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Abstract

Methods: SC124 and Fuxuan 01, two cold-resistant cassava cultivars and Nanzhil99 and SC205, another two
cold-sensitive cassava cultivars were studied under low temperature stress. Aims: in order to explore the hardy
physiological characters of different cassava cultivars. Results: Results showed that under low temperature
stress, the cell membrane permeability of the tested cassavas increased, the increase ranges in the cold-sensitive
cultivars were more obvious than those in the strong cold resistance ones; the MAD contents in leaves were in a
rise-fall sequence while the MAD contents in the cold-sensitive cultivars were much higher than those in the
cold-resistant ones; under low temperature stress, the SOD and POD activities in leaves of cold-sensitive
cultivars dropped greater than those in the strong cold-resistant ones; the contents of proline, soluble sugar and
soluble liquid protein in leaves increased more seemingly in the cold-resistant cultivars than in the cold-sensitive
ones. The contents of soluble sugar and soluble liquid protein in leaves were in a rise-fall trend as the
temperature dropped and time elapsed. There was a dramatic decline in the chlorophyll contents and water ratios
in leaves under the low temperature stress, more seemingly in the weak cold resistance cultivars than in the
stronger ones. Conclusions: It was obvious that there was a close relation between the cold resistance and the
cell membrane permeability, MDA contents, SOD and POD activities and the contents of proline, soluble sugar
and soluble protein in different cassava cultivars. And those physiological characters could be used as indexes of
cold resistance.
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1. Introduction

Guangxi is the main cassava growing area in China, with an annual planting area of 350,000-400,000hm 2,
accounting for 60% of the total of the country. Cassava is a good starch crop with important biomass energy
significance. To date, the biomass energy industry with cassava as the main raw materials has become the new
yet important industry in China. A tropical crop as it is, cassava is sensitive to low temperature and cold damage.
Guangxi has the monsoon climate with frequent low temperature; frost and cold damage occurring in autumn
and winter, which is a strong impact on the growth of cassava. To study the hardy physiological mechanism and
select the hardy cultivars are urgent and important for the development of cassava industry. Studies have been
done on the cold resistance of crops both at home and abroad. Sun Qun (2006) pointed out in his research that
the harm caused to crops by low temperature could be divided into two types---cold damage and frost damage,
respectively, based on the temperature and damage. Zeng Guang’an (2006) reported that there was a correlation
between low temperature and cell membrane demage. According to the study by Chen Yajun (1996), under low
temperature stress, the proline content in cold-sensitive clover cultivars increase faster than those in the
cold-resistant cultivars. Results from the studies by Jiang Fuying (2002), Chen Chanyou (2005), Wang Fenghua
(2006) and Peng Yanhua (1992) have shown that the cold resistance of crops is correlated with the soluble
protein contents. Studies by Shi Fuchen (2007) and Zobayed (2005) have revealed that the activities of SOD and
POD in crop leaves and roots drop under low temperature stress, while the report by Oshua-Otieno Ogweno
(2009) indicated that SOD and POD activities in tomato leaves maintains under low temperature. Ou Yi (2006)
and Ren Xugqin (2006) reported that the cold resistance of sweet persimmon and chili was correlated with the
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increase in the proline content. However, it seems that there are not so many researches on the hardy
physiological mechanism of cassava revealed at home and abroad. SC124 and Fuxuan 01, two hardy cassava
cultivars and Nanzhi 199 and SC205, another two cold-sensitive cassava cultivars were studied through low
temperature stress in order to explore the hardy physiological characters of different cassava cultivars and
provide theoretical and technical basis for the breeding and the cultivation of hardy cassava cultivars and
physiological control for cold-resistance cultivation.

2. Materials and Methods
2.1 Cultivars

The study was conducted in the teaching and scientific research base and the key lab for plant cultivation and
agronomics of Guangxi University. Cultivars tested included two cold-resistant cassava cultivars (SC124 and
Fuxuan 01) and two cold-sensitive cassava cultivars (Nanzhi 199 and SC205).

2.2 Treatment

Cassava was cultured in sands and then treated by low temperature stress when the young plants were with 7-8
fully opened leaves. The plants were put in the GXZ intelligent lighting incubator (intensity of illumination set
during daytime: 7500 LX, nighttime: 0 LX, 12 h each for daytime and nighttime) at 5 °C , 10 °C, 15 °C and
25°C for 1, 3, 5 and 7 days with the control group cultured at 25 °C for 3 repeated times. The functional leaves
(the 4™ leave from the top) of the treated young plants were collected for various physiological tests. Due to
various degrees of wilt of the plants after low temperature stress, all parameters were normalized against the dry
weights of the leaves.

2.3 Physiological Parameter Determination
2.3.1 Cell Membrane Permeability

0.3 g leaves were cut and put in the weighing bottle with 10 ml of deionized water. The samples were vacuumed
for 20 min and shaken for 2h. The conductivity (Rtl) of the leaching solution was measured after 2 min rest. The
solution was boiled for 15 min at 100 °C water bath and cooled down to 25 . The conductivity of (Rt2) was
measured. The electrical conductivity of the deionized water (Rt0) was measured as the negative control.

Formula: relative membrane permeability (%) = (Rt1- Rt0) / (Rt2- Rt0) x100
2.3.2 SOD Activity
(1) Enzyme extraction

1000g fresh leaves were grounded on ice with 10 ml 0.05 M pH7.8 phosphate buffer. Mixture was then
centrifuged at 10000 rmp (0~4 °C ) for 10~15 min, and the supernatant was collected.

(2) Enzyme activity measurement

Reagents were added in the following orders: 1.5 ml 0.05 mol/L phosphate buffer, 0.3 ml 130 mmol/L Met
solution; 0.3ml 750 pumol/L nitroblue tetrazolium (NBT) solution; 0.3 ml 100 pmol/L EDTA —Naj, solution;
0.3ml 20 umol/L riboflavin; 0.1 ml enzyme liquid; 0.5 ml distilled water to total volume 3.3 ml

Another 4-6 test tubes were used as the control group, with buffer instead of enzyme solution. 2 control tubes
were put in dark, while the other control tubes were exposed in 4000 Lx daylight for reaction of 20 min (all tubes
were exposed to the same illumination; exposure time was adjusted according to the temperature). OD560 were
measured in light-exposed tubes, with tubes incubated in dark as blank control.

Formula:

Given that the SOD activity unit was presented by the 50% of the inhibited NBT photo-reduction as the unit of
enzyme activity, the SOD activity was calculated using the following formula:

Total SODactivity =(ODck-ODg)xV/( ODc*0.5xWxV,)

SOD specific activity =SOD Total activity/ protein content
Where: SOD total activity was presented by the wet weight of each gram of enzyme unit; specific activity
presented by enzyme unit/mg; ODck representing the absorbance of the irradiated control tubes; ODg
representing the absorbance of the sample tubes; V for the total vol. of the samples (ml); Vt for the dosage of

samples used for calculation (ml); W for the wet weight of the samples (g); unit of protein content: mg protein/g
wet weight
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2.3.3 POD Activity

(1) Enzyme extraction: same as that for SOD enzyme liquid

(2) Enzyme activity measurement:

3 ml substrate solution (100 ml 0.1 M pH 6.0 phosphate buffer with 0.5 ml guaiacol and 1 ml 30% H,0,, well
mixed) was mixed with 0.05 ml of enzyme extracted solution, quickly shaken well then put into a cuvette. The
substrate solution without enzyme was used as the blank group. OD470 was recorded once every 15 s for 3 min.

if time allowed for scanning, directly recorded the starting/ending intervals of the major straight slope and the
corresponding absorbance.

2.4 Calculation

/AOD470 *gross enzyme extracted solution (ml)/reaction imbibed enzyme liquid (ml)
Peroxidase activity (AOD470-g"-FW-min")=

Wet weight of sample (g)*reaction time(min)
2.4.1 MDA Content

MDA content was determined according to the Phytophysiology Experimental Method by Guangxi University
(2005), using the same extraction method as that for SOD enzyme. Specifically as the following: the mixture of
2 ml supernatant (2 ml distilled water for the control group) with 2 ml 0.6% TBA was boiled in water bath for 15
min, then centrifuged at 4000 r/min for 10 min after cooled down. ABS values at 532 nm, 600 nm and 450 nm
were measured, and the MDA contents were calculated as the following:

Formula: CMDA = 6.45(A532-A600)-0.56A450 (mmol/L)
MDA concentration in the extracted liquid was calculated the as per the following formula

CingaX reaction liquid vol.(ml)/1000
MDA concentration in the extracted liquid (wmol/ml) =

Dosage of extracted liquid during measurement (ml)
MDA content was calculated the as the following formula:

MDA concentration of extracted liquid (umol/ml)x gross extracted liquid (ml) x1000
MDA content (nmol-g” FW)=

Wet weight of plant tissue (g)
2.4.2 Proline Content

The sulfosalicylic acid method as described in the Crop Physiologic Methodology by Zhang Xianzheng (1992)
was applied. 0.5 g Fresh cassava leaves without the midrib was cut into pieces and 5 ml 3% of sulfosalicylic acid
was added. Mixture was incubated in boiling water bath for 10 min. 2 ml extracted solution was transferred into
a new tube, followed by 2 ml water, 2 ml glacial acetic acid and 4 ml ninhydrin, mixed well and heated in
boiling water for development for 60 min. After the mixture was cooled down, 4 ml toluene was added and
mixed. Supernatant was transferred and absorbance at 520 nm was measured.

Formula:

CxV/a
Proline content (ug-g™) =
W
C stands for the pg of the proline from the index line; V for the gross vol. of the extracted liquid (ml); a for the
vol. of the measured liquid (ml); W for the wet weight of the plant tissue (g).

2.4.3 Soluble Protein Content

The Coomassie brilliant blue G-250 staining method as described in the Technique for Plant Physiologic and
Biochemical Experiment by Li Hesheng (1999) was applied: 0.5 g Fresh cassava leaves without the midrib was
cut into pieces, homogenated with 5 ml distilled water, and then centrifuged at 4000 r/min for 10 min. 1.0 ml
supernatant was mixed with 5 ml Coomassie brilliant blue G-250 liquid and absorbance at 595 nm was measured
after 2 min.

Formula:
Protein content of the sample (mg/g) = CxV1/ (VsXxWgx1000)

Where: C for the standard curve, Vr total vol. of the extracted liquid, Vg for the added specimen during
measurement, Wr for wet weight of the sample
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2.4.4 Soluble Sugar

The Anthrone colorimetric method as described in the Crop Physiologic Methodology by Zhang Xianzheng
(1992) was applied: 0.5-1 g Fresh cassava leaves without the midrib was cut into pieces, added into 25 ml
distilled water and boiled in water bath for 20 min then cooled down and filtered. Washed the residues with
distilled water several times, and added to the filtered solution to final volume of 100 ml. 1.0 ml solution was
mixed with 1.5 ml water and 6.5 ml of anthrone agent, and absorbance at 620 nm was measured.

Formula:

Soluble sugar in leaves (%) = Cx100x100/0.5x10°xW= 2x0.01xC/W
Where: C for standard curve, W for the wet weight of the sample.
2.4.5 Chlorophyll Content

The acetone-ethanol mixture process as described in the Crop Physiologic Methodology by Zhang Xianzheng
(1992) was applied: 0.1 g Fresh cassava leaves without the midrib was cut into slides, put into a capped bottle,
incubated with 10 ml acetone ethanol mixed extracting solution, and shaken in dark at room temperature till the
leaves completely turned white. Absorbance of the clear liquid at 663 nm and at 645 nm was measured, and the
chlorophyll content was calculated as per the following formula:

Total chlorophyll content (mg.g") = (8.02A663+20.21Ags5) XV/1000W, namely
Total chlorophyll content (mg.g™") = (8.02A463+20.21Ag45) X0.01/W

Where: Agg; and Agys—respectively for the measured absorbance at 663 nm and 645 nm of the chlorophyll;
V—uvol. of the extracted liquid (ml); W—weight of materil (g).

2.4.6 Water Ratio of Leaves

Dry aluminum container was weighed and recorded as M0. Fresh cassava leaves in the aluminum container was
weighed and recorded as M1. Leaves in the aluminum container was baked till there was no more weight loss,
weighed and recorded as M2. Calculated the water ratio in leaves as per the following formula:

M1-M2
Water ratio in leaves (%) = ——— x100
M2-MO
2.5 Data Process and Analysis

Data were processed and interpreted using Excel while statistics and analysis using statistical software
“DPS3.10”.

3. Results and Analysis
3.1 Changes in Cell Membrane Permeability in Different Cassava Cultivars under Low Temperature Stress

The primary indicator reflecting cassava cell membrane permeability is the relative conductivity of the leaves.
Intracellular substances effusion can cause changes in cell conductibility. Relative conductance of different
cassava cultivars under low temperature stress were presented in (Figure 1), where it showed that the relative
conductivity of the leaves of the 4 tested cassava cultivars increased significantly under low temperature stress as
the temperature dropped and time elapsed, with greater increases in the leaves of the cold-sensitive cultivars than
the cold-resistant ones. Therefore, the cell membrane permeability increased after suffering cold damage and
such increase was more obvious in the cold-sensitive cultivars.

3.2 Changes in Cassava Leave SOD Activities from Different Cultivars under Low Temperature Stress

The SOD activity of different cassava cultivars under low temperature stress were presented in (Figure 2). It
showed that there was a significant difference in SOD changes in the leaves of different cassava cultivars. Under
low temperature stress, the SOD activities of the cold-sensitive cultivars (Nanzhi 199, SC205) increased at the
very beginning and then dropped as time went by and temperature decreased, while those in the cold-resistant
cultivars (SC124, FuXuan01) kept steady increasing.

3.3 Changes in POD Activities of Different Cassava Cultivars under Low Temperature Stress

The POD activity of different cassava cultivars under low temperature stress were presented in (Figure 3). It
showed that at room temperature (25 °C ), the POD activities of the cold sensitive cultivars (Nanzhi199, SC205)
were higher than those in the cold-resistant cultivars (SC124, FuXuan01) while the POD activities of the
cold-resistant cultivars were higher at lower temperature (5 °C,10 °C and 15 °C).
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3.4 Changes in MDA Contents of Leaves of Different Cassava Cultivars under Low Temperature Stress

The MDA content of different cassava cultivars under low temperature stress were presented in (Figure 4). It
showed no obvious difference in the MDA changes in all the 4 tested cultivars at 15 °C and 25 °C as time
elapsed. However, the MDA contents in SC124 and FuXuan 01 were higher than those in Nanzhi199 and SC205,
indicating that the MDA contents in the cold-resistant cultivars were higher than those in the cold-sensitive ones
under mild stress. While the temperature dropped to 10 °C and as time elapsed, the changes in MDA contents in
Nanzhil99 and SC205 showed a rise-fall trend while those in SC124 and FuXuan 01 in a declining trend. The
MDA contents of all the 4 cassava cultivars dropped at 5 °C.

3.5 Changes in Proline Contents of Leaves of Different Cassava Cultivars under Low Temperature Stress

There was a significant difference in proline contents in leaves from different cassava cultivars under low
temperature stress. It is showed in (Figure 5) that as the temperature dropped and time elapsed at 5 °C , 10 °C,
15 °C and 25 °C , the proline contents increased, more seemingly in the cold-sensitive cultivars (Nanzhil99
and SC205) than the cold-resistant ones (SC124 and FuXuanO1). The proline contents increased by 184.97% in
SC205, 116.87% in Nanzhil99, 49.45% in SC124 and 48.48% in FuXuan 01 respectively at Day 7 at 15 °C
compared with those at Day 1; the proline contents increased by 195.95% in Nanzhil99, 87.35% in SC205,
47.31% in SC124 and 23.27% in FuXuan 01 respectively at Day 7 at 10 ‘C compared with those at Day 1; the
proline contents increased by respectively 311.66%, 153.95%, 71.97% and 71.63% at Day 7 at 5 °C  compared
with those at Day 1, which indicated that cold resistance had a close correlation with the changes in proline
contents.

3.6 Changes in Soluble Protein Contents of Leaves of Different Cassava Cultivars under Low Temperature Stress

Soluble protein content of different cassava cultivars under low temperature stress were presented in (Figure 6).
There was no significant difference in the soluble protein content in all 4 cultivars at 25 °C, though those in
SC124 and FuXuanO1 were higher than those in Nanzhi199 and SC205; there was a significant increase in the
soluble protein content in all 4 cultivars at 15 °C compared with those at 25 °C. The soluble protein content in
Nanzhil99 and SC205 dropped after reaching the peak at Day 1 while those in SC124 and FuXuanO1 reached
their maximum levels at Day 5 and Day 3 respectively. The soluble protein content in all the 4 cultivars showed
a declining trend at both 10 °C and 5 °C as the stress time elapsed.

3.7 Changes in Soluble Sugar Contents of Leaves of Different Cassava Cultivars under Low Temperature Stress

The soluble protein content of different cassava cultivars under low temperature stress were presented in (Figure
7). It showed that the soluble sugar contents in all 4 cultivars slowly increased at 25 °C along with stress, and the
soluble contents in SC124 and FuXuan 01 were higher than those in Nanzhi1l99 and SC205. There was an
obvious increase in SC205, SC124 and FuXuanO1 at 15 °C compared with those at 25 °C while the increase in
Nanzhil99 was not so obvious. At 10 °C, the soluble sugar content in Nanzhi199 increased the most while those
in SC205, SC124 and FuXuan 01 began to drop. At 5 °C, the soluble sugar contents in Nanzhi199 and SC205
increased along the stress while those in SC124 and FuXuanO1 dropped.

3.8 Changes in Water Ratios of Leaves of Different Cassava Cultivars under Low Temperature Stress

The soluble protein content of different cassava cultivars under low temperature stress were presented in
(Figure.8). It showed no obvious changes in the water ratios in all the cultivars at 15 °C and 25 °C while at 5 °C
and 10 °C, the water ratios gradually dropped along with the stress with an obvious drop in the cold sensitive
cultivars than those in the cold-resistant one. The water ratios in leaves at Day 7 at 5 °C dropped by 31.22%,
30.79%, 15.57% and 13.97% in Nanzhil99, SC205, SC 124 and FuXuan01 compared with those at Day 1.

3.9 Evaluation of Cold Resistance of Different Cassava Cultivars

The methods as described by Liu Yong (2000) and Duan Xiaocui (2005) was applied: fuzzing mathematics
membership degree formula was used for quantity conversion among the values of the 8 measured
indicators---relative conductivity, SOD activity, POD activity, MDA content, proline content, soluble protein
content, soluble sugar content and water ratio in leaves. Given the weight coefficient was 0.2 for relative
conductivity, 0.15 respectively for SOD activity and POD activity and 0.1 respectively for MDA content, proline
content, soluble protein content, soluble sugar content and water ratio in leaves. The overall evaluation of the
cold resistance of all the tested cultivars after calculation was shown in (Tablel). It showed that the indicators in
SC124 and FuXuanO1 were quite close and significantly higher than those in SC205 and Nanzhi 199, which
conformed the cold resistance phenotype we observed. Therefore, such method is proved to be applicable for
evaluating cold resistance of cassava.
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4. Discussion
4.1 Relation between Membrane Permeability and Cold Resistance

The adaptation to low temperature of plants mainly lies in the cell membrane, especially the plasmalemma and
thylakoid membrane. Cell membrane protects the plants from the outside environment. There is a correlation
between normal physiological function and the activity and phase state of membrane-bound enzyme. Normal
phase state of membrane is in liquid crystal state. While temperature drops below the critical point, membrane
fluidity also reduces while previous random arranged lipid chains become ordered arranged, resulting in changes
in membrane shape and thickness and possible holes or cracks which may lead to the increase in membrane
permeability. The increased efflux of the intracellular content (such as inorganic ions, amino acid and sugar)
causes increased conductivity (Huang Haishan, 2007) The conductivity increases significantly as the low
temperature stress enhances, while the increase in the cold-resistant crops is less obvious than that in the
cold-sensitive cultivars (Shi Xuehui, 1997). This experiment shows that the relative conductivity of leaves from
all the 4 tested cassava cultivars increased along with the declination of the temperature and time length of stress,
more significantly in the cold-sensitive cultivars (Nanzhi199 and SC205) than in the cold-resistant ones (SC124
and FuXuanO1). This is because the cold sensitive cultivars suffered more serious cold damage than the cold
resistant ones. Hence, the change in membrane permeability can be used as an indicator to monitor the cold
damage to cassava.

4.2 Relationship between Protective Enzyme and Cold Resistance

SOD is one of the enzymes of the protective enzyme system of plants. Its main function is to erase O,  and form
H,0,. Therefore SOD activities increase within a certain range of low temperature to maintain the balance of
active oxygen. Yet along with the increase of low temperature stress, the active oxygen and free radical
seemingly also increase causing the decline in SOD activities. Results of this experiment: along with the drop in
temperature and increase in time of stress, the SOD enzyme activities of the cassava leaves showed a rise-fall
trend, which agreed to the results of studies in scallion by Zhang Zhonghua (2006) and studies in alfalfa by Deng
Xueke (2005).

4.3 Relationship between MDA and Cold Resistance

Under low temperature stress, the increase in free radicals and decrease in erased ones causes the increase in the
accumulation of free radicals which exceeds the damages. These free radicals can cause the stop in chain,
decompounding and destroy in the unsaturated fatty acid within the oxidation film structure, namely, the process
of membrane lipid peroxidation leading to the end product---MDA (Sun Changzhu,1998). Such MDA combined
with membrane protein will destroy to the membrane structure causing the entocyte leakage and cold damage to
plants (Zhang Xueming, 1990; Wang Xiyan, 2009). Results of this experiment: along with the drop in
temperature and increase in time of stress, the MDA contents in leaves of young cassava showed a rise-fall trend,
more seemingly increase in the nonhardy cultivars (Nanzhi199 and SC205) than in the hardy ones (SC124 and
FuXuanO1). Hence, MDA content can be used as an indicator to evaluate the cold resistance in cassava.

4.4 Relationship between Proline Content and Cold Resistance

With regard to the relation between proline content and cold resistance, there are different conclusions from
different researches. Some hold that proline content has a positive correlation with cold resistance and can be
used as an indicator to evaluate the cold resistance in plants: research by Ou Yi (2006) showed that the increase
in proline contents in hardy sweet persimmon cultivars was greater than that in the nonhardy ones under low
temperature stress. Study by Binbin Lu (2005) also showed that the proline content in paddy roots doubled at
20°C. Ren Xugqin (2006) shared the same opinion from her research in chili. However, there are also researches
that come to a different conclusion---proline content has a negative correlation with cold resistance. According to
Chen Yajun (1996), the accumulation of proline was greater with earlier peak in nonhardy colver cultivars than
the hardy ones under low temperature stress. Results of this experiment showed that the proline accumulation
kept increasing along with the drop of temperature and time length in cassava leaves, the increase of proline
contents in hardy cultivars at the lowest set temperature was less than that in the nonhardy ones. The increase in
proline contents of Nanzhi199 and SC205 was higher than that in SC124 and FuXuan01 at whichever of the 4 set
temperatures, indicating the negative correlation between proline content and cold resistance in cassava.

4.5 Relationship between Soluble Protein and Cold Resistance

Soluble protein is an important protective substance in plant with strong hydrophilic colloid property which can
enhance the water retention of cells. Therefore, the increase in soluble protein can enhance the cold resistance
under low temperature stress. This conclusion has been confirmed in the studies of asparagus beans, eggplants,
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common waaterrthacinth and grapes (Chen Chanyou, 2005; Wang Fenghua, 2006; Peng Yanhua, 1992; Attila
Hegedus, 2008). Result of this experiment showed that no obvious differences in the soluble protein contents
between the hardy and nonhardy cultivars at room temperature (25 °C) while the soluble protein contents in
SC124 and FuXuan 01 were seemingly higher than those in Nanzhi199 and SC205 at 10 °C; at 5 °C, the soluble
protein content in FuXuan 01 was much higher than those in Nanzhi199 and SC205 while the increase in SC124
was not obvious, indicating that the cold resistance of hardy cultivars can be enhanced by increasing soluble
protein while the temperature is around 10 °C; while the temperature drops to below5 °C, it is still possible to
strengthen the cold resistance by increasing soluble protein content for some hardy cultivars such as FuXuan01,
however this does not work for SC124. This shows that the soluble protein content at 10 °C can be used as an
indicator for general cold damage evaluation.

4.6 Relationship between Soluble Sugar and Cold Resistance

Under low temperature stress, the macromolecular substances of the cells of plants hydrolyze which causes the
increase in soluble sugar, lowers the ice point of tissues or cells and produces more protective substances and
energy through saccharometabolism (Alejandro G., 1997; Oshua-Otieno Ogweno, 2009) as well as increases the
cell hydrature, enhances water retention, avoids dehydration and damages of bioplasm at low temperature and
consequently protects the bioplasm membranes (Sun Qun, 2006; Yang Dong, 2007; Wang Xinghu, 2005;
Christine H. Foyer, 2002; Oscar G., 2010). The results of this experiment showed that the soluble sugar contents
in all 4 tested cultivars at 10°C and 15 °C were higher than those at room temperature (25°C). However, the
contents in soluble sugar at 5 °C were lower than those at room temperature (25°C), indicating that it is possible
to enhance the cold resistance in cassava by increasing the soluble sugar contents in cassava cells at 10 °C and
15 °C, this method does not work while temperature drops to below 5 °C.

4.7 Relationship between Water Ratio in Cassava Leaves and Cold Resistance

Results of this experiment showed that under low temperature stress, the water ratio in leaves decreased
seemingly, and more obvious in nonhardy cultivars than in hardy ones. Hence, changes in water ratio in leaves
under low temperature stress can be used as an indicator for cold resistance evaluation in cassava.

5. Conclusions

Under low temperature stress, the cell membrane permeability of cassava leaves increase---more seemingly in
the nonhardy cultivars; MDA contents in cassava leaves increase, more seemingly in nonhardy cultivars than in
hardy ones; SOD and POD activities decrease, more seemingly in nonhardy cultivars; significant increase in
proline, soluble sugar and soluble protein contents, more seemingly in hardy cultivars. The soluble sugar and
soluble protein contents show a rise-fall trend as the temperature drops and time length increases. Under low
temperature stress, the chlorophyll contents land water ratio dramatically declines, more seemingly in nonhardy
cultivars, indicating that cell membrane permeability, MDA content, SOD and POD activities, proline content,
soluble sugar and soluble protein contents have a close relation with cassava cold resistance. Such physiologic
indexes can be used in cassava cold resistance evaluation.
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Table 1. The comprehensive evaluation of cold hardiness in cassava cultivars

cultivars X1 X2 X3 X4 X5 X6 X7 X8 | The comprehensive | position
evaluation
Nanzhil99 | 0.233 | 0.093 | 0.257 | 0.050 | 0.741 | 0.394 | 0.575 | 0.454 0.321 4
SC205 0.116 | 0.879 | 0.585 | 0.541 | 0.404 | 0.092 | 0.337 | 0.025 0.383 3
SC124 0.817 | 0.991 | 0.728 | 0.570 | 0.434 | 0.750 | 0.337 | 0.579 0.688 1
Fuxuan01 | 0.520 | 0.701 | 0.609 | 0.694 | 0.584 | 0.845 | 0.746 | 1.000 0.687 2
proportion | 0.2 0.15 | 0.15 0.1 0.1 0.1 0.1 0.1

Note: Table.1 X1: relative conductivity; X2: SOD activity; X3: POD activity; X4: MDA content; X5: praline
content; X6: soluble protein content; X7: soluble sugar content; X8: leaf water content
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Figure 1. Change of relative conductivity in different cassava varieties under low temperature stress
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Figure 2. Change of SOD activity in different cassava varieties under low temperature stress
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Figure 3. Change of POD activity in different cassava varieties under low temperature stress
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Figure 4. Change of MDA content in different cassava varieties under low temperature stress

115



Journal of Agricultural Science Vol. 4, No. 6; 2012

www.ccsenet.org/jas

The proline contents under ten

The proline contents under five

degrees centigrade

degrees centigrade

[Nanzhi199 [1SC205 NSC124 [Fuxuan01

Nanzhi199 O SC205 K SC124 B Fuxuan01

000000
OOOOOO
S 0 - © 1 <H
(M@ "8/8n) oaurTodd jJO 3U83UOD

300
200
100

B
I,

(Mq 8/8n) autroxd jo jud3UOD

7d

5d

time of cold damage (d)

3d

1d

time of cold damage (d)

The proline contents under twenty

The proline contents under fifteen

five degrees centigrade

degrees centigrade

Nanzhi199 O SC205 K1SC124 B Fuxuan01

Nanzhi199 @ SC205 @ SC124 B Fuxuan01

2

o O N I I I I I I e |

o
(=]
[ap]

(=] (=] o
[le] (=) Lo
N N —

100
50

(M@ "8/8n) ouryoxd JO 3USIUOD

il
\
N
N
N
N
N
N
N
N
N
N
N
Q
N

400

=
Lo
o
(M@ "8/8n) oautroad jo 3U93U0D

time of cold damage (d)

time of cold damage (d)

Figure 5. Change of proline content in different cassava varieties under low temperature stress
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Figure 6. Change of soluble protein content in different cassava varieties under low temperature stress
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Figure 7. Change of soluble sugar content in different cassava varieties under low temperature stress
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Figure 8. Change of leaf water content in different cassava varieties under low temperature stress
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