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ABSTRACT: Salinity stress is an important environmental factor which decreases crops growth, 
development and production. It is an essential problem in arid and semi-arid regions. Selecting planting 
method and salinity-resistant cultivar is one of the most important strategies used for mitigating salinity 
effects on alfalfa. Therefore, the current study was carried out using as a split-plot experiment based on 
Randomized Complete Block Design with three replications in order to determine the most appropriate 
planting method and salinity-resistant alfalfa cultivar. In this study, the planting method with four levels 
including pitting, drilling, shallow furrow and transplanting methods constituted the main plot and alfalfa 
cultivars including Baghdadi, Nikshahri, Bami and Mesaseresa constituted the sub-plot. The results 
showed that planting method and cultivar significantly affected fresh and dry forage yield. Furrow and 
pitting planting methods produced the highest fresh forage yield (66.7 and 57.4 t/ha in 10 harvests, 
respectively). Bami and Baghdadi produced the highest fresh forage yield (61.1 and 50.3 t/ha, 
respectively). The highest dry forage yield was produced by furrow and pitting planting methods (17.1 and 
14.6 t/ha, respectively). The interaction of Bami cultivar with furrow and pitting planting methods produced 
the highest dry forage yield (16.7 and 16.3 t/ha, respectively) which did not show significant difference with 
Baghdadi × furrow planting method (16.26 t/ha dry forage yield). Finally, Bami and Baghdadi cultivars with 
furrow and pitting planting methods were recommended for highly saline soils. 
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INTRODUCTION 
 

 Salinity is a major obstacle to crop production in most parts of the world especially in arid and semi-arid regions. 
Apart from natural salinity, a significant proportion of recently cultivated agricultural land has become saline owing to 
land clearing or irrigation, both of which cause water tables to rise and concentrate the salts in the root zone (Munns 
and Tester, 2008). Of the 1500 million ha of land farmed by dryland agriculture, 32 million ha (2%) are affected by 
secondary salinity to varying degrees. Of the current 230 million ha of irrigated land, 45 million ha (20%) are salt 
affected (FAO, 2008).   
 The most effective way for using saline soils is to cultivate tolerant species and cultivars. Thus, it is necessary 
to have appropriate criteria for selecting salinity tolerant genotypes. Among crops, alfalfa is a plant which is sensitive 
to salinity at germination stage but afterwards and during rooting, it exhibits special adaptation to salinity and then, it 
has considerable resistance to salinity (Waisman and Miyamafo, 1987).  There are different reports about alfalfa 
tolerance to salinity. Longenecker and Lyerly (1974) mentioned alfalfa as a tolerant crop to salinity and reported its 
resistance to salinity as 6-8 dS.m-1. Varvel, (2003) reported alfalfa as well as barley, sorghum and sudangrass as 
resistant crops to salinity and ranked alfalfa as a semi resistant crop to salinity at EC range of 4-10 ds.m-1. Munns 
and Tester (2008) reported alfalfa as a very resistant crop to salinity and as a halophyte. Elena ., (2007) reported 
that salinity stress decreased alfalfa biomass by over 37% while drought stress decreased yield by 73% and there 
was a linear relation between salinity stress and drought stress. Darvishi, (2005) reported that since alfalfa cultivars 
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Shirazi, Hamedani and Bami showed the lowest decrease in aerial dry weight at seedling, second harvest and third 
harvest stages, respectively, then they were the most saline tolerant cultivars. Zamanian ., (2004) in a study on the 
yield of five alfalfa cultivars under salin conditions in Qom, Iran with salinity level of 7.4 – 13.4 dS.m-1 during three 
years, reported that the Yazdi and Hamedani cultivars were superior ones. Sanden and Sheesley (2007) reported 
that by applying 15 and 30 ton/acre  compost fertilizer under salinity condition, the yield of alfalfa in five consecutive 
harvests was 7.85 and 8.01 ton/acre, respectively, while the yield of control was 6.72 ton/acre. 
 The current study was carried out to determine the most appropriate planting method and salinity-resistant alfalfa 
cultivar in highly saline soils in Jiroft region, Iran. 
 

MATERIALS AND METHODS 
 

 To determine the best planting method of alfalfa cultivars in highly saline soils, an experiment was conducted in 
split-plot based on Randomized Complete Block Design (RCBD) with three replications in saline soils of Jiroft area, 
Iran during 2008-2009. Planting methods with four levels including pitting, drilling, shallow furrow and transplanting 
constituted the main plot and alfalfa cultivars including Nikshahri, Bami, Mesaseresa and Baghdadi constituted the 
sub-plot. Before starting the experiment, a highly saline field was selected. To determine soil and water physical and 
chemical properties of the research site, a composite soil sample from 0-30 and 30-60 cm depth and irrigated water 
sample were collected and analyzed in soil and water laboratory. The measured parameters are given in Table 1 
and 2. According to Table 1, the results obtained about the field before experiment showed that the soil of the field 
was saline and alkaline at the depth of 0-30 cm and saline at the depth of 30-60 cm. According to Table 2, the results 
of irrigation water analysis showed that the water had a high EC in the range of 750-2250 which is ranked in C3 and 
regarding its SAR in 12 class ranking, it stood in C3S3. 
 

Table 1. Soil chemical and physical properties of research field 
Depth 
(cm) 

Ca + Mg 
(meq/lit) 

Na+ 
(meq/lit) 

EC 
(dS.m-1) 

pH SAR Texture 

0-30 
30-60 

33.4 
33.6 

426.8 
45.7 

40.0 
51.0 

6.8 
6.8 

102.9 
11.15 

Silt loam 
Silt loam 

 
Table 2. Water chemical properties of research field 

EC 
(µM.cm-1) 

pH Carbonate 
(meq/lit) 

Bicarbonate 
(meq/lit) 

Ca + Mg 
(meq/lit) 

Sodium 
(meq/lit) 

SAR 

1165 7.0 0.4 2.7 3.6 16.8 12.0 

 
 Soil preparation included irrigation, plow, two vertical discs and application of 20 kg N/ha as starter fertilizer, 150 
kg Potash and 100 kg super phosphate/ha as recommended by Water and Soil Research Department. In total, there 
were 48 plots. Each sub-plot was 4 m by 3 m with the total area 12 m2. 
 In pitting planting treatments, the pits were 30 cm and 40 cm apart (in total 83000 pits/ha) and then, 240 g FYM 
were poured in each pit. Afterwards, the seeds were sown inside manure (about 30 ton FYM was used). In drilling 
planting method, FYM was poured on rows with spacing of 40 cm and then, the seeds were sown. In furrow planting 
method, the furrows were 40 cm apart in which manure was poured and then, the seeds were sown. In transplanting 
method, the seeds were firstly sown in special units and when they were 7-10 cm, they were transplanted. The plants 
were sown in October and all agronomical cares were taken as usual. The data were taken from 10 harvests. To 
determine fresh forage yield, the plants were cut from the height of 10 cm and were weighed. To measure dry forage 
yield, a sample of fresh forage was weighed and then, was dried in the oven for 48 hours and then was weighed. 
Finally, the data were statistically analyzed by MSTATC software. Then, the most appropriate treatments were 
selected by Duncan Multiple Range Test. 
 

RESULTS AND DISCUSSION 
 

 The results of analysis of variance (Table 4) showed that the effects of planting method and its interactions were 
highly significant (1% probability) on alfalfa fresh and dry forage. The variations of yields were seemingly brought 
about by experimental treatments considering the conditions of study. 
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Table 4. Summary of analysis of variance (ANOVA) for fresh and dry forage yield 
Sources of variation df Means comparison 

Fresh forage yield Dry forage yield 

Replication 
Planting method 
Error a 

2 
3 
6 

43.06 
218.196** 
1.191 

5.453 
15.488** 
0.168 

Cultivar 
Cultivar × planting method 
Error b 

3 
9 
24 

85.791** 
22.13** 
0.208 

6.309** 
1.522** 
0.029 

 
 The means comparison of the effects of planting method on fresh forage yield in highly saline soils (Fig. 1) 
indicated that planting methods significantly affected fresh forage yield so that the highest fresh forage yield was 
obtained by furrow planting methods (66.7 t/ha) and pitting planting method (57.4 t/ha). There was no significant 
difference between these two methods. Transplanting method produced the lowest forage yield (38.6 t/ha). Pitting 
and furrow planting methods seemingly provide suitable bed for germination and initial growth of alfalfa and then, the 
plant starts to grow earlier (due to better growth of roots in manure). The yield was the lowest in transplanting  method 
because young plants were damaged in transplantation and the roots did not acclimate to saline soils.   
 

 
Figure 1. Effects of different planting methods on fresh forage yield in highly saline soils 

 
 As can be seen in Fig. 2, the comparison of the effect of alfalfa cultivars on fresh forage yield under highly saline 
conditions showed that there were differences among the forage yields of alfalfa cultivars, so that Bami produced the 
highest yield (61.1 t/ha) which had significant difference with Nikshahri and Baghdadi. There was no statistically 
difference between Bami and Baghdadi. Lowest fresh forage yield was observed in Mesaseresa (36.5 t/ha). Nikshahri 
and Baghdadi produced higher yield under saline conditions than Mesaseresa, whereas Baghdadi and Bami did not 
have statistical differences in their fresh forage yields. 
 

 
Figure 2. Effects of alfalfa cultivars on fresh forage yield in highly saline soils 

 
 According to Fig. 3, means comparison of the effect of planting methods on dry forage yield in highly saline soils 
indicated that like fresh forage, the highest dry forage yield was produced by furrow planting method (17.1 t/ha) which 
did not show significant difference with the yield under pitting planting method (14.6 t/ah). Indeed, these two methods 
were ranked in similar group. In addition, transplanting and drilling planting methods (with 9.8 and 7.7 t/ha dry forage 
yield, respectively) were statistically ranked in two other groups. 
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Figure 3. Effects of different planting methods on dry forage yield in highly saline soils 

 
 According to Fig. 4, means comparison of the effects of cultivar on dry forage yield under highly saline conditions 
showed that like fresh forage, Bami produced the highest dry forage yield (15.5 t/ha) which did not have significant 
difference with Baghdadi (12.8 t/ha). There was no statistically difference between Baghdadi and Nikshahri, but 
Baghdadi was superior than Mesaseresa and Nikshahri. 
 

 
Figure 4. Effects of alfalfa cultivars on dry forage yield in highly saline soils 

 
 As can be seen in Fig. 5, means comparison of the interactions between planting method and alfalfa cultivars 
indicated that the highest dry forage yields were obtained from Bami in pitting planting method, Baghdadi in furrow 
planting method and Bami in furrow planting method, by  16.7, 16.3 and 16.3 t/ha respectively. There was no 
significant difference between these treatments. 
 

 
Figure 5. Effects of different planting methods and cultivar on dry forage yield in highly saline soils 

 
 According to Fig. 6, the highest number of stem (536.4 stem/m2 ) was observed in furrow planting method which 
did not show significant difference with pitting planting method (468.3 stems/m2), furrow and pitting planting methods 
were superior than other planting methods. This is possibly one of the traits which increased the alfalfa yield by furrow 
and pitting planting methods. 
 

 
Figure 6. Effects of different planting methods on number of stem 
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 As can be seen in Fig. 7, the means of the effects of cultivars on stem number/m2 showed that Bami and 
Baghdadi produced the highest stem numbers by 543.6 and 446.5 stems/m2, respectively and Mesaseresa produced 
the lowest one (358.2 stems/m2). 
 

 
Figure 7. Effect of alfalfa cultivars on number of stem 

 
 The results of post-study soil analysis (Table 3) showed that alfalfa cultivation strongly decreased soil calcium 
content as well as sodium content and decrease soil salinity from 40 and 50 dS to 2.6 and 6.2 dS. 
 

Table 3. Results of post-study soil analysis 
Depth 
(cm) 

Ca + Mg 
(meq/lit) 

Na+ 

(meq/lit) 
EC 
(ds.m-1) 

pH SAR 

0-30 
30-60 

6.4 
20.0 

36.6 
16.8 

2.6 
6.2 

6.8 
6.8 

20.46 
5.3 

 
CONCLUSION 

 
1. The pitting and furrow planting methods were the most appropriate methods for alfalfa planting in highly saline 

soils. 
2.  The most appropriate alfalfa cultivars for highly saline soils were Bami and Baghdadi cultivars. 
3. In order to modify soil salinity, alfalfa can be used as a halophyte crop when high-quality water is available. 
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