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POV TR /N 2216 J5 38 52 R 7K SR 38, SRR L8 5k J2 ' 1 AR 1 DA St i SR R B as AR AL, LA R b
NI e AN 2 i R g 2 0 AR Y, DL D AR R 'l A AR A DT M N /N 27 355 35T A
— BRI , XTI A R S R 5 R DX /NS i B AR A R
1 MR57E%
1.1 R HE

TR AE I AL 2 F00 M T DY R A PR R HEVE 56 06 (112°317E.30°21'ND #E 4T, B K: 60.5 m, %% 10 m, *F*
¥ 3 (G553 508 :B 1 WBILBID , BHREF N 20 mx10 m, B I tEBII 5 20 em, B 11 b BIIE 20 cm.
TERFHLH P A 12 1 11 1.0 m PR B /K BRI 5, B 1 S 00 R /K HE R o i e B DU & A 5
50 cm K 40 cm 5 7KV, SR AT AR, 8 i 4 K D HER AR . Rpd 4 28, 528K 18 m,
% 2 m, W ZE AL A 50 om () R0 3 4 B2 00 , i AN N IX Y 8 28, B 2B K 8 m, FE 2 m. AEERH
Fvh 2 AN L F/INGE OB 22 9023 58 2 25) , BN i AR 4 BRI X T4 E R, R e RN, DNX 1t
R, IR BN 1.53 g/om’, pHAE N 7.6, HIA] L 2 HRF/K %4 26.8% , # /= T 5 5AH A 2 69.4 mg/kg,
AU E N 28.7 mg/kg , AT &N 118.7 mg/kg.

/INFZE10 H 28 H &R, FEFh 88 9 kg/667m’, K F % 77 dk Fl . N P,Os KO it It & 4371 79 240,120
120 kg/hm? , J Al A 2 AN 60% (1 U REAE R FE A , 40% I ZUIEAE 3k 15 A R AE .
1.2 Rt

HiR 7K A S X R KOS VR ) AR KRR A B R R R A S, YD SR N 2 AR B AR K R K
HIYRAE 50 em AR AE" . 5 A FLAE /N 22 AR TH A K BE I B 020 F1140 om = ANBE B 1 7 b R /K 3 PR3
5, B 8B 1 Hbuh R /K N 40 cm, B 1T 420 cm, BIITAY 0 cm. 36 MW/NEFAEHA4 A 1 HD G, B 5
INFERES ST A AR . AR R ST S FH B B T (M R KRR, it R /K HERAR T 40 om, JE I K B 5K
AN FEH K, Bk 1 B B A0 22 43K ot 5K A R HEZK 1 HE R R AR 78 5 BB B T AR 2% B B
KRN 20 om s H B BITHA G BA ) 46 248 A 5 R FIRK 2  SRAIEZ H S /KRR 0 em.
1.3 MEIEFR

MR KR RRIE 46 )5 5 817 F1 28 TR 43 il 5 5 Ak 3 /N2 i i i 2 35 & (Chl Ca+b)) Fl e 2615
W A E GBI —800 6 /N Z it iy (8] ST = 43 il 2w ik S R £ B EE 3 e 4t
% a(Chla) .M Z¢ K b(Chlb) FIH 28 K & (Chl(a+b)), BCFMAE A Z EE NME . 6261 R 4 2R 56 H
ASD FieldSpec Hand-Held 2 1§ # 5\ & % i {% (Analytical Spectral Device, USA) Jll i€ , 1% AX &% P K5 A
325~1 075 nm, KA E S A 1.4 nm, J6 1572 #8209 <3 nm@700 nm, #3754 25° , FrA W I 2516 67 5 B S X
A BN 5 I TR A AL SIS 1] 09: 00— 12:000 i, Yo A AL SRS T B 1) T, P 7l )2 T 2 B v
291.0 mo FEAEELEE S AR EALE, PL 10N GHE R 1ASSKFE B R , & 0005 20 N 6iE, DO AMEAE R
%N X )G S SR, W B B 3R AT bR o RO T (BR i VAU ST 2650 1, IXFEIINAS I H bR 44 1k
ST AMIANT I 2
1.4 DHh7EE

SEEAT NI TR R0 R BT DL oIS 4L S 3 GR D SRR J5 et T /KSR /N2 5k |2 e il
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A RAAIR g 5E S

ZLIAIRAE D, WA 680~760 nm P S — P S HOG G ) K E
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S, WK 680~760 nm P S — - FHOGIE 1 >
K Pk 680~760 nm P S — B S [y o2
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PR R SN [ ] B /)N 22 5 J2 s S v D 1 AR iR R AR A AL , 75 400~500 nm ) 85 486 3 BE 5 620~700 nm (1)
ZU6UE B, BTk 2 s 2 R SR S BE AT O A AR P TR B 2 AR , F A B SRS T A T SR U B
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AN [ Hb R KSR FR SN [R] I [A) ) /N 22 76 J2 S i e i I AF e — 2 7 (B D 23R /KR 7351 8 40,
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B 2 N IR 2 5, BB SR IR BOY B R STV TR s A8 B, B 2 AN/ N2 %A 2 5 (B 1) .
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AT T, T 2 ANRUSCAS 22 180 1 S S i AR B , L3t T 7K HE VRGBT , R 82 1R, 2 AN e 2 B B i 3 T
[ e LRy i

071 R L2 g Rk smig: LO [ 4 FAHIR:
0.6 0cm
0 o L0 gm 08 f ——20cm
05 F —20cm 40 ——40cm
e w 08 F —4Ucm
B ——40¢ Al -
F04 &= e
X 0.6 =
a8 X4
0.4
0.2
0.2
0.1 02
O 1 1 1 1 ') 0 1 1 1 1 J 0 1 1 1 1 J
325 475 625 775 925 1075 325 475 625 775 925 1075 325 475 625 775 925 1075
PHe/mm WeK/nm We/nm
(a)BBF 254548 d (b)BRFE 25417 d ()¥FE 254428 d
0.8 [ 4 FAKHRIR: L4 ok, L2 1 gk mge:
0cm 12 0cm
20 cm 9o L8 —— 20 cm M‘M/"
06 F—40cm 1.0 4
. ———40cm
08 | |
R0.4 5 20.6
X Xo6 | X
0.4
- 0.4
02 | 0.2
0 1 1 1 L ) 0 1 1 1 1 ] 0 1 1 1 1 )
325 475 625 775 925 1075 325 475 625 775 925 1075 325 475 625 775 925 1075
WiK/mnm P K/mm W K/nm
(dFF 9023 Freks d (e) ¥ 9023 4%4:17d (D 9023 #4:28 d

B 1 & T KRR & EE LGRS E
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#9023), FF4E 28 dIN 5837 25 B AL B M P TT M8 1 7 nm, 1 #8F 9023 #2.3) [ 25 nm. R T
K HR R POl 3 A8 21 DGR UL B , 20300 7 L 1 50 7 I #2 50), bW AR “HE AL 7, HLth R 7K SRR R , FR 252 i )
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osd m17d m@28d osd m17d @28d @8d m17d @28d
730 | ; _ 0.025 08 |
720 t|: ; : 020 | W
. ; : X 0.6 | |-/
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680 | : : : v
670 : . d 00 LLIME L L :
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Hb R KR /em R KRR /em Hbi R KR /em
(DFFFZ 9023 LT IUN B (e) 7 9023 L1 i 5 (F) H 2 9023 L1 T A

B2 %3 T ARR A R il Sk
23 ETLsSHART TKIERME N EMRES S HERE
MR K IR 38 /N e 2 4010 2 805 i Chla Chlb. Chl(a+b) A ME WK 2. i 2 vl 4, 16 Jq
Hy R K S VAR il 2N 2 ek 2 61 SD, D, 5 /N i Chla Chlb. Chl(a+b) & 5 7k 5% , (A e ME AN B 38, i
Chla.Chlb.Chl(a+b)7> 55 4. SAR B FEA =, 5 K BEM <.
A2 RATAREMER N ETFEELLALHMAESNE R

fabr D, A SD, S, K.

Chla -0.387 0.824" -0.161 -0.667" -0.435°

Chlb -0.261 0.706™ -0.087 -0.641" -0.507°
Chl(a+b) -0.37 0.816" -0.151 -0.674" -0.459°

PE N 7 | ESr T E N AT E Y S P

TR A Sin K = AN 53 3R 7K B % J 38 /N 22 i H- Chla . Chilb . Chl(a+b) & & # M K L0 S5, @# =t
A BRI A BB b T KRR I NS SR g & . R — o AR AR AR T (OGRS
RUEE 2 AN FEN 2 s — R LB FIERE KRB RN FRE, I E R R FRISHR R 2, B RH FAE4R
BRI s — R AE U RER M AT IE T B BRI @ m s A ik 3. @it
CRE LA, e FH 2R PRI A, S e b R 7K SR B T /N 22 i Chla Chib Chl(a+b) & 2 [A] (1) 98 5 5 1 H
— 0 R 2R R K 5 iR T KR JB B R /N2 & Chla Chib. Chl(a+b) & 2 [H] ) 58 & , # 7 H 5 A
REAR R Rk ZE MR, 1T DUVE 9l S T /K HEVR e /N 22 i 23 2R 1 v e i i SR 2
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23 AT QAR ET RBREMG Rt R F S S F IR

Sl EPEPS:M RERHR FAi sig.

Yona=0.0374,—25.090 0.68 46.63 0.000

A Youy=0.0084—5.019 0.50 21.91 0.000
Yu=0.0451,—30.198 0.67 43.95 0.000

Yo=-1.1645+1.975 0.45 17.65 0.000

S Yo =-0.263S5,10.449 0.41 15.31 0.001
Yeu=-1.4335,1+2.423 0.45 18.32 0.000

Yo =0.386K.’—0.252K,+1.463 0.64 18.42 0.000

K Yeu=0.086K—0.067K,+0.328 0.66 20.37 0.000
Yeu=0.473K’—0.322K,+1.789 0.66 20.73 0.000

2.4 EHTF BP HEMEH X TKERNE/NEHFRESARILEHEETR

K FH BP #1128 W 4% tH DPS £ 4 AbHE R G R AL K 5 0 /K S R A B /N 22 I I 2 3R B 2 S A K 11 3
ANRFAE R F Qs SnKOTE NI 5N 2 S B3 J2 T S A 50 IR B, — BN N JZ T 5 500 75% , AW 58 B2
2, R SRR 1AM E TG, IR BR S E BIE0OE R B U D) S B e HL fi 2 IE0OE R ECH
KRS RURREL. X2 U 2R R 2N trainlm, (X 26 ¥ 52 > BRI ECN learngdm.

W/ NZEAEJE A R R KR P R R FEE A [0 P B [ 21 00 52 45 B 24 NS a BAE NI GRFE AR
(112 21 B A, 51X 24 4 HFRFEARXS B 1) 2 S KAE NN R &, 2 HE DPS 8 Ab 3 R SR L2560, /N
ZRIEARE0.1, 31240 0.7, Sigmoid Z408 0.9, FLVFIRZE 0.000 1, i KIEAREHL 1 000, FF55 i N5 s
BB HEAT PR UEAC L B o X 28 (1 1k A SR FH 35 77 15 22 MSE 454, UL MSE /I J9 BP R 22 J0 2% 11 5 45 R bR
4 F) F BP #28 WY 25 40 B BT A5 I SR (85 S B3R AT 06 L, 25 R 3 oo EH 1L 3 T %0, ) F BP #1482 I 2%
2 7 R R K H VA 38 /)N 2 i H- Chila Chilb. Chl(a+b) & Al 5085 7Y () e & 2 %020 91 0.842 5.0.700 2.
0.850 8, LL A FH BN A% f g 7 (AR T (g e R A

- 3¢
24 1,=0.827 8+ 0.331 5 Ll e ¥=0.841 9540381 »
R=038425 oo OB 2.8 R-08508 My g
22 1 RMSE=0.146 =R g RMSE=0.173 W™ UQ
o 0.5 A ) _26 .
o 2 o AL '2324 n
&0 o0 .
2is 5 045 £ L an
o =1 @22 ol S
=16 F o AA A 4o 4
Lot 41 04 A AN = 5 L
a14 s = Ny g
$ Bas L /,,,,A R
12 t N 16 b "
1 03 LA "

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
SPAE /(mg-g)

(c)Chl(a+b)

03 03 04 04 05 05 06
SERME /(mg-g")
(b)Chlb

1.0 12 1.4 1.6 1.8 2.0 2.2 2.4 2.6
S / (mg-g!)
(a)Chla
B3 A TFBPALZMLW AT AIZEME At G EFAERFHEARELRE

3 e 54R

3.1 Wig

AT 5T BP #4845 45 2 4% g [l A RS B AR B, 005 RO R B, SRS P vy . (HIEAFAE — 2R 2,
BP 125 [0 25 553 1) W 4 UL WD AE A S2 BEATLIR) , 0 48 X 48 2 P (E AR B AT I 159 B I 285 SR 2 AR RN, (R
BP i1 48 W 26 5 > 1 P2 A Be i (R B 42 R S AR ORI L &t 22 I 5, d o B R 0g Tl A5 28 1)
RMSE FHXF 55t /I — RN G 85 SRAE IR 07 1) BP R 28 I 25 45700 o [R] b Aot 228 PO 248 A X 4% 43¢ [ D A 7R 7 5
WIS R Tt 0058 . AW LI B LI 0 B L 2030 B 3 ANRRAIE IR -1 1 BP #1482 W 4%
(100 DX % A N J= A8 A0ty B 52 B vy, I FH P B 58, X 5 kAt 8 A0 2R OB B I 9T 4 SR — B0, R AR
5 B WA AR S ) ' B 1 25 M ST AR S TR TR K B N S I 4 R T A S AR R R R SR W AT
A Bl R R AR A M 8 N AR AE AR S S BOR L T 2 R RHIE S AL
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VEYD e 206 T R e S WA E D I (3R AR S5 M el 2 S5 M I 25 G5 B, =208 BT VAR el )45 B )
BLRPEC, H W W0 B T TR AR R LA P A L A BH R B A AR A S 3 BRI T 3 IR e SR I HE
PECY, ARSCAT H R AR S5 e b T K R /N 22 i S 3 3D A B TS AR BRI GRS FE R A (B AR SR I
2AN/INZE SR a () K, LA TR P R, DRI % v e VAR A (1 S B S I A R — P R

T8 S5 7853 325 (b 7K 3R 0 om) S B IR ER A, /N2 AR 20E 77 F B, 520037 73 FH7K 5 B, B8
et 3, i SR 25 f AN I TR S35 ek /NP, X e A 1 (1) Y 3 AR AR P e v R mT DA TE A AN v
B MR o T AR S e b T 7K R (20,40 cm) X /N2 R SZ IR AR B2 /N 3 Fh g i) A 28 0ok A5 K N ] (1) 4R 482
S5 A e 5l R A 1) 22 AR AL BRI A v TS B AKE B M DU AE J5 3 R K IR /N 2 BB SS R e
BT
32 &5 8

D/NEIESE 0,20 em 30 R /K BEERRFSE 17 d 2c A0 I /N 22 56k S22 SO 618 v i 58 I B 5 400 i BB ) 2
AR L 40 om (130, T 2 AN IRSCE 2 TR) 1) S S U8 38 5 L 7 R AR A, R 82 I [ G, 2 S fie 2
ETHH . JE SR N KRR e /N 22 e SR R LG RE 70 T B, 2030 AL B IE RS , Hoh R 7K SIPRGER Y , 457 S 1]
K, WA B, 784 B2 RE S 28 d, SR 25 MALIAN B WA RS 1 7 nm, A8 9023 #5125 nm.

2) ¥ 3t R KR A8 /N F2 i - Chla Chlb . Chl(a+b) & 43 1) 5 21030 A7 B L 21300 W B DL R 20320 i B 52 2%
PEVERYERI — 0 RN R R R o IREULL IO B L0 0 B L L0000 Im S 3 ANREAE DR 71 S I 28 iy N J2 2 37 BP
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Effects of the Depth of Shallow Groundwater Table During Post-anthesis
Stage on Hyperspectral Characteristics of Winter Wheat as well as
Model for Predicting Leaf Chlorophyll Content

WU Qixia"*’, YAN Jun’, ZHU Jiangiang’, LI Dongwei*’, ZHOU Xinguo'?, GUO Shulong'*
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2. CAAS/Agricultural Environmental Science Observation Experiment Stations of Shangqiu, Ministry of Agriculture,
Shangqiu 476001, China; 3. College of Agriculture, Yangtze University, Jingzhou 434025, China)

Abstract: [Objective]l The monsoon spring in Jianghan Plain of China often results in waterlogging in wheat
field. This study aimed to investigate the feasibility of using hyperspectral remote sensing to monitor the physio-
logical traits of the wheat under different depth of shallow groundwater table in attempts to provide a non-destruc-
tive and rapid method to monitor waterlogged stress.[Method] We designed three shallow groundwater depths at
0, 20 and 40 cm after the anthesis stage. In the experiment, the spectral reflectance of the wheat canopy and the
flag leaf chlorophyll content were measured after 8 days, 17 days and 28 days of the onset of the experiment. The
effects of the shallow groundwater depth on the hyperspectral characteristics were analyzed and a model was pro-
posed to calculate the chlorophyll content. [Result] When the subsurface waterlogging continued for about 17
days at groundwater depth of 0 cm and 20 cm, the spectral reflectance of the canopy in the two absorption-valleys
in the blue-purple wave band and the infrared wave band increased and the reflection-valley became flat, and the
peak between the two absorption valleys became steep. The shallower of groundwater table was, the longer it con-
tinued, and the rising of reflectivity in the two absorption valleys became steeper and the peak became flatter. Wa-
terlogging caused an reduction in red absorption and the red edge “blue shifts”. The longer of duration that crop
stayed under the shallow groundwater, the more obvious of “blue shifts” was. The liner and quadratic regression
models were selected to stimulate the relationship between the position of red edge (4.), the skewness of red edge
(S)), the kurtosis of red edge (K;) and the Chla, Chlb and Chl(a+b) content of wheat flag leaf under shallow
groundwater depth stress. The R* of the A, S,, K.-based BP neural network model was used to estimate Chla, Chlb
and Chl(a+b) content of wheat flag leaf under shallow groundwater depth stress. The R* were 0.842 5, 0.700 2,
0.850 8, and the RMSE were 0.146, 0.048 and 0.173 respectively. [Conclusion] The BP neural network model
can be used to estimate the dynamics of the chlorophyll content the flag leaf under the shallow groundwater stress.

Key words: winter wheat; shallow groundwater depth; hyperspectral; red edge parameters; BP neural network
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