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Effect of PEG-simulated Drought Stress on Morphological and
Physiological Characteristics of High Oleic Acid Peanut Seedlings

LIU Rui-qi', SU Wan-yu', WANG Heng-bin’, LIU Feng-zhen', LUO Lu',
GU Ming-xuan', WAN Yong-shan', ZHANG Kun"

1. College of Agronomy/Shandong Agricultural University, Tai’an 271018, China

2. Seed Technology Extension Service Center of Linshu County, Linyi 276700, China

Abstract: To identify the effects of drought stress on the seedling growth of high-oleic acid peanut varieties, this research
selects eight high-oleic acid peanut cultivars as experimental materials, uses a hydroponic system in a laboratory and applies
PEG-simulated drought stress during the seedling stage to analyze changes in root and leaf morphological and physiological
characteristics across different high-oleic acid peanut cultivars. The results show that under PEG-simulated drought stress,
the relative values of root morphological parameters and root activity in high-oleic acid peanuts increase, thereby enhancing
the drought resistance coefficient of biomass. Drought stress significantly reduces root length, root surface area, root volume,
root tip number, root activity, shoot dry weight, root dry weight, and total dry weight, while increasing the root-to-shoot
ratio. Notably, small high-oleic acid peanut cultivars show a more pronounced decline in root activity than conventional oleic
acid peanut cultivars, whereas large high-oleic acid peanut cultivars exhibit less reduction in root-related indices compared to
conventional peanuts cultivars. Among the tested cultivars, Huayu 9113, Shanhua 21, Kainong 308, and Jihua 11 exhibit
relatively strong drought resistance.

Keywords: High-oleic peanuts; PEG stress; root morphology; physiological characteristics
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FH R b o G = 2% ) RS, R a8 2 R AR A
AR KT AR AR R A A B
Ak, G FPE SR A8 A SRR i i R Bl R T
i 5 R RIS SHIEARAN LA Frig i, ot
S 55 4 AR SRR R AR U 2 R BT, T S
BT, KEREK MRRBERSERNZZE TR
BB PR KGR RIS TR N T A
RGN, FR2pia B R KBS LA
RGBS A v R R U O
H A, X FAEAE PR ML 0t 5 2 b @ qe
AR LI ST R A E i i R AR Ak B IR
N, S G A (ROSORM R 5 & R, 5
2 HEL G Tt A A B 20 PR A 47, AT 10 1) 4 i 4 2R
Hm 25| RAEKZIR S =&kt Myt
B PUEAC T R Gom B AR, LB A
BEALEF (SOD) it 4 4L Vil (POD) Al % A4 L i
(CAD M Bit% ORI Bk R WHERM, =
ST P 52 I B 2 R S M o R < 38 4] ) SOD-
POD-CAT 1 [A] 1 # ROS Fa 2% , T £F 42 i T
H,0, 1175 B 32 AKX #8i T POD-CAT 2 Bk e vt
R T v o A6 A 5 A ) B 2 1 2 AL

G A ftRE T AN, AR R 2 RET
B ERbR, S ZYEE LA TN IR R, XL
AFF S iR 1 32 550 v e FR A 2t A ) 3 A= DX K e
ZREEARE , R LN o PR, AR AT LAY
R S A A SRR O IR B AN A T R A
A AP AE PEG AR AU 5560 T 4l i TR A AL B
TR AR, B TR T R AR A= v P AR R 2
PRt S %

1 MRI5HEE

1.1 RS

RIGAE LR 2210 1 AR ARl K2R A1
oK =T, RINE AR 7R . BEFE3
BE R N 25 °C, B R G IR 5] 16 h, 22 1S i (8]
8 h, YGRS #r , IR 658 4 11.4 klux.
1.2 IEwH

e 8 N ERAE A LA, BN ZEAE 195
e 21 5 A F O fEF 9113.38 6 11 5 . JF
£ 176014 308 . 346 18 5, I LA A
S B B i 2 | S N TS S R o LAY A
Ao (B KA A B 0, D@ iR & e

FAEEA R, SRR AT R O iR ARl 9 5 LB 20 5%
F= 1Rt
Table 1 Materials

iR G AP AL TR el R % T H/g

Number Genotype Botanical type Oleic acid content 100-seed weight
1 W95 il AR 46.50 104.0
2 #1955 THER AR 75.35 111.2
3 {21 % TR R AR 75.52 105.0
4 WF 9111 R RAE A 80.40 91.1
5 HHF 9113 IR KA 50.50 93.3
6 1i4£20 5 NMEA: 38.80 78.0
7 BN TR/ NMEAE 80.70 64.5
8 T 1760 MR NEA 76.40 68.9
9 4 308 e NEAE 79.60 81.8
10 WAL 185 MR/ NEAE 77.50 71.5

1.3 RXIEEIT

IR H 7K K5 7550, H 10% ¥ PEG-6000 iy
SERGELE T E S S Y S WIS ER LS PO O SN
HREIRES, BN EEEE2 GRS
H L3 120 B, A 6 fk

I A 7 528 FPRLEIE IR AE AR 7 200 Hi,

RS TH B )5 15 0.3% H,O, iR HiZFl 6 h, 21
KA B, Tl 3 ST ZEBE N, DR R 4 Y
JiJE, BT B R 3d, ek 2d. A
KA — B R KN — B 12 PRAEE S
% 22 K 85 £ 747 3 d, Hoagland & F# K5 77 7 d,
R RE 3 d B4 — IRE IR, 1597 7 d Ja b A7 1)
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14 NEMBSRH*®

(DR RIEAETEFR

MAEEWIRAEA, Kb L 5RA S
TF R 2 FH 258 /K1 5 158 5 IR AR R A
I LA-S KRG it SR K MR R A AR
LT IAIR AR AR AR B SE IR RIS S HL.

()M 1 &2 4 R &

R R 58 G AR R ALk F 40 5
b ER B TR N 105 °CHERR TR A4 7 30 min,
Z TR A 80 cC4k Lt T 2 H &, FRE, 1
B R R PR RE=T 2% M4 FTEKLT
H/IEHRE MM ST H

GO IE M J N &

AN E 5T I 3 MR AR AR 1 2 255 = VA
R G T80 CCLRAT , Ml & PL A A By VE AN P —
54 i . SOD ¥ T I e K FH ACHE DY vk
POD i 14 1 5 5% FH A 1) A ) 75 « CAT 3% PE 11
I e R R AR . T R s SR
B BB L2 R

(DR R

A ER I3 HRALAEMIR R, KA TTC LN

FER R o
1.5 HEZITE S

F Microsoft Excel 2016 #1744 fiHH 5
411t , 1 IBM SPSS Statistics 26.0 #4247 % 5
2 E M. Bl R & U (Drought Resistance
Factor, DRF) : il i i 4b BE T 2 —F8 bR e 5 %0
REAL B R L THE, A8 51 R R =T 5 5%
PR AT E/AEFIRE T BT H, Z R T
it A ZE A 5 38 T GE R AR E FR AR A RS E 1
A /7, DRF{H R 1, R ZIR AR 52 T 552
/N AT R R

2 ZEREDH

2.1 PEGHEIUTEMEX SmEREE L=
R LIS

HHEE 2 AT A1, 10%PEG 40T S P a T~ , &l
FRAEAE (BREAL 19 54D BT EPE R BT
WA . TR BRI A M, e B 9113 AT
K308 Lt R B K. TR his 2 18 AR i s
T-E R, HAAE AR ST R IR KT
MRAEAE . T 5 MiE 2 R E 48 4 A b
T ERATE N SRR HL AR R
ANTE] S AT e AR TR B AR b SRR &
MR FEA R F 2L

R2 FEWETARRE M ENEMRELL

Table 2 Biomass and root-to-shoot ratio of different peanut cultivars under drought stress

Mo T/ (g/plant)  HRARTHE/(g/plant) Mk Lt ST H/(g/plant) VSRR

Esyiv} AR Shoot dry weight Root dry weight Root-shoot ratio Dry weight Drought
Type Cultivars 0% 10% 0% 10% 0% 10% 0% 10% resistance
PEG PEG PEG PEG PEG PEG PEG PEG factor

1IfE9 5 0.41b 0.39¢ 0.24ab 0.23ab  0.59a  0.59a  0.65c 0.62bc 0.95ab

195 0.55a 0.51a 0.25b 024ab  045b  047b  0.80a  0.75a 0.94b

Keidited g1 5 0.45b 0.44b 0.27a 0.25a 0.60a  0.57a  0.72b  0.69ab 0.96a
#9111 0.44b 0.43bc  0.19¢ 0.17¢ 0.43b  040b  0.63c  0.60c 0.95ab

79113 0.45b 0.45b 021bc  020bc  0.47b  044b  0.66c  0.65bc 0.98a

11E 205 0.38b 0.33b 0.18b 0.15b 0472 045a  0.56b  0.48b 0.86bc

W11 0.26¢ 0.25¢ 0.12¢ 0.11c 046a  044a  038c  0.36¢c 0.95ab

/NRIHAEAE T4 1760 0.37b 0.32b 0.17b 0.15b 0.46a  047a  0.54b  0.47b 0.87b
FF4< 308 0.50a 0.49a 0.23a 0.22a 046a  045a 073  0.7la 0.97a

FA 18 0.39b 0.32b 0.18b 0.17b 0.46a  0.53a  0.57b  0.49 0.86bc

W AR R B R R 2 R R B2 (P>0.05) , T RER A % n 2 7 5.3 (P<0.05) . FIA.

Note: The same letter in each column of the same group indicates that the difference is not significant (£>0.05). Different letters

indicate significant differences (P<0.05). The same below.
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2.2 PEGEUTEMBEX SMERTEERARS
FIERI SN

FH 2% 3~4 AT 5, 75 R AE A v, s il R AE
AR A VAR R TR AR S AR AR AR L iR 9 BORE XA 3 3k 5
T LA, FREME NS L1955,
21 5 AL E 91116 E 9113 MR R K JE Lxt iR
433 R & T 21.0%- 12.0%+ 4.7%- 5.5% 26.1%.
LLAE 21 5 75 0T HEF - 51 Bl T AR R K B A IR
ER K. TREBE TR, LI SIRAKES

MR AEAE S A E S B . T REMNE T 5AE
AR AR B30 T F% T 17.8%+16.1%
9.3%-10.3%-19.4%, LI 1 21 5 7E X ]I T 52 Jbly
B NR R R IR AR mA. T 2PE
NS EAR R AR AL B2 ) R B T 13.2%
24.6%-14.1%+10.4%-+6.0%. T2l &1t
HR 9 £ LG 0/ 23 00 R B T 8.5% 18.1% 8.2%
4.0%-5.7% AL 21 5 75X} REFNF- 52 il T AR SR
BB ORFFAE B R 7K

R3 FEWETAEEEMMERKEMRFZER

Table 3 Root length and root surface area of different peanut cultivars under drought stress

HHE/ (em/plant) HFR Y (cm?/plant)
psvii} i Total root length Root surface area
Type Cultivars AR E AAXE
0%PEG 10%PEG . 0%PEG 10%PEG RV

1#£95 997.79abc 787.98d 0.79¢ 236.68a 194.51b 0.82a

B 195 1023.54ab 900.95¢ 0.88b 234.02a 196.31b 0.83a

R A 1ifE21% 1069.02a 1018.52a 0.95a 236.21a 214.15a 0.90a
VA=K 991.72bc 937.18b 0.94ab 210.57b 188.96b 0.90a

HH913 947.52¢ 700.31e 0.74d 222.59ab 179.42¢ 0.81a

117205 971.43a 756.31a 0.78abc 215.63b 156.70b 0.73b

A5 794.91b 642.52¢ 0.81ab 146.09¢ 117.19¢ 0.80b

IR AR FF4 1760 771.14b 513.27d 0.66bc 161.77d 120.07¢ 0.74b
4308 1074.82a 696.47bc 0.65¢ 244.82a 183.19a 0.74b

WAL 185 833.74b 711.02ab 0.85a 172.31¢c 154.77b 0.90a

F4 TEWBETAERE RMBIREFIFIR S
Table 4 Root volume and root tip number of different peanut cultivars under drought stress
AR (em*/plant) MR (/plant)
BN} il Root volume Apical number
Type Cultivars AHXEL AHXHE

0%PEG 10%PEG RV 0%PEG 10%PEG RV

1E9 % 6.69a 5.81ab 0.86ab 530.55bc 485.52¢ 0.92a

WAE195 6.84a 5.16b 0.75b 566.78abc 464.11c¢ 0.82b

T AE 121 % 6.44a 5.53ab 0.86ab 618.33a 567.66a 091a
EH L 5.96a 5.34ab 0.90ab 522.55¢ 501.89bc 0.96a

EFH913 6.31a 5.93a 0.94a 579.55ab 546.77ab 0.94a

117£20 % 5.42b 3.87b 0.71b 684.25b 515.25b 0.75b

AL 3.25d 2.70c 0.83ab 496.33d 488.66¢ 0.98a

sIVRLZH AR F4 1760 4.53¢ 3.19¢ 0.71b 646.33bc 461.66d 0.71bc

T4 308 6.69a 5.57a 0.83ab 733.11a 488.44c 0.67c

WAL 185 4.36¢ 3.96b 0.90a 614.83¢ 572.00a 0.93a

TE/NRLZHAEAE S R A AR AR SR T AR AR A
FUARHE s T e e . TR Wha R iife20 5.
FAE 115 PR 1760 7 4% 308, 316 18 S AR R
K B L0 B 2 ) S 2E R B T 22.1%. 19.2%

33.4%+35.2%- 14.7%. T F Wil T &84 5 Fh
R ZR 1R 2 AR 23 il EESE R B T 27.3%419.8%
25.8%125.2%-10.2%, L4 20 SEX &M T 5
R AL AE S W R 22 5 B JF AR 308 76X RN
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T e A MR R R AR, HAR RR A
TREIRE R TR E N S A L FAR R AR
EE S I 20 B R BE T 28.6%116.9%129.6%+16.7%-
9.2% , JTF 4 308 75X R AN F i AR R KA HD
i T AR TE AR S A, (L8 20 5 7E X R 26 R AR
REREEMBREE SRR G HREREE.
T R T &AL AR I E LR o 3 N T
24.7%- 1.5%- 28.6%- 33.4%- 7.0%, 7E T 5 i ia
T, AR 20 SRR E S i R AR A R 2

ST

2.3 PEGIRIMTEMEN EMEREERRED
oA

FH & 5 TR0, KR HH s R A AR R AR &
WA TR, HEREE . T2
BRI T AL 195 I 21 5 AL FH 9111,
1B 9113 MR R 3G 77 Lt B 2 5 T B T 33.0%-
17.2%-3.3%- 1.3%- 7.5%. 1F 15 W B2 4% 2E i
A, e 21 5 AE T BRI R e AR R 10
TR ETKF , HEE 9113 78 F Rl T A R 0%
VRN S5 UM

R5 TEMWE TR ELERMIIRAESN

Table 5 Root activity of different peanut cultivars under drought stress

WA J1/(ng/g-h™)

5 Al . AR
Type Cultivars Root activity RV
0%PEG 10%PEG
14E 95 880.95a 590.47b 0.67¢
FAE19 5 709.42a 587.67b 0.83b
TR 1hifE21 5 776.67a 751.20a 0.97a
AN 759.27a 749.04a 0.99a
EH9113 763.06a 705.81ab 0.93a
114£ 205 629.90c 542.46bc 0.86b
WY 717.56b 604.03b 0.84b
IINKLAAEAE FF4 1760 844.33a 795.83a 0.94a
FF4< 308 634.93¢ 428.51c 0.68¢
HAE 18 835.48a 459.30bc 0.55d

ANREZE R E R AE A (BRTT AR 1760 1) AR
ARG IASHE /N T @A . TR e e
205 FAE 115 FFAR 1760 FF 4% 308 34 18 5
M 2R 77 L0 I8 43 0l R B T 13.9%. 15.8%.
5.7%132.5%-45.0%. FTA 1760 7£XF HEF1F- 5 i
AT HAR R3E Sy s, BT B IR R ) o
2.4 PEGHEUTEMEXSMEREEN IS
GRS
2.4.1 SOD &M HE 1A &, S, T2
JH3E R BT A AR SRR IR e SOD i 14 3 38 0
FERFLH AP, TR &4 N9 5. =
195 4821 5 LB 9111468 9113 1+ SOD
5 M5 6 B B 2 N T 44.7% 11.2%.
30.1%- 15.6%-20.0%. % 38 i R 75 & A4 A= i ol
A€ 9 5 I - SOD v P b 1 B2 22 K T ey il
FRAEAE & S Ah . L4621 5 SOD & 1 b 7 i
KT HAth i R AL A

TE/NRLA R, T FE T e 20 %5 .34

115 JF 4 1760 JF 4 308 F 4L 18 = i 1)
SOD i 15 % FEAH EE 73 A 3G 0 1 31.8%.23.4%
8.0%+10.9%.16.4%. FLAt 18 5 7EXF MEFIT- 5 iy
1B AF N SOD i M #R 8 my  (H SOD & P b T
FE/N o LLAE 20 5 () SOD i 1 48 K e 5 K HoAthy
EHTERAEAE o fE il BRAE A S Bl , 38 11 5
SOD Vi Vb T B K T HARAE A
242 POD &M 2 w40, KL RN/ 40
I ERTE A (BRAE B 9113 M) POD AHRHE /N T3
WA fERRAF, TRPE T ILE9 5 5
1195 e 21 5 FEF I AEF 9113 1 1
POD ¥ P 556 B AH L4370 39 00 1 104.1%+1.5%
29.1%-+ 18.2%+120.2%. {£ & 9113 [f] POD i %
TR O, RO ILAE 95, —H B R E
FHARAEA SR

TE/NRLE R, T R E 2 T 18 205 V5
16115 FF A 1760 1 4< 308 3L 4E 18 5 POD i
P 5555 B L2 3 0 T 92.8%24.8%+3.5%
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Fig.1 Superoxide Dismutase (SOD) activity in leaves of different peanut cultivars under drought stress conditions
(Varieties (A) and (B): large-seeded type; Varieties(C) and (D): small-seeded type)
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Fig.2 Peroxidase (POD)activity in leaves of different peanut cultivars under drought stress conditions (Varieties (A)
and (B): large-seeded type; Varieties (C) and (D): small-seeded type)
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18.4%-+0.8%. L114E 20 5[] POD i 1+ 5 iy 18
AR, BSOS IE LL i B K B 2 v T L
M BRAE A o FE R BRAE A i Fhrh, A6 11 5
POD i 1% b i FE R T oAt A6 2 St Fof

243 CAT#M  HE6 A, Kkl , &l
T62E CAT G A XA /N T3 8 A4, kL2
R TR A AE CAT 3 P AE o E i T d f ek .

ERRAF, FREIEKAE T ILEI S H
1195 1Lfe21 5 JEF 9111465 9113 CAT i
P43 55 X B AR 0 T 4.6%12.4%+1.9%5.0%
10.1%. 1E =il ERAE A S Fh b, 76 F 9113 1) CAT
TR R R T AR S R AR A R, HAE
X B AT S 38 N8 E 9113 I F CAT i PE AR AR
FETE B R K

%6 TEMEB T AEIFEE mMEIit 5 CAT &

Table 6 CAT activity in leaves of different peanut cultivars under drought stress

CAT i54E/(U/min-g- FW)

FH i AHXHE
Type Varieties CAT activity RV
0%PEG 10%PEG
195 57.73¢ 60.39bc 1.05ab
P19 55.05d 56.37¢c 1.02b
KR AR e 21 % 61.95b 63.11b 1.02b
HHEII 62.23bc 65.34b 1.05ab
HH 9113 74.54a 82.06a 1.10a
1i7E20 % 64.33ab 65.84bc 1.02a
Coiale=] 63.49b 68.04b 1.07a
IINRLAE: FFA 1760 59.08b 65.66bc 1.11a
F4e 308 69.10a 73.85a 1.07a
B 18 % 60.71b 62.57¢ 1.03a

FE/ANRLEHAR A R, T B E 264 T 1ife20 5
A 115 PR 1760, HF 4K 308, 3 4% 18 5 CAT
T P 2 ) b BRI T 2.4% 7.2% 11.1%
6.5%-3.1%. 1E =l R A6 A Bl A, 1A 308 7
X FEFN T S ol 38 2541 CAT 3 14 &R OR FF 75 i s
K, FFAR 1760 CAT v PE 8 B 5 Ko
2.4.4 MDA &% HR7ATE, KRR /R

e T R A6 AR R S 16 2 MDA & B A S HE S 3
B 25 fERR e e, T Rha &84 Rl
W95 T 195 121 5 FEF 9111 EF 9113
MDA % = 5% REAH EL 2 38 0 17 15.8%+10.1%-
12.3%-20.2%-19.0%. {E @il AL A AP L B
9113 MDA & &5 X} B A8 4618 T # R ER
K, bR FE R T HA iR B AR AR P

RTFEHEBTARERERMATF MDA E

Table 7 MDA content in leaves of different peanut cultivars under drought stress

MDA 7 /(pmol/g-FW)

e i AXHE
MDA content
Type Varieties 0%PEG 10%PEG RV
195 3.93bc 4.55b 1.15b
WA 195 3.96b 4.36b 1.10b
KR A 1ifE21 % 4.06b 4.56b 1.13b
HHE 11 3.77¢ 4.53b 1.20a
EF 113 4.26a 5.07a 1.19a
1i4£20 % 4.82a 591a 1.23ab
FAE 1S 4.27bc 5.72a 1.34a
/KL AEA: 4 1760 4.20bc 4.86b 1.16b
4308 4.13¢ 5.19b 1.26ab
WAL 185 4.33b 5.12b 1.18b
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fE/NRLE A T, T BP0 E 2 T L AE 20
SUEAE 115 IR 1760, FF AR 308, 3 AE 18 5
MDA 5 & 45 7 B X HE 38 17 22.6% - 34.0%-
15.7%-25.7%+18.2%. 1111£205 MDA ¥ &1 X}
HRRI 18 7K 7 T EROR R i K P o FE X R R
T, A€ 20 5 MDA 7 & Al 5 i R A6 2 & il b
MDA & & % R 3 . 75 sl R AL A i f, 32
115 E g bR RSB T HAR A AR b
3 Wig

VB WA T8 38 T 52 0 38 B, 2 3 0 AR 9 AR
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