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Screening of cold resistance related indexes and establishment
of evaluation method for Chinese chestnut

GUO Yan,ZHANG Shuhang,L.I Ying,ZHANG Xinfang, WANG Guangpeng, YANG Yang

(Changli Institute o f Pomology . Hebei Academy o f Agricultural and Forestry Sciences ,Changli, Hebei 066600, China)

Abstract: [Objective] This study established an accurate and reliable method for identifying cold re-
sistance of chestnut to screen the morphological and physiological indexes for identifying cold resistance of
chestnut. [Method] The test materials were annual dormant branches of 16 chestnut varieties (strains)
from 8 provinces. The semi-lethal temperatures (LLT;,) were assessed by conductometry, triphenyl tetrazo-
lium chloride (TTC) dyeing and tissue browning method with Logistic equation separately. The correla-
tions of L.T;, assessed by 3 methods were analyzed,and the correlations between L. T, and physiological in-
dex or organizational structure were analyzed. [Result] The relative electrical conductivities of the 16
chestnut varieties (strains) were in “S” trend approximately, and the LLT;, based on the relative conductivi-
ty were different, ranging from — 26. 64 to — 17. 73 °C. The dyeing degree of the 16 chestnut varieties
(strains) were in inverted “S” trend with the decrease of treatment temperature, while the branch freeze in-
jury index and the bud browning rate were in “S” trend. The LT, based on the three indicators were basi-
cally identical,and were close to LT;, based on the relative electrical conductivities. LT, assessed by con-

ductometry, tissue browning and triphenyl tetrazolium chloride (TTC) dyeing method had significant posi-
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tive correlations. The significant negative correlation was obtained between LT;, and phellem layer thick-

ness or phellem layer ratio in the branch,and there was significant positive correlation between LT, and

relative electrical conductivities (REC) or malonaldehyde content at —20 “C. The phellem layer thickness

or phellem layer ratio in the branch could be used as morphological indexes,and REC and malonaldehyde

content of branch at —20 °C could be used as physicochemical indexes. [Conclusion) Conductometry, tissue

browning and TTC dyeing method could be used to identify the cold resistance of chestnut in dormant peri-

od. The conductometry method was the best.

Key words: Chinese chestnut; dormant period; cold resistance; conductometry; tissue browning; TTC
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Table 1 Chestnut varieties (strains) tested in this study
Sk Y5 Source fh A Cultivar >k ¥ Source MmFh Cultivar

[t Hebei el B F Yanshanzaofeng il 7 Liaoning il 7 2 5 Liaoning 2

5% Yankuan 1145 Shandong £ Huafeng

#E4x Yanjin 21 % Hongli

#e>% Yanxing 7% 35 Za 35

M4 Yankui “Z &% Anhui K JEE A Niandiban

e 11145 K Yanshanduanzhi VL5 Jiangsu Ak & #1 Chushuhong

2591 Zipo it Hubei ZH 1% Luotian 1
Jt 5% Beijing F#eZT Yanhong J" 76 Guangxi EAHK 115 Yulinll

1.3 MEIBHRRFE
1.3.1 Aaabds & A SR A oSk
FEN L ERE B AU 0.5 em /NBEL BRI 2.0 g B
F 25 mL R L I R B F K 25.0 mL, 36 47
FE.THIK L 25 CHRE R 12 h, ] DDS-11C #1%
B HL G RN E A TR AR IR R A (CO . TR
FE SR B VRAE W 7K TP 25 min RIEAILL, 25 °C
TR 12 ho e S SE(C) . RIG TR A
S XS (REC) =C, /C, X100%,
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PbRE S R 8 A W Ik s A S sh, A%
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Yook e RIR AL FE . &R BT
0.4 cm fy /N B, B A AL 10 B it A 50 mL
0.5 TTC FEWh, TR P E 15 h, WK
JHRE G DL . PLIETI DL AR B R L AR,
FRPUIE T IR R R E CICH 0 IRL AN 1, B 4T
i 2. 40638 3, MEAERIFA AR . M
O =2 CF R B X EBEO /B BUEEL
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AR O JBE 32 R e A AR B R = (R e A A%
HE—BHB /2. BER=HHER/2. AFMME
L ERYIEL 0.3 cm X 0. 3 cm R/NEY# 2 30 Fr.
FAA [ % W& @ . Leica ¥ % ¥ H Hl ( Leica
CMI1850) P F JEFE 15~18 pm, FFLL-[F Lk YL o
I H . Olympus BX-51 I (058 WS R Fe 85 1) 18 it
P45 AR I R DL B ORI R 2R R
B ZAEZEEM PTG R KRR Z R =K
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Table 2 Relative electrical conductivities and estimated L.Ts, of chestnut branches under different low temperatures

L=y i FHXT L § %/ % Relative electrical conductivities LB/ C
Variety 4T —10 C —15C —20 C —25C —30C —35C LTso

e 111 5 Yanshanzaofeng 37.51 39.94 41. 67 43.39 58. 37 68.62 70. 05 —25.27 a
e % Yankuan 34.74 37. 66 40,75 42.16 53. 84 66. 76 66. 14 —26.64 a
H#e4r Yanjin 31.83 39.51 41, 84 44,08 58.55 69. 64 65. 46 —25.26 ab
e Yanxing 33.95 35. 80 37.97 42. 45 51.26 65. 30 68.19 —25.48 ab
#Me4s Yankui 38.79 36. 88 42,48 46. 23 52. 44 63.77 75.90 —22.89 ¢
e 11145 4% Yanshanduanzhi 37.96 39.41 42.12 47.49 63. 65 72.98 73.20 —21.51 cd
29 Zipo 37.07 39. 35 41. 38 50. 66 61. 30 75.23 77.21 —21.01 de
HMe£l Yanhong 36. 24 41. 84 50.51 65.43 75.16 89. 90 88. 24 —17.73 g
iL 5 2 %5 Liaoning 2 37.15 37. 85 39. 31 41.56 50.13 60. 64 69. 80 —25.67 ab
£ # Huafeng 35.76 38. 60 43.32 60. 75 66. 81 76.38 82.14 —20. 22 de
Z1. 3% Hongli 39. 84 43.30 53. 44 65. 64 75.49 80. 92 85.02 —18. 46 fg
% 35 Za 35 35.63 40. 43 48. 17 63. 87 74.76 88. 34 89. 88 —18.37 {g
i IS # Niandiban 35. 81 38. 68 40. 34 57.20 68.12 78.76 81. 25 —20. 18 def
Ab 2221 Chushuhong 36. 80 41.13 44,67 56. 06 65.95 72.92 75.07 —21.92 cd
P M 1% Luotian 1 38.10 43.29 47.19 58.13 70.18 86. 60 87.15 —19. 34 efg
EAK 115 Yulinll 37.14 41. 83 51. 87 65. 33 72.90 85. 94 86. 37 —18.53 fg

[ B 5 AR AN TR/ B R 25 5 B 35 (P<<0..05) , 3 6 [,

Note: Different lowercase letters in each row mean significant difference( P<C0. 05) ,the same for Table 6.

K A% PO TR Ve VRO BE AL B AE X L R DG MO Rl 0. 640, 0. 782, 0. 960, 0. 915,
LT e EE AT 25 R W5 3. ME 3 ATLLE  0.909F 0. 942, Hirp L — 20 °C 4b FH (4 41 56 £ B
HLBRRTE (4 THYAM, —10~—35 C 6 MEIRY % 5.8 0.960,

b AL SR AR L R Y O LTS B % TE A
3 BEEEBELETHERSZOENESESEMBEBRE LT, WAXY

Table 3 Correlation between relative electrical conductivities and LT;, of chestnut branches under different low temperatures

b PRIE JE /°C Treating temperature
4 —10 —15 —20 —25 —30 —35
LTs 0.335 0.640" * 0.782"%* 0.960" * 0.915%* 0.909** 0.942**

e x RIRTE P<L0. 05 RFEBEMIK. » » FIRTE P<0. 01 AKFBEMK. T,

Note: * means significant at P<C0. 05, % * means significant at P<<0. 01, The same below.
2.2 BFTTCLBERALBTEMMERER AR A LM NI HEFT LS AR VR 3 900 1
BEMHETE URFAER A 1 FR .
BT UL AR X 16 M JERSLARIR T 1 4%

i H Item

A~E. BHEEHMN4HH 0,1.2,2.5,3 HFayRi &
A~E.5 freezing injury levels (0,1,2,2.5,3 class) of branches
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Fig. 1 Different levels of freezing injury symptom of annual branches of chestnut in dormant period
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Fig. 2 Changes of dyeing degree, branch freeze injury index
and bud browning rate of Yanshanzaofeng under

different low temperatures

F4 RELERETHEERFLSERE FERYURFBEXEINMERUEGH LT,

Table 4 LT;, estimated by dyeing degree, freeze injury index of branches and browning
rate of buds under different low temperatures C
M AR 5 5 PR LIRS pEF <Ry R E AR P ROEAES
it By dyeing By freeze injury By browning wb i By dyeing By freeze By browning
Variety degree of index of rate of Variety degree of injury index rate of

branches branches buds branches of branches buds
—
Ml —26. 66 —27.45 —25.01 il 2 5 Liaoning 2 —26.21 —25.58 —25.68
Yanshanzaofeng
e 9% Yankuan —25.42 —26.73 —25.56 £+ Huafeng —20.01 —22.51 —20.16
HME4 Yanjin —26.93 —26.76 —25.01 #1.5% Hongli —19. 46 —20.53 —18.52
e Yanxing —25.97 —25.57 —26. 56 Z& 35 Za 35 —18.73 —18. 26 —17.98
#Me4s Yankui —22.80 —22.34 —23.57 K JEE A Niandiban —21.82 —22.63 —20.92
e 1Ly 4 K
ML b . —21.84 —22.10 —21.51 b 82T Chushuhong —22.26 —23.42 —21.89
Yanshanduanzhi
29 Zipo —22.83 —23.13 —22.16 P M 1% Luotian 1 —19. 15 —20.08 —18. 34
£ Yanhong —17. 36 —18.12 —16.59 EHk 11 5 Yulinll —18.93 —20. 31 —17.56

2.3 SMMEUMEERFERE LT HEXESH

(89 LTs0 73 A BEAT A OGP 20 A S5 R I3 5.

FRTHESE TTC Yok 800 2L A
x5 SHWEEFERS LTz EMNHEXME
Table 5 Correlation of LT, estimated by different methods
Jrik g TTC Y f AU A5 7 Browning
Method Conductivity TTC dyeing K% % Branch % Bud

i 5 ¥ Conductivity 1
TTC Yt 3k TTC dyeing 0.966 " * 1

Bi 4 Branch 0.931>* 0.934" 1
ZH 21 45 A5 1 Browning R prane

% Bud 0.973** 0.973* 0.906 " * 1

HIZE 5 TR .3 RO ik a1 LT Z (6] 3
B F IS, WA Sk TTC Remik,
B A AR 1 AR A B AR BT IEE 10 2E 1 45 R K
N —B IR R A AT .

2.4 AEMERFHAZHMEREUHXR
16 A S ity ol A5 2 A R VB JEE L A e S JBE A
B AR AR R AR ORI LA AR AR HE A I 2

ZERIFE 6. HF 6 nTLIF 16 DA R (R)1
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EERUS BIR SRR 22 S R, 16 DR (R
A BRI 1. 59~ 3. 17 mm., Hop i R 2 i
IMETY 2.0 75 KR JZERE H 14, 60~32. 10 pm, %
KA e/ MERY 2. 1 45 HE 4209 0. 72~0. 94 mm,
BORAE S e /MERY 1.3 A% A 242 3. 13~4.78

mm , P g KB e /ME R 1.5 £ R THR Ry
42.54 % ~66. 37 %0 e RAE & I /MERY 1.6 £ s K
JZHE N 0.40% ~0. 89% . fig KAH S e /M1 2. 2
i, Forp e Il L3 HETE L HE A HEXSRNIL T 2 5 2 (]
ARG 2B 22 SN B L R 38 3 o T At S R,

6 I6AMMERMRE)] FERFHALEHIBRONE
Table 6 Average values of anatomical structures of annual branches of 16 chestnut varieties(strains)
it ARBHRIEE /mm AREJREE/ pm A2/ mm B4k /mm O KREFLR/ % KBREBHE/%

Variety Xylem thickenss Phellem thickness Pith radius Branch radius Xylem ratio Phellem ratio
#e 11 7L 3 Yanshanzaofeng 2.02 be 32.10 e 0.79 ab 3.59 ab 62.01 be 0.89 h
e G Yankuan 2.67 Ig 28.95 e 0. 86 bed 4.19 cd 63.44 g 0.69 fg
&4 Yanjin 1.59 a 29.82 e 0.72 a 3.72 bed 57.32 a 0.80 h
e Yanxing 2.23 cde 27.90 e 0. 82 be 3.72 bed 56. 30 cde 0.75 gh
2 Yankui 2.19 bede 22.87d 0. 83 be 3.78 bed 58. 27 bed 0.61 ef
e 1114 Yanshanduanzhi 2. 19bcde 20. 40 cd 0. 83 bc 3.95 bed 62.79 b 0.52 bede
22311 Zipo 2.56 efg 20.12 cd 0. 85 bc 4.07 bed 61.37 efg 0.49 abed
F#EZT Yanhong 2. 18 bede 14. 60 a 0.81 b 3.73 bed 57.98 bed 0.39 ab
iL T 2 5 Liaoning 2 2.50 defg 27.91 e 0. 85 be 4.07 bed 59. 96 def 0.68 fg
£ # Huafeng 2.69 {g 17.74 abc 0. 88 bed 4.21 cd 57.88 fg 0.42 ab
#1.%E Hhongli 1.79 ab 17.10 ab 0.72 a 3.13 a 55.44 be 0.55 de
Z 35 Za 35 2.10 bed 14.88 a 0.81 b 3.69 be 63. 65 be 0.40 a
Hi JiE 4 Niandiban 3.17 h 19. 59 be 0.94 d 1,78 f 12.54 g 0.41 a
hb %2 21 Chushuhong 2. 46 defg 20.30 cd 0. 83 bc 3.95 bed 66.37 ef 0.51 cde
P 1% Luotian 1 2.73 g 17. 45 abc 0.90 cd 4. 30 ef 63. 88 efg 0.41 a
FAK 11 5 Yulinll 2.29 cdef 17.42 abc 0.85 BC 3.95 bed 56.91 bed 0. 44 abc

B 16 il Bl CRO AR TR 5 B R )2 5 L
1o BUA AR L ROR B L R A AR JZ R I E
S5 G HIN HLG R 1 LT HE47 R S 20 BT &5
RUF T, mFRTATLIE L ORE T AR RAR
JRCHR IR JEE | 2 A R SR L R 5 LTS 2R A
SR AERH S R I8 B 2 2 K 5 T AR SRR JEE A A

x®7

RELETRERFHALE

JE ARG LT B 35 0 5% M6 R 500 5l
—0. 96071 —0. 874, A LA AR J2= BUR  HAE 25
S He Hp T L AR O L PSR B L DA I 1 AR AR AR
AR 2 B B HAE 2R 454 v T 7 19 Ll 3R R AR D B R
PR B 31 0 78 P 5 7 TR S A

HMERMESELSG LT, KHEXHE

Table 7 Correlation between anatomical structure and LT5, of chestnut branch under different low temperatures

Wi H A 4EM Anatomical structure

I P s 4

S REWEE  NRZIE R R ARWLHE  ARZILE
Xylem thickness Phellem thickness Pith radius Branch radius Xylem ratio Phellem ratio

LTs0 0.075 —0.960*" " 0.093 —0.031 0.165 —0.874"*

2.5 WMERFEEERSENEENXE
K A TR) T BE ¥ VR AL PR 16 > Al S A (RO

AR TN R il A R PN R P R R R E 4R Ak
T AR R LT AT M PR 0 A 45 R I3 8.

F8 MEBABTHEERFEERFSHENBESELAHN LT, HHEXHE

Table 8 Correlation between physiological index and LT;, of chestnut branch under different low temperatures

b HE B/ °C . R e s b FH IR B/ °C R e ; ;
S = e wpep | SRR = R AT
Ssing MDA Proline Soluble sugar essing MDA Proline Soluble sugar
temperature temperature
4 —0.214 —0.313 0.185 —25 0.647** —0.090 0.217
—10 0. 365 —0.044 —0. 145 —30 0.599* 0.029 —0.021
—15 0.811"* —0.468 0.157 —35 0. 389 —0.063 0.132
—20 0.875** —0.458 —0. 236

H1%¢ 8 W LLAE 45 ¥ TR F B A% I 2 R L vl
VRS RS S AR A B L5 00 2 3 AR S

TREE R SRS RUA N LT 2R 8 E EA . 3
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W1 AR AR AR TR I B L LT AR L T
FEPEBE , P L —20 Cy¥ VR BE T (R OC R Bl

B .r=0.875,
3 T

FEFE W) P FENE S5 78 v L 2 Bl v R IR AL B
(4 R DG BT FE 6 5 25 S 3K AT DLCKE AE W 0 € PE 5 5
DX 43 FF K DRI A o 35 ¥ VR T R R T B T 0 R
PUIETE R et 25 . A I, —36 CREH R A
[vi) L1 4 4 G H S 3R ) 22 S kR B 3 K OF-, — 36 °C
A AR S S5 2 1L 2 B JE T I B S Ve R R . R
BN s — 24 °C A B R BERE 4% i A X L R
HH LT 3R B 2 IE A OC, LTs il — 24 C4b
FETR AR XoF F 32 238 1 AT A Sy S 0 IR IR D A Bk e E
P AR bR . ASTFIE 4SS R, & — 20, — 25 Al
—30 CAbH 5, RSB A AR X L F R 5 LT,
P AR 2 IE AR DG Hoh DL — 20 °CARHE R A 06 &R
Bohem (r=0.960), BCAAN S EAE—15,—20
F—25 CAFETN 5 LT, S A% S 2 EAH G, Horprd )
—20 CIRBE T AR R B (r=0.875), UL
—20 CIRYE MR IE 1 A A B A5 DT JE T 1 5l ¥ U
B . ZRG XA Fl LT AT LRI, —20 CIER
W 1 T R o B i R LT 50 MR B —20 'C¥
VR AR B (R X E S R RN R A AT AR B4 R
A IR 0T B AT M 2 0 1 A B A

ARAKEYH L S5 H A ), B FE LA B W22 5
FErp RS 2 R T ¥ 55 0 447 2 R R T 1 i A
157 M= N by N N | B e B S 7 v Y
K T NS R I Bk A A RS A AR A A
SR ST L 5 P JE Tk L S IR A 5 T Ak
T 55 A Jo 8 JEE B T R JT B b 2R 5 B FE M O A G
) R 5 B 5 P TE M IR SR Ak A A L A
DU 2B A AR 2 Bl S5 iy o BB P, AR
WFSE B 1A AR A3 A% AR 3 5 JBE A I8 L 6 A
B4R 5 L. 3570 W35 A0 G A BRSO 28 K
I W S BT S 1 1 T A 48 b 5 1T AR A4 )2 JRE JEE B R A
JE RS I LT, 2R 35 R O L U8 B AR JE R A4 )2
7 JRE T b A R U S R R L PR O R A 2R R R
ARHE JZ Ll 0] DA by 36 AR B 9 A S 47 9 1 1 T 245
TR, P78 25 S 5 R N MBI g 48 3t — 3

B A VTTC Yok L 21 2048 78 75 4t 98 A4 7
& b 43 A ik A H EA ) B Ik A b O
LI T A W] o A I 3ok e o 45 A P B . AR
W4 W], i S  TTC Yoo i B S M4 48

ARTERRE A AR S A 1 AR AR B H LT A —
B IR AR IE A O (R A b ] LTS, 4 25 5
W B 3 TTC ik AU A2 36 2 ] T
SRR TP BT R M SE L O REVE B DX 23 AN (W) it 1R 97T
FEPERY RS o SR 7E 5L PRl 5 1 P v 2 448 722 1
Lo TTC Gtk Ae H e A2 F2 2 A0 35 6% B I 5 %
N EWAE IR0 - 5 SR 25K IR B R AF A
SRR ity B PR B AR SR 805 0 T 0K
7 O U IDUAT T Af 0 T 45 2R B MR T RS TR I A O
TR D R ST E M 0 5 R e O ME T L TR AR
FARELBBITHIRTHE T DR LR LA M TTC %
LA — B PSE A J5 3% X L 33 LD T2
Ao PR TSOTE 48 A SR o e S P L A Sk
WG H S S SUE 8 1 TTC @ik kN
TREERENERRSEGERGEHIE AT
AT HE HET .

4 75 %
S AU A K TTC e ok Byl Jil T

PRHIR 399 Al S % b 9 T € 1R 48, HL LA S 000 7 1Y
45 R d o HER s [F]I nDRE AR AR R R SRR R
FE AR A I A HE R 4 — 20 "C ¥ URIRLBE AL HER 9
AR L R (REC) HN 5 B AR A R4S A X
i ST T R A Al By A B
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