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Saline-alkaline Stress on Photosynthesis Chlorophyll a
Fluorescence of Two Cultivars of Grape
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( College of Life & Environmental Sciences Minzu University of China Beijing 100081 China)

Abstract: Soil salinization and alkalization is a worldwide problem limit productivity of horticultural crops.
Many studies have focused on responses of crop to either salt or alkaline stress. However seldom have studies fo—
cused on the effects of this mixed stress. In our experiment in Yinchuan Northern China the mixtures of three salts
( NaCl Na,SO, Na,CO, with proportion of 1:0.5:0.5) in various concentrations (0 100 200 400 mmol/L) were
used to simulate a range of soil natural salt-alkaline conditions. Three-year-old seedlings of two grape cultivars
Crimson ( CRS) and Moldova ( MDW) widely spread in the world were planted in open field conditions under the
treatments. The results indicate that light saline-alkaline treatments enhanced the photosynthetic capability in two
grape cultivars. For the high concentration net photosynthetic rate ( Pn) and stomatal conductance ( Gs) of CRS or
MDW increased. In Pn light response curves the same tendency was observed. For CRS the increase of Pn benefited
from high Gs and transpiration rate ( Tr) however a low Fv/Fm decreased such impacts. For MDW high Fv/Fm
helpfully maintain a relatively stable Pn. The two cultivars demonstrated different suitability regime to saline-alkaline
stress.
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Saline-alkaline soils extend throughout the arid or tivity of horticultural crops *~° . Many crop cultivars
semi-arid regions in the world ' and limit the produc— have been introduced into saline-alkaline area in order
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to select the most suitable ones and improve productivi—
ty. The ability to distinguish suitable cultivars in its
early stage is very important since classical methods of
screening for environmental tolerance are based on
yield response and time consuming and expensive. As a
result the selection of ecophysiological parameters as
useful criteria in early growth stages recently has be—
come an active research topic for some crop species
4-5

Ecophysiological characterization of gas exchange
at the leaf level may represent useful criteria for breed—
ing and cultivar selection and the prediction of poten—
tial plant behavior in response to environmental condi—
tions ° . Photosynthesis * water use efficiency ' and
chlorophyll fluorescence * are important parameters for
detecting growth response of a cultivar to environ—
ments. For photosynthesis there has been found a posi—
tive relationship between net photosynthetic rate and
productivity * . Values of maximal photosystem ( PS)
II and photochemical efficiency as well as direction of
change were found to have a close correlation with the
growth rate for Phalaenopsis saplings ~ . Under condi—
tions of saline-alkaline stress such parameters behaved
differently. Salt stress decreased photosynthesis through
stomatal and nonstomatal factors ° . However there are
conflicting reports on the relationship between the pho—
tosynthetic quantum yield ( Fv/Fm) and salt treat—
ments whether Fv/Fm is significantly correlated with

23-24

salt stress >' "% or not . High photosynthetic wa—

ter use efficiency has always been regarded as tone of

» and this trait

he best adaptive trait for water deficits
could be taken as a reference for selecting cultivars which
grow well in region with pronounced water deficits.
Although the physiological impacts of salt have
been studied widely investigations of physiological
effects of mixed saline-alkaline stress with different
concentrations are scarce. The present study was con—
ducted to quantify and evaluate photosynthesis and
chlorophyll is a fluorescence under increasing saline-al—
kaline concentrations on the vegetation stage of two

common grape cultivars.

1 Materials and Methods

1.1 Study area

The experiment was conducted in Helan Research

Base (38°26° —38°48~ N; 105°53” - 106°36" E) of
Minzu University of China a temperate sandy land in
Helan County Ningxia Hui Autonomous Region North—
ern China. The prevailing climate is of temperate arid
type with annual mean temperature is 8. 7°C. The study
area receives an annual precipitation of 143 - 195 mm
80% —-90% of which falls between May and Septem-—
ber. However the potential annual transpiration is as
large as 1 567 =2 155 mm ten times the annual pre—
cipitation. Since the research base was close to the
Yellow River the experimental sites can be irrigated
during the growing season. The soil is a warping soil
with a pH of 7.8 —8.2 and soil organic matter content
180.75% —-4.00% in top 20 cm.

1.2 The crops and experimental design

Two grape cultivars Crimson ( CRS) and Moldova
( MDW) were planted in the base research under open
field conditions in the spring of 2009. The two cultivars
are late-maturity varieties introduced from United States
of America in 2000 with moderate tolerance to
drought. Each treatment was arranged as row plots with
three replicates with each row 50 m long. Plants were
arranged with 2 meter row spacing and 0.5 meter plant
spacing. The field was previously planted to rice in 2007
and 2008 ( irrigated) . All plots were subjected to the
same field management. Before sapling transplanting
soil was mixed with fertilizer at a rate of N 165 kg/ha
P 150 kg/ha K 100 kg/ha and bedded up into a ridge
with 1 meter width and 0.5 meter height. Both cultivars
were planted on the ridges. In 2009 irrigations were
applied five times giving 20 mm before transplanting
during mid-June mid-July mid-August and Septem-—
ber respectively.

After growing for one and a half months concord—
ant saplings were selected for treatment. The mixtures
of three salts ( NaCl Na, SO, Na,CO, with proportion
of 1:0.5:0.5) in three concentrations ( 100 200 400
mmol/L) were used to simulate a range of soil natural
salt-alkaline conditions: low ( SI) moderate ( Sm) and
high ( Sh) concentrations. No salt utilization was regar—
ded as a control treatment ( CK) . All ecophysiological
parameters were measured starting after one week.

1.3 Ecophysiological parameters measurements

Photosynthetic parameters were measured in at

least three intact fully expanded sunlit leaves on three
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to four trees per treatment on clear days in middle
June July 2010. We measured Py Gs and Tr with the
Li-Cor LI-6400 gas exchange system ( Lincoln NE

USA) . The photosynthetic light response curves were
also measured. For each light response curve leaves
were equilibrated at saturating photosynthetic photon
flux densities ( PPFD) before initiation of the light re—
sponse curve. Each light response curve consisted of
measurements at six to twelve PPFDs from 1 to 2 000
pmol/( m**s) . Leaves were allowed to equilibrate at
each new PPFD ( typically requiring 20 min or less)

before measurement.

Chlorophyll fluorescence determinants were meas—
ured on the same leaves used for gas exchange meas—
urements as described by Dionisiosese and Tobita * .
Chlorophyll fluorescence in dark-adapted and light-a—
dapted leaves was excited and measured using a porta—
ble chlorophyll fluorometer ( PAM2000 WALZ Ger-
many) . Prior to measurements for each leaf was dark a—
dapted for 30 min. Dark adapted measurements of mini—
mal fluorescence ( Fo) maximal fluorescence ( Fm)
and variable fluorescence ( Fv) as well as the Fv/Fm
ratio were obtained. Leaves were then allowed to equili—
brate for 30 min at a photon flux density of 1 500
pmol /( m” *s) . Measurements of the minimal fluores—
cence of a light adapted leaf ( F“0) maximal fluores—
cence during a saturating pulse ( F'm) and steady—
were obtained. From these

state fluorescence ( Fs)

measurements both photochemical ( qP) and non-pho-—
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tochemical ( qN) quenching components were calculat—
ed. Using both light and dark fluorescence parameters
we calculated the following: maximum efficiency of PSII
photochemistry in the dark-adapted state ( Fv/Fm) ; the
quantum yield of PSII electron transport @, = ( F'm
—Fs) / F'm; electron transport rate ( ETR) was calcu—
lated as ETR =( F'm - Fs) /Fm x PPFD x 0.5 where
PPFD is absorbed light in mmol photon/( m”*s) and
0.5 is a factor that accounts for the partitioning of energy
between PSII and PSI ' ; the nonphotochemical quench—
ing coefficient qN= 1 —( F'm = F“0) /( Fm - Fo) .
1.4 Data analysis

Differences in physiological variables among four
treatments were tested using one-way ANOVA at each
data measurement. Means were compared using Dun-
can’s multiple range tests at a Significantly level of
P <0.05. Correlate coefficients among physiological
variability were calculated. The statistical analysis was
performed employing SPSS 16. 0 ( SPSS Inc Chicago
IL USA)

2 Results and Analysis

2.1 Photosynthetic light response curve

The light response curves ( Fig. 1) indicated that
Py of CK were lowest for both cultivars. For CRS Py of
high concentration treatment was the highest followed
by Sm Sl. For MDW light treatment was the highest
followed by Sh.
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(Sl low stress; Sm moderate stress; Sh high stress) The photosynthetic light response curves were fit for an exponential function.

Fig.1 Photosynthetic light response curves for treatment of saline-alkaline stress and control ( CK)
seedlings of grape cultivar CRS and MDW in July 2010

2.2 Gas exchange
Figure ( Fig. 2) of gas exchange of the two culti-
vard indicates that saline-alkaline treatment improves

the photosynthetic capability of the two grape cultivars

to varying degrees. . . For cultivar CRS Py and Gs in
the high concentration treatment increased by 89. 5%
and 143% respectively compared to CK ( no treat—
ment) ; two values of Moldova ( MDW) increased by



27

35% and 10% . The results also indicated that moder—
ate concentration treatment of CRS has the highest Py
and Gs for MDW both belonged to treatment Sh. Also
the results indicated that saline-alkaline treatment im-—
proved the water use efficiency from 1.5 to 2.8 —3.3.
2.3 Chlorophyll fluorescence

From application of saline-alkaline stress ETR
has increased significantly for both cultivars ( Fig. 3) .
However higher saline-alkaline concentration slowed
such effects. Such trends also were found for @PSII. As
for qN there existed an inverse trend. Saline-alkaline
treatment enlarged the value of CRS and reduced those
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of MDW. However the highest saline-alkaline concen—
tration treatment had a reduced Fv/Fm for both culti-
vars. Finally CRS had a higher Fv/Fm than MDW un-—
der same saline-alkaline treatment.
2.4 Diurnal light intensity

The light intensity in the experimental site showed
a high value ( more than 1 500 pwmol/( m**s)) during
11: 00 - 15: 00. At 17: 00 in the afternoon ( Fig. 4)
there still existed a comparatively high value (1 200
600

pmol /( m*+s)) and then quickly declined to

pmol /( m”*s) .
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Fig.2 Variation in mean ( and standard error) leaf net photosynthetic rate ( Py) stomatal conductance ( Gs)
transpiration rate ( Tr) and photosynthetic water use efficiency ( WUE) under saline-alkaline stress and control ( CK)

of seedlings of grape cultivar CRS and MDW over the course of the experiment. Each point represents either 10 —12

samples measured on each sampling date.
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Fig.3 Variation in mean ( and standard error) leaf ETR ®,;;, ¢N and Fv/Fm of saline-alkaline stress

and control ( CK) seedlings of grape cultivar CRS and MDW over the course of the experiment. Each point

represents either 10 — 12 samples measured on each sampling date.
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2.5 Relationship
For both cultivars Py had a significant positive
correlation ( Tab. 1) with Gs or Tr and a significant

negative correlation with Ci or gqN. Gs had a significant

positive correlation with Tr and a significant negative
correlation with Ci or gN. The correlation between Ci
and Tr was significantly positive for MDW but signifi—
cantly negative for CRS.

Tab.1 Correlation among physiological parameters in all treatments for two grape cultivars

CRS Pn Gs Ci Tr ETR ePS I qN Fv/Fm

Pn 1

Gs 0.665™ 1

Ci -0.981™  -0.626™ 1

Tr 0.502* 0.921"  -0.483™ 1

ETR 0.206 0.222 0.172 0.188 1

oPSTI 0.121 0.139 -0.141 -0.160 0.454* 1

qN -0.116 -0.089 -0.025 -0.051 0.179 -0.344" 1

Fv/Fm 0.042 0.142 0.177 0.151 -0.135 0. 166 -0.323" 1
MDW Pn Gs Ci Tr ETR ePS I gN Fv/Fm

Pn 1

Gs 0.770™ 1

Ci -0.524™  -0.860™ 1

Tr 0.217™ 0.742™ 0.633™ 1

ETR 0.105 0.133 0.055 0.078 1

oPST 0.111 0.093 -0.070 0. 190 0.330™ 1

qN -0.063 0.279° 0.323™ 0.351* 0.239" 0.184 1

Fv/Fm 0.176 -0.170 -0.217 -0.337" -0.035 -0.137 -0.260 1

Note: ** . Correlation is significant at the 0.01 level ( 24ailed) ; * . Correlation is significant at the 0.05 level ( 2ailed) .
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Fig.4 The light intensity of experimental site in
Yinchuan for a typical day in July 2010.

3 Discussion and conclusion

Saline-alkaline stress induced diurnal changes in

photosynthesis as well as in stomatal conductance. For

11-12

most plant species studied eg omato castor bean

13 14

citrus plant olive salinity causes a decline
of net photosynthetic rate with greater reduction for salt
sensitive plants. Different salt concentrations has differ—
ent effects on Pn. At moderate salt concentration ( 100 —

200 mmol /L NaCl)
Pn capacity of Populus alba L.

salt didn"t significantly lower the
and even stimulated

the Pn rate and thus improved whole plant growth for

7

halophyte "7 . However these effects were inhibited un—

der high salt concentration ">

. Although salt stress
induced a decrease in the Pn of most plant in our stud—
y under mixture saline-alkaline stress the Pn of grape
cultivars was enhanced to different degrees.

Pn was determined by many environmental factors
such as PPFD intercellular CO, concentration leaf con—
ductance and leaf temperature etc. In this study there
existed a significant positive correlation between Pn and
Gs and a significant negative correlation between Pn
and Ci for both cultivars. An increase of stomatal con—

which

might be the reason for the increase of Pn in the treat—

. 111819
ductance always causes an inrease of Tr

ments other than CK. However for cultivar MDW the
Tr value was low even with high stomata conductance.
Stomatal conductance was regarded as one of parame—
ters to assess leaf activity. High salt concentration may
impaired leaf stomata in extreme conditions make sto—
mata open or insensitive to environmental changes

and reduce transpiration activity. In our experiment

high salt treatment produced a high Gs in the daytime
and even at 19:00 the transpiration rate was also high—
er than other treatments with a significant level Pn was

the highest than other treatments. High saline-alkaline

concentration (400 mmol/L) perhaps enhanced stoma—
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ta activity by Na® and this might be the reason for the
higher Pn in treatment Sh. The decrease of Tr might
cause the obvious increase in the water use efficiency
under all stress conditions in this study.

Higher salinity not only affected gas exchange but
also changed PSII functional characteristics associated

7" Leaf

chlorophyll is a fluorescence response to salt stress for

with increased non—-photochemical quenching

most plant species has been reported. Tomato plant
growth was significantly decreased with increasing sa—
linity and photochemical quenching ( qP) the non
photochemical quenching ( qN) and the linear electron
transport rate ( ETR) can be used as criteria parame—
ters for selection of salt tolerance in this species

For tomato NaCl significantly decreased photochemical
quenching coefficient efficiency of the excitation ener—
gy capture by open PSII reaction centers ( Fv/Fm) and
" As

for castor bean all salt stress induced a continuous re—

actual quantum yield of photosynthesis ( @)

duction in Fm Fv/Fm &, with highest at low salt
level and lowest at high salt level gN in stressed plants
were all significantly higher than control " . For citrus

salt stress induced rapid reductions of performance of
PSII and photosynthetic efficiency. In sorghum Netondo
et al reported that maximum quantum yield of photosys—
tem II ( PSII; Fv/Fm)
ficient ( qP) and electron transport rate ( ETR) signifi—

photochemical quenching coef—

cantly decreased but non-photochemical quenching
(gN) increased substantially under saline conditions
" . However for rice cultivars contrasting in salinity
tolerance Fv/Fm was only slightly affected by salt
stress whereas qN increased in sensitive cultivars with
increasing salt stress ° . It is suggested that sensitivity
to salt stress in cereals might thus be associated with
both reduction in PSII photochemical efficiency and en—
hanced N to dissipate excess energy. In this study the
photochemical quenching ( qP) and the efficiency of
open PSII centers ( ®pq;) insignificantly decreased
with increasing salinity level. Compared with significant
decrease in other plant such as tomato ' olive

and castor bean the impacts of salt stress on both
parameters ( P and ®,q;) were not significant for both
grape cultivars. Still such impacts were reduced in mid—
day conditions. This reduction was caused perhaps by

strong light intensity (1 500 —2 000 wmol/( m**s))

and high leaf temperature (40 —429C) in the midday.
Comparing all parameters ®.q; and qN can be used as
criteria for selecting of salt tolerance of grape cultivar.
In conclusion for CRS the increase of Pn benefit—
ted from high Gs and Tr however low Fv/Fm de-
creased this response. For MDW high Fv/Fm helpful
maintain a relative stable Pn but Tr had a significant
negative influence. Two cultivars demonstrated different

suitable regime to saline-alkaline stress.
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