The Journal of Animal & Plant Sciences, 25 (3 Suppl. 1) 2015 Special Issue Page: 172-179
ISSN: 1018-7081

EFFECTS OF DROUGHT STRESSON PHOTOSYNTHESIS AND GLUCOSE-6-
PHOSPHATE DEHYDROGENASE ACTIVITY OF TWO BIOMASSENERGY PLANTS
(Jatrophacurcas L. and Verniciafordii H.)

D. K. Xing%, Y.Y. Wu?" R. Wang®, W.G. Fu, Y.C. Zhou? and Q. Javed!

1K ey Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Institute of Agricultural
Engineering, Jiangsu University, Zhenjiang 212013, China
2Research Ctr for Environmental Bio-Science and Technology, State Key Laboratory of Environmental Geochemistry,
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China
3Food and Pharmaceutical Engineering Institute, Guiyang College, Guiyang 550003, China
*Corresponding author E-mail: wuyanyou@mail.gyig.ac.cn

ABSTRACT

Drought is considered the main environmental factor limiting plant growth in karst habitats. For this study, seedlings of
Jatrophacurcas L. and Verniciafordii H. were submitted to a 10-day drought stress period at 5 different intensities.
Photosynthesis, biomass, carbonic anhydrase (CA), and glucose-6-phosphate dehydrogenase (G6PDH) activities were
determined. It was discovered that photosynthesis of the V. fordii was more sensitive to drought stress, and the water-use
efficiency (WUE) of the V. fordii responded earlier in order to adapt to the induced drought stress. However, the J.
curcas accumulated more biomass with better photosynthetic tolerance under drought stress. As the drought stress
increased, the G6PDH activity of the V. fordii was activated at 20% or 30% PEG level, the higher GBPDH activity of the
V. fordii maintained the redox equilibrium of the cells and produced NADPH for the formation of unsaturated fatty acids.
As aresult, the degree of unsaturation of fatty acids in the V. fordii was affected, and its cetane number and iodine value
changed; thus, the fuel properties of the biodiesel were affected. Therefore, the photosynthesis and G6PDH activity of a
plant should be taken into consideration when selecting appropriate biomass energy plantsin karst habitats.
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INTRODUCTION

Rapidly increasing energy demands have
become a serious challenge both in developed and
developing countries. The exploitation of biomass energy
that is renewable and sustainable are effective solutions
to this problem (Pandey et al., 2012; Zhuang et al.,
2011). Energy plants are playing an increasingly essential
role in the production of biodiesel. JatrophacurcasL. and
Verniciafordii H., belonging to the Euphorbiaceae
family, are biomass energy plant species grown mainly in
southwestern China (Park et al., 2008; Zhuang €t al.,
2011), and are aso well-suited for cultivating in the
marginal lands (Pandey et al., 2012). The development of
biomass on marginal lands in southwest China, especialy
in Guizhou and Sichuan Provinces, has been investigated
and proved to be feasible (Wang et al., 2014). Plants in
karst regions commonly suffer from water stress during
the rainy seasons, but the plants of southwest China are
subjected to water stress throughout the year (Liu et al.,
2012). The fragile ecological environment leads to low
crop production, which means the peasants in this karst
area are very poor. However, the inhabitants of this area
have the potential to benefit economically by growing
energy plants that are adapted to karst conditions. Since
drought stress in southwestern China affects the growth

of J. curcas and V. fordii, oil production decreases.
Therefore, researching these two biomass energy plants
and their adaptability to drought stress is hugely
important.

It is well known that one of the primary
physiological consequences of drought is photosynthesis
inhibition (Bauerle et al., 2003). The photosynthetic
activity of plants can be indicated by their chlorophyll a
fluorescence (ChlF) parameters (Panda et al., 2008), and
can also be used as an indicator to measure the response
of plants to environmental stress (Guo et al., 2005).
Photosynthesis of energy plants is the fundamental
system required for the production of potential biomass
energy. Advances in optimizing carbon fixation, carbon
assimilation, carbon metabolism, and energy transfer are
essential, as the efficiencies of these processes are the
principal determinants of productivity (Work et al.,
2012). While caloric value is the primary energy stored in
an energy plant (Lin and Cao, 2008). In order to evaluate
the production of biomass energy in energy plants,
photosynthesis, caloric value, and biomass production are
used as the key research fields.

Influenced by drought stress, stomatal closure
and reduced mesophyll conductance are the main cause
of reduced CO; diffusion from the atmosphere to the site
of carboxylation in leaves (Grassi and Magnani, 2005).
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Greater levels of carbonic anhydrase (CA, EC 4.2.1.1)
activity can enhance the conversion of intracellular
bicarbonate to H>O and CO; (Hu et al., 2011). CA isa
zinc-containing metallo enzyme that catalyzes the
reversible converson of CO, to bicarbonate

[C02+H20c> H,CO, & HCO; +H ]. It is involved in

[6GSP+12NADP "+ 7H,0 > 5G6P + 6CO , + Pi +12 NADPH

and produces reducing power in the form of NADPH to
meet cellular needs for reductive biosynthesis and
maintenance of the cellular redox state (Nemoto and
Sasakuma, 2000). The synthesis of unsaturated fatty
acidswas mainly from pentose phosphate pathway
(Gaberet al., 2001).

G6PDH plays an important role in the formation
of unsaturated fatty acid. The cetane number (GB/T
20828-2007) and iodine value (EN 14214) meet the
standards when the degree of unsaturation of fatty acids
is lower than 133.1 (Ramos et al., 2009; Wang et al.,
2012). In Indonesia, the degree of unsaturation of fatty
acidsin J. curcas is about 114.2, with a maximum value
of 136.1 (Berchmans and Hirata, 2008). In Korea, the
degree of unsaturation of fatty acids in V. fordii is about
126.8 (Chung, 2010). In southwestern China, the degree
of unsaturation of fatty acidsin J. curcasis 116.9 (Wang
et al., 2011), while the degree of unsaturation of fatty
acids in V. fordii is as high as 184.0 (Xuan et al., 2008).
The degree of unsaturation of fatty acids in V. fordii is
significantly higher in karst areas. The extortionate
degree of unsaturation of fatty acids in V. fordii causes
low cetane numbers and high iodine values, which affect
the fuel properties of biodiesel (Ramos et al., 2009;
Wang et al., 2012). Therefore, it is necessary to
determine the response of G6PDH activities in J. curcas
or V. fordii to awater deficit in karst habitats.

The objective of this study was to determine the
photosynthetic characteristics and G6PDH activities in
these two biomass energy plant species under drought
stress. Photosynthesis, ChlF parameters, CA, and G6PDH
activities under PEG6000-induced drought stress were
analyzed. and processes of carbon fixation, assimilation,
and metabolism in J. curcas and V. fordii were studied.
This research aimed to understand the photosynthetic
capacities and variations of G6PDH activitiesin J. curcas
and V. fordii in drought stress conditions.

MATERIALSAND METHODS

Plant growth and drought stress treatment: Seedlings
of J. curcas and V. fordiiwere cultivated and treated
according to Xing and Wu (2012). Meanwhile, five
drought stress levels were applied through incubation in
five concentrations of PEG 6000: 0%, 5%, 10%, 20% and
30%. Determination was conducted on Day 10 from the
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diverse physiological processes especially the diffusion
of inorganic carbon through the cells (Badger and Price,
1994). And glucose-6-phosphate  dehydrogenase
(G6PDH, EC 1.1.1.49) is a key enzyme which catalyzes
the first reaction in the pathway leading to the production
of pentose phosphates

+12H+]

onset of the treatment. Five recent mature leaves from
three drought-treated seedlings were measured.

Measurement of net COz-assimilation rate The
determination method was same with Xing and Wu
(2012).

Measurement of chlorophyll a fluorescence: The
determination was conducted according to the method
described by Xing and Wu (2012). The photochemical
fluorescence quenching (qP) was calculated as (F'm —
Fs)/( Fm - Fo).

Biomass: Fresh plant weight was measured with
electronic analytical balance (BSA124S, Sartorius,
Gottingen, Germany). Increment of biomass (P%) was
calculated as 100x(M-Mg)/M¢%, where Mo was fresh
plant weight (g) before drought stress and M was fresh
plant weight (g) on Day 10 from the onset of treatment.

CA activity:It was determined with the electrometrical
method of Wilbur and Anderson (Wilbur and Anderson,
1948) with modifications (Xing and Wu, 2012).

G6PDH activity: It was determined with the method
described by Brown and Wary (1968).

Statistical analysis. All collected data were analyzed
using SPSS software (version 13.0, SPSS Inc). The
differences between drought stress levels were assessed
using the least significant difference (LSD) post-hoc test
at the 5% significance level (p < 0.05). The data were
shown as the means + standard errors (SE), which were
determined using one-sample T test (confidence interval
was 95%).

RESULTS

Photosynthesis:In Figures 1A and 1B,except for the V.
fordii at 10% and 20% PEG levels, the gs values between
the two levels did not change significantly. Compared to
the V. fordii, the J. curcas had higher Py and gs values at
each PEG level. The Py value of the J. curcas at 5%,
10%, 20%, and 30% PEG levels were 97.5%, 83.6%,
54.0% and 32.0% of that of the control, respectively.
While the Py of the V. fordii at 5%, 10%, 20%, and 30%
PEG levels were 66.0%, 51.1%, 39.1%, and 22.3% of
that at 0 PEG level, respectively.
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Except for at 5% and 10% PEG levels, the Ci/Ca
values of the J. curcas did not change significantly
(Figure 1C). The Ci/Cavalues of the V. fordii at 10% and
20% PEG levels, which were higher than that at 5% PEG
level or control level, were dtatigtically similar.
Compared to the V. fordii, the J. curcas had the higher
Ci/Ca values at each PEG level except at the 10% PEG
level.

The WUE value of the J. curcas increased
significantly at 30% PEG level compared to 20% level
(Figure 1D). The WUE value of the V. fordii at 5% PEG
level decreased significantly compared to the control.
Although the WUE value of the V. fordii increased as the
drought stress level increased, the WUE value of the V.
fordii at 30% PEG level was till lower than at control
level. Compared to the V. fordii, the J. curcas had higher
WUE values at each PEG level except for 20% and 30%
PEG levels.

Chlorophyll a fluorescence: The Fo value of the J.
curcas began to increase at 20% PEG level as the drought
stress level increased (Figure 2A), while a higher Fo
value of the V. fordii was associated with a higher
drought stresslevel.

For al species, thevalues of Fv/Fm decreased as
the drought stress level increased (Figure 2B). A
significant decrease of values of Fv/Fm was observed in
the V. fordii, especially at 20% and 30% PEG levels. The
gP values of the V. fordii decreased more significantly as

Shoeratial condociance
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the drought stress level increased compared to the J.
curcas gP values (Figure 2C).

Increment of biomass: The P% of the J. curcas at 5%,
10%, and 20% PEG levels were 21.6%, 21.4%, and
12.0% of that at control level, respectively (Figure 3), and
the P% of the V. fordii at 5% PEG level was only 8.9% of
that at control level.

CA and G6PDH activities: Compared to the J. curcas,
the V. fordii had statistically higher CA activities at each
PEG level (Figure 4A). The CA activities of the J. curcas
at 10% and 20% PEG levels were higher than that at 30%
PEG level and lower than that at control level. The CA
activities of the V. fordii a 10%, 20% and 30% PEG
levels were lower than that at the control or 5% PEG
levels. And the CA activity of the V. fordii at 10% PEG
level was lower than that at 20% or 30% PEG level.

The G6PDH activities of the J. curcas at 5%,
10%, 20%, and 30% PEG levels were 95.8%, 81.8%,
63.0%, and 52.1% of that at control, respectively (Figure
4B). The G6PDH activities of the V. fordii at control,
10%, and 20% PEG levels were lower than that at 5%
and 30% PEG levels. The G6PDH activity of the V. fordii
at 30% PEG level was higher than that at 5% PEG level.

Furthermore, it was observed that the CA and
G6PDH activities displayed a good correlation (Y =
0.001X+0.219, R?=0.46, n = 30, P < 0.0001) (Figure5).
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Fig. 2: Effects of drought stress on chlorophyll a fluorescence of the two Euphorbiaceae plant species. Mean + SE
(n = 5) followed by different letters in the same parameter indicate significant difference at P < 0.05,
according to one-way ANOVA and t-test

A. Minimum chlorophyll fluorescence (Fo); B. Maximum quantum yield of PSII (Fv/Fm); C. Photochemical
fluorescence quenching (gP)
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DISCUSSION

Photosynthesis and biomass: In this study, the HCOsz
concentrations in treatment solutions (10 mM) were
higher than that in surface runoff water (5 mM) in the
karst regions (Yan et al., 2012). Stomatal conductance of
the J. curcas and V. fordii were significantly lower due to
high HCOs concentrations. Bie et al. (2004) showed
similar findings in two butterhead lettuce (Lactuca sativa
L.) cultivars. The principal path of carbon from the
atmosphere to the plant was via diffusion of carbon
dioxide through leaf stomata into the leaf intracellular
spaces and then through the walls of the mesophyll cells
to the sites of fixation (carboxylation) (Mooney, 1972).
When the stomatal of the J. curcas and V. fordii closed, it
became harder for atmospheric CO, to enter into the
intracellular spaces of the leaves. Under drought stress
conditions, CA provided CO; and water converted from
intracellular HCOs for P. nil and L. japonica in response
to low stomatal conductance (Xing and Wu, 2012). CA
with higher activity also catayzed the conversion of
intracellular HCO5 to CO; and provided another carbon
source for photosynthesis of the J. curcas and V. fordii
under drought stress, which prevented the Py of the J.
curcas from decreasing, and prevented the PSII of the V.
fordii from damage a 5% PEG level. Stomatal
limitations are often considered a short-term response to
drought stress, whereas non-stomatal effects are usually
considered more important during longer and more
severe drought stress conditions (Rouhi et al., 2007).
Results presented here clearly demonstrated that the Py
of the V. fordii was more sensitive to drought stress than
in the J. curcas. The Py of the J. curcas and V. fordii
were inhibited by non-stomatal limitations between PEG
levels of 10-30%. In order to be resistant to drought
stress, the WUE of the V. fordii increased between PEG
levels ranging from 5-30%; thus, the V. fordii gained
higher inorganic carbon based on water loss during the
transpiration process.

The photochemical apparatus of the V. fordii
was damaged, and more specificaly, the number of
functional chlorophylls not connected to the reaction
centers of the PSII increased at 30% PEG level (Panda et
al., 2008). There was more severe damage on the PSI|
reaction centers of the V. fordii compared to the J.
curcas. The quantum vyield of non-cyclic electron
transport was found to be directly proportional to the
production of the gP and the efficiency of excitation
captured by open PSII reaction centers (Genty et al.,
1989). Higher gP was always accompanied with higher
electron transport activity in PSIl. Electron transport
activity in the PSII of the V. fordii was higher than in the
J. curcas, but electron transport activity in the PSII of the
V. fordii was more sensitive to drought stress, especially
at 20% and 30% PEG levels. J. curcas showed better
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drought resistance, as it exhibited better photosynthetic
tolerance than the V. fordii.

Therefore, the J. curcas accumulated more
biomass with better photosynthetic tolerance and
inorganic carbon assimilation ability under drought
stress, but the primary energy calorific value that was
stored in organisms of the V. fordii could be higher than
the J. curcasin karst areas (Pang et al., 2013).

G6PDH and degree of unsaturation of fatty acid: As
drought stress increased, the photosynthetic inorganic
carbon assimilation ability of the J. curcas was inhibited.
Carbohydrate synthesis, which was limited by
photosynthetic efficiency, was reduced (Zhu et al., 2013).
The G6PDH was a rate-limiting enzyme in the pentose
phosphate pathway, and the G6PDH activity of the J.
curcas was inhibited by increasing intracellular CO.
concentrations under drought stress. As a result,
productive efficiency of unsaturated fatty acid in the J.
curcas decreased. Inhibited by drought stress, the
G6PDH activity of the V. fordii decreased at 10% PEG
level, but then increased between PEG levels of 10-30%.
Thus promoted the formation of unsaturated fatty acid in
the V. fordii. As a result, the proportion of unsaturated
fatty acid and degree of unsaturation in the V. fordii
increased. Although the calorific value of the V. fordii
was higher than the J. curcas, the higher degree of
unsaturation of fatty acid in the V. fordii caused low
cetane numbers and high iodine values, which could
affect the fuel properties of the biodiesel.

Furthermore, higher GBPDH activities produced
more CO;, from the pentose phosphate pathway, and in
order to aleviate the damage of excessive intracellular
CO,, the CA activities in the cells were activated to
catalyze the conversion of CO; to bicarbonate.

Conclusions. Severa conclusions were drawn from the
above-described study. Photosynthesis of the V. fordii
was more sensitive to drought stress. The PSII of the V.
fordii showed more severe damage especially at 20% and
30% PEG levels. The WUE of the V. fordii responded
earlier than the J. curcas in order to better adapt to
drought stress. The J. curcas accumulated more biomass
with better photosynthetic tolerance under drought stress.
However, as drought stress increased, the G6PDH
activity of the V. fordii was activated at 20% and 30%
PEG levels. Higher G6PDH activity in the V. fordii
helped to maintain the redox equilibrium of the cells and
produce more NADPH for the formation of unsaturated
fatty acid. As aresult, the degree of unsaturation of fatty
acid in the V. fordii was affected, the cetane number and
iodine value in the V. fordii changed, and the fuel
properties of the biodiesel were affected by drought
stress. Therefore, the photosynthesis and G6PDH activity
of a plant should be taken into consideration when
selecting appropriate biomass energy plant species in
karst habitats.

Proceedings of International conference on Agricultural and Biological Sciences (ABS 2015) held in Beijing, China on July 25-27, 2015



Xingetal.,

Acknowledgments. This study was supported by the
brainstorm project on social development of Guizhou
Province (SY[2010]3043), the project of the National
Natural Science Foundation of China (No. 31301243),
the project of the National Natural Science Foundation of
China (No. 31070365), the project of the National
Natural Science Foundation of China (No. 41201577),
and the research foundation for introducing talents of
Jiangsu University (13JDG030).

REFERENCES

Badger, M.R., and G.D. Price (1994). The role of
carbonic anhydrase in photosynthesis. Annu.
Rev. Plant Physiol. Plant mol. Biol. 45:369-392.

Bauerle, W.L., T.H. Whitlow, T.L. Setter, T.L. Bauerle,
and F.M. Vermeylen (2003). Ecophysiology of
Acer rubrum seedlings from contrasting
hydrologic habitats: growth, gas exchange,
tissue water relations, abscisic acid and carbon
isotope  discrimination. Tree  Physial.
23(12):841-850.

Berchmans, H.J, and S. Hirata (2008). Biodiesel
production from crude Jatropha curcas L. seed
oil with a high content of free fatty acids.
Bioresource Technol. 99(6):1716-1721.

Bie, Z.L., T. Ito, and Y. Shinohara (2004). Effects of
sodium sulfate and sodium bicarbonate on the
growth, gas exchange and mineral composition
of lettuce. Sci. Hortic. 99(3-4):215-224.

Brown, A.P., and J.L. Wary (1968). Correlated changes
of some enzyme activitiesand cofactor and
substrate contents of pea cotyledon tissue
duringgermination.  Biochem. J. 1968,
108(3):437-444.

Chung, K.H. (2010). Transesterification of Camellia
japonica and Vernicia fordii seed oils on alkali
catalysts for biodiesel production. J. Ind. Eng.
Chem. 16:506-509.

Gaber, A., M. Tamoi, T. Takeda, Y. Nakano, and S.
Shigeoka (2002). NADPH-dependent
glutathione peroxidase-like proteins (Gpx-1,
Gpx-2) reduce unsaturated fatty acid
hydroperoxides in Synechocystis PCC 6803.
Febs. Lett. 499(1-2):32-36.

Genty, B., JM. Briantais, and N.R. Baker (1989). The
relationship between the quantum yield of
photosynthetic electron transport and quenching
of chlorophyll fluorescence. BBA-Gen. Subjects
99:87-92.

Grassi, G., and F. Magnani (2005). Stomatal, mesophyl|
conductance and biochemical limitations to
photosynthesis as affected by drought and leaf
ontogeny in ash and oak trees. Plant Cell
Environ. 28(7):834-849.

J. Anim. Plant Sci. 25 (3 Suppl. 1) 2015 Special Issue

Guo, D.P., Y.P. Guo, J.P. Zhao, H. Liu, Y. Peng, Q.M.
Wang, JS. Chen, and G.Z. Rao (2005).
Photosynthetic rate and chlorophyll fluorescence
in leaves of stem mustard (Brassica juncea var.
tsatsai) after turnip mosaic virus infection. Plant
Sci. 168(1):57-63.

Hu, H.H., A. Boisson-Dernier, M. Israelsson-Nordstrém,
M. Béhmer, SW. Xue, A. Ries, J. Godoski, J.M.
Kuhn, and JI. Schroeder (2011). Carbonic
anhydrases are upstream regulators of COy-
controlled stomatal movements in guard cells.
Nat. Cell Biol. 13(6):734-734.

Liu, C.C, Y.G. Liu, D.Y. Fan, and K. Guo (2012). Plant
drought tolerance assessment for re-vegetation
in  heterogeneous karst landscapes  of
southwestern China. Flora 207(1):30-38.

Lin, H., and M. Cao (2008). Plant energy storage strategy
and caloric value. Ecol. Model 217(1-2):132-
138.

Mooney, H.A. (1972). The carbon balance of plants.
Annu. Rev. Ecol. Syst. 3:315-346.

Nemoto, Y., and T. Sasskuma (2000). Specific
expression of glucose-6-phosphate
dehydrogenase (G6PDH) gene by salt stress in
wheat (Triticum aestivum L.). Plant Sci. 158(1-
2):53-60.

Panda, D., S.G. Sharma, and R.K. Sarkar (2008).
Chlorophyll  fluorescence parameters, CO;
photosynthetic rate and regeneration capacity as
a result of complete submergence and
subsequent re-emergence in rice (Oryza sativa
L.). Aquat. Bot. 88(2):127-133.

Pandey, V.C., K. Singh, J.S. Singh, A. Kumar, B. Singh,
and R.P. Singh (2012). Jatropha curcas. A
potential  biofuel plant for sustainable
environmental development. Renew. Sust.
Energ. Rev. 16(5):2870-2883.

Pang, J., Y.Y. Wu, and D.K. Xing (2013). Photosynthetic
energy production by two species of biomass
energy plants under karst environment. Guihaia
33(3):313-318.

Park, J.Y., D.K. Kim, ZM. Wang, P.M. Lu, S.C. Park,
and JS. Lee (2008). Production and
characterization of biodiesel from tung oil. Appl.
Biochem. Biotechnol. 148(1-3):109-117.

Ramos, M.J., C.M. Fernandez, A. Casas, L. Rodriguez,
and A. Pérez (2009). Influence of fatty acid
composition of raw materids on biodiesel
properties. Bioresource Technol. 100(1):261-
268.

Rouhi, V., R. Samson, R. Lemeur, and P. Van Damme
(2007). Photosynthetic gas  exchange
characteristics in three different almond species
during drought stress and subsequent recovery.
Environ. Exp. Bot. 59(2):117-129.

Proceedings of International conference on Agricultural and Biological Sciences (ABS 2015) held in Beijing, China on July 25-27, 2015



Xingetal.,

Wang, L.B., H.Y. Yu, X.F. He, and R.Y. Liu (2012).
Influence of fatty acid composition of woody
biodiesel plants on the fuel properties. J. Fuel
Chem. Technol. 40(4):397-404.

Wang, R., M.A. Hanna, W.W. Zhou, P.S. Bhadury, Q.
Chen, B.A. Song, and S. Yang (2011).
Production and selected fuel properties of
biodiesel from promising non-edible oails:
Euphorbia lathyris L., Sapium sebiferum L. and
Jatropha curcas L.. Bioresource Technol.
102(2):1194-1199.

Wang, R, Y.Y. Wu, H.T. Hang, Y. Liu, T.X. Xie, K.Y.
Zhang, and H.T. Li (2014). Orychophragmus
violaceus L., a margina land-based plant for
biodiesel feedstock: Heterogeneous catalysis,
fuel properties, and potential. Energ. Convers.
Manage. 84:497-502.

Wilbur, K.M., and N.G. Anderson (1948). Electrometric
and colorimetric determination of carbonic
anhydrase. J. Biol. Chem. 176(1):147-154.

Work, V.H., S. D’Adamo, R. Radakovits, R.E. Jinkerson,
and M.C. Posewitz (2012). Improving
photosynthesis and metabolic networks for the

J. Anim. Plant Sci. 25 (3 Suppl. 1) 2015 Special Issue

competitive production of phototroph-derived
biofuels. Curr. Opin. Biotech. 23(3):290-297.

D.K., and Y.Y. Wu (2012). Photosynthetic

response of three climber plant species to
osmotic stress induced by polyethylene glycol
(PEG) 6000. Acta Physiol. Plant 34(5):1659-
1668.

Xuan, W.D., T.S. Zhang, and R.K. Zhang (2008). The
research about production of biodiesel from
Tung ail. J. Agr. Mech. Res. (11):204-206.

Yan, JH., JM. Li, Q. Ye ad K. Li (2012).
Concentrations and exports of solutes from
surface runoff in Houzhai Karst Basin southwest
China. Chem. Geol. 304:1-9.

Zhu, X.G., Y. Wang, D.R. Ort, and S.P. Long (2013). e-
Photosynthesis: a comprehensive dynamic
mechanistic model of C3 photosynthesis: from
light capture to sucrose synthesis. Plant Cell
Environ. 36(9):1711-1727.

Zhuang, D.F., D. Jiang, L. Liu, and Y.H. Huang (2011).
Assessment of bioenergy potential on marginal
land in China. Renew. Sust. Energ. Rev.
15(2):1050-1056.

Xing,

Proceedings of International conference on Agricultural and Biological Sciences (ABS 2015) held in Beijing, China on July 25-27, 2015

179



