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Abstract: Taking ten provenances of Toona sinensis ( A. Juss.) Roem. from different locations as
researching subjects and temperature 25 °C as the control, changes in water content indexes ( including
contents of total water, free water and bound water, and ratio of free water content to bound water
content) and osmoregulation substance content (including soluble sugar and proline contents) in leaf
under low temperature stress conditions of 5 C, 0 C, -5 °C and - 10 C were compared, and
correlations between these indexes and the low semilethal temperature (LT,,) were analyzed. The results
show that under conditions from 5 C to -5 °C, total water content, free water content and ratio of free
water content to bound water content in leaf of T. sinensis seedlings from different provenances all are
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lower than those of the control, and above indexes of most provenances decrease gradually with decreasing
of temperature ; bound water content in leaf of seedlings from different provenances is higher than that of
the control and reaches the highest value under condition of 0 °C ; contents of soluble sugar and proline in
leaf of seedlings from most provenances increase continuously with decreasing of temperature. Under
condition of =10 °C, total water content and free water content in leaf of all provenances and ratio of free
water content to bound water content in leaf of most provenances all are higher than those under condition
of =5 °C, but contents of bound water, soluble sugar and proline all are lower than those under condition
of =5 °C. The results of correlation analysis show that under condition of 5 °C, there is significantly
negative correlation between bound water content and LT, and there is significantly positive correlation
between ratio of free water content to bound water content and LTs,, while under conditions of 0 °C,
-5 °C and -10 °C, there is no significantly negative and significantly positive correlations between the
two indexes and LTy, , respectively. There is significantly positive correlation between free water content
in leaf and LTy, under conditions of 5 °C and -5 °C, while there is no significantly positive correlation
between them under conditions of 0 “C and —10 °C. There is no significantly negative correlation between
contents of soluble sugar and proline and LTy, under condition of 5 “C, while there is significantly
negative correlation between them under conditions of 0 °C, =5 C and —10 “C. It is suggested that ten
provenances tested of 7. sinensis all are not tolerant to —10 °C low temperature stress, the tolerance
threshold of T. sinensis to lower temperature should be confirmed from -5 C to —10 °C.
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Table 1

Natural survey of location and the low semilethal temperature (LTs,) of provenances tested of Toona sinensis ( A. Juss.) Roem.

ATvE ol E1 % e B2 I

ﬂlﬂ?ﬂﬁ %E f}:fff fﬁ}?yi/m Air'l‘:jfa{imrfl:(;n ﬁzi?lfltfl( f;::m %E;:qﬁt%fﬁrgf LTs,/C
Location of provenance Latitude Longitude Altitude lemperature precipitation period

YT.75Ri &% Nanjing of Jiangsu N25°25"  El114°33’ 1 607 18.1 1577 350 -6.26
PUNIJ™JG Guangyuan of Sichuan N26°41"  E116°13’ 400 17.5 1 450 265 -4.10
IR 7 Dongkou of Hu’ nan N27°05'  E113°30’ 425 16.6 1482 290 -4.73
HIALREM Suizhou of Hubei N31°15"  El12°13’ 470 15.5 1 050 220 -4.95
T RI P Xixia of He’ nan N31°43"  E105°35’ 1383 16.1 1 000 263 -6.16
B PG % B Ankang of Shaanxi N31°53’  E119°36' 1 055 15.5 965 230 —6.40
SN PURS Qianxi’ nan of Guizhou N32°18’  E118°20' 114 15.4 1 026 237 -2.14
TR Xiapu of Fujian N33°53’  E113°57' 80 14.0 800 236 -3.45
IR 7 Ji’ nan of Shandong N35°14’  E115°20' 133 13.8 678 213 -6.83
LI ZR 1775 Heze of Shandong N36°40"  E117°00’ 750 14.3 661 196 -5.80
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Table 2 Change of total water content in leaf of Toona sinensis (A. Juss.) Roem. seedlings from different provenances under low temperature

stress (X=SD) !

LA BE AR TR v R R B KR %

Tl 5 by Total water content in leaf treated by different temperatures
Location of provenance 25 °C (CK) 5 0 5 10 C
YTINREI 5L Nanjing of Jiangsu 66.14+0.33Aa 64.19+0. 19Bb 62.42+0.62Cc 50.53+0.43Fe 55.47+0.69Dd
P9I~ JG Guangyuan of Sichuan 66.02+0.06Aa 62.09+0.07Bb 61.49+1.35Bb 51.66+0.78Dd 52.27+0.43Cc
IR T Dongkou of Hu’ nan 67.55+0.75Aa 63.31+0.37Bb 62.72+1.04Bb 50.011.11Dd 59.89+0.91Cc
HIALREM Suizhou of Hubei 66.19+2. 16Aa 62.69+0.37Bb 62.17+0.39Bb 53.5420.16Dd 55.86+0.38Cc
ARG PE I Xixia of He’ nan 65.12+0.52Aa 60.82+0. 62Bb 59.71+2.01Bb 52.93+0.39Dd 56.42+0.42Cc
[P 42 )8 Ankang of Shaanxi 64.04+1.22Aa 63.56+0.74Aa 58.73+0.35Bb 51.91+0.71Dd 55.16+0.08Cc
FINE PR Qianxi” nan of Guizhou 68.0120.49Aa 64.64=1.24Bb 63.21+0.25Bb 57.00=0. 18Dd 59.47+2.47Cc
TR Xiapu of Fujian 68.1120.54Aa 65.35+0.47Bb 61.98+1.32Cc 57.48+0.06Ee 59.15+2.41Dd
INZBERG Ji’ nan of Shandong 65.11+0.55Aa 62.89+0. 19Aa 62.53+1.21Aa 49.93+2.61Cc 54.23+3.21Bb
I %R 187 Heze of Shandong 65.88+0.33Aa 63.72+0.24ABb 61.83+1.23Bb 50.91+1.71Dd 56.53+1.29Cc

D v Bl 3 WK 42 Y F 44 {E Datums in this table are the average of three replications. [/ 47 WA [al Y /NG FIl R S 8L 4 ) R 22 7 W3
(P<0.05) il #% & & (P<0.01) Different small letters and capitals in the same row indicate the significant (P<0.05) and extremely significant

(P<0.01) differences, respectively.
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Table 3 Change of free water content in leaf of Toona sinensis ( A. Juss.) Roem. seedlings from different provenances under low temperature

stress (X+SD) !

SRR BE AR B R B A K i %

FiEb Free water content in leaf treated by different temperatures
Location of provenance 25 C (CK) 5 0% 5 ~10 C
VL5 5% Nanjing of Jiangsu 42.13+2.91Aa 32.18+1.44Bb 20.01+5.81Cc 18.61+1.64Cc 19.38+2.82Cc
PUNIJJG Guangyuan of Sichuan 42.13+2.91Aa 30.75+2.87ABb 15.35+0.85Cd 19.04+9.37BCed  25.04%2.84BChc
#1FER 1 Dongkou of Hu’ nan 39.24+5.79Aa 32.18+1.44ABb 23.32+1.44Cc 18.61+1.64CDc 31.03+0.29Bb
WIALREM Suizhou of Hubei 39.22+1.82Aa 32.62+1.00ABb 17.62+1.42Cc 16.55+5.21Cc 30.75+2.87Bb
TGPk Xixia of He’ nan 39.82+5.22Aa 27.31+0.57Bb 16.21+2.83Cc 15.79+4.31Cc 31.03+0.29Bb
BEVE % B Ankang of Shaanxi 36.34+2.88Aa 30.75+2.87ABab 19.04+3.21B¢ 18.66+9.95B¢ 26.74+4. 19ABbc
SMESVERS Qianxi’ nan of Guizhou 44.85+8.42Aa 33.69+11.53Aab 26.20+1.44Ab 21.33+11.23Bb 33.64+5.77Aab
A Xiapu of Fujian 48.87+5.01Aa 35.93+2.32ABb 23.32+1.44BCc 21.49+8.26Cc 33.06+6.34BCb
IIZBFES Ji’ nan of Shandong 36.37+8.65Aa 30.78+8.61Aab 19.06+5.69Ab 17.39+13.39Ab 26.46+0.29Aab
I % Heze of Shandong 40.68+4.36Aa 31.07+8.90Aab 20.47+1.43Ab 16.99+2.23Ab 30.75+2.87Aab

D v Bl 3 WK F 42 Y F 44 {8 Datums in this table are the average of three replications. [ 47 H A [l #Y /NG Fl KR G 7 BE 43 B R 22 5 L3
(P<0.05) il #% i & (P<0.01) Different small letters and capitals in the same row indicate the significant (P<0.05) and extremely significant

(P<0.01) differences, respectively.

TR, B S S KRR I A R — 2 T
=5 CHANFT BRI ISR IRANHAR 9 A A
(4 K 2 S 4 B fIK, T -10 °CAR IR By 38 7 45 o i ot
Frfg B dK & A -5 °C IR M aa A% 1 T A B T
e, L2800 T 0 CARIEMNE 600 T (VL5 Fg 5t Rl ik
BRAN) o ANTRIRRIE ) B9 b e 2 SR 2 W . 53 85 14 e
AR R A IR B 04 1 P K B A
Ti 2 e KR W AE -5 CARIE A T 52 8
PO R IR L i A K S BT 0 C A%
PET WA AR IR 9 B K S AE 0 C -5 C
FAFFNTRE 25 W A RS X — 3845
A, St ES VYR R AR -5 CARTRLIT A A BT kAR

FHADARIR , 5 HAR IR SOE R B A — 2
2.1.3 RAKRLFTHTASH  ACEMNGE T ASFEF
TREFEL T A RADK SRk R 4, hmE4 ]
PIE M TE25 CE 0 CHRIFT , ARFIEEHL T
F PR SEK & A 2T R, 5 R Bk
A KSR AR A A B, BRI 55 R
PG AN, oAy 9 ANFIRL T i R SR K 2 5 R B
HTE O C AT s -5 CAMFTFIRZ . -10 C &4
TEAR, UL R K & B X — 8 0R F , 45 R R A
LHIXF-10 CARTEMM G PTER S

Ty 225y e R B VLIRS 5 I T T R R
8 153 A B IR i B B R EEK & B AE 0 CHI-5 C

F4 REMERGETAIRMEBEESEM R REKSENEL(XLSD)Y

Table 4 Change of bound water content in leaf of Toona sinensis ( A. Juss.) Roem. seedlings from different provenances under low temperature

stress (X+SD) "

LR IR B AL IS R R AR i %

U b, Bound water content in leaf treated by different temperatures
Location of provenance 25 C (CK) 5 0°C 5 10 C

YL75 M 5% Nanjing of Jiangsu 24.01+3.25Bc 32.01+1.25Bb 42.41+6.31Aa 31.92+1.29Bb 25.05+3.58Bc¢
PYJIlJ™IC Guangyuan of Sichuan 23.89+2.97Bbe 31.34+2.82Bb 46.14+0.51Aa 32.62+9.75Bb 20.84+2.74Bc
iR ' Dongkou of Hu’ nan 28.31+5.04Bb 31.13+1.07Bb 39.40+2.48Aa 31.40+1.98Bb 13.09+0. 13Cc
WIALBf M Suizhou of Hubei 26.97+3.45Cc 30.07x1.37BCc 44.55+1.03Aa 36.99+5.07ABb 13.85+3.93Dd
VATEE P Xixia of He’ nan 25.30+5.74Cc 33.51+0.05BCb 43.50+4.84Aa 37.14+4.06ABab 12.67+0.79Dd
BEPE 2 Ankang of Shaanxi 27.71x1.66ABb 32.81+3.61Aab 39.69+0.35Aa 33.25+10.27Aab 17.54+0.81Bc
St ESPER Qianxi” nan of Guizhou 23.16+8.91Aa 30.95+10.29Aa 37.01x1.69Aa 35.67x11.05Aa 17.16+3.54Ab
R Xiapu of Fujian 19.24+5.55Bb 29.42+1.85ABa 38.66x1.44Aa 35.99+8.31Aa 16.09+6.56Bb
IR M Ji’ nan of Shandong 28.74+8.10ABab  32.11+8.42ABab  43.47+6.90Aa 32.54+15.57ABab  19.21+1.67Bb
L% 477 Heze of Shandong 25.25+4.69Aab 32.65+9. 14Aab 41.36+2.66Aa 33.92+20.91Aa 14.29+1.47Ab

D v B o 3 W E 42 1Y S 34 {E Datums in this table are the average of three replications. [F 17 H A [al /NG Fl R G =8 3 B FoR 22 5
(P<0.05) il #% i % (P<0.01) Different small letters and capitals in the same row indicate the significant (P<0.05) and extremely significant

(P<0.01) differences, respectively.
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Table 5 Change of ratio of free water content to bound water content in leaf of Toona sinensis ( A. Juss.) Roem. seedlings from different
provenances under low temperature stress ( X+SD)Y

ZAN AR B AL SRR A A K S K

L Ratio of free water content to bound water content in leaf treated by different temperatures
Location of provenance

25 C(CK) 5%C 0<C -5C -10 C
YL# &L Nanjing of Jiangsu 1.75+0.37Aa 1.01+0.09Bb 0.63+0. 19Bbe 0.58+0.07Bc¢ 0.54+0.23Bc¢
PUJIJJC Guangyuan of Sichuan 1.79+0.35Aa 0.98+0. 18 ABab 0.33+0.02Cc¢ 0.58+0.52BChe 0.92+0.31ABCb
174 [T Dongkou of Hu’ nan 1.39+0.47Aa 1.03+0.09BCec 0.59+0.08Cd 0.59+0.09Cd 1.08+0.24Bb
WAILBEM Suizhou of Hubei 1.45+0.26Aa 1.08+0.08Bbc 0.40+0. 04Bc 0.45+0. 19Bc 1.22+0.92ABb
TR PE I Xixia of He’ nan 1.57+0.62Aa 0.82+0.02Cc 0.37+0. 11Ce 0.44+0.16Cc 1.22+0. 18Bb
BV % Ankang of Shaanxi 1.31+0. 19Aa 0.94+0.19ABCbe  0.48+0. 13Cc 0.56+0.52BCe 0.94+0.07ABab
SEMEVERS Qianxi’ nan of Guizhou 1.94+1.33Aab 1.09+0.84 Aab 0.71+0.07Ab 0.60+0.61Ab 1.30+0.78Aa
A E Xiapu of Fujian 2.74+1. 14Aa 1.22+0. 16Aab 0.60+0.06Ab 0.60+0.44Ab 1.27+1.52Aa
I Z5%5 R Ji’ nan of Shandong 1.27+0.72Aa 0.96+0.56Aa 0.44+0.21Aa 0.53+1.16Aa 0.95+0. 14Aa
I Z5 77 7% Heze of Shandong 1.61+0.49Aa 0.95+0.59Aa 0.49+0.07Aa 0.50+2.43Aa 1.19+0.43Aa

D Bl 3 W E Z B9 Y {8 Datums in this table are the average of three replications. [FEfF AR /NE M KEFEpNERERDE
(P<0.05) F1 #f & 3 (P<0.01) Different small letters and capitals in the same row indicate the significant (P<0.05) and extremely significant
(P<0.01) differences, respectively.
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Table 6 Change of soluble sugar content in leaf of Toona sinensis ( A. Juss.) Roem. seedlings from different provenances under low temperature
stress (X+SD)")

ZEAN TR IR B AL B I B R S A/ mg - g

i Soluble sugar content in leaf treated by different temperatures
Location of provenance

25 C(CK) 5C 0 -5<C -10 C
VLFR 5L Nanjing of Jiangsu 201.75+5.77Dc¢  232.06+21.65BCDbe  256.86+9.69BCh  312.38+24.54Aa 240.93+16.08BCDb
PUNII)JC Guangyuan of Sichuan 179.27+2.27Cd  225.36+38. 15BCc 264.02+2.98ABb  302.39+14.12Aa 208.96+9.49Ccd

1FE 1 Dongkou of Hu’ nan 181.13+8.66Cc  207.01+4.33BChc 226.60+25.44Bb 276.39+18.57Aa 195.63+15.77BCc

WIALREHM Suizhou of Hubei 161.13+10. 11Cc  194.12+14.64BChc  228.56+47.01Bb  306.91+10.99Aa 196.49+3.34BChc
] Pk Xixia of He’ nan 185.25+1.65Dd  239.97+3.74Cc 312.07+24.06Bb  362.59+29.07Aa 243.91£9.69Cc
[ P4 42 ) Ankang of Shaanxi 179.69+1.86Cc  215.36+42.48BChec  257.92+31.00ABab 295.98+17.02Aa 238.87+2.68ABCh
FINE PR Qianxi” nan of Guizhou 207.32+7.22Bb  223.09+18.56Bb 222.35+18.42Bb  269.28+5.57Aa  205.46+2.06Bb
& A Xiapu of Fujian 211.85+7.81CDc 227.22+13.67BCb  235.57+7.01Bb 266.98+5.28Aa  205.36%2.47Dc
IIZBEHG Ji° nan of Shandong 204.33+0.21Dd  238.87+9.91Cc 281.55+7.84Bb 375.25+0.79Aa  249.17x1.03Cc
114 Heze of Shandong 206.49+2.47Ee  240.10+1.24Dd 278.66+0. 82Bb 360.24+3.96Aa  250.51+0.82Cc

D e rh #0319 F- ¥ {8 Datums in this table are the average of three replications. [H4T 1A 6 /NG FIK G T8/ 4l R 2 7 9 %
(P<0.05) F #f & 2 (P<0.01) Different small letters and capitals in the same row indicate the significant (P<0.05) and extremely significant
(P<0.01) differences, respectively.
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6 AT LA - 4%l IR AR A 4l B R T PR A A R
fERaBIEAR — 3, IR (25 C) &KMFT, 45 Fh s & 46
LI R B T R P A B T )
%, A AT PR S i AT T R AE -5 C RPN &
JEITH R 5 AEAE =10 °C a2 4F T it Bl s g 7
RT 0 CEES CHM T EA5E T X 8 (S B v
P AR A BN JRERAL ) o UERATE— % ¥ [ N M
AT A4 e Al o P v ] MR R AR
I B3 X WA A 43 L 224 el i — 5 1
f, M T HLASZ 20055 4 = BOL R oKL & 9
A B, A LA AW 23 4 23 ik S AR T R R R
REU AT PR & N, AN, R 6 ik mT L. A
[Fl 3tk 25 T, St P 8 DY g R ek 3l <5 e 7 e 0
Fir AT PR S R A0 T 5 e L ) 1 i
i

J7 22T S R - 2Bl DA A Al i Bl
PR S AR -5 CRI-10 C AT A 28 il 1 2% 22
S, FErP e v 22 FREAR I 04 T R R A LA 2 M
IR AHE N W 225 AR AR IR A n] P 5 A b
R 2 AR % AF T A B 2 2 5, U Al i
BEERX — 480 A, BUE R N BB 52 -10 C Y
R 8

2.2.2 MRBRASHTA>N  AGEME T A E R
IR R IR S S AR e R 7, k7 "l
U s AN TR A A 4 W il 2 % i 1) 22 Ak et
FEAR 3, XFHR(25 C) &N, & B A 09 il 2
R & T AR 7E 5 CC R0 °C 4R, & A IR 4 i
F IR & B RIE T -5 C /AT, B
(R AR A A 40 i il 2R B it i AR Ak O R —
HOHBETHRIEM S CA&MT, B, BRMIRG R
T P e | [ G 2 5 R A A B i AR R A, At
ARBER SRS T 0 CAMET, -5 CREx
Bk 4 AFAEFRC & T —E M EEN, T
-10 CARIRFME T, A RIFP U5 2y w0 00 i 2
SR, BT 5 C &0 B, BRI e,
T B A A R AP IR A, A R R B I 2R
SR¥YETXE, RR7 B0 RFERESAET,
B 4 T R A A e R VR 4 A A R
PrAe AR, HLEAR B, 5 A IR 4 o Rl R o
PR HE BREATR /0N T A T ol 8 8 i DO

J5 2253 Hr e BB LR U A R 4 1 0 e 1
HIREEIEO CHI-5 CHMTERMEE, HA9
DFRL IR SR TR E AR

®7 REBEEGTABMEEEDET R BERIEMNEN (X2SD)"

Table 7 Change of proline content in leaf of Toona sinensis ( A. Juss.) Roem. seedlings from different provenances under low temperature stress

(X=SD)"

T

2R [ B I R B IR A R g - g

Proline content in leaf treated by different temperatures

Location of provenance

25 C(CK) 5%C

0C -5 -10 C

VLI5FE 5L Nanjing of Jiangsu
PUJIJ™JT Guangyuan of Sichuan
IR 1 Dongkou of Hu’ nan
WAALFE M Suizhou of Hubei

VA A PU B Xixia of He’ nan

BeP 4 Ankang of Shaanxi
FeMETERS Qianxi’ nan of Guizhou
A EE W Xiapu of Fujian

I Z5FF RS Ji’ nan of Shandong
IIZR 1% Heze of Shandong

106.62+14.30Ab
151.63+0.42Bc
164.52+5.71Aa
151.63+4.65BCecd
135.57+4.65Bc
153.53+1.90Bb
94.15+46.07Bb
118.53+10.57Bb
120.56+2.32Ee
100.28+8. 66Dc

141.49+3.38Aa
189.87+10.36Bb
202.79+21.56Aa
186.92+4.02ABCbe 209.32+24.92Aab
182.49+13. 14Bb
175.09+5.71ABb
129.38+41.01ABb
153.32+2.11ABab
204.47+10.99Cc
183.30+25.78BCb

220.80£12.59Aa 275.90+73.30Aa
256.88+22.59Aa 260.68+15.22Aa
255.90+14.79Aa 248.42+18.35Aa
235.96+1.06Aa
247.86+26.49Aa
220.95+4.23Aa
197.98+3.38Aa
179.39+25.66ABa
317.45+16.91Aa
283.63+4.23Aa

137.87+12.72Aa
146.90+19. 06Bc
171.50+5.07 Aa
134.09+18.39Cd
154.80+3. 59Bbc
169.38+28.32Bb
122.68+28.53ABb
113.17+8.45Bb
168.96+5.92Dd
161.56+7.82CDb

258.57+37.62Aa
223.70+31.07Aa
187.13+9.72Aa
198.34+59. 81 Aa
269.71+12.11Bb
242.72+12.05ABa

D v B o 3 Wk R 2 1Y 7 44 (B Datums in this table are the average of three replications. [F 17 H A [l i /NG K 5 76 4 B F R 22 5 %
(P<0.05) il #% & % (P<0.01) Different small letters and capitals in the same row indicate the significant (P<0.05) and extremely significant

(P<0.01) differences, respectively.

2.3 RIBMBEGTEESHEM KIS MSERT
MRS ESKIBHLHIEERELESH

2.3.1 AHpLETHKEFHEBEGMER X
WA AIRE - BOURE (LT,) (W3R 1) 54%)

BRI 2 =R 5) IEATH G, 45
KW 0 CHI-10 CHRMAT , ARFIRAEHEL
1 HK S S LT 588 B2 9 IE AR SCOC & 5 M AE
5 CHI-5 C AT G B3 PIERRKR MR L
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WMEZ, % R T A RR IR 5 KRS A Y o i 2 e O S U S 53
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1) 540 ik o] s s A i R i (LR 6 ik
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AR TTE O °C =5 CHI-10 °C 50T 2 &
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