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Physiological response and frost hardiness evaluation of two Quercus aliena
cultivars under low temperature in winter

Jiang Xueming Yang Qinsong Li Guolei Tang Ruidi
(Oak Research Center, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To evaluating the physiological response and frost hardiness of two Quercus aliena
cultivars ‘Qiuyun’ (red) and ‘Jinbangtiming’ (yellow) under low temperature in winter, and provide a
theoretical reference for the promotion and application of new cultivars of Q. aliena in different regions.
[Method] Branches and buds of two cultivars of Q. aliena from Beijing were collected at different stages.
The frost hardiness of branches was determined by the conductivity method, and the anthocyanin content in
branches and buds was determined by the hydrochloric acid-methanol method. The total phenolic content in
branches was determined by the Folin phenol method, the non-tannin phenolic content was determined by
the PVPP precipitation method, and the condensed tannin (CT) content was determined by the vanillin-

hydrochloric acid method. The hydrolysable tannin (HT) content was obtained by subtracting the non-tannin
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phenolic content and CT content from the total phenolic content. The association between the frost hardiness
of branches and anthocyanin and tannin content was analyzed. [Result] (1) On December 19, 2023, the
semi-lethal temperature (LTs,) values of ‘Qiuyun’ and ‘Jinbangtiming’ branches were —47.9 °C and
—53.2 °C, respectively. On January 5, 2024, the LTs, values of ‘Qiuyun’ and ‘Jinbangtiming’ branches had
shifted to —47.8 °C and —48.4 C, respectively. These results indicate that ‘Jinbangtiming’ exhibited higher
frost hardiness compared to ‘Qiuyun’. (2) The anthocyanin content in Q. aliena branches increased as
ambient temperatures decreased. On December 19, at the lowest recorded temperature, the anthocyanin
content in ‘Qiuyun’ was significantly higher than in ‘Jinbangtiming’. Conversely, the anthocyanin content in
buds followed an opposite trend. (3) During dormancy, the predominant type of tannin in Q. aliena branches
was HT. When ‘Jinbangtiming’ entered dormancy, its HT was significantly higher than that of ‘Qiuyun’. At
this stage, the HT and frost hardiness phenotype of the branches are consistent. [Conclusion] (1) Both Q.
aliena cultivars exhibit strong frost hardiness, with ‘Jinbangtiming’ demonstrating superior cold tolerance
compared to ‘Qiuyun’. (2) The variation of frost hardiness between two cultivars of Q. aliena was associated
with HT in the early dormant stage. High levels of HT in Q. aliena may play a critical role in enhancing the
frost hardiness of branches. This study represents the first evaluation of the response of anthocyanin and
hydrolysable tannin, as well as the frost hardiness, of two Q. aliena varieties under low winter temperatures.

The findings preliminarily contribute significantly to understanding the mechanisms underlying frost
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hardiness in seedlings.

Key words: Quercus aliena; frost hardiness; hydrolysable tannin; anthocyanin
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Fig. 1 Effects of different low temperature stress on the relative conductivity of two cultivars of Q. aliena
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Tab. 1 LTs, and fitting equations of two cultivars of Q. aliena under low-temperature stress
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FRE 2024-01-05 Y = 125/(1 +9.436e0047x) 0.926 —47.8
RERA 2024-01-05 Y = 125/(1 + 6.600e003%) 0.943 —48.4
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Fig.2 Anthocyanin contents in shoots and buds of two cultivars of Q. aliena at different periods
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Fig. 3 Tannin content of two cultivars of Q. aliena in different periods
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i, M PTFEPERR AR AN S AR A
Logistic /7 #2 & I, #HHRE A BRI PTIENE, PR
A FITE 12 A4 (1 LTso 397647 C LA, £ 4514
Xof B 2R I R P SR B I ) B, SRR e
N BRI 40 A B E 3 1 R I — B 5K B P i A
(Vaccinium spp ) WRHR AL 26 34T 0 78 R B0, B SRR
IRARBRET, S5HUFEME IEA R 2 R 1 ABA & &1
PIUEAE, PLR A S brdE v Ao . R AL AT AT LK
TR AR AR MR AR H A9 12 A 19 BTG, SAHTE 5T
IEH 12 H 19 H 5 AR B AR AR 24T 515 I € o
FAEEYE T A Logistic /7 FETHAE T 138 B AR, #
A2 B i MR AN S A AR I SO IR B, SR B
4 AR LTsg N—41.9 ~ =382 °C; M1 W 25PILL
IREREZ AR L T 4 A 51 FiAR 2R Br 2, 15
THARR WEIE KR SRR A& B AR LTso 70 A
—28.42. =25.11. —24.78 F1-22.42 °C. AW 5 HI45 R
RO, WARE A BRI BUIERR ), T EARSE S Mol
PR, X 5HZ A T 7 Wb, b A 0
IS ARFF . MR B AR A X G R . H AR,
B AE 25 [ 5%, YU 20 M 239N ~ 400N, dbE AT T4/
RIS H P BIR EAE—10 ~ —20 °C 2Z 18], Wi m]
1530 °C, A% HL T R AR R B A SR T30 C
N 2 Jf 630 55 1 B R, 2 AR R . AR T A
ST 5 FIAR LTso ¥7E-47 °C LR, AR L
T 5| FhEE g 7 ER S B A, (H ST PRHE)T A TR S 42
1) 51 ol 6 R X 2 B R o A B o A R ) 2 57 b

T FEART—30 °C s 9y it Aol £ 4 Ml 3 525 128 257 B S 14
K AH R B 4 BB 52 3] 1) 5 A 45473 R KT < %
fA”, S5 LTso HIR/ANAT RN, <G5 /44 L FE v g
ST R
32 WHEREUSHEFRKBETXR

AR, MERIEFSFNALEF TR R
DA 5 B 4 PR IR B ) IR e 1 B 3E R (Malus
pumil ) FLFEVE 5 F B & B X R85 SRR,
PUFREVESRI M 2k AR B S & &0 R,
FEASTI FUAT I B PR A AR ot e e, U ()BT 4 < BKG)
B FAREE B S 88 m T @ de, B %
HIPTIENERAS T B4 . JRINAE T, Mk N 1E
HH B 5 AR T RE 0 A S B AR AL ) — A B,
PUIE AR MR &t b 52 BURIR W E J5, B NAEH

SRR, DLy a1 .

AT E I HT 7] REAEHE iR i B s 1t
PHEEEM O BT RPUARE S KB R A4
AR, By FRFRBk 22 (1) 58 0k B ph 2 R 0 o A i,
P b g )t 5E P, Gu S5 PO T (Diospyros
kaki) R A R HEELH = 4y 18 CT, I E H B AR
HEREEABAN S FERESE, K& &2
CT fEAT T A B HU A AR - HT BBy R A
2T CT, AW ICUE SR 25 1E NARHRSH I, P
PR S B 26 B HT 5 Hu3E MR AAFT, HT W] fe
H B BR L SRR AP PR, X — K ILAEBRA 2
M B & Mk 75 dE— P ot

UL B A, 1 WD AT R R AR AR b 2%
HERD, R AN E %N HAEH 78 HT & &, 5
ZEAIEFT AT DA 4R SRR 5T OR BRI RER I P i o 2, 3 —
A IGUEMAR A AN HT 55030 C R, AEERE F
LR S

4 % ®

AHFUE RVF T 2 SRR PRI B AR 2% 47T
FENE, 45 RRWIHPREAT BRI PUFELE, PIYRER R
R EBRGR M LTso B I |47 C, @854 1t
FEVEMS 98 T KD, 67 H 3 B = R Al f, 5
PEA—E 3. HERARIRA 2% P9 53 2 204 HT, A5
PR S R HT W) BEAE e s MR SR e i K
HEEEH .

2 % x #
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