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Monitoring leaf area index and leaf dry weight of winter wheat with
dual-wavebands spectrometer CGMD-302

ZHOU Xiaonan, HUANG Zhenglai® , ZHANG Wenjing, MA Shangyu
(School of Agronomy, Anhui Agricultural University, Hefei 230036, China)

Abstract In order to examine the reliability and precision of dual-wavebands spectrometer CGMD-302, this study
tested wheat canopy morphology by using hyper-spectrometer UniSpec SC and dual-wavebands spectrometer CGMD-
302 simultaneously and analyzed linear relationships between vegetation index NDVI, RVI, DVI, and leaf area index
(LAID) and leaf dry weight (LDW) quantitatively. Date analyses showed that both vegetation indices from UniSpec SC
and CGMD-302 could monitor the growth condition of winter wheat. A linear relationship model was established between
vegetation indices by dual-wavebands spectrometer and growth parameter. In the model of vegetation indices and LAI,
the determination coefficients (R?) were not less than 0.891, with root mean square error (RMSE) and relative error
(RE) not more than 0.792 and 0. 225 respectively. In the model of vegetation indices and LDW, the R? was not less than
0.85.with RMSE and RE not more than 440 kg/hm? and 0. 239 respectively. It was found that the nitrogen fertilizer
270 kg/hm? not only guaranteed the yield but also took the quality into account,which can be used as the appropriate
amount of nitrogen fertilizer. Under appropriate nitrogen fertilizer, wheat suitable leaf area index at jointing and booting
stages were respectively 3. 65 £ 0. 09 and 5. 95 = 0. 32 respectively; And the appropriate leaf dry weight were
respectively 15564 £ 168 kg/hm? and 2 231+ 130 kg/hm?. With the CGMD-302 monitoring model, suitable vegetation
index interval of canopies could be calculated at jointing and booting stages of winter wheat.

Keywords winter wheat ( Triticum aestivum L.); leaf area index (LAl ; leaf dry weight (LDW); dual-wavebands

spectrometer; monitoring model
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Table 1 Growth parameters of wheat under different nitrogen rates from 2014 to 2015
SR X it A = KW Jointing stage Zp 8] Booting stage
Cultivar X Nitrogen rate MG E LA 0t A+ /(kg/hm*) LDW M- 4E 5 LAI ik i+ &/ (kg/hm’) LDW

C1 X NO 1.53 ¢ 542 ¢ 2.61d 698 ¢

C1X N1 2.59 b 1014 b 3.80 ¢ 1468 b
C1XN2 3.36 a 1278 a 5.08 b 1992 a
C1X N3 3.57 a 1378 a 5.79 a 2171 a
C1 X N4 3.67 a 1435 a 5.97 a 2214 a
C2XNO 1.64d 631 ¢ 2.55d 891 e

C2X N1 2.43 ¢ 1096 b 4.38 ¢ 1627d
C2X N2 3.41 b 1412a 5.77 b 1930 ¢
C2X N3 3.65 ab 1571 a 6.32 a 2381b
C2X N4 4.02 a 1 560 a 6.44 a 2411 a
C3 X NO 1.67 d 679 d 2.54d 871 ¢

C3X N1 2.64 c 1134 ¢ 4.24 ¢ 1632 b
C3X N2 3.21b 1421 b 5.31b 1991 a
C3X N3 3.74 a 1713 a 5.73 ab 2142 a
C3X N4 3.78 a 1733 a 6.09 a 2074 a

1=y
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Unispec SC

T« ARG S8 R R — il P AN R il 2 e Ak BE7E 0. 05 7K SF B R 3522 5 (P<<0.05) . F I,

Note: Different lowercase letters in same row indicate difference at P<C0. 05 level under different nitrogen rate. The same bellow.
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Fig. 1 Changes of vegetation indices in wheat at booting under different nitrogen rate
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Fig. 4 Relationships of leaf area index and leaf dry weight to the vegetation indices in wheat
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Ryl M. (HJ2, 2 DREALAY 1 )7 1% 22 RMSE

AR X 52 22 RE BB AR X i K . 3% 7] 58 5 1 T 46 46
B B e DA 6. X LA DV g LAY, )
- T AR AR BB AL () A | T B A AL (b) 1A I 5
SEME 1 1 ORI AL 5, B R BT A TR )
fEJI.
2.6 MREX/NEFEMRRIERGNE

R 3 froR, 20132014 42 = m R W], il
RBE 0 P R A /N AR i AR AN UL 11
R NEFERAE 2 500~3 300 kg/hm?®, A [a] & Ff
Z WS A 22 5 . BE & M USRI, /NAE Y 7
PE L, IE RIS NS T B A R, 7 N3 A B A
IKBE A A HR 7 031.0.7 023.5 F1 6 967. 0 kg/hm’,
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Table 2 Performance of the model in predicting leaf area index and leaf dry weight
V&L =R Tk 1 =] 3 75 . ) . . .
i ) B R WO R® ¥y MRiR2E AHXTR2E
Agronomy Vegetation Regression ‘
S-R* P-R? RMSE RE
parameter index equation
N CGMD-NDVI y=0.948x+0. 419 0. 899 0.792 0.792 0.225
i T AR 2 -
LAT CGMD-RVI y=1.020x+0. 095 0. 891 0.813 0.747 0.188
i CGMD-DVI y=1.0192+0.001 0.910 0. 815 0.726 0.173
K FE/ CGMD-NDVI y=1.040x+0.019 0.852 0. 750 440 0. 239
(kg/hm?*) CGMD-RVI y=1.1152+0. 005 0. 850 0.770 430 0.219
LDW CGMD-DVI y=1.126x2+0.001 0. 869 0.788 400 0.195
8.0 3500
- £ 3000}
gg ®0 <Z 5500
&S w3 i
T 40 =T 2000
Eiog e g
X ¥ ¥
= £ s £ 1500 f
EC 20 H-<
x i 1000 b
=
0 2.0 4.0 6.0 8.0 500 1500 2 500 3500
W AR Bk 1 iR T EAGIUE/ (kg/hm?)
Predicted LAI Predicted LDW
Bs5 MNEHEREHIHFTEANESINEZ BHER
Fig.5 Comparison of predicted and observed leaf area index and leaf dry weight in wheat
*k3 AEAERETNEFHNmEREHRERER
Table 3 Grain yield and yield components of wheat under different N rates
2013—2014 4F 2014—2015 4F
. A/ FEAL = 4/ T/ FPAL P/
. % . . FEAL P & % . . FFORL ™
i R i MRR TRE/g A L HEROR TRE/g )
s (X10"/hm*) ) ] (kg/hm®) (X10"/hm*) ] ] (kg/hm*)
Cultivar X Grains 1 000-grain Grains 1 000-grain
. Ear Grain Ear Grain
Nitrogen rate per spike weight per spike weight
number yield number yield
C1XNO 295.00 d 17.89 ¢ 49.04 a 2 784.5 ¢ 291.01 ¢ 20.13 ¢ 45.55 ¢ 2583.5d
CI X N1 415. 65 ¢ 28.22 b 48.13 ab 4941.0 b 418.35 b 26.73 b 47.51 a 4 552.5 ¢
C1 X N2 480.70 b 33.58 a 47.24 be 6 444.0 a 474.02 ab 34.40 a 46.55 b 5584.0 b
C1 X N3 538.40 ab 35.87 a 46.72 ¢ 7 031.0 a 503. 36 ab 36.00 a 45.99 ¢ 6 309.0 a
C1 X' N4 554.00 a 36.37 a 44,33 d 6 599.0 a 508.02 a 36.83 a 45.84 ¢ 6 064.0 ab
C2 X N0 275.70 d 18.87 b 46. 04 ab 2533.0 ¢ 268.68 d 18.80 d 43.79 b 3314.5d
C2X N1 456.70 ¢ 31.43 a 46.69 a 4933.0b 394.35 ¢ 26.03 ¢ 46.00 a 4 712.0 ¢
C2X N2 518.45 b 35.90 a 45.88 abc 6 513.5 a 482.69 ab 30.60 b 44.40 b 6 026.5 b
C2X N3 544.40 ab  35.12 a 45.68 be 7023.5a 446,36 bc  33.43 a 41.58 ¢ 6 724.5 a
C2 X N4 571.40 a 36.43 a 44.99 ¢ 6 827.0 a 517.69 a 34.30 a 40.02 d 6 402.5 ab
C3 X NO 281.00 b 22.53 b 44,73 be 2 700.5 ¢ 285.01 ¢ 18.97 ¢ 46. 38 ¢ 3038.0 ¢
C3 X N1 370.70 b 33.52 a 46.45 a 4621.5 b 357.02 b 25.10 b 48.58 a 4 375.0 b
C3X N2 487.35 a 35.31 a 44.97 b 6 252.5 a 432.69 a 32.07 a 47.82 b 5998.0 a
C3 X' N3 489. 30 a 38.35 a 44.58 ¢ 6 967.0 a 454,69 a 34.60 a 44,47 d 6 319.0 a
C3X N4 523.00 a 38.59 a 43.84 d 6 569.5 a 458. 36 a 34.63 a 44.98 d 6 183.0 a
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N2.N3 F1 N4 b3 8] 22 7 B /N &AW B 2% 5.
2014—2015 4EHUs 5 L —F b % —3. &
Ky= A9 R:6 309. 0.6 724.5 F1 6 319. 0 kg/hm®,
Wb —AF AR, Uil & 7E 6 000~7 000 kg/hm’
{14) 3 “F 28U X JE] Oy 180~270 kg/hm’,

mak 4 s, bEE RIEHR AW, B E RS
T R Z-UURE 2 2R I BT G

PO AE NO b PR R I #E N4 A FERT e s . 2013—
2014 AFHHE F W L 45 U0 Ak B 22 1] (9 KR T 24 3K
FEFEMER, NOS NI AME LS ARE . HE
/N N2 N3 FI N4 gb P, 5] B 4% it 40 4 2 Ja) 22 55
W3, 2014—2015 4E4 4 R W, NO A1 N1 4k 2 &) 5,
Fida bR 22 BN Y /T N2, N3 Fil N4 4b 3,
[ A N3 1 N4 &b B2 a] 1) 25 5980

F4 TRAEEET/MNEFHRRIERLEER

Table 4 Grain quality traits of wheat under different N rate
X 2013—2014 4 2014—2015 4
MR AR/ % WA R % BTSRRI A %
Cultivar X Protein Wet-gluten Z-L R /ol Protein Wet-gluten Z-LIHE /L.
Nitrogen rate content content Sedimentation content content Sedimentation
C1XNO 10.10 ¢ 20. 26 d 10.98 d 10.31 ¢ 21.41 be 16.83 b
C1X N1 10. 88 ¢ 20.77 d 10.81 d 10. 56 be 22.13 b 16.95 b
C1 X N2 11.84 b 23.25 ¢ 13.16 ¢ 11.48 b 23.14 b 18.76 b
C1XN3 11.97 b 25.66 b 16.69 b 12.81 a 27.50 a 25.72 a
C1X N4 13.08 a 27.42 a 21.11 a 13.42 a 27.76 a 26.96 a
C2XNO 10.88 d 19.86 d 12.69 ¢ 1024 d 21.38 ¢ 17.91 ¢
C2X N1 10.02 d 19.95 d 12.16 cd 10. 68 cd 22.28 be 19. 38 be
C2X N2 11.12 ¢ 22.70 ¢ 13.55 ¢ 11. 65 be 23.42 b 20.26 b
C2X N3 12.68 b 26.63 b 17.67 b 12. 05 ab 26.21 a 26.14 a
C2X N4 13.68 a 28.58 a 23.98 a 12.79 a 26.67 a 28.65 a
C3XNO 10.18 d 20.58 d 10.31 ¢ 10.50 d 22.04 ¢ 17.22 d
C3XNI1 10.51 d 20.74 d 10. 88 ¢ 10.91 od 23.05 b 19. 05 cd
C3X N2 11.59 ¢ 24.66 ¢ 16.96 b 11.61 be 23.62 b 22.61 be
C3X N3 13.08 b 28.22 b 23.26 a 12.45 ab 26.61 a 24.77 ab
C3X N4 13.74 a 29.28 a 24.62 a 13.40 a 28.42 a 27.42 a

TENE A & 180~270 kg/hm® I, ¥ kL ity 1 45 B
B R BE R K B R 3K B rh s A /N 22 L BT R L T
IR A AR — 8, 3N Az R A —
B ARG R L I 0 RA TS 1 bk ) N 22 R kL
BB ek, A A AUIE B AN E 270 ~
360 kg/hm®, LR [, AR5 B8 7 o W] B T s
REAS 2 3 4 2l 35 1Y e A & 2 270 kg/hm®
2,7 EEMARET/MENKBERMBEHIER

AL AT A SR AR /N 22 R i A AE
270 kg/hm” , 1 3= 1 R 715515 H o 1 AR 48 2GS
BIX ] N 3R 3. 6540, 09, Z2f#l 5. 9540. 32,

M 3 D[R] A BT I (1 554 +168) kg/hm’,
ZEFEMN (2 2314130) kg/hm®, 454 & 5 w940
G 07 AT DL S HE Y AE AR B DX A) L, S5 SR AN R S BT
TN o 38 AT IR T R AR 0 R B e R X ] T LA Ok
12 W R T A 2 R N A R

I i S 7

AN TR /IR AR AR A R DL 9 BRI 21 41 BE e
JZ B AR B AR AR S K KA DT R
F o i A T I B2 L B s/ L Al AR
WO 20 T SR A AR B 5 T R R 2 ) i Ok
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Table 5 The size of appropriate vegetation indices
=L EEW VA — b A1 4 46 B LY 1 A B 48 25 2 {H FH B 98 2L
Index Stage NDVI RVI DVI
KT 0.199 6~0. 207 2 1.511 7~1.537 2 0.109 0~0.115 6
ot LS B Jointing
LAI Z F ) 0.287 2~0.314 3 1.805 8~1.896 8 0.185 3~0.208 8
Booting
AT 0.186 8~0.225 3 1.469 1~1.598 0 0.097 9~0.131 3
nH & Jointing
LDW Zp ) 0.268 4~0.297 9 1.742 1~1.840 7 0.168 7~0.194 3
Booting

F o HETE TG SO AR Y AR K AR TSR
W22 ot TR BB A2 2% ) T 5 R RE T )= e T
PR L (ER B OGS A% B B L O T A 5
BRI AT PEAN R o AT TR L e i A
A FE WA 0 U B 1% SO e B L 2 e 64X
AR R B 45 B nT AT A0t W 0/ 22 AR KR A L X T
NI GELE R — B A R () S HOR T
XL BE G 1 A A5 1 3 Fl o DL AE 4% 48 % NDVI,
RVI.DVI 5K #5458 AR 2 8] (0 41 5 E 249 38 21 1 4
KA 33X F B CGMD-302 B B 1543 ) 58 1% 1
T 3 M 00 /N2 A AR B BT S ST Y M A Y A
— JE [ XIS AN fE A AE ) B (B, 59K A BF5T
/N Z2 W AT AR AR A 1 S 00 AR ) A A 3
PR AT A 25 AT 1 AT O 25 4t 4 /N 22 R 0 F
P 55 I8 AR M AR ) H AR RS . E/IN S = g
R A 25 R0 R DL B 5 B AN (] T 7 AR 2 S
RE T I 58— AR R A [ 2610 T /N2 8 215 B
PEATA R A E B — B RR . . )5 %
M B 2 A A 22 R B 2 R R Y
S I R AT A T S5 B A 00 A RS P R 3 A AT
BLES 4 » DT 2l 56 3 £ R A8 28 7 52 B o B A7 2%
IR
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