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Identification of Cotton Seedling Waterlogging Tolerance Based on
Spectral Imaging Technology
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Abstract: Waterlogging seriously affects the yield and quality of cotton, whereas the waterlogging tolerance
as a complex agronomic trait is difficult for quantification on a large scale using traditional methods. Seeking an
efficient method for identifying cotton genotypes showing waterlogging tolerance might guarantee cotton breeding
for quality and yield. Hyperspectral technology is a nondestructive and efficient method for crop detection can quickly
identify cotton seedlings showing waterlogging resistance. In this study, the plant height, stem diameter, leaf area,
and total root length of 27 cotton varieties were measured under hypoxia stress or normal oxygen conditions. Portable
spectrometer was used to obtain its spectral image, analyze the waterlogging characteristic curve and extract six
spectral indexes related to pigment, moisture and nitrogen. Multivariate analysis methods such as principal component
analysis, stepwise regression, systematic clustering, and correlation analysis were adopted to construct a cotton
seedling waterlogging tolerance identification model based on hyperspectral images. Principal component analysis
showed that 10 individual indicators of waterlogging tolerance might be simplified into four principal components,
which were further simplified into the D value of the comprehensive evaluation coefficient of waterlogging tolerance

by considering the contribution rate and weight of the principal component and the normalized feature vector. Stepwise
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regression analysis was performed to establish the optimal linear regression equation of D value and 10 single index
waterlogging tolerance coefficients: D=0.161+0.220 SD+0.068 LA+0.358 PSSRa +0.404 11+0.292 NDSI ( R*=0.9849,
SD: stem diameter, LA : leaf area, PSSRa: pigment specific simple ratio a, I1: infrareed index 1, NDSI: normalized
diffiferent stress index ). Cluster analysis of 27 cotton genotypes suggested four grades of waterlogging tolerance,
including extreme waterlogging tolerance, waterlogging tolerance, medium waterlogging tolerance, and waterlogging
sensitivity. The correlation analysis showed that stem diameter was significantly positively correlated with pigment ratio
index a, pigment ratio index b, plant nitrogen spectral index, normalized difference stress index, and infrared index
1, but had no significant correlation with normalized difference water index. The total root length was significantly
negatively correlated with pigment ratio index a, plant nitrogen spectral index, and normalized difference stress index,
but had no significant difference with normalized difference water index and infrared index 1. There were no significant
correlations between leaf area and plant height and the other 9 individual indicators. Collectively, this study highlighted
the hyperspectral imaging technology as a useful method to identify the waterlogging tolerance of cotton.
Key words: Gossypium hirsutum L. ; waterlogging tolerance; spectral signature; germplasm resource evaluation
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Fig.1 Changes in growth indexes of 27 cotton cultivars at seedling stage under hypoxia stress for 8 days and normal oxygen supply
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PSSRa: Pigment specific simple ratio a, PSSRb: Pigment specific simple ratio b, the same as below
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Fig.3 Changes of spectral index of 27 cotton varieties under hypoxia stress for
8 days and normal oxygen supply at seedling stage

223 REMBITKDHEENEIBHANTE  [LE
ALBRIE 27 AARAE AR A U — 1k 25 (B /K 38 B2 ok
FEE 1 ARXT TR BESEX8 43 BIREAIR 5.1% T 7.3% . 1%
AP FEAR T ARAERT B K 2 i, R TR AR AR b
7K oy G i A 22 5. INIH—Fh 22 (B /KT8 5K
KF,G25.G14 il G16 = Fh K3 & & F %
5, A #) 16.5% . 15.9% F1 13.6%, 1l G4
G22 Fl G21 = A& B B R B /N, AR 2.1%
2.1% 1 1.9%, G3, G20 Fll G5 = A4~ fify B 15 X 18 A
L e i AR A, AR YE U 0.6% . 0.8% F1 1.4%,
AT S T3 3 AN A AT R R K A R RERE T

A
0.08r

(==
(=
D
T
=2

A — LA K HEBNDWI
[ [
S 8

DOEIEEEEIS=IDILIEX2S
[Clolvjelviolvlvlele)
fhFhVarieties

— NN 0O
AN A N
[Cloleleloo)

G2
G27

ZARE MO E/N, G17.G18 Al G19 =4~ f,

A /NG BER) LT, 5508 3.3% ,2.9% F 1.7% ,iX 7]
RS2 i A (1) 22 S sl I s R 22 0 B . INETAME K 1
KA, G2.Gl Fl G16 =~ T B i3, 4390k
20.7% . 19.7% F1 17.4%, 1 G17.,G20 F1 G5 =4~ fi
Tl T WM e /N AN 1.3% . 2.3% . 2.8% . G7.G19
G188 = A~ A AT /NiE LT, 43518 5.7% . 3.1% .
1.3%(El 4), Db E45 38 Bon ARE M E T AR A
PR AL S F XK A3 B B R R AE R I 25 57
IR AT AR SR P AN ) ot o Al A T 5 1 1 s v
Z—s

= X CK = {4 Hypoxia

B

fhFhVarieties

NDWTI: Normalized different water index, I1: Infrared index 1, the same as below
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Fig. 4 Changes of 27 cotton cultivars at seedling stage under hypoxia stress for 8 d and normal oxygen water related spectral indices



558 -7/ O

O e R

23 %

224 REMEXNREHEXKEIEHNZIE U
AbBRJE 27 ASHRAE SR A ) E OGRS HE ORI — 1k
ZAE A FEECOE2H 0.658 F10.258, 5 %] HBAH 4%
HIREAR T 7.2% F110.7%. FEARBFFEH RA R0 FE
RT AR A AR S &, ARSI A RS
mAE A E—E 22 7. G7.G20 Fll G27 =A™

(FE ) RO G E EORNA — 1k 22 (P38 56 205 % A
2 RARE . MEYEICIETEECRE , G2.G1

0.90
0.80 ‘ )
0.70 EENTEE
060tk Li kb LEEEEERER
0.50
0.40
goso
= 020

0.10

FREPNSI

Hm

i

ST ESEERS NN nes 2ag s Ay ar
LOCLLOCOCLEEEELOBTLOBBBEBGEE
‘i FhVarieties

FIG16 =AM AR & PRI EECR, 73k 2
15.1%.12.8% Fl 12.5%, T G25.G27 Al G21 T [%
RN AN 2.9% . 2.8% F11 2.0%, MIT—4k 2
H R HORE , G16. Gl Fl G2 =& Fh T [y
B, 4y 0h 28.6% . 26.4% F1 21.5% (& 5), 45
TR AR XS] S A AR AL L B AR S
(AR SR AN ], AN ] i P 2 [ AP A E B 25 570 X
A g BN ] SRR AL BT i 2251

0.45¢ = X HRCK
Z 0.40F
a
Z 0.35
gz 0.30

2 025 ]
g(mom H
ﬁOJi

T 0.10]

I 0.054

DEEEAS = AT DO X Sa
A CIoIcICICIEICICICIo S

i FpVarieties

s {4 Hypoxia

717; Nl

PNSI: Plant nitrogen spectral index, NDSI: Normalized different stress index, the same as below

5 27 MBS ERESMNE 8 d MERHIRARMAXNILIENTH

Fig.5 Changes of 27 cotton varieties under hypoxia stress for 8 d at seedling stage and normal oxygen and nitrogen supply
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The arrow pointing from the origin and the individual index coordinate points at the end of the arrow represent the contribution of
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Fig. 6 The principal component analysis of 27 cotton varieties and 10 individual indexes

related to waterlogging tolerance at seedling stage
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Fig. 7 The cluster analysis of waterlogging tolerance of 27
cotton varieties at seedling stage
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Fig. 8 Correlation of spectral identification and single
index identification of 27 cotton varieties at seedling stage
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