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MR A ZNINI R IR AL ATIR(TEIRYE {88
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Table2 Distribution of grain protein content of wheat in
calibration and validation datasets
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FEALE FEAHL AF % T¥IMEI% Rl
s 90 9.76~13.56 11.96 0.99
LTS 30 9.81~13.29 11.36 0.92
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AR 90 MEA GPC 518 1A% i 1] 5 = it
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Table3 Correlation between remote sensing variables and grain protein content
GPC Bl B2 B3 B4 B5 B6 B7 NDVI OSAVI SAVI SPI NDWI NDWI2 PSR NRI W RV TVI NS
BL -042 100
B2 -035 097 100
B3 -053 089 09% 100
B4 052 -047 -063 -068 100
B5 031 025 028 03 033 100
B6 039 066 038 028 006 028 100
B7 -014 060 068 077 -018 083 034 100
NDVI 074 -068 -084 -08 09 023 -002 -028 100
OSAVI 060 -068 -084 -08 09 023 -002 -028 093 100
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GPC Bl B2 B3 B4 B5 B6 B7 NDVI QOSAVI  SAVI SPI  NDW NDWI2 PSRI NRI W RVI TVI NS
SAVI 056 -068 -084 -08 09 023 -002 -028 092 09 100
SPI 067 -068 -074 -074 0.9 036 -005 -016 0.98 0.98 0.98 1.00
NDW -027 -065 -075 -0.87 058 -056 -0.17 -086 094 0.89 0.98 0.92 1.00
NDW2 039 -036 -080 -091 057 -054 -024 -089 095 0.90 0.97 0.93 0.98 1.00
PSRI 050 -066 -029 -020 071 0.66 0.37 0.29 0.83 0.92 0.98 0.90 0.95 0.94 1.00
NRI 070 065 -08 -090 061 -036 -010 -071 072 072 072 08 08 08 09 100
Wi -049 066 079 08 -056 046 029 08 -08 -08 -087 -082 -09 -096 08 087 1.00
RVI 059 063 -081 -082 092 030 058 -020 099 099 099 098 093 094 08 08 -082 100
T™VI  -0.66 076 075 -087 -037 043 010 -09% -09% -096 -095 -092 -092 08L 087 081 099 1.00
NS 060 -063 -077 -077 095 0.34 039 -016 0.99 0.99 0.99 0.99 0.92 0.93 0.90 081 -082 099 0.97 1.00
s BEASL n=90, HiAthlFIF 1.
2.3 PLE#EE\E o . 14 r X EffidE A B X
2.3.1 RAEEAROHKAAZ R K 9
PRESS {8/, W08 (0 T ey s, Pl 1 p T L 2 X
FH B REAZE S PRESS B E L/ 50254k . A2 0 R=0.701 x L X% X
W5 A5, PRESS {HANKR/N, U8B B 3 A4y s 12 RMSE=0251% 2% x A X%
BB RS, BB M A, HEY 2 "0 IR
BAYHCh 5, PRESSEN, 2123 2Jm, Wig:  © VT i
Ekﬁj\%(é[iééjfiﬁjjﬂy PRESS {E%Eiﬂgbﬂ’ Uﬁﬁﬂﬂéﬁkﬁ”;& X R*=0.642
LTI A IS . Rk, 2P PRESS (i /N st T RMSE=0.307%
ISR B A PR SR PLS B ) i Y A B 2 B L .

BlZ PLS B 1 B £ T 40 30 5.
50 ¢
40 +

30 F

PRESS

20 r

1 1 L )

10
F e H /A
B 1 PRESS M £ m&5#69 %
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Fig.2 Evaluation of grain protein concent model
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I RMSE 5P, % 4 4 PLS. LR Al PCR # A i
IUFEREAL R, PLS. LR Al PCR #%4[) GPC Fiili{
5 Szim{g A % 2 %070 73 4 0.802. 0.669 fil 0.727, RMSE
439124 0.307. 0.421 A1 0.382, Bl PLS #E Y [rIAH ¢ Rk
T LR A PCR B, RMSE /T LR Fll PCR #:28, [A I,
PLS B2X) GPC [ il g )1 E24F -+ LR Al PCR % 7%Y,
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Table4 Comparison of predicted resultswith PLS, LR and PCR

EEES ERAFA HEARRUA IR FRH RMSE/%
PLS 5 30 0.802 0.307
PCR 7 30 0.727 0.382
LR 0 30 0.669 0.421

e 3R, A ] 2008-05-02 TM 544475 1 NDVI
SIPI. RVI. NRI fil PSRI [&], jiik——fif A A —(H b FE e,
SN EE LAE N Z X G, SATBUL SR
A, T PLSEIAL, 1§ EITLIN T X /N GPC 7
() 43 Ay 3 P ] (] 3D, wiifith X GPC 11.3%~11.6%,
JEHRKFHX I A5 WTLHIX 11.3%~11.6%; %4k
Ko JEAHIX 11.3%~11.6%F1 11.6%~12.6%; GPC &1
12.6%FIMIK T~ 10.7%fF X Al b o i 45 5 5 AL
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in central Jiangsu Province
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Predicting grain protein content in winter wheat based on TM images and
partial least squaresregression

Tan Changwei', Wang Jihua?, Huang Wenjiang®, Wang Junchan’, Zhu Xinkai, Guo Wenshan*
(1. Key Laboratory of Crop Genetics and Physiology of Jiangsu Province/Key Laboratory of Crop Physiology, Ecology and Cultivation in
Middle and Lower Reaches of Yangtse River of Ministry of Agriculture,Yangzhou University,Yangzhou 225009, Ching;

2. National Engineering Research Center for Information Technology in Agriculture, Beijing 100089, China)

Abstract: In order to further improve the accuracy of predicting winter wheat grain protein content (GPC) by remote
sensing, the study analyzed the quantitative relationship between satellite remote sensing variables and GPC. Depending
on the partial least squares regression (PLS), the multivariable remote sensing prediction model and the space level
distribution map of winter wheat grain protein content were constructed. For the PLS model, the number of the best
principal components was 5, and normalized difference vegetation index (NDVI), structure insensitive pigment index
(9P1), ratio vegetation index (RVI), nitrogenous reflection index (NRI) and plant senescence reflectance index (PSRI)
were identified as the sensitive remote sensing variables for predicting GPC. The determination coefficient (R) and the
root mean square error (RMSE) between estimated value and measured value of GPC were 0.642 and 0.307%,
respectively. The results indicate that PLS method can provide an effective way to improve the accuracy of predicting
wheat grain quality at large scale by remote sensing data.
Key words. models, predictive control systems, proteins, landsat TM, winter wheat
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Tan Changwei, et al. Predicting grain protein content in winter wheat based on TM

images and partial least squares regression (Figure 3)
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Fig.3 Winter wheat grain protein concent spatial distribution level in central Jiangsu Province



