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ABSTRACT 

Research on the impact of inputs has a long history in the 

country; however, because of the dispersion and diversity in 

the results of various experiments, it is difficult to achieve a 

general conclusion. In this study, a meta-analysis approach 

has been used to overcome this problem in order to achieve 

a single result by integrating and re-analyzing the findings of 

independent experiments. For this purpose, scientific articles 

published by researchers of the country regarding the effect 

of salinity stress on cotton yield were investigated. Articles 

were selected so that, in their meta-analysis of data required 

to perform there. The data necessary for the implementation 

of the meta-analysis is present in them. The results of this 

study showed that from 1996 to 2017; 15 papers and thesis 

were published on the effects of salinity stress on yield, early 

maturing and number of bolls in upland cotton 

(Gossypiumhirsutum L.). With increasing salinity stress, 

yield and number of bolls decreased. The standardized values 

for salinity stress effect on cotton yield were significant in all 

five treatments (control via salinity, control via 2-3 dS m-1, 

control via 4-5 dS m-1, control via 6-7 dS m-1, control via 8-

9 dS m-1) compared to control (P<0.001). The standardized 

values of the effect of salt stress on cotton aging were 

significant in all five treatments compared to control. The 

standardized values of the effect of salt stress on cotton aging 

were significant in all five treatments compared to control. 

Results showed increasing salinity stress can cause early 

maturing in cotton. The standardized values for the effect of 

salinity stress on number of bolls per cotton plant, in the 

comparison of the total treatments of salinity stress, 2-3 dS 

m-1, 6-7 dS m-1 and 8-9 dS m-1 were significant compared to

control (P<0.001). In general, the results of this study showed

that salinity stress can reduce yield of cotton by reducing the

number of bolls and also can cause early maturing on cotton.

Keywords: Upland cotton (Gossypiumhirsutum L.); Yield, early maturing; Salinity; Meta-analysis 
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1. Introduction

Upland cotton (Gossypiumhirsutum L.) plays an important role in supplying food (oil and protein), human 
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fiber and livestock feed, and the need for cotton fabrics is constantly increasing in the world. It is the most 

important natural fiber of the world as a product of agriculture, industry and commerce, and now it accounts 

for 55% of the total natural fiber production of the world. Cotton seed oil is one of the best-quality vegetable 

oils. Cotton seeds are the second largest oilseed in the world after soybeans (Ahmadi & Aghaalikhani 2012). 

Cotton seed meal has 33 to 43 percent protein and is used as a protein supplement in the ration of the 

animal. In the cottony regions of Iran, Golestan province has a long history of cultivating this plant and due 

to its climatic conditions, the province has long been specialized in the production of cotton. For this reason, 

once known as the cotton capital and white golden land. Cotton produced in this province is considered one 

of the best-quality cotton with medium-long fibers in the world due to high effective fiber length, microny 

or Suitable elegance, high strength, elasticity and uniformity (Ahmadi & Aghaalikhani 2012). 

Numerous studies in the past have been carried out on various fields of agricultural sciences. For 

example, a lot of articles and research can be found on the effects of planting dates, density, environmental 

stresses, various fertilizers and other items. Although each research has a special value separately, but it is 

necessary to examine the results of this research in conjunction with each other to arrive at a conclusion 

about the factors affecting the yield of crops. For example, the effect of seed size on germination percentage 

has different results, some suggesting that smaller size seeds have a higher germination or emergence 

percentage (Stamp 1990). Some studies have found that the larger size seeds have a higher percentage 

(Baloch et al 2001; Cordazzo 2002). Cordazzo also, in some reports, it has been shown that seed size does 

not affect the percentage of germination (Bretagnolle et al 1995; Guillemin & Chauvel 2011). If a 

researcher wants to review all these studies, it will be difficult to come up with a conclusion that larger 

seeds are better or smaller. Because the contradictory results are obtained, and each has sufficient scientific 

credibility. On the other hand, it is rarely possible for two identical studies to reach the same results. If the 

result of this compilation is the result of a statistical analysis of a large number of different papers and 

researches, statistically, it can be said that what the results was obtained in this series of studies. In this 

way, statistical analysis is called meta-analysis. The term meta-analysis was first used by Glass (1976) at 

the American Educational Research Association. The meta-analysis objective is to obtain more information 

from existing information that is achieved by overlapping the results of smaller studies and with one or 

more statistical analyzes. Thus, results that may not be discovered in smaller studies can be obtained by 

using meta-analysis of dozens of small studies. The need to summarize various researches has already been 

taken into consideration. To this end, some researchers are reviewing articles in which specific case studies 

have been carried out and are trying to summarize the effect. However, in most of them, there is no statistical 

method for reviewing and summarizing the results of research (for example, Matthews et al 2012; Taylor 

& Salanenka 2012). Recently, a handful of researchers in agronomic science have used a meta-analysis 

method to compare the results of various researches (Wang et al 2013). However, searching on various 

internal sites such as sid, Magiran and Google showed that no research papers in agricultural fields have 

been used by this statistical method in Iran, and this method has been used only in the sciences and social 

sciences. The purpose of this study was to introduce a meta-analysis method for reviewing various 

agronomic studies and increasing appetite and knowledge in agronomic sciences. 

Due to the lack of water resources in the country, identifying appropriate management and agronomic 

approaches is essential for the use of lower quality water (salty and brackish). Many areas of the country 

that are dedicated to cotton cultivation face the problem of soil water and soil salinity in these areas, salt-

resistant products such as cotton are cultivated. Hanson et al (2006) examined the drip irrigation system 

with salt water on cotton. With the application of 314 to 473 mm of water during the growth period, seed 

yield was changed from 3.51 to 3.63 t ha-1 and its yield was 1.11 to 1.19 t ha-1. Simsek et al (2004) Due to 

the problems caused by the use of salt water and consequently land saltiness, it is necessary to use drip 

irrigation for cotton cultivation in the near future. Yazar et al (2002) reported that using traditional irrigation 

systems for cotton cultivation caused irrigation water losses, reduced water use efficiency, and increased 

salinity and drainage problems. He also believes that salt and water stress during the growing season will 

reduce the production of the boll and the fall of the bolls, which reduces yields. Yazar et al (2002) results 

showed that cotton is more sensitive to salinity in early stages of growth and flowering compared to the rest 

of the growth stages. The height of the plant was affected by salinity and the dry weight of the seeds was 
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reduced by application of saline water, so that the dry weight of the seeds in soil salinities 7.7 and 12.5 dS 

m-1, compared with 2 dS m-1 decreased by 52% and 84%, respectively. Therefore, the purpose of this

research is meta-analysis of the effects of salinity stress on growth and yield of cotton in Iran.

2. Material and Methods

In this study, the effects of salinity stress on early maturing, yield, and number of bolls and height of cotton 

in Iran were evaluated and articles related to the subject of the research were collected. After collecting 

data, it is typically determined in the scale of the effect size (Gurevitch & Hedges 1999), and for the purpose 

of comparison, the confidence intervals are determined around the averages or slopes. The full description 

of the method of statistical computations of the meta-analysis has been presented by Gurevitch & Hedges 

(1999). Further steps are briefly described. The first step in the implementation of the meta-analysis is 

calculated of the standard difference between the mean of the control treatment and the experimental 

treatments, which is called the effect of 1 (d). Thus, for each of the 46 independent experiments investigated 

in this meta-analysis, a value of d is computed (Equation 1). It should be noted that the effect size was 

calculated separately for both fertilizer levels and for each fertilizer level. 
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In which, respectively, the mean of control and fertilizer treatments, the Sp is standard deviation of the 

combined mean and J correctional points for the bias of the standard deviations of the mean values. The 

values of J and Sp are calculated from equations 2 and 3 respectively: 
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In which Sc and St respectively, the standard deviation of the mean of control and fertilizer treatment, 

dfc and dft respectively, are the degree of freedom of control and fertilizer treatment. If the values of the 

standard deviations of the meanings are not mentioned in the article, we can estimate the value of Sp based 

on the error of the test (MSE) variance in the articles presented in Equation 4: 
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Where; nc and nt are the number of replicas of control and treatment respectively. 

Undoubtedly, all the tests under investigation do not have the same precision. Therefore, it is necessary 

to calculate for each experiment proportional to its accuracy, and then the amount of the effect of each 

experiment can be adjusted to it. To do this, first, the variance of the effect size for each experiment (Vd) is 

calculated (Equation 5): 
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The contrary of this variance is weight of that test, so any test with a smaller variance will have more 

weight: Finally, a total or aggregate effect (d*) is calculated, which in fact is the standardized difference 

between control and fertilizer treatments for all under consideration experiments (Equation 6): 
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And its standard deviation (Sd*) will also be obtained from Equation 7: 
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The last step of the meta-analysis is the significance test d*, with the definiteness of Sd *, we can calculate 

the confidence interval d*. If this confidence interval is overlapping with zero, the size of the cumulative 

cohesive effect (d*) is meaningless and the control Treatment is different from other treatments, otherwise 

the difference in treatment from control is significantly greater than zero. All calculations and graphs were 

done in Excel.  

3. Results and Discussion

3.1. Summary of the results of the experiments under investigation on salinity stress 

The results of this study showed that from 1996 to 2017, 15 papers and theses were published on the effects 

of salinity stress on yield, earliness and number of bolls in cotton. Of these, 15 papers have been the subject 

of treatment. 13 papers with 2-3 dS m-1 treatment, 12 papers with 5 dS m-1 treatment, 11 papers with a 

treatment of 6-7 dS m-1, and 11 papers with a treatment of 8-9 dS m-1 (Figure 1). With increasing Intensity 

of salinity stress, the yield (Figure 2) and number of bolls (Figure 4) decreased. Seed yield was 3008 kg ha-

1 in control treatment, which was statistically significant with salinity stress of 8-9 dS m-1. Early maturing 

in control treatment was obtained 70.8 days after planting. This difference was statistically significant with 

salinity stress treatment of 8-9 dS m-1 (Figure 3). The number of bolls in the control treatment was 21.41, 

which was statistically significant with salinity stress of 8-9 dS m-1. The results showed that in all cases, 

the effect of treatments with stress was less than control. The lowest yield was obtained in treatment of 8-

9 dS m-1. The shortest processing time was obtained in treatment of 8-9 dS m-1. The results showed that in 

all cases, number of bolls per plant was lower in stress plants than control. The lowest number of bolls per 

plant was obtained at 8-9 dS m-1 treatment. 

Figure 1- Frequently distribution of treatments in       Figure 2- Seed yields of treatments in terms of 

terms of salinity stress     salinity stress 
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Figure 3- Early maturing in terms of salinity stress  Figure 4- Number of bolls in terms of salinity 

stress 

3.2. Statistical comparison between salinity stress levels 

Effect size values for each of the four traits under study were normal distribution, and the normal 

distribution of this distribution is a prerequisite for continued meta-analysis. Gurevitch & Hedges (1999) 

stated that if the distribution of the magnitude of the effect size is not normal, then the logarithm of the 

difference between the mean of the control and the experimental treatments for the implementation of meta-

analysis should be used. The size of the effect can indicate the extent of the dispersion and the difference 

between the data in different experiments. The magnitude of the effect shown in the plot of the effect size 

and accumulation graph is measured by the t test and, if it is meaningful, indicates that the difference 

between the different experiments was significant for a specific trait such as yield under a particular 

treatment, such as drought stress. On the other hand, if the standard deviation, which is shown in the plot 

of the effect size and accumulation graph and funnel graph, be higher, the probability of a significant trait 

such as yield under a treatment, such as drought stress, is reduced. In this study, in the plot of the effect size 

and accumulation, the size of the effect of the point and the standard deviation are shown respectively by 

the vertical and horizontal lines connected to the point respectively (half the standard deviation above the 

point and half the sub-point). Thevertical axis numbers in the accumulation graph represent the magnitude 

of the effect, as well as the difference between the vertical axis numbers representing the standard deviation. 

The standardized values for salinity stress effect on cotton yield were significant in all five treatments 

compared to control (P<0.001). It should be noted that the effect size for each trait is the difference between 

mean salinity of the mean of control treatment (without stress), so the positive values indicate that the 

average treatment with salinity stress is higher than the control treatment (Figure 5). 

Figure 5- Comparison of the effects of different levels of salinity stress on performance. Vertical lines the 

confidence interval is the size of the combined effect of the stress test on the test. The first comparison is 

the control against the average of treatments with salinity stress 
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The standardized values for the effect of salt stress on early maturing of cotton were significant in all 

five treatments compared to control. The results showed that in all cases, early maturing tension treatments 

were less than control (Figure 6). 

Figure 6- Comparison of the effects of different levels of salinity stress on prematurely. Vertical lines of 

the confidence interval of the size of the tuned combined effect among the trials is under investigation. The 

first comparison is the control against the average of treatments with salinity stress  

The standardized values for the effect of salinity stress on number of bolls per cotton plant were 

significant in comparison to total salinity treatments, 2-3 dS m-1, 6-7 dS m-1 and 8-9 dS m-1 with control 

(P<0.001) (Figure 7). 

Figure 7- Comparison of the effects of different levels of salinity stress on number of bolls per plant. 

Vertical lines of the confidence interval of the size of the tuned combined effect among the trials is under 

investigation. The first comparison is the control against the average of treatments with salinity stress 

3.3. Accumulation graph and funnel graph 

Studies data are located on the vertical axis of the accumulation graph. In some cases, studies are sorted 

according to the year of publication, and in some cases, based on sample size. In any case, a better sorting 

criterion is the criterion for most uniformity. Studies are divided into two groups of meaningful and non-

significant, which, if the treatments cut off the zero line, are not significant. If the treatments do not interrupt 

the zero line, this study is significant. Also, if meaningful research is done, the right side of the axis is zero, 

that is, drought stress will increase the desired trait if left side of it indicates that the trait was reduced to 

drought stress. 
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From the collected and reviewed research collections, Figure 8, has been obtained and its accumulation 

graph is related to the impact of cotton yield on the salinity stress as outlined below. Regarding the 

diagrams, among studies in which salinity stress reduced yield, one can refer to the study by Nikzadfar et 

al (2012) and Anagholi et al (2016). Among these papers, Nikzadfar et al (2012) have the highest weight 

and the lowest confidence intervals. As it is seen, the research used in this trait shows the effect of treatments 

very close to zero and with a low confidence interval. One of the high-weight researches is the paper by 

Nikzadfar et al (2012), Afrasiab et al (2015). 

In the funnel graph, Figure 9 shows that the articles are in the 95% range and have a lower and more 

inferior bias, which is considered to be a positive result of the research. As shown in Figure 9, only 1 study 

with negative effect on the effect of salinity stress on the performance was not significant and was located 

outside the funnel. 

Figure 8- Accumulation graph, effect of yield on  Figure 9- Funnel graph, effect of yield on 

salinity stress      salinity stress 

From the collected and reviewed research collections, Figure 10, has been obtained and its accumulation 

graph relates to the study of the effect of cotton aging on the salinity stress described below. Regarding the 

charts, among which studies have shown that salinity stress aging can be reduced, one can refer to the study 

by Nikzadfar et al (2012) and Anagohli et al (2016). Between these articles, the article of Naderiarefi et al 

(2016), has the highest weight and the lowest confidence interval. As you can see, the research used in this 

trait shows the effect of treatments near zero. Among the high-weight researches, Najafi Mod & Colleagues 

(2014) are mentioned. On the funnel graph, graph 11, shows that the articles are in the 95% range, with a 

lower and more inefficient amount of paper, which is considered to be a positive result of the research. As 

it is estimated from Figure11, only 2 positive-for-effect paper have no significant effect on the effect of 

salinity stress on outbreak.  

Figure 10- Accumulation graph, early maturing  Figure 11- Funnel graph, early maturing 

impact on salinity stress       impact on salinity stress 
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From the collected and reviewed research collections, Figure 12, has been obtained and its accumulation 

chart is related to the study of the impact of the number of cotton balls against the salinity stress that is 

plotted below. According to the diagrams, from studies in which salinity stress reduces the number of bolls, 

can be noted the study of Anagholi et al (2016). Among these articles, Afrasiab et al (2015) have the highest 

weight and minimum confidence intervals. As can be seen, the research used in this trait shows the effect 

of treatments near zero and with a low confidence interval. One of the high-weight researches is the Feizi’s 

research (2008).  

 

In the case of the funnel, Figure13 shows that the papers are in the range of 95%, the bias is less and its 

unbiased is more, which is considered to be a positive result of the research. As shown in Figure13, one 

negative and one positive study on the effect of salinity stress have not significant effect on number of bolls 

and have been out of the funnel. 

 

           
 

Figure 12- Accumulation graph, number of bolls         Figure 13- Funnel graph, number of bolls affected 

affected by salinity stress                                                 by salinity stress 

 

Since plant growth has a close relationship with soil salinity of the root development zone, so, under 

irrigation water salinity conditions, the plant generates more energy to absorb water and food. In this 

condition, the plant components are affected by soil water salinity and due to salt tolerance, they have a 

severe decrease compared to conventional conditions. The set of these factors will reduce the height, reduce 

the number of bolls per plant, and ultimately reduce plant yield. On the other hand, salt stress can lead to 

premature production and, consequently, reduced yield (Afrasiab et al 2015). In case of increasing salinity 

of water relative to optimal conditions, reduction of yield components such as number of bolls per plant is 

significant, which, in turn, affects performance. 

 

Product performance is affected by the amount of water salinity. So that whatever the salinity decreases, 

the yield loss is also reduced. The results from other studies show that By increasing salinity of irrigation 

water and causing osmotic pressure, plant root strength decreases to absorb the water in the root 

environment, therefore, the accumulation of solutes in the root zone causes less water and nutrient 

absorption by the plant (as compared to the proper irrigation water for salinity) In this situation, the yield 

of the plant is reduced Yang et al (2011). 

 

4. Conclusions 
 

In general, the results of this study showed that salinity stress can reduce yield of cotton by reducing the 

number of bolls and also can cause early maturing on cotton. The lowest and highest yield and number of 

bolls in cotton were observed respectively in 8-9 dS m-1 treatment and control. Also the shortest processing 

time was obtained in treatment of 8-9 dS m-1. The result of meta-analysis indicated that salinity effects were 
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significant in reducing yield number of bolls and increasing early maturing in cotton. Regarding the 

diagrams, among studies in which salinity stress reduced yield, one can refer study by Nikzadfar et al 

(2012). Among these papers, Nikzadfar et al (2012) have the highest weight and the lowest confidence 

intervals. As it is seen, the research used in trait shows the effect of treatment very close to zero and with a 

low confidence interval. One the high-weight researches are the paper by Nikzadfar et al (2012), Afrasiab 

et al (2015). Regarding the charts, among which studies have shown that salinity stress can be reduced 

aging, one can refer to the Nikzadfar et al (2012) and Naderifar et al (2016), has the highest weight and 

lowest confidence interval. As you can see, the research used in this trait shows the effect of treatments 

near zero. Among the high-weight researches, Najafi & Colleagues (2014) are mentioned. According to the 

diagrams, from studies in which salinity stress reduces the number of bolls, can be noted the study of 

Anagholi et al (2016). Among these articles, Afrasiab et al (2015) have the highest weight and minimum 

confidence intervals. As can be seen, the research used in this trait shows the effect of treatments near zero 

and with a low confidence interval. One of the high-weight researches is the Feizi’s research (2008). At 

end it is necessary to apply special programs to reduce the effect of salinity stress on cotton plant. On the 

other hand, given the growing trend of soil salinity in Iran, the sensitivity of this is more and more 

understandable. 
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