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ABSTRACT 

	Aims: This field study evaluates the effect of salinity on the yield of Okra planted in Gliricidia sepuim leaf ameliorated soil
Study design: The experiment was laid out in a completely randomized block design (CRBD) with three replications.  
Place and Duration of Study: This study was carried out in the Department of Botany and Ecological studies Nursery Garden, University of Uyo, Akwa Ibom state between September 2023 and February, 2024
Methodology: The treatments comprised of (Control; Glircidia sepium leaves (Gs); 75 mM NaCl; 75 mM NaCl + Gs; 100 mM NaCl; 100mM NaCl + Gs; 150 mM NaCl; and 150mM NaCl + Gs) each with three replicates using Sodium chloride(NaCl) as the salinity source.
Results: The results showed that amelioration of salt stress soil with Gliricidia sepuim leaves in all cases increased the foliar nutrient yield of Okra. Proximate analysis showed that Crude protein was highest in plants grown in Gliricidia sepuim leaves ameliorated soil without salt stress (22.3%) but lowest in plants grown in 150mM NaCl stressed soil without Gliricidia sepuim leaves (15.10%). Carbohydrate on the other hand was highest in plants planted in 150mM NaCl stressed soil ameliorated with Gliricidia sepuim leaves (62.22%). Foliar nutrients yield analysis showed that N, P, K, Ca, Mg and Fe were highest in plants grown in Gliricidia sepuim leaves ameliorated soil without salt stress (0.11, 1.88, 2.41, 4.03, 2.63, 0.22 mgg-1) respectively, but lowest in 150mM NaCl stressed soil without Gliricidia sepuim leaves (0.07, 1.20, 1.43, 3.36, 1.88, 0.17mgg-1).
Conclusion:   Amelioration with Gliricidia sepuim leaves helped improve the soil and hence reduced the effect of salinity on the plants. Therefore, Gliricidia sepuim leaves should be considered in saline areas and places with similar edaphic and climatic conditions. 
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1. INTRODUCTION
Okra, Abelmoschus esculentus L. which is believed to have originated somewhere around Ethopia is now grown in many parts of the world especially in the tropical and sub-tropical countries including Nigeria (Tindall, 1983, Arapitsas, 2007, Saifullah et al., 2009). Its economic or cooked (Akintoye et al, 2011). In some cases, the young fresh leaves are also used in soup making. Okra can be grown on a large commercial farm or as a garden crop (Rubatzky et al., Yamaguchi 1997). Okra needs temperatures above 20°C for normal growth and development (Lamont, 1999, Abd El-Kader et al., 2010). Germination percentage and speed of emergence are optimal at 30-35°C (Akande et al., 2003). Flower initiation and flowering are delayed with increasing temperatures (positive correlation between temperature and number of vegetative nodes) (Lamont, 1999, Abd El-Kader et al., 2010).
Gliricidia sepium (Jacq.), often referred to as its genus name Gliricidia, is a medium size leguminous tree belonging to the family Fabaceae. It is an important multi-purpose legume (Rani et al., 2007) tree, with a native range from Mexico to Columbia, but now widely introduced to other tropical zones. G. sepium  was spread from its native range throughout the tropics to shade plantation crops such as coffee (Stuttle, 2015). Today it is used for other purposes including live fencing, fodder, firewood (Lowe et al., 2004), green manure, intercropping and rat poison (Elevitch, 2004).
Salinity is one of the most serious factors limiting the productivity of agricultural crops, with adverse effect on germination, plant vigour and crop yield (Munns et al., 2008). Salt occur naturally in soils and water. Salinity can be caused by natural processes such as mineral weathering or by the gradual withdrawal of an ocean. It can also come about through artificial processes such as irrigation and road salt. Soil salinity is detrimental to plant growth and yield.
The trees and leaves of G. sepium are used in different forms. It found applications in enhancing soil fertility, which is indicated by total carbon, nitrogen, available phosphorus, pH, cation ion exchange capacity, base saturation, soil aggregation, bulk density, and phospholipid fatty acid (PLFA) composition (Wartenberg et al., 2017).


2. MATERIALS AND METHODS

Description Of Study Area
The University of Uyo Main campus is one of the four campuses of the University of Uyo with co-ordinates between Latitude No5o2’25.3” and Longitude No7o58’42.9”. The study was carried out in the Department of Botany and Ecological Studies Nursery Garden, University of Uyo main campus between September, 2023 and February, 2024

Germination test
This was conducted in the Botany Laboratory of University of Uyo, Akwa Ibom State, Nigeria. Seeds of Abelmoschus esculentus used for the study were obtained from the Department of Soil Science, University of Uyo, Akwa Ibom State, Nigeria. Approximately Uniformed seeds were randomly selected and soaked in distilled water for about 2 hours before being transferred into a moistened tissue paper in a plastic dish to test the viability.

Experimental Design
Ninety-Six black polythene nursery bags were filled with 10kg top (15cm from soil surface) sandy-loamy soil from the botanical garden of the department of Botany and Ecological studies, University of Uyo, Akwa Ibom State, Nigeria. Ten seeds were randomly chosen and sown into each potted bags at a depth of 1cm and after germination, they were thinned up to four seedling per bag. One batch of each pair were mixed with 2kg of chopped fresh Gliricidia sepium (Jacq.) leaves. Masking tapes were used to label the bags accordingly. Salt solutions of NaCl corresponding to 75, 100 and 150mM were used in watering the plants in the potted bags carefully twice in a week throughout the period of the experiment. The controlled plants were watered with distilled water labelled 0mM. Plant height (cm), number of leaves, root length (cm), dry mass (DM) of the shoots and roots were determined upon application of the salt treatments and subsequently at 2 weeks intervals for eight weeks. At the end of the eight weeks, results were collected for parameters like shoot length, fresh and dry weights of Stem, leaves, roots and fruits, and number of fruits.

Determination of Nutrient Contents
	Nutrient contents were determined at Ministry of Science and Technology Laboratory located at No. 8 Obio Imo Street, Oron Road, Uyo, Akwa Ibom State, Nigeria. 
Determination of Nitrogen (N) Content	
Kjeldahl method was used to determine the nitrogen in the plant samples. The plant samples were digested by heating with concentrated sulphuric acid (H2SO4) in the presence of digest mixture. The mixture was then made alkaline, ammonium sulphate thus formed, released ammonia which was collected in 2% boric acid solution and titrated against standard HCl. 
Determination of Calcium (Ca) Content
	Using the digested plant sample, the reagents (2-amino-2-methyl-propan-1-ol) was used as buffer with calcium standard (2.5) mmol/l. chromogeneo=cresolphthalien, hydeoxygunolin, hydrochloric acid and Ethylene diamine tetra acetic acid (EDTA). These were all mixed together and the readings of absorbance of samples were taken at the wavelength of 422.7nm between 5 and 50 minutes (Khan et al., 2006 and Aregheore and Hunter, 1999).
Determination of Potassuim (K) Content by Flame Photometry
	Digested plant samples were mixed with two milliliters (2ml) concentrated hydrochloric acid and one milliliter (1ml) of perchloric acid. The mixture was analysed by flame photometry using potassium filters (Cella and Watson, 2000).
Determination of Magnesium (Mg) Content
	Digested powdered samples were mixed with 0.02N of sulphuric acid and two drops of phenolphthalein as indicator. The solution was titrated with limewater (meq/100g [Ca + Mg] = drops of titrant x 1.5). The solution turned wine red, the contents of magnesium was analyzed using atomic absorption spectrophotometer (AOAC, 2003; Stojkovic, 2009).
Determination of Phosphorus in Leaves (Molybdate (Yelow) Method) (AOAC, 2007)
Phosphorus in a sample was determined by molybdate method using hydroquinone as a reducing agent. To 0.5ml of the mineral digest were added 1.0ml of ammonium molybdate, 1.0ml sodiuin sulphate and 1.0ml of hydroquinone. The mixture was agitated and allowed to stand for 30 minutes. The blue colour that developed was quantified using a colorimeter at 660nm against a standard curve.
Determination of Sodium (Na) Content
	Soduim (Na) content was determined by flame photometry. Standard stock solution was prepared by dissolving 0.25g NaCl in water. An oxidizing flame was used. The final dilution in standard and sample contained 1000ppm added K to substantially overcome ionization interferences. Sodium was determined using AAS (Atomic Absorption Spectrophotometer) at appropriate wavelength 589nM and values recorded.
Determination of Chloride (Cl) Content
	The digested extract solution was analyzed using atomic absorption spectrophotometer equipped with flame and graphite furnace according to the method described by Uliana et al., (2006) at appropriate wavelength and values recorded.
Determination of Manganese (Mn) Content
	Manganese (Mn) was determined using atomic absorption spectroscopic method, a multi-element hollow cathode lamp containing Mn was operated at 25ma. Manganese was determined in oxidizing flame at appropriate wavelength.
Determination of Ash content (by Muffle Furnace Method) (Onuwuka,2005)
Crucible with lid was ignited in a muffle furnace at a temperature of 105ºC for one hour. It was
cooled in a desiccator and weighed. Two (2) grammes of the ground dried Abelmoschus esculentus sample was put into the pre-weighed crucible. The weight of the crucible and its content (sample) was taken. The crucible was charred with its content on a bunsen bumner flame in a fume cupboard, to drive off most of the smoke (until smoking ceased). It was then transferred to a muffle furnace heated at 500oC to burn off all organic matter and left at that temperature for 2 hours. The sample was taken out of the furnace when it was cool, it was covered and placed in a desiccator and weighed. 
% Ash content was calculated as:

% Ash = Weight of Ash    x    100
              
Weight of sample      1

i.e. 	c – a   x  100
             
b - a         1

Estimation of Crude Fibre
Two grammes (2g) of the dried Abelmoschus esculentus was measured into an empty crucible and soaked in petroleum ether for 2 hours to defat. This was boiled for 30 minutes with 200 ml of a solution containing 1.25% of H2SO4. per 100 ml of solution. It was filtered through a linen cloth on the fluted funnel. The residue was transferred into a beaker and boiled for 30 minutes with 200ml of a solution containing 1.25g of NaOH per 100ml. The final residue was filtered and washed with boiling water several times until they were base (NaOH) free. The residues were finally washed twice with ethanol, and qualitatively transferred into a pre-weighed crucible and oven-dried at 05°C (la). It was then incinerated in a furnace at 550°C and allowed to stand at that temperature for 2 hours and then cooled in a desiccator and Weighed (lo).
Crude fibre content was calculated as:
                          La – lo		                         x       100
               Weight of original sample taken                       1

Where;
lo = weight of empty crucible
la = wt. of crucible and its content after incineration

Determination of Crude Fat by Soxhlet Extraction Method (Onuwuka, 2005)
Two grammes (2g) of dried sample of the vegetables was weighed into a beaker lightly plugged with cotton wool. 150 ml of petroleum ether at a boiling point of 60'C was lured into 250 ml capacity round bottom flask. The soxhlet extractor was fitted into the round bottom flask which was seated on a heating mantle. The soxhlet apparatus was assembled and allowed to reflux for about 4hours. The extract was poured into a dried pre-weighed beaker (W1) and the thimble rinsed with a little quantity of the ether back to the beaker. The beaker was heated on an oven to remove excess solvent. The beaker was cooled in a desiccator and weighed
(W2)




Crude fat content was calculated as:

Weight gained in flask x 100

   Weight of sample           1
i.e

          W2 - W1              x    100

     Weight of sample              1

Where:
W2 = Weight of beaker + fat
W1 = Weight of empty beaker only

Determination of Crude Protein (By Kjeldah Digestion and Distillation method) (Bremmer, 1996)
One gramme (1g) of the sample was accurately weighed into a 25 ml kjeldahl flask containing 1.5g of CuSO4, 1.5g of Na2SO4, as catalyst and 5ml concentrated H2SO4. The Kjeldahl (digestion) flask was placed on a heating mantle and was heated gently to prevent frothing for some hours until a clear bluish solution was obtained. The digested solution was allowed to cool and this was quantitatively transferred to 100ml standard flask and made up to the mark with distilled water. Twenty (20) ml portion of the digest was pipetted into a semi micro Kjeldhal distillation apparatus and treated with equal volume of 40% NaOH solution. The ammonia evolved was steam distilled into a 100 ml conical flask containing 10 ml solution of saturated boric acid to which 2 drops Tashirus indicator (double indicator) have been added. The tip of the condenser was immersed into the boric acid double indicator solution and then the distillation continued until about 2/3 of the original volume obtained. The tip of the condenser was rinsed with a few millimeters of distilled water. The distillate was then titrated with 0.1 MHCI until a purple- pink end point was observed. The blank determination was also carried out in the similar manner as described above except for the omission of the sample. The crude protein was obtained by multiplying the Nitrogen content by a factor (6.25).
Crude protein = % Nitrogen x factor

Determination of Carbohydrate (AOAC, 2007)
This was determined as the difference obtained after subtracting total organic nitrogen (protein).
lipid, ash and fibre contents from the total dry matter as follows:

Carbohydrate =100 - (% Ash + %Crude Fibre +% Crude Fat + %Crude Protein).

3. results and discussion
The ash content of treatments with Gliricidia sepium increased with increase in salinity level until the peak of salinity stress (150 mM NaCl). However, there was progressive decrease in the ash content in saline treatments without Gliricidia sepium (Table 1).
The ash content indicates the level of minerals in the fruits. The improvement in the mineral nutrient resulting from the application of Gliricidia sepium leaves could be attributed to balance in soil nutrients which guaranteed even absorption of nutrients without antagonism as the case may be in saline treatments without Gliricidia sepium (Kareem et al., 2020). Furthermore, increase in salinity stress in treatments without Gliricidia sepium led to progressive inhibition of mineral uptake by the plants. This then resulted in having low ash content which is an indicator of the amount of minerals absorbed by the plants (Kareem et al., 2020).
There was progressive increase in carbohydrate content from the control plants to the plants stressed with 150 mM NaCl. The carbohydrate content of the plants stressed with 150 mM NaCl was still above that of the control plants. The highest carbohydrate level was from the plants stressed with 150 mM NaCl, while the lowest carbohydrate content was found in the treatment where Gliricidia sepuim leaves were used without salt stress, this could be because Gliricidia sepuim leaves in soil mitigated oxidative stress thereby protecting plant cells and improving carbohydrate (Table 1).
The crude fibre content increased with imposition of salinity stress from 75mM NaCl to 150mM NaCl. The lowest crude fibre content was from plants with Gliricidia sepium under no saline stress followed by the control plants while the highest crude fibre level was from plants stressed with 150 mM NaCl (Table 1).

Table 1. Effect of salinity stress on the Proximate Composition of Okra
	Treatments	
	Ash Content (%)
	Carbohydrate content (%)
	Fibre content (%)
	Crude Protein content (%)
	Moisture content (%)
	Lipid content (%)

	Control
	*6.42b
	55.24e
	11.86e
	21.6ab
	4.02a
	1.05a

	Gliricidia sepium(Gs)
	6.50a
	56d
	11.50e
	22.3a
	4.07a
	1.03ab

	75mM NaCl
	5.60d
	56.26b
	12.58d
	20.40c
	3.28b
	1.42b

	75mM NaCl + Gs
	6.38b
	56.86c
	12.11d
	20.91b
	3.41b
	1.31bc

	100mM NaCl 
	5.40de
	57.02c
	13.91c
	18.10d
	3.12c
	1.83de

	100mM Nacl + Gs
	6.30c
	57.13c
	13.20cd
	18.38d
	3.15c
	1.74d

	150mM NaCl
	5.21e
	62.18a
	14.86a
	15.10e
	2.95d
	2.14e

	150mM NaCl + Gs
	6.26d
	62.22a
	14.04b
	15.50e
	2.92d
	2.01e


*Values are means of three replicates. Means within each column followed by different letters are significantly different at p≤0.05 according to Duncan’s Multiple Range test

Crude fibre is the part of an organic material that contains cellulose and other carbohydrates which are insoluble in weak acid or alkali solution. High content of crude fibre implies low digestibility of the food or feed material as well as low energy and total digestible nutrient (TDN). The increase in crude fibre in plants without Gliricidia sepium under saline treatment implies that the fruits produced would be of low usefulness as either food or feed. However, high fibre content in okra is useful in stabilizing blood sugar by slowing down or regulating the rate at which sugar is absorbed from the intestinal tract and, therefore, useful for managing diabetes (Ngoc et al., 2008).
Crude protein content increased with decrease in salinity stress. So, the lowest crude protein content was found in the plants stressed with the highest level NaCl (150 mM) followed by plants stressed with 100 mM NaCl while the highest crude protein content was from the control (Table 1).The result indicated a decrease in crude protein with increasing salinity. This might have resulted from decreased synthesis of protein as well as increased activities of protein hydrolysing enzymes which led to accumulation of amino acids at the expense of protein (Pessarakli et al., 1988).
Lipid content is an indicator of energy production (twice that of carbohydrate), means of absorption of fat soluble vitamins, protector of delicate organs in the body as well as insulator against cold. As salinity increased, crude fat also increased. This might be attributed to triggering effect of root zone salinity stress on fat synthesis and prevention of more of lipase that would have led to degradation of fat to fatty acid and glycerol.
P, K, Fe, N, Mg, and Ca content decrease significantly across all treatment except in the control and treatment with Gliricidia sepium under no saline stress. The highest P, K, Fe, N, Mg, and Ca content was found in the control and treatment with Gliricidia sepium under no saline stress. And the lowest content were obtained at 150 mM NaCl. From 75mM NaCl to 150 mM NaCl, the Na+ content increased significantly (Table 2), although treatments ameliorated with Gliricidia sepium leaves were lesser as it helped the plants develop mechanisms to limit Na+ accumulation in its tissues (Marschner et al., 1995, Hamrouni et al., 2011). In saline condition, plants absorb a significant amounts of Na+ and of Cl-, but the transport and accumulation of these elements often seek to depend on degree of tolerance of species considered (Munns et al., 2006). Toxic effects of ions mainly Na+ and Cl- were nutritional imbalance followed by reduced nutrient (P, K, Fe, N, Mg, and Ca ) uptake and/or transport to the shoot (Hand et al., 2017, Nouck et al., 2021).

Table 2. Effect of salinity stress on Foliar Nutrients Yield (P, K, Fe, N, Mg, and Ca)(mgg-1) of Okra
	Treatments
	P
	Ca
	Na
	K
	Mg
	Fe
	N

	Control
	1.82(mgg-1)
	3.98
	0.89
	2.30
	2.69
	0.21
	0.11

	Gliricidia sepium(Gs)
	1.88
	4.03
	0.89
	2.41
	2.63
	0.22
	0.12

	75mM NaCl
	1.68
	3.64
	1.06
	2.04
	2.38
	0.19
	0.08

	75mM NaCl + Gs
	1.76
	3.78
	1.04
	2.07
	2.49
	0.20
	0.10

	100mM NaCl 
	1.54
	3.56
	1.17
	1.74
	2.07
	0.17
	0.06

	100mM Nacl + Gs
	1.6
	3.67
	1.20
	1.93
	2.18
	0.18
	0.08

	150mM NaCl
	1.20
	3.36
	1.43
	1.43
	1.88
	0.16
	0.05

	150mM NaCl + Gs
	1.36
	3.39
	1.40
	1.62
	1.93
	0.17
	0.07





4. Conclusion
              From this work, it was found that use of Gliricidia sepuim leaf ameliorated the soil and hence reduced the effect of salinity stress in plant height, days to flowering, stem biomass, leaves biomass, roots biomass whereas, treatments without use of Gliricidia sepuim leaf recorded an increase in salinity stress as the concentration increased. It is concluded that the use of Gliricidia sepuim leaf can improve the soil and hence reduce the effect of salinity on the plants. Therefore, it is recommended that the use of Gliricidia sepuim leaf should be considered in saline areas of Akwa Ibom State, Nigeria and places with similar edaphic and climatic attributes as this could help ameliorate the effect of saline stress when planting Okra (Abelmoschus esculentus).
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