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Abstract: Turpan is one of the major high-quality grape production bases in the world for years be-
cause its climate is so special (hot, dry, and windy). The grape market needs the varieties with
high yield, quality, and environmental adaptability. ‘Xinyu’ is a new variety bred by crossing se-
lection of E42-6 (a self-pollinated inbred of Vitis vini fera cv. ‘Red Globe’) as female and Vitis
vini fera cv. ‘Rizamat’ as male parents and registered in the Crop Varieties Registered Commission
of Xinjiang Uygur Autonomous Region in 2005. In this study, we determined the impacts of envi-
ronmental factors on its photosynthesis. The results showed the climate in Turpan was character-
ized by long-time intensive sunshine, high temperature and relatively low humidity. The peak value

', and the minimum and av-

of photosynthetic available radiation (PAR7) was 1 454 ymol » m™* = s~
erage values were 111 ymol * m * « s 'and 938.889 6 yumol + m * « s ', respectively. Air tempera-
ture and sunlight intensity reached the highest values during 1 p. m. to 4 p. m. Net photosynthetic
rate (Pn) of Xinyu increased stably before 11 a. m. and there was a midday depression during 11 a.
m. to 2 p. m. The minimum value of Pn appeared at noon (2. 77 pymol *» m™* « s~ '). It was conclu-

’ could withstand extreme climate conditions in Turpan.

ded that as a new grape cultivar, “Xinyu’
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Grapes are the most popular and widely grown
fruit in the world and grow successfully in almost ever-
y climate. Breeding objectives vary by region and mar-
ket necessity, but many programs seek to combine
high quality fruit with environmental adaptation and
improved disease resistance. Breeding resistant root-
stock has long been considered to be an effective ap-
proach to controlling Xiphinema index'"™ .

Grapevine is cultivated nearly 2 300 years old
in Turpan District in Xinjiang, China™!. Turpan is
one of the major high-quality grape production ba-
ses in the world for years because of its hot, dry,
and windy climatet!. These growing conditions are
significantly different from those in much of Eu-
rope. It is essential to provide supplementary wa-
ter by irrigation for grapevines to both survive and
to make satisfactory growth over the hot summer
months. The size of viticulture here is over 27 000
hm?* for years. 80% of grapevine cultured in the ar-
ea is * Thompson Seedless’ (Vitis vinifera) for
raisin and table grape production. Growers want
high yielding grapes with good shelf life and suita-
bility for Xinjiang " s diverse growing regions.
Therefore, new varieties of the great necessity
need to be introduced or bred in Xinjiang. Some
new varieties had been bred in the similar dry re-
gion"™ and been bred or studied via traditional and
transgenic methodology'™. ‘Xinyu’ is a new varie-
ty we bred in 2005, but it has not been studied ex-
tensively.

Fruit breeding requires testing of many char-
acteristics to increase the probability of electing su-
perior genotypes. These characters include physi-
ology and molecular background as well as basical-
ly commercial important traits of grapes, such as
berry ripening time, berry weight, soluble solids
concentration, titratable acidity, and berry flesh

7117 However, many characteristics that

texture
are used to describe responses physiologically of
the variety “Xinyu” are not known.

The objectives of this study were to evaluate
the productivity, and to illustrate its physiological
adaptation mechanism by determining the responsi-

bility to climate factors of the new variety ‘Xinyu’

on photosynthesis in local vineyard., and to esti-
mate the feasibility of the methodology of grape-
vine breeding via hybridization based on the photo-

synthetic responses in the arid desert region.
1 Materials and methods

1.1 Plant material and experimental site

‘Xinyu’ was bred and selected at the experi-
mental vineyard in Institute of Grape and Melon of
Xinjiang Uygur Autonomous Region(Turpan, Xin-
jiang, China, 90°17'30"E, 42°54'32"N,altitude 435
m). The site is in a typical continental temperate
climate zone. It is rich in sunlight resource with a
mean annual sunshine duration over 3 056 h, mean
annual temperature of 14. 4°C, annual accumulated
temperature (=>0°C) of 5 956°C and (=10°C) of
5 372.5°C, frost-free days of 224 days. The high-
est temperature could reach 48. 3°C historically.
The average duration of the temperature over 40°C
is around 40 days, Temperature difference between
day and night could reach 20°C. However, the re-
gions is limited in water resources with a mean an-
nual precipitation of 16. 6 mm, and mean annual e-
vaporation from a free water surface is 2 844.9
mm, and relative air humidity is as low as 30%.

The 5-year-old grapevines were planted with
row spacing of 5 m and plant spacing of 1 m. The
trellis for grapevine is shed at 1.5 m in height.
1.2 Gas exchanges

The net photosynthesis rate (Pn), the stoma-
tal conductance (Gs), the transpiration rate (T7r),
photosynthetic available radiation ( PAR:), and
vapor deficit at the leaf surface (Vpdl) were meas-
ured simultaneously in fully developed leaves using
a portable infrared gas analyser (Li-Cor 6400 Pho-
tosynthetic Meter, Lincoln, NE, USA). The in-
frared gas analysis system was equipped with a
clamp-on leaf cuvette that exposed 6 cm? of leaf ar-
ea. Measurements were replicated at seven leaves
for each time from morning till evening.
1.3 Environmental condition determination

Air temperature and humidity were deter-
mined by using three automatic hygrothermo-

graphs (ZDR-20, Zhejiang University of Electrical
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Equipment Factory, China) and two automatic
thermographs (ZDR-21, Zhejiang University of E-
lectrical Equipment Factory, China) placed on the
grape leaf canopy. Three data of humidity and sev-
en data of temperature were recorded automatically
in every 30 s. Sunlight intensity was determined by
using a Dual Radiation Meter (Apogee Instruments
Inc. , China).
1.4 Chlorophyll measurements

Chlorophyll readings were taken with a hand-
held dual-wavelength meter (SPAD 502, Chloro-
phyll meter, Minolta Camera Co. , Ltd. , Japan).
For each time, the 11 fully expanded leaves per
plot were used.
1.5 Data analysis

Graphics and curve fitting were performed u-
sing Microsoft Excel 2003 software ( Microsoft
Corporation). All data analyzed using software
DPS 3. 01 (Data Processing System, Refine Infor-
mation Tech. Co., L.tD., China). Data regarding
the interactions were reported when the interac-
tions were statistically significant at Duncan’s mul-

tiple range test at p<C0. 05 or p<<0.01.
2 Results and analysis

2.1 Diurnal variation of Pn., sunlight intensity,
air temperature, relative humidity and PARi

In Turpan, Xinjiang, the time of sunrise in
August was about 7. 30 a. m. (Beijing Time). Air
temperature and sunlight intensity kept at high

levels from 10 a. m. to 6 p. m. , however the rela-

tive humidity dropped to a relative lower value.
Air temperature and sunlight intensity reached the
intraday highest value during 1 p. m. to 4 p. m. ,
PAR:

, reached

while Pn was at a relative high value.
reached peak at 1 454 ymol « m™* « s
valley at 111 ymol * m * « s '. The average PARi
was at 938. 889 6 pmol «+ m™* - s*' which was
340.956 5 pmol + m™* + s~ lower than intraday
average canopy sunlight intensity. A steady in-
crease in Pn was measured before 11 a. m. and
there was ‘midday depression” during 11 a. m. to 2
p. m. and the valley value was at 2. 77 pmol « m *
+ 57! at noon, which respectively accounted for
499% and 38% of the peak value of Pn before mid-
day depression and after midday depression (Fig.
1). It was obvious that the climate in Turpan pro-
vided an extremely hot and relatively dry condition
for growing of grapevine. It is characterized by
long-time simultaneous high sunlight intensity,
high temperature and relatively low humidity here.
‘Xinyu’, as a new fruitful variety, could adapt to
this local environmental conditions well.
2.2 Relationship between Pn and the environmen-
tal factors

The changes of Pn of the leaves has no obvi-
ous regularity, but the trend line showed that the
overall Pn was increasing as the rising of air tem-
perature and sunlight intensity and decreasing as
the rising of relative humidity(Fig. 2 A—C). Even
though the high-temperature up to 39°C was not

the major restriction factor on Pn (Fig. 2A). And
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Fig. 1 Diurnal variation of the net photosynthesis rate (Pn), sunlight intensity, air temperature (1),
relative humidity (RH) and photosynthetic available radiation (PARi) (Turpan. Aug. 12", 2008)
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the Pn reached peak at 2. 78 pmol « m™* = s
when the relative humidity was 25. 27%. The rela-
tive humidity neither was too high nor too low is

conducive to photosynthesis (Fig. 2B). The sun-
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light intensity over 1 000 pmol » m™* « s~' was

from 9 a.m. to 7 p. m. , peaking at 1 920 pmol «

m % «s ' at3 p.m. Solar radiation in this area is

quite well (Fig. 20).
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Fig.2 A. relationship between the net photosynthesis rate (Pn) of the leaves and air temperature (Tair) ,

B: relationship between Pn and Relative Humidity(RH) of canopy leaves, C: relationship between

Pn and sunlight intensity of canopy leaves, D: relationship between Pn and chlorophyll content(Ckl con. ),

E: relationship between Pn and stomatal conductance (Gs), F: relationship between Pr and transpiration rate (Tr)
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2.3 Diurnal variation of Pn, chlorophyll content,
Tr and Vpdl

Statistical analysis showed that chlorophyll
contents were significant difference in the different
time periods (F, =2. 462 988>F.,=1. 911 141,
P —vatueco.0s = 0. 010 3). It showed that chlorophyll

content affected by environmental conditions, but
the changes of Pn was no correlation with leaf
chlorophyll content (Fig. 2D).

Gs had significant difference in the different
time periods (F. = 14. 710 4> F., = 2. 343 1)

based on statistical analysis. The peak value was at



St

%5

JI Wei et al ; Photosynthetic Responses of A New Grapevine Variety ‘Xinyu’ in Turpan

83

0.174 429 ypmol * m™* + s at 5 p. m. and the val-

1

ley value was at 0. 059 2 ymol * m ? « s ' at 8 p.
m. The changes of Pn of the leaves had no appar-
ent regularity, but the trend line showed that the
overall Pn was increasing as the rising of Gs, that
was to say, Pn was increasing with the increasing
degree of stomatal opening (Fig. 2E). Tr was sig-
nificant difference in the different time periods
(F,=37.041 0>>F.;,=2.343 1). Tr reached peak

1

at 9.171 4 ymol * m™* » s™' at 5 p. m., valley at

1.874 3 at 8 p. m. and average at 5. 499 8 (Fig.
2F).
2.4 Relationship between diurnal variation of Pn

and other indexes of photosynthesis

The chlorophyll content was increasing before
1 p. m. , and reached the lowest value at 2 p. m.
Pn Significantly dropped when the chlorophyll
content reached the highest value. It showed that
chlorophyll content was not the determinant of Pn

(Fig. 3).
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Fig.3 Diurnal variation of the net photosynthesis rate (Pn), chlorophyll content (Chl con. ), transpiration

rate (Tr) and vapor deficit at the leaf surface (Vpdl)
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2.5 Correlation analysis of Pn and other indexes of
photosynthesis

The correlation analysis showed that there

were significant positive correlations between Pn

and PAR:, sunlight intensity, T, , Vpdl, Tr and

Gs respectively. And the order of correlation was

HOE G AR (Pr) 122K & i (Chl con. ) , W TH 78 [ 3 46 CTr) AL T AR R ZE VU 75 B (Vpd D 1 H ZE 4k

PARi>sunlight intensity>T,, >Vpdl > Tr>Gs.
But Pn has no correlation with chlorophyll content
and RH. The chlorophyll content has significant
correlations with sunlight intensity, Tr and Vpd!

has significant correlations with Tair (Table 1).

Table 1 Correlation analysis of net photosynthesis rate (Pn) and other indexes of photosynthesis”
F 1 HOLE R P FOGE VE T HADFE A5 09 A1 M43 17
Pn Chl con. Tr Vpdl Light intensity PARi Gs Tair RH
Pn 1.00
Chl con. —0.02 1. 00
Tr 0.22 0. 33 1. 00
Vpd! 0. 34 0. 10 0.68 1. 00
Light intensity 0. 44 0.52 0. 66 0. 64 1.00
PARi 0.69 0.38 0.71 0.67 0.81 1. 00
Gs 0.16 0. 46 0. 87 0.28 0. 60 0.58 1. 00
Tair 0. 35 0.27 0. 80 0.92 0.78 0.71 0.53 1. 00
RH —0.58 —0.45 —0.72 —0.55 —0. 88 —0.90 —0.72 —0.71 1. 00

V¥ : * the net photosynthesis rate(Pn), chlorophyll content(Chl con. ), transpiration rate (Tr)

and vapor deficit at the leaf surface (Vpdi),

photosynthetic available radiation (PAR:), stomatal conductance (Gs), air temperature( Tair) , relative humidity of air (RH).

3  Conclusion and discussion

3.1 The influences of environmental factors

The grape and wine consumption concerns at
least 40 countries in the world. The climate of the

different grape-growing regions worldwide ac-

counts for a large part of the diversity of varieties

]

cultivated, and viticulture products'®™. Generally,

in a given area, the soil type and viticultural prac-
tices do not change significantly from year to year
and, therefore, climate is the most dominant factor

[16]

in determining grape quality Exposure to sub-
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lethal high temperature can increase the thermo-
tolerance of plants. Potential mechanisms of re-
sponse include synthesis of heat-shock proteins and
isoprene and antioxidant production to protect the
metabo-

photosynthetic apparatus and cellular

lism""!. The highest temperature in Turpan is a-
bout 40°C. Not only the temperature, but the low
air humidity (15 — 25 mm rainfall yearly) and
strong radiation (solar radiation beyond 10°C is
3 250—3 770 mJ » m %), make the region a rough
but excellent place for organic viticulture. So the
appropriate variety must be bred for viticulture
that adapting the climate. ‘Xinyu’ is a new variety
we released 2005%). For the reasons mentioned
supra, it is not surprising to note that the number
of papers in literature which have dealt with the
variety ‘Xinyu’ is quite small. This is the purpose
of the study we performed. The physiology of pho-
tosynthetic properties of the variety was studied
and reported here. Further studies are essential to
determine other physiological and molecular basis
of the variety in different regions.

The available evidence indicates that exposure
of plants to environmental stresses can cause dam-
age to compensated leaf photosynthesis; reducing

CO, assimilation ratest'*.

Increased temperatures
curtail photosynthesis and increase CO, transfer
conductance between intercellular spaces and car-

201 Stomatal conductance and net

boxylation sites
photosynthesis are inhibited by moderate heat
stress in many plant species due to decreases in the

L3:211  Tn maize the Pn

activation state of rubisco
was inhibited at leaf temperatures above 38°C and
inhibition was much more severe when temperature
was increased abruptly rather than gradually.
However, high temperatures inhibition was inde-
pendent of stomatal response to high tempera-

[3] - We got the similar results that Pn was not

ture
inhibited at temperature even above 39°C, but
weak midday depression when temperature in-
creased abruptly during 11 a. m. to 2 p. m. Despite
negative effects of high temperature was observed,
the optimum temperature for leaf photosynthesis is
likely to increase with elevated levels of atmos-

pheric CO;.

CO,-induced increases in crop yields are much more

Several studies have concluded that

plausiblet®?. Our results indicated that there were

significant positive correlations between Pn and
PAR:. sunlight intensity, Tair, Vpdl, Tr and Gs
respectively. Pn was at a relative high value even
the air temperature and sunlight intensity reached
the intraday highest value during 1 p. m. to 4 p.
m. , and the trend line showed that the overall Pn
was increasing as the rising of air temperature, sun-
light intensity, stomatal conductance and the transpi-
ration rate. We could induced that ‘Xinyu’ could a-
dapt to the environment in Turpan.

Heat shock reduces the amount of photosyn-
thetic pigments?!. We found that chlorophyll con-
tent had significant difference in the different time
periods and chlorophyll content was affected by en-
vironmental conditions. However, the changes of
Pn had no correlation with leaf chlorophyll content
in this study. More researches may be needed to
explain this mechanism.

3.2 The economic characters of fructification

A successful new fruit variety must be superi-
or for yield and quality characteristics. Yield de-
pends on the quantity of product whereas quality
often decides the market price. Fruit quality is of
paramount importance in marketing table grapes.,
no matter how superior is its yield performancet®*,
It would be unwise to select a vine based only on a
few characteristics because they may have unfavor-
able impacts on other characteristics.

Progenies characteristics could be predicted by
its parents and evaluated objectively by the respon-
sibility to the environment factors. ‘Xinyu’ is a
variety with acceptable quality and productivity of
its parents and with the good performances to the
specific climate. The bunch of ‘Xinyu’ is conical
and compact, and the weight of a single bunch is o-
ver 800 g. The berry is oblong and the pericarp is
fuchsia. The average berry weight of ‘Xinyu’,
E42-6 and ‘Rizamat’ is 11.6 g, 8.6 g and 9.1 g,
respectively. It is obvious that ‘Xinyu’, as a new
cultivar, has better economic characters than its
parents. The multiple spot regional trials showed
that the cultivar were excellent of its strong vigor-
ous growth, high yield and good quality™®!. The
results of the economic characters of fructification

and the photosynthetic responses demonstrated
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that it is feasible of the methodology of grapevine
breeding via hybridization in the arid desert region

of northwest China. The results of this study

could be used to instruct the variety extension,
suitable cultivating technology development of the va-
riety, and to be a reference for new variety breeding
work especially in the similar climate region.
Therefore, we could conclude that the climate in
Turpan District in Xinjiang, China, provides an ex-
tremely hot and relatively dry condition for growing of
grapevine, It is characterized by long-time simultane-
ous high sunlight intensity, high temperature and rela-
tively low humidity here. Xinyu, a new variety, can a-
dapt to these special local environmental conditions and
has a better economic character than its parents, and
with great potential for extending to the region of cli-

mate similarity.
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