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Abstract

:

Crop yield is the ultimate manifestation of all physiological changes of crops and external environmental influence. A controlled study was conducted to investigate the effects of exogenous gibberellin on the morphological and physiological characteristics and yield formation of sesbania pea grown in saline soils. Seeds were presoaked with four levels of Gibberellin (GA3) solutions (0, 202.1, 404.2 and 606.3 µM) for 6 h, and then manually direct-sown with a seeding rate of 45 kg ha−1. The morphological parameters (plant height, root length, dry weight), photosynthesis (chlorophyll a and b content), the activities of antioxidant enzymes (superoxide dismutase (SOD); peroxidase (POD); catalase (CAT)), the contents of soluble protein and NSC (non-structural carbohydrates), and seed yield increased with the application of exogenous gibberellin, especially at the level of 404.2 µM GA3. But GA3 had no significant effects on 1000-seed weight. Our study suggested that the appropriate application of exogenous gibberellin could improve the yield of sesbania pea grown in saline soils by increasing photosynthesis and antioxidative defense.
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1. Introduction


Sesbania pea (Sesbania cannabina (Retz.) Poir.) is an annual herb shrub that is widely gorwn in Asian, African and Australian tropical regions [1,2]. It is tolerant to various stress conditions, such as waterlogging, high salinity, drought, etc. [3]. It also seems to have potential for plantation in constructed wetland systems to clean high strength wastewater [4]. Wild sesbania pea plants have been found to proliferate in seashore wetlands and on high-saline farmlands along the Yellow Sea coast in China. Therefore, it has been introduced to the Yellow River Delta as a pioneer plant to improve the saline–alkaline soils [1].



In the soils along the coastal lines, salinity is a major threat to plant growth and productivity. Excepting natural reasons, such as pollution from parent rocks and marine salts and salt water on the coasts, incorrect cultivation practices (poor irrigation system, irrigation with saline water, overuse of fertilizer, etc.) have increased salt concentrations in the rhizosphere [5]. Salinity stress delays the onset, reduces the rate and increases the dispersion of seed germination, resulting in reductions in plant growth and crop yield [6,7].



Pre-priming with exogenous plant growth regulators is one strategy and, under some stress conditions, such as temperature, salinity and drought, might lead to enhanced germination and emergence [8]. Gibberellin, a plant growth regulator, can promote stem elongation [9], enhance dry matter accumulation [10] and increase crop yield [11,12]. Shahzad et al. reported that GA3 application enhanced maize growth, decreased oxidative stress, and increased the activities of antioxidant enzymes and antioxidant gene expression under salinity stress [13]. However, the stimulating effect of GA3 is not universal and this effect varies with germination conditions and plant species [14]. At present, most of the studies on GA3 alleviating salt stress in plants focus on the germination and seedling stage, with little information available for all growth stages, especially under field conditions.



We hypothesized that GA3 could improve the photosynthesis and antioxidative defense of sesbania pea grown in saline soil to enhance yield. For this, we determined the changes in agronomic characteristics, photosynthetic pigments, antioxidant enzyme activities, and osmotic regulation substances of sesbania pea at different growth stages grown in saline soils, as well as yield formation, to clarify the response characteristics of sesbania pea to exogenous GA3 under salt stress. This study is valuable as it provides a theoretical basis for improving the growth and yield of sesbania peas grown in saline soils and making full use of saline soils.




2. Materials and Methods


2.1. Site Description and Treatments


A field experiment was conducted from April to October 2017 at the Coastal Forest Farm of Dafeng, Dafeng town (33°20′ N, 120°47′ E), Yancheng City, Jiangsu Province, China. Before seeding, composite soil samples were collected at the site in the surface layer (0–20 cm) to measure chemical and physical properties. Soil total N was measured with the Kjeldahl method [15]. Soil Olsen-P was determined following the method of Page et al. [16]. Soil-available K was measured according to McLean and Watson [17]. Soil organic matter was based on the method of Tiessen and Moir [18]. Soil pH was determined following the method of Hendershot et al. [19]. Salt content of soil was measured according to Lu [20]. Soil properties are presented in Table 1.



A field study was arranged in a randomized complete block with three replicates for each treatment. The experimental factor was the concentration of gibberellin (GA3) used for seed presoaking. It had four levels: 0, 202.1, 404.2, and 606.3 µM. There were 12 plots in total and each plot’s size was 1.2 × 8.5 m. Sesbania pea seeds, a widely used local variety, was provided by the Coastal Forest Farm of Dafeng. The 1000-grain weight was 14.10 g. The seeds were kept in a seed cabinet at 4 °C for less than 12 months. Before sowing, seeds were presoaked in three different levels of GA3 solution (GA3 solution completely covered the seeds) as well as in distilled water (control) for 6 h. GA3 was first dissolved with 95% ethanol and then diluted with distilled water to the specified concentrations. After presoaked, seeds were manually direct-sown at the seeding rate of 45 kg ha−1 on 26 April 2017. A total of 77 days after planting (DAP), 380 kg N ha−1 as urea and 120 kg P2O5 ha−1 as calcium superphosphate were applied for all the treatments. Other field management practices, such as pest and disease control and weeding, were properly adopted throughout the growing season to ensure good crop growth.




2.2. Observations and Measurements


2.2.1. Growth Characteristics


At 47, 77, 107 and 138 days after planting (DAP), five plants from each plot were randomly selected and carefully dug from the soil to determine growth characteristics. Plant height was measured as the length from the node of cotyledons to the top of the plants. Roots were cut from the shoot and washed to determine weight and length. All the plant samples were divided into three parts, including leaves, stems, and roots. The samples were then dried at 105 °C for 30 min, and subsequently at 80 °C to a constant weight for dry weight (DW) determination.




2.2.2. Physiological Characteristics


At 77, 107 and 138 DAP, chlorophyll a and b contents were determined using two fully mature leaves without any discoloration. Leaf disks of 0.1 g were sampled and soaked in 80% aqueous acetone (v/v) for chlorophyll extraction. The absorbance readings were measured at 645, 652, and 663 nm using a spectrophotometer [21].



At 77, 107, and 138 DAP, for each plot, about 10 g of fully expanded penultimate leaves from the top were sampled. Leaf samples were immersed in liquid nitrogen for 15 min and stored in a low-temperature freezer (−80 °C) to determine soluble protein as described by Bradford [22], superoxide dismutase (SOD) as described by Beauchamp and Fridovich [23], catalase (CAT) as described by Bergmeyer [24], and peroxidase (POD) as described by Upadhyaya et al. [25].



After weighing the leaf DW, stem DW and root DW, the dried samples were ground to determine non-structural carbohydrates (NSC) using a spectrophotometer. The content of soluble sugar was determined following the method of Zou [26] and the starch content was measured according to He [27]. NSC (mg g−1) was calculated as the sum of soluble sugar (mg g−1) and starch (mg g−1).




2.2.3. Seed Yield and Yield Components


At maturity, all the seeds on the plants were manually harvested. Ten random plant samples were selected from each plot. All the plant samples were dried at 105 °C for 30 min and at 80 °C to constant weight. On ten randomly selected plants, pod numbers per plant, seed numbers per pod and 1000-seed weight were measured. One square meter area was randomly selected to measure seed yield.





2.3. Statistical Analysis


The experiment was designed as a randomized complete block with three replications. The average values for each treatment were calculated. Analysis of variance (ANOVA) was performed on the data of each variable using the statistical SPSS 22.0 package for windows. When the F-values were significant, the means were separated by Duncan’s test (p ≤ 0.05). Pearson correlation coefficients were used to compare the correlations of measured parameters.





3. Results


This experiment was performed during the vegetative (47 to 107 DAP) and reproductive (138 DAP) growth stages of sesbania pea. The vegetative stage was characterized by a rapid increase in plant height, root length, leaf DW, stem DW, and root DW (with an increase of 95.1–119.9%, 58.7–82.4%, 186.6–354.1%, 514.8–673.6%, and 214.5–407.8% at 107 DAP as compared with 77 DAP) (Figure 1 and Table 2). The reproductive stage was characterized by a slower increase in plant growth (with an increase of 10.3–15.3% in plant height, 5.0–9.6% in root length, 37.7–61.9% stem DW, and 4.8–21.4% in root DW at 138 DAP as compared with 107 DAP) and a decrease in leaf DW (25.9–37.7% at 138 DAP as compared with 107 DAP) due to leaf senescence. Furthermore, some physiological and biochemical changes were observed during the growing season, with reductions in leaf soluble protein content, SOD and POD activities (51.8–67.1% in leaf soluble protein, 3.8–20.2% in SOD, and 62.0–69.0% in POD at 138 DAP as compared with 77 DAP). Leaf chlorophyll a and b, plant NSC content and leaf CAT activity reached their levels at 107 DAP (the end of vegetative growth), showing increases of 98.4–104.9%, 33.0–50.9%, 26.9–35.0%, and 25.2–36.3%, respectively, as compared with 77 DAP (Figure 2, Table 3 and Table 4).



Gibberellin treatment had a significant effect on all the traits listed in Figure 1 and Table 2. These traits generally reached their optimum at the 404.2 µM GA3 level (increased plant height, root length, leaf DW, stem DW, and root DW by 14.7%, 39.7%, 23.1%, 31.3%, and 30.3%, respectively at 107 DAP, as compared with the non-GA3 treatment). Except for 47 DAP, 202.1 and 606.3 µM GA3 had no significant effects on root length at other three sampling dates. GA3 at 202.1 µM also produced the best effect on plant height at all the sampling dates, leaf DW at the third and fourth sampling dates (107 and 138 DAP), and stem DW at the fourth sampling date (138 DAP).



There were positive effects of gibberellin on all the physiological and biochemical traits (Figure 2, Table 3 and Table 4). The treatment of seeds with 404.2 µM GA3 showed the largest increase in these traits, followed by 606.3 and 202.1 µM GA3 treatments. At most sampling dates, chlorophyll a and b content, leaf soluble protein, SOD and POD activities at 606.3 µM GA3 level were lower than these at 404.2 µM GA3 level, but the differences were not significant. At 107 DAP, 404.2 µM GA3 level increased the contents of chlorophyll a and b, leaf soluble protein, and NSC by 8.7%, 22.9%, 36.4%, and 56.6%, and the activity of SOD, CAT, and POD by 24.6%, 22.3%, and 41.5%.



Seed yield, pod number per plant and seed number per pod were significantly affected by GA3. However, there was no significant effect on 1000-seed weight (Figure 3). These traits reached their highest levels at the 404.2 µM GA3 level, which remarkably increased seed yield by 57.6%, pod number per plant by 40.4%, and seed number per pod by 59.1%, compared with the non-GA3 treatment. The second-best results were obtained with the treatment of 606.3 µM GA3, as the corresponding values were significantly enhanced by 26.7%, 22.1%, and 27.3%, respectively. Although GA3 at 202.1 µM level improved these three traits compared with non-GA3 treatment, the increases were not statistically significant.



The Pearson correlation analysis in Table 5 showed that seed yield was significantly and positively correlated with the root length, soluble protein, NSC, SOD, CAT and POD activities of sesbania pea. Among these, the correlation between seed yield and root length was the strongest, with a correlation coefficient reaching 0.759. This was followed by CAT activity and NSC content. The correlation coefficient was the smallest (0.346) between seed yield and height. Similarly, DW also had positive correlations with root length, soluble protein, NSC, SOD, CAT and POD activities. The largest correlation coefficient (0.806) was found to be between DW and NSC, while the smallest (0.544) was obtained between DW and height.




4. Discussions


Many studies have shown that the gibberellin could promote plant growth under saline conditions [28,29,30]. In the present study, we found that seed presoaking of GA3 at different concentrations had diverse effects on the growth, physiological and biochemical parameters, and yield of sesbania pea plants grown in saline soils. This study is beneficial to the growth and productivity of sesbania pea in coastal areas, where salinity poses a threat to the growth and production of conventional field crops.



In our study, the morphological traits of sesbania pea plants were positively affected by gibberellin. The aerial and root biomass generally increased when the seeds were treated with 404.2 µM GA3. The effects on plant height were significant when the seeds were treated with GA3 of as low as 202.1 µM. Similar results were also observed in plant dry weight, indicating that stem was more sensitive to gibberellin than root. Jiao et al. obtained similar results, reporting that plant height was the highest with the 250 µM GA3 treatment under 50 mM NaCl treatment [31]. Jamil and Rha also reported that, in terms of root length, priming seeds with 100 mg L−1 GA3 (equivalent to 288.7 µM) mitigated the adverse effects of salt stress on sugar beet [32]. The differences between these studies might be because gibberellin must reach a certain concentration to affect roots and the 202.1 µM GA3 level is too low, with little effect on roots.



Chlorophyll is the main pigment for plant photosynthesis. GA3 plays a vital role in improving chlorophyll synthesis and plant growth, especially under stress conditions [33]. Our results showed that the chlorophyll content of gibberellin-treated sesbania pea plants was higher than the control. Similar results were found by Erbil, who reported that GA3 application caused a significant increase in chlorophyll content in salt-stressed groundnut plants (Arachis hypogaea L.) [34]. The increase in chlorophyll content might be because the application of exogenous gibberellin reduced the enzyme activities involved in chlorophyll catabolism and alleviated the oxidative chlorophyll bleaching, thereby inhibiting chlorophyll catabolism [35].



Salt stress usually induces the production of reactive oxygen species (ROS) in plants, which can result in damage to the cell membrane and the accumulation of membrane lipid peroxide. The antioxidant enzyme system plays an important role in the physiological processes of scavenging reactive oxygen species. This system contains many enzymatic and non-enzymatic antioxidants, such as SOD, POD, and CAT [36]. Our results showed that gibberellin increased the activities of SOD, POD and CAT, suggesting that suitable gibberellin treatment improved the protective enzyme activities of sesbania pea under salt stress, and consequently eliminated the excess active oxygen produced by plants and mitigated or resisted the damage to some degree, finally ensuring the normal growth of plants. Khalid and Aftab reported that GA3 successfully alleviated the harmful effects of salt stress on all the studied growth parameters, including SOD and POD activities [37]. These results are also consistent with the results of Li et al., who reported that GA3 treatment reduced the excessive accumulation of ROS and the mitigating effects were strongly related to the increased activities of antioxidant enzymes, including CAT, SOD, guaiacol peroxidase (GPX) and ascorbate peroxidase (APX) [38]. In our study, SOD and POD activities continuously decreased and CAT also decreased after 107 DAP, suggesting that a long period of adverse stress also caused damage to sesbania pea.



Soluble proteins are important osmotic regulators and nutrients. Their accumulation can increase the water-holding capacity of cells and protect the living substances and biofilms of cells. Our study showed that the gibberellin-treated seed had a higher soluble protein content. Similar results were obtained by Khalid and Aftab, who found that GA3 application increased soluble protein content that was reduced by salt stress [37]. However, our results differ from the study by Yuan, who reported that gibberellin treatment decreased the soluble protein of Prunus persica ‘Terutemomo’ [39]. This difference might be caused by the variations in growth conditions, gibberellin levels, and plant species.



NSCs are the quantization of the differences between plant carbon allocation and carbon consumption, and can reflect the level of photosynthetic product utilization and the plants’ response to their living environment [40]. Our study showed that gibberellin increased the NSC content of sesbania pea plants. Similar results were obtained by Dong et al. in rice [41]. NSCs mainly include soluble sugars and starches. The increase in NSCs might be due to the fact that gibberellin enhanced plant photosynthesis, resulting in increased starch content and, ultimately, increased NSC. In this study, NSC showed a sharp drop after 107 DAP. This drop may be partly due to starch hydrolyzation, which provides the energy needed for grain formation during reproductive growth.



Dry matter weight (leaf and stem), an important index reflecting the photosynthetic capacity of plant leaves, is the material basis of crop yield formation. In this study, gibberellin increased the dry weight of sesbania pea. There may be two reasons for this. On the one hand, gibberellin promoted cell division and cell elongation, which promoted the accumulation of substances. On the other hand, gibberellin enhanced photosynthesis and accumulated more photosynthetic products. Our findings agree with those of Emongor, who reported that the exogenous application of gibberellin increased the plant dry matter accumulation of cowpea [42].



Crop yield is the ultimate manifestation of all the physiological parameters of crops and external environmental conditions. Some studies have shown that gibberellin can increase net photosynthetic rate, number of grains per panicle, seed-setting percentage, and 1000-grain weight of rice plants, as well as effectively delay senescence in the later period and obtain a higher seed yield [43]. Our results showed that the seed yield of sesbania treated with gibberellin was higher than that of the control. In the present study, the main reason for higher yield was that gibberellin application increased the number of pods per plant and the number of seeds per pod. The increase in these two yield components may result from enhanced photosynthesis and higher dry biomass accumulation, which provides a material basis for reproductive growth and yield formation. In addition, the application of gibberellin may also produce a higher emergence rate, resulting in a larger plant population.



The Pearson correlation analysis revealed that seed yield, DW and plant height had strong positive correlations with root length. This was due to the fact that the survival and growth of plant might be attributed to elongation and expansion of root. Root architecture, size, and proliferation may determine a plant’s ability to survive under stress conditions [44]. The activities of all the antioxidant enzymes measured in this study significantly correlated with seed yield. Furthermore, the correlation coefficient between NSC and seed yield was the largest. Seed yield is an adaptive character of plants under stress conditions. These results further demonstrated that GA3 increased the yield of sesbania pea grown under saline soils by promoting photosynthesis and antioxidant capacity.



Moreover, sesbania pea is a symbiotic nodulating plant. It mainly obtains N from biological nitrogen fixation to synthesize protein. We supposed that the increase in seed yield also might be due to the positive effects of GA3 on nodules of sesbania pea. Ferguson et al. reported that the exogenous application of GA3 leads to altered nodulation phenotypes in pea plants, with low concentrations promoting nodulation and high concentrations inhibiting this [45]. Similar results were observed by Chu et al. [46]. However, further studies need to be conducted to prove this hypothesis.




5. Conclusions


Seed priming with gibberellin has positive effects on the growth and yield of sesbania pea grown in saline soils. Our study showed that plant height, root length, dry weight, chlorophyll a and b content, the activities of SOD, POD, and CAT, the content of soluble protein and NSC, and seed yield increased with GA3 treatment. On the one hand, the use of gibberellin improved the photosynthesis of sesbania pea; on the other hand, gibberellin increased antioxidant defense. Hence, the sesbania pea yield increased with the application of GA3. The most remarkable effects of gibberellin were observed at 404.2 µM. This study may offer an effective strategy to mitigate the crop damage caused by salinity stress. However, further research is needed to study the effects of GA3 on the root nodules of sesbania pea grown in saline soils.
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Figure 1. The effects of GA3 level on the height and root length of sesbania pea at four growing dates grown in saline soils. Within each group, the data marked with different letters are statistically different at the 0.05 probability level. 
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Figure 2. The effects of GA3 level on the chlorophyll a and b of sesbania pea at three growing dates grown in saline soils. Within each group, the data marked with different letters are statistically different at the 0.05 probability level. 
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Figure 3. The effects of GA3 level on the seed yield and yield components of sesbania pea grown in saline soils. Within each group, the data marked with different letters are statistically different at the 0.05 probability level. 
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Table 1. Soil characteristics at Dafeng experimental site.






Table 1. Soil characteristics at Dafeng experimental site.





	Parameters
	Mean Value





	Total N
	0.72 g/kg



	Olsen-P
	1.45 mg/kg



	Available K
	279 mg/kg



	Organic matter
	19.75 g/kg



	PH
	8.8



	Salt content
	1.68 g/kg
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Table 2. The effects of GA3 level on the leaf dry weight, stem dry weight and root dry weight of sesbania pea at four growing dates grown in saline soils.






Table 2. The effects of GA3 level on the leaf dry weight, stem dry weight and root dry weight of sesbania pea at four growing dates grown in saline soils.





	
GA3 (µM)

	
Leaf Dry Weight (kg ha−1)

	
Stem Dry Weight (kg ha−1)

	
Root Dry Weight (kg ha−1)




	
47

	
77

	
107

	
138

	
47

	
77

	
107

	
138

	
47

	
77

	
107

	
138




	
DAP

	
DAP

	
DAP






	
0

	
13.2 ± 0.3 b

	
146.0 ± 14.4 d

	
663 ± 35 b

	
468 ± 51 b

	
12.8 ± 1.0 b

	
314.1 ± 28.6 c

	
2430 ± 178 b

	
3559 ± 272 b

	
3.4 ± 0.1 b

	
63.9 ± 10.5 c

	
317 ± 36 b

	
352 ± 31 b




	
202.1

	
13.4 ± 0.4 b

	
180.3 ± 3.2 c

	
722 ± 81 a,b

	
533 ± 77 a,b

	
12.9 ± 0.6 b

	
362.3 ± 24.0 c

	
2515 ± 342 b

	
4073 ± 453 a,b

	
3.9 ± 0.3 b

	
102.7 ± 13.2 b

	
323 ± 43 b

	
392 ± 54 b




	
404.2

	
19.8 ± 0.6 a

	
284.7 ± 13.7 a

	
816 ± 17 a

	
605 ± 11 a

	
19.5 ± 1.9 a

	
519.0 ± 14.1 a

	
3191 ± 240 a

	
4452 ± 371 a

	
6.4 ± 0.7 a

	
123.5 ± 8.2 a

	
413 ± 23 a

	
482 ± 42 a




	
606.3

	
14.4 ± 1.2 b

	
204.3 ± 14.2 b

	
751 ± 61 a,b

	
468 ± 40 b

	
13.5 ± 0.7 b

	
434.0 ± 50.5 b

	
2701 ± 171 b

	
3720 ± 195 b

	
3.5 ± 0.3 b

	
70.3 ± 11.2 c

	
357 ± 22 a,b

	
374 ± 49 b




	
GA3

	
**

	
**

	
*

	
*

	
**

	
**

	
*

	
*

	
**

	
**

	
*

	
*








*: Significant difference at p ≤ 0.05; **: Significant difference at p ≤ 0.01. Within each column, the data followed with different letters are statistically different at the 0.05 probability level.













[image: Table] 





Table 3. The effects of GA3 level on the leaf soluble protein content and NSC of sesbania pea at different growing dates grown in saline soils.
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GA3 (µM)

	
Leaf Soluble Protein (mg g−1)

	
NSC (mg g−1)




	
77

	
107

	
138

	
47

	
77

	
107

	
138




	
DAP

	
DAP






	
0

	
15.2 ± 1.5 c

	
13.2 ± 1.6 b

	
5.0 ± 0.8 c

	
227.6 ± 15.7 c

	
240.2 ± 8.6 d

	
316.4 ± 3.6 d

	
227.1 ± 8.6 c




	
202.1

	
16.5 ± 0.9 b,c

	
15.3 ± 1.3 a,b

	
6.4 ± 0.6 b,c

	
259.4 ± 13.1 b

	
292.8 ± 9.7 c

	
381.5 ± 13.5 c

	
263.3 ± 10.7 b




	
404.2

	
19.1 ± 1.6 a

	
18.0 ± 2.0 a

	
9.2 ± 1.1 a

	
302.8 ± 20.8 a

	
390.6 ± 9.0 a

	
495.5 ± 4.0 a

	
312.6 ± 1.0 a




	
606.3

	
18.2 ± 0.8 a,b

	
16.6 ± 1.2 a

	
7.5 ± 1.2 a,b

	
251.9 ± 10.5 b,c

	
309.6 ± 5.0 b

	
418.0 ± 14.5 b

	
265.5 ± 12.2 b




	
GA3

	
*

	
*

	
**

	
**

	
**

	
**

	
**








*: Significant difference at p ≤ 0.05; **: Significant difference at p ≤ 0.01. Within each column, the data followed with different letters are statistically different at the 0.05 probability level.
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Table 4. The effects of GA3 level on the SOD, CAT and POD of sesbania pea leaves at three growing dates grown in saline soils.
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GA3 (µM)

	
SOD (U g−1 FW h−1)

	
CAT (U g−1 FW min−1)

	
POD (U g−1 FW min−1)




	
77

	
107

	
138

	
77

	
107

	
138

	
77

	
107

	
138




	
DAP

	
DAP

	
DAP






	
0

	
145.5 ± 9.6 c

	
138.9 ± 4.7 c

	
116.1 ± 5.2 c

	
532.7 ± 37.5 b

	
715.0 ± 46.6 c

	
305.7 ± 7.1 d

	
457.5 ± 56.2 b

	
268.4 ± 32.9 c

	
142.0 ± 8.1 c




	
202.1

	
155.6 ± 5.9 b,c

	
149.1 ± 5.5 b,c

	
136.9 ± 12.5 b

	
570.2 ± 10.8 b

	
777.4 ± 22.1 b

	
395.9 ± 11.8 c

	
502.4 ± 7.6 a,b

	
326.4 ± 9.0 b

	
170.3 ± 14.2 b




	
404.2

	
173.9 ± 4.9 a

	
173.0 ± 6.8 a

	
167.3 ± 5.6 a

	
698.7 ± 83.9 a

	
874.6 ± 12.7 a

	
542.0 ± 27.6 a

	
546.1 ± 23.3 a

	
379.7 ± 36.8 a

	
207.7 ± 20.2 a




	
606.3

	
171.1 ± 13.5 a,b

	
161.3 ± 16.3 a,b

	
155.5 ± 5.6 a

	
608.3 ± 14.1 b

	
825.6 ± 11.1 a,b

	
481.0 ± 13.4 b

	
525.0 ± 10.9 a

	
342.1 ± 11.8 a,b

	
187.3 ± 11.0 a,b




	
GA3

	
*

	
*

	
**

	
*

	
**

	
**

	
*

	
**

	
**








*: Significant difference at p ≤ 0.05; **: Significant difference at p ≤ 0.01. Within each column, the data followed with different letters are statistically different at the 0.05 probability level.
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Table 5. Correlation between height, root length, DW, chlorophyll a + b, soluble protein, NSC, SOD, CAT, POD and seed yield of sesbania pea at 138 DAP grown in saline soil.
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	Height
	Root Length
	DW
	Chlorophyll a + b
	Soluble Protein
	NSC
	SOD
	CAT
	POD
	Seed Yield





	Height
	1
	
	
	
	
	
	
	
	
	



	Root length
	0.671 *
	1
	
	
	
	
	
	
	
	



	DW
	0.544
	0.699 *
	1
	
	
	
	
	
	
	



	Chlorophyll a + b
	0.822 **
	0.799 **
	0.549
	1
	
	
	
	
	
	



	Soluble protein
	0.424
	0.721 **
	0.757 **
	0.571
	1
	
	
	
	
	



	NSC
	0.658 *
	0.892 **
	0.806 **
	0.799 **
	0.880 **
	1
	
	
	
	



	SOD
	0.635 *
	0.745 **
	0.584 *
	0.678 *
	0.857 **
	0.866 **
	1
	
	
	



	CAT
	0.752 **
	0.814 **
	0.632 *
	0.765 **
	0.833 **
	0.895 **
	0.948 **
	1
	
	



	POD
	0.742 **
	0.719 **
	0.651 *
	0.733 **
	0.800 **
	0.897 **
	0.860 **
	0.917 **
	1
	



	Seed yield
	0.346
	0.759 **
	0.618 *
	0.444
	0.675 *
	0.734 **
	0.650 *
	0.738 **
	0.616 *
	1







*: Significant difference at p ≤ 0.05; **: Significant difference at p ≤ 0.01.
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