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CORRELATION BETWEEN LEAF NITROGEN STATUS AND CANOPY
SPECTRAL CHARACTERISTICS IN WHEAT
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Abstract Non-destructive monitoring and diagnosis of plant nitrogen N status is necessary for precision N
management. The present study was conducted to determine if canopy reflectance could be used to evaluate leaf
N status in wheat  Triticum aestivium  of two cultivars ©° Huaimai 18" and Xuzhou 26 . Ground-based
canopy spectral reflectance leaf N concentration and leaf N accumulation were measured at seven growth stages
jointing booting heading anthesis initial filling mid-filling and late filling under four different treat-
ments of N fertilization 0 12 21 and 30 g N m~2 . Analyses were made on the relationships of seasonal
canopy spectral reflectance ratio indices R A A, = {0,11/ o, and normalized difference indices ND A,

| (0/11 - {0,12 |

o+ o,
ent growth stages and during the whole growing season. The results showed that canopy spectral reflectance in
the near infrared increased with increasing N content whereas reflectance in the visible band decreased. Leaf
N status was significantly correlated with the ratio or normalized difference indices in both cultivars. Regression

models of leaf N status to spectral indices based on single growth stages did not improve the prediction over
whole growth cycle hence a single regression model based on the whole growth cycle should be adequate for

Ay to leaf N concentration and N accumulation in wheat under different N treatments at differ-

diagnosing N status in wheat plants. The relationships between leaf N concentration and spectral indices were
better than those of leaf N accumulation. The best indices were the combination of a MIR mid-infrared band

1220 nm  and red band 660 nm  for leaf N concentration LNC =3.894 5x R 660 460 ~"%7 R?=
0.8342 INC=3.918 7 x ¢ %N 60460 B2 _ (). 835 2 and the combination of the red band 660

nm and blue band 460 nm for leaf N accumulation LNA = 1.55 x 011338 1220 660 p2 () 7242 [NA

=0.219 4 x H®14ND 1220 60 B2 () 629 9 . These results indicate that canopy spectral reflectance can

be used to non-destructively monitor leaf N status in wheat plants.
Key words Wheat Leaf nitrogen status Spectral characteristics Ratio index Normalized difference index
Regression model

*

2003-03-31 2003-10-07
30030090 863 2002AA243011
Author for correspondence  E-mail caow @ njau. edu. cn
E-mail njxueli @ 163 . net



2 173
1972 Thomas
550 ~ 675 nm 1.2
Cropscan MSR-16
7% Thomas & Oerther 1972
Hinzman et al. 1986 11:00 ~ 14:00
1~1.5m
Reeves et al. 1993 Filella et al. 1995 3 5
Fernandez 1994 660 nm 545
nm 5
Stone 1996 PNSI ~9
Plant nitrogen spectral index
PNSI
gm”’
1.3
Munden et al. 1994 2001
Broge & Mortensen 2002 3~4d
Broge & Mortensen 2002
2003a
Gilabert
et al. 1996
1
1.1 16
1.21% 0.13%
29.2 mg kg~ ! 29.5 mg kg™! R A1 A2 =01/,
72.3 mg kg™! 2 Triticum aes- Loy — oal
tivium ‘ 26’ ‘ ND-2, 42 :ﬁ
| 2
18 4 NO 0 A
N1 12 gN m™2 N2 21 g¥ m~2 N3 30 gV
m™? 4m* 2.4x1.68 m 2
3 11 2.1
3 2 12 g 1
m~? P05 15 ¢ m~? K,0
150 - hm™? 24.5 em



174 28

50 r 5 50 r 4
4
~ 40t 3 40
< 2
]
§ 30 1 30 +
é 460 560 660 660
& 20 20 t
W ; e 26
= o} HEE 18 o b
% ‘Huaimai 18’ Xuzhou26
0 1 A 1 1 J 0 ) 1 1. 1 J
450 650 850 1050 1250 1450 1650 450 650 850 1050 1250 1450 1650
#HE Waveband (nm) W B Waveband (nm)
—O— AR No nitragen —0— 12 gN-m2 —— 21 gN-m2 —%— 30 gN-m2
1
Fig.1 The response pattern of canopy reflectance spectra of two wheat cultivars under different nitrogen levels at jointing stage
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Fig.2  Correlogram of canopy spectral reflectance to leaf N concentration a and leaf N accumulation b in wheat
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Table 1 ~ The regression equations of leaf nitrogen concentration to ratio or normalized difference ND index
Growth stage Ratio index Regression equation R ND index Regression equation R?
Jointing R 1500 560 y =0.664 5x0-302 0.544 0 ND 1500 560 y=0.014 95'-6%2 0.620 0
Booting R 1500 560 y=0.888 240-576 0.597 9 ND 1500 560 y=0.083 620981 0.620 7
Heading R 1500 710 y=3.254 8511063 0.719 0 ND 1500 710  y=7.8946x + 3.2677  0.708 2
Anthesis R 1650 560 y = 1.262 20-563 0.8205 ND 1650 560 y=0.218 6207 0.8227
Initial filling R 1100 710  y=1.667 Ix + 1.8819  0.6829 ND 1100 710 y=0.056 1x + 0.5754  0.6799
Mid-filling R 810 710  y=2.2546x — 0.494  0.6394 ND 810 710 y=0.1028x + 0.4128  0.619 1
Late filling R 1500510 y=0.8646x + 1.1617  0.746 1 ND 1500 510 y=0.1332x + 0.2186  0.7452
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Fig.3 Relationship of leaf N concentration to ratio index and normalized difference index of 660 nm and 460 nm
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Table 2 The regression equations of leaf nitrogen accumulation to ratio or normalized difference  ND  index

Growth stage Ratio index Regression equation R? ND index Regression equation R?
Jointing R 710 510 y=0.054x + 2.706 1 0.783 1 ND 710 510  y=0.006 1x + 0.4664  0.7863
Booting R 1480 510  y=0.073x + 2.0382 0.684 9 ND 1480 510 y=0.0099x + 0.3667  0.693 6
Heading R 1500 610 y=1.066 1x2%!! 0.7356 ND 1500 610 y =37.581 49524 0.712 1
Anthesis R 1650 610 y=0.415 252171 0.6816 ND 1650 610 y =43.121%177 0.6537

Initial-filling R 1100 680 y=0.8716x + 13.991  0.7522 ND 1100 680 y=0.0045x + 0.8727  0.7295
Mid-filling R 1220560 y=0.3751x + 4.7132  0.5747 ND 1220 560 y=0.014x + 0.6625 0.5539
Late-filling R 1500 460 y =3.148 940-1% 0.7525 ND 1500 460 y =0.521 541117 0.7429
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