


Studying the Effect of Some Soil Conditioners and Anti-transpirations on Common Bean Plant Productivity and Soil Properties under Water Stress





ABSTRACT
Water deficit stress and climatic changes pose serious threats to plant productivity and soil health, ultimately affecting global food security and ecosystem stability. Sustainable water management, conservation practices, and climate-resilient crops are crucial to mitigating these effects. Consequently, using  some soil conditioners and anti-transpirations like potassium silicate (PS), compost (COM)), chitosan (CHI) and Abscisic acid (ABA) can reduce the negative impact of water stress and improve of soil porperties that refelect on plant productivity.
Two field experiments during autumn seasons of 2021 and 2022  were designed in a split plot design with three replicates at Shandweel  Research Station, Sohag Governorate, Egypt to assess the inﬂuence of (PS), (COM), (CHI) and (ABA) on growth and yield, of common bean plant as well as some physical and chemical properties of soil under water deﬁcit regime (60 and 80 %) and full irrigation 100% of water requirement as control during the autumn seasons using common bean plant (Phaseolus vulgaris L.)  to investigate grown in clay loam soil.
The obtained results showed that reducing irrigation to 60 and 80% of the water requirements led to signiﬁcant decreas in vegetative growth parameters, flowering date, pod length, plant height nmber of pods/plant and green pods yield/fed compared to full irrigation. Moreover, the results explored that soil pH, salinity, organic matter, available nuitrents have been effected with water stress compared to the control. In addition, all plant attributes and soil properties improved in presence compost in the first and second season. As well as, the results explained that the compost consider most application adapt with water stress. 
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1. INTRODUCTION
Common bean (Phaseolus vulgaris L.) is utilized for its dried seeds or fresh pods, which are rich in protein, fiber, minerals, and vitamins A and C. In Egypt, commen beans are grown extensively for both domestic and international markets, and by planting at the right time, their development could be enhanced.
Climate change is one of the factors contributing to the poor and variable average yield of beans due to biotic stress (Singh et al., 2008). Rising temperatures, decreasing precipitation, and increased environmental stress significantly impact agricultural productivity. One of the biggest challenges facing Egyptian agriculture is a severe lack of water resources, especially with a growing population. Water is a scarce resource, and the agricultural sector consumes approximately 84% of Egypt’s total water supply. Like many arid and semi-arid regions, Egypt faces water scarcity, making it essential to develop strategies that reduce plant water consumption and improve irrigation efficiency (Quda, 2016).
To mitigate these challenges, various agronomic and soil management techniques can be employed. The use of anti-transpirants and soil conditioners has been suggested as an effective approach to enhance plant tolerance to environmental stress while improving quality and yield. The application of compost is a well-documented strategy to improve soil structure, porosity, water-holding capacity, and nutrient content. Studies have shown that compost application enhances plant development, quality, and crop yield (Mays et al., 1973 & Pinamonti, 1996; Rodrigues et al., 1996 & Smith, 1996).
Additionally, potassium silicate plays a crucial role in plant nutrition by strengthening plant cell walls, thereby improving structural integrity and resistance to lodging, drought, and insect infestations. Induced systemic resistance (ISR) can be triggered through foliar spraying or soil application of potassium silicate, enhancing the plant's ability to withstand environmental stress (Waly et al., 2020).
Chitosan, a biopolymer derived from chitin found in insect and crustacean shells, has gained attention for its beneficial properties in agriculture. It has been shown to enhance crop yield, plant growth, and stress tolerance (Bistgani et al., 2023). According to Karimi et al. (2012), chitosan acts as an anti-transpirant, helping protect plants from oxidative stress in various crops. Similarly, abscisic acid (ABA) is a plant hormone that regulates seed dormancy, stomatal closure, storage protein production, and the plant’s response to drought stress. By modulating water movement from roots to leaves, ABA induces physiological and morphological changes that improve plant resilience under water-deficient conditions (Alves & Setter, 2004; Yin et al., 2004).
Given the increasing challenges pretended by climate change and water scarcity, this study aims to evaluate the effectiveness of anti-transpirants and soil conditioners in enhancing bean yield, improving water-use efficiency, soil properties and strengthening plant resistance to environmental stress.

2. MATERIALS AND METHODS
Two field experiments were carried out at Shandweel  Research Station, Sohag governorate, Agricultural Research Center (ARC), Egypt located at 31°42´E, 26°33´N and 61 m above sea level during the autumn seasons of 2021 and 2022 to investigate common bean (Dokki 17 cv.) grown in clay loam soil under surface irrigation system. This study was conducted to evaluate the effectiveness of  of three irrigation regimes IR (60, 80 and 100%) on soil and common bean productivity. As well as using soil conditioners and anti-transpirations (potassium silicate, compost, chitosan, absicisic acid and control) to adapt with water stress and their interactions on vegetative growth, quality, green pod yield and yield components of common bean and soil properties. The characteristics of investigated soil before its cultivation were shown in Table (1).



Table 1: Some physical and chemical properties of the experimental soil before planting.
		Soil	

	Item
	2021
	2022
	Item
	2021
	2022

	pH
	7.78
	7.80
	Soluble Cations (meq/L)

	EC ds/m
	0.20
	0.22
	Ca2+
	0.80
	0.52

	OM%
	0.71
	0.82
	Mg2+
	0.40
	0.49

	Particles size distribution%
	Na+
	0.75
	0.79

	Sand%
	24.90
	26.20
	K+
	0.34
	0.33

	Silt%
	39.60
	40.10
	Soluble Anions (meq/L)

	Clay%
	38.30
	39.80
	-
HCO3
	1.20
	0.93

	Texture class
	Clay loam
	Clay loam
	Cl-
	0.60
	1.00

	Soil water content %
	SO42-
	0.40
	0.30

	SP
	53.00
	55.00
	Available Macro-Nutrients (ppm)

	
	
	
	N
	51.00
	58.00

	BD g/cm3
	1.41
	1.43
	P
	14.30
	17.00

	
	
	
	K
	363.33
	385.00



2.1 Experimental design and treatments.
A split plot design with three replications was applied, where irrigation regimes (IR) (60%, 80% and 100% recommended irrigation) were in the main plots. While the treatments of soil conditioners and anti-transpirations: potassium silicate (PS) at 75 kg/Fed, compost (COM) 20 m3/fed, chitosan (CHI) at 200 ppm, abscisic acid (ABA) at 20 ppm and control (untreated)  were assigned in sub-plot.
Foliar application with anti-transpirations (chitosan and absicisic acid) were applied two times at 30 and 45 days after sowing.

    IR: Irrigation requirements (m3/ fed), IR = Kc × ETo × LF × IE × R × Area (fed) / 1000     
    Kc: crop coefficient according to FAO Irrigation and Drainage paper 56 (Allen et al., 1998).
    ETo: Reference crop Evapotranspiration (mm day-1). 
    LF = Leaching Fraction (Assumed 20% of irrigation water). 
    IE: Irrigation efficiency of the irrigation system in the field (assumed 55% of the total     applied) for surface irrigation system.
 R: Reduction factor, (35 – 70% cover in this study,
 Area: the irrigated area (one Fadden), 1000 = to convert from liter to cubic meter.
2.2 Fertilization
All treatments were added at the doses recommended by the Egyptian Ministry of Agriculture green common bean (Phaseolus vulgaris L.). Superphosphate (15% P2O5) was added at a rate of 150 Kg fed-1 before sowing during service operations; 50 potassium sulphate (with a K2O content of 48%) was introduced at a rate of 50 kg fed-1 were divided in two doses, the first one was added before the first irrigation and the second added before the flowering time. Ammonium nitrate NH4NO3 (33.5% N) was used as the nitrogen source, with application (100 kg/fed) occurring in two equal doses, the first one was added before the first irrigation and the second added before the second irrigation after the sowing.
2.3 Examined parameters:
2.3.1.  Soil analysis
Surface soil samples (0-30 cm) were collected from all experimental plots at plant harvesting, air dried and sieved to pass through a 2 mm sieve to determine some chemical and physical properties. Certain soil physical characteristics were measured as described by Klute (1986), while soil bulk density (BD) was calculated as described by Blake and Hartge (1986). 
The Beckman pH meter was used to measure the pH of the soil at 1:2.5 (soil: water suspension), the electrical conductivity (EC) was measured at 1:5 (soil water extraction), the cations and anions were measured at soil paste extracts, and the available soil NPK was calculated in accordance with Cottenic et al., 1982.


2.3.2.  Plant  data
The considered treatments were evaluated through the following estimations
Studied characteristics: 
· Flowering date (FD): the date between planting and the first open flower on 50% of the plants in the plot.
· Pod length (PL): thirty pods were randomly selected from each replication to estimate it.
· Plant height (PH): ten plants were chosen at random from each plot's inner rows during harvest in order to calculate the average plant height..
· Number of pods/plant (NP/P): ten plants were chosen at random from each plot's inner rows during harvest in order to determine the average number of pods per plant.
· Green pods yield/fed (GPY/F): all green pods of Each plot were packed and weighed, then total pod yield was calculated in tons/feddan.
· Leaf chlorophyll content (LCC): Minolt SAPD-502 digital chlorophyll meter (Minolta Company, Japan) was used to determine the LCC of the fourth completely grown top leaf of five middle row plants from each treatment. The SPAD reading was used as a relative for chlorophyll content.
· Protein content of pods (PC%): crude Protein determination of the pods sample was estimated on the basis of nitrogen content of the pods and on dry matter basis. The micro Kjeldhals distillation method as per Jackson (1967) was used for such estimation. The protein content was estimated by ‘N’ percent × 6.25 considering that the protein contains 16 percent nitrogen (Amoo, 1998).
· Fibre content of pods (FC%): crude fiber was determined according to method of AOAC (1990) Briefly, the dried pods material was ground to uniform fineness and was passed through a stainless-steel mesh sieve (No. 20). Fat was removed from approximately 2-3g of dried ground sample using Soxhlet extraction with petroleum ether. The defatted sample was digested with 1.25% H2SO4 and 1.25% NaOH solutions. After digestion, the sample was dried in an oven at 130°C for 2 hours and then ignited at 600°C for 30 minutes. The loss in sample weight on ignition and the weight of the ground sample before defatting were utilized to determine the % crude fibre content.

% Crude Fibre in Ground Sample = Loss in Weight on Ignition     X 100     (2)
                   Weight of Ground Sample
2.3.4.  Statistical Analysis:
The data obtained were subjected to analysis of variance (ANOVA) according to Snedecor and Cochran (1980), using MSTAT computer software Program and LSD at 0.05 level of significance was used for the comparison between means.

3. RESULTS AND DISCUSSION
The main objectives of this study were to estimate the effect of some soil conditioners and anti-transpirations on beans plant productivity and soil properties under water deficit stress. 

3.1. Plant growth and productivity
3.1.1. The effect of irrigation regimes (IR):
Results presented in Table (2) showed that the highest values of yield and vegetative growth parameters as affected by the increasing of irrigation regimes were obtained with the highest level of irrigation regime at 100% followed by irrigation regime at 80% and then 60%. The treatment 100% irrigation rate showed the best values in pod length (17.74 and 18.32 cm), plant height (63.37 and 62.57 cm), no. of pod/plant (58.12 and 48.53 pods), green pods yield/fed (5.37 and 5.38 ton/fed.), protein content (2.66 and 2.58 %) and leaf chlorophyll content (41.12 and 44.03) in both autumn seasons, respectively. The treatment of the 80% irrigation regime was significantly increased as compared with the 60% irrigation regime in all characters except the flowering date during the 2021 and 2022 autumn seasons. While, the 60% irrigation regime treatment showed the highest number of days to the flowering (47.87 and 48.10 days) in the two seasons, respectively. The 80% of irrigation regime treatment produced the highest values on fibers content (3.16 and 3.29 %) without significant effect with 100% recommended irrigation regime (3.08 and 3.21%) in the two seasons.
Water deficit is one of the primary variables limiting agricultural output with water regimes. Water stress has an impact on water use efficiency due to stomatal closure, decreased transpiration, and decreased leaf turgidity, which results in a decline in growth, leaf area development, and photosynthetic capacity. It also affects crops production by decreasing growth, disrupting water relations, and lowering water use efficiency (Bayuelo-Jimenez, 2003). The most detrimental effects on pod yield and quality occur during vegetative growth and flowering, making green beans very susceptible to water deficiency. Water stress mostly affects green beans during blooming and pod set (Boutraa and Sanders, 2000, Damarany et al., 2018).
Table 2.  Effect of the three water regimes (IR60%, IR80%, IR100%) on the vegetative, quality and yield characteristics in the two autumn seasons 2021 and 2022.
	Traits
	FD (day)
	PL (cm)
	PH (cm)
	NP/P
	GPY/F
(ton/fed)
	LCC
	PC (%)
	FC (%)

	2021 season

	IR60%
	47.87
	17.29
	58.21
	36.30
	3.00
	38.10
	2.40
	2.96

	IR80%
	45.46
	17.41
	60.24
	56.09
	4.74
	39.82
	2.44
	3.16

	IR100%
	45.47
	17.74
	63.37
	58.12
	5.37
	41.12
	2.66
	3.08

	L.S.D. 0.05
	0.93
	0.10
	0.96
	0.91
	0.45
	0.92
	0.02
	0.08

	2022 season

	IR60%
	48.10
	16.78
	47.62
	24.14
	3.02
	40.07
	2.39
	3.09

	IR80%
	46.07
	17.79
	54.57
	42.67
	4.75
	43.16
	2.53
	3.29

	IR100%
	46.47
	18.32
	62.57
	48.53
	5.38
	44.03
	2.58
	3.21

	L.S.D. 0.05
	0.88
	0.34
	2.50
	1.72
	0.45
	1.18
	0.02
	0.08



3.1.2. The effect of soil conditioners and anti-transpirations:
Data tabulated in Table 3. showed that all soil conditioners and anti-transpirations applications significantly increased earliness, PL, PH, NP/P, GPY/F, LCC and PC in both seasons except CHI treatment on flowering date which was not significant compared to the control. COM treatment recorded the highest values for earliness (45.22 and 46 days), PL (17.84 and 18.19 cm), PH (63.46 and 57.46 cm), GPY/F (5.066 and 5.080 ton/fed), LCC (40.78 and 43.56) and PC% (2.45 and 2.57%) in both autumn seasons, respectively and NP/P (55.44 pod) in the first season. However, there were no significant differences observed between ABA and COM treatments for leaf chlorophyll content and flowering date in the two seasons as well as for pod length, plant height and number of pods/plant in the second season. This study confirmed the beneficial impact of COM on plant growth and yield, which have previously been documented with common beans (Smith et al., 2001). These positive advantages were explained by the fact that adding compost enhances the physical (lower particle density), biological (higher soil respiration rate), and chemical (higher total N, total C, and CEC) qualities of the soil (Abdelhamid et al., 2004; El-Solimany et al., 2024).

Table 3. Effect of the soil conditioners and anti-transpirations on vegetative, quality and yield characteristics during autumn seasons of 2021 and 2022.
	Traits
	FD (day)
	PL (cm)
	PH (cm)
	NP/P
	GPY/F
(ton/fed)
	LCC
	PC (%)
	FC (%)

	2021 season

	Control
	47.78
	17.17
	56.11
	44.61
	3.739
	37.97
	2.30
	3.18

	PS
	45.44
	17.74
	61.33
	52.48
	4.397
	39.52
	2.33
	3.08

	COM
	45.22
	17.84
	63.46
	55.44
	5.066
	40.78
	2.45
	3.01

	CHI
	46.89
	17.39
	61.45
	51.20
	4.305
	40.22
	2.36
	3.05

	ABA
	46.00
	17.26
	60.69
	47.11
	4.349
	39.90
	2.41
	2.98

	L.S.D. 0.05
	0.93
	0.1
	0.96
	0.91
	0.45
	0.92
	0.02
	0.03

	2022 season

	Control
	48.17
	16.37
	48.42
	32.82
	3.750
	41.06
	2.43
	3.31

	PS
	46.33
	17.68
	57.03
	38.89
	4.410
	42.13
	2.46
	3.22

	COM
	46.00
	18.19
	57.46
	40.55
	5.080
	43.56
	2.57
	3.14

	CHI
	47.89
	17.91
	56.22
	39.02
	4.320
	42.80
	2.49
	3.19

	ABA
	46.00
	18.01
	55.47
	40.95
	4.360
	42.54
	2.54
	3.12

	L.S.D. 0.05
	0.88
	0.34
	2.5
	1.72
	0.45
	1.18
	0.02
	0.04


Common bean plants were treated with various soil conditioners and anti-transpirations agents. Fig. 1 when compared to the corresponding untreated plants (control), COM treatment showed a high significant increase in the majority of the traits that were studied in both seasons, including earliness, PL, PH, NP/P, GPY/F, LCC, and PC, by 4.93%, 7.42%, 15.68%, 23.97%, 35.48%, 6.72%, and 6.13%, respectively, on average over both seasons. This was followed by PS treatment, which showed increases in earliness, PL, PH, NP/P, and GPY/F by 4.36%, 5.61%, 13.23%, 18%, and 17.6%, respectively. Potassium silicate (PS) enhances plant metabolism, facilitates the movement of assimilates required for both good plant development and good resistance to water deficit stress, and promotes good standing under water deficit stress by controlling and expanding nutrient absorption and transportation from the roots to the shoots. The presented results align with Kotb's (2019) findings on foliar application.
[image: ]
Fig. 1: Changes in percentage for studied traits as affected by soil conditioners and anti-transpirations on common bean in the average of both seasons.
3.1.3. The effect of interaction:
Regarding the effect of the interaction between three irrigation regimes (60, 80, 100%) and soil conditioners (PS and COM) and anti-transpirations (CHI and ABA) on the studied characteristics, the results in Table (4) indicated that all interactive treatments increased significantly in earliness and all characteristics except FC. The interaction 100% irrigation regime with COM treatment had the superior effect on most characteristics i.e. PH (66.30 and 66.97 cm), PL (18.17 and 18.62 cm), NP/P (67.0 and 53.13 pods), GPY/F (6.620 and 6.631 ton/fed), LCC (42.13 and 45.56) and PC (2.55 and 2.67 %) in the two autumn seasons, respectively as well as earliness (44 days) in the first season followed by the interaction 100% irrigation regime with  PS treatment for PH (65.33 and 66.70 cm) PL (18.11 and 18.42 cm) and GPY/P (5.237 and 5.249 ton/fed).
Table 4 shows data indicating that the interaction among IR80% × COM was higher than the interaction at IR100% × control of the earliness all studied traits also had significant effects on earliness, leaf chlorophyll content and protein content in both seasons as well as the number pods/plant and plant height in the first season. In addition, the interaction between IR80% × PS and between IR100% × control on earliness, number pods/plant, leaf chlorophyll content and green pod yield/fed in the two seasons as well as plant height and protein content in the second season. These results may be attributed to the effective roles of soil amendments as compost (COM) or potassium silicate (PS) with irrigation regimes. Water uptake is increased, essential elements are better absorbed, and they are available for use in various plant physiological and biochemical processes, including photosynthesis, as well as the production of different assimilates and solutes that are crucial for the development of new plant organs as well as for the improvement of vegetative growth traits (Eldewini et al., 2023). 
Additionally, a significant difference was found between the interaction at IR80% × ABA and between  IR100% × control of earliness and protein content in both seasons as well as no significant differences for green pod yield/fed & leaf chlorophyll content in the two autumn seasons while plant height and pod length in the second season. ABA is a stress signal produced in root tissues that is transported by the process of transpiration up through the xylem to the shoot and acts as stomatal closure to minimize transpirational water loss (Seo & Koshiba, 2002; Lee and Luan, 2012; Al-Kaisy & Mahadi, 2017). When ABA was applied at a 20 ppm concentration, stressed pea and bean plants became more resistant to water stress (Mousa and El-Solimany, 2023) and (Abdel and El-Hamadany, 2010).
However, the data in the same table revealed that the interaction 80% IR × CHI was recorded higher values than the interaction 100% IR × control for both plant height, leaf chlorophyll content and protein content in both studied seasons also for pod length in the second season while was significant effects for number pods/plant in the first season. By enhancing root growth and improving nutrition and water absorption, chitosan (CHI) promotes growth. It improves the health of plants by inducing the synthesis of defense-related enzymes. Additionally, chitosan functions as a chelating agent, improving the availability and uptake of important minerals like iron and zinc (El-Sayed et al.,  2020; Farooq et al., 2011).
Table 4. Effect of the interaction between irrigation regimes with soil conditioners and anti-transpirations on the studied characteristics of 2021 and 2022 autumn seasons. 
	Irrigation regimes
	IR60% 
	IR80% 
	IR100%
	LSD 0.05

	Treatment
	control
	PS
	COM
	CHI
	ABA
	control
	PS
	COM
	CHI
	ABA
	control
	PS
	COM
	CHI
	ABA
	

	2021 season

	FD (day)
	49.67
	47.67
	47.33
	48.33
	46.33
	47.33
	44.00
	44.33
	46.33
	45.33
	46.33
	44.67
	44.00
	46.00
	46.33
	1.61

	PL (cm)
	16.41
	17.50
	17.48
	17.49
	17.09
	17.40
	17.60
	17.87
	17.49
	17.17
	17.71
	18.11
	18.17
	17.19
	17.52
	0.18

	PH (cm)
	52.33
	58.33
	60.87
	59.47
	60.07
	55.33
	60.33
	63.20
	62.10
	60.23
	60.67
	65.33
	66.30
	62.80
	61.77
	1.67

	NP/P
	33.83
	36.33
	38.17
	37.50
	35.67
	49.00
	57.60
	61.17
	60.50
	52.17
	51.00
	63.50
	67.00
	65.60
	53.50
	1.58

	GPY/F (ton/fed)
	2.441
	2.989
	3.422
	3.227
	2.941
	4.106
	4.963
	5.156
	4.604
	4.882
	4.669
	5.237
	6.620
	5.083
	5.224
	0.78

	LCC
	36.51
	37.95
	38.63
	38.60
	38.81
	37.50
	40.05
	41.58
	40.35
	39.64
	39.92
	40.57
	42.13
	41.70
	41.27
	1.60

	PC (%)
	2.19
	2.21
	2.35
	2.23
	2.35
	2.33
	2.38
	2.44
	2.42
	2.43
	2.39
	2.40
	2.55
	2.43
	2.45
	0.03

	FC (%)
	3.12
	3.03
	2.85
	2.84
	2.87
	3.22
	3.2
	3.15
	3.16
	3.07
	3.20
	3.12
	3.13
	3.16
	3.01
	0.06

	2022 season

	FD (day)
	49.50
	47.00
	48.00
	49.33
	46.67
	48.00
	46.00
	45.00
	47.00
	44.33
	47.00
	46.00
	45.00
	47.33
	47.00
	1.52

	PL (cm)
	14.08
	17.24
	17.72
	17.37
	17.50
	17.09
	17.37
	18.25
	18.14
	18.12
	17.94
	18.42
	18.62
	18.23
	18.40
	0.60

	PH (cm)
	42.17
	48.47
	47.80
	51.13
	48.53
	47.73
	55.93
	57.60
	55.53
	56.07
	55.37
	66.70
	66.97
	62.00
	61.80
	4.33

	NP/P
	19.87
	23.42
	23.08
	26.78
	27.58
	33.60
	48.07
	45.43
	42.30
	43.93
	45.00
	45.19
	53.13
	48.00
	51.33
	2.97

	GPY/F (ton/fed)
	2.453
	3.001
	3.434
	3.238
	2.954
	4.117
	4.975
	5.168
	4.616
	4.893
	4.682
	5.249
	6.631
	5.095
	5.236
	0.78

	LCC
	39.26
	39.53
	40.55
	40.00
	40.98
	41.66
	43.28
	44.57
	43.90
	42.40
	42.27
	43.58
	45.56
	44.50
	44.25
	2.04

	PC (%)
	2.33
	2.34
	2.48
	2.36
	2.48
	2.46
	2.51
	2.57
	2.56
	2.57
	2.52
	2.54
	2.67
	2.56
	2.59
	0.03

	FC (%)
	3.25
	3.17
	2.98
	2.97
	3.00
	3.35
	3.33
	3.28
	3.29
	3.20
	3.33
	3.18
	3.17
	3.20
	3.14
	0.06


The results in Fig 2. showed that IR80% × COM interaction was the highest increment percentage as the average of both autumn seasons for number of pods/plant (NP/P), plant height (PH), leaf chlorophyll content (LCC) and earliness by 29.06%, 17.21%, 8.83% and 6.29%. While the IR60% × COM interaction was recorded as the highest increment percentage for pod length (PL) and protein content (PC) by 15.45% and 6.86% over the corresponding control as shown in Fig. 2. Common beans decreased chlorophyll content is likewise a result of deterioration during water stress and is closely related to the development of biomass (Rosales-Sernaa et al., 2004).
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Fig. 2. Changes in percentage for earliness, PL, PH, NP/P, LCC, PC and FC as affected by the interaction between irrigation regimes with soil conditioners and anti-transpirations on common bean plants in the average of both seasons.
Upon treating the plants of the three irrigation regimes with COM the highest increment percentage in the green pods yield/feddan (GPY/F) (as the average of both seasons) Fig. 3 by (40.00, 25.55, 41.67%) followed by CHI treatment with IR60% by (31.84%), then PS treatment with the three irrigation regimes (60, 80, 100%) by (22.45, 20.92, 11,97%), then the treatment ABA with the three irrigation regimes (60, 80, 100%) by (20.41, 18.98, 11.75%).
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	Fig. 3. Changes in percentage for green pods yield/feddan as affected by the interaction between irrigation regimes (IR1 60%, IR2 80% and IR3 100%) with soil conditioners and anti-transpirations on common beans in the average of both seasons.



3.2. Soil properties.
The impact of different irrigation levels (60%, 80% and 100%) of irrigation requirements (IR), some soil conditioners and anti-transpirations (PS, COM, CHI and ABA) on physical and chemical properties are shown in Table (5&6) across both successful growing seasons of  common bean plant of both growing seasons.  
3.2.1. Soil physical properties. 
Results presented in table 5 and 6 that satration water present SP of soil, were found to have signiﬁcantly higher values in the deﬁcit water with some soil conditioners treatment in a (7-10% ) increase in water content compared to the control across both growing seasons. Where the highest values of SP was recorded by the full irrigation 100% of water requirement, followed by irrigation requirements 80% of treatment respectively, and the lowest values recorded with the irrigation requirements 60% of IR treatment. Also, the greatest value of SP was found in the soil treated with COM  and the lowest values recorded with ABA compared to other treatments and control for the both successful growing seasons. This refers to soil type, where it is higher matric potential and smaller pore size will generally hold significantly more water by weight than sandy soils. Additionally, increased infiltration is another indication of increased efficiency in water use as a higher fraction of irrigation or rainfall is likely to enter soils with higher infiltration rates. More rapid infiltration is associated with reduced runoff, better aeration, and improved irrigation efficiency (Daniel and Bruno, 2012). Adugna (2016) confirmed that compost application had the greatest effect on soil water holding capacity on coarser textured soils with smaller to no change in water holding capacity on finer textured soils. Further they have observed the effect of compost addition on soil infiltration rate. Across all soils, compost addition increased water infiltration rate compared to the control. 
Results also presented that bulk density of soil BD is an important structural metric, it was the highest for the 100% irrigation treatment and steadily fell with the decrease in the deﬁciency of water levels. BD was the highest for the 100% irrigation treatment and steadily fell with the decrease in the deﬁciency of water levels. In general, BD decreased as a result of applying all the treatments compared to the control treatment. The BD values decreased from 1.50 to 1.39 g/cm-3 for soil, also, the maximum decrease was found with applied COM compared to other treatments  in the presence of 80 % of IR during the two seasons. Furthermore, bulk density plays an important role in determining soil quality, productivity, compaction, and porosity. The report by Farag et al. (2017) coincided with these conclusions. Moreover, BD values reduced dramatically with the increase in the treatement addition, leading to improved access to soil moisture and increased nutrient absorption and, thus, a greater crop production. Kranz et al. (2020) repored that compost generally reduced bulk density, enhanced infiltration and hydraulic conductivity, and increased water content and plant available water, compared to unamended controls. Cannavo et al. (2014) measured saturated hydraulic conductivity comtrol, compost incorporation increased hydraulic conductivity by a factor 22. Schmid et al. (2017) investigated used the compost addition of compost resulted in a (6-9% ) increase in water content compared to the control.

3.2.2. Soil chemical properties.
According to Table (5&6) some soil chemical properties (pH, EC, OM and available of nutrients) affected by deﬁciency of water levels irrigation and the studied treatments at the two successive seasons. 
3.2.2.1. Soil reaction (pH).
The soil pH was seen to experience a small fall as a result of the application of treatments in comparison to the control, this phenomenon was seen in both seasons. Regarding the effect of irrigation water level and different soil conditioners and anti-transpirations, they cause increase on pH as it ranged from 7.60 to 7.93 in both seasons as compared to control, respectively.
The observed phenomenon may be attributed to the introduction of amendments, resulting in a increase in soil pH such as, soils that have received excess compost, tend to have a higher pH due to the build-up of base cations.  Regarding the application of tretements , the results showed that (COM) and 80% IR were more superior in increasing in soil pH as compared to other as compared to other treatments for two seasons. Adugna (2016) also confirmed a significant increase of  the pH value at compost applications. A mean increase of the pH value of 6.4 to 6.8. The use of compost can also increases the pH, porosity, moisture, aggregate stability, organic content, and P and K content as well as reduce the bulk density of the soil ( Ho et al. 2022).
3.2.2.2. Electric conductivity (EC) and organic matter (OM).
Regarding the soil’s EC and OM values were higher in the treatment that included some soil conditioners and anti-transpirations in both seasons as compared to control. In this study, the highest EC and OM were recorded by using COM tretement at 80% irrigation water level over another treatmet, because improved electrical conductivity EC and OM values. Additionally, COM increases soil EC, which correlates with enhanced cation exchange capacity, facilitating better nutrient retention and availability. Soil organic matter encourages granulation, increases cation exchange capacity (CEC) and is responsible for up to 90% adsorbing power of the soils. Cations such as Ca2+ , Mg2+ and K+ are produced during decomposition (Brady and Weil, 2005). Organic amendments decreased soil sodicity and increased exchangeable Ca2+ and Mg2+. Agegnehu et al. (2014) proved that compost amendment resulted in an increase of EC and  CEC due to input of stabilized OM being rich in functional groups into soil. In addition, pH affects availability of nutrients in the soil. Compost application has a liming effect due to its richness in alkaline cations such as Ca2+, Mg2+ and K+, which were liberated from OM due to mineralization (Agegnehu et al., 2014 and Daniel and Bruno, 2012). Organic matter has number of important roles to play in soils, both in their physical structure and as a medium for biological activity. In addition, organic matter makes its greatest contribution to soil productivity. It provides nutrients to the soil, improves its water holding capacity, and helps the soil to maintain good tilth and thereby better aeration for germinating seeds and plant root development (Edwards and Hailu, 2011). This enhancement allows the soil to store nutrients more effectively, making them readily available to plants and reducing nutrient leaching. Kranz et al. (2020) repored that documented changes in physical properties in compost-amended urban soils have included bulk density, infiltration rate, hydraulic conductivity, water content, aggregate stability, and porosity. These beneficial effects are interactive and are attributed to the compost materials applied and the amount of OM in the compost feedstock. 
3.2.2.3.   Available nutrients .
Results representing the availability of macronutrients (N, P and K) in the soil after common bean was harvested were shown in Table (5&6).
All applied soil conditioners increase the N, P and K availability compared to the control treatment. However, the highest values of soil nutrients available at two seasons were due to applied COM as soil conditioner with 80% irrigation water level compared to the other tested treatments and irrigation water level. Compost contains significant amounts of valuable plant nutrients including N, P, K, Ca, Mg and S. A previous study showed that the application of organic matter to soil increased the availability of nitrogen, phosphor, and potassium (Shokalu et al., 2010).   Medina et al. (2015) added that addition of compost significantly improve soil chemical and physical properties, although at the low rate there was effect. Compost addition increased the concentrations of essential nutrients P and K. Ho et al. (2022) repoted that compost can improve the physical and chemical properties of soil cultivation by increasing porosity, aggregate stability, organic content, water-holding capacity, and the macro and micronutrients available for plant uptake as well as reducing bulk density.
Table 5 . Effect of  different irrigation water levels  and some soil conditioners and anti-transpirations on physical and chemical properties after harvest common bean in first season irrigation water levels.  
			1st Season

	Irrigation Regime
	Conditioners
	SP
	BD (g/cm3)
	OM %
	pH
	EC

	Anions (meq L-1)
	Cations (meq L-1)
	Available  Macronutrients (ppm)

	
	
	
	
	
	
	
	CO3-
	HCO3-
	Cl-
	SO4--
	Ca++
	Mg++
	Na+
	K+
	N
	P
	K

	IR100%
	Control
	51.50
	1.50
	0.55
	7.60
	0.47
	-
	1.40
	1.20
	0.80
	0.80
	0.65
	1.20
	0.70
	57
	15
	350

	
	PS
	53.40
	1.48
	0.58
	7.70
	0.52
	-
	1.45
	1.30
	0.85
	0.90
	0.70
	1.30
	0.80
	68
	19
	355

	
	COM
	54.80
	1.46
	0.75
	7.80
	0.51
	
	1.30
	1.10
	0.70
	0.70
	0.60
	1.10
	0.67
	70
	20
	370

	
	CHI
	52.86
	1.48
	0.68
	7.70
	0.54
	-
	1.30
	1.20
	0.70
	0.75
	0.66
	1.20
	0.72
	62
	16
	350

	
	ABA
	52.50
	1.50
	0.61
	7.60
	0.50
	-
	1.50
	1.30
	0.85
	0.90
	0.75
	1.30
	0.75
	60
	16
	350

	IR80%

	Control
	51.10
	1.46
	0.51
	7.70
	0.46
	-
	1.50
	1.52
	0.90
	0.90
	0.70
	1.30
	0.90
	55
	15
	340

	
	PS
	54.90
	1.43
	0.56
	7.80
	0.61
	-
	1.60
	1.50
	0.95
	0.95
	0.75
	1.35
	0.95
	66
	18
	345

	
	COM
	56.10
	1.39
	0.81
	7.90
	0.60
	
	1.35
	1.35
	0.85
	0.80
	0.70
	1.20
	0.80
	68
	19
	359

	
	CHI
	53.80
	1.43
	0.79
	7.70
	0.61
	-
	1.40
	1.40
	0.90
	0.85
	0.70
	1.25
	0.85
	60
	16
	340

	
	ABA
	52.80
	1.42
	0.71
	7.80
	0.59
	-
	1.60
	1.55
	0.95
	0.95
	0.75
	1.35
	0.95
	58
	16
	340

	IR60%
	Control
	50.10
	1.47
	0.50
	7.80
	0.44
	-
	1.65
	1.52
	0.95
	1.00
	0.80
	1.40
	1.05
	59
	15
	364

	
	PS
	51.40
	1.47
	0.63
	7.80
	0.49
	-
	1.62
	1.54
	0.95
	1.05
	0.82
	1.40
	1.10
	70
	19
	369

	
	COM
	52.70
	1.42
	0.63
	7.70
	0.51
	
	1.61
	1.44
	0.90
	0.90
	0.75
	1.30
	0.95
	72
	20
	384

	
	CHI
	50.60
	1.43
	0.61
	7.70
	0.47
	-
	1.64
	1.45
	0.90
	0.95
	0.80
	1.35
	1.00
	64
	16
	364

	
	ABA
	50.40
	1.47
	0.69
	7.80
	0.46
	-
	1.66
	1.51
	1.00
	1.05
	0.82
	1.40
	1.10
	62
	16
	364



Table 6 . Effect of  different irrigation water levels  and some soil conditioners anti-transpirations on physical and chemical properties after harvest common bean in secend season irrigation water levels.  
	2nd Season

	Irrigation Regime
	Conditioners
	SP
	BD (g/cm3)
	OM %
	pH
	EC
	Anions (meq L-1)
	Cations (meq L-1)
	Available  Macronutrients (ppm)

	
	
	
	
	
	
	
	CO3-
	HCO3-
	Cl-
	SO4--
	Ca++
	Mg++
	Na+
	K+
	N
	P
	K

	IR100%
	Control
	50.10
	1.48
	0.57
	7.84
	0.53
	-
	1.61
	1.44
	0.9
	0.9
	0.75
	1.3
	0.95
	59
	15
	362

	
	PS
	52.30
	1.46
	0.62
	7.93
	0.55
	-
	1.63
	1.46
	1
	1
	0.78
	1.4
	0.98
	68
	16
	365

	
	COM
	53.40
	1.45
	0.64
	7.95
	0.53
	
	1.61
	1.44
	0.9
	0.9
	0.75
	1.3
	0.95
	69
	18
	370

	
	CHI
	51.30
	1.49
	0.59
	7.85
	0.55
	-
	1.63
	1.46
	1
	1
	0.78
	1.4
	0.98
	66
	16
	365

	
	ABA
	51.10
	1.48
	0.57
	7.80
	0.54
	-
	1.62
	1.45
	0.9
	0.9
	0.77
	1.4
	0.96
	59
	15.8
	368

	IR80%

	Control
	51.70
	1.50
	0.60
	7.83
	0.56
	-
	1.8
	1.7
	1.3
	1.3
	1.4
	1.6
	1.1
	55
	14
	348

	
	PS
	52.10
	1.44
	0.70
	7.88
	0.58
	-
	1.85
	1.8
	1.5
	1.6
	1.5
	1.8
	1.2
	60
	15
	350

	
	COM
	54.10
	1.41
	0.75
	7.90
	0.56
	
	1.8
	1.7
	1.3
	1.2
	1.4
	1.6
	1.1
	65
	16
	359

	
	CHI
	53.30
	1.42
	0.65
	7.84
	0.58
	-
	1.9
	1.8
	1.5
	1.6
	1.5
	1.8
	1.1
	62
	16
	352

	
	ABA
	51.60
	1.43
	0.60
	7.84
	0.57
	-
	1.9
	1.8
	1.4
	1.4
	1.5
	1.6
	1.2
	55
	15
	350

	IR60%
	Control
	49.56
	1.50
	0.43
	7.90
	0.58
	-
	1.9
	1.9
	1.6
	1.7
	1.6
	1.8
	1.2
	53
	13
	335

	
	PS
	51.00
	1.49
	0.55
	7.84
	0.61
	-
	1.95
	1.8
	1.7
	1.8
	1.7
	1.9
	1.3
	58
	14
	337

	
	COM
	52.17
	1.51
	0.60
	7.98
	0.58
	
	1.87
	1.8
	1.6
	1.6
	1.5
	1.8
	1.1
	63
	15
	345

	
	CHI
	50.46
	1.50
	0.53
	7.80
	0.61
	-
	1.95
	1.8
	1.7
	1.8
	1.7
	1.9
	1.3
	60
	15
	338

	
	ABA
	50.35
	1.50
	0.49
	7.64
	0.59
	-
	2
	2
	1.9
	1.8
	1.7
	1.8
	1.2
	53
	14
	337



4. CONCLUSION
This study highlights the significant impact of water stress on the productivity of common bean plants and soil properties, emphasizing the importance of adopting sustainable practices to mitigate these effects. The findings demonstrate that reducing irrigation levels to 60% or 80% of the water requirements negatively affects vegetative growth, yield, and soil properties compared to full irrigation (100%). However, the application of soil conditioners and anti-transpiration agents, particularly compost (COM), proved highly effective in improving plant growth, yield, and soil quality under water deficit conditions.
Compost emerged as the most beneficial treatment, enhancing key parameters such as pod length, plant height, number of pods per plant, green pod yield, leaf chlorophyll content, and protein content of pods. Potassium silicate (PS) also showed promising results by improving plant metabolism and resilience to water stress. Chitosan (CHI) and abscisic acid (ABA) contributed positively but were less effective than compost and potassium silicate.
The study underscores the potential of integrating soil conditioners like compost and anti-transpirations agents into agricultural practices to enhance crop productivity and soil health under water-limited conditions. These strategies can play a pivotal role in addressing challenges posed by climate change and water scarcity in arid and semi-arid regions like Egypt. Future research should explore the long-term impacts of these treatments on different crops and under varying environmental conditions to further optimize their application.
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