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R ERPEFAG, HFFE R EK S 1R e Fr it 2k
R WG (F) ARG AL % % K & 8 (non -
photochemical quenching coefficient, NPQ), KT ik
Mt FRR (F/F,) . L esE e (F/F,) . S5t
2EROR (Dpgy) FDGALZEVER KRB (gP) 7, MR
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AR R AT RE, I B S GE Boti Al I A 3 A B 2
B A EY RS ) — A 2T B, HETE PR -3
YA 2# S FR 8 (photochemical reflectance index,
PRI) Flo¢ G L{EFE %L (fluorescence ratio indices, FRI)
2 H B A R R W RS G S R W G A A B B YOG
B AR, PRIXZK ARG i SUSELE R 7 A5t )2 K
SERAG B R EIESEE-2, AR R KO, PRIS LA R
(P,). FJF,52BFIEML, 5NPQEMA K, FE
SRR A e T PRI 2 2R (0 I PR S AL 24 LA S AR
B AT SCtel, A )= RO B, PREATE N AR KRB £
KK ke B REUE S ARUS . FRIZEFREE G T 556448
YOG ZR N R o 7E I RN BE %) U RN B i
Z5F, FRIBENS b 4y Hb BR B2 W8 A 5 CO, [Rfb# R
AALBH T S B RRARE), At B Ao 2 PRI T2 a1
TURNE DL S 238 T PRI G YA FHIE R K R A H 2
TE0 18 ARARAE I R PRI, FRUX 35 5 ka8 14 U8 L
Fege A5 0] AR A PRI, FRIS ;038 AL SRR
AR AR ILHRGE . ARAEAE B S I DR o R R A R 1) T 95
Jolp 31 R B ) VT H T U b XA AE R AR I R A
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SYRAERIE, JREESE TOGIERES B (L0300 . 21
MERESE) 5 SPADHIYE R, $Eil T TOLIERHMES
it 2 3 B — R R R AG S AR SR A T
T M 0% R A AR BRI AT AT R, AR SEAE AT 5T
HLRl Lo A7 AR A S R B S A, it E
A BRAR A Y 3 BRI AR SR A PRI FRIXHE; 3 i
AU, BT PRI, FRI i GRS W 95 5 b i1
FRAEM A USSR . RO SRR T AT,
SRRAEYE T 0 ) A B2 ARSI B ARAE

1 MRIEHEE

1.1 RIS R

T30 b AV T b AR VDT T4 I A6 28 R M Ak R %R
Bk (30°217 N, 112°09' E, ¥#4k32m). ZXE&EIL
D122 YA 75 NS S I S 1/ A W (7 R ] )
HAF00E . H e m AR & H BB E 1, 6 +
B, AHUTCN 171 g/kg, TR . EERLHE . A
By 63.4, 19.5, 85.1 mg/kg, pHH 7.63.

—a— [ -#4)5 i Daily mean temperature
—a— H #% =< Daily maximum temperature
38 —a— [] BA+4Y Sunshine duration 15

36
34
32
30
28

26 " " " " " " L L L L
S D DD N> O >
VAV AV AV AP A o NN S
NN N SN NN NN NN

ERinEq
Sunshine duration/h

TR
Daily mean temperature/°C

H 1b] Date
A1l REWEALgEsd

Fig.1 Meteorological elements during experiment

1.2 Rt

PEEER AR BT 63 (A Bk ZHO01) . BRZ4A5 25 (@ Fk
E25) 2NTEVLDCE Rz #8850y s A E R b ), 4
ATHERKETN, §H25~30d (B3 ~4nf—
D) B EER, MREFZ150 cm, F7HEZ0 100 em, BA)5 &
BFpesk . ZE LIl . BUIRTE R 2249 10 em 19 2 Bk 55 1
(—HEHEB T, CK), —HELS W Kt
55 ittt B8 H R ARG KRR T, # R K
RIS 2 B0 2 R S K . Al | k) 12 4
INX, BE/NXEFR 6 mx 1.2 m=7.2 m?, FE/NX R 145
B, BEAS SRR 3NN X, SRRAE /N DX PN SR 8] B R
FE, 2 B 5 T AR R AR . 2015 4F 7 H 25 H &R/NX
PR — 0 10 AR AR AL R ) —Buw Dhae (14 0)
R, 7 H 26 H RURIFIRE; FH AL, WK K T
2910 cm, #EKEFSE10 do

TH27TH (Z#1d, W), 7TH29H (%¥i3d,
W3). 8H1H (Z8i6d, W6) M8 H4H (Z¥9d,
WO) [ E AHAK (XFHE, CK) HARIEME 41 SPAD
i, RIS, MRRENESEAEE R, &
AR E S B] R 1 2F 09:00— 12:00.
1.3 MEIERR T
1.3.1 SAPD/&M Z

fili Fi] SPAD-502 B -2 2 A 1 it Jy SPADMEL, % )7

i 34 I Bk ), BRI (EAE i
iR B SPAD{E . RE/NXCRAE 10 FEER -, UL
{BAE Rz XA AR U it SPAD {H .
132 AR HAHA M E

fif JH L1-6400 {5 4% X% A 1F I 2 A (e %% 20 8
SR ) M SR RS A AR
1 500 umol/(m?-s), “TAMIFEE 500 mol/s, EE/NXHL3 H
FERE PRI e i, R Sl sk i P, AL
T (G, M COME (C) MZEBHEAR (1),
133 sh&E& & Asam e

i FIFCAT 6400-40 2612 1 L1-6400 4% X6 5 1F
FHI A A G55 R e e Koeds (F,') . /oot
(F, ) Ffa&zt (F), 1WEH &y gP. NPQ, £
WG A B F 4% 3% 3 % (apparent photosynthetic electron
transfer rate, ETR) “5Z 8. SRIG %M F R B A 404
FEWEIE NV 30 min, ZE F, Fif K9 (F,), R T
e (F,) FOERSEN (PSID W FJF,. B/NXE3 H
FE R A 0 £ DU A SR I i TS PSTIOG RE 5331
HF AT REPFENHBE (D). etz mmE (H)
ARG FERL 8 (E) .

D=(1-F/F,)x 100% (1)

Hrp
F/'!=F,-F} (2)
H =gP-F,/F,' x 100% (3)
E=(1-qP)F)/F, x100%224 (4)

K gP R AR R B
1.3.4 kB eyl

fifi Fl ASDFieldSpec 4 {5 48 2 i 4 56 154500 7 4 R AR
ACAE| DY 8 6% BB % . ASDFieldSpec 4 15 #5 3 i 4 5%
FEA A I B2 350 ~ 2 500 nm. B 350 ~ 1 000 nm RAE
[Ef%4 1.4 nm, 1001 ~2 500 nm %2 nm; i 700 nm kb43
BE%H3 nm, 1400 F12 100 nm &b 10 nm. I 22 B 4
MRS, SRR NE AT, PR 27 W, AR S
JEIE I 2 RO AT OB E BRI R B2 A
BN SR 3 A5k, B/ INIXCRE 10 it /-, B
HAF AR I — A REARGE SR . AR RSk 2 2
7 FH BT SR Rl 6 A A BRAR AL B HE A«

PRI=( Ry, - Rs;) /( Ry + R57o)[25] (5)

2P PRUNGAL 2 S HHE B, Ray, B Ry 20901 36758 531 11
570 nm JE B HGIE R AR, Rl

FRI = R 00/R 0" (6)
FRI = R,,,/R ™! (7)
X FRINZEOG U EFE 2L

1.4 BEFKITSHH
KA A — 4L R 1R 22 (normalized root mean
square error, NRMSE) KP4 it i PRI FRI 9 57
FEAALC A A S HUE BRI R A B SOR . — A,
NRMSE<10% h 15 451 45 % 47, 10%<NRMSE<20% 4
I, 20%<NRMSE<30% #1145, NRMSE=30% 2512627,
4 (TH27H, 7H29H ., 8H1H, 8H4H)
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JE CKE[Ur: SPADfH . JeB S8, MRV H LR
HVE2E S, HWORH 4 YO E B 1E  CK & S50 .
B4 % F MicrosoftExcel 365 #E 47 2 FU/E & . #]JH DPS
(date processing system) %45 4b PR 2 48 47 07 22 93 #r
ZHEILBCRHILSD %

2 HRE5SH

2.1 HENMRSEZH®RSHAEN

AW Z Wi AR AL 4 OB A PERE T RE (K2), %
Wild, P, FFE172%~194%, H B FMKT CK (P<
0.05), [Ny CHREFA R, GIREZM, Uil ZHE
1 d P, 35 TR IR R AR R [ 52 C I RE T FRE,

40

HCK
35

wl

o 30r B W3

T 25 Owe

= 20 Fd W9
E 15t
510
5 -

0 .
ZHO001
Jm A Varieties
a FOL AR (P)
a. Net photosynthetic rate (P))
300
250
5 200
g
E 150
= 100 }
&)

50

E25 ZHO001
dhFh Varieties

c. JUiRICO, e (C)

c. Intercellular CO, concentration

M co,#f Bt EMAMBE N T, Z8i3d, P, I
33.9% ~36.8%, HWEMT 1d (P<0.05), [ G IR
FHREAL, C M SPAD(EIC &M, UiWIZPi3dP, 3
TREEERSAHNENE, Z¥6. 9d, PAINTFHET
47.4% ~ 48.6% . 55.3% ~60.8%, HBEMTZP1~3d
P, (P<0.05), [EIEFG,. CHISPAD{HIR % A%, ¥
B>6 d 17 1k L P, 3 T B2 th vt R LR R FER
LR LR . 24 SRR AL T RO A 1k R X 5 5 1Y
FIIEAR B, HZP 69 difP, 2 FEIMA A
[f], E25%%7 6 F19 dif P22 R AN, 1M ZH001 2253
E N L PN EE SEL AN W e N PR A O T ]
JRZE5

06
05t
04}
03}
02}

G /(gmol-m=-s™)

0.1

0
ZH001

fmfil Varieties
b ALHIEG)

b. Stomatal conductance (G )

E25
fhFh Varieties

d. SPAD{H
d. SPAD value

T F—FRR NG PR 0.05 K 227 B3, W1, W3, W6, WORICKAMCEMRIIZY 1. 3. 6. 9 dFIXIIR GER/KAMEHD, T,

Note: Different lowercase letters for same variety indicate statistically significant differences (P<0.05); W1, W3, W6, W9 and CK represent treatments when

water logged on the 1, 3, 6, 9 day and control (normal moisture management) during the flowering and boll-forming stage, respectively, the same as below.
B2 feH s E AR e sl 4t R a ey ¥k

Fig.2 Effect of waterlogging during flowering and boll-forming stage on photosynthetic characteristics of the fourth cotton leaf from the top

2.2 HEMMFEERASHNEMW

FRAEAE WM Z s E WO )G , FJF, . Py ETRAN
gP 2 NI, M F,. NPQE ETHH% (K3), Z¥
1ditt, @, ETR FgP kiR &AL (P<0.05), NPQ &
ETHE (P<0.05), FHIPSI Y HC #2340, S35
HL A% 320 SRR ROR B 35 FAIG, [R] B PSTIR 2k 3R Wl
()6 BE 6 Ak 27 H <538 14 00 251 I 35 B AIG, T A A
BRI BE T #2873 dit P B ET R (P
<0.05), Fe B PSIZ I HfvoC 1 7 453 475 5 Bk — 2B 1
PSILR N L IR B R T 5 2452 87>6 i, F/F, 3%
FAIE (P<0.05), A PSIIS N FROO B Z 0N )G , SECL
JeRE AR W F IR, S 7 E AR AR, R AL 2
I PSTL IV H 0o 37 e S il a4, N1 d i “Hids”
F3dp “WERERIE" FHR6 diy “WEMIR, Lk
BEA RO MG, T O SOk sy, HL 2 SRR R R B
A%, THEER.

2.3 HEZW R RS EER 5B

R R W ERERT 2k 34 1) RERIGERE;
2) TR I A FERE; 3) R AR e
RECS, 2 M ISOGRE 1) 43 BOR A R T 1 AR i e X i
WOGRER /T LSRR, MiAEAZ 855 D W E T, 298 CK
My 1.384%, HARRRBRESGFHENERARZE (K4), ik
WG H B ZE L (P<0.05), HAREH K9 d<6d<3 d<
1d<CK, H=ZPi6dRE—PnHk, Zoil~6dNFiEZ
PRI, H RERAR, =6 d 2B HAHRE N, H
2 SRR IUAAN] . MRAEZEEE E R E TR (P<0.05), HAk
TP A9 d>6 d>3 d>1 d>CK, {H2 fFhafg 225, E25
FIA 1 ~9 dRy P F M 28 R R E B 2w,
ZHOO01 332 %5 6 dJe By EREE M EFHE, HEFARE
(P>0.05). HULFEH, FERHIZET 5 ML L RESE
Z B FARe Ik 2= i B FER, 1 T2 I N Y g
D, XENPQAME—E . 1EAIZH5 6 dffIErt i



%o

FIA DR B 2 PR AL B DG -OE A R SO R 145

THFERAIGER ML 31% (CK) BmE 2 45%, FT%
Ab2E W I BERE N2 56% (CK) FE31239%, FHTHEG
A 2F N R et N2 13% (CK) 3£ 17%., DIGn

REGZY B B ENBREOCR, PREIRREZYIR
BEN R ERREOCR, EWINRS 2P R 2% —IT
TURECRAR (B15), HAMSRAILIE S,

2100 mek Owl Bws Owe BIwo 107 0.7r

180 be ab ab PR 06 a

0.8F '

150 7 05 b
120 - .06 04 077 Bl
T - N 04 & 03 o

60 - 02

30 e 02 0.1

0 ; 0.0 ; 0.0 : ;
E25 ZHO001 ZHO001
il Variety [l Variety il Variety
a. WIRIOET,) b. IR (FJF,) . BRI ERCR (D)
a. Initial fluorescence (/) b. Maximum photochemical efficiency (//F)) c. Actual photochemical efficiency (@)
1.0
Z b
0.8 ! b be c
. 0.6
z %
= 04
0.2
. 1 L . J 00 _—
E25 ZH001 E25

Al Variety

d. RUDLA L TAL 0% (ETR)
d. Apparent photosynthetic electron transfer rate (ETR)

fhFl Variety
e. WAL A K R B (gP)

e. Photochemical quenching coefficient (¢P)

JhFl Variety
AR A K B (NPQ)

f. Non-photochemical quenching coefficient (NPQ)

B3 s E ek R A H ok
Fig.3 Effectofwaterlogging during flowering and boll-forming stage on chlorophyll fluorescence parameters of the fourth cotton leaf from the top
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a. E25
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fie k4> i Energy distribution/%
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b. ZH001

. CKI1, CK3, CK6, CKOAFHMCEABIMZY 1, 3, 6. 9 dIIXT IR . D, HAE 5 5Z7R PSUNISOGRE T T U7 KRERIAFE | Yetb#

IVRIE |Eb Y ey & 3 G T

Note: CKI1, CK3, CK6 and CK9 represent the corresponding observation values of control(CK) when water logged on the 1, 3, 6 and 9 day during the
flowering and boll-forming stage respectively. D. H and E represent the quotient of absorbed light by the PSII reaction center used in antenna heat
dissipation, used in photochemical reaction and used in non-photochemical dissipation, respectively.
B4 AR5 E et h BORCL AR 5 Bl 89 %R
Fig4 Effect of waterlogging during flowering and boll-forming stage to distribution of absorbed light energy of leaf

60 AD =16.754In(x)+15.62

wEL 50
N E 2

%:\?(ﬁ 5 40
HZ & 30
R 2, % 20
I 2 g

EES 10

R>=0.78"

0 1 2 3 4 5 6 7 8 9 1‘0
28R Waterlogging days/d
TE: AD(%)=D(%)-Dey(%), JEiD,. Do AriitFesi® . CR MR Y
M REIAFERE, xRRBIEREL AP, AEISE IS5 AD M **, P
<0.01; *, P<0.05.
Note: 4D (%)=D(%)-Dx(%),D, and D represent the quotient of absorbed
light used in antenna heat dissipation PSIlof waterlogged and control cotton
during the flowering and boll-forming stage, respectively; x represent
waterlogging days; the calculation method of 4P, or 4E is the same as 4D..
**, P<0.01; *, P<0.05.
BS5 DPE#EMAFEZHFRHNK R
Fig.5 Relation between change percentage of D, P, E and
waterlogging days

2.4 HEMNMHRSXESH(PRIFRDBIF N

5 A R AE I i 24k (PRIL FRD A5
Wi 45 5 ULl 6., PRI Pt 7 3 o0 72 BE py 38 i A1k, %)
PiE3 AN BE TR (P<0.05), PiFE6S53dLEE
25, HPE 9 A2 SRR EE 4 0T PRI YY) B 5K F 55 %
3dAbFE (P<0.05). FRI=R /R, i 17 25 W0 30 T2 5 1 185
TR, SR E25 855 3 AR E S TR (P<0.05),
i A ZHOO1 37 3 3k 6 d B g 35 5 T X IR (P<0.05), H.2
Al AP 6 d i Bl A B W E R EE AT B I FRI=R 00/ Reoo JC
AN . FRI=R, 0/ Rygo Wil 5 15 5 9 360 B2 J3E (04 345 000 17 3484
hin, 2 SRR E R 3 A RE EE R TR (P<0.05).
gifg i, BPEMNE S AR E 4 iSOG S (PRI
FRI), ¥i# 3 dZ 45 PRI, FRIGU A A BE1L, X 5
B MRV A IZ AL
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-0.03 ’ =
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A Variety
a. Wb S S HE%U(PRI)

a. Photochemical reflectance index (PRI)

Ll Variety

b. HeIE AT (FRI=R /R, ,))
b. Fluorescence ratio indices (FRI=R /R, )

fnFh Variety
c. 9OLITREL (FRI=R,, /R, )

740" 7 "800
c. Fluorescence ratio indices (FRI=R_, /R, )

TE: Reppn Reoon Rysgn Reop 73 FRIR 600, 690 740 Fl 800 nm B B (5 15 S 22
Note: Rgpg+ Rgog~ Ryug~ Rggo represent spectral reflectance of 600, 690, 740 and 800 nm bands respectively.

Ao

e 3 E PR fe et B PRILFRI #9350

Fig.6  Effect of waterlogging during flowering and boll-forming stage on leaf-level PRI and FRI

2.5 HETFHAMEPRIFRI FUNSAZES K HE
FRASHTBUHRSH

ACAS 7 AR AL DU AR S B S B SRR O
BB EDGIES % (PRI, FRI) H A LA 5004
e, (AT ST 1 B R Al DB 5 S A AR AR AR
SZHONHFTRE. BT 20 RO 78 48 10 07 5 Uk v

AR—F, ARWFSEME E2S (A S HE g T R i S
%t (PRI, FRI) AYRERY LG 2645 10187 5 W 380 ) A 46 51
Wit SR S5 (P, G, C) . HMRERNEBH
(F,. FJF,. ®py. ETR, gP. NPQ) HJSMiti, i
FH ZHOO01 f9 A1 56 B 48 200 17 455 80 1000 A SR A 6, L AA 2
RWEL,

*1 ETEXESHRLERE R FNRER
Table 1 Spectral models based on hyperspectral parameters and prediction effect
mCIESHL . élz.lﬂé%#( [al yﬂﬁ i . - F{E NRMSE/%
Hyperspectral parameters Physiological parameters Regression equations F value

P, y=216.10x+23.54 0.81™ 56.95™ 15.86

G, y=4.35x+0.32 0.87" 83.28"™ 14.55

C y=757.61x+231.56 0.500™" 12.78" 11.08

F, y=-440.82x+153.71 0.71" 31.63™ 9.60

PRI F/F, y=1.05x+0.73 0.59" 19.00™ 3.66
Dy y=1.37x+0.47 0.35" 6.97" 9.38

ETR y=825.57x+243.16 0.51" 13.45™ 11.06

qP y=1.19x+0.74 0.52™ 14.13" 4.06

NPQ y=-8.07x+0.92 0.64" 22.76™ 14.61

P, y=-51.27x+107.55 0.69™ 28.89™ 15.98

G, y=-0.93x+1.84 0.59™ 18.94™ 17.77

C, y=-145.54x+469.49 0.28" 4.94 11.05

F, y=112.56x-30.88 0.70" 29.70™ 10.51

FRI=R 00/ Ry00 FJF, y=-0.24x+1.12 0.45™ 10.76™ 3.94
Do y=-0.34x+1.03 0.32" 6.23" 9.51

ETR y=-226.79x+615.30 0.58" 17.78™ 11.12

qP y=-0.30x+1.22 0.49" 12.27* 3.88

NPQ y=1.97x-2.30 0.57" 17.13™ 18.71

P, y=-616.73x+607.31 0.78" 44.98™ 14.15

G, y=-11.73x+11.42 0.74™ 36.32™ 23.14

C, y=-2 064.46x+2 185.56 0.43™ 9.83" 11.96

F, y=1327.51x-1 102.96 0.75™ 39.41™ 9.98

FRI=R,,y/Ryp0 FJF, 3=-3.30x+3.86 0.69* 29.18™ 3.52
Dy y=-4.75x+4.80 0.46™ 10.86™ 9.13

ETR y=-2472.47x+2 583.66 0.53™ 14.88™ 11.82

qP y=-3.43x13.99 0.51" 13.51™ 3.58

NPQ y=25.48x-23.20 0.74" 37.59" 20.18

e FEARE =15, " "o BIER A REGE L 0.05. 0.01 KB

Note: Sample number is 15." represents P<0.05," represents P<0.01.

FHER LA, RS 0195 3 8 T PRI FRI=R,,0/Ry -
FRIZR o/ Ryoo TR SHL . M SRR AN SHI R LM
KFR o FT MR PRUMBIIR TR &y, sh 7S (A Ho ke
FEFRE (R Hlid 0.05 KPR Z A, HARBIALY) R?
PImid 0.01 K AGES s #RPLE, . FJF, . ®pg qPBIZSN 4
AL NRMSE /N 10%,  FINAE B b, AR Y
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Hyperspectral and photosynthetic characteristics of waterlogged cotton
during flowering and boll-forming stages and their relationship model

Wu Qixia', Tan Jinghong', Zhu Jiangiang'*, Liu Kaiwen?, Li Jinbo!
(1. Engineering Research Center of Ecology and Agricultural Use of Wetland, Ministry of Education/Agricultural College of
Yangtze University, Jingzhou 434025, China; 2.Jingzhou Agriculture Meteorological Trial Station of Hubei Province, Jingzhou
434025, China)

Abstract: This study aimed to investigate the influence of the waterlogging on the photosynthesisof the cotton using a
hyperspectral model based on the photochemical reflectance index (PRI) and fluorescence ratio index (FRI). A field
experiment was performed on the cotton plants that subjected to four durationsof waterlogging with 1, 3, 6, and 9 days during
flowering and boll-forming stage. The leaf reflectance, gas exchange, and chlorophyll fluorescence of the four leaves from the
top of cotton plants were measured after waterlogging and following,as well compared with non-waterlogged plants. Results
showed that: 1) Net photosynthetic rate (P,) decreased significantly after the 1" day of waterlogging, whereas the factors
leading to P, reduction varied with the duration of waterlogging. The ability of cotton to fixcarbon decreased significantly as
the waterlogging duration less than 3 days. The stomatal factor was the principal factor leading to P, reduction within 3-6 days
of waterlogging, whereas the stomatal and non-stomatal factors were responsible for C fixation as the durationof waterlogging
longer than 6 days. 2) After the 1" day of waterlogging, the significant decrease indices were the actual PSIT photochemistry
efficiency (@psy), apparent photosynthetic electron transfer rate (ETR), and photochemistry quenching coefficient (gP),
whereas the increase in the non-photochemistry quenching coefficient (NPQ). After the 3" day of waterlogging, the initial
fluorescence (F,) increased significantly, and the maximum photochemistry efficiency (F,/F,) decreased after the 6™ day of
waterlogging. Showing that PS Il reaction center of the cotton leaves was destroyed by waterlogging, where the transfer rateof
electrons and its efficiency were significantly reduced, leading to the decrease in the conversion rate of light energy, as well
the distribution part of light energy that absorbed by PS Il antenna pigments for photochemistry electron transfer, whereas the
part that consumed by heat increasedsignificantly. Under the waterlogging stress, the share of light energy that used to
photochemical reaction, share(P) was reduced significantly, while the invalid dissipation(the light energy share used in
antenna heat dissipation(D) and used in PS II reaction center non-photochemical dissipation(E)) significantly increased,
resulting the decrease in the utilization efficiency of light energy. There were strong non-linear relationships between the
durations of waterloggingwith the increasing rate of D and E, and the reduction rate of P. 3) The PRI values decreased
significantly, while FRI=R¢,/ Re, and FRI=R,,,/ Ry, increased significantly after the 3 day of waterlogging. Under the
waterlogging during the flowering and boll-forming stage, the PRI, FRI=R,,,/ Ry, FRI=R;,,/ Ry, gas exchange parameters,
chlorophyll fluorescence parameters demonstrated a linear relationship, indicating the hyperspectral models were feasible to
predict the dynamic effects of the waterlogging damage on the gas exchange and chlorophyll fluorescence of the fourth leaf
from the top of plants. By comparison, the hyperspectral models were verified by high precision on simulating P, and G,
dynamics in gas exchange and F,, F,/F,and NPQ dynamics in chlorophyll fluorescence. The determination coefficient (R?),
normalized root mean square error (NRMSE) and sensitivity of spectral parameters to waterlogging have confirmed that the
established hyperspectral model involving PRI are suitable to simulate P,, G,, F,, F,/F, and NPQ during the short-term
waterlogging duration at the late reproductive growth period of cotton plants.

Keywords: crops; photosynthesis; chlorophyll; waterlogging; cotton; photochemical reflectance index (PRI); fluorescence
ratio index (FRI)



