Stability analyses for root shoot traits in soybean (Glycine max L.) under different water regimes

Abstract: 
Sixty genotypes of soybean were assessed in completely randomized block design for stability analysis under four different water regimes with two replications for each regime during 2022 under net house condition. The genotypes were exposed to drought condition by imposing different levels of water after two leaf stage of seedlings. Observations were recorded for ten traits namely, root length, shoot length, root fresh weight, shoot fresh weight, root dry weight, shoot dry weight, root shoot ratio by weight, root shoot ratio by length and relative leaf water content. A significant level of deviation in expression of studies traits was observed for genotypes, environments, genotype x environment interaction, environment + (genotype x environment) interaction, environment (linear) and genotype x environment (linear) interaction. In consideration of stability of genotypes in non-stress, water stress and overall environments it was observed that for root length, genotypes GW234, GW207, GW28 and AGS25; for shoot length genotype GW225; for root fresh weight genotype GW291; for shoot fresh weight genotype GW17; for relative leaf water content genotype SQL110; for root dry weight genotype GW225; for shoot dry weight genotype RSC1107;  for root shoot ratio by length genotype SQL110; for root shoot ratio by weight genotype RSC1107 showed higher mean value as compared to grand mean, regression coefficient around unity (bi = 1) and non-significant deviation from regression (S2di).  Thus, these genotypes were found to be stable for varying environmental conditions. 	Comment by Dr. Yunusa Mustapha: Insert ‘s’	Comment by Dr. Yunusa Mustapha: Break the sentence
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Introduction
In any crop improvement program, both stability and adaptability parameters are very crucial because each genotype has an inherent pattern with responses to changes of traits in different environments (Scapim et al., 2010; Pinto et al., 2019).  In a static mean of stability, a stable genotype is the one possessing a constant performance irrespective of any changes in environmental conditions (Fasahat et al., 2015).  Performance of genotypes is evaluated on basis of selection of preferred distinct agronomic traits which are observed during experimentation. If performance of genotypes is tested in multi environments either in different locations, years or under different management conditions like water stress, salt stress, temperature or different level of N. P. K., is referred as genotype by environment interaction (Carvalho et al., 2024). Drought is a serious abiotic stress that influence various morpho-physiological characters which decrease seed productivity and quality in soybean (Sunaryo et al., 2016; Poudel et al., 2023; Issac et al., 2023). Water stress is a condition in which plants unable to get sufficient moisture, require for their optimum growth and development (Poly et al., 2018). Water deficit negatively affects plant growth and development which result in grain yield loss (Poly et al., 2018; Geordani et al., 2019; Nair et al., 2023; Mishra and Patidar, 2024). 
Because soybean is cultivated in wide range of environments, so, the breeders always try to identify and develop varieties suitable for arid and semiarid tropics through conventional and modern breeding techniques (Ngalamu et al., 2023). Selection for superior genotypes with robust root system is critical for develop high performing, climate smart crop varieties. However, most breeding programmes focus on selection of best plant on basis of above ground traits without involving the critical root traits. The root system has a very important role in absorption and mobilization of water and nutrients from soil and symbiotic association with soil microbes, which indirectly affect environmental adaptation and crop productivity (Hashem et al., 2019; Igiehon et al., 2021; Isack and Shimells 2022). Thus, the roots which absorb nutrients and water from the soil and support to plants is considered very important traits due to its role in increasing yield potential. (Bainsla et al., 2020).  Favorable root characters are indirectly selected during phenotyping for high yield and yield components. (Wasson et al., 2012). The process of selection criteria on basis of above-ground characters are more tedious due to low genetic variance among competing genotypes (Bainsla et al., 2020). Very few information is available on the root traits. Further, the GE interaction creates the problem in the selection of truly superior genotypes in breeding and performance testing programs (Jakhar et al. 2018). During development of a variety, plant breeders usually evaluate a series of genotypes across environments for check the status of their uniform performance across the environment [Ghiday, 2016]. So, the development of stable soybean genotypes in high yield and other associated traits across different environments is a vital goal of most breeding programs (Morsy et al., 2015; Ngalamu et al., 2023).  In most of the genotype evaluation trials, genotype x environment (GE) interaction is observed as a common phenomenon [Delacy et al., 2000; Ghiday, 2016].  A crop genotype is the most favorable one if it has a high seed mean yield along with a stable performance when grown across diverse environments (Ghiday, 2016). The genotypes must have the genetic potential for superior performance under ideal environmental conditions and must also produce acceptable yields under less favorable environments (Gurmu, 2009). 	Comment by Dr. Yunusa Mustapha: Use a better adjective like Since, The fact that….etc.
Soybean (Glycine max L. Merrill) is the economically important oilseed crop sown across the world (Bairagi et al., 2024; Mishra and Patidar, 2024). It is cultivated in tropical, subtropical and temperate regions. It is a very important crop of edible oil and protein for both human and animals (Morsy et al., 2015; Kumawat et al., 2023; Mishra and Patidar, 2024). Therefore, indication of genotype(s) that perform consistently across environment(s) should be emphasized [Coopar et al., 1994; Ghiday, 2016].   
	Keeping in view the above facts, the present study entitled “Stability analyses for root shoot traits in soybean (Glycine max L.) under different water regimes” have been designed with the objective of to identifying most stable genotypes for various traits under different water regimes at seedling stage.
Materials and Mmethods
Plant material:
An experiment was conducted at Net house during September-October, 2022 at Research Farm of Faculty of Agriculture Sciences, Mandsaur University, Mandsaur, Madhya Pradesh, seeds were sown on September 2, 2022 and the sampling was done once to collect data on October 3, 2022.  A set of 60 diverse soybean genotypes comprising breeding lines and released variety (Checks) were used for this investigation. Four sets of experiment having two replications in each were conducted in polybags in four different water regimes (100 ml, 50 ml, 25 ml and 0 ml) respectively. Application of water was uniform in every bag till two leaf stage of seedlings. After two leaf stage of plants, different water regimes were created till 30 days after sowing. A vertical cut was made on polybags, roots were cleaned by tape water and data were recorded for root length, shoot length, root fresh weight, shoot fresh weight, root dry weight, shoot dry weight, root shoot ratio by weight, root shoot ratio by length and relative leaf water content respectively.
Stability parameters 
In the present study the data obtained for ten characters under four environments were analyzed to estimate the stability parameters by using model proposed by Eberhart and Russell (1966). The model involves the estimation of three stability parameters like mean (X), regression coefficient (bi) and deviation from regression (S2di). Analysis was done by using SPAR 2 software (version 4.1). 
According to this model a variety is said to be stable with unit regression coefficient (bi=1.0) and the deviation from regression not significantly different from zero (S2di = 0) with high mean value.
Result and discussion
	In plant breeding, screening and interaction between genotypes and environments are two major steps for the development of crop varieties (Sabri et al., 2020). Phenotypic expression of a genotype is regulated by both genotype and environmental effects and accordingly its superiority isn judged for yield and other traits. A change in relative performance of a character of two or more accessions assessed in two or more environment is known as genotype x environment interaction (GEI). The relative ranking in expression of a character among genotypes may be due to their genetic behavior or due to effect of environment or a combination of the two together. Now, stability analysis is considered a valuable tool for developing varieties of a crop in a specific geographic region like the regions where frequent drought conditions are observed (Alizadeh et al., 2017; Yehia et al., 2024).  The stability analysis of genotypes over environments is very important to the plant breeder for identifying stable genotypes which is performing well under different environmental conditions. Many lines of different crops do not show consistency in performance when grown over environments due to the presence of genotype x environment interactions. Phenotypic expression of a genotypes depends on environmental changes and genetic effect and not same for all genotypes (Selvi et al., 2015). The investigation of genotype x environment interactions among genotypes under different conditions is important not only from genetically and evolutionary point of view but is also related to agricultural production problem in general and to plant breeding, in particular (Breese, 1969).
In the present experiment, stability parameters such as mean (), regression coefficient (bi) and deviation from regression (S2di), as suggested by Eberhart and Russell (1966) were calculated to explain and discuss the stability of different genotypes for various characters under consideration.

Pooled analysis of variance  
	The results of Pooled ANOVA of mean sum of squares for stability of different characters across the four environments are given in Table 1. The result revealed that genotypic differences pooled over environments were significant for all the nine the characters which shows that genotypes are diverse to each other for these selected traits. Similar findings were also reported by Selvi et al., (2015) for root length and, plant height. Variance due to environments was significant for most of the characters except root dry weight. Variance due to GXE was significant for all characters except forto root dry weight indicating significant difference response to changing environment of the genotypes. Similar results were also reported by Jain et al. (2014) for root length, shoot dry weight in wheat and for plant height and dry matter weight by Tiwari et al., (2016) in soybean. Highly significant environments (E) + genotype xX environment (G xX E) interactions were obtained for all the characters which shows distinct nature of environments and genotype x environment interactions in phenotypic expression. Similar results were also obtained by Sellammal and Robin (2013) in rice and for plant height and dry matter weight by Tiwari et al., (2016) in soybean.  
Partitioning was done according to Eberhart and Russell (1966) model in order to know the magnitude of linear and nonlinear components of variations which gives information on predictable and unpredictable sources of variations, respectively. The effects due to environment (linear) component was significant for most of the traits except root dry weight. Significant values of mean squares denote that the environments were random, and different and influence on the expression of the characters and this variation could have arisen due to linear response of the regression of the genotypes to the environment; while GXE (linear) interaction was significant for all the characters except root dry weight which indicating that the nature of the genotypes could be predicated over the environment more precisely and accurately since the G xX E interaction was the results of the linear function of the environmental components. Similar results were also observed by Selvi et al., (2015) for root length in rice and for plant height and dry matter weight by Tiwari et al., (2016) in soybean. The mean sum of squares due to pooled deviation was recorded non-significant for all the characters showing reliable prediction of the stability of the genotypes which are reliable. Similar observations were also reported by Selvi et al., (2015) for root length and plant height in rice and for plant height and dry matter weight by Tiwari et al., (2016) in soybean. Because the G × E interactions were registered significant for all the characters studied except root dry weight. Therefore, the data for all the nine characters were subjected to stability analysis.
Mean Performance and Stability parameters
Assessment of soybean genotypes for the genotype x environment interaction through a particular statistical tool is very important strategy in plant breeding (Carneiro et al., 2019). Stability analysis give solution in identification of most phenotypic stable and adaptable cultivars (Eeuwijk et al., 2016). However mostmaximum researchesr focused on above ground traits like yield for selection than roots traits in normal environment (Koraddi et al., 2016; Susanto et al., 2023). Very few studies have been conducted for selection of genotypes on basis of root traits under water stress conditions (Hoyos-Villegas et al., 2016; Castiana et al., 2023). Under water limited condition, there is very important role of root traits in selection of plants along with morphological, physiological and biochemical characters.    In present study, the three stability parameters viz., mean, regression coefficient (bi) and deviation from regression (S2di) were estimated for root shoot traits in sixty genotypes of soybean. The results are presented as follows:  
Root length is a major morphological trait which is directly affected with soil moisture stress in form of decline in root length (Aski et al., 2021; Mishra and Patidar, 2023). Legumes including soybean are dicots. A main tap root along with few laterals roots is the roots characteristics of legumes. Water stress negatively affect root traits like decline in root length, root weight, number of roots and surface area (Widuri et al., 2018; Mathew and Shimelis 2021). Under water limited conditions, branches of roots and its deep root length are important features of plants to overcome drought conditions (Mishra and Patidar, 2023). Mean values and stability parameters regarding root length are presented in Table 2. Out of sixty genotypes, GW152 was possessed highest root length (14.85 cm) while, GW312 was possessed the lowest root length (4.19 cm). Similar finding was also reported by Selvi et al. (2015), in rice. Mean ofover four environments was 9.99 cm. It was observed that 33 genotypes recordedwere observed higher root length as they had higher mean values than grand mean. 
It was found that four genotypes GW234, GW28, GW207 and AGS25 possessed average response (bi = 1); 29 genotypes possessed regression value less than one (bi ‹ 1) and 27 genotypes had regression values above than one (bi › 1). Out of sixty genotypes, only genotypes viz. GW382, GW108, GW17, GW87, GW286, GW223, GW251 and GW225 showed significant regression value.   
All the genotypes had deviation from regression coefficient non- significant (S2di=0) except GW159, GW99, GW143, GW21, GW161, GW17, GW45, GW188, GW185, GW251, RSC1107, NRC138 and JS9560. These resultsSo, reflected their predictable behavior. Similar non-significant deviation from regression was also observed by Selvi et al., 2015 during screening of rice genotypes for drought stress.  Out of sixty genotypes, only four genotypes GW134, GW207, GW28 and AGS25 hadhaving high mean with average regression (bi=1) and non-significant deviation from regression (S2di=0) indicatinged its suitability over wide range of environments. Similar observations were also reported by Castiano et al., (2023) in common bean (Phaseolus vulgaris L.). While ten10 genotypes with (bi ‹ 1) and ten10 genotypes with (bi › 1) along with high mean values and non-significant deviation from regression (S2di) suggestinged their suitability for poor (water stress) and favorable (normal) environments respectively.

Stability parameters pertaining to shoot length due to growing in different water regimes are presented in Table 2. The highest mean value was recorded in GW155 (71.81 cm) and lowest in AGS218 (26.02 cm) with grand mean of 47.63 cm. Regression coefficient varied from -9.88 (GW143) to 13.42.   
Out of sixty genotypes, only 26 genotypes had significant regression coefficient (bi) which showed the presence of linear component of G xX E interaction. Average response (bi = 1) showed by two genotypes GW203 and GW225; 31 genotypes showed (bi ‹ 1) and 26 genotypes had (bi › 1).  
Among 60 genotypes, 14 genotypes had significant deviation from regression coefficient whereas 46 had nonsignificant deviation from regression coefficient.
Based on mean value and stability parameters (bi and S2di), it was found that genotype GW225 expressed its superiority over environments as this showed (high, bi = 1 and non-significant S2di). Similar finding of stable genotypes across the environment was also reported by Somya et al., 2018 in maize hybrids, and Poly et al., 2018 in rice and Kshatri et al. (2021) in wheat. Whereas, 15 genotypes exhibited high mean values, low regression value from unity (bi ‹ 1) and non-significant S2di and therefore, were identified as stable   under poor or unfavorable environments (water stress conditions). On the other hand, genotypes namely GW237, GW278, GW286, GW251, NRC127, JS2034 and TGX9336E exhibited high mean values, above average response (bi › 1) and non-significant S2di. So, they were found stable under rich or normal environment. Similar results were also obtained by Tiwari et al., (2016) in soybean.       
Sixty genotypes were evaluated for root fresh weight character, of which 27 genotypes possessed more root fresh weight than grand mean 0.193 gm. Maximum fruit weight was observed for GW87 (0.350 gm) and minimum for GW234 (0.060 gm).  
Regression coefficient varied from -26.78 to 19.29.  Regression coefficient was closearound to unity (bi = 1) and was observed in one genotype, (GW291) but 30 genotypes had regression value above than unity (bi › 1) and remaining depicted (bi ‹ 1). All the genotypes depicted non-significant deviation from regression (S2di). Mean ofover four environments was 0.193. 
Among 60 genotypes, genotype namely GW291 showed high mean than population mean, regression coefficient close to unity (bi = 1) and non-significant deviation from regression (S2di), thusthereby these genotypes could be stable under different environmental conditions. The ten genotypes viz. GW63, GW159, GW312, GW152, GW382, PK472, GW28, GW87, GW207, GW286, GW251, GW291 and JS20-116 had high, bi ‹ 1 and least S2di, while 14 genotypes possessed high, bi › 1 and least S2di, indicating their suitability for water stress and rich environments respectively (Table 3).      
The average shoot fresh weight ofover four environments was 0.80 gm. Results revealed that 29 genotypes had more values than grand mean. High shoot fresh weight was recorded forshowed by JS9560 (1.56 gm) followed by GW225 (1.52 gm) and JS2034 (1.38 gm), whereas lowest fresh weight was found in GW212 (100.00 gm).
Regression coefficient varied from -4.01 to 9.86.  Regression coefficient was around unity (bi = 1) was shown by two genotypes namely GW17 and JS2069; 40 genotypes showed (bi ‹ 1) and 20 genotypes had (bi › 1). All the genotypes showed non-significant deviation from regression coefficient for this character indicatinghence showed stable behavior. 
The result of stability parameters revealed that genotype GW17 was stable over wide range of environments on account of its average response (bi = 1), non-significant and least S2di and high mean values. Similar results of high root mean yield and stability across the environment was also reported by Ebem et al. (2021) in sweet potato, while 17 genotypes, GW63, GW155, GW99, GW143, GW15, GW51, GW108,  GW10, NRC37, GW188, GW52, GW214, GW142, JS9560, JS20-116, TGX9336E and AGS25 exhibited high mean, below average response (bi ‹ 1) and non-significant and least  S2di, and therefore, were identified as stable under water stress environment. On the other hand, 12 genotypes GW132, GW17, GW13, GW28, GW178, GW87, GW207, GW286, NRC127, GW203, JS2034 and GW225 were found stable under rich environment as they had high mean, above average response (bi › 1) and non-significant deviation from regression (S2di) (Table 3).
Relative leaf water content (RWC) a physiological trait is one of the most reliable and widely used indicator for identify both sensitive and water tolerant type of genotypes in soybean (Virginia et al., 2012; Tripathi et al., 2015; Saraswat et al., 2020). Drought stress causes water loss within the plant cells and result in decline in relative leaf water content in leaves of plants. A close perusal data of Table 4 revealed that 35 genotypes had higher relative leaf water content than grand mean 63.40%. Highest mean value was shown by GW10 (87.72%) whereas lowest was represented by GW100 (31.76%).  
The regression estimates ranged from -29.30% to 35.98%. Average response (bi = 1) was revealed by one genotype, whereas 28 genotypes showed below average response (bi ‹ 1) and 31 genotypes had above average response (bi › 1). The deviation from regression values varied from -1.60 to 1268.22. Out of forty genotypes, 49 genotypes had non-significant (S2di) hence indicating their stability and remaining were unstable as they had significant (S2di). 
 Result of mean, regression value and deviation from regression value indicated that two genotypes SQL110 (bi=1.01) had high, regression response nearby to unity (bi = 1) and non-significant (S2di), hence were stable over all the environments (rich and poor environments) and 14  genotypes (GW155, GW99, GW164, GW143, GW51, GW196, GW108, NRC37, GW178, GW87, GW89, GW291, GW221, and GW253 were stable in water stress (poor) environment owing to high, less average response (bi ‹ 1) and non-significant deviation from regression (S2di = 0). While, 14 genotypes (GW371, GW159, GW134, GW132, GW10, IC073710, GW17, GW188, GW223, RSC1107, NRC127, JS9560, JS20-116, and JS2034) were suitable in normal environmental condition due to high, above average response (bi › 1) and non-significant S2di. 
All the genotypes except GW34, GW63, GW237, GW21, GW161, GW382, AGS218, PK472, GW13, GW185 and GW286 were found stable for this character as they had non-significant   deviation from regression. 
Based on mean performance, it was observed that 24 genotypes exhibited higher root dry weight than grand mean 0.024 gm. The root dry weight ranged from 0.010 gm to 0.050 gm. The highest root dry weight was depicted by GW87 and TGX9336E (0.050 gm) (Table 4).
Regression coefficient ranged from -5.22 to 17.56. Average response showed by four genotypes namely GW159, GW13, GW52 and GW225 while 41 genotypes had below average (bi ‹ 1) and 15 genotypes had above average (bi › 1).   
On basis of mean, stability parameters, only one genotype GW225 showed stable performance in both non-stress and water stress environment, 12 genotypes (GW237, GW152, GW51, GW161, GW196, AGS218, IC073710, GW17, GW178, GW45, JS2034 and SQL110) depicted high mean, regression below average (bi ‹ 1) and least, non-significant deviation from regression indicating. So, showed stable performance in poor environment while 11 genotypes had high mean, regression above average (bi › 1) and least, non-significant deviation from regression which show their. So, found suitabilitye in normal water condition. The genotype GW225 was most the most stable in performance in both normal and water stress environments and was the consistent performer. Similar stable performance of genotypes was also found by Jain et al., 2014 in wheat for variety HD2932 under normal and water stress conditions.  
All the genotypes were stable for this character as they had non-significant   deviation from regression.  
For character shoot dry weight, the mean value ofover the four environments was 0.13 gm. A close perusal data of Table 4 revealed that 29 genotypes had higher shoot dry weight than overall mean value 0.13 gm. Highest mean value was recorded for GW225 (0.27 gm) while lowest was recorded for GW382, GW45, GW291 and GW221(0.050).  
The range of regression value for this trait was from -3.41 to 8.55. The two genotypes (GW10 and RSC1107) was near to average or unity (bi = 1) for regression coefficient, while 37 genotypes was recorded for below average response (bi ‹ 1) and 21 genotypes observed for above average response (bi › 1).
All the genotypes showed non-significant deviation from regression (S2di) hence indicating their stability for this character. 
 Result of mean and stability parameters reported that one genotypes RSC1107 (bi=0.710) had high, regression response close to unity (bi = 1) and non-significant (S2di), hence were stable over normal and water stress conditions. Similar results were also observed by Jain et al., 2014 in wheat, Poly et al., 2018 in rice crop and Mossie et al., (2023) in soybean.  Fifteen lines (GW63, GW237, GW155, GW164, GW51, GW234, GW108, GW17, GW188, GW52, GW214, NRC142, JS9560, TGX9336E and AGS25 were considered stable in water stress (poor) environment as they have high, less average response (bi ‹ 1) and non-significant deviation from regression (S2di = 0). While, 13 (GW134, AMS2014, GW132, GW13, GW28, GW178, GW87, GW207, GW286, NRC127, GW203, JS2034 and GW225) were adopted to normal environmental condition as it has recorded to high, regression value greater than 1 and non-significant S2di. Similar data was also reported by Jain et al., 2014 in wheat and Tiwari et al., (2016) in soybean.
Based on mean performance, it was observed that 27 genotypes exhibited higher root shoot ratio by length than grand mean 0.23 gm. The root shoot ratio by length ranged from 0.11 gm to 0.52 gm. The highest root shoot ratio by length was depicted by GW234 (0.52) and lowest by NRC142 (0.11) as shown onand (Table 5).
Regression coefficient ranged from -5.40 to 19.43. Average response showed by three genotypes namely GW196, GW214 and SQL110 while 34 genotypes had below average (bi ‹ 1) and 24 genotypes had above average (bi › 1).   
On basis of mean, stability parameters, only one genotype SQL110 showed stable performance in both non-stress and water stress environment, 15 genotypes showed (GW159, GW99, GW164, GW21, AGS218, PK472, GW188, GW52, GW251, RSC1107, NRC138, JS9560, GW203 JS20-116 and AGS25) depicted high mean, regression below average (bi ‹ 1) and least, non-significant deviation from regression. Thus showingSo, showed stable in performance in poor environment while 12 genotypes had high mean, regression above average (bi › 1) and least, non-significant deviation from regression indicating their suitability. So, found suitable in normal water condition.  
All the genotypes were stable for this character as they had non-significant   deviation from regression.  
For root shoot ratio by weight the mean value ofover the four environments was 0.23 gm. A close perusal data of Table 5 revealed that 23 genotypes had higher root shoot ratio by weight than overall mean value 0.23 gm. Highest mean value was recorded for GW87 (0.57) while lowest was recorded for GW214 (0.040).  
The range of regression value for this trait rangeswas from -7.12 to 26.95. The one genotypes (NRC37) was near to average or unity (bi = 1) for regression coefficient, while 38 genotypes was recorded for below average response (bi ‹ 1) and 21 genotypes had observed for above average response (bi › 1).
All the genotypes showed non-significant deviation from regression (S2di) hence indicating their stability for this character. 
 Result of mean and stability parameters reported that one genotypes RSC1107 (bi=0.710) had high, regression response close to unity (bi = 1) and non-significant (S2di), hence were stable over normal and water stress conditions. Similar findings were also noted for this trait by Jain et al., 2014 in wheat.  The 10 accessions (GW152, GW161, AGS218, GW28, GW178, GW45, GW251, GW221, GW253 and SQL110) were  considered stable in water stress (poor) environment as they have high, less average response (bi ‹ 1) and non-significant deviation from regression (S2di = 0). While, 13 (GW171, GW15, GW196, GW382, PK472, GW100, IC073710, GW87, GW291, NRC138, JS20-116, TGX9336E and AGS25) were adopted to normal environmental condition as it has recorded to high , regression value greater than 1 and non-significant S2di. 

In consideration of stability of genotypes in non-stress, water stress and overall environments it was observed that for root length, genotypes GW134, GW207, GW28 and AGS25; for shoot length genotype GW225; for root fresh weight genotype GW291; for shoot fresh weight genotype GW17; for relative leaf water content genotype SQL110; for root dry weight genotype GW225; for shoot dry weight genotype RSC1107;  for root shoot ratio by length genotype SQL110; for root shoot ratio by weight genotype RSC1107 showed higher mean values as compared to grand mean, regression coefficient around unity (bi = 1) and non-significant deviation from regression (S2di).  Thus, these genotypes were found to be stable for varying environmental conditions for these traits. These genotypes show better adaptive approaches in normal and water stress condition asin compared to other genotypes for traits undertaken for investigation. 

Conclusion
Sixty genotypes of soybean used in the study. The studieds genotypes are diverse to each other for these selected traits because differences pooled over environments were significant for all the nine the characters showing that there is scope of selection for future genetic improvement among these genotypes. Researchesd mostly focused oin above ground traits asin compared to root traits in crop improvement. In future, identification and selection of genotypes on basis of root traits may provide potential gains in yield under water stress environments.  Seedlings growth parameters of genotypes are governed by quantitative genes, and these do not act independently. When these genotypes are shifted in new environment, stability in performance of these play an important role. Promising genotypes with general and specific adaptation for different traits were observed. The genotypes showing performance in normal environment and under wide range of water stress conditions are more useful. Therefore, such genotypes are significant for develop drought tolerant varieties.    In future, research should be focus on genotypes GW234, GW207, GW28, AGS25, GW225, GW291, GW17, SQL110 and RSC1107 which may be used directly or as a parents for development of varieties under normal and water stress conditions respectively because these genotypes were identified for their superior and stable root-soot traits.  In soyabean growing areas where dry spells occur, the genotypes having high root length, reduce the economic loss to the soybean growing farmers. The genotypes which are showeding superior performance in water stress condition, may be used as a donor parent for increase root traits along with selected above ground data under water stress condition.
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Table 1: Pooled analysis of variance for stability parameters of ten characters inover four environments in soybean
	Source of variation
	DF
	Root length (cm)
	Shoot length (cm)
	Root fresh weight (g)
	Shoot fresh weight (g)
	RWC %
	Root dry weight (g)
	Shoot dry weight (g)
	Root shoot ratio by length
	Root shoot ratio by weight

	GENOTYPES
	59
	15.45**
	409.70**
	0.035**
	0.375**
	830.49**
	0.00042
	0.0102**
	0.0269**
	0.071**

	ENVIRONMENTS
	3
	14.56**
	85.20**
	0.002*
	0.115**
	22.61**
	0.00031
	0.0056**
	0.0111**
	0.030**

	GENOTYPEXENVIRONMENT
	177
	5.99**
	88.38**
	0.008**
	0.082**
	217.98**
	0.00016
	0.0024**
	0.0064**
	0.022**

	POOLED ERROR
	236
	0.94
	4.12
	0.001
	0.013
	3.47
	0.00001
	0.0000
	0.0006
	0.001

	ENV+(GEN.*ENV.)
	180
	6.14**
	88.33**
	0.008**
	0.083**
	214.73**
	0.00016
	0.0025**
	0.0065**
	0.023**

	ENVRON(LINEAR)
	1
	43.66**
	255.28**
	0.007**
	0.344**
	67.30**
	0.00093
	0.0168**
	0.0334**
	0.090**

	GENXENVRON(LINEAR)
	59
	1.50
	140.73**
	0.009**
	0.052**
	142.64**
	0.00016
	0.0023**
	0.0057**
	0.027**

	POOLED DEVIATION
	120
	8.11
	61.17
	0.008
	0.096
	251.40
	0.00016
	0.0025
	0.0067
	0.020

	TOTAL
	239
	8.44
	167.66
	0.015
	0.155
	366.73
	0.00023
	0.0044
	0.0115
	0.034



** Significant at 1% (P= 0.01) level of significance
* Significant at 5% (P=0.05) level of significance




  
           Table 2: Stability parameters in respect of root length and shoot length in 60 soybean genotypes
	
	Genotypes
	Root length (cm)
	Shoot length (cm)

	
	
	Mean
	bi 
	S2di
	Mean
	bi 
	S2di

	1
	GW-34
	7.19
	1.61
	0.52
	50.85
	-4.60
	7.05

	2
	GW-371(K-21C)
	9.95
	0.25
	6.29
	51.09
	-2.63
	12.14

	3
	GW-63(K-21)
	9.66
	-0.28
	0.95
	50.49
	-6.06*
	2.06

	4
	GW-237(K-25)
	9.96
	0.43
	10.48
	58.51
	1.15
	219.45**

	5
	GW-155
	9.30
	0.20
	0.06
	71.81
	-2.97
	36.13

	6
	GW-159
	12.43
	0.29
	28.40**
	50.25
	-1.68
	50.50

	7
	GW-99
	14.25
	-1.45
	22.45**
	48.29
	-1.16
	34.71

	8
	GW-164
	8.30
	-0.25
	-0.04
	35.55
	1.88
	18.80

	9
	GW-312
	4.19
	0.12
	0.37
	30.04
	-1.04
	-0.62

	10
	GW-143
	10.46
	1.35
	21.45**
	64.62
	-9.88**
	52.87

	11
	GW-152(K-21-C)
	14.85
	1.14
	2.49
	37.10
	5.72*
	25.44

	12
	GW-15
	11.90
	2.29
	5.88
	62.35
	-8.94**
	27.15

	13
	GW-51(K-21)
	10.75
	2.19
	5.73
	42.79
	-6.77**
	75.34

	14
	GW-21
	11.35
	0.38
	21.84**
	44.48
	2.33
	11.41

	15
	GW-161
	10.48
	1.50
	23.90**
	44.62
	-4.67
	120.68**

	16
	GW-234
	9.23
	0.84
	8.38
	26.69
	10.71**
	172.93**

	17
	GW-196
	7.75
	1.62
	8.45
	45.69
	-6.79*
	190.39**

	18
	GW-382
	10.44
	3.35**
	4.10
	36.38
	-4.00
	15.82

	19
	GW-134
	10.19
	1.03
	5.00
	39.63
	3.19
	48.36

	20
	AMS-2014-1(CHECK)
	11.09
	-0.20
	7.04
	62.33
	4.42
	126.78**

	21
	AGS-218
	9.91
	1.63
	5.34
	26.02
	-5.41*
	144.51**

	22
	GW-108
	9.01
	3.26**
	1.06
	45.12
	-0.98
	-0.42

	23
	GW-132
	8.95
	0.32
	0.27
	54.76
	5.86*
	170.72**

	24
	PK-472(CHECK)
	11.12
	0.73
	2.85
	39.69
	-5.87*
	50.28

	25
	GW-100
	8.95
	0.70
	4.24
	53.01
	-2.13
	5.47

	26
	GW-10
	8.01
	-0.30
	6.15
	65.22
	13.21**
	365.31**

	27
	IC-073710
	9.09
	2.66
	5.78
	41.61
	-5.17*
	52.17

	28
	GW-17
	11.14
	3.41**
	13.08*
	69.50
	8.75**
	141.96**

	29
	GW-13
	10.21
	2.01
	1.79
	44.48
	6.35**
	90.79

	30
	GW-28
	10.06
	0.81
	5.38
	38.62
	8.38**
	189.60**

	31
	NRC-37(CHECK)
	7.51
	0.64
	7.51
	49.60
	-1.59
	6.49

	32
	GW-178
	9.29
	2.18
	9.29
	49.84
	5.21*
	52.30

	33
	GW-87
	10.06
	4.35**
	3.49
	46.59
	12.05**
	6.89

	34
	GW-45
	9.06
	-1.08
	11.13*
	43.86
	-3.97
	36.44

	35
	GW-89
	7.74
	0.39
	4.60
	44.45
	-2.54
	12.28

	36
	JS-2069
	9.73
	2.45
	9.43
	39.77
	9.16**
	113.20**

	37
	GW-207
	8.32
	0.91
	5.66
	65.85
	0.59
	-0.54

	38
	GW-188
	11.89
	-0.28
	14.84*
	51.95
	-5.89*
	143.05**

	39
	GW-185
	11.71
	0.31
	13.27*
	51.64
	-2.43
	20.24

	40
	GW-52
	10.05
	-0.65
	1.55
	45.40
	-5.06
	7.30

	41
	GW-286
	8.08
	3.12**
	0.19
	50.15
	7.49**
	40.50

	42
	GW-223
	10.64
	5.07**
	1.08
	50.38
	13.42**
	134.24**

	43
	GW-251
	12.26
	2.88*
	22.62**
	51.39
	7.83**
	57.50

	44
	GW-291
	10.01
	-0.54
	0.49
	45.55
	-1.06
	0.99

	45
	GW-221
	8.14
	1.98
	0.04
	37.48
	1.11
	24.80

	46
	RSC-1107(CHECK)_
	11.34
	1.66
	26.56**
	41.99
	0.81
	-0.94

	47
	GW-212
	9.99
	0.48
	3.52
	37.81
	9.33**
	128.59**

	48
	NRC-138
	14.30
	1.34
	38.29**
	37.43
	8.24**
	19.52

	49
	GW-214
	7.59
	0.03
	5.42
	54.66
	-2.00
	4.67

	50
	NRC-142
	6.49
	1.60
	3.58
	59.36
	-1.85
	5.99

	51
	NRC-127
	9.77
	-0.61
	4.72
	52.96
	2.92
	24.20

	52
	JS-9560
	11.95
	0.26
	10.36*
	51.49
	-2.22
	39.91

	53
	GW-203
	13.34
	-0.15
	1.90
	35.95
	0.99
	-0.06

	54
	JS-20-116
	10.19
	-1.91
	6.95
	46.21
	2.53
	66.24**

	55
	JS-2034
	9.75
	1.34
	6.65
	54.86
	4.16
	10.16

	56
	GW-253
	6.92
	1.41
	1.46
	50.96
	5.57*
	25.27

	57
	GW-225
	9.10
	2.66**
	0.16
	55.03
	1.04
	2.68

	58
	TGX-9336E
	12.59
	-1.65
	2.64
	51.69
	3.33
	46.40

	59
	SQL-110
	9.26
	-0.68
	1.11
	26.05
	5.97*
	14.34

	60
	AGS-25
	12.32
	0.87
	9.98
	45.77
	-4.32
	46.35

	
	
	
	
	
	
	
	

	
	Mean
	9.992
	
	
	47.629
	
	

	
	SE (bi)
	1.644
	
	
	4.516
	
	

	
	SE mean
	3.338
	
	
	3.792
	
	


          bi - Regression coefficient,    S2di - Deviation from regression
          *,** indicates significant at 5% and 1% respectively when tested against zero
          ≠, # indicates significant at 5% and 1% respectively when tested against unity


Table 3: Stability parameters in respect of root fresh weight and shoot fresh weight in 60 Soybean genotypes
	
	Genotypes
	Root fresh weight (g)
	Shoot fresh weight (g)

	
	
	Mean
	bi 
	S2di
	Mean
	bi 
	S2di

	1
	GW-34
	0.140
	5.50**
	0.00
	0.670
	0.14
	0.02

	2
	GW-371(K-21C)
	0.180
	-6.44**
	0.00
	0.630
	-2.67
	0.00

	3
	GW-63(K-21)
	0.200
	-0.65
	0.00
	0.960
	-0.94
	0.12

	4
	GW-237(K-25)
	0.290
	10.80**
	0.00
	0.750
	1.12
	0.05

	5
	GW-155
	0.110
	0.56
	0.00
	0.910
	-1.41
	0.08

	6
	GW-159
	0.200
	-6.05**
	0.00
	0.690
	-0.30
	0.00

	7
	GW-99
	0.230
	4.23
	0.00
	0.900
	-1.00
	0.03

	8
	GW-164
	0.080
	-1.16
	0.00
	0.710
	-0.20
	0.00

	9
	GW-312
	0.690
	-26.78**
	0.20
	0.630
	-0.26
	-0.01

	10
	GW-143
	0.180
	8.00**
	0.00
	0.860
	-4.56*
	0.04

	11
	GW-152(K-21-C)
	0.270
	-5.41
	0.00
	0.610
	2.46
	0.00

	12
	GW-15
	0.200
	15.23**
	0.01
	0.950
	-1.18
	0.08

	13
	GW-51(K-21)
	0.240
	1.56
	0.00
	0.820
	-1.75
	0.10

	14
	GW-21
	0.180
	-14.98**
	0.00
	0.650
	5.58**
	0.08

	15
	GW-161
	0.260
	16.63**
	0.00
	0.540
	-0.17
	0.09

	16
	GW-234
	0.060
	1.52
	0.00
	0.640
	-4.01
	0.23

	17
	GW-196
	0.160
	5.22*
	0.00
	0.570
	-0.47
	0.49

	18
	GW-382
	0.210
	0.57
	0.00
	0.220
	0.21
	0.00

	19
	GW-134
	0.170
	-5.42*
	0.00
	0.710
	3.40
	0.03

	20
	AMS-2014-1(CHECK)
	0.110
	-1.86
	0.00
	0.580
	5.08**
	0.11

	21
	AGS-218
	0.160
	0.04
	0.00
	0.440
	-0.72
	0.00

	22
	GW-108
	0.160
	11.97**
	0.01
	1.000
	-0.66
	0.00

	23
	GW-132
	0.140
	1.88
	0.00
	1.370
	2.12
	0.27

	24
	PK-472(CHECK)
	0.280
	-0.02
	0.00
	0.740
	1.56
	0.16

	25
	GW-100
	0.290
	8.24**
	0.00
	0.380
	-0.49
	0.08

	26
	GW-10
	0.170
	-8.12**
	0.00
	0.830
	0.85
	0.00

	27
	IC-073710
	0.200
	12.16**
	0.01
	0.530
	0.57
	0.19

	28
	GW-17
	0.340
	19.29**
	0.04
	1.260
	1.05
	0.20

	29
	GW-13
	0.230
	9.91**
	0.01
	0.950
	4.47
	0.41

	30
	GW-28
	0.280
	-2.13
	0.01
	0.940
	3.46
	0.44

	31
	NRC-37(CHECK)
	0.140
	5.19*
	0.00
	0.800
	-1.55
	0.17

	32
	GW-178
	0.260
	3.01
	0.00
	1.280
	8.98**
	0.67

	33
	GW-87
	0.350
	-9.74**
	0.01
	0.830
	8.19**
	0.03

	34
	GW-45
	0.200
	16.48**
	0.00
	0.240
	-0.10
	0.00

	35
	GW-89
	0.110
	6.27**
	0.00
	0.370
	-1.76
	0.02

	36
	JS-2069
	0.160
	-3.08
	0.00
	0.410
	1.06
	0.00

	37
	GW-207
	0.210
	-4.59*
	0.00
	1.110
	3.64
	0.00

	38
	GW-188
	0.220
	9.86**
	0.00
	1.080
	-2.56
	0.08

	39
	GW-185
	0.260
	10.69**
	0.00
	0.730
	-0.70
	0.08

	40
	GW-52
	0.140
	-4.21
	0.00
	0.850
	-3.21
	0.00

	41
	GW-286
	0.220
	-3.87
	0.00
	1.000
	4.30
	0.00

	42
	GW-223
	0.170
	4.12
	0.00
	0.720
	0.40
	0.04

	43
	GW-251
	0.230
	-16.15**
	0.00
	0.690
	2.10
	0.03

	44
	GW-291
	0.210
	0.92
	0.00
	0.690
	0.07
	0.00

	45
	GW-221
	0.110
	2.94
	0.00
	0.450
	0.19
	-0.01

	46
	RSC-1107(CHECK)_
	0.150
	-2.86
	0.00
	0.760
	0.62
	0.02

	47
	GW-212
	0.050
	6.48**
	0.00
	0.100
	0.85
	0.00

	48
	NRC-138
	0.250
	14.50**
	0.10
	0.690
	0.65
	0.01

	49
	GW-214
	0.130
	4.43
	0.00
	1.120
	-1.71
	0.03

	50
	NRC-142
	0.120
	5.03
	0.00
	1.350
	-0.78
	0.01

	51
	NRC-127
	0.150
	-2.14
	0.00
	0.910
	3.25
	0.05

	52
	JS-9560
	0.160
	-4.47
	0.00
	1.560
	-1.01
	-0.01

	53
	GW-203
	0.150
	-2.08
	0.00
	0.990
	3.07
	0.01

	54
	JS-20-116
	0.260
	-15.49**
	0.00
	0.870
	0.49
	-0.01

	55
	JS-2034
	0.150
	-5.58
	0.00
	1.380
	9.86**
	0.48

	56
	GW-253
	0.100
	2.35
	0.00
	0.680
	1.27
	-0.01

	57
	GW-225
	0.090
	1.32
	0.00
	1.520
	7.20
	0.26

	58
	TGX-9336E
	0.180
	-11.98**
	0.01
	0.840
	0.06
	0.00

	59
	SQL-110
	0.130
	-6.23
	0.00
	0.480
	6.50**
	0.07

	60
	AGS-25
	0.110
	4.61
	0.01
	0.850
	-0.62
	0.02

	
	
	
	
	
	
	
	

	
	Mean, SE (bi)
	0.193
	
	
	0.796
	
	

	
	SE mean
	0.050
	
	
	0.179
	
	

	
	
	8.237
	
	
	4.090
	
	


           bi - Regression coefficient,    S2di - Deviation from regression
           *,** indicates significant at 5% and 1% respectively when tested against zero
           ≠, # indicates significant at 5% and 1% respectively when tested against unity

Table 4: Stability parameters in respect of relative leaf water content, root dry weight and shoot dry weight in 60 Soybean 	genotypes
	
	Genotypes
	RWC %
	Root dry weight (g)
	Shoot dry weight (g)

	
	
	Mean
	bi 
	S2di
	Mean
	bi 
	Sd2
	Mean
	bi 
	S2di

	1
	GW-34
	60.42
	4.98
	576.49**
	0.020
	0.190
	0.000
	0.120
	-0.310
	0.000

	2
	GW-371(K-21C)
	81.00
	13.42**
	49.59
	0.020
	0.630
	0.000
	0.070
	-1.030
	0.000

	3
	GW-63(K-21)
	55.02
	-6.04
	1268.22**
	0.020
	-0.060
	0.000
	0.210
	-1.910**
	0.010

	4
	GW-237(K-25)
	60.40
	-1.04
	1170.29**
	0.030
	-5.220**
	0.000
	0.200
	0.400
	0.000

	5
	GW-155
	68.87
	-10.63*
	371.11
	0.020
	0.680
	0.000
	0.150
	-2.380**
	0.000

	6
	GW-159
	69.50
	19.90**
	461.37
	0.020
	0.960
	0.000
	0.110
	-0.370
	0.000

	7
	GW-99
	70.42
	-1.28
	151.81
	0.020
	-0.110
	0.000
	0.110
	-0.880
	0.000

	8
	GW-164
	81.28
	-0.51
	-1.60
	0.020
	1.840*
	0.000
	0.150
	-0.480
	0.000

	9
	GW-312
	49.51
	-13.62**
	169.87
	0.020
	-1.370*
	0.000
	0.100
	-1.070
	0.000

	10
	GW-143
	72.14
	-4.89
	72.22
	0.020
	-0.960
	0.000
	0.110
	-3.100**
	0.000

	11
	GW-152(K-21-C)
	53.16
	3.88
	200.82
	0.030
	0.390
	0.000
	0.080
	1.690**
	0.000

	12
	GW-15
	54.23
	-30.66**
	98.57
	0.030
	2.580**
	0.000
	0.110
	-1.430**
	0.000

	13
	GW-51(K-21)
	77.80
	-9.01
	10.40
	0.030
	-1.600
	0.000
	0.140
	-2.120**
	0.000

	14
	GW-21
	56.04
	25.97**
	661.67**
	0.020
	1.220
	0.000
	0.120
	5.160**
	0.000

	15
	GW-161
	65.42
	35.98**
	773.66**
	0.030
	-2.950**
	0.000
	0.060
	-0.530
	0.000

	16
	GW-234
	35.00
	1.29
	289.54
	0.020
	-0.060
	0.000
	0.160
	-3.410**
	0.020

	17
	GW-196
	78.05
	-0.48
	97.24
	0.030
	0.660
	0.000
	0.120
	4.260**
	0.000

	18
	GW-382
	70.76
	3.64
	607.62**
	0.020
	0.710
	0.000
	0.050
	-0.060
	0.000

	19
	GW-134
	63.51
	3.28
	135.28
	0.020
	0.250
	0.000
	0.140
	3.460**
	0.000

	20
	AMS-2014-1(CHECK)
	58.86
	4.24
	52.11
	0.010
	0.560
	0.000
	0.130
	5.870**
	0.000

	21
	AGS-218
	56.57
	0.11
	601.08**
	0.030
	-0.210
	0.000
	0.070
	-0.940
	0.000

	22
	GW-108
	79.51
	-7.91
	159.00
	0.020
	0.790
	0.000
	0.190
	-0.570
	0.000

	23
	GW-132
	86.48
	6.72
	44.38
	0.020
	-0.950
	0.000
	0.180
	2.160**
	0.000

	24
	PK-472(CHECK)
	49.35
	-29.30**
	665.83**
	0.030
	6.660**
	0.000
	0.110
	0.200
	0.000

	25
	GW-100
	31.76
	-3.50
	22.65
	0.020
	-0.550
	0.000
	0.060
	-0.720
	0.000

	26
	GW-10
	87.72
	2.96
	36.47
	0.020
	1.780*
	0.000
	0.120
	0.780
	0.000

	27
	IC-073710
	71.99
	6.71
	154.89
	0.030
	-0.890
	0.000
	0.110
	-1.120
	0.000

	28
	GW-17
	72.88
	9.58
	240.82
	0.030
	0.380
	0.000
	0.220
	0.500
	0.010

	29
	GW-13
	77.05
	8.17
	506.01**
	0.010
	1.020
	0.000
	0.190
	5.690**
	0.010

	30
	GW-28
	38.61
	-9.14
	270.37
	0.030
	2.720**
	0.000
	0.150
	3.840**
	0.010

	31
	NRC-37(CHECK)
	81.49
	-2.80
	38.15
	0.020
	-0.450
	0.000
	0.120
	-1.710
	0.000

	32
	GW-178
	79.43
	0.42
	13.08
	0.040
	0.310
	0.000
	0.200
	7.990**
	0.010

	33
	GW-87
	70.35
	-13.82**
	19.62
	0.050
	4.370**
	0.000
	0.130
	5.890**
	0.000

	34
	GW-45
	49.83
	-8.71
	66.81
	0.030
	-4.470**
	0.000
	0.050
	-0.140
	0.000

	35
	GW-89
	67.59
	-6.64
	190.74
	0.010
	-1.030
	0.000
	0.110
	3.850**
	0.000

	36
	JS-2069
	53.31
	-2.33
	229.36
	0.020
	0.650
	0.000
	0.080
	1.390
	0.000

	37
	GW-207
	50.78
	5.62
	13.22
	0.010
	0.740
	0.000
	0.160
	3.300**
	0.000

	38
	GW-188
	68.54
	5.90
	291.63
	0.020
	-1.010
	0.000
	0.200
	-2.820**
	0.000

	39
	GW-185
	76.35
	3.03
	565.15**
	0.010
	-0.910
	0.000
	0.100
	-1.010
	0.000

	40
	GW-52
	58.22
	4.27
	104.10
	0.020
	1.090
	0.000
	0.130
	-2.330**
	0.000

	41
	GW-286
	67.36
	12.19**
	424.35*
	0.040
	17.560**
	0.000
	0.180
	3.760**
	0.000

	42
	GW-223
	75.92
	13.72**
	393.33
	0.020
	0.360
	0.000
	0.110
	0.670
	0.000

	43
	GW-251
	58.98
	10.70*
	307.73
	0.040
	4.530**
	0.000
	0.080
	1.320*
	0.000

	44
	GW-291
	80.96
	-5.35
	95.29
	0.010
	0.010
	0.000
	0.050
	-0.080
	0.000

	45
	GW-221
	64.80
	-16.56**
	79.16
	0.020
	4.110**
	0.000
	0.050
	0.120
	0.000

	46
	RSC-1107(CHECK)_
	63.60
	8.29
	78.56
	0.010
	0.590
	0.000
	0.130
	0.710
	0.000

	47
	GW-212
	44.42
	9.23
	255.79
	0.010
	0.810
	0.000
	0.060
	2.910**
	0.000

	48
	NRC-138
	31.36
	2.24
	172.50
	0.040
	3.430**
	0.000
	0.110
	0.410
	0.000

	49
	GW-214
	48.11
	-11.93*
	157.00
	0.010
	-0.080
	0.000
	0.180
	-1.630**
	0.000

	50
	NRC-142
	58.45
	-12.30**
	192.96
	0.010
	0.070
	0.000
	0.130
	-0.470
	0.000

	51
	NRC-127
	76.59
	15.88**
	196.15
	0.010
	0.440
	0.000
	0.140
	2.480**
	0.000

	52
	JS-9560
	79.19
	3.04
	80.21
	0.020
	0.510
	0.000
	0.230
	-0.700
	0.000

	53
	GW-203
	52.27
	8.12
	162.44
	0.020
	0.160
	0.000
	0.140
	2.110**
	0.000

	54
	JS-20-116
	64.70
	9.26
	39.04
	0.040
	3.910
	0.000
	0.090
	-0.070
	0.000

	55
	JS-2034
	77.93
	8.41
	283.27
	0.040
	0.480
	0.000
	0.220
	8.550**
	0.010

	56
	GW-253
	65.46
	-4.33
	196.77
	0.030
	1.990
	0.000
	0.070
	0.530
	0.000

	57
	GW-225
	42.05
	9.73
	185.22
	0.030
	0.080
	0.000
	0.270
	6.470**
	0.010

	58
	TGX-9336E
	47.67
	-1.75
	98.92
	0.050
	11.140**
	0.000
	0.140
	0.090
	0.000

	59
	SQL-110
	80.06
	1.01
	50.40
	0.040
	-0.340
	0.000
	0.120
	7.720**
	0.000

	60
	AGS-25
	35.24
	-7.08
	81.11
	0.040
	1.890
	0.000
	0.160
	-0.910
	0.000

	
	
	
	
	
	
	
	
	
	
	

	
	Mean, SE (bi)
	63.405
	
	
	0.024
	
	
	0.130
	
	

	
	SE mean
	9.154
	
	
	0.007
	
	
	0.029
	
	

	
	
	14.970
	
	
	3.234
	
	
	2.960
	
	


    bi - Regression coefficient,    S2di - Deviation from regression
    *,** indicates significant at 5% and 1% respectively when tested against zero
    ≠, # indicates significant at 5% and 1% respectively when tested against unity


Table 5: Stability parameters in respect of root shoot ratio by length and root shoot by weight in 60 Soybean genotypes
	
	Genotypes
	Root shoot ratio by length
	Root shoot ratio by weight

	
	
	Mean
	bi 
	S2di
	Mean
	bi 
	S2di

	1
	GW-34
	0.140
	0.300
	0.000
	0.170
	0.130
	0.000

	2
	GW-371(K-21C)
	0.190
	0.830
	0.000
	0.290
	1.370*
	0.000

	3
	GW-63(K-21)
	0.200
	-0.850
	0.000
	0.090
	-0.060
	0.000

	4
	GW-237(K-25)
	0.170
	0.150
	0.000
	0.120
	-1.840*
	0.000

	5
	GW-155
	0.130
	-0.120
	0.000
	0.160
	1.760*
	0.000

	6
	GW-159
	0.260
	-3.500**
	0.020
	0.210
	1.690
	0.010

	7
	GW-99
	0.290
	-0.110
	0.010
	0.180
	2.570
	0.000

	8
	GW-164
	0.230
	0.390
	0.000
	0.130
	2.370
	0.000

	9
	GW-312
	0.140
	0.620
	0.000
	0.180
	-0.490
	0.000

	10
	GW-143
	0.160
	1.910*
	0.000
	0.160
	-0.790
	0.000

	11
	GW-152(K-21-C)
	0.410
	1.820*
	0.000
	0.460
	0.200
	0.010

	12
	GW-15
	0.190
	1.570*
	0.000
	0.290
	1.550*
	0.030

	13
	GW-51(K-21)
	0.260
	1.760*
	0.000
	0.200
	0.090
	0.000

	14
	GW-21
	0.250
	-1.800*
	0.000
	0.210
	2.470**
	0.010

	15
	GW-161
	0.230
	1.420*
	0.000
	0.400
	-4.490**
	0.010

	16
	GW-234
	0.520
	19.430**
	0.130
	0.210
	-4.780**
	0.000

	17
	GW-196
	0.170
	1.080**
	0.000
	0.330
	4.360**
	0.020

	18
	GW-382
	0.290
	2.320**
	0.000
	0.310
	1.190
	0.000

	19
	GW-134
	0.260
	1.860**
	0.000
	0.160
	-0.280
	0.000

	20
	AMS-2014-1(CHECK)
	0.180
	-0.060
	0.000
	0.140
	-1.260*
	0.000

	21
	AGS-218
	0.470
	-5.400**
	0.140
	0.430
	-0.800
	0.010

	22
	GW-108
	0.200
	2.460**
	0.000
	0.090
	0.090
	0.000

	23
	GW-132
	0.170
	1.720**
	0.000
	0.120
	-1.210*
	0.000

	24
	PK-472(CHECK)
	0.290
	0.040
	0.000
	0.340
	7.510**
	0.050

	25
	GW-100
	0.170
	1.220
	0.000
	0.450
	3.420**
	0.030

	26
	GW-10
	0.130
	0.780
	0.000
	0.160
	1.770*
	0.000

	27
	IC-073710
	0.220
	1.470*
	0.000
	0.270
	1.620*
	0.000

	28
	GW-17
	0.160
	1.400
	0.000
	0.160
	1.840*
	0.000

	29
	GW-13
	0.250
	5.350**
	0.010
	0.100
	-0.370
	0.010

	30
	GW-28
	0.290
	7.380**
	0.000
	0.270
	0.420
	0.120

	31
	NRC-37(CHECK)
	0.150
	1.750
	0.000
	0.160
	1.090
	0.000

	32
	GW-178
	0.180
	0.470
	0.000
	0.290
	-0.880
	0.050

	33
	GW-87
	0.220
	2.120*
	0.000
	0.570
	26.950**
	0.210

	34
	GW-45
	0.200
	0.460
	0.000
	0.550
	-7.120**
	0.100

	35
	GW-89
	0.170
	0.970
	0.000
	0.100
	0.240
	0.000

	36
	JS-2069
	0.250
	2.160*
	0.000
	0.190
	2.230**
	0.000

	37
	GW-207
	0.130
	-0.610
	0.000
	0.080
	0.460
	0.000

	38
	GW-188
	0.230
	-0.510
	0.000
	0.090
	0.060
	0.000

	39
	GW-185
	0.220
	0.930
	0.000
	0.110
	-0.740
	0.000

	40
	GW-52
	0.230
	-0.860
	0.000
	0.190
	0.620
	0.000

	41
	GW-286
	0.160
	0.250
	0.000
	0.200
	-1.230
	0.090

	42
	GW-223
	0.230
	5.660**
	0.000
	0.170
	-0.140
	0.010

	43
	GW-251
	0.230
	-0.100
	0.000
	0.460
	-0.450
	0.010

	44
	GW-291
	0.220
	0.110
	0.000
	0.240
	1.230*
	0.040

	45
	GW-221
	0.220
	0.760
	0.000
	0.390
	-1.490**
	0.090

	46
	RSC-1107(CHECK)_
	0.270
	-2.660**
	0.010
	0.110
	0.220
	0.000

	47
	GW-212
	0.290
	4.720**
	0.000
	0.210
	-0.030
	0.010

	48
	NRC-138
	0.380
	-2.800**
	0.000
	0.350
	2.620**
	0.010

	49
	GW-214
	0.140
	1.080
	0.000
	0.040
	0.090
	0.000

	50
	NRC-142
	0.110
	1.620*
	0.000
	0.060
	-0.190
	0.000

	51
	NRC-127
	0.180
	-0.950
	0.000
	0.090
	-0.270
	0.000

	52
	JS-9560
	0.240
	-2.550**
	0.010
	0.100
	0.180
	0.000

	53
	GW-203
	0.370
	-1.810*
	0.000
	0.130
	-0.380
	0.000

	54
	JS-20-116
	0.230
	-2.530**
	0.010
	0.480
	5.670**
	0.040

	55
	JS-2034
	0.180
	-0.140
	0.000
	0.180
	-0.700
	0.010

	56
	GW-253
	0.140
	0.910
	0.000
	0.370
	0.480
	0.000

	57
	GW-225
	0.170
	1.820*
	0.000
	0.130
	-1.920
	0.000

	58
	TGX-9336E
	0.250
	2.310**
	0.000
	0.360
	9.610**
	0.040

	59
	SQL-110
	0.370
	1.070
	0.010
	0.470
	-0.160
	0.090

	60
	AGS-25
	0.270
	0.910
	0.000
	0.230
	3.910**
	0.010

	
	
	
	
	
	
	
	

	
	Mean, SE (bi)
	0.227
	
	
	0.231
	
	

	
	SE mean
	0.047
	
	
	0.081
	
	

	
	
	3.458
	
	
	3.623
	
	


           bi - Regression coefficient,    S2di - Deviation from regression
           *,** indicates significant at 5% and 1% respectively when tested against zero
           ≠, # indicates significant at 5% and 1% respectively when tested against unity



