0. 096 2 0. 407 3 03899 0. 116 3 0. 099 4
(Rs0 - R7os)/ (Rzs0 + Rios) 0 268 1 0. 2879 0. 084 1 0. 090 4 0.3424 0. 369 6 0. 100 2 0. 096 3
(R7go - R550)/ (R7s0 + Rsso) 0. 287 3 0 3308 0. 084 9 0. 100 8 0. 362 8 04241 01015 0. 106 3
(Reso - R430)/ (Reso + Raz0) 0. 496 8 0. 504 6 0. 146 5 01515 0. 638 1 0.6513 01511 0 1420
(Ra15 - Razs)/ (Razs + Razs) 0. 529 5 0. 4733 0. 160 4 0 148 3 0. 685 2 0. 616 3 0. 162 2 0 1415
(Rss0 - Rs31)/ (Rsso + Rs3t) 0. 533 6 0. 502 9 0. 160 8 0. 153 2 0. 689 7 0. 650 6 01617 01438
(Rs70 - Rsa1)/ (Rs7o + Rsa1) 0421 4 0 353 4 0 127 3 0. 1150 0.542 4 04619 0. 143 2 0 114 4
(Rr74 - Re77) ! (Rr7a + Rerr) 0.422 9 0 3854 01310 01197 0. 547 8 0498 7 01397 01175
222 , Gtelon
530 630 nm 700 nm ,
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) ) Fig 2 Correlation coefficients between hyperspectral reflec

tance and chlorophyll , carotenoid contents
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Nor malized Difference Ratio Pigment Index for Estimating Chlorophyll
and Cartenoid Contents of in Leaves of Rice

WANG Fumin', HUAN Gling-feng' ", WAN G Xiu-zhen?
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Abgtract The objective of the present study was (1) to construct new pigment indices based on making full use of all the spec
tra bandsin the 350-2 500 nm region and (2) to compare the performance of these new pigment indices with that of the pub-
lished normalized difference ratio pigment indices in estimating pigment content of rice. The 252 leaves of rice were sampled at
different development stages, representing a wide range of pigment contents. The hyperspectral reflectance of leaves of rice and
the corresponding chlorophyll contents and carotenoid contents were measured. A rigorous method using al the wavebandsin the
range of 350-2 500 nm was applied to generate all possble two-band normalized difference pigment indices, and then the linear
model s between these indices and chlorophyll and carotenoid contents were constructed. Finally, the index with the highest de-
termination coefficients was selected as the optimal index for corresponding pigment. The model was tested and these selected in-
dices were compared with the published indices. The result indicated that the indices [ (Ri720 - Rro7)/ (Ri720 + Rro7) , (Russs -
Rs72) / (Russs + Res72) , (Ru72e - Ruws)/ (Ru720 + Rros) , (Russs - Rwoz)/ (Russs + Ryor) ] can relatively accurately estimate chlorophyll
and cartenoid contents. The reference bands of the these new indices are mainly located in short wave infrared spectral region,
which indicate that the spectral bandsin the short wave infrared region are sgnificant to construct normalized ratio pigment in-
dex. , while the index bands of these indices are mostly in the region near 700 nm, and the longer bands of green region in the
next place. Compared to the published indices, in genera , the new indices give more accurate estimation of chlorophyll and ca
rotenoid contents, or they behave the same as the best published index.

Keywords Rice; Chlorophyll ; Carotenoid; Normalized diff erence ratio pigment index
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