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Fig.1 Performance of two ploidy cassava seedlings under different drought stress
A: S ALFE(CK); B: 2% T2 (LD); C: H T 5 (MD); D: #J% T 5(SD).
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Fig.2 Effects of drought stress on proline contents

of two ploidy cassava leaves
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Fig.3 Effects of drought stress on soluble protein contents
of two ploidy cassava leaves
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Fig.4 Effects of drought stress on T-AOC
of two ploidy cassava leaves
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Fig.5 Effects of drought stress on H,O, contents
of two ploidy cassava leaves
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Fig.6 Effects of drought stresses on SOD activities
of two ploidy cassava leaves
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Fig.7 Effects of drought stress on POD activities

of two ploidy cassava leaves
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Fig.8 Effects of drought stress on CAT activities

of two ploidy cassava leaves
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Fig.9 Effects of drought stress on MAD contents

of two ploidy cassava leaves
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Fig.10 Effects of drought stress on GA contents

of two ploidy cassava leaves
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Fig.11 Effects of drought stress on IAA contents
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Fig.12 Effects of drought stress on ZR contents

of two ploidy cassava leaves
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Fig.13 Effects of drought stress on ABA contents

of two ploidy cassava leaves

VREIR, A A4 52 1 52 Pl 1 5 oK T DY A5
A LR RN NG T

AR, T 5 M a S B E ) 5 R m
AR T AR AR B FES, T 4ERFE Y A
TS BT R I IR K 4, SRk B S A B v
() H B (PR R PEEE2015), ARFFFTH, T RHE T,
VB IE R T TV R R B I Pro & KR B,
X5 Luf5(2009)8F 78— 2. H B8 PrE F2 5 50
SR T RT3 N, A AR R R R, HelY
(RN SIAER S A I e s By B IE R =7
ey LG DO 5 4 K, 5 B2 SR AR K 2 2R 1 5 K Pro Rk
/b 5 50p 3 s 1) 7 A R, T DU A AR A R
B, B 5 & ProffI AR B b AR A D, X ik &
L5201 1)t 7t 45 5 rp bt 2 5 () A 1B i vy
FHEFMMEMERA B 5D EE
(2014) B 52 Bt T2 2% 5 0 4 Al 388 s 88 I T b 5
PESGIIA R — 8. Rk, & TBE Y %
PEEE E M Proff) & 2 e FL AR FE SR HL 1R 1)
KARE N, BRI

T 5 E B, FEY R P TS P S (active oxy-
gen, ROS) & = S| LT, i EIROSH A% T HEfk
N EA BT R T, 51k AR ) i A
LR B (Lei 2008). ASHF 5745 B 8w, BEE T
SRR R B, 2 ME M EARE F (H,0, & &
BTN, AR AR LUK, R TR
AR ZE MBI EE . T5ha T, i EKIROS
{5 i g i 04k il SOD. PODAICATIE Mt i
BTG, =& M YRR A, iE RIS R FIROS, LA
AR T 5300 50 B i B 4 3, T A RE AR SR
I BRI AE 11(Ge%2014) . AW T H, T2
lrie ~, SOD. PODAICAT I I b, X 5 Gao
(2009 Fi—2. FHorb, PURE AR 7E B BT 5 il
T, SODYFE M bE X REIE I T 315.7%, 3% B DU 54 7E
TR a4 T K IROSIEBRAE /1. RE =
fEAR I PODIE 1 K CAT V& 14 K T DU 544, (H =2
PODIEEZ HIA K, MCATIEVEBAA W/, B KE
AEN0U-g's TKHAS52001)8F 50 £, SODIE
H5HE MM TR RN EA, XA
AW R SR B POD A CATIE 148 1Y 4%
151, (HSODYEVEAR T PUAE 4, BRIt 2 1 b DY £
RZEMEIE . BeAb, @i X T-AOCHIHF 78 AT %0, PU
FEAR I T-AOC KT A5 44, R I U 5 R 75T il




1070 T A P )

T EA YA AGRE S S E NS . MAD S &
ST AR R, A T, TR ia R
E MDA B K, X 5w SR (2017) % 2 FR
WS R —8. ZhangZ&(2011)% 2/ AN [F] 1 54
PORMEEAT T R a A EE, R R R Xiuyan’
APLEA R Yulin® H FIMDA & & /b, AR5 R I
TAEARARZE N F MDA _E TR FE R DU A5 AR,
B A AROK 2 52 301 5 b ae i 52 2 (1 B4 L 3™
H, PrER AR

T PN U503 ER A Y AR P B I T A o
MHAKKEAEEEH. TEBET, NI
KGR BetbREims kAR 272, GAZ
RFEVEKKE R, Aut, s T 55
FERIEE N, GARI & &= BTG N, X5
(2008) T FL AR 72t i R GA B &84k ALk 7K
53 W38 N AN FEIRE A Y I TA AP AL & 34 AN [R) (51 3
F4:2013), FEAWF T, IAAZBATIN AL, £
B SEBRAE DR N IITAA 5 B AE T S e T 122 4L
BN IR SB3CP007) A A AG I 7T B, T+ 5H
B RPUE TR SR A N ZR & B L TS 55 11
PR BEIR K, AT, ZRE EAEDU 5 %
M P8 3 A AR R, AT L, DU RS o b —
fEAknE . RIS, KSR Q018) 0 H E #AT AR
FERT 5 bE G, KIPT MR GAMZRE &1
RKTAPLE S PR, MITIE B REK 5 ) R, 42
mPTRPEN B . AR RSN FE R 1T 5
BF, S ARARZEM 5 FGAS EFZR & &3
T A, RV A b A% vk B S 1)
ARKBRPUFEME. ABARIE R AT LU S EY 1Pt
1%, Rt ABA W] DR 9 PP A P P )
Fabr(E Z A NERME2011), AR+, T2 56400
N, ABARIE &S ETHE R R, PSR R T2
fil i i ABAR b T R B AR AR R, HLA S
EHRT AR, IR L, DY A5 AR AR T 5 0 ae
AB AW N BT A5 AR R A, AT 985 4 AR T KK
SHIHFE, ERIPURH B, BEFEITE(2000)HF 5T R 0,
ABAR AR ZZMIER, A B L E S
TR i, T R IR 2 B R L DY A Ak
FEE, IX ] BE A AR AE TR RE % B T R e
ABAT & T VUE AR A .

T2 Wa T, Y RKATEA S SRR R

A, BEZ A RV Al R MR
PO Sk TR PR R0 25 T T (1 B2 2% A2 Ak, AT S22 B
PIRMERZRETEIR. AR . BERTY
Jit . PUEEALRE T S IR R 7 T LA T 2
AREN S IE  A BR A N, 2SR BOR, FE TS
E, U AR ET-AOCHR T 51K, LR Z 1
SODKIEFRROS, /> ARAK A HITH, O % 4 L
BER, P AR/ IMDA . R, PO R5 4 I GA

ZRAMABARI W FIE L, SEA I A D RES, A Tiik
I AP R BOR . AW AR E B P
o H SR BB ARG, XA T 5 e 3 B AL
WA EEE .

2 E 3 Hk(References)

An FF, Chen SB, Li GH, et al (2015). Comparison analysis of
starch and protein expression profiles on cassava tuberous
roots cv. SC8 and its tetraploid. Sci Agric Sin, 48 (13):
26562665 (in Chinese with English abstract) [% & K,
WRFAZE, ZEBERR5F(2015). HERE8 5 A2 K L U 544 Bk
RIER LB A RIEE I Z R 0. P EALLF A, 48
(13): 2656-2665]

An FF, Fan J, Li J, et al (2014). Comparison of leaf proteomes
of cassava (Manihot esculenta Crantz) cultivar NZ199
diploid and autotetraploid genotypes. PLoS ONE, 9 (4):
¢85991

Gao DH, Gao Q, Xu HY, et al (2009). Physiological responses
to gradual drought stress in the diploid hybrid Pinus den-
sata and its two parental species. Trees-struct Funct, 23
(4): 717-728

Gao TM, Wu Y, Li F, et al (2017). Effects of water stress on
physiological characteristics and growth under water
stress in seedling of sesame. J Nucl Agric Sci, 31 (11):
2229-2235 (in Chinese with English abstract) [/= A4,
Fe o, AFEE(2017). T K I3 e X R AR R AR P
FEVERIRZ M. AR 253, 31 (11): 2229-2235]

Ge YJ, He XY, Wang JF, et al (2014). Physiological and bio-
chemical responses of Phoebe bournei seedlings to water
stress and recovery. Acta Physiol Plant, 36 (5): 1241-1250

Gu B, Yao QQ, Li KM, et al (2013). Change in physicochem-
ical traits of cassava roots and starches associated with
genotypes and environmental factors. Starch-Stirke, 65
(3-4): 253-263

Jia RF, Yang ZJ, Xu DP, et al (2013). Growth and endogenous
hormone content of Dalbergia odorifera seedlings under
drought stress. Ecol Environ, 22 (7): 1136-1140 (in Chi-
nese with English abstract) [BiH5 3, #7532, 1BKFEE
(2013). - 5 fpae 0t 4 7 v HeL 4 i AR A R TR IR
BRI, AEBIEI AR, 22 (7): 1136-1140]

Lai HJ (2014). Research on induction of cassava polyploid




/N A R BT 048” % Ak K H RIS DU At A x5 Fp A6 g A= B 1071

through 2n gametes (dissertation). Haikou: Hainan Uni-
versity (in Chinese with English abstract) [#iHT£E(2014).
ARE 2 TR 75 3 2 AR T T AL 30). 1
R R

Lei Y (2008). Physiological responses of Populus przewalskii
to oxidative burst caused by drought stress. Russ J Plant
Physl, 55 (6): 857

Li YP, Huang J, Xu RL, et al (2013). Effects of salicylic acid
and brassinolide on physiological characteristics in cas-
sava seedling under drought stress. Chin J Trop Agric, 33
(10): 6-11 (in Chinese with English abstract) [2%—3,
B, VPERIAE(2013). TR E N RIS R N
Mg R A S A R R R . Bl RO R, 33 (10):
6-11]

Lu SY, Chen CH, Wang ZH, et al (2009). Physiological re-
sponses of somaclonal variants of triploid bermudagrass
(Cynodon transvaalensis * Cynodon dactylon) to drought
stress. Plant Cell Rep, 28: 517-526

Ma WT (2007). The drought resistance of different citrus root-
stock seedlings (dissertation). Guiyang: Guizhou Univer-
sity (in Chinese with English abstract) [ 3 3#(2007). A~
[FVAFAR SEAE R AR B AR (A AL IR D). SERH: SR 2]

Mabherali H, Walden AE, Husband BC (2009) . Genome du-
plication and the evolution of physiological responses to
water stress. New Phytol, 184: 721-731

Manzaneda AJ, Rey PJ, Bastida JM, et al (2012). Environ-
mental aridity is associated with cytotype segregation and
polyploidy occurrence in Brachypodium distachyon (Poa-
ceae). New Phytol, 193 (3): 797

Nie YM, Wen F, Guo WW (2013). Colchicine-induced auto-
tetraploids of five cassava cultivars. J] Huazhong Agric
Univ, 32 (6): 8-12 (in Chinese with English abstract) [
A, 300, #o0R(2013). BOKALR T FIRESPAE
st A [ 9 DU A5 R R R b RML R 2222 4R, 32 (6):
8-12]

Shan ZY, Luo XL, Fan WJ, et al (2015). Effects of drought
stress on the physiological characteristics of cassava
seeding. Chin J Trop Crop, 36 (2): 339-343 (in Chinese
with English abstract) [ #1855, 225, 4 2 EHE(2015).
52BN AR A SRAF I R AT . TR 2R,
36 (2): 339-343]

Song HY, Zhang ZW, An FF, et al (2014). Analysis on chloro-
phyll fluorescence parameters of photosystem II in cas-
sava diploid and its autotetraploid. Chin J Trop Crop, 35
(12): 2410-2413 (in Chinese with English abstract) [ R 4L
i, TKIRDL, %6 KAR(2014). EEI205AKE LI R
APPSR WS HE R . Bt R 24k, 35
(12): 2410-2413]

Sun CJ, Cheng ZH, Sun PG, et al (2016). Research advances
on polyploid breeding of tropical crops. China Trop Ag-
ric, (2): 76-80 (in Chinese with English abstract) [#M&H,
&S, IMAGEE(2016). FAATEY 2 544 & P 7t it

J&. FE A R, (2): 76-80]

Xie XY, Ma ZL, Bai P, et al (2014). The morphological and
physiological responses of hot pepper (Capsicum annu-
um L.) to drought stress during blossom and fruit period.
Acta Ecologica Sin, 34 (13): 3797-3805 (in Chinese with
English abstract) [/, 4, FIMGEE(2014). Bkl
THAEZE BRI e RS 5 A B L. A2 354K,
34 (13): 3797-3805]

Xu EK, Fan GQ, Niu SY, et al (2014). Transcriptome wide
profiling and expression analysis of diploid and autotetra-
ploid Paulownia tomentosa X Paulownia fortunei under
drought stress. PLoS ONE, 9 (11): e113313

Zhang HY, Duan WX, Jie BT, et al (2018). Effects of drought
stress at different growth stages on endogenous hormones
and its relationship with storage root yield in sweetpotato.
Acta Agron Sin, 44 (1): 126—136 (in Chinese with En-
glish abstract) [5Kifgle, BOOCE, fif & 74%(2018). AN[H
I 3 5l 0 T R R S S S PR e
KI5 5. VEH2EIR, 44 (1): 126-136]

Zhang MD, Chen Q, Shen SH (2011). Physiological responses
of two Jerusalem artichoke cultivars to drought stress
induced by polyethylene glycol. Acta Physiol Plant, 33:
313-318

Zhang MS, Tan F, Zhang QT (2001). Physiological indices for
rapid identification of sweet potato drought resistance and
selection of methods. Sci Agric Sin, 34 (3): 260-265 (in
Chinese with English abstract) [3KB]Z:, %%, 7K/ &
(2001). HR3dE 45 5 T2 Al BT 5 A AR B bR S T
gk, o E RO RHE, 34 (3): 260-265]

Zhang P, An D, Ma QX et al (2013). Key scientific questions
and recent advances in cassava molecular breeding. SCIE
SIN Vitae, 43 (12): 1082-1089 (in Chinese with English
abstract) [Tk, %4, LAKEE(2013). KEH T FH
AR R B SR SRk R b ER A A
B2, 43 (12): 1082-1089]

Zhang SN, Zhang HL, Zhang Y, et al (2011). Studies on ac-
tivities of antioxidant enzymes in diploid and tetraploid
radish under drought stress. Acta Agric Jiangxi, 23 (4):
39-41 (in Chinese with English abstract) [7K % T*, FK40
56, IRFEHQ0LD). FRMNE T A, PR M
S BEE LA VTG AR 4R, 23 (4): 39-41]

Zhao CJ, Kang SJ, Wang JH, et al (2000). Hormone regulation
mechanism on wheat leaf aging. Acta Agric Boreali Sin,
15 (2): 53-56 (in Chinese with English abstract) [{X &1L,
REAIL, ELHEAE(2000). R A IR N R
LRI 7L bR R, 15 (2): 53-56]

Zhao WK, Tong JH, Xie SX, et al (2008). The effects of
drought stress on endogenous phytohormones in citrange.
Prog Modern Biomed, 8 (9): 1662—-1664 (in Chinese with
English abstract) [i4 S, 2 a4E, IR %(2008). T
B B YRR S B . IR A R A
HE, 8 (9): 1662-1664]




1072 TP L PR

Zhou F, Liu ES, Zhao PJ, et al (2013). Impacts of drought tation). Nanning: Guangxi University (in Chinese with
stress on content of endogenous phytohormones at English abstract) [Jf] £ (2016). A2 U 5AKEAASE S
seedling stage of cassava. Agric Res Arid Areas, 31 (5): HFEBHEEM IR (AL 0. BT )R]
238-244 (in Chinese with English abstract) [J& 75, XI| & Zhou YQ, Bo QY (2011). Research on changing of endoge-
i, BCFAE%E(2013). T a6 T R E N R R S nous hormones of fruit trees under drought stress. North
B, T E 1 X R AT, 31 (5): 238-244] Fruits, (3): 1-4 (in Chinese with English abstract) [J& 2

Zhou HW (2016). Studies on tetraploid induction of cassava A, MERHEQ011). 2 hiE T b P PR R AR b B
in vitro and evaluation of the mutagenic material (disser- WEFCE . Ab 5 B, (3): 1-4]

Physiological responses of cassava variety ‘Xinxuan 048’ diploid and
autotetraploid to drought stress

SHANG Xiao-Hong'"”, SHAN Zhong-Ying"’, YAN Hua-Bing™’, XIAO Liang', CAO Sheng',
ZHOU Hui-Wen'

'Key Lab of Guangxi Crop Genetic Improvement and Biotechnology, Nanning 530007, China
’Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China

Abstract: In order to analyse the different response to drought tolerance of cassava (Manihot esculenta) variety
‘Xinxuan 048’ diploid and autotetraploid, we set up different treatments of drought stress to measure the mor-
phology, osmotic adjustment indexes, antioxidant capacity and endogenous hormones of cassava diploid and its
autotetraploid seedlings. The results showed that, with the increase of drought stress, leaves of the two genotype
cassava appeared drooping, wilting, yellowing and withering, and the performance of diploid plant was more
serious. Both of the contents of soluble protein and proline (Pro) of the two genotypes increased gradually with
the increase of drought stress. The diploid was more sensitive, and accumulated more soluble protein and pro-
line than the autotetraploid. The antioxidant indexes of the two genotype cassava increased with the strengthen-
ing of drought stress. The autotetraploid plant had stronger total antioxidant capacity (T-AOC) and higher su-
peroxide dismutase (SOD) activity, but lower hydrogen peroxide (H,0,) content, malondialdehyde (MDA)
content, peroxidase (POD) activity and catalase (CAT) activity compared with the diploid. With the increase of
drought stress, the gibberellin (GA) contents in the two genotype cassava increased firstly and then drop. the
GA content in autotetraploid plant was higher than that in the diploid. The indole acetic acid (IAA) contents of
the two genotypes changed irregularity. The content of atin riboside (ZR) gradually declined in the diploid
plant, but slightly increased firstly and then decreased quickly in autotetraploid, the ZR content in autotetraploid
was always higher than that in diploid. It was observed that the content of abscisic acid (ABA) increased firstly
and then decreased in both of the two genotype cassava, the autotetraploid ABA content under mild stress was
great than that in diploid, but the other degree under stress was opposite. Comprehensive analysis showed that
the autotetraploid cassava had strong antioxidant capacity under drought stress. Meanwhile, the synergistic ef-
fect of GA, ZR and ABA prolonged the functional period of leaves, so as to get higher drought resistance than
diploid.
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