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Abstract: [Objective] Cold temperature is a key limit of northward expansion of the cultivation of trop-
ical fruit trees. Chilling injure often causes yield reduction and even crop failure. Previous studies about
Sapotaceae fruit trees focused mainly on the description of commercial value and the prospects for devel-
opment, but there have been few reports about the mechanisms of response to cold temperature when
they were introduced northward. In this study. The semi-lethal temperature (LT50), as well as the chang-
es in activities of antioxidant enzymes and the contents of osmoregulation substances in 5 Sapotaceae
species under cold stress were studied in order to provide a theoretical basis for introduction and plant-
ing these species. [Methods] Two-year-old grafted seedlings of five Sapotaceae species including Ma-
nilkara roxburghiana (Wight) Dubard, Manilkara zapota (L.) van Royen, Synsepalum dulcifcum Denill,
Lucuma nervosa A. DC. and Chrysophyllum cainito L. were placed in incubators for low temperature
treatments. With 25 “C as the control, the experiment set two temperature treatments. First 9 ‘C for 72 h,

and then 3 ‘C for 24 h. Mature leaves were collected immediately after every treatments and divided in-
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to two parts. One was used to determine chlorophylls and relative electric conductivity (REC); the other
was stored at —80 C for the analyses of the parameters including contents of proline, soluble proteins,
soluble sugars and malondialdehyde (MDA), and the activities of superoxide dismutase (SOD), peroxi-
dase activity (POD) and catalase (CAT). REC was determined following DENG Renju. LT5 was mea-
sured according to LIU Shihong. Chlorophylls were measured using acetone- ethanol mixing method.
POD, CAT, soluble sugars and MDA were determined following Zhang Zhiliang and Qu Weijing, while
SOD, proline and soluble proteins were analyzed using the methods of Li Hesheng's.[Results]1The chlo-
rophyll values of the 5 species kept decreasing as the temperature dropped. The range of decrease in
chlorophylls was the largest in S. dulcifcum and lowest in M. roxburghiana and M. zapota. The value at
3 ‘C in every specie was significantly lower than in the control. REC values in the 5 species increased
but the rate of increase were not the same. The values in roxburghiana, M. zapota. and C. cainito at 9 ‘C
or at 3 'C were not significantly higher than their control values. A rapid rise was found in C. cainito at
9 °C and in S. dulcifcum at 3 ‘C. The REC value in M. roxburghiana or M. zapota was significantly low-
er than the other 3 species. Regressed logistic equations between REC and temperature were established.
The LTs, was calculated from the equations. The cold resistance based on LT5 was in the order of M. rox-
burghiana (3.01)>M. zapota (3.32)>S. dulcifcum (3.36) > L. nervosa (3.80) >C. cainito (4.11). Pro-
line content increased constantly and was significantly higher at 9 ‘Cor at 3 “C than at the control temper-
ature. The content and the range of increase in M. roxburghiana and M. zapota. were higer than in the
other 3 species. The lowest proline content was found in C. cainito. Soluble protein content increased
first at 9 ‘C and then decreased gradually at 3 ‘C. Except for M. zapota, the protein values in other 4 spe-
cies were significantly higher than the control either at 9°Cor at 3 ‘C. Soluble sugar content at either 9 ‘C
or 3 C in every specie was higher than in the control. It rose rapidly and reached the peak at 9 ‘C when
the value in every specie significantly differed from each other. The highest value was in M. roxburghi-
ana and the lowest value in C. cainito. MDA increased constantly with the drop of temperature. It was
significantly higher at 3°C than the control except for M. roxburghiana and M. zapota. The activities of
SOD, POD or CAT in all specie showed a similar pattern with the decrease in temperature. The value
rose first and reached its peak values at 9 ‘C, and then declined at 3 ‘C. M. roxburghiana and M. zapota
maintained significantly higher SOD and POD activities than the other three species at all the low tem-
peratures. CAT activity in M. roxburghiana was distinctly higher than that in the other species. [Conclu-
sion]Chlorophyll content in all specie was lower under chilling stress than in the control. The values of
MDA, REC, proline, soluble proteins and soluble sugars were higher under cold stress compared with
the control. On the whole, the change patterns of parameter were similar among the five species under
cold stress. Based on the changes in osmoregulation substance, antioxidant enzymes and LT, the cold re-
sistance was in the order of M. roxburghiana>>M. zapota>S. dulcifcum> L. nervosa>C. cainito. The
cold resistance of the two M. species were obviously higher than the other three. The indexes including
the content and the increase range of proline, the contents of soluble proteins or soluble sugars, the activi-
ties of SOD, POD and CAT might be used to measure the cold resistance of Sapotaceae fruit trees.
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Table 1 Effect of low temperature on chlorophyll content in leaves of five fruit species w/(mg-g")
Ak 3 oA N R LR R RIER
Treatment M. roxburghiana M. zapota S. dulcifcum L. nervosa C. cainito
25°C 4.00+0.08 aA 3.33+0.13 aB 3.91+0.19 aAC 2.70+0.12 aD 2.3240.12 aDE
9°C 3.06+0.12 abA 2.74+0.14 bA 2.62+0.20 bA 2.50+0.05 aA 1.69+0.22 abB
3°C 2.93+0.08 bA 2.72+0.04 bA 1.96+0.10 bB 1.28+0.04 bC 0.93+£0.26 bC
ARG R KT R HRE R FAT 2 57 53 (0= 0.05). T,

Note:Different small and capital letters indicate significant difference within the same column and the same row (a= 0.05), respectively. The same

below.
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Table 2 The relative electric conductivity and semi-lethal temperatures of the five fruit species

Qb ARXT 5% REC

Treatment W B M. roxburghiana N0 J: M. zapota MWELR S. dulcifeum FHER L. nervosa IR C. cainito

25°C 0.70+0.02 aA 0.89+0.02 aB 1.39+0.02 aC 1.80+0.01 aD 2.36+0.03 aE
9°C 0.73£0.03 aA 0.93+0.01 aA 1.46+0.03 aB 1.88+0.01 bC 2.54+0.12 aD
3°C 0.76+0.02 aA 0.96+0.02 aB 1.57+0.02 bC 1.93+0.02 bD 2.714+0.10 aE

B (A A 3 P R 3 2 S B . RS
LS R LA 5 A B 1 logistic 77 2 AH ¢ R B
LT5(F3), ST 1) LTo Y5 Bl 3.01~4.11 °C, H
AU LT B i, SN 3.01 °C, 1 I LA i 55 2
W LT i, N4 °C, P 2 & 2. A
(1 T € 1 5 5 005 D = oy L 2 LA > A0 SR >
R>EERASEFR,
# 3 STEY REC BAAEREBILEE

Table 3 The REC regression equations and semi-lethal

temperatures of the five fruit species

[UES I ) 75 2 MK RE FRICRE
Species Logistic equation R LT/ C
AL Y=1/(140.793 7¢*™™)  0.998 9 3.01
M. roxburghiana

NI Y=1/(1+1.000 7¢°"™)  0.987 1 3.32
M. zapota

TSR Y=1/(142.917 5¢°*)  0.997 0 3.36

S. dulcifcum

g Y=1/(1+1.667 9¢*™*)  0.9919 3.80
L. nervosa

B¥R Y=1/(142.007 1e*™™) 0973 8 4.11

C. cainito
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Table 4 Effect of low temperature on contents of proline, soluble proteins, soluble sugars and MDA in leaves of five fruit species

w(HHZ ) Proline content/(pg- g")

w(A ¥ ) Soluble protein content/(mg- g™")

e . o ™ = A o
Tresmen FEAFILR AGE  AWRE EER EER  SEEAW LR RE BAR  EER
M. roxburghiana M. zapota S. dulcifcum L. nervosa  C. cainito M. roxburghiana M. zapota S. dulcifcum L. nervosa C. cainito
25°C 37.23+ 20.52+ 17.16+ 13.12+ 9.19+ 0.42+ 0.46+ 0.28+ 0.38+ 0.41+
1.88 aA 0.89aB  1.44aBC 1.31aCD 1.28aD  0.07 aAB 0.05aA  0.03 aB 0.04 aAB 0.02 aAB
9°C 77.29+ 62.94+ 31.12+ 28.89+ 26.26+ 0.78+ 0.98+ 0.57+ 0.77+ 0.90+
2.20 bA 0.12bB  2.45bC 1.91bC  0.88bC  0.02 bA 0.05bB  0.02bC 0.03bA  0.02bB
3°C 307.14+ 229.23+  112.26+ 106.92+ 68.27+ 0.72+ 0.65+ 0.52+ 0.63+ 0.64+
0.73 cA 1.73¢B  4.01 cC 245¢C  043cD  0.02bA 0.01aA  0.05bB 0.02cA  0.01cA
e w( AT MERE) Soluble sugar content/(mg- g A % % & MDA content/(pumol- g")
Treamment  FEVERLEL DR MEE EAE EER NEVRRLR LR WRRE EER EER
roxburghiana M. zapota  S. dulcifcum L. nervosa C. cainito M. roxburghiana M. zapota S. dulcifcum L. nervosa C. cainito
25°C 7.58+ 5.38+ 4.12+ 3.71+ 2.04+ 0.17+ 0.13+ 0.24+ 0.29+ 0.38+
0.18 aA 0.04 aB 0.03 aC 0.02 aD 0.05 aE 0.01 aA 0.05aA  0.02 aAB 0.04 aBC  0.03 aC
97C 16.74+ 12.76+ 13.24+ 10.10+ 3.39 0.19+ 0.22+ 0.38+ 0.41+ 0.48+
0.01 bA 0.07 bB 0.04 bC 0.05bD  £0.02 bE 0.01 aA 0.01 aA  0.00 bB 0.02 abBC 0.05 abC
3°C 12.78+ 10.86+ 531+ 5.29+ 3.09+ 0.21+ 0.24+ 0.41+ 0.44+ 0.58+
0.02 cA 0.05cB 0.03 cC 0.13 c¢C 0.10 bD 0.05 aA 0.05aA  0.02bB 0.03 bB 0.02 bC

24 {REBI5FHRRKMH A SOD.POD & CAT
TE TR 220

HH 2 5 W] 1, B A IR R B AIC, 5 R R B SOD.
POD & CAT & E) Je T+ G 1%, 72 9 "C Ik 2|,

163 C I A A [E %, A, SOD A CAT 1 3 1% 7
9 C.3 CHRE® T, /£ POD G M, B T
BEERRI9 CHRE N LS, HARR POD 3 14 34 . 2
5 R

x5 RIEMIBR 5 MRFEATEY SOD.POD K CAT jEHERIF I
Table 5 Effect of low temperature on activities of SOD, POD and CAT in leaves of five fruit species

SOD ¥ f£ SOD activity/ (U- g )

POD i% 14 POD activity/ (U- g")

kb3 . s " . o "
Treamment PEVFILR  ALE MER EEE EER O HEALW ACR O WRE  BRE  EER
M. roxburghiana M. zapota S. dulcifcum L. nervosa  C. cainito M. roxburghiana M. zapota . dulcifcum L. nervosa C. cainito
25°C 0.57+ 0.18+ 0.09+ 0.09+ 0.05+ 0.70+ 0.41+ 0.19+ 0.12+ 0.10+
0.01 aA 0.0laB 0.0l aC 0.02 aC 0.01 aC 0.01 aA 0.03 aB 0.01 aC 0.04aCD  0.01 aD
9°C 1.93+ 0.94+ 0.58+ 0.69+ 0.47+ 0.88+ 0.54+ 0.77+ 0.36+ 0.23+
0.03 bA 0.0l bB  0.01 bC 0.02 bD 0.01 bE 0.02 bA 0.04abB  0.01 bA 0.02 bC 0.05 aD
3°C 1.37+ 0.53+ 0.23+ 0.34+ 0.18+ 0.80+ 0.56+ 0.38+ 0.34+ 0.14+
0.01 cA 0.02cB 0.0l cC 0.02 ¢cD 0.01 cC 0.03 bA 0.01 bB 0.02 cC 0.03 bC 0.04 aD
b3 CAT ik CAT activity/ (U- g")
Treatment B FL M. roxburghiana N0 M. zapota PR S. dulcifcum  FEIEH L. nervosa IR C. cainito
25°C 1.354£0.01 aA 0.44+0.05 aB 0.42+0.05 aB 0.35+0.07 aB 0.35+0.07 aB
9°C 1.70+0.04 bA 0.92+0.04 bB 0.92+0.04 bB 0.72+0.02 bC 0.69+0.01 bC
3°C 1.52+0.06 abA 0.87+0.01 bB 0.69+0.07 bC 0.63+0.04 bC 0.58+0.03 bC

FEF BB R AR AL R, 7 B AR LA L O SR
SOD.POD & M S Ak | 8 & w1 Hofh 3 Fh 1t , 78
CAT &M 5 1, v LA UM 2 35 vy T FoAth 4 i, B3

B, I AR AR 9 °C .3 CHMEIRE B3R
246 15.2.62F5. NOR MR EER.EFRE
X PR TC i 2 22 5, BEE IR R %, T iE T R
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