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Abstract: [Objective] Banana plants are generally low in cold resistance, and thus often suffer great
yield losses in some cultivation regions in south China, such as Guangdong, Guangxi and Fujian prov-
inces due to the chilling or freezing injuries. Fujian has rich wild banana resources, among which the
Sanming wild banana (Musa itinerans) has been identified as the most cold-resistant one. The semi-le-
thal temperature for tissue cultured Sanming wild banana seedlings is —1.776 ‘C, which is about 1 ‘C
lower than most of the cultivated bananas. The clarification cold resistance mechanism of Sanming wild
banana will undoubtedly provide a solid basis for the improvement of banana cold resistance, which is
of great significance for reducing the loss of banana farmers and sustainable development of local ba-
nana industry. However, up to now, the mechanism is still unclear. In the present study, experiments
were performed to reveal the cold resistance mechanism of Sanming wild banana.[Methods]To explore
the phenotypical, physiological and biochemical characteristics that might contribute to the cold resis-
tance of Sanming wild banana, 2-month-old plants were used, and the main banana variety of Fujian

province ‘Tianbaojiao’ (Musa acuminata), a cold susceptible banana variety, was used as the control.
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We first compared the leaf tissue structures of Sanming wild banana and ‘Tianbaojiao” using conven-
tional paraffin sections. Then, they were subjected to low temperature treatment (4 ‘C, the critical tem-
perature that causes chilling injury on most cultivated bananas). The phenotypic differences between
Sanming wild banana and ‘ Tianbaojiao’ banana before and after low temperature treatment were mea-
sured using the LemnaTec (Germany) plant phenotypic imaging system. Moreover, by using M-series
modulated chlorophyll fluorescence imaging system IMAGING-PAM (Germany, Walz), the chlorophyll
fluorescence parameters on the second leaf of the seedlings prior to and 24 h after low temperature treat-
ment were measured. The measured indexes included the maximal photochemistry efficiency of PS II
(F/F.), non-photochemical and photochemical quenching coefficient (¢P and gN), efficient quantum
yield [Y(II)], yields of non-regulated and regulated energy dissipation of PS II [Y(NPQ) and Y(NO)]
and electron transport of PS II (ETR). Additionally, cold resistance related physiological and biochemi-
cal indexes, such as antioxidant enzyme activities [including superoxide dismutase (SOD), peroxidase
(POD), catalase (CAT) and polyphenol oxidase (PPO)], and the contents of membrane lipid peroxida-
tion products (malondialdehyde, MDA) and osmotants [proline (Pro) and soluble sugars (SS)] were as-
sayed. [Results] Compared with the cold susceptible ‘ Tianbaojiao’ banana, the palisade and spongy tis-
sues of Sanming wild banana leaf were thinner and the cell tense ratio (CTR) was higher, while the
spongy ratio (SR) was lower. After low temperature treatment, the Sanming wild banana plants were
still upright without injury symptoms in their leaves, while leaf wilting and drooping was found in
‘Tianbaojiao’ banana and typical chilling injuries such as leaf softening and leaf margin browning ap-
peared. After low temperature treatment, the F\/F.n, gP, gN, Y(II), Y(NPQ) and ETR parameters of San-
ming wild banana leaf still remained at a relatively high level. Its Y(NO) value was stable, indicating
that low temperature did not cause significant damage on its photosynthesis system. The chlorophyll flu-
orescence parameters of ‘ Tianbaojiao’ banana, however, revealed a decreasing trend with reduced pho-
tosynthetic capacity after low temperature treatment. The Y(NPQ) and ¢N values of ‘ Tianbaojiao’ ba-
nana decreased slightly, and its F\/F., gP, ETR, Y(II) and Y(NO) values were significantly decreased
(» <0.01), indicating that low temperature treatment damaged its PS II reaction center, induced the pho-
toinhibitory effect, significantly decreased the chloroplast dissipated energy, and affected the carbon as-
similation of photosynthesis. Before and after low-temperature treatment, the activities of SOD, POD
and PPO, and the content of Pro in Sanming wild banana were all significantly higher than in ‘ Tianbao-
jiao’ banana, suggesting that these physiological and biochemical indexes might contribute to the cold
resistance of Sanming wild banana. Low temperature significantly reduced the PPO activity and MDA
contents in Sanming wild banana, while those in ‘ Tianbaojiao’ banana showed opposite change pat-
terns. Before low temperature treatment, no significant difference in CAT activity was found between
the two banana species. However, after low temperature treatment, the CAT activity in Sanming wild ba-
nana became significantly higher than in ‘Tianbaojiao’ banana.[Conclusion] The results suggest that
the Sanming wild banana is adaptable to temperature due to its complex genetic background, and its
ROS scavenging capacity is strong enough to eliminate excessive accumulation of free radicals, and
thus reduce the cell membrane leakage. It is deduced that the cold-resistance characteristics of Sanming
wild banana is, at least partially, dependent on its higher CTR, antioxidant capacity and proline content.

Key words: Sanming wild banana (Musa itinerans); Cell tense ratio; Chlorophyll fluorescence; Cold

stress; Antioxidant enzyme activity
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Fig. 1 Effect of cold stress on banana morphology
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A, ZWIBFARE B, RFE e, ERGE b MHEAS e 4B AL A S e. FRIZZ.
A. Sanming wild banana; B. Tianbaojiao banana; a. Upper epidermis; b. Palisade tissue; c. Vascular tissue; d. Sponge tissue; e. Lower epidermis.
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Fig. 2 Transections of leaves of Sanming wild banana and ‘Tianbaojiao’ banana
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Table 1 Parameters of cellular and tissue structure of the leaves of Sanming wild banana and ‘Tianbaojiao’ banana

5 2k TR I ZH 212 Leaf tissue thickness/um
G N = CTR/% SR/%
Germplasm types I 11 I Y Total

— B ¥¥ 4 % Sanming wild banana 4430+7.78 42364423  45.17+4.61 4491+7.89  176.75+13.62  24.01£2.07*%*  25.56+1.76%*
K % # Tianbaojiao banana 54.42£7.06  44.56%4.14 66.97+9.72 53.70£6.78  219.65+15.38  20.33+1.81 30.46%3.65

VE: L. EREE . WAL BRA IV, FEEE  Total. 45, SBARLIN 30 NEEM I EIE AERAE 2 . “*+7{0F student ¢ 1
IHRFEREEZR(p<0.0D,

Note: I . Upper epidermis; Il . Palisade tissue; III. Sponge tissue; IV. Lower epidermis; Total. Full leaf thickness. All kinds of data are the average

and standard deviation of 30 samples. “**” represents a significant difference of the student’s 7 test (p <0.01).
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A =W AHE 25 °CB. PR 4 °CCo R 25 °CiD. R 4 C,
A. Sanming wild banana at 25 “C; B. Sanming wild banana after 4 C treatment; C. Tianbaojiao banana at 25 ‘C; D. Tianbaojiao banana after 4 C
treatment.
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Fig. 3 Standard fluorescence images of F,/F,, in leaves of two banana germplasms before and after cold treatment
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Table 2 Effects of cold stress on chlorophyll fluorescence parameters of banana leaf (Mean+SD)

— W ¥7 £ % Sanming wild banana

K #% Tianbaojiao banana

Chlorophyll fluorescence parameters 25 C 4°C 25 °C 4°C

F\/F, 0.673+0.017 Aa 0.665+0.033 Aa 0.709+0.014 Aa 0.512+0.043 Bb
qP 0.9224+0.006 Aa 0.839+0.036 ABab 0.767+0.045 Bb 0.388+0.064 Cc
gN 0.514+0.071 Ab 0.547+0.048 Aab 0.687+0.072 Aa 0.599+0.091 Aab
Y(II) 0.518+0.015 Aa 0.455+0.025 ABab 0.403+0.054 Bb 0.154+0.031 Cc
Y(NPQ) 0.182+0.035 Ab 0.217+0.019 Ab 0.329+0.066 Aa 0.318+0.069 Aa
Y(NO) 0.300+0.025 Bb 0.327+0.033 Bb 0.268+0.014 Bb 0.527+0.087 Aa
ETR 4.767+0.136 Aa 4.213+0.220 ABab 3.727+0.500 Bb 1.433+0.291 Cc

T AT B 5 AN [E) /NS - RER R AN [a) il B A 3 ) 2 2 72 5 (p < 0.05), AN [6) K5 = REFR /- AN ) il P8 Ak 3 ) 4 2 72 5 (p < 0.01), e

Note: Different small letters in the same line of data indicate significant differences among different temperature treatments (p < 0.05) , different

captital letters indicate significant difference (p < 0.01). The same below.
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Table 3 Effects of cold stress on physiological and biochemical indexes of banana (Mean+SD)

EEAEALR bR ;_fl}jn%flgi\f;ﬂd banana ”ﬁib%;jiao banana
Physiological and biochemical indexes

25°C 4°C 25°C 4°C
SOD i SOD activity/(U- g") 189.06+11.16 Bb 225.52+12.91 Aa 126.40+9.86 Cd 150.48+11.73 Cc
CAT i Pt CAT activity/(nmol- min'- g)  72.32+14.11 Be 158.20£10.36 Aa 81.36+6.78 Bc 124.30£17.06 Ab
POD i £ POD activity/(U- g") 117.93+9.31 Aa 132.67+8.23 Aa 74.18+7.95 ABb 104.62+26.40 Ba
PPO i1 PPO activity/(U- g") 188.40+6.76 Aa 129.60+0.60 Bb 87.80+1.83 Dd 105.60+0.60 Cc
MDA % & MDA content/(nmol- g") 10.92+1.94 Bb 7.91x0.30 Be 9.63+0.65 Bbc 19.26+0.83 Aa
w(Pro)/(ug- g 9.11£0.30 Bb 12.95+0.48 Aa 6.17£0.51 Cd 7.63+1.23 BCc
w(SS)/(mg- g 2.8240.06 Bb 3.65£0.31 Aa 3.33+0.35 ABa 3.79+£0.13 Aa

SOD Fl CAT &£ 2 % L FH(p < 0.05), =B By 4
BEARERE ST REE, YL =08 A A0
PSR RG0E T . PODWEMEKT L, 24 &
M AR CE M E T AT BT R, =B
FEPODVEEEMRIR B AT G Z R A R3E M R=E
BOHRIH B E S (p<0.05,

iR TR = AEPPOE R E R T K=
7 MR R M J5 , = B 37 A= 85 1 PPO & M i 3%

TR, REE I PPOTEMEREE LT (p <0.05).

I IR Ak B AT, = B B A2 2R MDA & & /K 7 A
M0 R FE AR A S , MDA & 8% 5 3% T
H(p<0.01).

FEREAMHT, B EEPoHEREES T
CREHE (p<0.0D), RIRAH 5, =HEFAEM K
EE Pro T BHEETE(p<0.05,H KREE’
Pro & AN B KT = W AR 2. IR, =
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SOD.CAT #1 POD {E 4 H 2L ) ROS H H &5 B
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