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1.1

AR RE AR

Information of the test materials of olive seedlings

]
Blade spacing/mm

I JE 73 EYil
Leaf thickness/mm  Plant height/cm  Stemdia meter/mm

x1
Table 1
b L RS -5

Cultivar Chinese Leaf length/mm Leaf width/mm
Arbequina RS 51.077 £2.729 bc 11.783 £ 1.021 ab

EZ-8 SFHH8%S  50.920 + 1.506 bc 11.043 + 0.582 a

Frantoio o 44.043+1975a 10.840+0.135a

Leccino KE 47.233+0.994 ab 11.057 £0.734 a

Koroneiki (e 53.810+3.337c 13.100 + 0.894 b
Picual KUK 52523 +3.496 bc 11.933 + 1.708 ab

Coratina FHu#  52.507 +2.381 bc 10.563 +0.108 a

Arbosana Pi/RIEFE4N  51.250 + 4.280 be

10.917 £ 1.042 a

23.553 £ 2.362 ab
25.813 £4.445 ab
28.757 £5.191 b

26.393 £ 2.620 ab
22613+2.121a

27.270 £ 1.259 ab
25.207 £ 0.454 ab
26.097 £ 1.931 ab

0.470 £0.036 a
0.483 £0.035a
0.467 £0.012 a
0.483 £0.032 a
0.567 £0.021 b
0.563 £ 0.047 b
0.577 £0.031b
0.617 £0.021 b

27.367 £1.198 a

30.767 £ 1.453 ab
30.167 £ 4.253 ab
35.233 £2.904 b

33.700 £ 1.955 ab
31.933 £ 0.689 ab
33.700 £ 1.457 ab
33.200 £ 1.305 ab

3413+0.263 a
3.577+0.212a
3.730+0.433 a
3.443 £0.437 a
3.500 £ 0.360 a
3.743 £0.064 a
3.650 £ 0.437 a
3.893+0.072 a

T RPBUENFIIE £ FrAER(n=3), ANFE/NEFREORE — AN F AL B A AE0.057K F k2R B (P<0.05)

Notes: The values in the table are the mean * standard error (n=3), and the different lowercase letters indicate the significant differences in
the 0.05 level between the different treatments of the same variety (P <0.05)
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Fig. 1

The change characteristics of physiological indices in eight olive seedlings under low-temperature stress
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Tk A L R 5 2 BB TR (] S i E A G
HBEIR SRR A LT A T -16.359~-9.715 °C Z [
%2, MFEEHIFIT SR> R > B>
SR> B> SR 8 5> Pl JRIE BEYN > ] 3

*2 SHEMFHTEE

Table 2 Semi-lethal temperature of tested varieties

A Logistic /7 % 2
Cultivar Logistic equation i3 Lo/ C
IR 4 y
BK;L;%EEE Y=100/(1 + 8.123e™*"*™) 0.964 9** -11.019 + 1.031 bc
E% Y_1 1 + 11 333 -0.148x ek
Arbequina Y™ 00/( .333e ) 0.982 5** -16.359 + 1.225 a
A8 Y=100/(1 + 7.478e0175 *
Ezhis =100/(1 + 7.478e™*"*) 0.972 4** -11.517 + 0.879 bc
R Y=100/(1 + 7.622e™17% o
Frantoio Y=100/( .622e7°"%)  0.964 4** -11.534 + 0.586 bc
;’g}; Y_100/ 1 + 9 33 -0.166x Kk
Leceino =100/( .335e7%1%%") 0.965 2** -13.481£1.125b
gjfiffa Y=100/(1 + 8.575e™*"***) 0.932 8* -13.836+1.111b
Vavd
%ﬁgl Y=100/(1 + 9.441e %) (0.925 5* -14.410 + 1.263 ab
Kﬂfiiki Y=100/(1 + 7.766e°*'™") 0.9328* -9.715+0.774c¢

T IR AR R R L BRI R K F— 1 AR R
G BERIR 2 7 1 (p<0.05)

Notes: *means significant difference at p<0.05;**means
significant difference at p<0.01. Values within a column followed by
different letters are significantly different at p<0.05. The same below

2.2 {RIEAME TS B dn i A A 2 N R K i 2R

Her
221 A IR
2211 WMZEEEENZL 8 NIHE A A

2R 2 B IR B R R . M 22 C R
=4 °C, TR E R B R SR 3 R R A
IN, RN 18.31% Fi1 18.21%, 17 1 B8 i 4] 2L
WElE e, 4351k 26.88% F141.37% (& 1b ),
2212 WIESEMEL TRUEIKKR,
FERLE RIS N (MDA) & i BRI
F A SR, AR AT M i i R v 2 T
JE AR RS, #E 0 °C KB &g, 0 C FEIRE
=4 C PR R, T3 R BRI R R,
20.60% #122.61% (& 1c),

2213 AKEME FHER S22 L
Fofrint e e R i Bl (KT P 2 TR B AR = T
B, FE-4 CYakBEE, 50 CAHlL, IR
IRIEIREE R, R 7.58%, 1M )L B 1
/N, AR5k 0.46% i1 1.05% (& 1d ).

2214 AREMEFALAMERE S RN
ALV B R e iR R 2 TR, fE

-4 CIKFNEAE, HA AR B B T
fl S Fh . AE 0~=4 °C, ‘Pl 3L Ffh B A4 ] 5 M b
S A TR, R REIEEA . (& 1e ),

2215 (REPA FAEEEASEPEL E
SRR P R T HA AR, iR
PEEE 7 kIR R R R o —4 C Bha TR, B2
TR B R R, N 54.14%, ‘Gz, i
BB IR R 1.67%, i B H: A2 I 5 i 4 K
(1),

2.21.6 SOD &M ‘L Bl A b B B Y R
i, A WS S A A A9 SOD ff M SR e T
JE AR RS, R — A AN R e T 8777
EZER (P<0.05), 70 C HikFgME, Hp
‘TR SOD i M, M 235.19 U-g™', ‘BRI
FWZ . HE CKHEL, -4 C R, SR Rk
P WG R e A, AR, T A R L 4
RN, 43910 197.46% F1 193.70% (& 1g ).
2.21.7 POD EPERY AL 8 AR A i A
f) POD {5 PERE % b R BE A B A S S e TR
FEARI S . BRSRAEL 8 5 '7F -4 C ik FIIE(E, i
HARFEITE 0 C LR IEME, 0~-4 CIiHHERK
ik, Ho G5 Ay POD I M A i T H A 5t A
T3 s (B 1h),

2218 CAT FimmyAsfb bl 5 Ab 30 B i B
i, G R R B R 3 R 1) CAT
PER R TS, fE-4 C Ik BIWEAE, THA
8 45 BRI IR Uk B AN, o N ] L Y e T R R
FRARAYREEY, £ 0 °C IRENEM (1),

222 A TARemmRIEGEESES LIS
AR, MRS a . A S R s R
B E s 9N S, MRS SEN T R gL
B, JFHEATIFERE 1 25 G VPR, LR IR
B S A T3R8 REEZE R AR E, 1
HHEERMZEfAAEREZES (P<0.05), 84
oty PR ABOASE i S R B 5 L3R 3, IRIRCR: H
B> TR > BHRLHS > S 2> SR IE 8 5> Bl /R ik
B> (i B> o 3

2.3  {KiBAME X REHE YA R S R RN
2.3.1 AR 0 X b O 40 38 R A AR A
“¥m SHMERRFAEZERT (22 C), &
NESEA N ZES (K 2), BEEMKE PG
Jil, SRR A R AR (P, ) R
TREFE, -4 C 55X (CK, 22 C) #lk, K
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Table 3 Membership function values of the eight olive seedlings under low-temperature stress
fFh Cultivar
Bzt
Indexes R 7R 15 44 ISR I8 L P B BJUR [EE-S
Arbosana Arbequina Ezhi 8 Frantoio Leccino Coratina  Picual  Koroneiki
F%FHL 5 % Relative electric conductivity 0.52 0.54 0.69 0.00 0.66 0.83 0.99 1.00
4% Chlorophyll content 0.70 1.00 0.89 0.50 0.92 0.93 0.97 0.00
Tl ERE Soluble sugar 0.16 1.00 0.29 0.03 0.36 0.43 0.82 0.00
Al P& Soluble protein 0.25 1.00 0.26 0.04 0.35 0.52 0.43 0.00
fiti% B Proline content 0.24 0.84 0.20 0.04 0.36 0.35 1.00 0.00
A & & & MDA content 0.70 0.00 0.69 0.89 0.49 0.39 0.17 1.00
SODyE#: SOD activity 0.34 0.96 0.64 0.00 0.94 0.94 1.00 0.02
POD;E % POD activity 0.86 1.00 0.88 0.82 0.90 0.91 0.93 0.00
CATfitE CAT activity 0.37 1.00 0.53 0.11 0.62 0.66 0.76 0.00
F¥)3# R Average degree of membership 0.46 0.82 0.56 0.27 0.62 0.66 0.78 0.22
fif %€ HEF Order of cold resistance 6 1 5 7 4 3 2 8

JNIR B R B /N 84.79%, Al i Folr B¢ Wik 15 7
90% LA I, fRiEM e, SILTE (Gy) 7F
4 CHi AR TR, 4 C5 CKHMLE, KK
JRR BRI BRI b, il CK R R T
49.57% 1 78.37%; ‘Bl /R I 5240 B i e R, a8 3]
96.02%. Mfili] CO, W B (C) 7E 8 A 23
R R B2 AR, -4 °C B Bl R i 5% 40 ] 5L
B CK K T 5.36% F1 12.33%, HiAth 5 F#h#4 B
BT, R IR R 119.35%, FlE (I
R a B IR, R (T,) 7£-4 C B E T
BE, M T CKEMPIRREAR —%, N F
93.76%~96.80%. % i i il 1 2 o A< FL B il 1
(Ls) ZEIETHRFEHETIEEE, 38w E L
HHHIPRAE 16 °C F1 12 °C,  *J TR I Bl R i B4l
WEER, A9 153.49% F1 137.04% (12 C ),
KRR ( WUE ) 2T BT
P, PR AP SR BUAE 4°C, AH LU IR BT
IRE B4 B B KR 56.04% o
2.3.2 AR it xb il B T SR A R AR Bm
HE 3 AL, ZEARIEMME T, 8 MRS
il 1) B KOEAL A8 (FyFy ) AR RS
-4 °C B, ‘SFAH 8 54 CK [ IR % /N A 33.26%,
11 i) 3 3¢ CK [ i e KA 50.55%. M 16 °C %]
4 °C Wit R, B R S B AR — B H A
G,
ZARE MG, SRR F R (Ppgy ) TE
0 C A fbtaids AL, 0 °C E-4 ¢ HBE
TR, CBTRBEBEN R SR 85 Ak IR

SRR RERL AR R IR R ] 3 [ I 43 ) Sk
63.20%. 60.81%. 56.70%. 55.01%. 62.15%.
64.32%. 60.35%. 64.56%.

S SRR R (gP) BIKE
“WIE #a%, A R(EEBAE 8 °C A0 ¢, 4 CHf
A LTS, FE-4 C RHERFHT B . PT/R I 5=
g A SR 8 ik L S A R B hr
F LR IR RN A L BE 0 43 B A 24.35%
24.09%. 24.35%. 13.41%. 29.77%. 28.69%.
23.24% ., 30.11%.

(VERTEA i SIEN o] )1} I Tt G R |
WK FE (NPQ) {EFE 22 C 2 0 C ZBIREEA
K, i+ T 1.558~3.118, 0 C -4 C HMAaRT
K&, BRI 0.05 7244,

233 A TASATGZ F ALK R EREH S
KSR JE pREOEXT 8 ML AL A it 2R Rk
JEBHH) 10 DR bRIEA T FEVELE BT . K 4
ALAT, 8 AN THI R S Bl R 7 SR B A 0.41~
0.71 Z ], MFJE REEE A VI (E T 15 H i S
MR R B 7 35 > G R > L > SR A 8 57 ="
B =S B> H IR > Bl R B B2 B 275
TEME R 0.71, i FE M It 5 Bl K I % 40 19 25
BIEMMECH 0.41, T FEMER 2,

3 ik
3.1 BRRFEXHMERA L

Ve SEL Iy, ) A0 A B e e 2 B A
FEANNEE R RENE , BB O E R R,
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Fig. 2 The change characteristics of gas-exchange parameters in eight
olive seedlings under low-temperature stress
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Fig. 3 The change characteristics of chlorophyll fluorescence parameters in eight olive seedlings under low-
temperature stress

x4 KEBEMET 8 MMM BHNERRHRERHE (XESH)
Table 4 Membership function values of the eight olive seedlings under low-temperature
stress (photosynthetic parameters)

fmFh Cultivar

DE F bR

Determination index PORPEREAN B SRHE8S B SRR RHuA RJIUR
Arbosana Arbequina Ezhi 8 FrantoioLeccino Coratina Picual Koroneiki

H#HAEE (P, Net photosynthetic rate 0.36 0.94 038 052 048 063 063 0.36
SILEE (G, Stomatal conductance 0.36 0.44 045 042 051 055 0.37 0.56
B la] —E LB (C)) Intercellular CO, concentration 0.41 0.66 050 058 060 042 052 045
7Z&E# % (T,) Transpiration rate 0.39 0.45 0.43 042 0.54 053 0.38 0.52
ALIRHIE (Ls) Stomatal limit 0.65 034 059 058 041 040 049 047
KA FIHZZE (WUE) Water use efficiency 0.50 0.34 056 055 045 252 047 060
IR IREFEAL AR (FIF,) Maximum light energy conversion efficiency  0.39 0.44 0.47 046 044 0.38 0.39 0.38
BRO R TR (Ppgy ) Effective photochemical quantum yield 0.33 0.50 050 050 050 050 033 056
Hetb e K 230 (gP) Photochemical quenching coefficients 0.62 0.49 0.41 041 051 063 062 064
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Evaluation of Cold Tolerance of Eight Olive Varieties in
Cuttage Seedlings

WU Wen-jun, QI Jian-li, JIN Gao-ming, ZHANG Rong, YAO Yu-fang,
MA Cheng-yan, JIANG Cheng-ying

(Gansu Academy of Forestry/Olive Engineering Technology Research Center of
Gansu Province, Lanzhou 730030, Gansu , China)

Abstract: [Objective] To investigate the evaluation method of cold resistance of olive cuttings. [Methods]
Eight two-year cuttage seedlings of olive varieties were introduced and planted in the valley of Bailong
River on the southern slope of West Qinling Mountains in North subtropical China. Cold stress (16, 12,
8, 4, 0, -4 °C) was simulated to measure the contents of osmotic regulation substances, protective en-
zyme activities, photosynthesis and chlorophyll fluorescence parameters. [Results] With the increase of
cold stress, the contents of relative electrical conductivity (REC), proline (Pro), soluble sugar (SS) and sol-
uble protein (SP) in the leaves of 8 tested olive varieties showed an increasing trend, and the activities of
superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) increased before 0 “C and then
began to gradually decreased after freezing point; During the process of temperature decrease, leaf
chlorophyll content (Chl), net photosynthetic rate (P,), stomatal conductance (Gy), intercellular CO, con-
centration (C;), transpiration rate (7,), maximum photochemical efficiency (F,/F,,) and actual photochemic-
al efficiency (PPS1I) of all varieties showed a decreasing trend,stomatal conductance (Gs) showed a de-
creasing trend before -4°C. Correlation analysis was conducted using three evaluation systems: semi-leth-
al temperature (LTsy), membership functions of osmotic regulatory substances and protective enzymes,
and membership functions of photosynthesis and chlorophyll fluorescence. The results showed that the
semi-lethal temperature of eight olive varieties ranged from -16.359 °C to -9.715 °C. [Conclusion] The
comprehensive ranking of cold resistance obtained by the method of subordinate function of the activity
parameters of osmotic regulatory substances and protective enzymes is basically consistent with the rank-
ing of semi-lethal temperature obtained by the method of conductivity and Logistic equation, and is consist-
ent with the overwintering performance of olive in the test area. It can be used as an evaluation method for
cold resistance of olive at seedling stage.

Keywords: olive; cold tolerance; cold stress
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