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Winter survival and cold tolerance evaluation of 7 leafy sweet potato vari-

eties in Huang-Huai region

LIU Guangqing, SUN Xiyun, DING Fang, HAN Yupu

(Shangqiu Academy of Agricultural and Forestry Sciences, Shangqiu 476000, Henan, China)

Abstract: To investigate the cold resistance mechanisms of different leafy sweet potato varieties, improve the seedling
stock supply for overwintering cultivation of leafy sweet potato seedlings in the Huang-Huai region, break through the ob-
stacle of seedling overwintering, and provide a basis for the identification and evaluation of cold-tolerant germplasm re-
sources of leafy sweet potato, this study used seven leafy sweet potato varieties as materials. Overwintering cold resis-
tance experiments were conducted during 2023 —2024 and 2024 — 2025, respectively. The seedling survival rate of each
cultivar was investigated, and 13 physiological indices in response to low-temperature stress were determined, including
the activity of superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) in leaves, leaf photosynthetic perfor-
mance, as well as the content of malondialdehyde (MDA ) and proline (Pro). Comprehensive evaluation of cold tolerance
was carried out using correlation analysis, principal component analysis, and subordinate function analysis. The results showed
that different varieties exhibited distinct overwintering performance in the Huang-Huai region, with significant difference
in leaf photosynthetic performance, antioxidant enzyme activity, and MDA content. Among them, the net photosynthetic
rate (P,) of Ecaishu No. 1 and Fucaishu No. 18 was the highest in 2023 —2024, reaching 7.12 and 6.88 pmol - m™-s”, re-
spectively, which were significantly higher than those of other varieties; a consistent trend was observed in 2024 —2025.
The activity of SOD and POD in Ecaishu No. 10 were the highest in both 2023 —2024 and 2024 —2025, and were signifi-

cantly higher than those of other varieties. Correlation analysis indicated that the fresh mass of sweet potato shoot tips
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was significantly positively correlated with leaf P,, POD activity and Pro content, significantly negatively correlated with

leaf MDA content, and extremely significantly positively correlated with leaf SPAD value, overwintering survival rate,

and propagation coefficient. According to subordinate function analysis, the varieties with higher comprehensive subordi-
nate function values (D-value) were Fucaishu No. 18 (0.896 9), Ecaishu No. 1(0.862 7), and Ecaishu No. 10(0.782 2),
while those with lower D-value were Fucai No. 1(0.148 7) and Shulv No. 1(0.076 4). The comprehensive evaluation

demonstrated that Fucaishu No. 18 had the strongest cold tolerance and could be used as the preferred variety for winter

seedling raising of leafy sweet potato in the Huang-Huai region, followed by Ecaishu No. 1 and Ecaishu No. 10. Fucai

No. 1 and Shulii No. 1 showed the weakest cold tolerance.

Key words: Leafy sweet potato; Overwintering experiment; Cold resistance; Correlation analysis; Principal component

analysis; Membership function method
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Table 1 Names and origins of different leafy sweet potato

varieties
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Variety name  Source of variety

SR 105 WA RORE B E B T BT
Ecaishu No. 10 Institute of Food Crop Research, Hubei Academy of

Agricultural Sciences

B 71 [ERCE=p A%

Tainong 71 Taiwan Province Agricultural Research Institute

tasEE 18 Fa B AR 7 BEAE W T BT

Fucaishu 18 Crop Research Institute, Fujian Academy of Agricul-
tural Sciences

BR15 LR BT AR B

Fucai No. 1 Fuyang Academy of Agricultural Sciences, Anhui
Province

FEE 1S WA REREBR E E B TR

Ecaishu No. 1 Institute of Food Crops, Hubei Academy of Agricul-

tural Sciences

i 53 AR BT

Pushu 53 Putian Institute of Agricultural Sciences

x5 TSR ARIEH DX AR 4OV ATF 78

Shulii No. 1 Xuzhou Institute of Agricultural Sciences in Jiangsu

Xuhuai District

1.2 IR

R 20 T 2023 4 9 H & 2024 4F 4 A .2024
9 H & 2025 4 4 A AER e R AR B B R
36 et H OB IR = AT, = K 60 m, 95 8 m, Hi 1
YER) R+, i 8 2 L m s+, HIEE LS
= w, AN 11.38 g-kg',pH 6.8, TR & & &= N
71.63 mg- kg, A R 8N 17.3 mg- kg, H A
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Fig. 1 Daily minimum, maximum and average air temperature in the solar greenhouse during winter from
December 2023 to February 2024
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Fig. 2 Daily minimum, maximum and average air temperature in the solar greenhouse during winter from
December 2024 to February 2025
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Table 2 Field performance of different leafy sweet potato varieties in Huang-Huai region

mh AL R PR L7 - paxsd AR

Variety name Plant architecture Leaf shape Leaf colour Branch Growth vigor
FHE 10 5 S ELL Iwy it 7t % G

Ecaishu No. 10 Semi-upright Cordate, serrated Green Abundant Strong

71 EMA L £ LE4 LG

Tainong 71 Upright Cordate Green Relatively abundant Relatively strong
T 18 EERYA 0wy it 53 EZ b

Fucaishu 18 Semi-upright Cordate, serrated Green Abundant Strong

B35 HAL INIACN) S LHES —

Fucai No. 1 Semi-upright Cordate (Large) Green Relatively abundant Moderate
HEE1 T EREA o o EZ R

Ecaishu No. 1 Semi-upright Cordate, serrated Green Abundant Strong

i 53 B RE A @ LES LG

Pushu 53 Upright Deeply incised Green Relatively abundant Relatively strong
1T IEWA DB 7% LHEZ LAGiH

Shulii No. 1 Upright Cordate Green Relatively abundant Relatively strong

22 AERELMBLERIERT EIFR

%% 3 A LB H,2023—2024 4F 7 NS5 R
ZEREE RN 5.44~6.89 ge KR, Hrb e TR B K
AR 18,5 6.89 gotk ", HIE T RE 1 55
KE 105,058 6.72.6.60 g+ ¥k, 15 5 2 v T
- 204 -

ESIERTIELS 15 B 15, 82K
NEF 15, BAEEE 18 TE K 21.04%.

2024 —2025 7 DR FE 0 P Z AR BT E N
5.56~7.10 g« #k", H A i i & i KBNS 10
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Table 3 Survival and propagation of seedlings from multiple leafy sweet potato varieties after overwintering

0y A AR A I A TERH ZEARBETRY/ (gt
Year Variety name Winter-survival rate/% Multiplication coefficient  Fresh mass of shoot tips /(g plant")
2023—2024 222 10 5 Ecaishu No. 10 80.4+2.66 a 23.5+1.02 a 6.60+0.34 a

A4 71 Tainong 71 65.8+1.78 b 14.2£0.24 b 5.87+0.28 b

1222 18 Fucaishu 18 81.542.58 a 25.0+1.21a 6.89+0.45 a

B3¢ 1 5 Fucai No. 1 56.5£1.96 ¢ 9.3+0.40 d 5.44+0.29 ¢

%3¢ 1 5 Bcaishu No. 1 80.2+2.13 a 22.4+0.89 a 6.72+0.22 a

2 53 Pushu 53 64.2+1.55b 13.7£0.54 b 5.92+0.36 b

Z4¢ 15 Shulii No. 1 58.4+1.74 ¢ 10.6+0.77 ¢ 5.66+0.16 ¢
2024—2025 %32 10 %5 Ecaishu No. 10 82.6+2.02 a 22.6+0.68 a 7.10+0.26 a

G 4% 71 Tainong 71 60.7£1.45b 13.2+0.36 b 6.04+0.21 b

822 18 Fucaishu 18 82.942.35a 23.2+0.76 a 6.80+0.35 a

3¢ 1 5 Fucai No. 1 55.4+2.06 ¢ 10.8+£0.42 ¢ 5.56+0.17 ¢

583%% 1 %5 Ecaishu No. 1 80.6+2.10 a 21.540.77 a 6.92+0.13 a

7% 53 Pushu 53 60.2£1.46 b 12.6+0.58 b 5.60+0.13 ¢

#2415 Shulii No. 1 61.5£1.77b 13.4£0.19 b 5.83+0.16 b

T 7] — IR SV B AN RS P RERIRAE 0.05 KT ER 8%, FIA,

Note: Different small letters in the same column at same period indicate significant difference at 0.05 level. The same below.

B 15,

A8 BT R AR ) R B R A AR X
2023—2024 4F 5 2024 —2025 EFRI—F, Wipw
10 ‘5 HEEE 18 M5 E 1 51 2023—2024 5
2024—2025 A BSOS FITE 80% LA I T E R
BOIITE 21% 0L o BRA TS R BRI Al 1 E R
BB HI G, B3 1 S A S R I E R
2023 —2024 4 5 2024 —2025 XK.

2.3 RIRIMEX A ERE M A M EE A2

FHZR 4 WA, BRE L 1 5 4h,2024—2025 4EH

i 6 AN i A P. SPAD fE L LAI % & T 2023 —
2024 4, 2023 —2024 FFRE 1 5 AHEKE 18
(1) P, 5 > 73 0N 7.12.6.88 pmol - m?-s™, 3 JC B
#2E  , (H I B 25 wm T oA v f, 2024 — 2025 E R
W52 5. 2023—2024 F5 2024 —2025 4K
B 18 MRS | S5 SPAD K, B4 1 5.
G 71 AIEZE 1 51 SPAD 15 B A%, Hi5 8%
RFHFEE IS SR E 15,2023 —2024 £ 5
2024 —2025 FRILIEAR —F . 2023 —2024 FF
2024—2025 FFEE 1 51 LALEXI SR, 751

®4 REMEXMNTFERE RIS ERERNTME

Table 4 Effects of low-temperature stress on photosynthetic performance in different leafy sweet potato varieties

G m P FR P/ SPAD & LAI

Year Variety name (umol-m™s™) SPAD value

2023—2024 (322 10 5 Ecaishu No. 10 6.50+0.09 ¢ 29.2440.42 b 4.10£0.18 b
£4% 71 Tainong 71 6.44+0.13 ¢ 26.32+0.63 ¢ 3.6140.11d
#2522 18 Fucaishu 18 6.88+0.14 ab 32.31£0.88 a 3.82+0.12 ¢
B2 1 5 Fucai No. 1 6.18+0.12 d 26.40£0.24 ¢ 2.60+0.14 fg
33 1 5 Ecaishu No. 1 7.1240.16 a 31.62+0.36 a 431£0.12 a
% 53 Pushu 53 6.13+0.15d 27.11x0.19 ¢ 3.1040.13 ¢
%% 1 %5 Shulii No. 1 6.04+0.18 d 26.81+0.25 ¢ 2.71£0.11 f

2024—2025 0% % 10 5 Ecaishu No. 10 6.63£0.19 ¢ 29.82+0.43 b 4.18+0.18 b
£34% 71 Tainong 71 6.58+0.13 ¢ 26.83+0.74 ¢ 3.6740.11 d
2% 18 Fucaishu 18 7.02+0.24 ab 32.91+0.89 a 3.87+0.12 ¢
E3f 1 %5 Fucai No. 1 6.31+0.12 d 26.90+0.64 ¢ 2.85+0.12 ¢
FF>%% 1 5 Ecaishu No. 1 7.26+0.16 a 32.24+1.24 a 4.38+0.12 a
Wi 53 Pushu 53 6.26+0.25 d 27.62+1.19 ¢ 3.16+0.13 d
4% 1 5 Shulii No. 1 5.88+0.22 ¢ 24.80+0.84 d 2.81+0.14 ¢
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Table 5 Effects of low-temperature stress on antioxidant enzyme activities in different leafy sweet potato varieties

(U-ghH
FA)) Year il 44K Variety name SOD %4 SOD activity POD i 1% POD activity CAT it CAT activity
2023—2024 2522 10 5 Ecaishu No. 10 145.24+4.26 a 328.01+9.78 a 18.25£0.36 b
£ 4% 71 Tainong 71 128.52+3.13 d 288.36+6.54 d 16.42+0.46 ¢
#H>K % 18 Fucaishu 18 138.90+£5.24 b 308.26+7.25 b 17.98+0.55 ¢
B2 15 Fucai No. 1 132.64+4.33 ¢ 284.32+5.68 d 17.25+0.42 d
%% 1 5 Ecaishu No. 1 140.17+4.65 b 308.27+6.25 b 18.66+0.54 a
% 53 Pushu 53 122.16+2.47 ¢ 298.44+5.96 ¢ 15.38+0.34 f
4k 1 5 Shulii No. 1 127.39£1.56 d 284.36+4.33 d 16.09+0.56 ¢
2024—2025 8% % 10 5 Ecaishu No. 10 151.05+4.31 a 341.1349.85 a 18.98+0.37 b
£4% 71 Tainong 71 133.66+4.18 d 299.89+8.60 d 17.08+0.37 ¢
#&>K % 18 Fucaishu 18 144.46£3.29 b 320.59+8.30 b 18.72+0.46 ¢
B3¢ 1 5 Fucai No. 1 137.95+5.38 ¢ 295.69+7.75 d 17.59+0.23 d
58X 1 %5 Ecaishu No. 1 145.78+4.72 b 320.60+6.30 b 19.41£0.25 a
% 53 Pushu 53 127.05+3.53 ¢ 310.38+8.04 ¢ 15.68+0.34 f
E4% 1 5 Shulii No. 1 132.49+2.62 d 295.73+9.38 d 16.74£0.27 ¢

25 (REMENAERZRMASEFTIRS

SHugEpLsa k.

=3:0p A1)

% 6 Al 41,2023 —2024 FE 6K 7124 1 5
1) MDA & 2455 , 7 B 40 i I T 1 S8 A0 72 B o ™
HLSEE 10 5 MR E 18 ) MDA SRRk, £
HH 2 O 45 40 A B . 2024 — 2025 FEE KR T1 )
MDA & &g, OB 15, 50K % 10 5 44
2 18 i MDA & BB,

2023 —2024 £ 5 2024 —2025 fFHE3EE 18 1)
Pro & &3 dw ey, )30 3 i T HL A & Fl s 2023 — 2024
FEL 5B 15K Pro S REEAK,2024—2025
FoPro HEBMK M NELS 15 . E 53,
2023 —2024 £ 5 2024 —2025 FER I A 524 — .
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o) 8 vy » 2 W 4 PR R4 47 fo PR R AR SR 18 [ EC
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Table 6 Effects of low-temperature stress on osmoregulatory substances in different leafy sweet potato varieties

A Year M4 FK Variety name b(MDA)/(umol-g") w(Pro)/(pg-g") REC/%

2023—2024 (3% 10 5 Ecaishu No. 10 3.544+0.026 ¢ 42.37+1.89 b 17.89+0.16 d
& 4% 71 Tainong 71 4.72+0.064 a 40.26+1.56 ¢ 19.1140.24 b
AW 18 Fucaishu 18 3.48+0.012 ¢ 44.96+1.42 a 16.44+0.24 ¢
B3¢ 1 5 Fucai No. 1 4.26+0.033 ¢ 36.77+1.78 d 18.47+0.12 ¢
SR2%% 1 5 Ecaishu No. 1 4.09+0.015 d 41.28+126b 18.22+0.15 ¢
A% 53 Pushu 53 4.47+0.014 b 40.16+1.50 ¢ 21.06+0.15 a
23 15 Shulii No. 1 4.68+0.028 a 35.52+1.32d 19.26+0.17 b

2024—2025 5832 10 5 Ecaishu No. 10 3.38+0.016 ¢ 4293+131b 17.10£0.27 ¢
A4 71 Tainong 71 4.41£0.017 a 41.87+1.62 ¢ 19.87+0.25 b
72 18 Fucaishu 18 3.22+0.012 ¢ 46.76+1.48 a 18.61+0.27 d
B3¢ 1 5 Fucai No. 1 437+0.015 a 41.77£1.56 ¢ 19.21£0.16 ¢
8% 1 5 Ecaishu No. 1 3.84+0.016 d 44.06£1.97 b 18.90+0.46 ¢
72 53 Pushu 53 4.03+0.024 ¢ 38.24+1.85d 21.90+0.76 a
2 4% 1 5 Shulii No. 1 4.25+0.021 b 36.94+1.37d 20.03+0.88 b

F*7 ESTEMIEFRERMES T
Table 7 Correlation analysis of cold tolerance indicators
p—
stk EREAR SADM o) [y g MDARE LG AR iﬁlii
Index Fresh maés P, SPAD SOD POD CAT MDA Pro Ovefwmterlng tion
of shoot tip value activity activity activity content content survival rate coefficient

ZEOME i 1

Fresh mass of shoot tip

P, 0.86* 1

SPAD & 0.94%%* 0.89% 1

SPAD value

SOD i% 0.74 0.69  0.71 1

SOD activity

POD 31 0.83* 0.56  0.67 0.78* 1

POD activity

CAT %1 0.72 0.81*%  0.77* 0.96%* 0.65 1

CAT activity

MDA & & -0.79* -0.59  -0.78* -0.84* -0.82% -0.77% 1

MDA content

Pro & 0.89* 0.74  0.78* 0.57 0.75 0.53  -0.70 1

Pro content

A I 0.99%* 0.86%  0.89%* 0.79* 0.88%* 0.76  —0.80% 0.90%* 1

Overwintering

survival rate

¥R 0.99%%* 0.83*  0.90% 0.79* 0.87* 0.74  -0.84* 0.91%*  (0.99%* 1

Multiplication

coefficient

T A FRIRTE 0.05 TR Z I *+FRIRAE 0.01 KPR E A

Note: * represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level.

I T B VR A RER Y ENEE EHEX, 5 P,
POD %14 .SOD Jif % .SPAD {3 2 & FH%, 5
MDA & 5 5% 1%,

262 ERSSATEEE KIS HEK S ATH,
SRR A SR I 10 DM MR TR AR EAT 3 4 T
DURFIEAE >1 AR 0], SEEE 3 AN F sy, DTk EE 7

WA 70.235%10.659%F1 6.172%,3 > B2 1) &
T IR % A 87.066% , Ut B 3 /N AH M AL I 25 &
et & T R EIR 4 R E R e S
SYRTELR . BRI, SRR RT 3 A R E N B UK
g3 HEAT S )& oR B M IR 4R KN, D EBUR
Ui BH B R SRR G . R 9 TR, T AR E

<207 -
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Table 8 Contribution rate and accumulated contribution rate of each principal component

B HFEA TR Sl TR

Principal component Eigenvalue Contribution rate/% Accumulated contribution rate/%

PC1 14.024 70.235 70.235

PC2 2.086 10.659 80.894

PC3 1.017 6.172 87.066

AP RESEE 18 1 D {H K, N 0.896 9 Hik
R E | S E 10 5,D H2 50N 0.862
7.0.782 2; Ut BHIX 3 AN A FEE R R . D E

BUNANESE 1 SMESE 15,0 5N 0.148 7
0.076 4, PLHAIX 2 AN APk & J5 i A K L AR EE
RIIIHE55

R9 TNRERMPMEHEEITN
Table 9 Comprehensive evaluation of cold resistance in 7 leafy sweet potato varieties

T 44 B )& R ZUH Membership value DI He4
Variety name Ul u2 U3 D value Rank
%03% % 10 5 Ecaishu No. 10 0.900 1 0.459 5 0 0.7822 3
£34% 71 Tainong 71 02337 0.653 0 0.790 1 0.3243 4
%% 18 Fucaishu 18 1 0.444 2 0.506 7 0.896 9 1
Ef 15 Fucai No. 1 0.148 4 0 0.408 2 0.148 7 6
%03 % 1 %5 Ecaishu No. 1 0.899 5 0.561 8 0.966 4 0.862 7 2
§ili% 53 Pushu 53 0.086 7 1 03198 02146 5
4% 1 5 Shulii No. 1 0 03136 0.5377 0.076 4 7

3 Wi E4iR

3.1 (KRB REE KT

S E T E iR HBAEY, A K2 SR s
R, {IRARIKT 8 °Cit, SR Z i T a2 7
R A LK B, SEE NP2
T8 A8 AN BRI 2 AR I S RAE ™. AR R, 7 A
S MR o, PSS 10 5 AE
H 18 SR E 1 X 3 MMM A E,
AKAR. GRTIGHE 3 EG 15,815
A BN SS , B B . ki % R
KA, BRE IR NE T8 B 2R
I 77, 2023 —2024 A KM N 13 SR
2024 —2025 4 [F] i) HORAIIR FEAIK 1~2 °C, s AR I
4 2023 —2024 4K 2 B B oA 22O i AT
2024 —2025 4, 7] fe A B 0 78 55 BRI A AH [R] #1555 O
T BURHIRE 2 S EBEM R NS TR, e
e J19R 55 » JFET BRI ™ , 1X 5 T REERE K
SRR — . R RN B S A BOE
MY E REI) B A OC, ProE MR
a AP SE S 10 5 AR SR 18, A O R R
i T3 CONEE ESN S N L 5]
it o, B A BT BRI 5 S 2R B T A AR
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/No DRI, TR 3% I L v b X SR S L R
7 AU L 3 45 25 R 5 I AR PR S B b, LR A R
TR AT B R BO X , T G Y S L
THEH DX PR A PR
3.2 [KIEBMEXEE AR E MR

IR 8 SRR i SRR 51, S EOEE &R
G T RS2 BH, NI s M R E A AE R . AT A
X FE RIS /N2 RIE TR B I SR AR T ol A 1
SN B N ERURR AR R o DG A RE ) T R FAR
FHN P,.SPAD {8 .LAI F[&. {EARWFICH, AFE M
Fh R IAS[R] , L rp Bk 48 R i 20 558 v 140 i QA =
185832 % 1 5, Holu & MERE 9, LALLSPAD {H#%
a1 5 R AC U R BRI A AN B3 1 5, A T AR
55, LAL.SPAD {H 351K, X 5 /i AW 78— 2.
3.3 RIEMEXEEEIEE WIEFRAIFNT

IR M8, 40 4 Y SODLPOD ] LY BR H
Syl M E RS AN A P R R TR K
SERO oM B FE M R AR N B B SR B T K
BB ERREYD, 5k TTEPH 5
FKU, A H 2 b POD 3 ATIE T EASE
)2 W A T R %) ARG T v, (LA [] o b R TR
AN PUIEME 2 T B0K s AR SRR SEP @ I X 13 At
SERH A U FE MR SO R W, T FEBE T 5R I
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2% 1 '5 MDA & 255, 3R A M IR S AR R
MR, SR 15 CAT Wi &, HUCHSREE 10
SR E 18 E 18 1 Pro ST EE S, BEST
HoAth 5 b, MDA &8 A1 EC BB 2 BN S
V1) (R FE B ST AN ], AR R BILAE S R 1 () A 1
ANTR] T ) i nT DA R0 B 4 B R S
PR B I S B0, 75 4 4 20 M RS e M T
A AR, X 5 O AR S A4l SR — 3
34 FESMEMIEFRER M S

T € AH 5 Fi6 b [ 477 55 3 BB 30 35 A O 1k
A sz B AN 7] A 3 5 2 R A IR P 38 R 1 B[R] A8 4 27
AT EE R KA, EHH 2R e &S P..POD
WG Pro TR R R EIEMHS, 5 MDA S EER
E A, 5 SPAD fH A BTE BT B R
EREE B T ER/REE Pro & & . EREFR
A S R AR IEM 2%, 5 P POD i
£ .SOD 3 1 . SPAD {33 & . 3 IE4H 5%, 5 MDA
R UM G, IX AT e S W T R LR RO TR
Jolp 6 B 2 B A LA, I S g A b — 3k
PEHUH 3 AN E RS fERE T 87.066% 1978 ¢, jd it 5
JE& R 5 T T S S R I FEME AT 2R G T
W W5 DA K /NHEF , i 58 PE 5 o 1 AR S 3
18, oV S5 | SIS LR 10 2, i SE itk 22
PR 1 SHELR 1 5.
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