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ZkE 4 KR BRI ELEE

== = \ E3
HEf ', TagE’ 5 M, ke
CHT bR K B 2 2 B, AR RE 0710015 2T RNE K2 DX EGL BT, Ak E 071001)

B E. DE Ak Juglans regia L)« &8k (J. mandshurica Maxim. ) ¥]4tAZ#k (J. hopeiensis Hu)
FIEAZHE (. nigra L) 4 BBk 20 43805 iy Bk kL, SRAT i 3VE L& Logistic
TR E SURI P BOEIE (LTso)s 4007 T LTso S50 iRl a5 Z AR DG . S5 0880, Bl AL HTi
FERIRRAR, AZBEIE (AR 3% (REC) ¥y 5 RT3 Sz Bk Rl o m) (P s i 22 Sk, AR50
PEHRTEAE - 8 ~2 CZIn), fERALRE ARZBA S AR A B P s Fh gt 5o R P s o T oK 4
RZREFI T LTso AL (0 Cali - 3 °CO AbFR: Jy, AR e 5 20 B I BOE LS 2 1m)ak B AR 25 1E A O,
M HARDG R B0, BLRE N ALBE 12 h J5 i AROATDGS FEL S 38 DL 1 1) LT so 359 0 A by 5 5 e S Bk it
PUAEPE SRS I FR AR o AL AN (R ) (R b 1 5 A 280, (R e M AL SR E R R
JL LTso 2 (R332 BRSO OG, AT A bk it Jr e s vk 5 e I TR S S i Fa A

KEEIR: k) SR Pt ks CRBOTEEE: W i
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Evaluation on Cold Resistance of Four Juglans Species in Leaf-expansion
Period

TIAN Jing-hua', WANG Hong-xia’®, GAO Yi', and ZHANG Zhi-hua™"

('College of Horticulture, Agricultural University of Hebei, Baoding, Hebei 071001, China; *Mountainous Areas Research
Institute, Agricultural University of Hebei, Baoding, Hebei 071001, China)

Abstract: The test materials were leaves in leaf~expansion period of 20 Juglans germplasms that
belong to four species including J. regia L., J. hopeiensis Hu, J. mandshurica Maxim., or J. nigra L. The
semi-lethal temperatures (LTsy) were estimated by electric conductivity method with Logistic equation.
Leaf anatomical structures were observed with paraffin section. The correlations between leaf anatomical
structures and its cold resistance were analyzed. The results as follows: The relative electrical
conductivities (REC) of walnut leaves were rising with the decrease of the temperature. There were great
differences in cold resistance of Juglans germplasms in leaf-expansion period. The semi-lethal
temperatures of leaves were from -8 ‘C to 2 C. There were cold resistant germplasms among J. nigra
L., J. mandshuria Maxim. and J. regia L. in leaf-expansion period. There were significant positive
correlations (P <0.01) between the LTs, and REC of leaves treated at 0 ‘C or - 3 ‘C, and the correlation
coefficients were high. LTs, and the REC of leaves treated at 0 ‘C or -3 ‘C for 12 h could be used as

Wi B #A: 2012 - 08 -20; fEEIAME: 2012-11-26
EEWMBE: Wby BARIAIESTH (C2010000773)
* {514 Author for correspondence (E-mail: zzh@hebau.edu.cn; Tel: 0312-7526346)
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physical indicators for cold resistance of Juglans leaves. The main structures of Juglans germplasms
leaves were similar, meanwhile there were some specific characteristics for each species. There were
significant negative correlations (P < 0.01) between LTs, and the thickness of palisade tissue or leaf blade.
The thickness of palisade tissue and leaf blade could be anatomical structure indicators for cold resistance
of leaves.

Key words: Juglans; leaf-expansion period; cold resistance; electric conductivity method; semi-lethal

temperature; leaf anatomical structure

ML SR B, AR B0 A DU BE T T, DRISEHEAR R A B KA A AN BRI 7 (B
SEAZANL, 20115 F=A48, 20110 5 ZETFIFHES HUREE S 10 it ol J J8E S ol e A W R S5 1RO A 2K
iz . BBE Quglans) FURCEEMA= R, M0 HA MR OB, BELAHAAT S SE, Filaize
GRAEZMDUIE SO R 2R (R BERSKRENE, 1992; RIER 55, 2009) .

H T A S DA BB FEE R 74> . Poirier 45 (20060 I H A i LUK 171k I v pig i bk %
(K1 7 AR Tl S SRAZ R RO 2 SRR I, S SRR WA FH NG38 (BT dEE W] e ol 15 1 %
Beo RERAE (1998) X5 HEAME 15 MZB SR SR, w7 40 BEE L T 4l 4%
AR F RO, T A R R T R TR 4 R A ARG MRS (2011 WESTPF
M7 ER 8 T, B NI3-15F 6 MEBATT (R) LFBERMPUIRIEZES . TR W W
B R e (R U R ARG, HAZ BRI R W fe 2 A ], ST ke, DA
WEFTH LARZ Bk 4 ADNBEFRIR 20 43 Fl05T 58I Bk kL, BT R SIS R BT S STV 22 5 20
VIENE SRR AU AY (SHIEY AP IR PN E WP RV SRS GEVSUE 1k 7 2; £/l GNP N =g L 37 S i
FEVERPRGRIRAOTT A DUFRTE A PR AL T BT b Rl NIRRT DR S5 P A 3l o

QY i SRS DARF

1.1 e

DL 20 3 iz Ak Je A ot Bt ) J it ik ge A k), L rh s Ak (. regia LD 15 47 (5
SERRFPEgEN . SRR LT 45 T 8 SRR 1S MSEER AR EER . L. 'K
B 15 5 2 5 R AL 2 S AL R VB BR 1 S I ER 2 5, Wb Bk (J. hopeiensis
Huw 14 CE#%19), Bk (J. mandshurica Maxim.) 2 43, SA%#k (J.nigraL.) 2 . T 2009
4 H 27 HWBHA 2R 5 T B FRUT R AR 20 B 1 — AR, HIA R I R st = . o
EHCR F b 2 BLA s, B AR JLRIGSR A 5 A o v 5[] .

1.2 #RUERAIE R AN B SENE

RARMIRE T A SR K g T3, FH 2B 7 /KIEDE 3 IR, BB T-3R1HK 5, $e RO P 5 A
AR FR Oy FIRRMAS R FRR B B v o0 A B TR A A R A (/K BCD-252WBCS A kAT
MU AL RE, KCBEYRPEE R 4, 00 -3, -6 M-8 °Co 2RI 4 CIFIE, %4 °C-h' s, 2%
SEURE R ARFF 12h, 154 °C -0 S THES 0 °C, BUH, 7E 4 °CORJBCE 2 h iR

PRI FE 5 B D1 0.5 em W7 iR, B8 BT 18 mm x 180 mm i 1, MMALE
F/K 10 mL. FAFIEL 3 K. HEFBAN 15 min, HOFE O, T 25 CRK LIRS 10 h, H
DDS-12A B i S RAL (BUN A BAASBEAS) D IE S FE AR BRI S (CD o SRIFHFES
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RAHRRAE 80 C/KIE NN 20 min ARFELH LT, 25 “C Fi4E 10 h o BRI 5E L S8, 7E 0 B S (Cy).
A QIR R, R DB DO T, DR KRR E . AR SRR [REC (%) = C/C, x
100] .

1.3 MRS a3

RS 2% FR T 8280 J A R I AT A5 5 A 0 5 AP 4 R B B TR 0.5 em < 0.5 em [RI I3k,
FH FAA [ 52 18 5 o $50 A D) ikl e (=1EBE, 1987), VIR JEREHR 10 ~ 12 pm, FHOL—IH
RYh, IR Ao

7 Olympus BH, B 255 CHAS AR R St IO Fr R D i () g 544, 5 BEAR
WU 248 LY-WN-HP CCD M52 1, R H B2 30 o Gl i 0 50 )R 188 o M 2 )52 138 it
ULV, RRAEEEALEE 10 M)A, BRI 2 A .

THEI B A M 2546 2 8 [CTR (%) = MHEAIZUE)E / i B R < 100] FHEiFAE [SR (%) = i
R ZVRE /R < 100145

1.4 FIFELBS50H
TRIGE K Excel 2003 FEATANEL;  F AN [RIEJE T AR XS HL 5 2904 20k 1) Logistic J 42,

JH SPSS 13.0 730 e (K IR L BUEIL EE (Zhang etal., 2002). R AIAH ST 225 W2 PR 56
DL ZE 253 B R DPS 7.05 58 /.

2 HiR 50

21 RIERBE T4 FHE B SERERBEBILEE

20 S AZ BRI P AR AR AL FE R A A B S R S AR B (LTs) W3 1. 7]
DA H, BEAE A BRI BRI, ASRAZAR AT o (AR L e e 2 2 B Tha s, DLRARE A 1R R R%,
A 2 B 3 I TR, JBRETERS I, Ak 1 Sk, 4 CAEEER T A A B S R T
50%, e 19 FAZBEF T B AR L SR S A R R 2 M OCR I R “S” B ihgk. JEZR M
ST ARG Logistic 5 FERAA R EE DS o5, RUAAZBEFIT I A 17 LTsoo BT HAK 1 S0 7E 4
C RN S E O T 50%, H Logistic AN 51 LTso 2 25 K, PRI B R F R FE AR T 1 4H
XS RAEAT T AT SRR, AR A R BRI R, -8 ~2 T
[H] o

et HAPTIEPE SRR P AR RAZ R 1 5. R BER2 9. BER LS. AL 2 5. MR
MOk 1 5. BBk 2 SR 7 8 5, PEULIRELE - 7.8 ~ - 5.6 Cxlal; Pra€tkrhEn M
ALEEER. SR 15 BERE 2 5. TER. BRI, SR 10T 4 S RIYEgN, EBULIRIEE - 4.8 ~
-3.0 Cxla); ProEEggmMmasithm 1 5. Sk 2 SRR 1 5, FEOLRER -22~2CZ
) o 3X— 2 B 5 5 B BEARIEL AR 15 I BR7K BOIR M A8 AR — 3. d B R TR R I A B s v
(PR H 26 456 Logistic J7RERAT FAZBRIT 18] LTso MERARE . FRRBR . AZBRIK 2l Ak 3
A HCFEER AP TUR YR . A I SR S L Y B S AN A G

SRR, Al P A BTN AN [RIAZ R R A ) 3R AN S 3 2 e, U Bl T 4 g
552 2 (B FE AN o G [R]— UG FE R AN [R5 A F 3 36 5 LTso BEATZeMERNR 3 B, 4.
0. -3 Fl -6 CHI R A SR I LT 2 (M348 2R 22 1EAHOC, MHRRE D N: 4 C
T, r=07941"; 0 CF, r=08610"; -3 CF, r=08456"; -6 CTF, r=0.7846 . AJLAFH I,
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AU TR RN LTso M EEAR B | (0 "Cal -3 'C) , HAHX ALY LTs Z I
MR ZRE 5 R B AL A b R SE YRR 1) S I AZ Bk S BT 1

F1 RELETERHFOENESERERREBURE
Table 1 The relative electrical conductivities (REC) of leaves under
different low temperatures and estimates of LTsg

il Tl 5 XS/ % REC SEEEIRE/ C
Species Germplasm 4°C 0°C -3 -6°C -8°C LTs
ALk WA Qingxiang 27.57D 28.15F 31.137 93.46 B 90.87 HI -3.60
J. regia L. FLih 2 5 Lipin 2 2443EF  2632G 36.06H  63.16 M 91.17H - 6.80
AL HR; Lipin Duanzhi 38.04 C 27.88F 63.89D 8990 E 88.67 N -3.04
JL7 4 %5 Liaoning 4 2090H  27.85F 5469E  6422L 89.96 JKL -4.47
JL T 85 Liaoning 8 27.64D  24.92H 2748K  73.841] 90.42 HIJ -5.75
459 Liibo 27.14D  23.097 3580H  84.95G 88.82 MN -4.14
444 Vina 2493 E 24331 30.7117 81.24 H 90.44 HIJ -4.76
24704 Franquette 17.92K 24131 2599L  5687N 89.I0LMN  -6.72
KM Amigo 22.94G 36.78 C 4892F  88.67F 89.56 KLM  -3.68
% 15 Jinlong 1 23.96 F 31.49D 70.55C  9037DE  91.39 GH -2.17
%2 5 Jinlong 2 41.12B 55.04B 7563B 76571 93.54 DE -0.40
WAEFET Hartley 2449 EF  24.49 HI 2820K  47.77P 88.62 N -7.38
Hi#k 145 Zhonglin 1 50.66 A 68.32 A 8825 A 9428 A 94.06 CD 2.00
B¥k 15 Zhenzhu 1 15.87L 16.39 M 1796 N 46.06Q 95.61 B -6.78
B¥k 25 Zhenzhu 2 19.0117J 19.54 L 2226M  46.45Q 90.22 K -17.06
T AbAZ Rk P 145 Yihe 1 2268G  2191K 31.60 J 92.40 C 92.13 FG -3.41
J. hopeiensis Hu
L% Bk 1 5 J. mandshurica 1 13.88 N 1589NO 14550  64.58L 94.70 C -5.89
1J\)1 mandshurica kit o 4 3. mandshurica2  14.82M 15540  1725N  6742K  97.56 A -5.68
axim.
S MR 15 Jonigra 1 18.12K 16.02MN 33551 54.89 0 92.97 EF -17.74
J. nigra L. B2 5 J.nigra2 20.191 2931E 39.70G  90.78 D 92.81 EF -3.25

Ve R PR AT B BER R XS 1y TR S 22 IR 51 1% W 7K

Note: Different letters in the same column show significant differences at 1% level by Duncan’s test.

22 BHMREALEMRESHEMZENXER

L1 A 20 A s as IR 8 4 &5 6 R R kI AR R, T LU HY S R Bk s
DI ARG R ER B i HE S B3 S 2 A B AL, AL LR HEZ A 55 1 X 235 11
MHZEZL (P) , AR A 23 A0 i) R/ B DL R R A (R R A 2 5, W 41 21
MREZKATE, ZHF5h 2 Za g, SEEFIA 3 200 M= 20 b HEF s 2 LR
AL (S) , MGLR AN MIHES B RA B LR R ZE S B, A2 0 A IEKTE ;g 4 2 2R A%
MR R B, MRS Mg R, SR N R B R ALE AN

1 BRI &5 R L S i g R SRR (CTRD B (SR) AEHCHIIME S T
2. WJLLEH, 20 Bk R AT SR L MR GRS L AR A1 SUS AN CTR (E 55318 B 1)
B R 109.34 ~ 175.88 pm 2 [8], A12E 1.6 fi5; MHZ4ILUREE N 40.90 ~ 74.36 um,
FIZE 1.8 fi%; WFARAIZU RN 32.88 ~ 88.24 um, A2 2.7 15,

A AN [ ) (R I A b 2 ELRr A (1, 2D o Bk (1, 1. 2) ik A,
MR A e K, AR R I LK, SRR R B/, CTR L 0.56, Wi m T
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FeeRips WAbEEE 215 (B 1, 30 [ BT EER, E AU gl iR AR
WAz, RN, CTR AELET Ml M Ak AN [ ol 1) (0 25 A OB 22 R R 2, B
Lrss (K1, 4, B%25 (K1, 5 KM A ZUREER, 1 L2 ER 2 SR A2
20T 3 240, Bhrbdk 15 (B L 60 MM A A AL ZUR B Bl iRl (B 1, 7, 8) i
AR A LE LR, CTR fEA /N FHE RS, Joh iRk 1 5 1m R f)s.

B 1 ZHEMREEM R EES
I: B9 2: BBk 2 5 3 2145 40 e84 5 B2 5 6: k145,
7o MEHEL S 8 MEBk2 .
V. RN A TRMG P MMM S: WAL
Fig. 1 Leaf anatomical structures of Juglans germplasms
1: J. mandshurica 1; 2: J. mandshurica2; 3: Yihe I; 4: Liaoning 8; 5: Zhenzhu 2;
6: Zhonglin 1; 7: J.nigral; 8: J.nigra2.

V. Upper epidermis; A: Lower epidermis; P: Palisade tissue; S: Spongy tissue.

XF 20 A AZ AR T I B AR 45 R K B 5 3 LTso 2 (R TZR M IR 20 BT 2 0, oo e JE A
YU LTs 2 0I5B0 B AR, M CTR fH. SR A SALBFEEE 5 H LTso 2 M)Ak
NGB Horb RS LTs Z MBI R r=-0.6223", MRSV E 5 LTso 2 10 B R %
r=-0.6397 o AR IR L 20 P M R B 2 Sk L i ek, ST %
WA e RSl O S 2d aF =7 e
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F2 HABERSEENEAR

Table2 The average values of walnut leaf anatomical structures

M2 2R 5/ pm BHMALZ)E/ ym  HR)E/ um GRS AR

il il

Species Germplasm Pa.lisade tissue SPongy tissue Le-af I A JE
thickness thickness thickness CTR SR

WALk & Qingxiang 50.50 K 71.67 G 146.49 N 0.345] 0489 E

J. regia L. #Lih 2 5 Lipin 2 62.07E 77.78 DE 159.94 F 0.389F 0.486 EF
FLANAEAE Lipin Duanzhi  60.85 F 67.30 1 14741 M 0.412D 0.458 H
i7" 4% Liaoning 4 58.48 H 78.60 D 162.80 E 0.3611 0.481 G
iLF 8 %5 Liaoning 8 67.30 C 88.24 A 172.17B 0.395 EF 0.516 B
40 Libo 62.96 D 81.63 B 168.81 D 0.374 GH 0.483 FG
44 Vina 67.69 C 71.17G 156.221 0.434 C 0.455H
ML 504 Franquette 57.041J 69.99 H 153.721 0.371 GH 0.455H
FKA% Amigo 41.49N 5198 L 116.84 S 0.3581 0.4421J
1% Jinlong 1 562517 80.97 BC 158.49 G 03581 0.508 C
% 25 Jinlong 2 48.85L 5191L 122.59 R 0399 E 0.423 K
WHET Hartley 59.37G 7742 E 157.04 H 0.380 G 0.491E
*H#k 1 %5 Zhonglin 1 40.90 N 47.64 M 109.34 T 0.374 GH 0.436J
B 1% Zhenzhu 1 59.90 G 66.311 150.90 K 0398 E 0.439]
Bk 2 %5 Zhenzhu 2 74.36 A 74.66 F 171.18 C 0.435C 0.436]

T AbAZ Rk S 1% Yihe | 48.66 L 59.07K 131550 0370 H 0.449 1

J. hopeiensis Hu

L2200 ARk 15 72.33 B 32.88 N 128.61 P 0.562 B 0.256 L

J. mandshurica J. mandshurica 1

Maxim. bk 2 5 72.88 B 3291N 127.13Q 0.573 A 0.260 L
J. mandshurica 2

B FERZBE 15 Jonigra 1 57.73 HI 88.24 A 175.88 A 0.328 K 0.502 D

J. nigra L. BB 245 . nigra2 44.15M 80.08 C 149.48 L 0.295L 0.537A

T RAPFEAIECT IS I 7 RERZR A 1 TR SR ZE MK F] 1% 5 7K

Note: Different letters in the same column show significant differences at 1% level by Duncan’s test.

31 RBMEAZMFRAIREN

T2 BRI fS AN MBI, WK R ANS, R RRR. SRR, U2
B I, HUIEMEEY (Lyons & Raison, 1970) o Pk, 5 (A J5 202 0 ) v S48 A8
PRRTCAERAS . S5 se A PUIENE . H A o 2 W I 2 55 B A P JE v S e e i I 1A
2 WAE N EYIPURE ) % e Bk TR bn 2 —, FESPPRR 2 M A (Lu & Mark, 1990; Azzarello
etal,, 2009; G %%, 2010; Liuetal, 2012) , JL¥m &G M A . ERKKE 4R
FEAR—F B4 2, 2009) « AWFFRFRIL, 0 Co -3 CFAFE 12 h S A A LS
L LTso MMM EADS, 10 HAHCREGS, WA AR R Prsedt e i e bs, W5
17, AT AR b B A kL. 4k, R SVRI e LTso I, 2420056 T MRAlRh BOR B0 2 Bt
FEEI, EPOE B IR R, R R TR AR 2 SO C L T N 2 1 Ak B 3 1) Hp s DX 3
DA EIERIG “S” MLk, WNRzE.

T PTFENE S PRI 2 SE R I, H AT R BT REIE R 1) TR > (PRt &, 2002) . Bt
SEF TR 1) T A A BLFE BRI AT . AWFFR N, Ak S BB ) AR AT )
PG T PreEf il Bim T @AMk 4% (Poirier et al., 2006) . AHWFFH, BEFE. B2 5. 2
15, AL 2 5 AL 0 R AR AR AT R IR i, R AROR SR AZ B AT B SR
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FHTCBEIR,  PUIE T RISEA IR S HUIE i P (K4 S5 5241 14K Hs o
32 #MtM RABEREH SR EIRELENXER

SREHE (1998) M%< T Franquette. Corne. Payne. Vina &5 15 5| HE KF AR FT, K
AL R R D) T R I 1 S AN AL . AT SRR, AR A L 2R 2 )2
Hep #5501 B A AL, T2 ER 2 547 3 M 41 o

TG I RS BRI AR Al TERZBR R R 2 28t R kA . ARk R R Bk 41D
T ACAZAR A AZ AL (AR ERIK M, 1992) o 12 H RAPD X #Z Ak JE BRI S5 4 ¢ & WY
LW, AR ACEPRTE o B b, BRI g AL Tk R Tk (GRAER 55, 2000 o 1 HLa bz pk
I E A AR T m ARk, Bl TR (L4088 5%, 2005) o AFFTH T e F T db Rz ek b Fh
S 1 SR T R T AR RS, SLARE A2 40 RO AS AR RS . CTR B LA e BB

(LTso) SF¥)¥a i mizsk.

TS AR ST PR IIE N 45, i B B S 45 5 L hU e A OC, (HEA A ke
W) B GTES RANIR] . SRS (2005) BFFERIT, B IR 4 2R U5 R 5 i 4 21 23 5 LU A
K~ SREEE/N, HUIEMEBLGT . 7580 IR A 2L 2 B 0 58 Al 2R 5 5 2 RN 5 i JE 5 g LA

(CTR i) SR FEPE B IEAHOE (ROCEFIXIERE, 1995) o TAHBYH R S - 25 A R Ak AR 50

LW, H SR M CTR S AP R RAK, NN AASLE BN ) R S ot 22 J5 R DR
kS JE R P FEE s MR (BEE 45, 2009). 7E3F 78 LABUEH SR PTsErE S CTR AN
SR {EEA WA, INAREELK, kTSR EIEPFEIERA MR Gt 55, 2004). AHf
FUAERR M, AZBRR B R (A 2 2R FE R JELRE 5 LT so 2 IR 35) SRR A 38 SR A OG, ml R 3
E JEMT IR AR BT IE R A S5 /R AR; 1 CTR {H. SR HAESHUIEMEM AR, X5 EE
Foft 50 TR) PRI JELE A 4 2 R g i A 5 8 55 2 e KA K
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