YR SR 2013, 22(2) : 59-66
Journal of Plant Resources and Environment

AL AR R AR B 4 A R AR PR AR AR AL K
id N PEZE S PR

1 1
/Jk ¥ ’ I ﬁ EX ) [y@ /t\g ®
(1. PEBOLRFEDF BRI 3286 ot st 1023005 2. jl:a%ikjt 2EREIARERE, JLaT 100083 )

E . X ARBA (2006 4F 10 H %2007 4 3 H ) 445 T HRIAE (Juniperus Linn.) 4 55 | 5005 Rl - 04 55 F A B
SMB AR O) PR R W] R ORI 8 (MDA ) 2 i L SOl S B AL (SOD ) (i 162U (CAT) (it 1k
YIRE (POD) PUIA I AR it A AW B ( APX) FIAS I H IKIA RS ( GR) W& MEAT T2 , T XS - H8 R AT T AH G 43 A
K F S350 (PCA)  FEMCEERY bR F SRR R EOEXT 4 WEFP 84 SE W M AT T 25 81T AN, SRR W] AT 2
4 REFP I 9 AR BR BR AR A A B 2 57, R HL AR BT A E AR AL R BE /N, O 77 A R B L T R S AR
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Change of physiological indexes of leaves and comprehensive evaluation of adaptability of four tree
species of Juniperus Linn. during the overwintering period SUN Jingshuang', JIA Guixia’, TAO
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Abstract: Under natural overwintering ( from October 2006 to March 2007 ) condition, membrane
electrolyte leakage rate, O, production rate, contents of soluble protein and MDA, activities of SOD,
CAT, POD, APX and GR of leaves of four introduced ornamental species of Juniperus Linn. were
determined, and correlation analysis and principal component analysis ( PCA) of above indexes were
carried out, and on this basis, comprehensive evaluation on overwintering adaptability of four tree species
was performed by subordinate function method. The results show that during the overwintering period,
there are greater differences among changes of nine physiological indexes of leaves. Change range of
membrane electrolyte leakage rate is smaller; O, production rate appears a change trend of firstly
increasing and then decreasing; soluble protein content gradually increases; MDA content appears a
change trend of high—low—high; there is no obvious regularity in change of SOD, CAT and GR activities;;
and POD and APX activities appear an increasing trend generally. The correlation analysis result shows
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that except for GR activity, there are significant or extremely significant correlations among other eight

physiological indexes. The PCA result shows that nine physiological indexes can be converted to four
principal components with an accumulative contribution rate of 77.82% ; four principal components can
be divided into membrane function factor ( soluble protein and MDA contents ), membrane structure

stability factor ( membrane electrolyte leakage rate and O, production rate) and scavenging reactive
oxygen factor (CAT, APX, GR, SOD and POD activities) , which are used as identification indexes for
overwintering adaptability of four tree species. According to comprehensive evaluation value (D), the
overwintering adaptability of four tree species in Beijing can be defined, that of J. squamata Blue Star’
is the strongest, that of J. X media ‘Pfitzeriana Aurea’ and J. chinensis ‘ Plumosa Aurea’ is stronger,

that of J. communis ‘ Gold Cone’ is the weakest.

Key words: ornamental conifer; Juniperus Linn.; overwintering adaptability; physiological index;

principal component analysis; comprehensive evaluation
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Table 1 Mean minimum temperature and air relative humidity of
each month during the overwintering period

Aoy A A 0y ol

Time (YYYY-MM) temperature humidity
2006-10 11 66.5
2006-11 1 53.2
2006-12 -6 49.5
2007-01 -7 43.3
2007-02 -2 48.1
2007-03 1 58.4

1.2 FHix
ScE IR TR AR 13 HE 15 B BEVLERER W
A LR AR T A ) B | TR A 45 ik

R PRIE
B FL A BT 105 38 2R T2 SR OB Hi 3020 il
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Table 2 Determination result of some physiological indexes of leaves of four ornamental conifers of Juniperus Linn. during the overwintering

period (XxSD)

HEC P fige ST A E 2/ %
Membrane electrolyte
leakage rate

AFEl (YYYY-MM)
Time (YYYY-MM)

05 P23 3R /nmol + min™' + mg™!

0, production rate

e
ﬁaﬁﬁ/ﬁ\ﬁ/mg . g71

Soluble protein content

MDA & &/umol - g
MDA content

LA B AL Juniperus squamata ¢ Blue Star’

2006-10 24.08+0.24 0.85+0.24 0.55+0.00 16.87+0. 66
2006-11 25.21+0.43 0.81+0.07 0.55+0.01 15.37+0.26
2006-12 25.68=0.00 1.22+0.04 0.58+0.01 12.73+0.29
2007-01 25.99+0. 16 2.90+0.07 0.62+0.01 11.24+0.19
2007-02 26.26+0. 15 3.47+0. 14 0.78+0.01 12.10+0.32
2007-03 25.77+0.77 0.36+0.09 0.79+0.01 13.41+0.51
ZPpAs  SERESR Juniperus x media ‘ Pfitzeriana Aurea’
2006-10 31.42+3.40 0.18+0.04 0.54+0.00 11.25+0. 10
2006-11 33.22+0.25 0.10+0.01 0.50+0.01 6.43+0.61
2006-12 32.41£1.05 0.16+0.01 0.56+0.01 6.97+0.11
2007-01 31.42+0.28 0.55+0.00 0.68+0.01 7.39+0. 86
2007-02 32.32+£11.46 0.30+0. 10 0.69+0.01 14.19+0.27
2007-03 32.35+1.18 0.05+0.00 0.70+0.01 10.10=+0.27
x4 Juniperus chinensis ‘ Plumosa Aurea’
2006-10 19.97+0.32 0.16+0.01 0.85+0.01 17.37+0. 60
2006-11 23.48+0.28 0.23+0.04 0.81+0.01 16.35+0.34
2006-12 24.48+0.08 0.24+0.05 0.99+0. 00 9.01+0.36
2007-01 22.91+0.94 0.46+0.02 1.04+0.01 7.19+0.20
2007-02 23.89+0.56 0.41+0.09 1.05+0.01 5.45+0.07
2007-03 24.03+0.57 0.19+0.04 0.95+0.01 10.20=+0.40
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£ 2 Table 2 ( Continued)

N i LR BB R/ % OF P H H2%/nmol - R A - i
FHE (YYYY-MM) Membrane electrolyte ¢ ZEH/nmol -+ min™" - mg B E /mg - ! MDA & H/pmol - g

Time (YYYY-MM) 0, production rate MDA content

leakage rate Soluble protein content

RPN ¢ 4 Juniperus communis ‘ Gold Cone’
2006-10 21.55+3.01 2.93+0.36 0.49+0.01 15.08+1.04
2006-11 20.28+0.78 4.19+0.39 0.46+0.02 16.94+0.47
2006-12 25.67+2.75 4.54+0.62 0.58+0.01 13.43+0.26
2007-01 26.37+0. 68 4.18+0.92 0.65+0.02 20.40=0. 81
2007-02 - - - -
2007-03 - - - -

D_ . HEARBET, Joil E B8 Without determination datum because of seedling dead.

£3 HEHERME4HUE AR 5 MASLEEENNES R (X2SD)"
Table 3  Determination result of activity of five antioxidant enzymes of leaves of four ornamental conifers of Juniperus Linn. during the
overwintering period (X+SD)!

A (YYYY-MM)
Time (YYYY-MM)

GR 1&E/U - mg™!
GR activity

POD %¥:/U -+ mg™!
POD activity

APX {EPE/U - mg™!
APX activity

SOD /U - mg™!
SOD activity

CAT {fith/U « mg™!
CAT activity

A ¥R Juniperus squamata ‘ Blue Star’
2006-10 3.48+0.24 377.14x19.64 11.00+0. 30 336.19+30.38 246.35+6.16
2006-11 2.90+1.03 261.43+1.01 14.24+0.73 430.47+6.34 310.00+3. 60
2006-12 3.77+0.23 230.00+12.12 17.74+0.57 445.71+4.36 457.54+1.66
2007-01 2.96+0.10 298.81+22.39 17.66+0. 44 446.67+4.29 647.14+45.98
2007-02 4.52+0.12 334.29+10. 10 31.81+1.72 427.62+36.72 590.00+30. 85
2007-03 3.65+0.51 477.14+36.37 16.53£1.45 140.00+7.19 96.57+0.87
A% ERESM Juniperus x media * Pfitzeriana Aurea’
2006-10 4.17+0.54 505.71+17.84 8.27+0.88 498.10+62. 61 98.57+1.43
2006-11 5.98+0.32 308.57+5.71 13.23+1.07 425.71+4.15 114.29+3.40
2006-12 5.94+0.28 477.14+31.86 16.00+0. 40 457.14+10.30 132.86+1.43
2007-01 5.37+0.13 554.29+43.92 18.26+0.97 476.19+14.27 90.00+2. 86
2007-02 5.27+0.34 309.00+17. 84 21.93+1.43 522.86+37.48 52.86x4.59
2007-03 4.40+0.30 357.14+7.19 41.14+2.07 180.76+22.04 85.90+3.33
1543 Juniperus chinensis ‘ Plumosa Aurea’
2006-10 2.71+0.28 242.86+25.20 9.92+0.67 77.78+0.46 25.00+2.06
2006-11 3.30+0.17 238.10+10.74 16.58+1. 10 94.44+4.51 49.66+8.39
2006-12 4.20+0.07 356.97+10.24 15.62+1.32 195.37+6.40 120.37+2.37
2007-01 3.39+0.06 550.00+11.91 38.59+1.06 190.16£28.75 341.67+4.18
2007-02 3.99+0.11 514.82+17.63 62.42+4.56 424.34+6.47 479.37+33.46
2007-03 1.76+0.55 557.14+£13.26 40.09+1.93 222.09+12.22 84.52+3.83
BRS¢ 42 Juniperus communis ‘ Gold Cone’
2006-10 4.36=0.06 271.43+28.97 6.33+0.22 64.86+6.32 97.62+1.37
2006-11 2.86+0.03 566.67+23.49 6.83+0.50 91.11+26.19 161.90+1. 37
2006-12 3.37+0.02 485.71+4.76 15.78+0.26 110.64£12.93 316.67+3.64
2007-01 5.06+0.02 237.14+£16.25 19.87+0.50 81.52+7.70 182.86+3.30
2007-02 - - - - -
2007-03 - - - - -

D _. EARSET:, JG E B3l Without determination datum because of seedling dead.

A AR P 4 BERHI R O, B AR A BR R S
P EIBER 6 O, 7 A HOR B AR R A
FErf 4 FPULEEER R R B n] i B R A

MIEAEAE VAR 1 H 4y (2007 45 1 H) a8 2 H 4 (2007
2 H) RIS ¢ 5 1Y O P2 Ak dRIG(E HE A 2
12 A4y (2006 4= 12 A ) HBH % & T H AL Fh B0 7E
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IMIIE, 45 AT RE PRI 4 AR R A BES BRAL A S5 LR 5 PP 63
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HeFFIEH AR, 5 10 A 43 (2006 4F 10 )
o, mides AL | Zefiis s A AR &3 3
PRI F /9 MDA 876 11 A 43 (2006 4 11 H ) EiK
43 03 (2007 4F 3 J1) JI1R] B 0 R ARG, 150 W] 7 Bk A&
b AR I R 40 AR R 2 A AR AR 7 1 T e R A AR Ak
BHIE T RS Mg o Ak i & A BRI A © & i
MDA 8 fER A 1 A ik EE(E, B &5 10 Ay,
U B2 o 40 A2 31— i 3 3

H K3 AT LLFE . 76 Bk A o A8 rha 4 o i 5 v
5 PSR B T R AR IR A R 22 5, Horh SOD | CAT
DL I GR G 1 9 7428 4k TG B 8 LA I 10 7 1) IR AR
2 45 POD il APX i P 0] A4 b B2 38 e 45

AT UL FE A L R v B T2 Z2 Rl 5 I
MIZRA R A 4 Bt R 04 45 200 A B A AR i B
WA, PR AN RESR FHER—F8 A5 PPA i 4 46 Fof 74 8
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Correlation analysis of physiological indexes of leaves of four ornamental conifers of Juniperus Linn. during the overwintering

Table 4
period"

KGR HEST
2.2 MEHIE 4 JFE S IEIEFRMEE ST
M AR 4 RO BB R I R 9 30 AR BEAE BR
MIAHDC B2 4, 3k 4 ATLLAE L MDA & & 55
HLARE OB 2 0, P AR R VA MR 0 & | CAT
THER POD 16 M A 25 o 3 A A OG 1 ; APX
e O = A ER TR SR (S R SOD & P A
POD {ifi P44 35wl ft 38 A AR DG . O, 7= A i R
SRR AN B R AR R T R R U
5% ;SOD {ifi P 5 B A gt ST AN SRR CAT 345 P 43 301 42
e .3 T AH OGN i kR G POD T M 5 ml v M R 1
FE BN CAT 1M b B IR ARG, Tax eeik
P TR]ELA 55 A 0 2 00 AH G 4 G BT 1L A £ B EE
B, AL FHIX BEFE AR e LAERG VR 4 B bl £ 1 17
PERY R

MR Correlation coefficient

fibn

ME 0, SP MDA SOD CAT POD APX GR
ME 1.000
0y -0.271 = 1. 000
SP -0.232 -0.301 = 1.000
MDA 0.417 == 0.456 = —0.330 == 1.000
SOD 0.377 == 0.153 -0.179 0.089 1.000
CAT 0.046 0.046 0.224 —0.459 = -0.297 = 1.000
POD -0.119 0.139 0.581 == -0.288 = -0.159 0.409 = 1.000
APX -0.003 0.616 = —-0.570 == 0.236 0.259 = 0.129 -0.286 = 1.000
GR -0. 164 0.105 0.058 -0.164 -0.162 -0.066 0.168 0.183 1. 000

DME . B fi i #ME 28 Membrane electrolyte leakage rate; Oy : O, 7R TR 0, production rate; SP: TR PEHE & & Soluble protein content ;
MDA : MDA 5 MDA content; SOD: SOD {4 SOD activity; CAT: CAT {& % CAT activity; POD: POD &+ POD activity; APX: APX {4 APX

activity; GR: GR M GR activity. * ; P<0.05; *=* . P<0.01.

2.3 HEHIE 4 SFH R ERERRER S S
At R P 4 AU E BT R B9 T A B
FRARA) RS A a5 R LR 5, R S UL 9 Wik
PRAGAR AT Ao 4 IREEAHahn , BIEE 1 508 2 56 3 FI%
4 F Ay, TTERER R 29. 66% 19.93% 16. 61%
F11.62% , Bt oiEk Rk 2] 77. 82% , HHE 9 Hifs
bR B AR UELL (B R 25 & 38 B8 I AR HE AL RRAE 1) 2 43 3145
FIZE 1 B2 55 3 RIS 4 M RIE AR CI(1) =
-0.010x, + 0. 559x,— 0. 797x,+ 0. 672x, + 0. 425x, -
0.448x, — 0.624x, + 0.704x, — 0.068x,; CI(2) =
~0.748x,+ 0.633x,+ 0. 191x,+ 0.308x,— 0. 424x, +

0. 278, +0. 454x,+0. 282x,+0. 399x, ; CI(3)= 0. 515x, +
0.280x, — 0.202x,- 0.524x, + 0.226x,+ 0.637x, +
0.229x,+0. 546x,+0. 174x, ; CI(4)= 0. 003x, +0. 280, +
0.218x,+ 0.241x, + 0.372x,+ 0. 187x, + 0.321x,—
0. 100, —0. 759, .

FE A RHE ) AR T A R A I RS Y
VEHIARUEL, B4 BRI bR X 28 B 4R bR I sTmk R/
% 5 T LIE AR5 1 B0 A A 1] R A K Y
Bhroe P AR 1 T & i, OO APX TE P AT MDA
i, MPTEARIER R T B AE A R S e R
BB ST DA AR A ) A B AR 2 3 5 1T MDA
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Table 5 Result of principal component analysis of physiological indexes of leaves of four ornamental conifers of Juniperus Linn. during the

overwintering period'’

F S FEEME Eigen-vector
Principal B ) s R/ % AR/ %
component ME 0; SP MDA SOD CAT POD APX GR Total
1 -0.010  0.559 -0.797  0.672 0.425 -0.448 -0.624 0.704 -0.068  2.669 29.66 29.66
2 -0.748  0.633 0.191  0.308 -0.424 0.278 0.454  0.282 0.399 1.794 19.93 49.59
3 0.515  0.280 -0.202 -0.524 0.226 0.637 0.229  0.546 0.174 1.495 16.61 66.20
4 0.003  0.280 0.218  0.241 0.372 0.187 0.321 -0.100 -0.759 1.046 11.62 77.82

DME . B fi# i /NS % Membrane electrolyte leakage rate; Oy : O, 7R T 0, production rate; SP: TR PEEE & & Soluble protein content ;
MDA MDA %t MDA content; SOD: SOD it SOD activity; CAT: CAT 3% CAT activity; POD: POD i % POD activity; APX: APX 3 APX
activity; GR: GR WM GR activity; R Fik# Contribution rate; AR Z 5Tk Accumulative contribution rate.

e R R A S 2 W, 0 B A A 240 B R A
FRBE TR IR | B2 WA A 1 ok 4P R B AT 4 o
WA R R ES R, A 1 RS T R sE X
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SEMEHLAE NS R, RO o) PRl R, T
ff I ANE F T LR B R S8 1) SE M T O, 4E i
PEAA I FR 3 2 — X 4 A A ) 1 A
PE5 2 o T LA O S i Roe 1, RS 3
FHLAT HAFAE ] 2 3 K A CAT 36 %, Hok o APX
T RS 4 F R AR AR GR TS T, H
Y2 SOD A1 POD 5%, 76300 52 a6 vh | A 4 3 2558
TP A FR G0 R E A TR T B 1 1 4, TR 265 3
FEE 4 E RS> TT5E SONTEBRIGPE AR F
2.4 HEZHE 4 WFHELSENENESITEN

FRAE A AR 4 FloUL B £ A e 4 3 7
PEM TN HE bR, 25 R L 6,
2.4.1 FB&ZHHH BEE AW X TR LG
TEAR AR E BRBUE, 0 CI(1) T 5, s« A 7
11 A4 (2006 4F 11 H)B U(1) &K (R 1.000) , %
B LS W B E CI(1) X —Z5 A bR b 3 30
ST o PR R s BN A ¢ A AE AR 1 A 43 (2007 4
1A U BN 0.000) , FHIRRINAS < 44 76
CI(1) X —ZR A Fabn L MAE N RE ) i 2%
2.4.2 MEGHT  ARYE 4 WEEH IR 5T R
(F25) W05 4 25 A 35 Ar B9 AL FE 43 51 ok 0. 381,
0.256.0.213 F10. 149,
2.4.3 MAERWEASFN BRIP4 TZESFEAN
U(x) S, 3K15 4 B0 5% £ B 7F i 4 s F2 P i
AFEABRIZEEBE (D) , D E R/ T H A
TERPER RS . hFE 6 AT LLE . W — W R LR S TR
EAEATE A AL FL AN — 50, Bl 25 336 55 J e s i)

PYIEF s ¢ WA AR < & A RITEIRAE 1 A
ByFn 2 4y (2007 452 7)) DRSS, 7305020 0. 768 Fi
0.520; Z2Fhis < BEJE A RIRKINAS ¢ 44 76 10 A )
(2006 4 10 H) D i, 53910 0. 639 F10.483
TE10 A M Z2WAE2 Ay, [ — A 4 4 B0 D
TH KRB N R HET A ks < i AL 2 fi ks
S R A BRUNER A HET ., DI, FEEA
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Table 6 Comprehensive index value CI(x), subordinate function value U(x) and comprehensive evaluation value D of physiological indexes of
leaves of four ornamental conifers of Juniperus Linn. during the overwintering period

BFE (YYYY-MM)

Time (Yyyyan) G0 cI(2) CcI(3) cI(4) U(1) U(2) U(3) U(4) D
Az WEE” Juniperus squamata * Blue Star’
2006-10 1.269 0. 160 -1.167 -0.411 0.942 0.634 0.445 0.294 0. 660
2006-11 1.699 0.134 -1.169 -0.945 1.000 0.629 0.445 0.174 0.663
2006-12 1.025 -0.364 -0.776 -1.718 0.909 0.540 0.514 0.000 0.594
2007-01 0.143 0.663 -0.164 2.728 0.790 0.724 0.623 1.000 0.768
2007-02 -0.161 1.708 0.391 1.000 0.749 0.911 0.722 0.159 0.696
2007-03 -2.678 2.211 0.475 2.202 0.409 1.000 0.737 0.882 0.700
ZePpAs BERESR Juniperus x media ‘ Pfitzeriana Aurea’
2006-10 0.375 -1.438 1.131 -0.066 0.821 0.348 0.853 0.372 0.639
2006-11 0.873 -3.386 1.228 -0.100 0.888 0.000 0.871 0.364 0.578
2006-12 -0.608 -2.032 1.560 -0.423 0.688 0.242 0.930 0.291 0.566
2007-01 -0.807 -2.102 1.955 0.493 0.662 0.230 1.000 0.497 0.598
2007-02 1.116 -2.182 -0.050 0.614 0.921 0.215 0.643 0.524 0.621
2007-03 -1.148 -2.314 0.021 0.472 0.615 0.192 0.656 0.493 0.500
154 4F Juniperus chinensis ¢ Plumosa Aurea’
2006-10 -0.504 0.037 -3.669 0.482 0.702 0.612 0.000 0.495 0.498
2006-11 -0.372 -0.581 -2.985 0.451 0.720 0.502 0.122 0.488 0.502
2006-12 -2.216 -0.971 -1.054 0.337 0.471 0.432 0.465 0.462 0.458
2007-01 -4.860 1.236 0.198 -0.200 0.114 0.827 0.688 0.341 0.452
2007-02 -4.821 1.724 1.441 -0.308 0.119 0.914 0.909 0.317 0.520
2007-03 -4.041 1.027 -0. 146 0.783 0.225 0.789 0.626 0.562 0.504
FRINAS < 448> Juniperus communis “ Gold Cone’
2006-10 -3.474 0.607 -0.658 0.413 0.301 0.714 0.535 0.479 0.483
2006-11 -3.544 -3.331 0.997 0.271 0.292 0.010 0.830 0.447 0.357
2006-12 -2.988 -2.464 -2.261 -0.329 0.367 0.165 0.250 0.312 0.282
2007-01 -5.705 0.069 0.180 1.722 0.000 0.618 0.684 0.774 0.419
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