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Salinity is one of the major environmental stresses which restricted the plant growth especially in arid 
and semiarid zones. The effect of saline soil levels stresses on the fodder value of Atriplex leucoclada 
L. (Chenopodiaceae) determined by growing of plants in the 3 levels of salinity including low, medium 
and high levels salinity in three replications from 2009 to 2011. The combined statistical analysis 
results showed that salinity had no effect on phonological stages but had effect on fresh weight 
fodder, dry weight fodder, seed weight, ash, fat, protein, calcium, phosphor and nutrient unit, so the 
plant sample in experimental site produced 3735 kg fresh weight and 2058 kg dry weight forage and 
4015 Kg seed in the high salinity location. Fresh weight fodder, dry weight and seed weight for three 
locations was significantly different and reduced the rate of 25 to 40% in the high salinity. Ash, fat and 
calcium increased in the high salinity location including protein, phosphor and nutrient unit reduced in 
the high salinity location. Finally, the results disclosed that A. leucoclada has the ability to produce 
suitable fodder under very high saline media, and considered as highly tolerant halophyte.    
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INTRODUCTION 
 
Salinity is one of the most important environmental 
factors limiting crop production of marginal agricultural 
soils in many parts of the world. Salinity effects on plants 
include ion toxicity, osmotic stress, mineral deficiencies, 
physiological and biochemical perturbations, and 
combinations of these stresses (Mahajan and Tuteja, 
2005; Hasegawa et al., 2000; Munns, 1993, 2002; 
Neumann, 1997; Yeo, 1998). Salt ion toxicity has 
numerous deleterious effects on plants such as 
denaturing cytosolic enzymes (Munns, 2002). Salt stress 
affects many aspects of plant metabolism and, as a 
result, growth and yields are reduced. Excess salt in the 
soil solution may adversely affect plant growth either 
through osmotic  inhibition  of  water  uptake  by  roots  or  
 

specific ion effects. High concentrations of salts have 
detrimental effects on plant growth (Garg and Gupta, 
1997; Mer et al., 2000) and excessive concentrations kill 
growing plants (Donahue et al., 1983). In recent years, 
increasing salinization has received more and more 
attention by research efforts which have been applied to 
gain a better understanding of the adaptive mechanisms 
in plants and also counteracting salt stress. These 
studies have defined a number of the cellular and 
molecular processes involved in salt stress tolerance and 
are largely focused on signal transduction (Zhao et al., 
2004; Zhang et al., 2006; Peng et al., 2009). In the 
worldwide, approximately 400 million ha are affected by 
salinity (FAO,  2005).  Salinity  in  arid  regions  is  mainly 
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constrained livestock which are constantly experiencing 
low forage quantity and quality. The genus saltbush 
(Atriplex) contains various distinctive species by different 
morphology, biological cycles and also ecological 
adaptations (Le Houerou, 1992). Many saltbush species 
(Atriplex) are excellent to feed livestock due to their high 
protein content, especially when grasses are not 
available for grazing. Saltbush (Atriplex) subspecies is an 
important component of arid land (Haddioui and Baaziz, 
2001) and as a feed source for wildlife (Beadle, 1952). A 
number of saltbush species provide adequate nutrition 
with considerably preferred browse for domestic 
livestock. Most species are adapted to saline-alkaline 
soils or extremely arid habitats (Beadle, 1952; Billings, 
1949). Tolerance to salinity, drought and high 
temperature are important characteristics of saltbush 
(Mckell, 1989a). Water stress affected on the fodder 
value of A. halimus (Essafi et al., 2006). Karimi (2006) 
reported that fresh and dry mass, relative water content 
(RWC) and water use efficiency (WUE) of Atriplex 
verucifera increased at 100 to 200 mM NaCl salinity 
condition compared to the control, but they significantly 
decreased at high concentration of NaCl, especially in 
optimal fresh and dry mass. More than 20 species of 
saltbush (Atriplex) grow spontaneously in Iran. Most of 
them are herbaceous (Koocheki, 2000), while only 
Atriplex griffthi, A. leucoclada, and A. verrucifera are 
shrubs. In spite of that, a large number of fodder shrub 
varieties are cultivated in Iran. Cultivated varieties are 
composed of exogenous Atriplex species, such as A. 
lentiformis, A. halimus, A. nummularia, and, especially, A. 
canescens. The latter species is the best adapted to the 
environmental conditions of Iran, because of its cold 
tolerance (Nejad and Koocheki, 2000). Livestock 
consume dry and green forage of A. leucoclada during 
the dry season in the arid rangeland of Iran.  

In this research, some important characteristics such 
as green forage (fodder), dry forage, seed yield, ratio of 
fresh weight to dry weight, ash content, nutrient unit, fat 
and protein, Ca and P of Atriplex species plant were 
measured in order to get a general view of the effects of 
salinity on the fodder value and agronomical parameters. 
We further observed that on yield basis Atriplex 
leucoclada could be ranked the best one than other 
species.  
 

 
MATERIALS AND METHODS 

 
Experimental site 

 
The research site (Norodin Abad Garmsar) is located approximately 
150 km southeast of Tehran, Iran, at the southern of the Alburz 
mountain range, where the Hableh Rud River emerges and where 
the Dasht-e-Kavir desert begins. The altitude of site is ranged from 
800 up to 900m. Climate of area is continental arid with the annual 
average of 120 mm rainfall which mainly occurs from January to 

March along with hot summer and cold winter. The monthly average 
temperature ranges from 4°C in January with a minimum of -10°C 
up  to  32°C  in  July  with   a   maximum   of   42°C.   The   potential 

 
 
 
 
evaporation is high, so A-class evaporation pan disclosed an 
annual value of 3200 mm. The monthly values range from 50 mm in 
January to 500 mm in July. Wind speeds are modest. The average 
annual wind velocity is 11 km/h. The maximum velocity is 40 km/h 
and the windiest month is April, with an average velocity of 15 km/h. 
 
 
Experimental design and procedures 
 
A composite soil sample was analyzed for general physico-
chemical properties. The replicate rise up to 90 cm were collected 
and analyzed for salinity, sodality and pH. Soluble calcium and 
magnesium were also determined by titration with EDTA while Na 

determined by flame photometry. The research study was 
conducted on the agronomical parameters some of saltbush 
(Atriplex) species in Iran in salinity soil levels. The experiments 
were conducted by the following stage: 
 
Collected seeds species of Atriplex lentifomis, A.halimus, A. 
canescense,  A.leucuclada, in saline area of Iran. Sown of four 
species in a highly and medium and lowly saline field by 
randomized block design (RCB) with three replication for 3 years 

and three levels salinity.  
 
The research study was conducted on the agronomic parameters 
and fodder value of saltbush (Atriplex leucoclada) in Iran in the 
saline soils levels. During February, the seeds of A. leucoclada in 
compare with 3 other of Atriplex species (A. lentiformis  A. halimus, 
A. canescens  ( were sown in plastic tubes filled with soil mixture 
consisted soil, humus, and sands (1:1:1) and the seedlings with 10 
cm height were transferred in experimental field on March, 2009. 

The plant distance was 1 m in rows and also between rows in the 
15 m

2
 of the experimental unit for three replication. Plants were 

harvested in July and September every year. Soil samples were 
gotten from the soil profile with the ranges of 0 to 30, 30 to 60 and 
60 to 90 cm. The plants collected for biomass, yield, and seed yield, 
fresh weight, dry weight, ash, fat, protein, calcium, phosphor and 
nutrient unit.  
 

 
Statistical analysis 
 
The obtained data analyzed with combined analyses and Duncan 
test using (SPSS 16). 
 
 

RESULTS  
 
Soil analysis results 
 

According to soil analysis shown in Table 1, the Soil Ec of 
the research site widely ranged from 3 related to 60 to 90 
cm depth up to 75 mmhos/cm related to 0 to 30cm soil 
depth with low and high salinity soils, respectively. The 
salt of soil concentrated in top soil and it can hurt grass 
and bush. The similar conditions were observed in other 
important measured soil properties except pH. 
Conversely, soil acidity started at 7.75 to maximum rate 
in 8.15 (Table 1).     

The combined statistical analysis results showed that 
salinity had no effect on phonological stage (Table 2) but 
had effect on fresh weight fodder, dry weight fodder, seed 
weight, ash, fat, protein, calcium, phosphor and nutrient 
unit. Fresh weight fodder, dry weight and seed weight for 
three     locations     was     significantly     different     and
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Table 1. Some important properties of the soil samples analyzed under experiment of study.  
 

Location factors Depth (cm) PH cE (mmhos/cm) aN Na (lit/meq) gM+aN (lit/meq) 

yhni as hgiH 0 - 30 8.15 75.0 200 480 

yhni as hgiH 30 - 60 8.08 49.2 115 320 

yhni as hgiH 60 - 90 7.99 41.0 110 305 

ytnhla as hgiH 0 - 30 8.04 13.0 31 95 

ytnhla as hgiH 30 - 60 7.77 12.0 31 90 

ytnhla as hgiH 60 - 90 7.75 11.0 29 88 

yti as hghiH 0 - 30 7.94 8.0 21 65 

yti as hghiH 30 - 60 7.83 5.0 14 45 

yti as hghiH  60 - 90 7.77 3.0 9 21 

 
 

 
Table 2. The effect of soil salinity on phonology of A. leucoclada in the three locations of study. 

 

Month February March April May June July August September 

High salinity Sown Green stage and translate (10 cm) Growing Growing Growing 
Flowering stage and first  

harvest 

Full 
flowering 

Seed stage and  

second harvest 

         

Medium salinity Sown Green stage and translate (10 cm) Growing Growing Growing 
Flowering stage and first  

harvest 

Full 
flowering 

Seed stage and  

second harvest 

         

Low salinity Sown Green stage and translate (10 cm) Growing Growing Growing 
Flowering stage and first  

harvest 

Full 
flowering 

Seed stage and  

second harvest 
 
 

 
Table 3. The mean comparison results related to the effect of salinity on the yield of A. leucoclada during 3 years. 

 

Location 
Fresh weight 

per plant (g) 

Dry weight 

per plant (g) 

Seed weight 

per plant (g) 

Fresh weight per  

hectare (kg/h) 

Weight dry per  

hectare (kg/h) 

Wet/Dry 

rate 

Seed yield per  

hectare (kg/h) 

High salinity 373.5
c 

205.8
c 

401.5
c 

3735.0
c 

2058.3
c 

1.81
a 

4015.0
c 

Medium salinity 454.3
b 

248.3
b 

470.0
b 

4543.0
b 

2482.5
b 

1.83
a
 4700.0

b 

Low salinity 522.3
a
 279.6

a 
521.7

a 
5223.3

a 
2796.6

a 
1.87

a
 5216.6

a 

 

P < 0.05. 

 
 
 

reduced rate of 25 to 40 % in the high salinity 
(Table 3). Ash, fat and calcium increased in 
the high salinity location (Table 4). Protein, 

phosphorus and nutrient unit reduced in the 
high salinity location (Table 4). The results of 
some important characteristics are shown. 

Wet forage (fodder) 
 
In   the   comparison   between   three   levels 
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Table 4. The mean comparison analysis related to the effect of saline soils levels on fodder value of A. leucoclada. 

 

Salinity parameters Ash 
Nutrient unit 

(fresh weight) 

Nutrient unit 

(dry weight) 

Fat percentage 

(dry matter) 

Protein percentage 

(dry matter) 
Ca (g/mg) P (mg/kg) 

High 13.5
a 

17.0
a
 27.0

a
 0.271

a
 9.32

b
 0.57

a
 0.220

a
 

Medium 13.0
a
 17.4

a
 27.3

a
 0.271

a
 12.00

a
 0.52

a
 0.169

b
 

Low 7.4 
b
 17.9

a
 28.5

a
 0.211

b
 12.89

a
 0.42

b
 0.152

b
 

 
 
 

salinity of A. leucoclada, given 3 years cultivation 
of these specie, the greatest amount of production 
belongs to low salinity area which in high-salinity 
area has had 373.5 g wet fodder per shrub and 
3737 kg/ha. The amount of production for the 
abovementioned specie in low-salinity areas has 
been 522.3 g per shrub and 5222.3 kg/ha which 
indicates that the yield in high-salinity areas has 
had a decrease of 28.49%. However given that in 
the salinity between 49 to 75 mmhos/cm where 
only few fodders may have such a yield, this plant 
is very resistant to salinity and it can be used as a 
forage plant for salty regions. 
 
 

Dry forage 
 

A. Leucoclada has produced the greatest amount 
of dry forage in region of low salinity. Dry forage’s 
yield in high salinity areas has been 205.8g per 
shrub on average which relative to low-salinity 
areas with a yield of 276.6g shows a decrease of 
26.40%.    
 
 
Seed yield 
 
The greatest seed yield per shrub and surface unit 
were in low salinity areas with 401.5 g seed per 
shrub and 4015 kg seed per surface unit which 
compared to low-salinity areas with 521.7 g seed 
per shrub and 5216.6 kg per hectare shows a 
decrease of 23.04% in the seed yield. 

Ratio of wet weight to dry weight 
 

The ratio of wet weight to dry weight does 
notshow a significant difference between salinity 
levels. Given the study of salinity levels on A. 
leucoclada, showed that it can very suitable for 
production of forage in saline agricultural 
condition. 
 

 

Ash content 
 

In the comparison between 3 levels of salinity and 
3 years cultivation of this species, the greatest 
amount of ash belongs to the high levels salinity 
area has had 13.5%. The amount of ash for the 
low-salinity areas has been 7.4%. 
 
 

Nutrient unit 
 

Amount of nutrient unit does not show a 
significant difference between salinity levels. 
 
 

Fat and protein 
 

The fat percent increased from low salinity to high 
salinity area and the protein percent decreased 
from low salinity to high salinity area. 
 
 

Ca and P 
 
The Ca and  P  were  increased  from  low  salinity 

area to high salinity area. 
 
 

DISCUSSION 
 

The results elucidated that Atriplex leucoclada is 
highly tolerant of salinity. Halophytic Atriplex 
species show stimulation of growth at NaCl 
concentrations that are inhibitory to non-
halophytes (Osmond et al., 1980). Saline soils 
and saline irrigations constitute a serious 
production problem for vegetable crops as saline 
conditions are known to suppress plant growth 
(Shannon and Grieve, 1999). Increases in salinity 
lead to a reduction and/or delay in growth of both 
halophyte and glycophyte plants (Katembe et al., 
1998; Khan and Ungar, 1984; Ungar, 1982). An 
important finding was that plants could survive at 
15 gl

-1
 salinity and this might be a suitable 

concentration to use to select highly salt-tolerant 
plants. Studies have shown that Atriplex spp., 
such as A. nummularia, A. griffithii and A. 
hortensis, could survive under highly saline 
conditions; with optimal growth occurring at 5 to 
10 gl

-1
 NaCl (Khan et al., 2000; Ramos et al., 

2004; Wilson et al., 2000). Other researchers 
have not observed growth stimulation by NaCl in 
S. virginicus (Blits and Gallagher, 1991; Naidoo 
and Naidoo, 1998; Naidoo and Mundree, 1993). 
Halophytes such as Atriplex spp. show a stimulation 
of growth at NaCl concentrations that are inhibitory 
to the growth of non-halophytes (Osmond et al., 
1980). 



 
 
 
 

Ashby and Beable (1957) showed that the growth of both 
Atriplex inflata F. Muell. and A. nummularia Lindl. were 
greater at 600 mm NaCl than in nutrient controls. Atriplex 
spp. varies in their degree of salt tolerance (Priebe and 
Jaeger, 1978). Atriplex halimus L. had the least decrease 
in dry mass production (40%) at 750 mm NaCl, whereas 
A. calotheca (Rafn.) Rafn. and Fries. (67%) and A. nitens 
Schkuhr (80%) had greater decreases but all 3 species 
were able to survive in this salt treatment (Priebe and 
Jaeger, 1978). The effect of salinity on the growth of the 
halophyte Atriplex hortensis (Chenopodiaceae) medium 
containing over 600 mm NaCl, with dry mass production 
decreasing by 50% at 800 mm NaCl. Other chenopod 
halophytes, such as Halosarcia pergranulata (Short and 
Colmer, 1999), Suaeda fruticosa (Khan et al., 2000) and 
Sarcocornia fruticosa (Redondo-Gómez et al., 2006), 
have growth optima at moderate to high salinities. In 
general, low salinity levels do not appear to have a 
deleterious effect on the growth of Atriplex spp. and may 
actually stimulate growth. Many species of Atriplex are 
valued as livestock forage when herbage availability is 
low especially in arid environments and salt-affected area 
(Houerou et al., 1995) because they have high content of 
crude protein, vitamins (A, C and D) and minerals such 
as chromium (McKell, 1989 b). In this study we show that 
the presence of medium-high concentrations of NaCl in 
the growth solution induced more deleterious effects on 
growth. These results fit with those previously reported in 
Atriplex prostrata (Egan and Ungar, 1998). Most species 
tested had their maximum biomass production in low 
salinity treatments. These results broadly match those 
obtained by Daoud et al. (2001), Harrouni et al. (2001, 
1999), and Gorham (1996) who reported that low NaCl 
concentrations stimulate growth of some halophytic 
species, but an excess of salt decreases growth and 
biomass production. Maas and Grieve (1987) reported 
that in most halophytic species growth decreases 
gradually with the increase of salt rate in the culture 
medium above a critical threshold specific to each 
species. Reduction of plant growth under saline 
conditions is a common phenomenon (Ashraf and Harris, 
2004) but such reduction occurs differently in different 
plant organs. In general, salinity can reduce plant growth 
or damage the plants through: (i) osmotic effect (causing 
water deficit), (ii) toxic effects of ions and (iii) imbalance 
of the uptake of essential nutrients. These modes of 
action may operate on the cellular as well as on higher 
organizational levels and influence all the aspects of plant 
metabolism (Garg and Gupta, 1997). All these results 
agree with those previously reported for A. griffithii where 
the growth of plants cultivated in the absence or in the 
presence of 90 mM Na+ was similar even after 90 days 
(Khan et al., 2000). Previous studies in Atriplex amnicola 
also indicated that this plant increased growth after 
additions of NaCl to the growth medium up to 25 to 50 
mM but then growth declined as salt concentration was 
increased (Aslam et al., 1986). The similar result of ash 
content was obtained  by  Khan  et al.  (2000)  in  Atriplex  
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stocksii is a salt tolerant halophyte which has ash content 
of about 40% of dry weight. 
 

 

Conclusion  
 

In summary our results show that A. leucoclada is a 
highly salt tolerant perennial halophyte. This plant has the 
ability to complete its life cycle under very high saline 
media. Their growth may be stimulated by the presence 
of salts in the growth medium. Increased research on the 
selection of halophytic species which have an economic 
utilization may enable the rehabilitation and revegetation 
of salt-affected lands given that the appropriate soil and 
irrigation management is applied. 
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