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Abstract: Cassava (Manihot esculenta Crantz) is the third largest food crop in the tropics and is the food ration of nearly
600 million people in the world. Cassava is mainly cultivated in tropical regions, where often damaged by waterlogging
in rainy season, which leads to serious decline in yield and quality. Therefore, it is important for selecting cassava
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germplasm resources with high waterlogging-resistance. In this study, a pot experiment was carried out, and plant height
increment, relative chlorophyll content (SPAD), relative conductivity, superoxide dismutase (SOD), peroxidase (POD),
and catalase (CAT) of 28 cassava germplasm resources were measured under waterlogging stress treatment after 6 days.
Variance, correlation analysis, principal component analysis and subordinate function analysis were used to evaluate
waterlogging resistance and screen the waterlogging tolerant germplasms at the seedlings stage. The waterlogging tol-
erance of 28 cassava germplasms had great difference and the response mechanism of different cassava germplasms to
waterlogging stress showed huge difference among the 28 germplasm resources. There were significant positive corre-
lation between plant height increment and relative chlorophyll content (P<0.01), and the correlation coefficient was
0.253. There were negative correlation coefficient between the relative chlorophyll content with relative conductivity of
0.266 (P<0.01). Principal component analysis using 6 indexes indicated that the 4 principal components accounted for
82.85% of accumulative contribution rates among the germplasms. The main factors were CAT, plant height increment,
SOD, and relative chlorophyll content, respectively. According to subordinate function analysis, waterlogging tolerance
of the germplasms from high to low was Qiongzhong 1, SC6068, SC201, ME191, M-F532, GR891, C222, GR3, F2000,
Luoyong 80, 46-12, GRS, KUS58, H660, SC5, FO3P, M-GR911, CH20, M-F671, COL713, Boss 2, JG1301, GR911, E407,
F274, SC8, M-SC5, Thailand. The results of this study would provide basic materials for the breeding of new varieties
of cassava with high waterlogging-tolerance and for the future research of cassava waterlogging tolerance mechanism.

Keywords: cassava; germplasm; waterlogging tolerance; physiological response; subordinate function analysis
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Tab. 1 Detail of 28 cassava germplasms used in this study
ETRe) il 5t ETRe) Fift 5t ETRe) Fift 5t ETRe) il 5t
No. Germplasm No. Germplasm No. Germplasm No. Germplasm
1 ME191 8 F2000 15 SC5 22 #H
2 46-12 9 M-GR911 16 1% 23 GRI11
3 % 5 80 10 SC6068 17 GR3 24 M-SC5
4 GRS 11 M-F532 18 CH20 25 JG1301
5 C222 12 H660 19 W25 26 F274
6 SC201 13 GR891 20 SC8 27 M-F671
7 FO3P 14 KUS58 21 E407 28 COL713
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Tab. 2 Statistical analysis of all physiological indexes on tested cassava accessions at 6 days of waterlogging treatment

it H S GRS IS A AN HL R SOD POD CAT
Item Parameter Plant height increment/cm SPAD Relative conductivity/% /(U'g Y /(U-g'min) /(U-g'min™)

CK FHE 1.08 32.20 16.37 153.45 4221 72.18

PN 2.63 37.79 34.73 377.46 151.58 226.03

B/MHE 0.23 23.82 10.22 42.99 13.24 4.63

o 14 22 g 22 0.58 3.71 6.52 118.16 26.42 53.88

SRR % 53.59 11.52 39.82 77.00 62.59 74.65

K s kb i P45 0.59 30.52 17.18 159.79 44.28 79.58

KME 1.23 37.20 48.40 362.28  218.09 293.95

/M 0.10 23.50 10.72 50.50 9.60 34.48

T o 25 0 22 0.30 4.09 7.22 99.50 45.06 54.55

A5 5 % 50.79 13.39 42.06 62.27 101.77 68.55

TR AR % 5.35 14.97 5.47 21.15 47.68 8.52
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*** indicates extremely significant difference between the control group and the test group (P<0.001).
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Fig. 2 Plant height increment of 28 cassava germplasms under waterlogging stress
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Fig. 3  Statistics of relative chlorophyll content of 28 cassava germplasms under waterlogging stress
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Fig. 4 Relative electrical conductivity of leaves of 28 cassava germplasms under waterlogging stress
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Fig. 5 SOD, POD and CAT enzyme activity analysis of 28 cassava germplasms under waterlogging stress
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EREAK
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HH £5 H8 bR 7K s R EOH C R BUE RV B

SOD I P 5 M4 AN & /. CAT {6 7% 2 & 3% 1F
FHIE s POD 5 AHX o o 5 B 3 (AR OG ;. MR e 34
i SRR AN B R AR AE D IE ARG g
T X B R R R AR B A O (P<
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Tab. 3 Correlation analysis of different indexes under 6 days of waterlogging treatment

it o P g i I AR AFXT HL 5

Index Plant height increment SPAD Relative conductivity SOD Pob CAT
B i R 1.000
2R AR A 0.253" 1.000
HHX HL 0.045 -0.266" 1.000
SOD 0.060 0.1417 -0.034 1.000
POD —-0.067 —-0.004 -0.136" 0.034 1.000
CAT 0.081 0.109 0.115 0.193" 0.035 1.000

e FOREEME (P<0.05), "EARBEMRE (P<0.01), -

Note: " indicates significant correlation (P<0.05), ~" indicates extremely significant correlation (P<0.01).
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31.66%, H:rp CAT (0.77). POD (0.70 ) FIAHX}
5% (0.61) MEMHERK, WINH CAT, POD
BT ERUMARKE T B ERSRIEE
1.27, FETHRAR K 21.23%, #RAEHR I E

EH K (0.89), RIARIZ LA R Ak 1 K
T SEIF R0 7 22 TTHRE R 16.34%,

e KA SOD (—0.71), Aikh SOD &1
F R BIICER T IV I RO T 2 BTk R Ry
13.62%, fe KM EE M Z AT (0.68),

IZAEPR TR S IV R AR . R 4 4
F2 0 H R R B 28 A (LA RO K B S e K

DL, X A K 5 i 4 K B 8% A SOD

CAT. POD Filbkmdfi ke (£ 4).

R4 KEMRERS ST

Tab. 4 Cassava germplasm principal component analysis

Eitan 551 E RSy 55 11 ZE R4y £ ERL W EAES I
Index Principal component | Principal component Il Principal component [II Principal component [V
CAT 0.77 0.03 0.29 —0.11
POD 0.70 -0.33 0.42 0.17
SOD 0.45 0.05 -0.71 0.50
AHXT L 0.61 0.56 0.06 0.11
v 1 A —0.04 0.89 0.02 -0.22
I 2 AR X 1 —0.49 0.25 0.47 0.68
FRAE(E 1.90 1.27 0.98 0.82
HETTHRFE /% 31.66 21.23 16.34 13.62
BTk E /% 31.66 52.90 69.24 82.85

27 ETRERFHMKEEEETEMN

H4 28 3 AP BT A PR = L SR AR X
S HXE S | SOD i . POD JE 1l CAT
e 6 MM etr it TR E R BO TR . S5 R R
5 FR, B 6 ANTPNHE IR SR sRECE Y E

frHERE, B 1 5. SC6068. SC201. MEI9I1,
M-F532. GR891, C222, GR3, F2000, ¥ 5 80,
46-12 T /K 2R A RMEBLF, B 2 % . JG1301,
GR911., E407. F274. SC8. M-SC5. 2% [H %1t
KBLEETEM
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Tab. 5 Subordinate function values of each index of cassava germplasm

e ﬁ%@ﬁﬁ W%il e R
Specie P'lant height AiLX o it Relative conductivity SOD oD CAT Average of SL}bordl_
increment SPAD nate function
w15 0.83 0.71 0.61 0.35 1.00 0.21 0.62
SC6068 0.84 1.00 1.00 0.13 0.37 0.13 0.58
SC201 1.00 0.86 0.68 0.28 0.42 0.04 0.55
ME191 1.00 0.55 0.27 1.00 0.12 0.20 0.52
M-F532 0.50 0.36 0.55 0.23 0.30 1.00 0.49
GR891 0.76 0.65 0.42 0.07 0.65 0.27 0.47
222 0.55 0.52 0.50 0.79 0.31 0.10 0.46
GR3 0.34 0.61 0.61 0.21 0.97 0.03 0.46
F2000 1.00 0.63 0.60 0.03 0.36 0.08 0.45
%3 80 0.88 0.79 0.18 0.31 0.07 0.48 0.45
46-12 0.86 0.64 0.61 0.25 0.21 0.11 0.45
GRS5 0.78 0.64 0.56 0.07 0.33 0.11 0.42
KU58 0.60 0.53 0.73 0.38 0.05 0.07 0.39
H660 0.71 0.76 0.42 0.01 0.17 0.26 0.39
SC5 0.70 0.71 0.46 0.36 0.00 0.10 0.39
FO3P 0.59 0.19 0.78 0.24 0.15 0.36 0.38
M-GRI11 0.25 0.58 0.49 0.34 0.53 0.07 0.38
CH20 0.70 0.63 0.21 0.00 0.48 0.20 0.37
M-F671 0.91 0.58 0.41 0.10 0.06 0.14 0.37
COL713 0.49 0.60 0.57 0.20 0.11 0.08 0.34
EWR 25 0.43 0.10 0.35 0.07 0.30 0.49 0.29
1G1301 0.15 0.48 0.15 0.20 0.75 0.03 0.29
GR911 0.00 0.59 0.71 0.07 0.15 0.22 0.29
E407 0.12 0.00 0.59 0.86 0.12 0.02 0.28
F274 0.28 0.50 0.00 0.13 0.28 0.06 0.21
SC8 0.08 0.47 0.32 0.27 0.00 0.00 0.19
M-SC5 0.18 0.33 0.03 0.10 0.41 0.05 0.19
eS| 0.14 0.12 0.35 0.08 0.01 0.04 0.12
- {E 0.56 0.54 0.47 0.25 0.31 0.18 0.39
3 g i IR BR LA S S 3 AR 55 1 R S AN [

AR AR R R K I T 3 X6 Bl £ A A0 3 1 Y
BRI, R AR AR ) 4 0 A o A ST I
AR ICANEN, S ECA TR R R LS SRy
e iz 2 BRI, T R AR A KR LA
Feth PR, ok R R AR K
TE N B35 58 30 e o U M B — Gl
Fefe it sz F R ZEKE e, Y
MR E OR G BNDGE R TR G B P 4 %2 5]
i, ERSENOCE AR BER KW Pa e,

St R e B S BT Az
ABFTERER T BN B, FERSRE . MREE K

M AE K i AR L . AN . R — A
W1 A TR] b A K i e Ak B b B Ok 1B
B AR S RE LS ORI, Rt BTk
V5 B 7 A ol ) 1 o ) A7 A L 22 B U0 R A
M K iR . AR 2E Y 3 AR SRR EA T K
TG, S5 LI, WKW M2 A e FE 7 d

Je B AZ FERE AR, TR 2K S e 5 R e A5 A i e )
A3 SNTEIRE 25 d F1 14 d AR PR REAR D), AHF
G, TR TR KV 10 18 1 A 2 R o i 25 S L
%%ﬁﬁﬁﬂw%?wﬁﬁi%%m%%%%
Hofth 10 G Fp 5T, 5d B I B 5 v] B8 38 4 e A —
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AP AL TR K S B S B, AR N
P K ENEPE4 (reactive oxygen species, ROS ),
FEENR L AL, dIMRSSBIR, A Y IE
AR, MY SR BRI EE R S R TE FRad a
ROS HK 4R HAC P52 SOD 15 Mt PrHi A
LR G5 —B B L A BB T A3t (0% )
A Rt E AL A (H,0,), FRidid POD Fl CAT ¥
H,0, 43+ i UK LA I8 O 3B 1 I RS 3+t 4 Ak 455
YA R 5 . AEY POD Fl CAT 78 15 I3 1 1t 48
T P R AN P2 R AR R
SOD. POD. CAT FHi A ALl 5 A8 7K i 1 5
ZEYIPP &P K, POD. SOD,
CAT {5 % Fifi 25 /K ¥ JU 38 2 2 %) Jon ) g 384 o
SIMOVA-STOILOVA 2P Hf5H , S /K A T~
SOD . CAT K Hiifk i ot E k¥ ( ascorbate
peroxidase, APX ) Z¢MgRYTEME<sTHE, (HBEE K
VRS AT, G PEIBE > TR . CAO 25T A
R R E B, K 6d S, A% SC6068 i F
) POD. SOD Fl CAT & PE¥4 i 3 = T /KR .
AW LS RS LRV FEARRL, A2 Fh o 7E K ¥
e, 208 1 APUEAREEE & A W AR,
VLR SRR A A S PR R R A
[E A B ditE . B, ME191 fE/K¥E 6 d J5 SOD
Ml CAT {GPE R ZEH TX R, POD G AR ;
JG1301 A POD Fl CAT Jif 1 th i B AH S 1 A8 {4
# PiEH POD Ml CAT 7Effbat & by it #rp
W T AMEHLH . BRSSPI S R, KSR
( Hibiscus mutabilis ) 7E/K¥#E 15d 5, H SOD 5
CAT itk 2 IF B EMC . S AT /K 8 it
Xt & 45 B ( Hydrocotyle vulgaris ) "= 52 MRS &
W, BEREHGREEEAMCLR. AR
WA, e R A a . M SR
SOD. POD 5 CAT {f P #EATAH IR0, 45 R 3R
B, SOD 5 CAT itk 2 2 3 7 A ¢ ( P<0.01),
I 23 2R AH X 5 2 AR G L 3 S A 3 TR oG
(P<0.01), XS5HTAMMRER 3.

) ) ik 7K PR S — > 52 22 PR 3R 5 el 1) 5 %
Bk, ATV HR S I ACH 2 AR DG AN R
—E, Wk, R R I
N RE MR S b B K s 5 R0 KR Rl
TN FE b BT R (W R R 5. THIER
. MK REGE ), BRUSTE— & TR L IHERFh B

C bl [E) A0 [ A 22 5 o AT 2k 3= B3 534

AHICHE 3 A A0SR T pRESC BT 25 T i, se ik 1 AU
JUAHEPREA 1 A2 DR A 2. tean, i@
b R o BT RO 2 A A DG I S T A
AR EICSRRY 4 DTy, Al DU RE 82.85%093%
IR S, RIS A8 08 09 LA A8 bk (8] 19 AH DG 1
TR T AR AR CHE S B E S RAE]
K& PR BTV T R S A R R A A A T 25
HOAT, B TR IR RS 0,1 B R, 7R
AT — B R 2R A S, W EDW . AT HL XA
R 25 A MERE R A RO PR Y SR pR gk
T IEAES 4 ( Chrysanthemum morifolium )
A ( Arachis hypogaea ) . %% ( Vigna radiata ) .
EK (Zea mays) . /KFG ( Oryza sativa ) SAEY)
AR BT 0 7 5 rP R A B 13 200, AR
W5 Ik S5 eR B0 X 2% AR S Ao S 2R A it 7K W
A, Hhgih 1 5. SC6068. SC201 .
ME191., M-F532. GR891., C222. GR3. F2000.
P H 80, 46-12 KEMFMLS I EE, Wk
UETER TR K WE R BT (i) #EA7 I &RIH . (5
AR, WK M I A S — i & O R
FIPRAE, BT X0 B A0 T A 1 5 A A B R 2 AN
SEIA EARMAY R, TR — 20 N R G K
RN P B S A SR IR, it e ss S
BAFBANG L LS HLN K BT A
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