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Determination and Evaluation of Cold Resistance of
5 Populusxeuramericana Clones

Zhang Haiyan, Fan Junfeng, Gao Jianshe, Zhou Yongxue
(College of Forestry, Northwest Agriculture&Forestry University, Yangling Shaanxi 712100, China)

Abstract: In order to compare the cold resistance of introduced Populusxeuramericana clones, the annual
dormant seedlings were used as experimental materials, and the relative conductivity was determined by artificial
gradient cooling method at —15, —20, =25, =30, =35 C for 24 hours. The activities of SOD, POD, CAT and the
changes of malondialdehyde and soluble protein content were measured under the low temperatures, and use the
fitted logistic equation to find the semi-lethal temperature. The evaluation indexes and cold resistance were ranked
according to the membership function method and correlation analysis. The results showed that under low temper-
ature stress, enzyme activity, malondialdehyde content and soluble protein content increased first and then de-
creased, and the differences among different clones were obvious. The semi-lethal temperature of clone Qg was
the lowest and the value of membership function was the largest. The cold resistance index has a good compre-
hensive performance, and its cold resistance is the strongest; the protective enzyme activity is extremely signific-

antly correlated, and there is a significant correlation between conductivity, malondialdehyde content and soluble
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protein content. Six indicators can be used to determine the cold resistance of poplar and provide a reference basis.

According to the semi-lethal temperature and membership function values, the order of cold resistance is:

Qg>Ta>Pa>Ti>La>Zhonglin 46>1-107.

Key words: Populusxeuramericana; cold resistance; semi-lethal temperature; protective enzyme activity;

evaluation index
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1 REMESAE

1.1 RIEH
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XFITEHE R (1107 Fipk 46 545 ). Hop Ta,
La, Pa, Ti, Qg. I-107 4/ h v E AREL B MOl A

EN =SNG RS 75/ /o8 - S
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BILE 1.5 m 4L )5 39 % 20 em 2 A BB, T2
BFK e, IEAUR T IR 6 ., BANTE
PERLIRE NI E 10 N EE ., @I KA IR
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Pe, VISR I E R BCA B ik
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(LTso) U0 SR PSR Jm ol i 03 4% 4 b i 25t
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2 RS9

2.1 {RIRAME T&LMR Logistic 5 LTy,

& 1Al sn, &£t RITBEUAER R E
( P<0.01), fHe@Eik®l 0993, HAKIL F 0976,
FI R LTso X425 Ttk RBTFEMER 55 T Qg>Ta>
Pa>Ti>La>H bk 46>1-107., HAh oM &R Qg Y LTy,
AR, K-3097 C, LIAHPUIEMERME; THER
Qg. Ta, Pa, TifJ LTs, S5XHEICHE R 1-107 A0
46 225783 (P<0.05), JoPER La 1 LTs, SXHR
THREFADE,

RYES TOME R B LT 1 7 40k & K150
325, LTso7E-30 C LA F MR, L Qg,
iKF]-30.97 °C, FKHIHPIIEEFR; LTs) fE-26 C
PIFRCPEZR, 4046 Ta, Pa, Ti, LTs, 43957
—29.65. —28.59 °C f1-26.21 °C, HHuFEMEA N 42
W LTso 723 C VAR, 135 La, 1-107 A1+ AR
46, HBUFEMERE .

1 KBLAETELERD Logistic FFERK LTy
Table 1
different low temperatures and estimation of LTj,

Logistics equation of different poplar clones under

TR EVEy LTsyC R HF
Ta E=97.294 0/ (1+3.040e %) —29.65¢° 0.976™ 2
Pa E=98.6102/ (1+3.498¢ ")  —28.59¢ 0.990™ 3

La E=98.282 8/ ( 1+4.264¢ "% ) -24.01° 0991 5

Qg  E=98.8508/ (1+5.630¢"%)  -30.97" 0990 1

Ti E=98.040 3/ (1+7.584¢ ™)  —26.21° 0993 4

1107  E=98.5418/ (1+4.328¢ %)  —23.52* 0.991" 7

ibk46  E=97.1749/ (1+5.459¢ ) —23.84* 0.979" ¢

T ARNSFRFRERBE (P<0.05), "FRME R
# (P<0.01),

22 RBETEMHREEENERNTL
221 ARBAIR T M R 0GR B A T AL

A 0 N AR A BT 4804 977 70 2R G0 mT L A e 4
A rp AR R TR A 3, IR T R A
PES Y PUIEE R AT g 2~ 4050,
Bt A PRI EE (ARG, £5TCPER SOD, POD. CAT
TEPE R AR A I AR — B, 2 S e S R AR
(RS (BN R JC 1 2R 04 DR 3 il 0% A 3 38 0 (s
TR AT TSR], 4% oM 28 B AR B B3 7 78 A )
IR 8 T B A8 fh e AN ]

F2 REBAETELMER SOD iFETL

Table 2 Changes of SOD enzyme activities in different clones under different low temperature treatments Ulg
b3
TR
CK =15 C -20 C -25C =30 C =35 C
Ta 158.27+7.81° 177.72+5.81° 205.14£5.67° 262.63+7.47° 236.3242.79° 200.69+3.82¢
Pa 156.84+5.23° 143.314+2.86° 160.03+2.16° 227.54+2.61° 264.23+6.03¢ 253.40+3.65°
La 123.53+2.41° 152.31+4.64° 156.57+2.86° 208.04+5.11¢ 226.375+4.35° 173.57+3.03¢
Qg 187.46+3.00" 195.41543.29° 211.82+4.79* 287.05+3.68" 365.92+3.33° 225.76+5.25°
Ti 162.66+6.84° 169.45+3.34¢ 205.85+4.91° 294.61+3.39° 305.8+3.10° 290.37+3.89°
1-107 134.53+4.93¢ 177.37+3.59° 192.37+5.57° 211.06+6.68° 189.81+3.19¢ 162.05+6.80"
rhibka6 123.60+3.73¢ 133.17+3.12" 155.89+3.71° 198.29+4.48¢ 126.50+6.35° 123.92+5.31#

I ARNGFEFRR 25 (P<0.05),
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Table 3 Changes of POD enzyme activities in different clones under different low temperature treatments U/ ( g-min )
sl
CK -15C -20 °C -25C =30 C -35C

Ta 6298.59+16.62° 7 034.09+20.34° 8 981.32+£32.00° 10 042.39+43.92° 8 591.85+28.88° 6 854.94£38.68°
Pa 5276.37£27.15° 7 243.40+44.66" 8 388.47+12.95° 9 450.47+14.80° 9 684.57+55.96" 5819.39+30.21°
La 6 146.33£12.50° 6 967.61+43.01° 7 986.19+39.39¢ 8 880.19:80.12" 10 824.19+67.50 9 090.89::86.73°
Qg 7137.11£58.92"  9943.99+44.24°  10259.22£67.04° 11 877.98+75.03" 14 338.60+43.71° 9 585.72450.51°
Ti 5985.67+11.79° 7 853.09+51.15° 8 545.67+59.16" 9242.24+71.93° 10 429.10+7.81° 10 080.22:+27.03"
1-107 5397.30+£30.30° 6 177.22+13.75" 8 157.14+27.17" 9249.85+67.71° 7 668.03+52.28" 5 085.93+56.75¢
ka6 6535.05£33.32°  8529.45+29.17° 9 698.75+37.12° 10 383.96+104.90° 9 571.28+44.24¢ 8 134.92432.05¢

I ARNGFREFORZERBE (P<0.05).

T4 RELETELHER CAT BEHETL

Table 4 Changes of CAT enzyme activities in different clones under different low temperature treatments U/ ( g'min )
b ¥R
CK -15C 20 C -25C -30 C -35C
Ta 20.58+0.56° 22.7120.34° 35.2240.38" 41.64+0.61° 31.57+0.36° 27.04+0.60°
Pa 18.62+0.32° 21.50+0.40° 25.50£0.49° 29.68+0.37° 33.73+0.44° 32.50+0.62°
La 14.48+0.29% 12.45+0.60 16.62+0.46° 24.56+0.35° 26.30+0.40° 19.78+0.42°
Qg 16.5120.68° 20.46+0.50° 28.5120.65" 32.60+0.31° 36.65+0.26 30.40+0.40°
Ti 13.5440.49° 14.53+0.20° 19.47+0.36° 23.50+0.52° 27.51+0.55¢ 25.55+0.32¢
1-107 15.35+0.33¢ 12.52+0.20° 25.51+0.48° 30.52+0.67° 24.56+0.41" 16.43%0.56"
Hbka6 12.65+0.09° 17.50+0.41¢ 19.05+0.13¢ 23.51+0.28" 20.75+0.48¢ 13.50+0.04¢

W ARVNEFRERRERBE (P<0.05),

JrZEAT R, RIR M FOR R JCE R W
SOD. POD itk R Sk & (P<0.05). Tt
% Pa. La. Qg. Tif SOD. POD i 1 7E-30 °C
IKFNEAE, JCTER Ta, 1-107. F4k 46 A SOD,
POD iFEM:7E-25 C kB . Hi, MR Qg
f) SOD. POD i 1 I AR Y 5 7 88 B K, |k
{43 5135 ) 365.92 U/g #1 14 338.60 U/ ( g'min ),
HIFY A8 K, F CKAY 0.95 £5F1 1.00 %,
FEUA HHEHUR IR e A 1 1 B

H12¢ 4 TIAN, fIREME 4RI CAT M
ZR k% (P<0.05), TitER Ta, Qg. 1-107.
Hibk 46 19 CAT I&PEAE—25 C 53 IE(l, TR

Pa, La. Til# CAT % PE7#E—-30 °C ik I&(H . M
b CK, otk QgAY CATHEG TG M g & K, ik
2] 1.22 4%, ToMER Ta 0y CAT I M 4R 78 i =5 7K
S, GRS B 1.02%, JCPE R Pa B FEIR & /D,
9 3.79%, VLW IR HECE AR JC 2 £ 0 R 4 il
RGN AR AR
222 AKIBAFE T &M R M MDA A& % 4L
MDA & BERE i A FR W e A o 7=, H:
o U BN R e 2 s E RN, H
FSuH, GRAIE T & TG R MDA & a2
Seltm R AL B, KRR R MDA & &
FfE— &£, LA Ta, Pa, La, Qg. Tiff
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MDA & S ¥ TE-30 C A F &, JToH & 1-107,
K 46 7E-25 °C iR EIE(E . Hh MDA & & 18 i
WRHIICHE R N Pa, K3 2.42 1%, F2 W H 40 i

AR RK, 2 EM™E; 8RR /N T
PEZ N Qg Fl Ta, S CK Y 1.21 4%, F B H 40 g
ZERER/N, PUEERE AN

x5 RIELETREMER MDA SEHEN

Table 5 Changes of MDA content in different clones under different low temperature treatments mmol/g
phs:il
TR
CK -15C -20 °C -25C -30 C -35C
Ta 0.52+0.03° 1.02+0.02° 1.05+0.03° 1.13+0.04° 1.15+0.03° 1.05£0.05¢
Pa 0.62+0.03° 0.77+0.06° 0.94+0.04° 0.99+0.03¢ 2.09+0.08® 1.64+0.05°
La 0.59+0.06° 1.04+0.03° 1.13£0.04° 1.2240.02™ 1.51£0.04° 0.99+0.04°
Qg 0.61£0.04° 0.88+0.03° 0.9420.04° 1.000.06° 1.34+0.05¢ 1.04£0.05°
Ti 0.95+0.08" 1.17+0.07* 1.14£0.06° 1.27+0.05° 2.18+0.07" 1.800.06"
1-107 0.83+0.06" 1.12£0.05® 1.25+0.05° 2.23+0.05° 1.99+0.08" 1.66+0.05°
ka6 0.61+0.05" 0.95+0.06™ 1.03+0.07™ 1.05£0.07% 0.95£0.07° 0.87+0.05¢

E: AN FREFIRZEREE (P<0.05),

223 KBAETERZLHEZTEREGSZT TN

ZRWTERY, AT E SR S Y P
RE I SRAE L, HL & B3 al LAl AR 4 1 iR
UK E R, EROKAEST, DD LS DR R
APl Higk 6 TR, ST R M ATA MR
e B IR A R AR S B S R R R

KB, PER Ta, 1-107. Hbk 46 Ay n] i PE
BT REAE-25 C BB, REME T, Tt
R Pa AR A& R R, b CK 19 0.36
5, 1 1-107 MM IR B /N, b 020 £ B R
Ta, Pa, La. Qg WRIEMEE A& s FXHETT
PERIFHZER B (P<0.05).

JetE& Pa. La. Qg. Ti WYRIEMEE S EIE-30 C

x6 RBLETELURATAIEERSENTL

Table 6 Changes of SP content in different clones under different low temperature treatments mg/g
Qb3
CK -15C 20 C -25C =30 C -35C

Ta 14.06+0.64° 15.99+0.68" 17.1120.60° 18.19+0.34° 15.76£0.21° 14.560.40°
Pa 13.53+0.38" 14.40+0.53° 15.73+0.26° 17.250.26° 19.80+0.16" 15.61+0.23"
La 13.77+0.20° 14.73£0.98® 15.55+0.56° 16.490.62° 17.48+0.39" 14.63+0.53%
Qg 13.53+0.23" 14.45+0.51° 15.66+0.40° 16.57+0.22¢ 18.49+0.53" 17.37+0.48°
Ti 11.79+0.04° 12.49+0.43° 13.60+0.57° 14.60+0.35¢ 15.27+0.56° 14.43+0.53°
I-107 11.92+0.63° 12.74+0.34° 13.23+0.34% 14.29+0.32¢ 14.07+0.66° 13.27+0.52¢
rfibka6 10.72+0.32° 12.09+0.42° 12.19+0.26° 13.47+0.37¢ 13.13+0.21° 12.30+0.17¢

E: ARE/NSFRFRZERBE (P<0.05),

Mo & Pa i MDA, AIEMEE A &R RERYAHXTERE .

aJDUHE W, R Ve T O A A% A0 B R 3 R
JO7, 2 R o A AR AR RN RD, MDA 7 T
o, ()R A DR P B TS . PR R B
Jot 5 BB I DUARPUAN BN R, HERR A0 )

23 EXMRREMSEEEN

DIFHXTHL 536 . SOD it . POD i . CAT
6 VEBE M2 MDA & it . LR A o PR
br, HCHE SR B T HE Y o 245 SRR o
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RPUIERE ) 1Y5R 554 Qg>Ta>Pa>Ti>La>H#k 46>1-
107, X 518 Logistic 7 2 FTISAY LTso B9HEF HH
—F, TR Qg WREREEER K (0.9452),

FUH P FEME o, KRR ICHE &R 1-107 A1 A AR
46 1Y 3k TR PR BCE #B B/ (10137 6 A1 0.256 7)),
22 B HApT FE A X 4555

x71 JSARRNEEGRERBERESHF
Table 7 Comprehensive ranking of membership function values of cold resistance among each clones

TR HXRSER POD HtE  SOD{EHE  CAT WM MDA % Sspe X7 T ¥
Ta 0.638 8 0.283 4 0.652 6 1.000 0 0.9722 0.929 0 4.476 4 0.746 1 2
Pa 0.5915 0.192 8 0.562 0 0.759 9 0.629 6 1.000 0 3.7358 0.622 6 3
La 0.074 2 0.3812 0.292 5 0.100 6 0.800 9 0.800 7 24500 0.408 3 5
Qg 1.000 0 1.000 0 1.000 0 0.8103 1.000 0 0.860 9 5.6712 0.9452 1
Ti 0.426 9 0.485 8 0.927 1 0.238 5 0.174 4 0.3532 2.6059 0.4343 4
1-107 0.000 0 0.000 0 0.336 3 0.2497 0.000 0 0.2395 0.825 4 0.137 6 7
k4o 0.0210 0.5193 0.000 0 0.000 0 0.807 1 0.0000 15403 02567 6

24 AERERRENEXES T

2 8 AT, A (AT JE PR 2 48 b (0] B AT —
FEAKEKEFR . SOD iEM: . POD iEdE . CAT itk
Z R BFEIEME (P<0.01), HXERELE 0.90
DL T PR R 1 T AT T 2 ) S A
W IEAHOC (P<0.01), #HC R ik 3] 0.95 LU
I MDA %45 SOD i1, nEtEE A& EE

W@ F ML (P<0.01), 5 POD %M. CAT IR
PESL B AR (P<0.05); HIX HL S35 MDA
TR EENMRE (P<0.01), 5 SOD %M. CAT
WML MEHEATEREEEAMX (P<
0.05). FIUL, 6 JHgHR M AT B R MAH M, £
FEbREL A —E I EER, RS —EBRE L
2 W TG R BT FE MR S .

* 8 FHNTEIEREXREIER
Table 8 Matrix of correlation coefficients for each measurement index
izt PODiF SOD CATI Al PR A MDA &
SOD 0.902"
CAT 0.936" 0.962"
AR 0.978" 0.967" 0.973"
MDA —0.846" -0.889" -0.835" -0.910"
AT H -0.623 —0.799° -0.772" —0.756" 0.850"

T CFREEME (P<0.05), TFRMEME (P<0.01),

3 @RSt

IR B 28T 40 65 2625 1P %) e 72 s ol 40 i
P TSNS, AHXT LR 58 A5 A DG 2 48 45 5 40
JE A oIS A7 R R A G . — A LA
Logistic J7 T2 R HAH Y B LTso LA A 4470 JE P ok
TP B F U ARBIE ST R T &R Qg
Ta. Pa. Ti. La. H#k46 LIA I-107 i LTsy 205K
-30.97., —29.65. —28.59. —26.21, —24.01, —23.84.
—23.52 C. Wk, 2 ToME RPUIFEMR T A HE PR

K A Qg>Ta>Pa>Ti>La>H Ak 46>1-107, X 5K HE
SRR PRBUE B HE P AH— 35, TIE B A X L R
S LTso 2 PFUr YT I SR ARz —, 7]
R TCME R BB R SR A
ORI, MIRNEMESE (AOS) Wk
ARG JA, FHORFA S EERY, RN
TR 2R G0 ] ARG fg i e A th 5, B i 4
%0 4 L R G i 0 5, AR R H DI RE Y AR
PRI ARBFFTEE R, SOD, POD, CAT itk
FEARTFRIR WA T 2T R R AR s, #£
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WA Y 7E 105 55 v A B A R G AW R, (BRE A IR
JE B AR AL BOR R AR B ORGSR . bAh, AN[ETE
PE 2 B LR il 0 1 T 81 0 L IS P 3L BE A TR [
& ToME Z AR P S M O R L R R R ]
Vi B R[] TG P 28 0k 39 35 1) s g 2 88 e g 1 AR T
JePE & Qg i) SOD. POD. CAT ¥ 1 AH XF HiAth G
PR R AR R, UARARIR M E T HyT R
Ll R GE T RE IR, L HIE MR

MDA J2: 2t }fa B8 g 2 4804k e 1 1) B B2 7 ) 2
—, HEEnm RSyt 2 amet, A
FMIR T, 7 0 R A MDA & &2 567 E 5 %
Ry s, PR ICME R MDA 7% & 14 1%
WEIN, X EGERREN TR LSR5, v
VPR B A A A B X 3 85 B R R 9B R T
Y, MBS PTIEMERIE AN, friEdE
ORI JOPE R LT M R R R O IR R R
JePEZR Qg. Ta. Pa. Ti FLE I P K T %5 P
EASEYEESTHBRIEER, H LT BEMK
TR R, RO HUIEME B BT R
5, W] LIAE R RKEAGPLIERT MR & L i BEARM
Bl AR EEEEEYE . MDA S& . AEMEE A SR
FB AT A — TR b SO AR 4 g %o AU 3R 1 R
{ERE P () B FEAL ] 32 B s A& L mly . 2R R
EAEREE . R R 2R R A B,
IE3X 3 A8 AR R A 0] 32 P AR B &5 & 3 B R Bk
FLEA VR VR A BT IRk A T A X A P P i
PEFEAT AT RPN B2 AR GEAE Ry X 51 o bk
% Ta, Pa, La. Qg. Ti#iEHEWWALKET, X
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