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Predicting Wheat Grain Quality with Canopy Relectance Spectra

XUE Li-Hong, ZHU Yan, ZHANG Xian, CAO Wei-Xing~

( Highrtech Key Laboratory o Information Agriculture, Jiangsu Province, Nanjing Agricultural University , Nanjing 210095, Jiangsu, China)

Abgract Dynamic trends of canopy ectrd reflectance and grain qudity formetion , and their relaionships in two wheet
cultivars were andyzed. The resuits showed that reflectance increased a visble bands while decreased & NIR bands dter
flonering. Canopy spectra at flowering were best related to grain quality index , but the prediction of grain qudity index us
ing the relaionship was not satified Led nitrogen datus was closaly rdated to grain protein content , wet and dry duten
content in wheat , and it coud be rdiably edimeted from canopy gectra Thus, canopy oectra can be used to indirectly
predict grain quality index. Thefitness of edtimeted and tested grain protein content was good with R of 0.88. This indi-
cates thet it isfeagble to predict grain qudity index in wheat by udng renote sendng technique
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Tablel Valuerange o wheat grain quality traits
Cultivar Protein content ( %) Dry duten( %) Wet duten( %)  Amyiose content ( %) Sedimentation value(ni)  Fdling number (S
18 9.78- 13.82 9.3- 12.6 26.11- 37.60 22.27- 38.30 37.5-44.7 325.5- 388.5
Huaimai 18 (9.76 %) (8.74 %) (10.52 %) (15.80 %) (4.73%) (5. 96 %)
26 11.36- 15.00 9.4-14.1 25.49 - 44.84 23.94- 36.21 37.5- 44.3 286 - 350.5
Xuzhou 26 (9. 72%) (12.81 %) (14.60 %) (11.60 %) (5.34%) (5.68 %)
: Note :Va ues in parentheses are codficients of variation.
nm) ,
2
2.1
2.2
1 H 2 1
, 680 nm , 2 ,
10( 1) , , ,
, , (680 10 d ,
nm) (560 S A VA , 20d
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Fig.2

2
Table 2

Post-anthesis days (d)

2 18

Post-anthesis days (d)

nor malized difference ( ND) index at different growth stages of wheat

Post-anthesis days (d)

Changes o N content and N accumulation in leaves, gem + sheath, hull +rachisand grains in Huaimai 18

(n=24)

The bes regression equation o leaf N content (L NC) and leaf Naccumulation (L NA) to ratio or

LNC

F|0Ner| ng
Milky ripe
Waxen npe

R(1650 560)
R(1100,710)
R(81O 710)

Y= 1. 2622 X645
Y=1.6671X + 18819
Y=2. 2546 X - 04994

ND (1650 ‘ 560)
ND (1100,710)
ND (810 710)

Y =0, 2186 X057
Y=0.0561X + 0. 5754
Y=0.1028X +0. 4128

Foweri ng R(1650 610) Y =0.4152 x2 o ND (1650 610) V=43 121 X° Eg

Milky ripe R(1100,680) Y=0.8716X+13.991 0.75 ND(1100,680) Y=0.0045X+0.8727 0.73
LNA Waxen ripe R(1220 ,560) Y=0.3751X+4.7132 0.67 ND(1220,560) Y=0.014X+0.6625 0.65

Physologicd ripe R(1500 ,460) Y=23,1489 X% 0.75  ND(1500,460) Y =0, 5215 x> 17 0.74
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2.4 ,
3
( 3,
1 ’ 3 X
Y ,
’ ) 0.88 0.83 0.77
3
Table3  Corrdation between grain quality traitsand pog-anthesis leaf nitrogen content (L NC) and leaf nitrogen accumulation (L NA) in wheat
Led N oontent Ledf N accumuation
Qan qudity index
Howering Milky ripe Waxen ripe Howering Milky ripe Waxen ripe
Protein cortert ( %) 0.88"" 0.75"" 052" " 0.95"" 092"’ o91""
Amylose content ( %) -021 0.00 -0.26 -0.17 -0.18 -0.17
Dry duten content ( %) 0.88" " 0.87" " 0.70" " 0.86" " 0.89" " 0.87""
Wet g uten content ( %) 0.84"" 0.74"" 0.56"" 0.87"" 0.87"" 0.83""
Sedimentation vaue 075" " 08" " 066" " 061" " [0l 2 065" "
Note: n=24,005=0.404,0 ¢ =0.515.
2.5 , , ,
, 3 , 0.54 0.65 (n=24,000,=0.404,
Ooo01=0.515) , )
11 ( 3),
RVISE 0.500 0.555 2.474, 660 Nm 460 nm 460 510 nm
(r>0.40)
: (560 nm 660 nm 680 nm 950 nm 1 100 nm)
2.6 (r>0.41) ,
2.6.1 (r>
0.71)
Grain protein content Dry gluten content Wet gluten content
Y=1.0692 X-0.9025 (R*=0.88) Y=1.0657X-0.592 (R*=0.83) ¥Y=1.009 X—0.103(R*=0.77)
16 14 45
<
& - o2
g o 40 >
g 14} o
E 2T o4 o
35F
3 (oo S
2 12k 11
= ¢ /I7?
<40 ok m] ¢ 30F g
10 L L 9 % 1 1 L 1 25 1 N 1
10 12 14 16 9 10 11 12 13 14 25 30 35 40 45
Estimated value Estimated value Estimated value
O Huaimai 18 ¢ Xuzhou 26
3 ()
Fig.3  Reationships between etimated and teted values o protein content, wet duten content and dry gluten content in wheat grains
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2.6.2 500 nm 460 nm 510 nm 1480 nm
460 nm
, 1650 2.7
nm ,1 650 nm 510
nm , 1500 nm 460 nm ,
510 nm , 0.60 ( (Y » X
) L
, 0.40 , ( 4 ,
, 1 480 ()
nm 510 nm ,r=0.75, : 1, 0, ()
950 nrm 510 nm ,r=0.65, )
; 1220 nm 560 nm , 1
4
Table4  The bes regresson equation between protein content, dry (wet) gluten content and best spectral index at
anthesis, and the fitness between measured and predicted val ues
5 The fitness between measured and predicted values
@ain quality index Bet Index Regresson eguation R "
Jope Intercept RMSE
Protein content (%) R(1650 ,510) Y=17117X +4.0729 0. 7042 1 6E05 0. 7057 0.773
R(1650 ,560) 0. 6303 0.612 4.5424 0. 6065 0. 801

Dry duten content ( %)
0

Y = 4. 7277e% 38X

(6]

(8l

[9 15]

[16]

=10.433 X + 8. /6

References

(1l

Humburg D S, Sange KW, Robert PC Spectrd properties of sugar-
beets related to sugar content and qudity. In:Proceedngs o the Fourth
Internationd Qorference on Precison Agicuture, S. Paul , Minneso-
ta, USA, 19- 22 July 1998. Pat A and Pat B, 1 593 - 1 602
Matsunaka T, Watanabe Y, Miyavaki T. Prediction of grain protein
ocontert in winter wheat through ledf color measurements using a chloror
phyll meter. Sail Scence and Plant Nutrition ,1997 43(1) :127 - 134
Wang J-H ( ), Huang W ( ) Zhvo CI( )
Yang M- H( ) \Wang ZJ( ). Theinverson o led bio-
chemicd conponents and grain qudity indicators of winter wheat with
Pectrd reflectance. International Journal d Remote Sensing, 2003,
7(4) : 276 - 284
Tang ZC( ). Ingructions of Aant Physology Experiments (
). Bdjing: Sdence Press,1999. 133 - 134

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



10 1041
(in Chine) 1995 ,35:1 400 - 1 405
[5] Wang ZC( ). Andydson Qudity o Gian and Ol ( [11] SoreML, SlieJB, Raun W R, Whitney RW, Taylor SL , Ringer
) (2nd edition) . Bejing: Chinese Indusry Press, 2000. 4 J D. Ussd sectrd radiance for correcting in season fertilizer nitrogen
(in Chinese) ddidendes in winter wheat. Trarsaction d the ASAE, 1996 ,39:
[6] Ye JB( ) . Yo GC( ), Yang X-M( ). Re 1623- 1631
ssarch on gaus of qudity and its inprovement of wheat vaidies in [12] Xue L-H( ), Cao W-X( ), Luwo WFH( ),
Jiangsu Province. Journal o Triticeae Crops ( ) ,2000, Zhang X ( ). Qorrdation between led nitrogen gatus and canopy
20(4) :17- 21 ectrd characterigics in wheat. Acta Phytoecdogica Sinica(
[7] G DT( ) Mao ZS( ) ,Yang GF( ). Hfeds ) ,2004( )
o dfferent nitrogen gpplication time on the yid d and process qudity of [13] Takihashi W, Nguyerr@ng V, Kawveguchi S, Minamiyama M, Ni-
high-quelity wheet. Soil and Fertilizer ( ) ,1994,(2) :19 - romya S Sdidicd nodds for prediction of dry weight and nitrogen
21 accumuaion based on visble and nearirfrared hyper-gectrd re-
[8] XuHY( ), Zhao ZD( ), LiuFJ( ) ,LiuA-F flectance. Pant Production Science, 2000 ,3: 377 - 386
( ), Zhang CL ( ). Hfectsd plant population regua [14] Tapley L, Rga Reddy K, Qechen F, SaserahQle F Re
tion and nitrogen gpplication on grain yidd and qudity of winter wheat flectance ind ces with precison and accuracy in predicting ootton ledf
Jinan 17. Journal d Triticeae Crops( ) ,2002,22(1) : nitrogen concertration. Crop Science ,2000, 40:1 814 - 1 819
56 - 62 [15] Takebe M, Yoneyama T, Inada K, Murakam T. Spectrd reflectance
[9] DdaRC, Srong WM, Wedon T. Prediction df grain protein in whest ratio of rice caropy for edimeting crop nitrogen daus Pant Sal ,
in subtropica environment from available weter and nitrogen in vertisols 1990, 122: 295 - 297
a owing Autradian Journal o Experimental Agriculture, 1997, [16] DuJZ( ), Li WEX( ), HuSL( ), LiuFH
37(3) :351- 357 ( ). Nitrogen asdimilation , tranfer and tilization in relation to
[10] Fldlal, Sarao L, SraJ. Bvduaing wheat nitrogen daus with gran proten content and yidd of ring wheat gerotypes dffering in
canopy reflectance indices and discriminant andyss Crop Sdence, qudity. Acta Agronomica Sinica( ), 2001, 27(2) : 253 -
260
2002 1.0447 0.8456 2003 , ;
“ "o " 2004 ;
«C ) 2-819,2005 , 360
( ) 2-810,2005 25 150
(1974 2003 ) 1800 ,
(1979 2003 ) 1500 , 2004 . 9 ,
( :100101)

‘www. Chinagene. cn

: / :010-64889348
Email :sMi @genetics ac. cn

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



