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Hyper spectral Variables in Predicting Leaf Chlorophyll Content and Grain Protein
Content in Rice

SUN Xue-Me ,ZHOU Q-Fa,HE Qu-Xia

( The State Key Laboratory d Plant Physidogy and Biochemistry, Cdlege o Life Sdences, Zhgiang University, Hangzhou 310029, Zhgiang, China)

Absgtract : A green house experiment was conducted to invedigate the relaionships between the flag ledf hyperspectrd re
flectance and the leef chlorophyll content as well as the grain protein content in olutiorrcultured rice. Two rice cultivars
( Xiushui 110" and‘ Bing 9914") were grown under four nitrogen level's during period of July 2003 to October 2003 The
flag lef hypergectral reflectance was measured under |aboratory conditions with an AD FieldSec Pro FR™ a four differ-
ent developmentd dages dter heading The conterts of chlorophyll and tota nitrogen in the leaves, and the grain protein
oontent were deternmined. The relaionships between nine exi ging vegetation index and eight firg derivatives and the chioro
phyll contert aswell asthe tota nitrogen content in leaves were andyzed udng ddidicd nodds As a result , the hyper-
goectra variables were dgnificantly corrdated with the chlorophyll content and the total nitrogen content. GNDV | was corre-
lated sgnificantly with the leet chiorophyll content and R800/ R553 with the led total nitrogen content , r =0. 8761 and r
=0.8881 (n=16) , repectivdy. The corrdations between SRo and the chlorophyll content and that between EGAN and
the tota nitrogen content were the highest, r =0.8544 and r =0.8584 (n=16) , repectivey, as the firs derivatives
were correlated with the lef chlorophyll and total nitrogen contert. The methemetical nodd based ort* Xiushui 110" could
successully be used in the prediction of the lest chlorophyll and total nitrogen cortent irf Bing 9914" |leaves Based on the
edablished nodd , GNDVI and SRo could be used to predict the grain protein content in Bing 9914” & the harveding
dage, R =0.9914 and R*=0.9942 (n=4) , repectivdy. The resuts suggested that the hypergpectral variables could
be used to edimete the lest chlorophyll cortent , the ledf totd nitrogen content and the grain protein content in the <ol utiort
cultured rice.

Key words: Rice; Hypergoectrad variables; Chlorophyll ; Protein; Regresson andys's
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1
Tablel Summary o the vegetation index and the first derivatives
Veetation index Definition Surce
NDVI (R800 - R680)/ (R800 + R680) Lichtenthader e al. , 1996
Q\DVI (R750 - R550)/ (R750 + R550) dtdon @ a. , 199%a
PSSRa R800/ R680 Blackburn et al. , 1998
PSSRb R800/ R635 Blackburn e al. , 1998
Rch (R640 - R673)/ R673 Qpta e a. , 2001
PI\Da (R800 - R680) / (R800 + R680) Blackburn e al. , 1998
(R800 - R635)/ (R800 + R635) Blackburn e al. , 1998
PI\Db R672/ (R550 x R708) Datt ,1998
R850/ R550 Schepers & al. , 1996
Thefirg derivatives Definition Description
Db 490 530 nm,Db 35
Db 35
Dr 680 750 nm,Dr 65
Ar Ar  Dr
Ry Ry 510 560 nm
Ro Ro 640 680 nm
S 35
Rg- Fo Rg Ro
EGN (Dr- Ro)/ (Dr+Rq) Dr Ra
2.1
2 110" (n=16) ( 2) . '
Table2  The corrdation analysis between the chlorophyll content and
the total nitrogen content in leaves d* Xiushui 110" ( n = 16)
Ch a Ch b Cha+b N
Ch a 1 ,
Chb 0.98 " 1
[18]
Ch a+b 0.998 " 090" 1 ; Rch
™ Q857 " " 0845 " ° 0.857 " ° 1
: P<0.01
Note: * " dgrificart & P<0.01 levels.
2 5 110 , R850/
) R550 dtdon  (1996) “ Qeen”"NDVI,
) 550 nm
Mariotti et al. (1996)
2.2 555 nm
a (191 - Fldla et al. (1995)
2.2.1 , 550 nm
3 | 110 CH a [20] 1
) “ Qeen”NDVI ,
2 R850/ R550
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3 110" (n=16)
Table 3  The correation analyss between the vegetation indices and the chiorophyll
content ,total nitrogen content in leaves o Xiushui 110" ( n = 16)

Vegetation index
Biochemical index NDVI Q\DVI PSRa PSSRb Rch P\NDa PS\Db R850/ R550  R672/ (R550 x R708)
il a 0.72°" 0.80 """ 0678 " 0776 " -07%2 "7 0712°" 078 " 0.83% "7 0.656 "~
Chb 0.685 " 0.814°" 0.668 " 0766 " -0.784 """ 0.685 " 0.759 " " 0.832 "7 0.656 " "
Ch a+b 0.707 " 0.829 " 0.678"°° 0776 " -0.793 """ 0707 °° 0.783 " 0.837 "7 0.659 "~
™ 0.83%2 "" 0.854 "" 0.83 " 088 " -0719 "" 0.8% "° 0.8% " 0.888 " " 0.684 " "
U P<0.01
Note: ™ " dgnificant & P<0.01 leve.
4.5 40
5 4 [ * g [ -
o= = L
8 35t g 3
< 3t = 5
= an Lo 30}
ZE 25} * £EE
Z2E 7 g -
g 2 V=0.4179e3717x E 7 ® -7 7306x+6.9288
5 1.5F r=0.8761 = r=0.8881
1 A A A I 20 'l '}
03 0.4 05 0.6 0.7 2 3 4
GNDVI R850/R550
1 GND VI 2 R850/ R550
Fig-1  The corrdation between the leaf Fig.2  The corrdation between the leaf total
chlorophyll content and GNDVI nitrogen content and R850/ R550
2.2.2
4 1
H % 1
Db Db Dr EGAN , 3
Rg Rg- Ro S 4
: Ar EGN
Ro S EGN
4 110” (n=16)
Table4  The correation analysis between the firs derivativesand the
chlorophyll ,total content in leaves o Xiushui 110" ( n =16)
The fird derivatives
Biochemicd index Db Db Ar Dr Rg Ro S Rg- Ro EGN
Ch a -0.69% " -062"" 0651°" -0561" -06% " 07/1°" 087 " -0730"" 076 "
Ch b -0.702 " -0.570 " 0590 """ -059° -0702°" 071" 07% " -0727°" 07357
Chl a+b -0.701 " -0609° 063%°° -0572° -071 " 0768°" 07%B " -073°" 073"
™ -0.776 " -068 " 0675 " -0631° -07/6 " " 0793 """ 0789 " -0.791 """ 0.88 " "

* % %

. P<0.06 P<0.01
Note: *, " " dgnificant & P<0.05and P<0.01 levels , repectively.

2.3 ! 110" “ (
9914” )
“ 9914” (n=16) “ Qeen” NDVI S,
, 0.7755 0.7809( 5)
, R850/ R550
EGN, 0.8598 0.8633( ©6)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



848 31
40
45 r - - -
- =
§ 4 2 st S
sy S _
E- . 3 F o B0
+ an -
| gg 3
;»\E/ : < 2= °
L | —
e 2 ) o3 898 16 2 25177 ® 5,119 7x—23.374
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—0.04 —0.03 -0.02 —0.01 0 200.4 0.425 0.45 0.475 0.5
SRo EGFN
3 SRo 4 EGFN
Fig.3  The corrdation between the leaf Fig-4  The correation between the leaf total
chlorophyll a + b content and SRo nitrogen content and EGFN
S 4r = 36 F
g £ 34 b ¥=47882x—1.0295 PY
§ y=09271x-0.0703 S : R?=0 7809 PY
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Estimated chlorophyll a+b content Estimated chlorophy!l a+b content
(mg/g) by GNDVI (mg/g) by SRo
5 GNDVI( ) SRo( ) “ 9914
Fig.5  The corrdation between esimated chiorophyll content by GNDVI (l€&t figure) ,SRo (right figure) and
the measured chlorophyll content in leaves o Bing 9914”
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Estimated total nitrogen content Estimated total nitrogen content
(mg/g) by EGFN (mg/g) by R850/R550
6 EGFN R850/ R550 “  9914”
Fig.6  The correlation between esimated total nitrogen content by EGFN (left figure) , RB50/ R550 (right figure) and

2.4

11 77

Pr%=11.73xChl +112. 79

the measured total

110°

) 0.01

nitrogen content in leaves o Bing 9914”

110"

AQ\DVI S

, Chl =0. 4179 x > "DVl = 0. 8761 ,n=16) (2)

(D)

(r=0.8911,n=12)
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Fig.7  The correation between esimated grain protein content by GNDVI, SRo and the measured
grain protein content in leaves o Bing9914”
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