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Abstract: [ Purpose] To study the effects of polyethylene glycol (PEG) simulation of drought st-
ress on the growth and physiological conditions of cassava. [ Methods ] Cassava NZ199 was used as
the experimental material, and its root was immersed in PEG solutions with mass fraction of 0%, 5%,
10%, 15%, and 20% for a nine-day simulated drought stress experiment. Its growth, photosynthesis
and physiological indexes were measured on the 3rd, 6th and 9th day, respectively. [ Results] With
the increase of PEG mass fraction, the growth indexes of NZ199 showed a trend of increasing and
then decreasing in the same period. The net photosynthetic rate, stomatal conductance and transpira-
tion rate showed the promotion by low mass fraction and inhibition by high mass fraction, which was
the highest in 10% PEG treatment at the early stage of the treatment (<3 d), and 5% PEG treatment at
the late stage (=6 d). The soluble protein content showed a trend of increasing and then decreasing,
and the highest content was found in 10% PEG treatment for the 6th and 9th day. The proline content
of 15% and 20% PEG treatments was significantly higher than other treatments. The peroxidase activ-
ity showed a tendency of increasing and then decreasing, and was highest at the 6th day of 10% PEG
treatment. The catalase activity gradually increased, and was highest at the 9th day of 20% PEG treat-
ment. The malondialdehyde content gradually increased, and was highest at the 9th day of 20% PEG
treatment, indicating that the stress level was the highest. [ Conclusion] At the seedling stage of
NZ199, PEG simulated drought stress with appropriate mass fraction and duration can promote photo-
synthesis and facilitate assimilate accumulation in plants, but excessively high mass fraction will have
a reverse effect on plants, showing that leaf photosynthesis decreases, and proline content, catalase
activity and malondialdehyde content increase, that is, stress is caused to their growth physiology and
stress resistance is weakened.

Keywords: cassava; drought stress; polyethylene glycol; osmoregulatory substances; antioxidant en-

zyme system

39 %

AKZ (Manihot esculenta Crantz) X 42 K
i, Jm KA (Euphorbiaceae) KEJ& (Manihot),
AR B AR R  RDRE . Tl R, R
F AT TR FER - W HL X, 5 E R
HZEIFH 5t 3 REREY), HARERLL
AN G A A R B L b A T
SR AR, BRI S AEY”, T
XA BRA AR R 5 T B AR KW Ty B ARE
PRI, X T ARE R B R R T
T, SRR IUH R B B AH DG
FIRWIEZ

ARE R R, HRT 25T ARE
AR B ™, JER & mIEIL, A5 S iy
o, FBORE T B 28 T 52
B, R RS e B, S BT A AR T
TR AERG 205 5 AR E T R PhHa A5 &k
W EETRME T AREM 5 IHZRR (proline,
Pro) AN [ (malondialdehyde, MDA) 7 & DI

1L ALY (peroxidase, POD) i1 1 45 ¥4 I 25 1
hns EA B SEDREE T R A X SC5 KRB RN
KBL: SC5 L POD i Bl 5 R FE 42 5
MR LT G R EE, i Pro & & i &1
e FET SR, AN S A TS
A, FEWNRSAEL, RE A2 BT A
Yy, WERRE e, YA IR B KT
SRS ROEA RN B ORI B R e, DI 36 PR 4
g, EBIRIPY A VER, R
NE I AR EE o Bl T 5 W A ) SE K Bl T SRR
FEINE, AEAR R B TS VA2 B, EEE TR T
K, TCILITAERRAE R IR, Whians i1 %
MAgkSnES, (HHAHR AR &—Efk
ETRE, KRENPURERE M, T2 HAES
AMEVERT, BIIE Y T 22X FAR A 8 = B i) AR
TS, AT, HEDN AR SR L = 4 1 ) B
5%, T RN SRR AR BT R
A AR S R, RO PR R R R A
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AR AL A BRS AR P

PEG-6000 73 i it 5 K, Joik ik AHE ) 4
My, i HEA RAFRSEKM:, Bk 2 f
ORI TR, Wit Rk, MWnSE8T
Ba A", FIH PEG B+ hE, B
FOREASRMTTE . SEE. RS, O RE
A . KAUFMANN 25025627 U A 52
7 : PEG-6000 53 10 T if 5 54 KE b
TR I ROR—3, PEG 7T LLF A1)
AKAaraE, HARSH R B AR, g
2 TSR W AE B & 006 T 5 e Y e o
TREERAXF I & . RBERKMGEEKHA
Fisgmate e . W NEFEZFEY e AR
E AT PEG B0 T 5 e XF AR 240 i
(R AR 1 2 L/ o AHIFSE R AR [R] 5 i 2 50
PEG-6000 i ¥ % A B8 4)1 1 47 B0 1 5l 50
AR E TR s ARE ALK . Bh . A
BB Y TSR . MDA & Mo S AL B P
SR, DU AR BT R F R AR A B 5
P, I AR B KK 2348 A R AR 56
PR,

1 RS

1.1 ek

B AR F AR R 199 (NZ199) i [ T2k
m B, T 2011 AFEG AR, HZEE, 2
fR#EE,
1.2 W5eIs

T I8 7E 1) B AR M K 2 Pl 2 2= B 8 5 ==
17, WE HIENRE /SR 28 C/7500 Ix, & [H])E
FESGHR A 20 °C/0 1x, TEEHN 40%.,
1.3 R BT

VEET 2 20 om AR AR 2B EHAG A PVC
R (HAR 15 em, & 14 cm), B A F 5
5T 400 g, FEAH 90 Bk, AL 1 AR, fHUH A SEAENT
TR EYEFRTE 50%~60%, 7E 2~3 A ELM5E 4 @
TEIE I H AR RS TR (% 1) KB R,

FF2EFFER 5~6 r ELMPsE R IFR), EHUEK
A, RS- HIWRENAREN 454, H
WK EAEAE TP R, SRR AR, NG o
VETHMARE, FFAZEE € fETFR (K 60 em,
F& 40 cm, J530mm) I, FBAZIKEHFE (K 60 cm,
F& 40 cm, & 13 cm) FIFREEE AL . BT

FitE O MRFP=E, FALIEE 1 bk, FhESdEilesisess
JEEHR 4~5 cm, FEIRAE 0 ACE R 20 Lt
Froemi, HEMWEH,

#1 BARERERKRERS

Tab. 1 Nutrient solution formula for Japanese garden trial

feEEltier plangL")
Ca(NOs),4H,0 950.00
KETE KNO; 810.00
macroelement NH4H,PO, 155.00
MgSO, 7H,0 500.00

Fe-EDTA 15.00~25.00
MnSO,-4H,0 2.00
e e H3;BO; 3.00
microelement ZnS0O,4-4H,0 0.22
CuSO, 5H,0 0.05
Na,MoO,-2H,0 0.02

FF2EFFER 8~9 FrE M SE 2 JRIFRT, B i 43
B 0%, 5%, 10%. 15% 1 20%" ) PEG-6000
TR IS I B SR, SR RN LA 7 1
9 d AL T M Ab B, A BESR 9K,
5 AL BEAE 45 ko KRB B RGN A R
A, BN 30 ming S AR PR AR G HE B ER
AR 5 BB AU ) 2 4K % 30~40 min, B
5d 41 oK™,

1.4 WNEFads Ik

1E PEG-6000 ZbFEEE 0, 3, 6. 9 KA 9:00—
11:00 X A8 bk B0 Wk v AN 2R AT 00 2 5 AR AL B
553, 6. 9 KAY 9:00—11:00 R Bk At AR %5
i . SPAD. Je& S8 s A Atk T8 b
HATIAE o
1.4.1 KR

() BRI S RO AR A AR 2R L
R T A s B RS, BOFIMEAE bR, T
5 PEG 43 0 d M Z(E/E MR R K i (2) 2
FHHE R RS - RO A SRR 25 2F 45 1 em
EAL AR EZEFT AR, BOPIEE M, IS
PEG Ab#H 0 d Ay 22 fE/E 2R MIG K & (3) MR
e DIRER AT B AR 0.1 cm AOARITEL, BRIk
MIAREL; (4) MR B PR R 4 AR 2 i
Bk T, FREJE R (5) SPAD fH: SEHURIRE
384 F ot e R, ffiH SPAD G E M
ARXF 4R & B (SPAD ) FIAUEH, 5E A7
Tt kA, O
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142 JeaZHdER

PEHUERR B 2T 3 g @Iret, kA
LI-6400XT Jit & Il 2 {00 72 L & B (net pho-
tosynthetic rate, P,). “LfL T (stomatal conduct-
ance, G,) FIZEEH % (transpiration rate, T,). %5
ALFE N E SR, HBCEIIME.
1.4.3 AR

SRR EL 3 BRAFAR, B EAE T HECGE 3 5
4 Frogant, RBRBOM M KOS R A TS,
FHE T80 C UKAALRAT, I o 25 Ak LR A0
3WHEE , % MEEF (soluble protein, SP) 1%
K 2% B 5 i bl A4 0 e ™5 Pro % SR R
BT =B A E ™ MDA &R RS E 2
R HE A3k E s POD 1 MR A AR He ok
LA L%WC%LP@@ (catalase, CAT) iK%
SN
1.5 BdEAFE 5510

K H Excel 2019 X EAa 70125 FA L TTH

FVER ; SR SPSS 27.0.1 X 8e AT B & )5
24381 (ANOVA); K HXEH 7% (Duncan) £ & [t

Bt

2 ERERR
2.1 AN PEG AFEXT NZ199 A K ) 50

& 2 vl .
K, WEE.

11 E MR (P<0.05),

F5 I NZ199 Bk i A1 =5 ML
fU ALK . SPAD i Rl 7 ik 2

B PEG J5t & 0 500 35 B MR 52 S T e I AR Y

(=R

REFE 3 d B, 5%~20% PEG AbBH i) bk i K
BB EET CK, B CK 98 &4 5 35.42%.

56.25%. 56.25% F1110.42%; AbHL 6 F19d i,

5%

PEG AbFE R PR R i 0 2 5 T 10% PEG AbFH,
HoH NS Em T HAALIE; 4 6dit, 5%
F110% PEG AR RE =G 4 CK 4351 il 2 42
5 194.12% F1 105.88%; ALFH 9 d I, —H# CK
Ay AR 277.78% F1 133.33% (3 2).

%2 F[E PEG &IE3S NZ199 £ KIEHRAISNT
Tab. 2 Effects of different PEG treatments on the growth indexes of NZ199

et Ab R [A)/d Wpeg/%
indexes treatment time 0 5 10 15 20
e B 3 0.48+0.05 ¢ 0.65+0.06 ab 0.75+0.10 a 0.75+0.10 a 0.53+0.06 ab
ISR Rem . 6 0.85+0.06 ¢ 2.504£0.17 a 1.75£0.18 b 0.78+0.11 ¢ 0.83+£0.05 ¢
growth rate of plant height
9 1.08+0.19 ¢ 4.08+0.25 a 2.524+0.20 b 0.93+0.10 ¢ 1.13+0.15 ¢
. 3 0.12+0.02 b 0.2440.03 a 0.11+0.01 b 0.08+0.01 b 0.08+0.01 b
AR K Rom . 6 0.53£0.03 b 0.73+£0.03 a 0.16+0.02 ¢ 0.13£0.02 ¢ 0.12+0.02 ¢
growth rate of stem diameter
9 1.35+0.09 a 1.16+0.10 a 0.56+0.01 b 0.45+0.04 b 0.24+0.02 ¢
R 3 1.27+0.09 b 1.53+0.09 b 1.53+0.03 b 2.07+0.09 a 1.50+0.12 b
RIR i{g 6 2.63+0.15 ¢ 4.40+0.23 b 6.70+£0.12 a 2.83+0.20 ¢ 3.00+£0.58 ¢
root weight
9 5.03+0.20 ¢ 12.70+0.06 a 9.70+0.12 b 5.33+0.20 ¢ 4.10+0.17 d
P 3 31.00+0.58 ab 36.67+0.88 a 26.33+0.33 be 26.33+1.45 be 20.33+3.76 ¢
iR 6 36.33+£0.88 b 43.33+0.88 a 33.33+2.03 be 29.33+0.88 d 32.00+0.58 cd
number of lateral roots
9 55.33+145¢ 70.33+2.60 a 63.00+1.73 b 42.33+1.45d 37.33+2.03 d
3 49.90+0.54 ab 50.60+1.45 ab 51.27+0.80 a 50.27+0.51 ab 48.20+0.66 b
SPAD 6 48.98+1.15 abe 51.18+£0.90 a 50.00+0.45 ab 47.65+0.63 be 46.85+0.68 ¢
9 48.8340.59 ab 52.20£1.01 a 49.15+0.72 ab 46.90+1.33 b 42.77+1.86 ¢
Yy 3 18.43+0.17 ab 18.68+0.46 ab 18.80+0.32 a 18.58+0.16 ab 17.77+£0.26 b
A i/(mg g 6 18.47£0.28 a 18.83£0.30 a 18.4540.15 2 17.67£0.22 b 17.45£0.20 b
nitrogen content
9 18.10+0.20 ab 19.13£0.34 a 18.20+0.23 ab 17.48+£0.42 b 16.15+0.58 ¢

e FATAFE/ING FBER IS A R AL BN (5] A [FIPEG-60004%0 1 1) 72 57t & 2 (P<0.05).

Note: Different lowercase letters in the same line indicate significant differences among different PEG-6000 treatments in the same treatment time (P<0.05).

5% PEG Ab3H 3 Fil 6 d I}, ZXMI KR §%
AR, 3 CK 235 4 5 100.00% F
37.74%; AP 6 d R, 10%. 15% Fil 20% PEG it
T A 25 ML B K 3 CK 29 1) 3 AR 69.81%
75.47% 11 77.36%; AbHE 9 d B, 5% PEG AbHifY

MK RS CK LR ERER, Ao FHHRF
T HAALEE (3% 2),
NZ199 % v B AR ot 2 AL AR £ bl PEG Jii i

IR T

BT REERARR R GE 2). 20%

PEG Ab B 9 d X AR B A w3 s /E A, 5%
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PEG 4bFH 9 d BRI R Bl K, M 12.70 g5 5%
PEG AbBE 3. 6 A1 9 d X Ml H A5 A b 3 AR A1 AR
FH, HA AR o d IR BOA R fer .

2% I A AR B0t 0 SPAD B A & 1 2 B
PEG [t it 43 B 1) T i85 52 5 T = I B A1 1) s 34
(F#2), AbFE 3 d B, 10% PEG ZbFAY & Bk 3
KAE, % CK 2B S 2.75% F12.01%; Ab3 6 i
9 d i, 5% PEG AbHfY & ik Bl H KfEH; SPAD
{HYE 20% PEG AbHH 9 d Bf#8 CK B ER#IG 12.41%;
R HETE 20% PEG AbH 6 #19 d IR, HAE CK
O3 ) B AR 5.52% F110.77%

2.2 AR[F PEG ALFEXF NZ199 Y6 &1F FH B 50

& 1 A B PEG T, &
B NZ199 MR Py, G Fil T, ¥ 25T E AR
Ha#, AbFE 3 diF, 10% PEG ALK P,. G,
T, AR, & CK 43l 64.51% .
101.92% #1169.79%; 4bFH 6 F19d B}, 5% PEG At
FHLAM) P, G, M T, R TAHAAN, Uil PEG-
6000 fif 30 4b B 23 fff NZ199 4 1 89 5% & 4F FH
55, HBEE ARSI, JeA eSS iR
FERIR

W0% E5% O10% ©15% B20%

[N}
W
d

. 0.5
= b

A 20 + d b2 ;;0.4.
g 15¢ ¢ 03}
g 10 d S 02l
ES g

= e d =
N R o 0.1+

0 . g 0
6 9

T/(mmol-m™-s™")

b B ] /d

treatment time

. ARE/ING PR A R AL B [ R[] PEG-6000 Ab B[R] 24 53 B 3% (P<0.05); T,

Note: Different lowercase letters indicate significant differences among different PEG-6000 treatments in the same treatment time (P<0.05); the same as be-
low.

1 7F[E PEG RIBEX NZ199 % &EE (P,). SLEE (G) FZREERE (T,) NN

Fig. 1 Effects of different PEG treatments on the net photosynthetic rate (P,),
stomatal conductance (G), and transpiration rate (7;) of NZ199

2.3 AN[E] PEG 4N NZ199 BiE A TR & & 20, WO0% @5% 0010% & 15% 8 20%

(-2 Egg . a
2.3.1 XRATEEE (SP) S RN ﬂ% § 14 g gL
& 2 7. B PEG BRI TR, 4% & 210 §§
i3 NZ199 il R i SP 5 ik A58 EIHE TR i 2 6 §§
. AbFE 3 d iF, 15% PEG AR SP & =z 1 §§
FETHABAE, & CK BEERE 28.99%; 5% = £ .
LbEERE]/d

PEG Ab#H 1Y SP % 1 i X T H A AL B, % CK
TEFEE 6.97%., AbFE 6 d I, 10% PEG AZbFERY SP
S T HAAN A, % CK $25 37.05%;
5% PEG Ab#E [ SP & i I X F H AL AL P, %8¢
CK It ZF#1ik 8.39%, AbEE 9 dif, 10% PEG 4k
PRI SP &84 CK &R 38.47%. 4 PEG it
SECH 10% BF, SP & RTENS 6~9 KRBT RE, I
BFER B A s, A sl s 4 PEG i /34K
5 15% B, SP 7E4 3~9 KEFTFRE, 1 NZ199 %)
B AT FE — o R B 1M #E SP ok A 5 i& )i PEG-
6000 fifpif , HFGEE— 7 1Y e 72 B R E]

treatment time

El2 7AFE PEG %IEX NZ199 fi3 M EH S SN
Fig. 2 Effects of different PEG treatments on the
soluble protein content of NZ199
2.3.2 XA (Pro) & & MM
& 3 AT B PEG-6000 & 2> By It
&, T Pro S SRR BT, FE3, 6.
9dHm}, 5% il 10% PEG 4bHf) Pro &85 CK G
BEXES, HITE 20% PEG AbFA B RAG, #
CK /39 i 3 135.88% . 142.30% #11272.81%.
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2.4 K[ PEG ACFEXT NZ199 Hiiafb B P s
2.4.1 X SEALYEE (POD) ¥ 14 (1) 5

H &l 4 AT 0. PEG Wrif i S:Af bk POD i ¥
FFt, 1 PEG 4LFE R, NZ199 417 ) POD i ¥
YA by, B A B AT [R) RO 30 FR B AR 3 n
POD i M G A 5t e 3 i 5 o 55 1 AR Ak i A Ak
3 d i}, 5%~20% PEG AbEEfY POD JE 1 &5 T
CK, # CK 435425 69.94% . 95.71%. 73.93%
1 91.72%; AbFE 6 dF}t, 10% PEG At B AY POD
PEREIR S, B CK W& 321.84%, 15% #il
20% PEG 4bHL %) POD I P4 CK 4351 ik 3 2 &5
159.00% F1 106.90%; AbFH 9 d I}, 5%. 10% Fi
15% PEG &b 31 POD % PE# CK 435 i & # =
69.31%. 116.40% F1 161.48%. Ui B PEG Ab Bt
3F16dHf, POD JEMEXT 10% PEG Jrif i i F2
FEE . WU PEG ALEE 9 d B, POD &R
15% PEG Jiraf () i o R B35 B8 4 . B UK

0% O5% O10% 8 15% 820%
a

(%3
(=}

i =R i/ (ng-g ™)
proline content
—_ = N
S W (=) W
I~
o

W

o

S

Lb BRI E]/d

treatment time

3 F[E PEG QLIEt NZ199 SRR & EMF M0
Fig. 3 Effects of different PEG treatments on the
proline content of NZ199

W 0% 05% O010% @ 15% 820%

1600 a
= -I-
o, 1400
o £1200
5 1000 b
2 800 P a
S b
8% o0 o .
Lé £ 400 g d
B <
5 200

0

6 9
AR ] /d

treatment time

Bl 4 7[E PEG &IExT NZ199 i S A86E M AR
Fig. 4 Effects of different PEG treatments on the
peroxidase activity of NZ199

2.4.2 X EACY AR (CAT) W& 1 B2

Hi & 5 Af % . AHIE] PEG AR, CAT 1%k
Bif b BRE [R] A ZE 2 eSS, HASHH PEG ik
Y CAT IG PR CK A TGk . Ab2E 3 d 1,
10%~20% PEG AbFEE) CAT 1% ME4: CK 439 B 2
P27 24.88%. 11.74% F1 23.91%; A3 6 d i,
10%~20% PEG AbFHE) CAT 1% ME4: CK 439 B 2
P 22.71%. 19.99% £ 30.24%; Ab¥E 9 d B,
5%~20% PEG AbH Y CAT 35 M8 CK 43 5] i 3
P11 26.25% . 29.00% . 31.87% £ 43.02%.

100 W0% O5% O10% @ 15% 820%
"o 90 bba
2z 5 E
sz 10 NE
g % \E
2 g 30 \E
T 30 \E
25 5 \:
ﬂ@ 10 §§
4 0 =

S S E]/d

treatment time

5 [ PEG &3Ext NZ199 S S 4 SEEMERIFNT
Fig. 5 Effects of different PEG treatments on the
catalase activity of NZ199

2.5 AN[A PEG 4 FEXF NZ199 T [ (MDA) 7%
ERingEAlL

miE 6 Al . 4b3E 3 diF, 15% PEG AbBRAY
MDA & & FHAWANEE; 4B 6 F19 d B, PEG
AEFEF) MDA & s S T CK, Hrb, 20%
PEG 4 FH ) MDA & & i 3 & T HAh AL 3, &
CK 435132 5 146.63% F1 155.43%., [t PEG Ab
PRI A AU SE R, 5%~20% PEG AbFH ) MDA & &
Y BIHER, HITESS 9 RikFRKME, # CK
IR E 71.18% . 66.90%. 66.83% Fl 155.43%.,
UL BE A PEG-6000 it 73 B0 T+ s, NZ199 3%
NP NG, MDA 50T B4R NZ199
BT A AR
3 Wit
3.1 AJA PEG AbEEXF NZ199 A=K 5

HRE AR W SOK 3 A G 2 1 R BN
FE YR RAR TR IBOK 43, DI B2 = AE AR A 1 F1 25
L, AR Ay A PERY ARSI . NZ199
FAAR B AR B X PEG B 1o kg S G R i 40
Bpe k. KA B R, 3X S R A
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TRRA IR A5 R —3 . BOuREPI AR
SCY T F i p s A B . B4 PEGUK FE )
1, SCO KR R S TR, Rk B W aa it
5 CK b E 2R, GRS A REMEA AN
[, AT M. NZ199 bk m i K & PEG Jit
OB T R TR R R G, XATREE
T ARZ S A ASE, NZ199 )it 5 ng & T
SCY, HUEF %L PEG {2 THEMRA K

W0% O5% O10% 3 15% 820%

e~ I ~ Y, B}
(= = = =

— I
(=]

If 5 im/(nmol-g ™)
malondialdehyde content

W

(=]

REFRER[E]/d

treatment time

6 7[E PEG 2IExF NZ199 A& 2R
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