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Photosynthesis, chlorophyll fluorescence, inorganic ion
and organic acid accumulations of sunflower in responses
to salt and salt-alkaline mixed stress
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Abstract

Sunflowers were treated with mixing proportions of NaCl, Na,SO4, NaHCO;, and Na,CO;. Effects of salt and salt-
alkaline mixed stress on growth, photosynthesis, chlorophyll fluorescence, and contents of inorganic ions and organic
acids of sunflower were compared. The growth of sunflower decreased with increasing salinity. The contents of
photosynthetic pigments did not decrease under salt stress, but their contents decreased sharply under salt-alkaline mixed
stress. Net photosynthetic rates, stomatal conductance and intercellular CO, concentration decreased obviously, with
greater reductions under salt-alkaline mixed stress than under salt one. Fluorescence parameters showed no significant
differences under salt stress. However, maximal efficiency of PSII photochemistry, photochemical quenching
coefficient, electron transport rate, and actual PSII efficiency significantly decreased but non-photochemical quenching
increased substantially under salt-alkaline mixed stress. Under salt-alkaline mixed stress, sunflower leaves maintained
alow Na'- and high K status; this may be an important feature of sunflower tolerance to salinity. Analysis of the
mechanism of ion balance showed that K* but not Na” was the main inorganic cation in sunflower leaves. Our results
indicated that the change in organic acid content was opposite to the change of CI, and the contribution of organic acid
to total charge in sunflower leaves under both stresses decreased with increasing salinity. This may be a special adaptive
response to stresses for sunflower. Sunflower under stress conditions mainly accumulated inorganic ions instead of
synthesizing organic compounds to decrease cell water potential in order to save energy consumption.

Additional keywords: salt stress; salt-alkaline mixed stress; chlorophyll fluorescence; photosynthesis; inorganic ions; organic acids.

Introduction

Soil salinity and alkalinity seriously afflict about 932
million ha of land globally, reducing productivity in
about 100 million ha in Asia (Rao ef al. 2008). The
existence of alkali stress has been demonstrated clearly
in a number of reports, which have shown it is more
severe than salt stress (Campbell and Nishio 2000,
Hartung et al. 2002, Shi and Sheng 2005, Shi and Wang
2005, Gao et al. 2008,Yang et al. 2007, 2008a,b,c). In
previous studies, we defined salt stress as the stress of
neutral salts (NaCl and Na,SO,); and alkali stress as the
stress of alkaline salts (NaHCO; and Na,COs3) (Shi and
Wang 2005, Shi and Sheng 2005). Salt stress generally
involves osmotic and ionic stresses (Munns 2002).
Comparison of alkali- with salt stress reveals an added
high-pH effect of alkali stress. The absorptive function of
the root is not only directly affected under alkali stress,
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but the high pH can also cause the solubility of some
mineral elements to decline and even to precipitate, or
make the ionic activity and free concentrations decrease
(Shi and Zhao 1997, Li et al. 2009). High pH can result
in loss of the normal physiological functions of the roots
and the destruction of root cell structure (Yang et al.
2008a,b,c) and finally inhibit absorption of inorganic
anions such as CI', NO;", and H,PO,, greatly affect the
selective absorption of K'-Na’, and break the ionic
balance and pH homeostasis in tissue (Yang ef al. 2007,
2008b). Thus, plants in alkaline soil must cope with both
physiological drought and ion toxicity, and also maintain
intracellular ionic balance.

There are numerous reports on photosynthetic charac-
teristics under salt stress (Qiu et al. 2003, Koyro 2006,
Wei et al. 2006). Generally, photosynthesis is inhibited
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Abbreviations: DM — dry mass; ETR — electron transport rate; F,/F,, — maximal efficiency of PSII photochemistry; FM — fresh mass;
NPQ — non-photochemical quenching; OAs — organic acids; PSII — photosystem II; qp — photochemical quenching coefficient; ®pgy; —

actual PSII efficiency.

127



J. LIU, D.-C. SHI

by salt stress (Ma et al. 1997, Sultana et al. 1999, Qiu
et al. 2003, Koyro 2006). Salt stress also affects photo-
synthetic components (Ma et al. 1997, Qiu et al. 2003)
and chloroplast ultrastructure (Fidalgo et al. 2004).
However, there are few reports on the effects of alkali
stress on photosynthesis. Moreover, there has been
increasing attention on the effects of salt on chlorophyll
(Chl) fluorescence in both salt-sensitive and salt-tolerant
species (Nieva et al. 1999, Morant-Manceau et al. 2004,
Naidoo and Kift 2006, Sixto et al. 2006). However, to our
knowledge, there have been few reports about the effects
of alkali stress or salt-alkaline mixed stress on photosyn-
thesis, especially on Chl fluorescence. Since photosystem
IT (PSII) is believed to play a key role in the response of
photosynthesis to environmental perturbations (Baker
1991), the effects of salinity stress on PSII have been
investigated extensively. However, the data on the effects
of salinity stress on PSII photochemistry are conflicting.
Some studies have shown that salt stress inhibits PSII
activity (Everard et al. 1994, Netondo et al. 2004),
whereas others have indicated no effect on PSII (Jimenez
et al. 1997, Morant-Manceau ef al. 2004).

The organic acids (OAs) have a potential role as
metabolically-active solutes for osmotic adjustment,

Materials and methods

Plant materials: Helianthus annuus L. cv. Baikuiza 6
was selected due to its tolerance to salt-alkaline condi-
tions, with seeds provided by the Sunflower Institute,
Jilin Province, China.

Design of simulated salt- and alkaline conditions: The
study included two treatment groups, namely salt stress
(S) and salt-alkaline mixed stress (MSA). Two stress
intensities, 50 and 100 mM, were applied for each
treatment group. Group S contained only neutral salts and
group MSA contained neutral and alkaline salts. In the
present study, according to the salt components in the
extant salt-alkaline soil of northeast China (Ge and Li
1990), the actual performance of cv. Baikuiza 6 in the
field production of salt-alkalinized areas and results of
Shi and Sheng (2005), two alkaline salts were mixed in a
9:1 molar ratio (NaHCO;:Na,COs) for alkali stress. Two
neutral salts were mixed in a 9:1 molar ratio
(NaCl:Na,SO,) to ensure the same total ion concentration
when total salinity was the same. The concentration of

balance of cation excess, and pH homeostasis (Lopez-
Bucio et al. 2000). In recent years, reports have shown
that some alkali-tolerant halophytes accumulate high con-
centrations of OAs in shoots under alkali stress (Shi ef al.
2002, Yang et al. 2007, 2008b), but neither alkali-
sensitive maize (Qu and Zhao 2004) nor the halophyte
Suaeda salsa with weak alkali-tolerance (Qu and Zhao
2003) accumulated OAs in shoots. These reports clearly
showed that the accumulation of OAs might have signi-
ficant roles in coping with imbalance of charges and high
pH stress.

Sunflower is a salt-tolerant crop, and some varieties
can be planted in saline areas. In spite of that, little
attention was paid to physiological mechanisms of sun-
flower to salt- and alkali stresses (Shi and Sheng 2005).
In this paper, various stress conditions were established
firstly, and then seeds were sown in order to be close to
natural conditions. The effects of salt or salt-alkaline
mixed stress on some physiological traits such as
photosynthesis, Chl fluorescence, and contents of in-
organic ions and OAs in leaves of sunflower were
investigated to elucidate the mechanism by which plants
adapt to high pH stress.

alkaline salts of MSA was 45 mM, with added neutral
salts to obtain the total concentrations. The salt composi-
tions of the two treatment groups are shown in Table 1.

Stress treatments: Fifteen 24-cm diameter plastic pots
were filled with washed sand and then divided into five
sets and three pots per set, with each pot as one replicate;
therefore there were three replicates per set. One set was
a control, and the others were the stress treatments.
Before sowing, the control pots were thoroughly watered
with 1 | of nutrient solution per pot, in three portions, and
the treated pots were watered with the nutrient solution
containing the corresponding salts. Both stresses (S and
MSA) shared one control (0 mM). Then the seeds of cv.
Baikuiza 6 were sown in pots. After sowing, the pots
were watered using the method above at approximately
17:00-18:00 h every 3 d. Each pot finally contained six
plants. The experiment was conducted during May—June,
with all pots placed outdoors and protected from rainfall.

Table 1. Concentrations [mM] of various salts (NaHCOj3, Na,CO;, NaCl, and Na,SO,) in treatments. Data of pH are means of three

replicates.
NaHCO; Na,CO; NaCl Na,SO, Total salinity pH
Control 0 0 0 0 0 6.76
Treatment s 0 O 45 5 50 679
groups 0 0 90 10 100 6.78
MSA  40.5 4.5 4.5 0.5 50 8.21
40.5 4.5 49.5 5.5 100 8.23
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Net photosynthetic rate (Py), stomatal conductance
(g,) and intercellular CO, concentration (C;) of leaves
were determined during 8:30-10:30 h on fully-expanded
first blades, using a portable open-flow gas exchange
system LI-6400 (LI-COR Biosciences, Lincoln, USA) at
30 d after sowing. The respective results were expressed
as umol(CO,) m * s, mol(H,0) m? s™', and pmol(CO,)
mol . The photosynthetically active radiation was 1 mmol
m~ s (saturation light). The ambient CO, concentration
was 360 = 10 pmol mol™, the air temperature, and
humidity were about 24°C and 50%. Measurements were
repeated five times for each blade, for five blades per pot,
and the averages were recorded. The water use efficiency
(WUE) was calculated as the ratio of Py/E (Nieva et al.
1999).

Chl a, Chl b, and carotenoids (Car) were extracted with
acetone and spectrophotometeric determinations were
done at 440, 645, and 663 nm for each of the three
samples. The calculations used the methods of Zhu
(1993), and were expressed in mg g ' fresh mass (FM).

Chl fluorescence was measured using a LI-6400 system
with the 6400-40 Leaf Chamber fluorometer. Seedlings
were kept in the darkness for 30 min before recording the
fluorescence of blades which is the same ones with
photosynthetic indices. The minimal fluorescence level
(F,) was determined by a modulated light, which was
sufficiently low (<1 pmol m™ s™') not to induce any
significant variable fluorescence. The maximal fluores-
cence level (F,) was determined by a 0.8-s saturation
pulse at 4,200 umol m > s on dark-adapted leaves (30
min). In the light-adapted leaf, the intensity of the
saturation pulses to determine the maximal fluorescence
(Fn) was 6,000 pmol m? s, for 0.8 s, whereas the
‘actinic light” was 200 pmol m s ™'. Measurements of the
quantum yield of electron transfer of PSII (®ps) were
obtained by application of a saturation light pulse

Results

Growth and photosynthetic pigments: Under both
stresses, with increasing salinity the total plant DM
decreased and the extent of reductions under salt- and
salt-alkaline mixed stress (FF = 102.6, P<0.05) were
greater than those under salt stress (F = 77.70, P<0.05)
(Fig. 14). Under salt stress, the contents of Chl a , Chl b,
and Car did not change significantly with increasing
salinity; under salt-alkaline mixed stress, their contents
decreased sharply with increasing salinity (£ = 24.17,
P<0.05; F = 51.72, P<0.05; F = 2227, P<0.05)
(Fig. 1B,C,E, respectively). Chl a/b only sharply in-
creased at 100 mM under salt-alkaline stress (F' = 8.27,
P<0.05) but not salt stress (Fig. 1D).

Py, g, and C; decreased obviously, and the extent of re-
ductions under salt-alkaline mixed stress (F = 12499.86,
P<0.05; F=6476.20, P<0.05; F =297.53, P<0.05) were

(6,000 pmol m2 s with pulse duration of 0.8 s) under
ambient irradiation. The fluorescence parameters were
calculated according to Schreiber et al. (1986).

Dry mass, inorganic ions, and organic acids (OAs): All
plants were harvested in the morning, 31 d after sowing
and were first washed with tap water, followed by
distilled water. Roots, stems and leaves were separated,
and FM determined per pot. Then the samples were oven-
dried at 80°C for 15 min, vacuum-dried at 40°C to a
constant mass and dry mass (DM) recorded. Dry samples
of plant material (100 mg) were treated with 10 ml of
deionized water at 100°C for 1 h, and the extract used to
determine the contents of free inorganic ions and OAs.
The contents of NO;~, CI', SO,* and oxalic acid were
determined by ion chromatography (DX-300 ion
chromatographic system; 4544-SC ion-exchange column,
CD M-II electrical conductivity detector, mobile phase:
Na,CO;/NaHCO; = 1.7/1.8 mM; Dionex, Sunnyvale,
USA). Other OAs were also determined by ion
chromatography (DX-300 ion chromatographic system;
ICE-AS6 ion-exclusion column, CDM-II electrical
conductivity detector, AMMS-ICE II suppressor, mobile
phase: 0.4 mM heptafluorobutyric acid; Dionex). A flame
photometer (6420 Flame Photometer, Gaomi Sophisti-
cated Analytical Instrument Factory, Gaomi, China) was
used to determine K" and Na' contents.

Statistical analysis: All experiments were based on three
replicated measurements. Data were analyzed by one-way
analysis of variance (ANOVA) using the statistical
software SPSS 14.0 (SPSS, Chicago, IL, USA). The
treatment mean values were compared by post hoc least
significant difference (LSD) test. Statistical LSD tests
were performed among 0 mM, 50 mM (S), 100 mM (S),
50 mM (MSA), and 100 mM (MSA). The term
significant indicates differences for which P<0.05.

greater than those under salt stress (F' = 344.53, P<0.05;
F =893.25, P<0.05; F = 330.86, P<0.05). However, the
trend of WUE was opposite (Fig. 1F-I) (salt stress:
F = 671.25, P<0.05; salt-alkaline mixed stress: F =
45.77, P<0.05).

Chl fluorescence: F,/F,,, (F=31.36, P<0.05),qp (F = 7.97,
P<0.05), ETR (F = 10.44, P<0.05), Ops;; (F = 10.44,
P<0.05) significantly decreased but NPQ (F = 41.44,
P<0.05) increased substantially under salt-alkaline mixed
stress. However, they showed no significant differences
under salt stress (Fig. 1J-N).

Inorganic cations: The content of K in leaves increased
under salt-alkaline mixed stress (F = 12.77, P<0.05), but
there was no significant change of K under salt stress
(Fig. 24). The Na' content in leaves increased sharply
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Fig. 1. Effects of salt (S) and salt-alkaline mixed (MSA) stress on 4:

total plant dry mass (DM), B: chlorophyll (Chl) a, C: Chl b, D:

Chl a/b, E: carotenoid (Car), F: net photosynthetic rate (Py), G: stomatal conductance (g;), H: internal CO, concentration (C;), I: water
use efficiency (WUE), J: F\/F,,, K: ®pgyy, L: qp, M: NPQ, N: ETR in sunflower leaves. S: 50 or 100 mM (NaCl:Na,SO,=9:1); MSA: 45
mM (NaHCOj; :Na,CO5=9:1) + 5 or 55 mM (NaCl:Na,SO4=9:1). Means followed by different letters in the same curve are
significantly different at P<0.05, according to least significant difference (LSD) test.

under salt-alkaline mixed stress (F = 31458.6, P<0.05).
Under 50 mM of salt stress the Na™ content was the same
as controls, but Na' content increased sharply at 100 mM
salinity (F' = 4530.6, P<0.05) (Fig. 2B). There was no
change of Na'/K" at lower salinity, but it increased sharp-
ly at higher salinity (Fig. 2C) (salt stress: F' = 800.96,
P<0.05; salt-alkaline mixed stress: F = 379.81, P<0.05).
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Inorganic anions: The CI” content in leaves increased
sharply under salt stress (F = 98.80, P<0.05). The CI”
content was the same as controls at 50 mM, but increased
sharply at 100 mM salinity under salt-alkaline mixed
stress (Fig. 2D) (F =270.51, P<0.05). The NO; contents
in leaves decreased under both stresses (Fig. 2E) (salt
stress: F' = 826.74, P<0.05; salt-alkaline mixed stress:
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Fig. 2. Effects of salt- and salt-alkaline mixed stresses on K"
(4), Na* (B), Na'/K" (C), CI" (D), NO; (E), SO,* (F) in
sunflower leaves. Legend refers to Fig. 1.

F=442.04, P<0.05). The SO, content in leaves
increased under salt-alkaline mixed stress (F =31.26,

Discussion

Growth: Salt- and alkali stresses greatly inhibited sun-
flower growth. The injury from salt-alkaline mixed stress
was greater than that from salt stress at the same salinity
(Fig. 14), consistently with previous reports (Shi and
Sheng 2005, Shi and Wang 2005, Yang et al. 2007,
2008a,b). The different extents of injury caused by salt-
and salt-alkaline mixed stresses might be due to different
mechanisms of action. The deleterious effects of salt
stress are commonly thought to result from low water
potentials and ion toxicities (Munns 2002). However,
alkali stress exerts the same stress factors as salt stress
but with the added influence of high-pH stress. Plant
survival under alkali stress, therefore, depends not only
on its ability to cope with water stress and ion toxicity,
but also on its resistance to high pH. Therefore, plants
need to expend more material and energy to adapt to
alkali stress.

Py, g, and Ci: Py of a plant usually decreases with in-
creasing stress (Sultana ef al. 1999, Koyro 2006, Wei et al.
2006), consistently with our results that Py of sunflower
was markedly lower under salt-alkaline mixed stress than

P<0.05), but there was no significant change under salt
stress (Fig. 2F).

Organic acids: Citrate, malate, glycolate, formate,
lactate, acetate, succinate and oxalate were detected in
sunflower leaves. Stresses simulated OAs to accumulate
significantly and under both stresses, the concentrations
of OAs were the highest at 50 mM salinity. However, OA
concentrations were higher under salt-alkaline mixed
stress (F' = 156.79, P<0.05) than salt stress (F = 43.57,
P<0.05) (Fig. 31). Citrate (F = 1085.9, P<0.05), malate
(F = 66.0, P<0.05) and oxalate (F = 52.64, P<0.05)
clearly accumulated under salt-alkaline mixed stress, but
did not accumulate under salt stress and even decreased
slightly (F = 39.32, P<0.05; F = 5.20, P<0.05; F = 4.03,
P>0.05) (Fig. 34,B,H). Glycolate (F = 15.15, P<0.05)
and acetate (F' = 52.96, P<0.05) clearly decreased under
salt-alkaline mixed stress; however, at 50 mM of salt
stress (F' = 46.20, P<0.05; F = 39.54, P<0.05), their
concentrations clearly increased (Fig. 3CF). With
increasing salinity, formate accumulated significantly
under salt stress (F = 30.56, P<0.05), but under salt-
alkaline mixed stress (F' = 61.17, P<0.05), it accumulated
only at 50 mM (Fig. 3D). Under both stresses, the
concentrations of succinate decreased at 100 mM, with
the decrease under salt stress (F' = 28.90, P<(.05) greater
than under salt-alkaline mixed stress (¥ = 2.37, P>0.05)
(Fig. 3G). The concentration of lactate was higher under
salt stress (F = 39.54, P<0.05) than for controls, but
under salt-alkaline mixed stress (F' = 5.12, P>0.05), the
lactate concentration was higher than for controls only at
50 mM salinity (Fig. 3F).

salt stress (Fig. 1F). The clear reduction of Py under salt-
alkaline mixed stress was not only related to both
destruction of photosynthetic capacity and decreasing g
(Fig. 1F,G) (Yang et al. 2009), but was also closely
related to an imbalance of mineral elements in plant cells.
The g, of sunflower in the present study decreased under
both stresses and g; is often closely correlated with the
change in environmental water potential (Sultana et al.
1999, Koyro 2006, Maricle et al. 2007). Under both
stresses, environmental water potential decreased with
increased stress intensity. However, the reduction of g
under salt-alkaline mixed stress was greater than under
salt stress (Fig. 1G). The phenomenon showed that the
change of g; of sunflower might be a response to the
decreased environmental water potential. High pH caused
by alkalized condition may stimulate sunflower roots to
generate the physical or chemical signal to affect stomatal
opening and closing and gas exchange. The decrease of g
might cause the obvious decrease of C; under stress
(Fig. 1H). Furthermore, the increased WUE under both
stresses might be an adaptive response to the decreased
water content (Yang ef al. 2008c).
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Table 2. Percentage of the contribution of various free ions of total amount of ions in sunflower leaves under salt- and salt-alkaline
stresses. OA — organic acid; SI — 50 mM (NaCl:Na,SO,=9:1); S2 — 100 mM (NaCl:Na,SO,=9:1); MSAl — 45 mM
(NaHCO;:Na,CO3 =9:1) + 5 mM (NaCl:Na,SO4 = 9:1); MSA2 — 45 mM (NaHCO; :Na,CO; = 9:1) + 55 mM (NaCl:Na,SO, = 9:1).

Na* [%] K [%] Cl [%] SO.> [%]

NO; [%]  OA [%]

Control 0.57
S1 0.81
S2 6.97
MSAI1 1.49
MSA2 19.70

40.02
38.13
37.02
50.91
34.54

5.30
13.00
23.83

6.02
21.94

4.36
4.32
3.76
4.71
4.78

34.90
25.14
13.89
13.91

6.66

14.85
18.61
14.52
22.96
12.38
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Fig. 3. Effects of salt and salt-alkaline mixed stresses on citrate
(4), malate (B), glycolate (C) formate (D), lactate (E), acetate
(F), succinate (G), oxalate (H) and total organic acid (/) in
sunflower leaves. Legend refers to Fig. 1.
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Pigments: The accumulation of Chl and Car were not
inhibited obviously under salt stress (Fig. 1B,C,E). But
under salt-alkaline mixed stress, the contents of Chl and
Car decreased sharply. This might be ascribed to high pH
and the existence of HCO5™ and CO,”" causing the solu-
bility of metal ions to sharply decline and even to
precipitate (Li et al. 2009); in such a case, plants can not
sufficiently absorb metal ions (Mg*" and Fe*") to synthe-
size Chl. Alternatively, alkaline salts might increase the
activity of the Chl-degrading enzyme chlorophyllase
(Reddy and Vora 1986). The decrease in photosynthetic
pigments may be one reason for the reduction of photo-
synthesis under salt-alkaline mixed stress.

Chl fluorescence: Stresses not only directly lead to
photosynthetic machinery injury, but also affect photo-
synthetic electron transport and RuBP carboxylase/
oxygenase (Rubisco) activity (Delfine et al. 1998, Luo
et al. 2000, Sayed 2003). It is helpful to identify the
affected parts of photosynthetic machinery through
analyzing the changes of Chl fluorescence. There were no
large differences in F,/F, ®psy, qp, and ETR, as well as
NPQ between control and salt-stressed plants in our
experiment. The results indicated that salt stress did not
induce increased susceptibility of PSII to photoinhibition.
Under salt-alkaline mixed stress, the decreases of F,/F,,,
Dpgp;, qp and ETR were accompanied with the increase in
NPQ. An increase in NPQ has been thought to be an
energy dissipation mechanism that protects the
photosynthetic apparatus against excess light (Demmig-
Adams and Adams 1992). The reason may be that high
pH caused a series of damages, such as destroying
of photosynthetic machinery and primary electron ac-
ceptors, reducing the fluorescence yield, weakening PSII
activity and reducing the photochemical reaction, so that
plants are exposed to photoinhibition and photoprotection.

Inorganic ions accumulation: The results showed that
K" was the main inorganic osmolyte of sunflower under
both stresses. This differs in other plants such as Kochia
sieversiana (Yang et al. 2007), in which Na" concen-
trations are obviously higher than K" ones under salt- and
alkali stresses. This result reflects a specific adaptability
of sunflower under long-term stress. The plants accumu-
lated a large amount of K" instead of Na'; this not only
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Table 3. Percentage contribution of eight organic acids to total moles of organic acid in sunflower leaves under salt- and salt-alkaline

mixed stresses. Legend refers to Table 2.

Citrate [%] Malate [%] Glycolate [%]

Formate [%]

Lactate [%]  Acetate [%] Succinate [%] Oxalate [%]

Control 14.57 13.26 4.24 12.35
S1 15.35 11.59 5.66 11.99
S2 13.07 11.02 4.51 16.24
MSA1 34.03 13.54 1.90 9.32
MSA2 34.64 15.87 1.47 7.29

8.80 30.05 8.20 8.53
10.94 31.13 6.87 6.47
13.64 27.57 333 10.63

7.47 15.32 4.59 13.83

7.32 10.54 4.80 18.06

reduces the water potential to achieve osmotic adjust-
ment, but also reduces Na" toxicity (Munns 2002).

Under salt stress, plants accumulate cations such as
Na" and K* (Khan et al. 2000, Parida and Das 2005), and
simultaneously accumulate inorganic anions such as Cl°
(Ghoulam et al. 2002, Santa-Cruz et al. 2002), NO5 and
SO4* or synthesized organic anions (Sagi et al.1997) to
neutralize massive cations and maintain stable intra-
cellular pH (Yang et al. 2007). Interestingly, our results
showed that the change of OAs was opposite to the
change of CI', and the contribution of OAs to total charge
in sunflower leaves under both stresses decreased with
increasing salinity (Table 2). This was very different from
our previous studies (Yang et al. 2007, 2008b) and may
be another adaptive response to stress. Sunflower in stress
conditions accumulated many inorganic ions instead of
synthesizing organic compounds to decrease cell water
potential, possibly to save energy consumption.

Organic acid accumulation: In the present study,
sunflower accumulated three main OAs (citrate, malate,
and oxalate) in leaves under salt-alkaline mixed stress
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