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Abstract: Inner Mongolia Autonomous Region is one of the main potato producing areas in China. Rainfall is not
sufficient there and irrigation is the first premise factor to obtain high yield. However, the local water resource is very
limited, thus reasonable irrigation has a pivotal position in sustainable development of the potato production. Using
hyper-spectral remote sensing is non-destructive, rapid and simple for crop water status monitoring and irrigation
recommendation. To this end, the relationship between crop water deficit and high spectral reflectance was
discussed from the aspects of photosynthetic characteristics, canopy temperature, leaf water content and soil
moisture content, the study progress in hyper-spectral real-time diagnosis of crop water status was reviewed, and
then some feasibility programs to potato production practice needs were proposed. These would be theoretical
foundations for establishing high spectral moisture diagnostic system and water saving irrigation system of high yield
and efficiency potato production.

Key Words: potato; hyper-spectrum; reflectivity; water deficit; diagnosis

KimEHEE: 2019-07-09

HEWH: ERAKRPAIE4S(31960388); W5 AAFR#HE4: (2018BS03002, 2018MS03018),
TEERN: IRIRH A (1988-), &, ML, P, BFI710 8 SRR 53700 B

*# {5 1E#& (Corresponding author) : ZRWH7 LI, E-mail: qiqige608@163.com.



BT ROGHE I 58 K A3 75 BUbR O SN 0

SRR, BRI, B2, AR - 181

B B K o N Eh B S ARAT e S AL TR
MLZERTHR . SR, NEEH AVAIX (N5EH ) B
MR X I 2 AT 5 PRI, XX
SRA R K ARANRE I B SR AR XK A Y
ok, DT, BEBE IR DR N S5 S s A o
A ORI ST, S T A E AR X
ARG BR, AN BERE I K 98 IR A0 T
K, ZARHEBAE X B R KA R R, FRo R
LT PR R £ v )t DX S I B LR BRI K B R
C 2T H RN AR A 00 e DL B AR AR P R Y H
WA . TEXFERYE T, REMERERD T ORIE 4%
FR e LT A B OK BT B s AOR P R AT O
Bo NI, FXTZ KORBHEEBSE DL, K
o Eh AR A MOK RDL , TFARIE SRR (5 B ST
AT, AO 20 X Eh 828K 73 v 850 P
HISEE S, HAA RIS S

| et g

i G R e — PP B A AT WL . AL
b HETANHALT AN B B N AR G 2 AR 72 1Y
BELDCTERIR A . ARG — I &
fi, i HaR BRI R B R 1 B SOEIR R B, A
AR R G RE X A T X 00 . T
JEAG A s D E R SR b DT TENS G B S S
W, FIRITE A ARIREE N R RS IEd, St
TEAEBEAGIIRCRY , E M4 AN R AR ) i e Kt 1)
oriris RS E. AEffEshzk Al Ul R A2
XAFHELO . AAEDIK NS WS PR 7™ Sk W 55y
AT AT B SCHE AR ZER T Y i S AR AEAR
RAESE FRERST R IZEART R, HEAT 21
B

VEMIIE S22 h i ol B3R o045 B R B 5 2
I AIRES, BAERGEF R R DEi g, A
SEMVERIIE R D SR 12, do M s
WEMVEYE R (R B E Rz — ik,
I EDEE AP A S SRR VR K 23 SIS
AR ES WO T RRE, R SEEUER AR B
WK TP ROEA A A ARG s 07 1 I F R o oK s
FYIE R AEREBOA B, ESRM T BiE ., S
o — R AVE R RERE b, PR SCR HOEE R AR,

FitE . K SEEYITEK Iba N Lo Mg BOE 2
SFPRFRAR, XK AR G I B AR R AE 970,
1450, 1940F12 500 nm 247", HET, 1EPIKD
() iR T2 W 32 A TP e s A IR e 2 45
Pk, B S RAE K IR D B B A Bl e 4k
FETEREE; HK S Ha T R S Ak 5 5 B2
Wb, i R A S PR v ARV 0 7K 4 i Dl il
W R A A5 2 SR A A 7= (1) £ B 5T 0]

2 KT SR BT G b AR A X R

2.1 AT

JGEE R YA E M EZE R, K
AT AEY T ROt E R TR, EYEtE
i3 % (Net photosynthetic rate, Pn) 5 HRL 5=
(Stomatal conductance, Gs) 2T EMHK, IR
HORT0.9%, VFZWIERY], AREYIRDE G HE A
S HARSCHE SR ARG S B B[]0, SRR
MR G4 R L AE B 48 28 (Ratio vegetation
index, RVI)(R760, R766) &t #LMAE"; /K
REIE A P 5 RVIYANESC AR R ORI —
AL 9% §8 %0 (Normalized difference vegetation index,
NDVI) (BT 2L M B ) SORHMEL S 206 B i) S S HE
ZEWETHEZM) S P, Gs AR ARCHE;
KAWHE R, #F/NE NDVIE RS B SRR AE
b, HXT5A & BBUSPE™, MBS A
NDVI, RVI5Pn, Gs PRSI & AN ERE, A
SR/ MBF S RVE > NDVI™; i il — ik + 38
U 9 M B% 8 20 (Modified second soil-adjusted
vegetation index, MSAVI2), REERARAXF 35T
FE B FE KL (Soil adjusted vegetation index, SAVI) 5
Wil b3 22 fpe /NP REABEA R R, S Py Gs BRGNS
S F RVIFINDVI™, ZE A A d 2 U
A, XS K 3 A R T BB O A B N
&, ZEMBHAR FEZ ALY, 7R T RbhA Tk
3 3 3 AT AL B R BR ] 25 1% 2 48 (Transpiration
rate, Tr), PHIL Gs F Gs/Tr A5 Ak AT A Sy 4] i AE 4 )
IKFRE— DS HhRE ",

T FHE £ (Leaf area index, LAD S51E¥DGE
VERIFIZE BV E VB DIAIOG, S SV A ARG Y
HESERR K HESZ AR T AR EDG



+182-

P A, H534%, 30, 2020

TS WIRE T o I i 37 A/ N AN () AR I S I T
PR B R C G I DAY, ] i vy o T AR B e
DG WK R HET, iR AR R £ NDVIAR
PR, (HNDVIA R Z ALy b5z 13RI,
HAZ RENMAE"™; T LSRR A SAVIBEA L
TH B L TR 3R 52 m ™, 20 3 H0 K AE % 46 £
(Red—edge resistance water vegetable index, RRWVI)
BEH PR EECRA 3R] SR A SRR,

T AR EE A ARG, IS
PR 7K AL R g T SR B R AR, Al
Pyt R FE AT AR (MR a, b) RIS |
Ro TEATIDGIERIN, MEPDCRERHIE A (3=
¥, OGRS R AR, T
BHAT, FORAMHERRISESEC 740 nm 500
TERIE(E AR, FRAER— MRt 710~850 nm
SRR S AT IR,

KA W0t v] RESE VT VI ME LK M8 £
HERIRZ —, SR EMER™, o, E4hy
Pk K AL & 9 (Non—structural carbohydrates, NSC)
FEASRTER . RN, nEVEERE . TRILEEY
NAEIRES e w i dipi D) /| e 5/ S N A I RFaS
RE S K R B0, I 28 A B K
(Difference spectral index, DSI) i AH & 2 51 (r =
0.99); TEAFZKIMIET , F KM 7] v &
SRS AR a2, m i T SE
VRSN AT Rog i i

JCEFRE P SAK SR S AR B i D
b, WEDEESECT RO SR R A AR,
R FRE K B A 7 T B TSR dls
22 BERRE

VERI A RErh, K g3 s i T 2 W 1 P e
FERRMACIR DRIV e 20 P AR A e S e 33K o3
R IR BLVELESE bR , SRS EIESSE
R IR FE BAZ Wi koK o3 5 BRI BEE (HI 2
MBI, S ve iz, SB)E AR H kg
JFF5#7 (Stress degree day, SDD), RIVEY) 6k )2 L
(Canopy temperature, Tc) 53 (Air temperature,
Ta) B 22 MH . FEP7K 23 W38 48 2 (Crop water stress
index, CWSI). /K435 k4840 (Water deficit index,
WDDAE, ] FH e 7k ) 5 70 BEAR 2L AN AR R 2

GEARIUCE RS 0 VR e 2 TR R, I 2 AN [R]
X, REWEMIRK Y 5 Bk se=, HAj, £04h
PR ES G = Gk eV R K S IR0 C T8 LR 1
RIS EYE 2K o R A B,

BOKET, TEYIZEIE SRR, i 2 i 3
L AR ZE RS, EYEREZE(AT: 15
Yyoed 2 5 AR 2208 2 Hoe 2 7K 43 S e
SOV, B S A EI K ARG, TR K 4y
TSR AR . — A, 121 00~14: 00 /&
ANTRHE K S5 T et R 25 25 57 3 8 1 AR B 2]
13: 00~15: 00 [i¥ 5t S22 P RAEVEDIK AR EL, 1
14: 00 e <R 2= ] T -39k 428k, UEimHE S &%
PRI, - R T R RA /N Tt R 22
YEAE KT -0.7 CHEA 2SI FRERFEHR; 251 =
1 CHEK TR 7 6k, 22{H = 2 CHKS R
B, ZZ{H = 3 CHK 8 5, [FW—fEgA
) A= B I 0T ) e AR 22 I BB IR AN R] KR 47 BE
WL PR R RN R A A i R 2 I B 5 )
4 -0.64, 0.83 F11.09 °C*, b7 2 5 EigA
PR R E#AT A WDT RERS RS B Al B K 7 4
B 56 A > B 25 25 IF R 2R I R TR < 22
XPE R A A | ZE I R ) 22 55 X [B] U BB 2 W 4
INFZIR AT AR, TR R ORAE K 43 R
AR,

F T e 22 U R R et AT 2 VR K 43 M T L
AP A, TR SR, (BAAAE—E ]
R, P, B A I 2 A S
G, AR S SRR IR AR S
2.3 th(HEx) &K=

MK LT BEZMN FoK R, i
A O KRR R A AR K R B . L R
B KGR A B HE B R AR, Rtk
R K B SR 2 W T R 1 R AR
T & ST N D O S e N (1
i S S 2 Bl K S ARSI, 800~2 500 nm
U B A S S 23 R AR S A e K DA
AR KR, BEVE A L BRI b, AR T
P AP GRS RRISWH I B SRR k. B
LR, AERVINE T R AN SRR 5 1 450 nm 22
BRI SRR ke IE A DS, AT



SET RO T K 23 ORI ST 1

AR A, BE A, TIUE, & -183-

HAR Gy I, £ /NZE T 780~805 nm F G S ST
RN RALFHAK RS PG IAGER I, &
INZE A T K AR 650~775 nm 17 B2 UIAH
X%, JeHAE661 1771 nm AU, Hrb, $5-Hh
REIA | O ) A /N2 e RO G R A
750~1 075 nm A FlAEAR B /K ARG N A=, HEIR -
B IIIAE 350~750 nim AL B 75 7K 5 A 384 fin i e
. WABFFEEE, 950~970 nm AU S 5T R AER
T TSR R AR S K SN, IR B AR TRl A
Yyl [F]— AR A [F) A 75 H A i RSk S
JE B ISR,

BT FIRAFEEYIAK - U B ik, p s
HR R B A O TSR BURR I A AU IR Ak Bk
U B B R R, K 448 B (Water
index, WI) = R970/ R900 F1700~800 nm fit]— 34k
Toe /IMEL BB % W 35 7R AL 0 K 23 FEBOIR DL 5 i W
(900, 970)5 NDVI(900, 680) H.AHF5 %N A4
fl At e )2 Gk, i H R R S A
KA TOPRE BE X RV ERNIN &, AE7K o3 U
BRIt — K2R B R E A
W&, KRG TFHEIIELAM 400 nm 247 F12 250 nm /2
A 0% BEHUAE B A — b A R BERl A 80 i et
oK ARARBLE - FHFI A TR] B G B P L A
FeAE Y61 48 % (Ratio spectral index, RSI) (R1 402,
R2 272) FH — 4k 5 3% 5 B (Normalized difference
spectral index, NDSI)(R1 402, R2 272) % T W H
R B K T AR /N 22 R G K R I fe ok
%35 %0 RSI(R1 391, R1 830) A1 NDSI(R1 391,
R1830)", 2 HAZ /Ko IHE AR R R R
SEOK A R (Water stress_Land surface wetness
index, Ws_LSWI), BIE#GEZHKa&E, ik
HHAS TR () 7K A Wl e A i b 500) T 2 il A
JE AU EANTR
24 tTEEKE

I EK S R AR K R R EAR G, FL
XA A A R B e R (B2, A AR T s
VEYIBOKERRE, St LK 2 B b5,
HWINH, WK 75% R 56 B HK . 60% 58
JEHK . 45% K5 Ek, FERIEARFRED & A
BT A 3K o 0 5 SRR AN [ 1 47 3 2 9

o VEPIRESE ISR FH Y 13K AR T EA R
JK A CRIVFH A] 455 7K B 5 0 28 R M ) A 335K
), H/NF0.75~0.80 IR 32 1) - K 73 it o
ORI, R R
7 R SRR U A

FEOLIEREITE L Sy S 3K IR BL, X
FH 18] L8 S K B RS Wil B ARk e ikin g
E(CWSD A LK R, I REFERAVEY)
KT B AR EE , TRV AL B B AN AL
CWSIH 0.46~0.49", L/ INAZ A T IR AR 5 /KR
5 AR AL A B 9 A Bk 48 2% (Optimization of
soil-adjusted vegetation index, OSAVDIIAHAE, i
VAR B HAT O LKA R RYRESS™, 7EA=
PR R LSE | ORERA IR S KR, Tl
TR, SR A B K o35 k2 W
PEAETT SRR FEMGS R, 3BT AN A] 15
AT AR RIZ K BRI BE 1 22 51, AR
FRUCE T S R Y K 23 W AR B ORI K
IIFREL

3 Bt R AR A A R T R

VERI/K 53 B W AVERI K 43 Fr oo it e
PE1T, 8 A BRI 2R SIS S B AH O
RFAKITARSE, R38R G VR 7K o B BT
P AR CHAE S GIE S8, T YK 53 Big
WA R AT SIS dR PR T 20 T2 70 44K
W1, MK BB Be OGS S EOC R A E TR ITH)
AR Py B ZE AT S S 3 Bt 2 B /K T R
T, ENOAFE AR, T IamimeEs
5 AT WG AR S LT MG U 2Ty, Tl
MK PRI, IR, —2etss i st —2E
RS2 AT 40 7K A bR 50 178 0 Bt B 1B 43 31 7 950~
970, 1450, 1940F12 500 nm &1, Sy T4 % f%
R e . SRALAOCHERE , MR IREE T
BAbHE, BEMEE T2 WY K A B R — R
BB, 239 730, 960, 1015~1050, 1145
F11 330 nm ™, [ENAMEE R4 EE T RZ/EY)
IKAT WIS TEHE R, ANl & K AU A K 43
Jia 45 %0 (MSI = R1 600/R820) . J1—Ak 2=t /K 345
H(NDWI = [R860 — R1240)/[R860 + R1240]) . /K5



“184-

P A, H534%, 30, 2020

£ %0 (W1 = R970/R900) 55, 7EAEW )2, R

(610, 560)/ND (810, 610) 23 kr/INZ Ak K 43Ik
PR R AFCTE AR R R E, I LU (AR RS £ (R810/
R460) BER -1 W K ARG A [R)AE B B it R S5 4
PREKIE™,  HUAEAE TS 20 R960/R560 15 H 1 1- 1
FKE R R E IEASET, 5 BAR, meik i sk
AR W 5682 K 4R B A 5 ELFE 1 249 L
BT — RIS, (R T RO D5 K5
WA FT AR L

4 EAEL WG RE A RILE AT E AT

HAET, DRSO 2 G0 R SR oY B4R
HRE X L 3 10 B B SN b s, A
T TR R AE IS I i — 20 A R K 43 M)
SRR R WARIE . NS R R E T
7 R U T BAT EO 4 S 7 0T TR S T R
T AR T A AR RIS . AR RN
B BT AE Rl AR oK N R A
55%, WELHINT6%, W KINT7%, TERH
SHA589%™, [RIBTHEH, ThES S B NS K 47 i
(e K A REK R A 50% ) REME DE A BRAGHE AL H4)
P R Ar e, TR s a3
JE DR R T 4 A ARV WK 00 5 Bl R K B R MEE R
75 (HThA4 LI U XK o 5 e U, A7
TES K AR, TR AE & IRk T B =k
PR AR R BT, TR T e
fili | P K IR ARAR R, SCH R 3 K
ARG, FRIEILLR DR E LS 1
BESK AT R RS EEK, EAEMEIT KA [E]
B BE B AT TR 2K 20 W3l 5 | A 1 EH 44 k™ . it
IR H TS S S Ei L, XA -3k
T T 1R 48 5 OGBS TR A AT, 45
AR EHK S RULEEGEEE, o8
IR FAE S B0 HARE I A 55 6T RRAE S 50
¢, O3 i D WA 5 A8 AR AR K 4RI i R K
PETERR AL RIS TS O A A A A
Mo )2 Bk . KRS E OCR, HT
ThES AR T I A RIS K A2 W R HE I A
R R m RN S E G K S WA F
PR IR ST SESLA

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[ & % X B ]

JrErsE, MR i s B g s Il P AT LR (0], B
FeARE R, 1998, 13(1): 62-69.

FESEA, B, A mOERE BV R BURS RS (1], &
JEFAR S, 2001, 16(4): 248-251.

WIRETT, 22 HESF. ANl N TR R e 2 45 A B9 (1], I
<, 1999, 20(1): 11-14.

Stewart D W, Costa C, Dwyer L M, et al. Canopy structure, light
interception, and photosynthesis in maize [J]. Agronomy Journal,
2003, 95(6): 1465-1474.

JEIZERK, RTINS, PR, AT B BN TR A UG R K
BT RISHIBETE [1]. HOCEYI, 1996(3): 870-873.

Holben B N, Schutt J B, Memurtrey J. Leaf water stress detection
utilizing the matic mapper bands 3,4 and 5 in soybean plants [J].
International Journal of Remote Sensing, 1983, 4(2): 289-297.
Jackson R D, Ezra C E. Spectral response of cotton to suddenly
induced water stress [J]. International Journal of Remote Sensing,
1985, 6(1): 177-185.

Inamullah K, Isoda A. Adaptive responses of soybean and cotton to
water stress: II. Changes in CO, assimilation rate, chlorophyll
fluorescence and photochemical reflectance index in relation to
leaf temperature [J]. Plant Production Science, 2005, 8(2):
131-138.

B TR )2 SR G RSO G S AR A I D], K
IR, 2012,

FH . B0 )2 S S GG ik R K o3 B etz A K (D). 7
M A ARORAE, 2003.

PUIELL, 0, BRI, 45, TR FEOLEIOS S S
JCIERAR ARSI (1], T AR, 2015, 31(24): 71-77.
TN, FAE, B, SF. Wb R T R RN 2O
AN TRIRR BE K G il 360 A W R [9]. 22 RS54, 2014, 50(3):
418-423.

SRS, WA, ARG, S5 R FK AL BEAS P AR AL ROLIE
TR B 65 SR AR SC M )] Bl B, 2017, 54
(1): 20-26.

MR, B2, fIRER. LK R ROCRT AR A R ARSI R A
A [J]. A2, 2005, 16(1): 105-110.

Li Z W, Xin X P, Tang H, et al. Estimating grassland LAI using
the random forests approach and landsat imagery in the meadow

steppe of Hulunber, China [J]. Journal of Integrative Agriculture,



BET RO T K 435 BUR I SR 1)

AR A, BE A, TIUE, &

<185

[18]

[19]

(20]

[21]

(22]

(23]

[24]

[26]

[27]

(28]

[29]

2017, 16(2): 286-297.

B, NP, 75, AR AR 7 I A/ N M TR B e

JEWTINARIEY []. Al TRE2AR, 2014, 30(24): 141-150.

Gitelson A A. Wide dynamic range vegetation index for remote

quantification of biophysical characteristics of vegetation [J].

Journal of Plant Physiology, 2004, 161(2): 165-173.

Thenkabail P'S, Smith R B, Pauw E D. Hyperspectral vegetation

indices and their relationships ~with agricultural  crop

characteristics [J]. Remote Sensing of Environment, 2000, 71(2):

158-182.

Huete A R, Jackson R D, Post D F. Spectral response of a plant

canopy with different soil backgrounds [J]. Remote Sensing of

Environment, 1985, 17(1): 37-53.

SR, IGERS, PR, S5, JE TR U R R B 4/ NAZ LAT DG

TSI [J]. AP ELOI RN, 2018, 51(18): 3486-3496.

Yang H, Zhang J, Van Der Meer F, et al. Imaging spectrometry

data correlated to hydrocarbon micro—seepage [J]. International

Journal of Remote Sensing, 2000, 21(1): 197-202.

FEIE AR, EAIE, EFL, S BRI LIS RAE J 4

F.OBWE MZMOCHEITS 0] E KRB, 2008, 16(2):

71-76.

TRACL, AL, X R 2, 45 $sh 2 HRMK 43 a0 £ oK
MRS (1] 4Ol TREAR, 2006, 22(9): 39-43.

IhSEHE, MR, AL, 45 ORI 2 P T AR AL A BRAR Ak S

Ot B RN Ay A [T T 2 XM B T SC R, 2004, 27(2):

250-255.

LuJY,ShanL,GaoJ F. Effects of distribution of fore — anthesis carbon

assimilates of wheat undersoil dry — wet alternation [J]. Acta Botanica

Boreali-occidentaliaSinica,2004,24(9):1565-1569.

Zrenner R, Stitt M. Comparison of the effect of rapidly and

gradually developing water - stress on carbohydrate metabolism in

spinach leaves [J]. Plant, Cell and Environment, 2010, 14 (9):

939-946.

FARRK, AR, REEE, 45 TS0 R FORM 5 Al v
REAIBIESE (7], TAOL RS20, 2018, 36(4): 436-443.

Tanner C B. Plant temperature [J]. Agronomy Journal, 1963, 55

(2): 210-211.

Idso S B, Jackson R D, Pinter P J Jr, et al. Normalizing the

stress degree day for environmental variability [J]. Agricultural

Meteorology, 1981, 24(1): 45-55.

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Jackson R D, Kustas W P, Choudhury B J. A reexamination of the
crop water stress index [J]. Irrigation Science, 1988, 9(4):
309-317.
Moran M S, Clarke T R, Inoue Y, et al. Estimating crop water
deficit using the relation between surface—air temperature and
spectral vegetation index [J]. Remote Sensing of Environment,
1994, 49(3): 246-263.
BRI, FRAAIL, REIETE. R A B T T A R B FE AR I —
TRIAEBE [J]. KFI2=4, 1996(5): 44-49.
Yuan G, Luo Y,Sun X, et al. Evaluation of a crop water stress index for
detecting water stress in winter wheat in the North China Plain [J].
Agricultural Water Management, 2004, 64(1): 29-40.

HRTIE, E T, BOERE, A5 R T2 i FE AR AR TK 3 0 aE 5 5L
5 i LA AR B OC R (J] BT SR B2, 2013, 50(9):
1577-1582.

TKHEB AR ISR PR BUR 5 e 22 (0], SRR
$%,2006(12): 102-104, 106.
BRAE, Vb, XER, 4. BT SR 22 1 & /N K 535 iz Wi
IEHFST (7). AKFIAI, 2014, 45(8): 984-990.
XA, FE R T e R - 22 R E LK A2 ). T
X A HF5E, 2012, 30(1): 90-93.
HAREL & HEYZREPIE R — LA /NE | ELEK ] (1],
HEZSEENR, 1984, 4(2): 33-40.

BRMAN, LB R AR 2R A A8 AL A S T ok 2
WFFE (1] HEREHEZK, 1997, 16(1): 1-5.
AR, VAR, MEIRSE, S SE )R- 2E I A2 W A/ N e
H7K A3 [7]. H O 42, 1995, 16(2): 13-15.
AR, RIS, TN, 55, V7K A 0F R KRRl 2575 1k
LA 5K 43 5 s Wl g8 i 52 (D). 7K R 2= 4, 2006, 37(12):
1503-1508 .
KA, B bE, NG AR, S5 AEIK SR B 3 I S 218 Y
WFFEIEIE [1]. Alk TR, 2006, 22(1): 174-178.
Intrigliolo D S, Castel J R. Usefulness of diurnal trunk shrinkage
as a water stress indicator in plum trees [J]. Tree Physiology,
2006, 26(3): 303-311.
De Jong S M, Addink E A, Hoogenboom P, et al. The
spectral response of Buxus sempervirens to different types of
environmental stress —A laboratory experiment [J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2012, 74: 56-65.
Seelig H D, Hoehn A, Stodieck L S, et al. The assessment of leaf



+186 -

T SR, B34k, H3M, 2020

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

water content using leaf reflectance ratios in the visible, near, and
short—wave—infrared [J]. International Journal of Remote Sensing,
2008, 29(13): 3701-3713.

Colombo R, Meroni M, Marchesi A, et al. Estimation of leaf and
canopy water content in poplar plantations by means of
hyperspectral indices and inverse modeling [J]. Remote Sensing of
Environment, 2008, 112(4): 1820-1834.

FaLAe, AL, #RInedE, SE. ADCRE AT RS WA i ok oy
ARBLAIBISE (1] R AR, 2001, 34(1): 104-107.

Gonzalez — fernandez A B, Rogroguez ] R, Marcelo V, et al. Using
field spectrometry and a plant probe accessory to determine leaf
water content in commercial vineyards [J]. Agricultural Water
Management, 2015, 156: 43-50.

NI ET RO A/ N RO IRBLIE I FTE (D). W9 50: #
AR R, 2011,

AR, sk, UL SF TR )Z I RAIE Y A N AR R
TrKFIZIIIFFT [1]. WK 2442, 2018, 37(10): 9-15.

Inoue Y, Morinaga S, Shibayama M. Non — destructive estimation of
water status on intact crop leaves based on spectral reflectance
measurements [J]. Japanese Journal of Crop Science, 1993, 62(3):
462-469.

Ceccato P, Flasse S, Gregoire J M. Designing a spectral index to
estimate vegetation water content from remote sensing data [J].
Remote Sensing of Environment, 2002, 82(2-3): 198-207.
Penuelas J, Pinol J, Ogaya R, et al. Estimation of plant
water concentration by the reflectance water index WI (r900/
r970) [J]. International Journal of Remote Sensing, 1997, 18(13):
2869-2875.

MR, B, L3, 55 FE TR EOCRERE AR R &k
SR [J]. 4ol TRE=4R, 2009, 25(9): 133-136.

XNEE, BORGRE, Wi, 5. JE T motilb KA I R 23 7K
WFSE (1] EARERIE, 2012, 45(3): 435-442.

Das B, Sahoo R N, Krishna G, et al. Wheat phenomics through
hyper — spectral remote sensing for water deficit stress [C]//3rd
International Plant Physiology Congress. New Delhi, India, 2015.
Dangwal N, Patel N R, Kumari M, et al. Monitoring of water stress in
wheat using multispectral indices derived from landsat— tm [J].
Geocarto International, 2016, 31(6): 682-693.

AR BE. PO TR M. dEat: FER R,
1999: 74-75.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

WG, F4E, FEEE R R BOR I AR R 5 1 ko
BRSBTS (1], AR, 2000, 33(2): 34-42.

KOksala E S, Kodal S, iistun S, et al. Estimation of dwarf green
bean water use under semi-arid climate conditions through
ground — based remote sensing techniques [J]. Agricultural Water
Management, 2010, 98(2): 353-360.

Kar G, Kumar A. Surface energy {luxes and crop water stress index in
groundnut under irrigated ecosystem [J]. Agricultural and Forest
Meteorology, 2007, 146(1-2): 94-106.

sKEGIE, LR, BRI, 55 YK 5 S ET ik ()],
TEHIX AR FFE, 2006, 24(2): 205-210.

Thomas J R, Namken L N, Oerther G F, et al. Estimating leaf water
content by reflectance measurements! [J]. Agronomy Journal, 1971,
63(6): 845-847.

Hunt E R, Rock B N. Detection of changes in leaf water content
using near — and middle — infrared reflectances [J]. Remote Sensing
of Environment, 1989, 30(1): 43-54.

Deng R, He Y, Qin Y, et al. Measuring pure water absorption
coefficient in the near—infrared spectrum(900-2500 nm) [J].
Journal of Remote Sensing, 2012, 16(1): 192-206.

Shibayama M, Akiyama T. Seasonal visible, near—infrared and
mid — infrared spectra of rice canopies in relation to LAl and
above—ground dry phytomass [J]. Remote Sensing of Environment,
1989, 27(2): 119-127.

sz, SKIETE, MO, 4 BT S EOLIER N IZ M R E KR
T[], ELORNE, 2013, 46(1): 18-29.

Gao B C. NDWI - a normalized difference water index for remote
sensing of vegetation liquid water from space [J]. Remote Sensing of
Environment, 1996, 58(3): 257-266.

PR, AH, & TR, 45 /N2 2 S S AR 23R B
I ER [J]. DR S 244, 2004, 15(11): 2072-2076.

FAGE, & TR, 24, % RRUK AL T KR SR A6
SRR &K AR E TG R (J] AR S 2 Al 2005, 29(2):
318-323.

RRERTEIE: = SO o o SN [ B 7 &7 VTV R B 5 S 29 4 1
5T (1] AKBEIES K TR, 2010, 21(1): 34-37.

AR, Al TSP E MR T SR A AR B I S TR 43R TIAL
AR [D]. FEREAR: PSS AR, 2013,

522 ROy TR B A KR L R MR R
W [D]. R E: S8 ROILR?E, 2015.



