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Abstract: Three cultivars of Citrus planted in the southern area of Shaanxi Province were used as experimental materi-
als, and their detached leaves were treated at 5 °C, 0 °C, =5 °C and —10 “Cto analyze the physiological responses relat-
ed with cold hardiness of Citrus under low temperature stress. Meanwhile the method of subordinate function was used to
compare the cold resistance abilities of Citrus and measure parameter and their contribution rate were analyzed by using
principal components analysis. The results showed that three varieties of Citrus leaves in vitro were successively appear
leaf curl, water leakage inside the leaf cells, intracellular freezing and eventually lead to stiff blades and external icing
with the processing temperature decreases. Changes results of leaf morphology showed that the order of cold tolerance in

three varieties of Citrus was Nichinan 1>Okitsu>Fanyatezao. The relative electric conductivity (REC) and malondialde-
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hyde (MDA) of detached leaf all increased obviously under the temperature of 0 °C and reached the max value upon the

temperature of —10 °C in three varieties of Citrus as temperature decreased. REC and MDA value at the same low tem-

perature conditions was the order of Fanyatezao>Okitsu>Nichinan 1. The content of O, -, H,0, and soluble sugar all

kept the overall rising trend and proline significantly increased after the first decreased. The activities of SOD, CAT and

APX as well as the content of ASC generally increased first and then decreased. The results showed that the cumulative

contribution of REC and MDA composite indicator was higher than 85% and had strong representation as citrus cold

analysis of key indicators. The results identified by the average degree of membership hardiness indicated that the order

of cold tolerance in three varieties of Citrus was Nichinan 1>Okitsu>Fanyatezao.

Key words: Ciirus, low temperature, relative electric conductivity, subordinate function, proline

HRFE MM E R KT REARKE,
W st b X EE 28 AFAR &2 A2 (Pietrini et al, 2005) o PEPY
A AT A = B 43 A A2 BV R 3 A I rh | 22 3R
WL IX R B D AR A R R i DX Al )
Z— o BRI, B Hh DX AR S #RHT () b 2%, e
MG FRE B b 2%, VR () 2 & s, 3 JLAF B RS
P AR % S8 32 A I P R AR R 3 . 2012-2013 4R Bk
B X R A = A — 8 B RR AR IR KRR, ARG 2
TR 7 44 M A B R R TE AR 174, DL rp 32 7 XA
Wz KRR (258 A 45 ,2014) , RE MR AT ARG R
FAEMHNZARZ I m, N4 R R
A58 AL S A AR B R 2 AR AR S A AR B X
S BRI (ZEETE S 2014) o IR R E SRR R
JERARHOCR , BRI B A3 K, R R R B
PORIGVEEF,2012) o AR TRLIP 36 52 i B AR 1 5 19 2
KE&E LA bR, R IR SRR YA 2E
R FIRAGE S Sl A (BREZS%,2014), ZED
A5 (1998) 1B 5% 2 B 5 1A I 2B T pA e JE 4 5 T i)
AR 118 7 A T ) I e S M 22 (B A B T OE
O, JEIE 55 (2010) 288 6 ASHTAE & Fh i o8 4%
FERE A TR AL B, 3% BH B 1R P 28 5 e A
(T i < S T o R B S L
(2014) XF 52 3 A B AL A AT P28 B B A R AE L
R AUREE SR BRBLR 4T — R IVIR TR VR Ab 3
24 h JE R MDA B i AT OB AT I 8 R
POD 1 SOD 1 155 A= BRAR bR , I T FENE T8 B A A
e 55 SR BT A E B A B TR T AR D)

R A I A D AR TR BRI RR A 45 8
B FHVE RIS A REE AT AH CHIFFT , 10 A1) FH R A 2 A
AT TR A8 AR DG 58 U i R DL ARG i A
YT A VE AT ) = 23 7, R A 2 R
R RFBMENL, R AAE T A 2 ARG
RIS A VR IR R i)
R AR I 3R K A0 M A2 3 2RI A F g, it 1 e

AR T LA R IS . AR5 LAk R
DGRBS BTAR PR S R H R 15 R B A b 3
B I PR A BTAR TR AR X 522 i P2z S 7 )
PRI ARPRE, 2007 5.0, -5 - 10 CARIE A T Hf
t BRI B S PUIE PR AR SC Y AR B AR, IR
i PRECE XS TN E AT 28 B VRO, 4R 3R] 3 Fif
MHEDLIERE KU HE 1 5 > WA S
AP S L FERE AR — K

1 #8577

1.1 ¥ RHEF SRR E L E

ARWFFE 2% (Okitsu) . HE 1 5 (Nichinan 1)
Az AR H. ( Fanyatezao ) 3 /™ ity B 15 fi I iz W7 2%
o A R 2N R I i R AL 3 AR A I oM 1
EARE R IR HE i (B AR A4S BEAR S 3 A
ZAEA SR o B 3 Fh A B TE N AR R
FENTIRE R 2 J8 IR R 25 °C/18 C (/%) , 55K
FHRHREE SN 80 % , JGHAIEI A 16 h/8 h(B/1K) , o
HESRE A 4 000 1x, 2 J& G B 4 —S0RG v, Fif
FE R P AR H /NS ARG v R, S
0.-5.-10 CHYVKFI IR ME 12 h, DL 25 C/18 C
(/1) N TGS IR0 55 57 0 M A B At kg X
HE(CK) ,AbHR IR 25 R +0.5 C, AbFR 5 BIRE 5
O3 AIHEAT 45 B Az BRES bR 00 R |, T FE AR 3
AEE, 3 FIHHE A 5.0,-5.-10 CAKIR
A PR BRI R AT R, LRI 3 R i
A,
1.2 A BIERRNE

AL F% (REC) I 52 2 B84 JLAE (2015) 1Y
T P HEE IR  BUIR IR ( ASC) 7 il
Y12 BRZ=38 55 (2009) 1Y 5 5 9 % ( MDA ) 25 5l
TE 2 I8 Farooq et al (2009) 17 ; i AL A (H,0,)
AR BT (05 +) & &l & ¥ 2 I Jiang et al



210 IR - W7

36 &

(2012,2013) B9 7712 ;SOD . CAT F1 APX 3% 4 ) 46
YIS WS (2014) IO,
1.3 REEH S R BTN ER S H

BARPR ISR 8 R B S IR HE B 45 (2009)
FIHE] G 4L S 50 (2010) ik, BB RA
(2005) W7k, S Jm BE i 5 Gl R oA ofe . S
=0.7 AEPL( L) s RIEE=0.6 Pt ( M) ;R
JEEE=0.4 AT s KIEE=0.3 BE5hi( IV
9 RIBE<03 HAH(VR), ERE(%)=
IR 3 38 5 48 BR O 5 (/X B8 41 48 A5 0 5E E x
100 %0, 4% B 350 48 A5 14 32 B 43 43 B 2 BE X b 3% 4
(2015) W7k
1.4 BT\HH

FH Excel 2007, Origin7.5 SR1 1 SPSS16.0 & A
HEAT I B ST AT

2 HERH4M

2.1 AEMKEMET 3 fMEFEEMNFHRSTH

WE R, 5X A, 75 5 C abBERT, 3
PR T 3 e il (H G MR B A 2200, H g 1
B MR ORI WA R E (E 1:A,
B, C), MACBRRERE N 0 °CALFERT | 3 FhAHAG I A
YA DKo pr i oz s R K i e, H
M SR 2 ER (B 1.6, H, 1), BEERE
UkSE T REZE-5C M F v 4 BT G 25 vk 3 B0 B i
fifi, Hoyz WA R e o B, R H 15
BR(KE1:G, K, L), 7E-10 CALBRET 3 FhAHHA7 0t
RIS T AN SRS VKIS B, Herh iz AR R
AL IR AR ] L0 R S 2 vk ™ B, D4 R
B SRR IR EL 200 Jf 1 5 v AR X e R A |
1S 4 ™ 2 K (B R & PN A 4
KEUL(E 1M, N, 0), LA 3 Rkt ik 7e AN [
IR e T AE 2SR H R 1 S HiRtEisn,
MR 17 AR R RS
2.2 It H REC #1 MDA & E0%

H & 2 AT, SXTRRZH AR B O °C Ab 3T 3 Bt
& REC 3 52 PE T ar , W 240 b S 3R e 0 0 32
FIWEIR, -5 CALPRRS iz AR MSEAHM 15
REC 4351 3 %t FEZH f 35 38 i 58. 14 % ,39.98 % Fil
19.27% , R ML IR R Gt F 3 E, -10 C AL
B, 3 PP REC 5 2 e miE, 2 I R 4052 2™
IR, 12 R R REC 3% i 4 [7] 15 BE b 3 114 247

FH R 15, 22 B2 A 3R e e IR A 3 A L
il 2 A AP E L, 3 R ARG BRI 7 MDA 5
Wi 5 T oA PR ) S 2 T 14 I A e A, ey R R
FILHE MDA S 7E 0 °C AL PRI IF 4R 5% IR 4] g 3%
4O, HES 15 MDA & 8 7E-5 CARBERTIF iR
Xif WA 2H i 0, ¥4 - 10 C AbBER IR R, M
SRS | BE A PRI A, 3 A A Bkt R
) REC Fll MDA 7 5 24 52 BLZ W im0 a3
2.3 H,0,1 0;- SEWT{L

3 Bon, SXFRAML, Z WA R0 H,0, &
HAIE S CALIRNTF 45 0 2 T, S H RS 1 5 1Y
H,0, &5 NI7E -5 °C A BEm IR 84 W& TH e, 1 Hiz
WAERLEY H,0, & s[RI H A 2 A Fh H,0,
AR R . DAz WA R 05 - S 7E 0
C AL SRS FF 46 825 T i, I Ak 30 B2 0 AR A 38
e EEG T H R 150 05 - iEAE-5 CARE
A FF 4 8 25 TR, — 10 °C AL BRI -5 °C AL AT O -

FE AT T R BRI A T B 2 e, AR

BT | i A PRTEE Y BRAIS, 3 Fhb A 2 it
) H,0, 71 05 « 5 S35 B Wi T 1 i 5
24 BERTYRHNEL

K4 BoR,5 CHREPRRE, 3 Rk A7 B A H il
i 1 15 0 HE A AR H TG I 38 Ak 50 °C AbEERY H RS 1
RIS I AR 7 2 B R T 2 AR U G
B EARE -5 °C AT, 3 ik A I A R 1 A X
HRAL Y g3, Bk B i R(E, —10 °C AbHERT,
HEE 15 R il 2 R o 2 0 IR 2 7
H LAY I 2R -5 °C A PRI 8 25 AT, i H R 1
SRR S A5 CALBRR O 1 WA
FURERR SR -5 CALHmT B A%, 3 Al AG
BRI A T I AEAL SRR 0 CHF S
Xof REZEAH L TF I 5 PR T, - 10 °C AR BRI 5 5
KB, BRI R | Bl A B R AR,
3 PR A B A I R R R B 2 S I T = R
ARG EA R A T PSP M ) 2 R T T v i
25 MENRSEHTHK

Bl S s, S5x IR b, 4T H RS 15 SOD
TPETE 5 °C AbERET R AR B TR, 12 AR SOD i
PETE 0 C A PEAS T 4 2 35 Th i s X4 HEFNZ W R
SOD HHETE 0 C AL BRRT IR F|IE(H , #E-5 CHI-10 C
AEFEIE SOD 3% R4 0°C Ab BRI i 3% T B, (H 247
SOD ¥ PR3O FRZH 22 S AN B 3 Tz AR R SOD i
PR R B E R HRg 15 SOD iEPE7E-10 °C



2 PR e S AR B X =Rl g DO A BRI 52 1) 211

04N

004600000
4 (V0
AMAL

L+

i
»

3
J

B 1 ORFEGRPIE T 3 FEN HTESZEE A, D, G, J, M. 2ada @t B, E, H, K, N. HF | 25 #tH; C,F,1,L, 0.2
WEFER; A, B, C. XA D, E, F. 5 CAMMA; G, H, L0 CRHR )5 J, K, L. -5 CAM A5 M, N, O. -10 CAL#E ),

Fig. 1 Changes of morphology in detached leaves of three cultured varieties of Citrus under different low temperature stresses
A, D, G, J, M. Leaves of Okitsu; B, E, H, K, N. Leaves of Nichinan 1; C, F, I, L, O. Leaves of Fanyatezao; A, B, C. Leaves of control
group; D, E, F. Leaves of 5 °C treated group; G, H, I. Leaves of 0 C treated group; J, K, L. Leaves of =5 “C treated group; M, N, O. Leaves

of =10 °C treated group.
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Fig. 2 Changes of REC and MDA contents in detached leaves of Citrus under different low temperature stresses
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Fig. 3 Changes of H,0, and O - contents in detached leaves of Citrus under different low temperature stresses

Different normal letters indicate significant differences among treatments with different temperatures at 0.05 level. The same below.

O 343 Okitsu O HREG1S Nichinan 1 m iiilé—iéf?fi Fanyatezao
p :

30
c d
—~
~ 25 | b c 2 o5t . c
w2 a a b T| o g c
2227 a a ab bl la = 82f¢ . 1
B S a : 5 I
o P [ 40 5151 ab?
Jax £ i ® aa? a
B = 10 #H 2
& 2 I e 0T
g o aL 3
5| g 5t
0 1 1 1 1 O 1 1 1
CK 5 0 -5 -10 CK 5 0 -5 -10
IEEE Treatment temperature ('C) AIEEE Treatment temperature ('C)

P 4 RGeS A AR o AR e 2 P T S 5 9 A2

Fig. 4 Changes of proline and soluble sugar contents in detached leaves of Citrus under different low temperature stresses
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Fig. 5 Effects of different low temperature stresses on proline and soluble sugar contents in detached leaves of Citrus
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Table 1  Subordinate function values and coefficient of comprehensive indexes and
their contribution rates of Citrus under low temperature stress
e FuFl Variety ZiA 3548 Comprehensive index
IR 7R - —
Measure parameter M Hm 1'% 12 AR AHX L [t
Okitsu Nichinan 1 Fanyatezao REC MDA
FIEROTERG 0.604 0.653 0.562 -0.117 0.192
Relative electric conductivity
N 0.575 0.645 0.562 -0.127 0.096
MDA content
IR & 0.436 0.498 0.396 0.066 0.372
Proline content
CIcai woutd 0.371 0.392 0.334 0.128 -0.081
Soluble sugar content
SOD {ifi ¥ 0.343 0.487 0.350 0.123 0.136
SOD activity
0, & 0.456 0.542 0.415 0.118 0.184
05 content
CAT 15tk 0.385 0.405 0.354 0.126 -0.111
CAT activity
H,0, % & 0.553 0.606 0.411 -0.091 -0.310
H,0, content
APX 61 0.343 0.438 0.399 0.130 -0.036
APX activity
ASC & i 0.475 0.510 0.424 0.099 -0.282
ASC content
s BE 0.454 0.518 0.420
Average degree of membership
BT 2 1 3
Order of cold resistance
TR (%) 74.882 22.032
Contribution
2otk (%) 74.882 96.914

Cumulative contribution
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