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Abstract
Charcoal rot disease caused by Macrophomina phaseolina on cowpea results in yield losses with serious socioeconomic implication. Sixteen isolates of M. phaseolina were isolated from cowpea diseased plants collected from different locations in New Valley Governorate. All obtained isolates able to attack cowpea plants (cv. Balady) causing charcoal rot on the basil stem with various degrees of diseases severity. M. phaseolina isolate No. 14 was the most aggressive ones in this respect causing 85.8% charcoal rot.
Potassium silicate (KS), propyl gallate (PG), hydroquinone (HQ) and salicylic acid (SA) at 1,5 and 10 mM were used in this investigation as promising methods for controlling such diseases in vitro and in vivo. Results illustrated that all tested chemical inducers were little effect on growth of M. phaseolina at different concentrations in vitro. The inhibition growth of M. phaseolina was slightly increased by increasing of chemical inducers concentrations. Under greenhouse and field conditions, all tested chemical inducers significantly decreased charcoal rot compared to the check treatment (control). Propyl gallate and HQ resulted the lowest charcoal rot severity. On contrary, SA and KS recorded the lowest protection against charcoal rot severity
Also, all tested chemical inducers significantly improvement cowpea plant growth parameters viz. plant length, No. of branches/plant, fresh and dry weight of plants (kg/feddan) and yield components viz. pod length (cm), No. of seed pod-1, weight of 100 seeds, total seed yield (Kg fed.-1) compared with control during seasons 2014-2015 and 2005-2016. Cow pea seeds soaked in PG at 5 mM recorded the highest yield components in both seasons. While, HQ recorded the lowest ones. Analysis of plant mineral compositions showed a significant increase in contents of nitrogen (N), potassium (K), phosphorus (P), and crude protein in cowpea plants  grown from cowpea seeds treated with any chemical inducers compared with control plants during growing seasons (2014-2015 and 2015-2016). Salicylic acid followed by PG gave the height mineral contents in both growing seasons. 
Accumulation of ascorbate peroxidase (APO), polyphenol oxidase (PPO), phenylalanine ammonia lyase (PAL), superoxide dismutase (SOD) enzymes, pathogenesis related (PR) protein (chitinase an β-1,3- glucanase), phenolic, flavonoids and lignin contents in plants inoculated with M. phaseolina  treated with chemical inducers were increased compared with untreated inoculated and untreated un-inoculated plants. PG recorded the highest levels of oxidative enzymes, pathogenesis related (PR) protein and phenol, flavonoid, lignin contents during all tested periods of determination. In general, enzymes activities of APO, PPO, and β- 1,3- gluconase begin to accumulate after two days of treatment and reached maximum levels at 8 th days  while, PAL, SOD, chitinase reached maximum levels at 6th days  then the activities of these enzymes were decreased progressively. On the other hand, total phenols, flolvoniads and lignin increased in cowpea plants inoculated with M. phaseolina and treated with tested inducers. The highest accumulation of phenols was recorded 6th days from application, while flavonoids and lignin recorded the highest level at 8th days from application. These results suggested that these chemicals may be play an important role in controlling the cowpea charcoal rot disease, through they have induction of systemic resistance in cowpea plants.
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INTRODUCTION
Cowpea (Vigna unguiculata (L) Walp.) is important for the livelihood of poor people in undeveloped countries, and can be used for various purposes such as a food crop, cash crop, and animal feed (Singh and Tarawali, 1997). It is considered the most economically important traditional legume crop in Africa (Langyintuo et al., 2003). Cowpea is referred to as southern pea, blackeye pea, crowder pea, lubia, niebe, cowpea or frijole (Davis et al., 1991). Cowpea is affected by a large number of diseases, of which charcoal rot is one of the most important diseases. Charcoal rot caused by M. phaseolina (Tassi) Goid. which owes its name due to charcoal colouration of the affected plant, has been observed in almost all cowpea growing areas in varying degrees (El-Mohamedy et al., 2006). The losses in green fodder and seed yields were estimated to be about 28.8 and 39.7 per cent, respectively (Ram Sri, 1988). Therefore, it is need to develop an effective management practice.
An investigation for controlling cowpea charcoal rot disease is consider important, epically in view of its prevalence in Egypt, particularly in new reclaimed land in the desert. There is a growing need to develop alternative approaches for controlling plant diseases. An alternative to fungicidal application, it may be possible to utilize a scheme of inducible plant defenses, which provides protection against broad spectrum of disease-causing organisms. Induction of resistance in plants to overcome pathogen infection is a promising approach for controlling plant diseases. This induced resistance to pathogens can be achieved by the application of various abiotic agents (chemical inducers) such as Conversely, application of these chemical inducers under field conditions have increased growth parameters, yield components and quality of many plants (El-Mohamedy et al., 2014). Among synthetic chemical inducers, chitosan, salicylic acid, propyl gallate, K- silicate, hydroquinone has been found to be active as antimicrobial agents in various trials as disease resistance inducers. Also, they have been reported for inducing resistance against several plant pathogens (Abdel-Kader et al., 2012 and Mohamed et al., 2012). Abdel-Monaim and Ismail (2010) found that some chemical inducers (antioxidants) reduced damping-off, root rot/wilt and area under root rot/wilt progress curve in pepper plants when used as seed soaking, seedling soaking, and soil drench under greenhouse and field conditions compared with untreated plants. At the same time, all tested chemicals significantly increase plant growth parameters viz. plant length, plant branching and total yield per plant in case of seedling soaking or soil drench. Also, Mostasa (2006) reported that application of antioxidants, e.g. ascorbic, salicylic, coumaric, benzoic acids and propylgalate as either seed soaking or soil drenching proved sufficient protection against cumin caused by F. oxysporum f. sp. cumini or Acreromonium egyptiacum. Silicon can contribute to the management of different crops by improving tolerance to environmental stress, giving lower intensity of diseases, and enhancing crop growth, yield and quality (Sahebi et al., 2016). Abdel-Monaim et al. (2015) found that K2SiO3 followed by K2HPO4 recorded highly protection against damping-off and root rot/wilt severity more than the other tested potassium salts as well as the highest increase in all the mentioned parameters over the other entire three potassium salts during both growing seasons. The suppressive effects of silicon on plant diseases have previously been reported (Ma and Takahashi, 2002). Methods of disease suppression by silicon include increased mechanical barriers and the production of plant enzymes Samuels et al., 1993) and fungitoxic compounds (Fawe et al., 2001).
The present research focuses on finding compounds that are safe to humans, animals and the environment, viz. salicylic acid, propyl gallate, K- silicate, hydroquinone are recorded by several investigators to have antimicrobial inhibitor effect as well as they play important role to induce plant resistance against charcoal disease of cowpea either in vitro or in vivo as well as its effective on plant growth and yield components in field. In addition, biochemical changes associated with the application of these chemical inducers were assessed.
MATERIAL AND METHODS
Isolation, purification and identification of the pathogen:
Macrophomina phaseolina was isolated from cowpea plants infected with charcoal rot disease collected from different locations of New Valley Governorate. Infected plant tissues bearing fungal sclerotia were selected. The tissue was cut into 5 mm long and 2-3 mm thick pieces. They were surface sterilized with 1% NaOCl solution for about 2 minutes followed by thoroughly washing with sterilized water. The sterilized pieces were transferred to potato dextrose agar (PDA) medium in 9 cm diameter Petri plates and incubated at 28±2 °C for 5 days. Purification of the isolated fungus was carried out using hyphal tip technique as described by Dhingra and Sinclair (1985). The isolated fungus was identified according to their morphological characters according Barnett and Hunter (1986). Subcultures of the obtained isolates were then kept on PDA slants and stored at 4 oC for further studies. 
Preparation of fungal inoculum: 
The inoculum of M. phaseolina was prepared from one week old culture grown on 100 ml potato dextrose (PD) broth medium in flask (500 ml) and incubated at 28±2 °C according to Muthomi et al. (2007). The content of the flask were homogenized in a blender for one min. The resulted cultures were used for soil infestation in a greenhouse experiment for studying the pathogenicity test.
Greenhouse experiments:
 Pathogenicity tests:
Pathogenicity test of M. phaseolina (16 isolates) was carried out at New Valley Agric. Res. Station on cowpea local Balady cultivar in plastic pots (30-cm-diam.) containing sterilized sand soil. Cowpea seeds were surface sterilized by immersing them in 1% sodium hypochlorite solution for 2 min then washed several times with sterilized water. Five seeds were sown in each pot and maintained in the greenhouse. After fifteen days of sowing, pots were inoculated with 100 ml homogenate culture (103 cfu/ml) prepared before, using inoculation method described by Saikia et al. (2006). Four pots were used for each isolate as replicates, each pot content 5 seedlings. The control was inoculated with the same amount of autoclaved PD medium without fungal inoculum.
Disease severity index was determined after 45 days from inoculation with a diseases scale proposed by Mengistu et al. (2007) and diseases severity (%) was calculated using the following formula:
Disease severity (%) = ∑(n x v) / 5 N × 100
Where:
n= number of plants in each category
v= numerical values of symptoms category
N = total number of numerical values of symptoms categories.
Effect of chemical inducers on growth of Macrophomina phaseolina in vitro.
K- silicate, propyl gallate, hydroquinone and salicylic acid were used separately at 1,5 and 10 mM for studying their effect on leaner growth of M. phaseolina. Mycelium disks (7 mm diameter) from the growing edge of 7-day-old cultures of M. phaseolina were inoculated onto these plates containing 10 mm sterilized Czpeck's solid medium amended with each concentration of each chemical inducers in order to test the effect of the chemicals on linear growth. Chemical inducers free medium was served as control. All plates were incubated at 28±2 °C. Four replicates were used for each treatment. The inhibition percentage was calculated according to equation given by Vincent (1947). 
Inhibition (%) = (D1 − D2)/D1 × 100
D1 = Colony diameter in the control. D2 = Colony diameter in treatment.

Effectiveness of chemical inducers for controlling charcoal rot disease under greenhouse condition:
Fifteen days old seedlings (5 seedling /pot) were injected with 50 μl of K- silicate, propyl gallate, hydroquinone and salicylic acid at different concentrations (1,5,10 mM). Three days after treatment, pots were inoculated with homogenate suspension of M. phaseolina isolate (103 cfu ml−1, 100 ml−1 pot). Four pots were used as a replicates. The whole experiment was designed as complete randomized block design (CRBD). Disease severity (%) was examined for the next 45 days by the formula as suggested by Mengistu et al. (2007) described. 
Field experiments:
The experiment was carried out in the Experimental Farm of New Valley Agric. Res. Station  and East Al Owainat Agric. Res, ARC. Station during growing summer season 2014, for controlling charcoal rot diseases of cowpea in naturally infested field. The cow pea seeds were soaked in K- silicate (10 mM), propyl gallate (5 mM), hydroquinone (5 mM) and salicylic acid (5 mM) for 6 hr. In control treatment, seeds were soaked in only water for the same time. The treatments were distributed in a complete randomized block design with four replicates; the experimental plot area was 12 m2 (4×3 m) containing 10 rows of 3 m length and 40 cm width. All treatments were sown in hills 20 cm and two seeds per hill. All recommended agricultural practices were adopted throughout the two seasons.
Charcoal rot severity was also recorded on a random sample of plants of the plots two months after planting according to Mengistu et al. (2007). At 60 days after cultivation, a sample of twenty randomly plants from each experimental unit was taken and the following characteristics were recorded; plant length, number of branches. At the same time, a half of pot area was cutting to determine fresh forage yield (t/ fad.) then dry forage yield (t/fed.) was determined as follows: sub samples of 100 gm each were died at 105 °C to constant weight and dry matter percentage was estimated. The dry forage yield (t/fad.) was calculated by multiplying fresh forage (t/fad.) with dry matter percentage (DM%) (Abdel-Aziz et al., 2008). The other half of the experimental plot was left to maturity and the following measurements are estimated; pod length (cm), No. of seed /pod, weight of 100 seeds and total seed yield (Kg fed.-1).

Chemical composition 
After 60 days from planting, chemical analysis followed the conventional method recommended by the Association of Official Agricultural Chemists A.O.A.C. (1995) on the dried samples at 70 °C to determine N%. The previously determined nitrogen of dry forage was used for calculating total crude protein (TCP%) by multiplying N- values by 6.25. Phosphorus (P%) content was measured calorimetrically by using Spectrophotometer and potassium (K%) was measured by Flame photometer according to Soltanpour (1985). 
Biochemical changes associated with thiamine and riboflavin treatment:
To observe the accumulation of ascorbate peroxidase (APO), polyphenol oxidase (PPO), phenylalanine ammonia lyase (PAL) superoxide dismutase (SOD), pathogenesis related protein (chitinase and β1,3 gluconase) and content each of proline, hydrogen peroxide, phenolic, flavonoids compounds and lignin, 15 days old seedlings were injected with K- silicate (10 mM), propyl gallate (5 mM), hydroquinone (5 mM) and salicylic acid (5 mM) and sterilized distilled water (SDW), 50 μl plant−1. After 2 days from treatment plants, pot soils infested were inoculated with 100 ml of M. phaseolina homogenate suspension per pot. The following treatments were made (i) control- treated with SDW only; (ii) pathogens control- treated with M. phaseolina; (iii) K- silicate (10 mM) and after 2 days inoculated with the pathogen, (iv) plant treated with propyl gallate (5 mM) and after 2 days inoculated with the pathogen, (v) hydroquinone (5 mM) and after 2 days inoculated with the pathogen, (vi) salicylic acid (5 mM) and after 2 days inoculated with the pathogen. All tested enzymes and content each of phenolic, flavonoids compounds and lignin were estimated after 0, 2, 4, 6, 8 and 10 days from inoculation.
One gram of plant tissue was homogenized in 10 ml of ice-cold 50 mM potassium phosphate buffer (pH 6.8) containing 1 M NaCl, 1% polyvinylpyrrolidone, (PVP),1 mM EDTA and 10 mM β-mercaptoethanol (Biles and Martyn, 1993). After filtration through cheesecloth, the homogenates were centrifuged at 8000 rpm at 4oC for 25 min. The supernatants (crude enzyme extract) were stored at −20oC or immediately used for determination PO, PPO, PAL, Pathogenesis related protein (chitanase and β- 1,3-gluconase) enzymes activities and total protein. In the case of every enzyme under investigation, each treatment consisted in four replicates (3 plants/ replicate) and two spectrophotometric readings using Milton Roy Spectrophotometer (Milton Roy spectronic 1201) were taken per replicate. The experiment for bioassays was repeated twice in time.
Then the extracts were used for assaying biochemical change associated with the tested treatments of chemical inducers, the activities of Ascorbate peroxidase activity was determined according to Nakano and Asada (1981), Polyphenol oxidase enzyme (Gauillard et al., 1993), phenylalanine ammonia lyase enzyme (Cavalcanti et al., 2007), superoxide dismutase (Beauchamp and Fridovich, 1971), chitanase enzyme (Wirth and Wolf, 1992) and β-1,3-glucanase (Pan et al., 1991) were determined.  
Protein concentration
Total protein content of the samples was quantified according to the method described by Bradford (1976). 
Proline content 
Free proline content in the cowpea plants was determined in accordance with the method of Bates et al. (1973). Plant samples (0.5 g) were homogenized in 5 mL of sulphosalycylic acid (3%) using mortar and pestle. About 2 mL of extract was taken in test tube and 2 mL of glacial acetic acid and 2 mL of ninhydrin reagent were added to it. The reaction mixture was boiled in water bath at 100°C for 30 min. After cooling the reaction mixture, 6 mL of toluene was added and then transferred to a separating funnel. After thorough mixing, the chromophore containing toluene was separated and absorbance read at 520 nm in spectrophotometer against toluene blank. Concentration of proline was estimated by referring to a standard curve of proline and expressed as mg/ g DW.
Hydrogen peroxide concentration 
Hydrogen peroxide (H2O2) concentration was determined according to Loreto and Velikova (2001). Plant samples of 0.5 g were homogenized in 3 mL of 1% (w/v) tri-chloroacetic acid (TCA). The homogenate was centrifuged at 10,000 rpm and 4°C for10 min. Subsequently, 0.75 mL of the supernatant was added to 0.75 mL of 10 mM K-phosphate buffer (pH 7.0) and 1.5 mL of 1M KI. H2O2 concentration of the supernatant was evaluated by comparing its absorbance at 390 nm to a standard calibration curve. The concentration of H2O2 was calculated from a standard curve plotted in the range from 100 to 1000 µmol mL-1. H2O2 concentration was expressed as µmol g-1 DW.
Estimation of phenolic contents
The total phenol contents were quantified by the Folin-Ciocalteau phenol reagent according to the protocol of Xu and Chang (2007). The standard curve was prepared using known concentrations of gallic acid (GAE). The total phenol content in the test samples was calculated from the Gallic acid standard curve. The amount of phenolic content was expressed as phenol equivalents in mg/ gm fresh tissue. 
Estimation of total flavonoids 
Colorimetric aluminum chloride method was used for flavonoid determination using a method by Xu and Chang (2007). A standard calibration curve was prepared using known concentrations of quercetin (QE). The total flavonoid in the test samples were calculated and expressed as mg QE/1g fresh tissue.

Estimation of lignin: 
One gram plant tissue from each treatment was mixed with 10 g of trichloroacetic acid (TCA) and incubated at 90 °C. Delignification was stopped by cooling the reaction mixture after 240 min. of reaction time. The reaction vessel was immersed in cold water and 5 ml of cold acetone were added. Suspension was filtered and liquor was evaporated until dark, high consistency liquid without smell of acetone was obtained. Lignin was precipitated by pouring the liquid in 200 ml cold water. Lignin was filtered and washed with warm water several times. After that, lignin was air-dried overnight at 4°C then weight (Liken and Perdith, 1999). 
Statistical analysis: 
Analyses of variance were carried out using MSTATC, 1991 program (Ver. 2.10). Least significant difference was employed to test for significant difference between treatments at p ≤ 0.05 (Gomez and Gomez, 1984)
RESULTS
Isolation trails from cowpea rotted plants collected from different localities of New Valley governorates yielded a fungus which was identified as M. phaseolina. Results illustrated in Fig.(1) show that all the obtained isolates (16 isolates) able to attacked cowpea plants (cv. Balady) causing charcoal rot on the basil stem with various degrees of diseases severity. M. phaseolina isolate 14 caused the highest charcoal rot severity (85.8%) followed by isolates 4, 10, 9 and 1 (76.4, 75.4, 72.4 and 64.6%, respectively). While, the other isolates were the weak ones for cause charcoal rot.


Fig.1. Pathogenicity tests of M. phaseolina isolates isolated from natural diseased cowpea plants. Charcoal rot (%) was recorded after 45 days from inculcation according to Mengistu, et al. (2007) based on 0-5 scale according percentage of foliage yellowing or necrosis (0=0%, 1 = 1-25%, 2 = 26-50%, 3= 51-75%, 4= up to 76%, 5= completely dead plants), Disease severity (%) = ∑(n x v)/5 N × 100 (LSD  at 0.05=3.67). 
Effectiveness of chemical inducers at different concentrations for controlling charcoal rot disease under greenhouse conditions:
Data present in Table 1 show that all tested chemical inducers at different concentrations significantly decreased charcoal rot caused by M. phaseolina in pots compared with control. All chemical inducers at 5 mM concentration were more effective for decreasing charcoal rot severity than lower concentration (1 mM) or higher concentration (10 mM). Propyl gallate recorded the highest protection against charcoal rot severity followed by HQ, while KS and SA gave the lowest protection in this respect. Generally, PG at 5 mM followed by HQ at 5 mM were the highest effective for decreasing charcoal rot severity, while K-silicate at 1 mM was the lowest decrease of charcoal rot severity in pots. 
Effect of chemical inducers on leaner growth of M. phaseolina in vitro
Data present in Table (2) show that all tested chemical inducers were little effect on growth of M. phaseolina at different concentrations in vitro. The inhibition growth of M. phaseolina was slightly increased by increasing of chemical inducers concentrations. Hydroquinone recorded the highest inhibitory effect on M. phaseolina especially at 10 mM. 
Table 1. Effect of treating cowpea seedlings with different concentrations of chemical inducers on charcoal rot disease under artificial infection by M. phaseolina, under greenhouse conditions.
	Treatments
	%Charcoal rol

	
	1 mM
	5 mM
	10 mM
	Mean

	K- Silicate
	45.4
	25.6
	29.9
	33.63

	Propylgallate
	30.5
	11.2
	23.4
	21.70

	Hydroquinone
	35.1
	14.8
	16.5
	22.13

	SA
	42.5
	16.5
	28.7
	29.23

	Mean
	38.38
	17.03
	24.63
	-

	Control
	82.6

	LSD at 0.05
Treatments (A)         =
Concentrations (B)   =
Interactions (A×B)   =
	1.99
1.31
2.62






Table 2. Effect of chemical inducers at different concentrations on growth M. phaseolina in vitro.
	Treatments
	% Inhibition

	
	1 mM
	5 mM
	10 mM
	Mean

	K- Silicate
	6.5
	8.5
	8.9
	7.97

	Propylgallate
	6.5
	7.4
	8.9
	7.60

	Hydroquinone
	12.5
	15.6
	20.4
	16.17

	SA
	8.6
	10.4
	11.4
	10.13

	Mean
	8.53
	10.48
	12.40
	- 

	LSD at 0.05
Treatments (A)        =
Concentrations (B)  =
Interactions (A×B) =
	1.16
1.00
2.00


Effect of chemical inducers of charcoal rot severity under field conditions:
Results in Fig. (2) show that all tested chemical inducers significant decrease charcoal rot disease compared to the check treatment (control) under field conditions in El-Kharga and East Al Owainat Stations during growing season 2014, respectively. Propyl gallate and HQ resulted the lowest charcoal rot severity compared with control treatments in growing seasons. While, PG gave 26.24 and 19.33% charcoal rot severity and HQ recorded 27.67 and 220.28% charcoal rot severity compared with 45.67 and 38.67% in control in both locations during growing season 2014, respectively. On contrary, SA and KS recorded the lowest protection against charcoal rot severity in both locations.  

Fig 2 . Effect of soaking seeds in chemical inducers on incidence of charcoal rot disease in El-Kharga and East Al Owainat Stations during summer season 2014 under field conditions. 



Effect of chemical inducers of growth parameters and yield components and under field conditions
The effect of cowpea seed soaked in chemical inducers (KS, PG, HQ and SA) on growth parameters and yield components under field conditions in El-Kharga and East Al Owainat Stations during summer season 2014 were studied. Data in Table 3 indicate that all tested chemical inducers significantly improvement cowpea plant length, No. of branches /plant, fresh and dry weight of plants (kg/feddan) compared with control. Cowpea seeds soaked in PG at 5 mM was the most effective treatments; they recorded the highest plant length (90.0 and 89.64 cm) and number of branches (4.8 and 5.6 branch plant-1) compared with 53.25 and 52.34 cm and 2.5 and 2.7 branch/plant) in both locations, respectively. Also, this treatment recorded the highest fresh and dry weights /feddan, where increased fresh weight from 7.07 and 7.27  ton/feddan to 14.65 and 14.25 ton/feddan in both locations, respectively. Also, dry weight /feddan increased from 2.15 and 2.12 ton/feddan in control to 3.75 and 3.72 ton/feddan in both locations, respectively.   On the contrary, cowpea seed soaked in HQ at 5 mM was less effective in both growing seasons compared the other treatments. 
On the other hand, the same data were obtained in case of yield components in both locations during growing season (2014). Data present in Table (4) indicate that all tested chemical inducers significantly increased pod length, number of seeds /pod, weight of 100 seeds and total seed weight per feddan compared with control in both locations during growing season 2014. Cow pea seeds soaked in PG at 5 mM recorded the highest all tested yield components in both locations. While, HQ was recorded the lowest ones in this respect. 















Table 3. Effect of soaking cowpea seeds in chemical inducers on growth parameters (plant length, number of branches, fresh and dry weight) in El-Kharga and East Al Owainat Stations during summer season 2014 under field conditions

	Treatments
	Plant length (cm)
	No. of Branches/ plant
	Fresh weight (Ton/feddan)
	Dry Weight
(Ton/feddan)

	El-Kharga

	K- Silicate
	83.15
	4.0
	13.63
	3.34

	Propyl gallate
	90.00
	4.8
	14.65
	3.75

	Hydroquinone
	75.25
	4.0
	12.23
	2.97

	Salicylic acid
	77.25
	4.5
	11.48
	2.88

	Control
	53.25
	2.5
	7.07
	2.15

	LSD at 0.05
	4.37
	0.44
	1.54
	0.39

	East Al Owainat

	K- Silicate
	81.49
	5.2
	13.43
	3.28

	Propyl gallate
	89.64
	5.6
	14.25
	3.72

	Hydroquinone
	72.48
	4.8
	11.86
	2.84

	Salicylic acid
	75.69
	5.0
	11.00
	2.76

	Control
	52.34
	2.7
	7.27
	2.12

	LSD at 0.05
	4.84
	0.57
	2.23
	0.30



Table 4. Effect of soaking cowpea seeds in chemical inducers on yield components (pod length, number of seeds/pods, weight of 100 seeds and total seed yield /feddan) in El-Kharga and East Al Owainat Stations during summer season 2014, under field conditions
	Treatments
	Pod length (cm)
	No. of seed pod-1
	Weight of 100 seeds
	Total seed yield (Kg fed.-1)

	El-Kharga

	K- Silicate
	18.2
	12.8
	7
	589.6

	Propyl gallate
	18.6
	13.2
	7.4
	625.5

	Hydroquinone
	17.1
	12.5
	6.8
	536.8

	Salicylic acid
	17.4
	12.4
	6.9
	555.4

	Control
	15.7
	10.1
	5.2
	302.14

	LSD at 0.05
	2.27
	1.76
	1.56
	22.24

	East Al Owainat

	K- Silicate
	17.9
	12.4
	7.2
	558.8

	Propyl gallate
	17.5
	13.0
	7.5
	602.0

	Hydroquinone
	16.8
	12.0
	6.9
	513.6

	Salicylic acid 
	16.5
	11.9
	6.8
	542.2

	Control
	14.5
	9.6
	5.1
	288.3

	LSD at 0.05
	3.09
	2.62
	1.40
	17.85



Mineral contents
Analysis of plant mineral compositions showed a significant increase in nitrogen (N), potassium (K), phosphorus (P), and crude protein in cowpea plants  grown from cowpea seeds treated with any chemical inducers compared with control plants in growing seasons (Table 5). The highest increase was obtained for these mineral contents when cowpea seeds soaked in SA followed by PG. While, KS treatment recorded the lowest cowpea plant contents from all tested minerals during growing seasons. 

Table (5). Effect of chemical inducers on nitrogen (%), potassium (%), phosphorus (%), and crude protein (%) of cowpea plants in El-Kharga and East Al Owainat under field conditions during growing summer season 2014 
	Treatments
	N%
	K%
	P%
	% Protein

	El-Kharga

	K- Silicate
	4.10
	2.11
	0.26
	25.63

	Propyl gallate
	4.32
	2.23
	0.33
	27.00

	Hydroquinone
	4.21
	2.32
	0.28
	26.31

	SA
	4.35
	2.36
	0.36
	27.19

	Control
	3.01
	1.09
	0.18
	18.81

	LSD at 0.05
	0.40
	0.23
	0.05
	2.50

	East Al Owainat

	K- Silicate
	3.88
	2.21
	0.24
	24.25

	Propyl gallate
	4.11
	2.05
	0.27
	25.69

	Hydroquinone
	4.25
	2.29
	0.29
	26.56

	SA
	4.32
	2.11
	0.39
	27.00

	Control
	2.96
	1.02
	0.18
	18.50

	LSD at 0.05
	0.30
	0.14
	0.05
	1.86



Biochemical changes associated with some chemical inducer treatments
Accumulation of ascorbate peroxidase (APO), polyphenol oxidase (PPO), phenylalanine ammonia lyase (PAL), superoxide dismutase (SOD) enzymes, and pathogenesis related (PR) protein (chitinase an β-1,3- glucanase), phenolic compounds, flavonoids and lignin in plants inoculated with M. phaseolina  treated and non-treated with chemical inducers were studied.
Ascorbate peroxidase activity
Data in Figure (3) show that APO activity in cowpea plants treated with some chemical inducers (KS, PG, HQ and SA) and inoculated with M. phaseolina was higher than untreated plants and inoculated with M. phaseolina or untreated and un-inoculated plant (control) after all time from application. Cowpea plant treated with PG recorded the highest leaves of APO activity followed by HQ during all time application. While cowpea plants treated with KS recorded the lowest increase of APO activity during all time application. Inoculated untreated plants caused the highly APO activity than non-inoculated untreated plants (control). The highest levels of APO were determined 8 days after treatment in all cases then decreased progressively. 
Polyphenol oxidase (PPO) activity
Data present in Figure (4) show that all tested chemical inducers increased level of PPO activity in cowpea plants inoculated with M. phaseolina during all time applications compared with untreated inoculated plants or untreated un-inoculated plants (control). The increases of PPO activity were increasing in all treatments until 8 th days after application treatments then the activity decrease. Propyl gallate (PG) treatment was recorded the highest levels of PPO activity followed by SA treatment in all applied time, while KS and HQ gave the lowest activity of PPO in this respect. On the other hand, untreated cow pea plants and inoculated with M. phaseolina recorded highly levels of PPO activity more than untreated un-inoculated plants (control) in all cases. 










Fig 3. Effect of chemical inducers on activity of ascorbate peroxidase (APO) in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).














Fig 4. Effect of chemical inducers on activity of polyphenol oxidase (PPO) in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).
Phenylalanine ammonia lyase activity 
Data in Figure (5) show that the levels of PAL activity in treated inoculated plants were highly increased than in untreated un-inoculated control plants until 10 plants from application of treatments. The increase of the PAL activity in treated plants was increasing until 6 th after application treatments then the activity decrease gradually. On the other hand, PAL activity was highly increase in inoculated plants and treated with PG and SA than the other treatments. Also, cowpea untreated plants and inoculated with pathogenic fungus was recorded the highly leaves of PAL activity more than untreated and un-inoculated plants in all time applications.








Fig 5. Effect of chemical inducers on activity of phenylalanine ammonia lyase (PAL) in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).
Superoxide dismutase (SOD) activity 
Data in Figure (6) indicate that all treatments have increased the super oxide dismutase (SOD) activity. Cowpea plants inoculated and treated with KS, PG, HQ and SA showed more activity of SOD enzyme than cowpea plant either inoculated untreated only or un-inoculated untreated plants. On the other hand, cowpea plants treated with PG and SA recorded the highest activity of SOD enzyme in inoculated plants with M. phaseolina after all tested periods of enzyme determination especially at 6 days after application. The enzyme activity was increased strongly until 6 th days form application of treatments then decrease gradually. On the other hand, cowpea plants untreated and un-inoculated were recorded the highest activity of SOD compared with untreated and un-inoculated cowpea plant (control).




Pathogenesis related (PR) protein 
Accumulation of pathogenesis related (PR) protein (chitinase and β-1,3-glucanase) in cowpea plants inoculated with M. phaseolina treated and untreated with abiotic (KS, HQ, PG and SA) were studied. Data present in Figures (7 and 8) show that all chemical inducers increased activities of chitinase and β-1, 3-glucanase enzymes in cowpea plants inoculated with M. phaseolina compared with inoculated untreated plants or un-inoculated untreated plants (control) during all days after application. Cowpea plants treated with PG and SA recorded highly activities of chitinase and β-1,3-glucanase more than HQ and KS. On the other hand activities of both enzymes were increased strongly until 8 th day form application of treatments then decrease gradually. Also, the activates of both enzymes were recorded highly levels in cowpea plants inoculated with M. phaseolina. 









Figure 6. Effect of chemical inducers on activity of superoxide dismutase (SOD) in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).





























Figure 7. Effect of chemical inducers on activity of chitinase in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).












Figure 8. Effect of chemical inducers on activity of β-1,3- glucanase in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).
Total phenol content
Data present in Figure (9) show that all chemical inducers increased accumulation of total phenol compounds in cowpea plants inoculated with M. phaseolina more than untreated cowpea plants and inoculated with the pathogen or un-inoculated plants (control). Also, untreated cow pea plants inoculated with M. phaseolina were recorded the highest contents from total phenol compounds compared with un-inoculated plants (control). Propyl gallate and salicylic acid recorded highly contents of total phenol compounds more than HQ and KS treatments during all determination periods tested. Where is the maximum level of phenolic compounds were recorded at 6th from applied of PG treatment (5.634 mg / gm fresh weight) followed by the SA (5.421 mg / gm fresh weight). 












Figure 9. Effect of chemical inducers on total phenol contents in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).
Total flavonoids contents
The accumulation of total flavonoid compounds in cow pea plant treated with some chemical inducers and inoculated with M. phaseolina during different times after treated with these chemical inducers were studied. Data present in Figure (10) show that the accumulation of flavonoids were increased in inoculated cowpea plants and treated with any tested chemical inducers more than inoculated untreated plants or un-inoculated un-treated plant (control). Cowpea plants treated with PG and SA recorded highly flavonoids compounds more than plants treated with HQ and KS. The accumulations of flavonoids were increased by increasing the time application of these treatments until 8 th day then the accumulation of flavonoids decreased slightly. On the other hand, total flavonoids contents in cowpea plant untreated and inoculation were highly more than un-inoculated and untreated plants.     











Figure 10. Effect of chemical inducers on flavonoids contents in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).
Lignin contents
Data in Figure (11) indicate that lignin content increased in cowpea plants treated with KS, PG, HQ and SA and inoculated with M. phaseolina compared with untreated inoculated plants or untreated un-inoculated check treatment. Also, plants inoculated with M. phaseolina content highly level of lignin than non-inoculated control plants. The accumulation of lignin increased with increasing the determination periods after treatment application until 8 days after treatment application then became a slight decreased at 10 th day. Plant treated with PG and SA recorded more highly lignin content than KS and HQ. The highest lignin content was recorded by PG treatment in inoculated plants at 8 days (0.321 mg /gm dry weight) after application followed by SA treatment after 10 days from application (0.302 mg /gm dry weight).





















Figure 11. Effect of chemical inducers on lignin contents in inoculated cowpea plants. (The samples were collected from both treated inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days from treatment).

Dissuasion
Cowpea is an important grain legume widely consumed in Egypt as a cheap source of high quality protein and other important nutrients [22]. Greatest losses occur as a result of seed decay and seedling damping-off caused by a number of pathogens including M. phaseolina  (El-Mohamedy et al., 2006). Macrophomina phaseolina, the causal agent of charcoal rot, is a soil- and seed-borne polyphagous pathogen. It causes diseases of more than 500 crop and non-crop species, including economically important hosts such as soybean, common bean, corn, sorghum, cowpea, peanut and cotton[38]. The fungus has a worldwide distribution, but is regarded as economically more important in subtropical and tropical countries with semi-arid climates (Wrather et al., 2001). Isolation trails from rotted cowpea plants yielded 16 isolates of M. phaseolina conforming to other reports (El-Mohamedy et al., 2006) and Asusa et al., 2007). Pathogenicity test demonstrated that all the obtained isolates able to infect cowpea plants caused typical charcoal rot symptoms with different percentages of disease severity.
The use of fungicides to control charcoal disease of economically important crops has been used in agriculture for many years. However, recently the use of chemical has been reduced for several reasons, including pollution of environment, particularly ground water and food supplies. Recently, an increasing desire to reduce the use of fungicides is seen through the attempts to develop integrated pest managements approaches, where natural resources are put to maximum use.  Chemically induced resistance (IR) is a suitable strategy to utilize natural defenses of the plant to control pathogens. This phenomenon has been studied at the molecular level and has proved to be mediated by salicylic acid and associated with a number of defense responses and genes (Ton et al., 2005). Induced resistance was reported to be activated by exogenous application of KS, PG, HQ and SA. These chemical are promoted as a safe, reliable and non phytotoxic plant protection agent. It was recently identified by scientists as a novel disease control compound. Application of four chemicals to a variety of plants before challenge with the pathogens triggered a set of plant defense reactions that resulted in the creation of a fungitoxic environment, which protect them by different (physical and / or chemical) means mechanisms Sierra and Vidal-Valverde (1999). 
The results of the present work indicated that all the tested chemical inducers were able to decrease charcoal rot disease caused by M. phaseolina either in pots or under field conditions. Propyl gallate recorded the highest protection against charcoal rot severity followed by Hydroquinone, while K- silicate and salicylic acid gave the lowest protection in this respect. Similar results were reported by Abdel-Kader et al. (2012), Mohamed et al. (2012) and Abdel-Monaim et al. (2015). On the other hand, all chemical inducers increased the tested growth parameters (plant length, number of branches, fresh and dry weight) and yield components (pod length, number of seeds/pods, weight of 100 seeds and total seed yield /feddan) during summer season 2014 and 2015, under field conditions. Cow pea seeds soaked in PG at 5 mM recorded the highest all tested yield components in both seasons. While, HQ was recorded the lowest ones in this respect during both growing seasons. 
Also, all chemical induces increased cowpea contents of nitrogen (N), potassium (K), phosphorus (P), and crude protein during both growing seasons compared with control. SA followed by PG recorded the highest levels of all tested mineral contents and crude protein. While, KS treatment recorded the lowest cowpea plant contents from all tested minerals during growing seasons. Many investigations reported the use of some chemical inducers viz. SA, KS, PG HQ as a chemical agent for induction of plant resistance against many root diseases and increased growth parameters, yield components and mineral contents in cowpea and other crops (Mostafa 2006 and Abdel-Monaim et al., 2015).
The mechanism for Si-induced resistance to diseases is due to (i) Si acting as a physical barrier and (ii) soluble Si acting as a modulator of host resistance to pathogens. Silicon is deposited beneath the cuticle to form a cuticle-Si double layer which mechanically impede penetration of fungi and thus disrupt the infection process. Application of silicate silicon at 1,000 kg/ha reduced neck blast by 30.5 % over the control Van et al., 2013). Silicon-enhanced resistance is associated with the density of silicified long and short epidermal cells, the thick layer of silica under the cuticle, the double cuticular layer, the thickened Si-cellulose membrane, formation of papilla, and complexes formed with organic compounds in epidermal cell walls that strengthen plants mechanically. The physical barriers inhibit pathogen penetration and make plant cells less susceptible to enzymatic degradation caused by fungal pathogen invasion (Meena et al., 2014). The application of salicylic acid (SA) has been reported to induce tolerance of plants to many biotic and abiotic stresses including fungi, bacteria and viruses (Delany et al., 1994). It appears that SA has a regulatory effect on activating biochemical pathways associated with tolerance mechanisms in plants (Sticher et al., 1997). Also, has an effect on the very early responses that lead to the oxidative burst, cell death and its own synthesis. Salicylic acid can induce the expression of a number of defense-related genes and proteins (yang et al., 1997). Salicylic acid may influence a range of different processes in plants, including seed germination, ion uptake and transport, and membrane permeability (Dolatabadian, et al., 2009). Also, Abdel-Monaim and Ismail [9] reported that  propylgalate at 200 ppm was more efficient in reducing infection with damping-off, root rot and wilt diseases in pepper plants as well as increasing the seedling fresh weight, dry weight, plant length, plant branching, number of pod plant-1 and pod yield plant-1. 
The tested chemical inducers might stimulate some defense mechanisms such as phenolic compounds, flavonoid compounds, oxidative enzymes and some metabolites (Abdel-Monaim et al., 2015). In this study, all tested chemical inducers increased activity of defense- related enzymes, including peroxidase, polyphenol oxidase, phenylalanine ammonia lyase, superoxide dismutase, pathogenesis related (PR) protein (chitinase and β-1,3- glucanase) in cowpea plants inoculated with M. phaseolina compared with control plants during the experimental period. In general, activity of these enzymes begin to accumulation two days of treatment and reached maximum levels at 8, 8, 6, 6,8 and 8 days for PO, PPO, PAL,SOD chitinase and β-1,3- glucanase, respectively, then the activities of these enzymes were decreased progressively. 
On the other hand, total phenols, total flavonoids and lignin increased in cowpea treated plants and inoculated with M. phaseolina. The highest accumulation of phenols and flavonoids was recorded 6th and 8 th days from application, respectively, while lignin recorded the highest level at 8th days from application then decreased progressively. These results suggested that these chemicals may be play an important role in controlling the cowpea charcoal rot disease, through they have induction of systemic resistance in cowpea plants. 
Defense related genes encode a variety of proteins including enzymes controlling secondary metabolism, pathogenesis related proteins (PR) and regulatory proteins that control the expression of other defense related genes (Dixon et al., 1994). The defense gene products include polyphenol oxidase (PPO), peroxidase (POD) that catalyzes the formation of lignin, and phenylalanine ammonia-lyase (PAL) that is involved in phytoalexins and phenolics synthesis. Other defense enzymes include pathogenesis-related proteins (PRs) such as β -1, 3-glucanases (PR-2 family) and chitinases (PR-3 family), which degrade the fungal cell wall and cause lysis of fungal cell. Chitin and glucan oligomers released during degradation of fungal cell wall act as an elicitor that elicit various defense mechanisms in plants (Frindlender, 193).
The phenolic compounds may contribute to enhance the mechanical strength of host cell wall and may also inhibit the fungal growth, as phenolics are fungi toxic in nature. Altering the level of phenolic compounds in plants has been demonstrated to change disease susceptibility (Yao et al., 1996). Similarly, reduction of phenylpropanoid levels by co-suppression of PAL increases disease susceptibility (Mathur, 2001). PAL is a key enzyme in the biosynthesis of phenyl propane unit, which is a component of phenolic acids, flavonoids and lignin. In our studies PAL activity increased in response to chemical and pathogen treatments. Increased PAL activity level in response to pathogen or elicitor spray has been reported (Song et al., 1993).
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Chitinase activity
(enzyme unit /mg protein /min)



Control	2	4	6	8	10	3.5619999999999998	3.6579999999999999	3.754	3.8559999999999977	3.5870000000000002	Macro	2	4	6	8	10	3.5680000000000001	3.968	4.5679999999999845	5.2359999999999998	5.1199999999999966	KS	2	4	6	8	10	4.3649999999999807	5.6949999999999807	6.3959999999999955	6.8539999999999965	6.3249999999999806	PG	2	4	6	8	10	4.6379999999999955	5.968	7.6349999999999945	8.5120000000000005	7.5239999999999965	HQ	2	4	6	8	10	4.258	5.5679999999999845	6.968	7.2539999999999996	6.8649999999999807	SA	2	4	6	8	10	4.6579999999999835	5.8969999999999985	7.5239999999999965	7.968	7.3559999999999945	Day after treatment

β-1,3- Glucanase activity
(enzyme unit /mg protein /min)



Control	2	4	6	8	10	2.2359999999999998	2.3559999999999977	2.4149999999999987	2.5419999999999998	2.3249999999999997	Macro	2	4	6	8	10	2.3249999999999997	3.6349999999999998	4.1249999999999645	4.3249999999999655	4.0249999999999755	KS	2	4	6	8	10	2.3449999999999998	4.3649999999999745	4.8649999999999745	5.0239999999999965	4.6349999999999945	PG	2	4	6	8	10	2.4569999999999967	4.6529999999999845	5.6339999999999995	5.3249999999999655	4.9859999999999998	HQ	2	4	6	8	10	2.3679999999999999	4.2350000000000003	5.1019999999999985	5.0010000000000003	4.6979999999999755	SA	2	4	6	8	10	2.4509999999999987	4.6349999999999945	5.4210000000000003	5.2380000000000004	4.8539999999999965	Day after treatment

TPC  content
(mg /gm fresh weight)



Control	2	4	6	8	10	1.524	1.635	1.655	1.54	1.4989999999999815	Macro	2	4	6	8	10	1.5229999999999813	1.9680000000000166	2.2349999999999999	2.4569999999999967	2.214	KS	2	4	6	8	10	1.754	2.6349999999999998	2.8959999999999977	2.968	2.6349999999999998	PG	2	4	6	8	10	1.7449999999999815	2.754	2.968	3.1240000000000001	2.8539999999999988	HQ	2	4	6	8	10	1.635	2.6519999999999997	2.8539999999999988	2.9649999999999999	2.6349999999999998	SA	2	4	6	8	10	1.714	2.5640000000000001	2.7450000000000001	2.968	2.714	Day after treatment

Flavonoid contents
(mg gm/ fresh weight)



Control	2	4	6	8	10	0.112	0.125	0.126	0.13300000000000001	0.13200000000000001	Macro	2	4	6	8	10	0.12400000000000012	0.14600000000000021	0.16500000000000001	0.17700000000000021	0.16300000000000001	KS	2	4	6	8	10	0.14200000000000004	0.17700000000000021	0.20100000000000001	0.23500000000000001	0.21100000000000024	PG	2	4	6	8	10	0.15500000000000044	0.19600000000000001	0.253	0.32100000000000112	0.28200000000000008	HQ	2	4	6	8	10	0.13600000000000001	0.16500000000000001	0.19900000000000001	0.21900000000000044	0.19600000000000001	SA	2	4	6	8	10	0.13900000000000001	0.18800000000000044	0.21500000000000041	0.30200000000000032	0.27100000000000002	Day after treatment

Lignin contents
(mg gm/ fresh weight)



% Chaercol rot	d
i
ghi
b
i
gh
hi
f
c
bc
hi
j
fg
a
hi
e
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	64.599999999999994	28.8	31.4	76.400000000000006	28.4	32.6	30.6	36.4	72.400000000000006	75.400000000000006	30.5	24.4	34.6	85.8	30.6	42.6	M. phaseolina isolates

% Chaercol rot
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