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The effects of Arbuscular mycorrhizal (AM) fungi on the characteristics of leaf development of Paeonia suffruticosa at 
different levels of salt stress (0, 8, 16 and 24%) were studied. Potted ‘Feng Dan’ seedlings were inoculated with Glomus 
mosseae, and the non-inoculated was used as the control. The results showed that under salt stress leaf relative water 
content, sclerophyllous index of leaves and leaf succulence level of P. suffruticosa seedlings inoculated with G. 
mosseae were significantly higher than those of non-inoculated seedling, and specific leaf area was significantly lower 
than that of the control. Leaf water loss rate of the non-inoculated peony was faster, the percentage of water loss in the 
total amount of water each time point is the highest. These results suggest that G. mosseae may play an important role 
in the leaf traits and enhanced salt tolerance of tree peony seedlings. 
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INTRODUCTION 

 
Soil salinization seriously influences on plant growth and 
development. The change of plant morphology and 
growth characteristics is the important strategy that plants 
adapt to different environments, especially the leaf, 
sensitive to the environment, whose characters reflect the 
adaptation of plants to the environment and 
environmental effects on plants (Meziane et al., 1999). 
Succulent leaves, which can not only dilute the high 
salinity in cells but also storage adequate water reserves 
for cell physiological activities such as photosynthesis, is 
one of the ways that the plant adapt to saline 
environment (Wang et al., 2005). Zhang and Zhao (1996) 
believe that the succulent degree of plant leaves under 
salt stress can be seen as an important indicator of the 
level of salt tolerance of plants. Specific leaf area (SLA) 
can reflect the plant adaptations in different habitats 
(Poorter et al., 1999; Garnier et al., 2001), many studies 
found that plants with low SLA could better adapt to 
resource-poor and arid environment (Lambers et al., 
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1992); SLA are closely linked with measures of plant 
growth and survival, and close to other functional traits 
and plant leaves (such as plant photosynthesis, 
respiration, etc.) (Ackerly et al., 2002; Wei et al., 2009; 
Deng et al., 2010), but the the relationship of SLA to salt 
tolerance in plants is not yet see the report.  

Arbuscular mycorrhizal fungi (AM) can improve the 
water absorption capacity of plants and increase water 
use efficiency and the salt tolerance by changing plant 
tissue structure (Davies et al., 1993) . He (2007) found 
that relative water content of tomato leaves, leaf water 
potential and leaf water use efficiency and root hydraulic 
conductivity all reduced with salt concentration increased 
and prolonged salt stress, but inoculated tomato by AM 
fungi can reduce the degree of salt damage and water 
loss, and the higher salt concentrations the more obvious 
this effect was. AM fungi can significantly promote the 
absorption of mineral elements Peony (Chen, et al., 
2010), mycorrhizal fungi can also improve the peony leaf 
osmotic adjustment (Guo et al., 2010), mycorrhizal fungi 
can also promote the growth and enhance salt tolerance 
of peony seedlings under salt stress. This study intended 
to determine water-retention capacity and morphology of 
peony leaves under salt stress, to explore morphological 
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Figure 1. Effects of AM fungi Glomus mosseae on specific leaf area of Paeonia suffruticosa under salt stress. Values with different small 

letters meant significant difference at 0.05 Level. 
 
 

 

responses of the peony leaves to salt stress after Glomus 

mosseae inoculation and to reveal the mechanism that 

AM fungi enhance the salt tolerance of Peony. 
 

 
MATERIALS AND METHODS 
 
Materials 
 
Tested strains was G. mosseae (Nicol. and Gerd.) Gerdemann and 
Trappe, used spores of mycorrhizal, mycorrhizal root segment and 
AM fungal mycelium as inoculum, provided by Institute of 
mycorrhizal Biotechnology of Qingdao Agricultural University.  

The tested material is Peony ‘Feng Dan' (Paeonia suffruticosa 
'Fengdan') seeds taken from Heze Peony Garden. Perlite and peat 
soil were mixed in ratio of 1:3, screening and sterilizing (121ºC, 2 h) 
in the reserve for use, whose features are pH6.54, conductivity 700 

s·cm
-1

, organic matter content 31.2%, available P 23.2 mg·kg
-1

, 

available N 243.10 mg·kg
-1

, available K 160.94 mg·kg
-1

, soil salinity 
0.03%.  

Salt solution used artificial seawater (pH=7.8) (Epstein, 1972). 

Original solution (salt concentration 100%): 410.52mmol·L
-1

NaCl, 

9.93 mmol·L
-1

KCl, 10.23 mmol·L
-1

CaCl2, 53.58 mmol·L
-1

 MgCl2, 

28.25 mmol·L
-1

Na2SO4, 2.34 mmol·L
-1

NaHCO3, 0.83 mmol·L
-

1
NaBr, 0.07 mmol·L

-1
SrCl2 and 0.44 mmol·L

-1
 H3BO3. Obtaining the 

required concentrations of salt solution by diluting. 

 

Experimental design 
 
The 'Feng Dan' seeds were treated by sand stratification and low 
temperature, select the seeds which have the same root length to 
sow, nursery container is nutrition pot (16 × 13 cm, sterilized by 
0.5% potassium permanganate solution for 1 h). Inoculated about 
5,000 inoculation potential units G. mosseae before sowing (Liu 
Runjin et al., 2007), control were inoculated the equal amount of 
sterilized inoculum and inoculum filtrate. Random order with 3 
repeats.  

Treated seedlings with salt stress when grow up to be clover and 
the plant height about 10 cm. The treatments contained 8, 16 and 
24% artificial sea water with three repeats respectively. Irrigated 

one time with the designed salt water and keeping constant 

 
 
 

 
concentration of salts. 

 

Test method 
 
Leaves were cut from the leaf base to measure leaf area 0, 15, 30, 
45 and 60 d after salt stress, respectively. The leaves were 
immersed in distilled water, soaked in water to the saturation under 
the dark for 12 h after weighed fresh mass, wiped away excess 
moisture of leaf surface, weighed saturated fresh weight, and dried 
to constant weight at 75°C, weighed the dry weight.  

Leaf relative water content (RWC) determined by weighing 

method (Li, 2000): 
 
RWC% = [(Fresh mass - Dry mass) / (Saturated fresh weight - Dry 

mass)]×100. 
 

Specific leaf area (dm
2
/g) = Leaf area / Leaf dry weight; 

 

Sclerophyll index (g/dm
2
) = Leaf dry weight / Leaf area (Wei, 2005). 

 
Succulence = Fresh mass / Dry mass (Sun, 2000). 
 
Five leaves were randomly taken from seedling 45 days after salt 
stress, and put in room to let the natural water loss, weighed the 
fresh weight at regular intervals until constant, weighing accuracy is 
1 / 1000. The ratio of Leaf water loss to total water at each time 
point represents the water-retention capacity. 

 

Data analysis 
 
Analyzed the data with software EXCEL2003 and SPSS13.0. 
 
 
RESULTS AND ANALYSIS 
 
Effects of AM fungi on specific leaf area of Peony 

under salt stress 
 
Leaf area of the Peony inoculated G. mosseae was 

significantly lower than that of control before salt stress 
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Figure 2. Effects of AM fungi Glomus mosseae on sclerophyllous Index of leaves in Paeonia suffruticosa under salt stress.  
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Figure 3. Effects of AM fungi Glomus mosseae on leaf carification level of Paeonia suffruticosa under salt stress. 
 
 

 

(P<0.05) (Figure 1). With salt concentration increasing 
and prolonged stress, Peony leaf area showed an 
increasing trend. During the whole course, specific leaf 
area of the Peony inoculated G. mosseae were all 
significantly lower than CK (P<0.05); 60 days after salt 
stress at concentrations of 8, 16 and 24%, specific leaf 
area of the Peony inoculated G. mosseae were 6.4, 6.9 
and 7.8% lower than CK respectively. 
 

 

Effects of AM fungi on sclerophyll index of Peony 

under salt stress 
 
Sclerophyll index of peony inoculated G. mosseae was 

significantly higher than that of CK (Figure 2). Without salt 

stress, the sclerophyll index of peony showed a 

 
 
 

 

increasing trend, but with salt concentration increasing 
and prolonged stress, sclerophyll index of peony showed 
a decreasing trend. 60 days after salt stress, Sclerophyll 
index of peony inoculated G. mosseae had no significant 

difference with CK at all salt concentrations. 
 

 

Effects of AM fungi on leaf succulence of Peony 

under salt stress 
 
Leaf succulence of Peony inoculated G. mosseae were 

significantly higher than that of CK (P<0.05) (Figure 3). 
Without salt stress, the leaf succulence of peony showed 
a increasing trend, but with salt concentration increasing 
and prolonged stress, leaf succulence of peony showed a 
decreasing trend. With salt concentration increasing and 
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Figure 4. Effects of Glomus mosseae on leaf relative water content of Paeonia suffruticosa under salt stress. 

 
 

 

prolonged stress, the leaf succulence of peony 

significantly decreased. 
 
 

Effects of AM fungi on leaf relative water content of 

Peony under salt stress 
 
Leaf relative water content of Peony inoculated G. 
mosseae were significantly higher than that of CK when 

without salt stress (P<0.05). With salt concentration 
increasing and prolonged stress, leaf relative water 
content of peony also showed a decreasing trend, but 
leaf relative water content of Peony inoculated G. 
mosseae was significantly higher than that of control 
(P<0.05) (Figure 4). 60 days after salt stress, inoculated 
plants and non-inoculated plants at low-salt (8%), the 
relative water content in leaves were 34.5 and 37.5% 
lower than that without salt stress; high-salt treatment 
42.9 and 48.5% lower respectively. G. mosseae 
inoculation slow down water loss due to salt stress, which 
was more obvious at higher salt concentrations, so after 
G. mosseae inoculation the peony has a stronger ability 

to maintain the plant water balance. 
 

 

Effects of AM fungi on leaf water-retention capacity 

of peony under salt stress 
 
Leaf water loss of peony inoculated with G. mosseae was 

significantly lower than CK (Figure 5). At all salt 
concentrations, Peony leaf non-inoculated have rapid 
water loss rate, especially at 24% salt concentration 
water loss of uninoculated plant is the highest. At 16% 
salt concentration, the CK lose 80% water in 8 h, but after 
inoculation with G. mosseae the time prolong to 24 h. 
Peony seedlings inoculated with G. mosseae had lower 
water loss at all time points, time to reach constant mass 

 
 
 

 

was 84-108 h, but CK was 48-84 h. 
 

 

DISCUSSION AND CONCLUSION 

 

Specific leaf area, sclerophyll index and the succulence 
degree of leaf can characterize the capacity of plants to 
maintain water balance and water storage, so they are 
important indicators to reflect morphological characteri-
stics of leaf structure (Dahlman, 1993). You et al. (2009) 
believed that the more drought-tolerant plants, the more 
higher sclerophyll index and Succulence of leaf. Castro et 
al. (1997) found that the plant leaf area increased with the 
environment gradient drought. In this study, sclerophyll 
index and the succulence degree of leaf of peony 
seedling inoculated G. mosseae was significantly higher 
and specific leaf area was significantly lower than the 
control; with the increase of stress time and salt 
concentration, sclerophyll index and the succulence 
degree of leaf of peony seedling became smaller and 
specific leaf area increase, which showed that G. 
mosseae inoculation significantly enhanced the ability to 
adapt to salt stress of the peony.  

Colla et al. (2008) proved that the inoculation of AM 
fungi under salt stress can increase leaf relative water 
content of the squash ( Cucurbita pepo). In this paper, the 
peony leaf inoculated with AM fungi G. mosseae had 
significantly higher relative water content than the control, 
and the higher the concentration, the more obvious, 
which showed that G. mosseae inoculation can enhance 
the salt tolerance of peony. He (2007) reached the same 
result on tomato seedlings by inoculating AM fungi.  

Water-retention capacity of plant leaves are usually 
used to indicate the ability of anti-dehydration of leaf 
tissue. The more water loss per unit time the worse water 
holding capacity, and vice versa, the stronger the water 
retention (Li, 1991). Qi et al. (2004) found that AM fungal 
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Figure 5. Effects of AM fungi Glomus mosseae on leaf water-holding ability of Paeonia suffruticosa under salt stress. 
 
 

 

inoculation significantly increased the leaf water retention 
capacity of jujube seedlings. You et al. (2009) found that 
paliurus had high water-retention capacity and strong salt 
tolerance. Liu (2010) proved that AM fungi G. mosseae 
inoculation can improve the water holding capacity of 
seedlings of Licorice (Glycyrrhiza inflata Bat). This study 
showed that early in the leaf under salt stress, leaves 
inoculated with G. mosseae loss of water of peony was 
significantly lower than non-inoculated plants, which 
proved that G. mosseae inoculation can increase the salt 
tolerance of peony. 
 

 

ACKNOWLEDGEMENT 

 

This research was supported by the program of Science 

and Technology Bureau of Qingdao City (No. 08-1-3-20-

jch and 09-1-3-57-jch). 
 

 
REFERENCES 
 
Ackerly DD, Knight CA, Weiss SB, Barton K, Starmer KP (2002). Leaf 

size, specific leaf area and microhabitat distribution of 
chaparralwoody plants: contrasting patterns in species level and 
community level analyses. Oecologia, 130: 449-457.  

Castro DP, Villar SP, Perez RC, Melchor MM, Gabriel MM (1997). Leaf 
morphology and leaf chemical composition in three Quercus 
(Fagaceae) species along a rainfall gradient in NE Spain. Trees, 11: 
127-134.  

Chen DM, Guo SX (2010). Comprehensive evaluation of AM fungi 
effects on salt tolerance indices of Paeonia suffruticosa. J. Northeast 
Agric. Univ., 41(5): 46-51. 

Colla G, Rouphael Y, Cardarelli M, Tullio M, Rivera CM, Rea E (2008). 
Alleviation of salt stress by arbuscular mycorrhizal in zucchini plants 
grown at low and high phosphorus concentration. Biol. Fertil. Soils, 

44: 501-509. 

 
 
 

 
Dahlman RC (1993). CO2  and plants: Revisited. Vegetatio, 104/105: 

339-355. 
Davies FT, Porter JR, Linderman RG (1993). Drought resistance of 

mycorrhizal pepper plants-independent of leaf phosphorus 
concentration, response in gas exchange, and water relations. 
Physiol. Plant, 87: 45-53.  

Deng L, Wang HZ, Shangguan ZP, Liu GQ (2010). Variations of specific 
leaf area and nutrients of Chinese caragana in the Loess Plateau 
region suffering both wind and water erosions. Acta Ecol. Sin., 
30(18): 4889-4897.  

Epstein E (1972). Mineral nutrition of plants: principles and 
perspectives. New York: Sunderland Mass Sinauer Associates 
Publishers. 

 
Garnier E, Shipley B, Roumet C, Laurent G (2001). Standardized 

protocol for the determination of specific leaf area and leaf dry matter 
content. Funct. Ecol., 15: 688-695. 

Guo SX, Liu RJ (2010). Effects of Arbuscular Mycorrhizal Fungi Glomus 
mosseae on Salt Tolerance of Paeonia suffruticosa Andr. Plant 
Physiol. Commun., 46(10): 1007-1012. 

He ZQ (2007). Studies on mechanisms of salt tolerance improved by 
arrbuscular mycorrhizal fungi (AMF) in tomato. Doctor thesis, 
Yangling: Northwest Agricultural & Forestry University. 

Lambers H, Poorter H (1992). Inherent variation in growth rate between 
higher plants: a search for physiological causes and ecological 
consequences. Adv. Ecol. Res., 23: 188-242. 

Li HS (2000). Principles and technology experiments of Plant 
Physiology and Biochemistry. Beijing: Higher Education Press.  

Li JY (1991). Studies on drought-tolerant characteristics of the main 

species from Taihang Mountains (). J. Beijing Forest. Univ., 
13(Sup): 10-24. 

Liu RJ, Chen YL (2007). Mycorrhizology. Beijing: Science Press of 
China.  

Liu SL (2010). Effects of AM fungi on growth and biochemical 
characters of Glycyrrhiza under water and salinity stress. Master 
thesis: Hebei University. 

Meziane D, Shipley B (1999). Interacting determinants of specific leaf 
area in 22 herbaceous species: effects of irradiance and nutrient 
Availability. Plant Cell Environ., 22(5): 447-459. 

Poorter H, De Jong R (1999). A comparison of specific leaf area, 
chemical composition and leaf construction costs of field plants from 
15 habitats differing in productivity. New Phytol., 143: 163-176. 

Qi GH, Yang WL, Zhang LP, Lv GY, Shao HX, Zhang BC (2004). 



6 

 

 
 
 

 
arbuscular mycorrhizal fungi influence on the water condition of wild 
jujube. Hebei Fruits, 1: 10-12. 

Sun G (2000). The effects of salt stress on seeds germination and 
seedlings growth of Elaeagnus angustifolia. Master thesis, Jinan: 
Shandong Normal University. 

Wang JL, Ding TL, Wang BS (2005). Succulent plants and their 
adaptations to drought and saline environment. J. Shandong Normal 
Univ. (Nat. Sci.), 20(4): 74-75. 

Wei LY, Yuan WY, Jiao JF, Zhang JL, You YM, Mo L, Huang YQ, Li XK 
(2009). The response of SLA and photosynthesis of Medicago sativa 
and Cichorium intybus to different rates of super absorbent polymer. 
Acta Ecol. Sin., 29(12): 6772-6778.  

Wei XL (2005). Studies on Whole Plant Drought Resistance of Three 

Ulmus Tree Species in Karst Region. Nanjing Forestry University. 

  
  

 
 

 
You LX, Yao RL, Fang SZ, Shang XL, Yang WX (2009). Variation in leaf 

development characteristics and leaf water-holding ability of young 
Cylocarya paliurus seedlings under NaCl stress. J. Nanjing Forest. 
Univ. (Nat. Sci. Edit.), 33(6): 155-158.  

Zhang BZ, Zhao KF (1996). Study on salt tolerance in robinia and 

Elaeagnus angustifolia. Shandong Sci., 9(2): 53-55. 


