Induction of Systemic  Resistance in Sugar-Beet Infected with Meloidogyne incognita by Humic Acid, Hydrogen Peroxide, Thiamine and two amino acids
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                                                  ABSTRACT
Two greenhouse experiments were conducted in clayey soil in order to determine the nematicidal properties of humic acid, hydrogen peroxide, thiamine and two amino acids i.e. phenylalanine and L-Glutamic acid at the concentrations of 100, 500, 1000 and 2000 ppm against Meloidogyne incognita and the potential for induction of systemic resistance in sugar-beet. Results revealed that all treatments with tested concentrations were found to have nematicidal activity against nematode infection and improved plant growth parameters of sugar-beet with various degrees. Humic acid as well as thiamine at the concentration of 2000 ppm proved to be the best for enhancing total plant fresh weight with percentage of increase over control amounted to 148.4 and 142.8% respectively. Root galling and number of eggmasses were significantly suppressed with such materials tested. Leaves of sugar-beet were assayed for their biochemical profiles with respect to NPK, total cholorophyll, proteins, and phenols. However, activities of polyphenol oxidase (PPO), peroxide oxidase (PO) were evaluated in roots of sugar-beet infected with M.incognita. The enzymes accumulation was much greater in thiamine than humic acid treated plants compared to control. The present study revealed the potential of such materials to control root-knot nematode, M.incognita and induce systemic resistance in sugar-beet plant.
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INTRODUCTION

Sugar-beet (Beta vulgaris L.) plant is considered an important root crop which ranks next to sugar-cane in egyptian sugar production. It is cultivated in temperate regions yielding about 40% of the total sucrose production annually. Root-knot nematodes (RKNs) (Meloidogyne spp.) are among the most deleterious nematode pathogens to sugar-beet cultivated in temperate climates and can seriously limit yield production. The primary symptom of root-knot infection is the formation of typical root galls, on the roots of susceptible host plants, characterized by the formation of giant cells (Wasson et al., 2009). Nutrients and water uptake are substantially reduced because of the damaged root system, resulting in weak and  low yielding plants ( Abad et al, 2003). Root-knot nematodes cause measurable changes in the biochemical constitutions of the host (Sharma,1993; Williamson and Gleason, 2003 and Ahmed et al., 2009). 
 Induced systemic resistance (ISR) in economic plants using selective biotic or abiotic agents is a novel strategy that has been demonstrated with respect to the potential use in plant protection against plant pathogens. However, induced resistance to plant parasitic nematodes has not been as thoroughly studied as that to fungi and bacteria. Investigations on mechanisms of disease suppression by organic acids may have nematicidal activities on pathogenic nematodes ( Nandi et al., 2000; Zaki et al. 2004; Browning et al., 2005 and Saravanapriya & Subramanian, 2005)  or induce systemic resistance in hosts plants resulting in reduction of nematode reproduction (Oka et al, 1999;  Saeed, 2005 and Seenivasan, 2011). Oka et al(1999) tested several chemicals that induce PR proteins or plant resistance for their ability to induce resistance to M.javanica in tomato plants and reported that DL-B-amino-n-butyric acid (BABA) which is known as an inducer of resistance to fungal pathogens has been found to induce resistance to M.javanica in tomato , either by foliar spray or soil drench. 
 However, foliar spray or soil application of humic acid and other abiotic organic acids i.e. L-Glutamic acid, butyric acid, phenylalanine, methionine, L-arginine  etc. against root-knot nematodes were experimentally conducted by many researchers (Osman, 1993; El-Naggar, 2000; Mitkowski, 2002 and  Saravanapriya and Subramanian, 2005 &  2007). Moreover, spraying selective vitamins or antioxidants on root-knot infected plants have proved that they could suppress gall formation, retard nematode development, decrease its reproductive potential and improve  plant growth (Al Sayed, 1990; Kesba, 2003; Nandi et al., 2003; Abdel-Momen et al. 2005; Saeed 2005 and Refaei, 2009). 
  Induced systemic resistance (ISR) activates multiple defense mechanisms that include increased activity of pathogenesis related (PR) proteins like peroxidase (PO), and polyphenol oxidase (PPO) and phenylalanine ammonia-lyase (PAL). Sharma (1993) indicated that in tomato resistant cultivar (NR-7) inoculated with M. incognita and treated with ascorbic acid and salicylic acid, there were increases in ascorbic acid and hydroxyproline contents and peroxidase activity compared with susceptible plants. Moreover, El-Zahaby et al. (2002) demonstrated the effective role of either nematode infection or antioxidants in increasing tomato plant resistance.  They reported that treatment of tomato plants with ascorbic acid (AA) and salicylic acid (SA) showed a noticeable effect in increasing PPO in resistant cultivar (Castle Rock), indicating that AA and SA significantly raised plant resistance. 
The present study was conducted in order to determine the role of certain materials i.e. humic acid, hydrogen peroxide,  thiamine and two amino acids as resistance inducers in sugar-beet  plant infected with M. incognita.
MATERIALS AND METHODS 
Two greenhouse experiments were conducted using clayey soil in order to determine the impact of selective materials on sugar–beet plant growth, M. incognita  reproduction and enzyme activities.
 Nematode inocula preparation   
   Meloidogyne incognita eggs inoculum:
Eggs of M. incognita were collected from heavily infected root systems propagated on coleus plants (Coleus blumei L.) under greenhouse conditions. Infected roots were rinsed in 200 ml of 1.0% NaOCL and shacked for 1-2 minutes then, quickly passed through 60 and 400-mesh sieves to collect free eggs.  Residual NaOCL were removed using stream of tap water and eggs were collected and counted per unit volume of water (Hussey and Barker, 1973).
M. incognita juveniles inoculum:
Fresh second juveniles of the root-knot nematode, M. incognita were obtained from pure culture maintained on coleus roots. Roots were incubated in a modified Baermann technique for hatching at room temperature for  5-7 days. 
Selected Materials 
 
Three organic acids namely Humic acid, L- Glutamic acid ( amino acid) and phenylalanine ( amino acid) ;  hydrogen peroxide (H2O2), and thiamine as a vitamin were used in the present study  with four  concentrations. 
Experimental design

Ninety two plastic pots (10cm diameter) containing 800g steam- sterilized clayey soil (Coarse sand 2.09, Fine sand 19.75, Silt 27.32, Clay 50.84 and  pH 8.17) were planted with 3-5 seeds/pot of sugar-beet cv. Negma, irrigated with water as needed then thinned to one seedling/pot after one month from germination. Fifteen days later, plant seedlings were inoculated with 2000 viable eggs of root-knot nematode M. incognita. Simultaneously, plants were treated with 100ml of selective materials. Tested materials were; phenylalanine, thiamine, L-Glutamic acid, humic acid and H2O2 with four concentrations 100, 500, 1000 and 2000 ppm. Four pots were treated with oxamyl as a standard nematicide at the rate of 0.3 g/pot. However, four pots were left free of nematode infection and any treatment to serve as control (Ck1). Another four pots were received nematode alone and served as control (Ck2). Pots were then arranged in a randomized complete block design in a greenhouse of 22 ± 3ºC, received water as needed and treated horticulturally . 
Treatments  were as follows:- 

	1- Phenylalanine (100, 500, 1000, 2000 ppm),  

	2- Thiamine (100, 500, 1000, 2000 ppm),  

	3- L-Glutamic acid  (100, 500, 1000, 2000 ppm), 

	4-  H2O2 (100, 500, 1000, 2000 ppm),

	5- Humic acid (100, 500, 1000, 2000 ppm),  

	6-  Oxamyl,

	7-  Plant free of nematode (Ck1) and

	8- Nematode alone (Ck2) 


Chemical analysis:

Fresh leaves were dried, ground, and digested. Nitrogen (N), phosphorus (P), potassium (K) contents were estimated according to Kjeldahl method (A.O.A.C., 1980) described by Pregl (1945), John (1970) and Jakson (1967). Chlorophyll contents a and b were estimated according to Goodwine (1965). Total phenols were estimated according to Kaur and Kapoor (2002). 
Enzyme  activities
The previous experiment was repeated with sugar-beet cv. Negma grown in clayey soil and treated with humic acid and thiamine at the concentration of 2000 ppm as the best treatments Plastic pots containing 800g steam - sterilized clayey soil, planted with 3-5 seeds/pot of sugar-beet cv. Negma, irrigated with water as needed then thinned to one seedling/pot after one month from germination. Fifteen days later, plant seedlings were inoculated with 2000 second juveniles of root-knot nematode, M. incognita. Simultaneously, plants were treated with humic acid (100ml/pot) and thiamine (100ml/pot) as soil drench. Pots were treated with oxamyl as a standard nematicide @ the rate of 0.3 g/pot. However, pots were left free of nematode infection and any treatment to serve as control (Ck1). Another  pots were received nematode alone and served as control ( (Ck2). Pots were then arranged in a randomized complete block design in a greenhouse of 22 ± 3ºC, with four replicates and received water regularly. Roots were collected at different intervals (0, 3, 9 and 15 days after treatment and nematode inoculation) and assayed for activities of peroxide oxidase (PO) and polyphenol oxidase (PPO). 
Preparation of enzyme extract:
Enzyme extracts were prepared following the method described by Maxwell and Beteman (1967). Dry root tissues (0.5 gm) of each treatment were ground in 3 ml Na-phosphate buffer at pH 6.8 in a mortar and then centrifuged at 1.500 g / 20 min. at 6°C. The resultant supernatant fluids were processed for enzyme assays. 
 Peroxidase activity (PO):

Peroxidase was assayed using photochemical method as described by Amako et al. (1994). The reaction mixture was added as the following sequences, 1500 ml phosphate buffer., 480 ml hydrogen peroxidase., 1000 ml pyrogallol, 20 ml sample extract. The increasing in the absorbance at 430 nm was recorded against blank with phosphate buffer instead of enzyme extract. One unit of enzyme activity was defined as the amount of the enzyme, which changing the optical density at 430 nm per min. at 25°C under standard assay conditions. Specific activity was expressed in units by dividing it to mg protein.
  
Polyphenol oxidase (PPO)
Polyphenol oxidase was assayed using photochemical method as described by Coseteng and Lee (1987). The reaction mixture was added as the following sequences: 2.7 ml potassium phosphate buffer 90.05M, pH 6.2,  0.25 ml of 0.25 M catechol, 0.05 ml of enzyme extract. The increasing in absorbance at 420 nm was measured. One unit of enzyme activity is defined as the amount of the enzyme that causes an increase of 0.001 absorbance unit per minute at 25°C.
Data analysis

         Statistically, the obtained data were subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984), followed by Duncan's multiple range tests to compare means (Duncan, 1955).
RESULTS AND DISCUSSION
  
Data in Table (1&2) elicit the impact of five materials namely  Phenylalanine, Thiamine, L-Glutamic acid, Humic acid and H2O2 in comparison with oxamyl on root-knot nematode, M. incognita reproduction and the consequent effect on plant growth parameters of sugar-beet grown in clayey soil under greenhouse conditions at 22 ± 3°C.
Impact of selected materials on plant growth of sugar-beet infected with M. incognita  

 All screened treatments with different concentrations obviously improved plant growth parameters and suppressed nematode population in soil and root of sugar-beet grown in clayey soil with various degrees (Table 1&2). A positive correlation has noticed between tested concentrations of such treatments and sugar- beet growth parameters (Table 1). The higher the concentration the better plant growth was detected. Among tested treatments, humic acid as well as thiamine at the concentration of  2000 ppm significantly exceeded  all other applications and improved shoot length, total plant fresh and shoot dry weight with percentage of increase amounted to 36.2, 35.2; 148.4, 142.8% and 118.2, 72.7% respectively. However, hydrogen peroxide was the least effective in improving total plant fresh weight with percentage of increase ranged from 10.3 to 47.6% at four concentrations tested. However, a non significant difference was noticed within some treatments. It is worthy to note that oxamyl as a standard nematicide exhibited moderate increase in shoot weight (98.5%), total plant fresh weight (37.8%) and shoot dry weight (27.3%) of sugar-beet grown in clayey soil (Table 1). 
Table (1) Impact of five abiotic agents as resistance inducers on  plant growth response of sugar-beet var. Negma infected with M. incognita under greenhouse conditions (22 ±3° C).
	                                 Treatments   
	Conc.
ppm

	*Plant growth response


	
	
	Shoot  Length (cm)
	Inc.%
	Shoot
Weight

(g)
	Root Weight(g)
	Total Plant  fresh wt. (g)
	Inc. %

	Shoot Dry wt.

(g)
	Inc.%


	Phenylalanine
	100
	24.5 e-g
	15.0
	9.8h-j
	5.9 hi
	15.7
	24.6
	1.7 d-f
	54.5

	
	500   
	25.7 d-f
	20.7
	13.9 c-f
	7.2 g-i
	21.1
	67.4
	1.4 e-i
	27.2

	
	1000
	26.0 c-f
	22.1
	14.7 c-e
	7.8g
	22.4
	77.7
	1.5 e-g
	36.3

	
	2000
	26.5 b-e
	24.4
	15.9 bc
	8.2 fg
	24.0
	90.4
	1.7 d-f
	54.5

	Thiamine
	100
	27.3 a-d
	28.2
	18.2 a
	8.1 fg
	26.3
	108.7
	1.4 f-i
	27.2

	
	       500
	27.8 a-d
	30.5
	18.2 a
	9.6 ef
	27.8
	120.6
	1.6 d-f
	45.4

	
	1000
	28.3 a-c
	32.9
	18.9 a
	11.2 b-e
	30.2
	139.6
	1.9 b-d
	72.7

	
	2000
	28.8 ab
	35.2
	19.2 a
	11.4 a-d
	30.6
	142.8
	1.9b-d
	72.7

	L-Glutamic acid
	100
	23.0 g-i
	7.9
	8.3 jk
	5.7 ij
	13.9
	10.3
	1.3 g-j
	18.1

	
	       500
	23.3 g-i
	9.4
	11.8 f-h
	7.8 g
	19.6
	55.6
	1.4 f-i
	27.2

	
	1000
	26.8 a-e
	25.8
	12.7 e-g
	10.5 de
	23.2
	84.1
	1.5 e-h
	36.3

	
	2000
	26.8 a-e
	25.8
	13.1 d-g
	10.8 c-e
	23.9
	89.7
	1.7 c-e
	54.5

	Hydrogen Peroxide 

(H2O2)
	100
	21.5 i
	0.9
	6.7 k
	7.2 g-i
	13.9
	10.3
	1.1j
	0.0

	
	500  
	22.0 hi
	3.3
	9.1 ij
	5.7 ij
	14.8
	17.5
	1.2 h-j
	9.0

	
	1000
	24.0 f-h
	12.7
	9.4 jk
	7.5 gh
	16.8
	33.3
	1.3 g-j
	18.1

	
	2000
	25.8 d-f
	21.1
	10.3 h-j
	8.2 fg
	18.6
	47.6
	1.4 f-j
	27.2

	Humic acid


	100
	23.3 g-i
	9.4
	13.9 c-f
	9.6 ef
	23.4
	85.7
	2.0 bc
	81.8

	
	 500     
	24.5 e-g
	15.0
	15.3 b-d
	12.3 a-c
	27.6
	119.0
	2.1 b
	90.9

	
	1000
	28.3 a-c
	32.9
	17.5 ab
	12.6 ab
	30.0
	138.0
	2.2 ab
	100.0

	
	2000
	29.0 a
	36.2
	18.4 a
	12.9 a
	31.3
	148.4
	2.4 a
	118.2

	    Oxamyl
	25.8 d-f
	21.1
	13.3 d-g
	4.2 jk
	17.3
	37.8
	1.4 f-o
	27.3

	Plant free of N (Healthy plant)
	27.3 a-c
	28.2
	11.1 g-i
	3.3 k
	14.4
	14.2
	1.2 h-j
	9.0

	N alone
	21.3 i
	0.0
	6.7 k
	5.9 hi
	12.6
	0.0
	1.1 j
	0.0


*Each value presented the mean of four replicates                               

   N = M. incognita (2000 eggs/ plant) .
               Means in each column followed the same letter(s) did not differ at P ≤ 0.05 according to Duncan`s multiple range test
Impact of selected materials on reproduction of M.incognita infecting sugar-beet.

Data in Table (2) document the impact of screened materials on controlling M. incognita infecting sugar-beet var. Negma grown in potted clayey soil. Results revealed that nematode population within soil and root were significantly suppressed by all tested treatments with reproduction factor ranged from 0.29 to 1.87. However, a negative correlation has revealed between tested concentrations of screened materials and root-knot nematode population. Meanwhile, the lower concentration of selected materials, the higher suppression in nematode population was recovered. Out of the five materials, humic acid at the concentration of 100 ppm achieved the highest reduction in nematode population (91.3%) followed by H2O2 (91.0%) then phenylalanine (86.8%) at the same concentration (Table 2). Similar trend was noticed with root galling except humic acid at the concentration of 2000ppm which resulted in significant reduction in galling formation (68.5%). Oxamyl pronounced a significant reduction in total nematode population (90.6%), root galling (76.4%) and eggmasses number (100.0%) with Rf = 0.31, RGI=3.0 and EI=0.0 respectively.
	Treatment                     .
	Conc /
Ppm
	Soil 
	*Nematode population in
	Final population

(Pf)
	RF
	Red %
	No. of galls
	RGI**
	No. of Eggmasses
	EI**

	
	
	
	Root
	
	
	
	
	
	
	

	
	
	
	Females 
	Developmental stages
	
	
	
	
	
	
	

	Phenylalanine
	100 
	840r
	44.5 g-j
	0.8 cd
	885.3
	0.44
	86.8
	41.0jk
	4.0
	1.3b
	0.8

	
	500 
	1235l
	43.3 h-j
	0.8 cd
	1279
	0.64
	80.9
	40.0 jk
	4.0
	0.8b-d
	0.5

	
	1000
	1450i
	41.8 ij
	0.8 cd
	1492.5
	0.75
	77.7
	40.3 i-k
	4.0
	0.5 b-d
	0.5

	
	2000 
	1680f
	57.0 ef
	1.5 cd
	1738.5
	0.87
	74.0
	50.8 gh
	4.0
	1.0 b-d
	0.5

	Thiamine
	100 
	850q
	39.3j
	0.0 d
	889.3
	0.44
	86.7
	38.8 jk
	4.0
	0.0 d
	0.0

	
	500 
	1150n
	51.8 f-h
	0.3 d
	1202
	0.60
	82.0
	40.5gh
	4.0
	0.5 b-d
	0.3

	
	1000 
	1.260k
	50.0 f-i
	0.3d
	1310.3
	0.66
	80.4
	47.3h-j
	4.0
	0.5 b-d
	0.3

	
	2000 
	1320j
	52.0 fg
	0.0 d
	1372
	0.69
	79.5
	50.3hi
	4.0
	0.0 d
	0.0

	L-Glutamic acid
	100 
	1080p
	51.5 f-h
	1.5 cd
	1133
	0.57
	83.0
	50.8gh
	4.0
	0.3 cd
	0.3

	
	500 
	1200m
	69.3 cd
	0.5d
	1269.8
	0.63
	81.0
	66.3c-e
	4.0
	1.5 b-d
	1.5

	
	1000 
	2650d
	67.8 cd
	0.0 d
	2717.8
	1.36
	59.4
	66.0 de
	4.0
	0.0 d
	0.0

	
	2000 
	3010c
	75.0 c
	0.0 d
	3085
	1.54
	53.9
	72.8b-d
	4.0
	0.3 cd
	0.3

	Hydrogen Peroxide 
H2O2
	100 
	560t
	42.0 ij
	0.0 d
	602
	0.30
	91.0
	74.0cd
	3.8
	0.0 d
	0.0

	
	500 
	1600g
	51.8 f-h
	1.3cd
	1653
	0.83
	75.3
	78.4c
	4.0
	0.8 b-d
	0.8

	
	1000 
	2535e
	66.8de
	1.8 b-d
	2603.5
	1.30
	61.1
	80.5b
	4.0
	1.0 b-d
	1.0

	
	2000 
	3640b
	91.5 b
	3.8 bc
	3735.3
	1.87
	44.2
	87.0b
	4.0
	2.0 b
	1.0

	Humic acid
	100 
	520u
	63.8de
	0.8d
	584.5
	0.29
	91.3
	49.5de
	4.0
	0.5 b-d
	0.3

	
	500 
	1115b
	84.0 b
	0.0d
	1199
	0.60
	82.1
	46.3ef
	4.0
	1.8 bc
	0.8

	
	1000 
	1200o
	63.8de
	0.0d
	1263.8
	0.63
	81.1
	35.8gh
	4.0
	0.8 b-d
	0.5

	
	2000 
	1550h
	54.8f
	0.0d
	1604.8
	0.80
	76.0
	30.5ef
	4.0
	1.0 b-d
	0.5

	   Oxamyl
	600s
	27.3 k
	0.0 d
	627.3
	0.31
	90.6
	22.8l
	3.0
	0.0 d
	0.0

	    N alone
	6580a
	108.0a
	5.0 a
	6693
	3.35
	-----
	96.8 a
	4.0
	55.3 a
	4.0


Table (2): Impact of five abiotic agents as resistance inducers on the development and reproduction of M. incognita infecting sugar-beet var. Negma under greenhouse conditions (22 ±3° C).

*Each value presented the mean of four replicates.                 N = M. incognita (2000 eggs/ plant) 

  RF= Reproduction factor  = final population (Pf) / initial population (Pi)                     Means in each column followed the same letter(s) did not differ at P ≤ 0.05 according to Duncan`s multiple range test.                                                                                     
**Root gall index (RGI) or eggmasses index (EI): 0 = No galls or eggmasses, 1= 1-2 galls or eggmasses, 2= 3-10 galls or eggmasses , 3=11-30 galls or eggmasses , 4= 31-100 galls or eggmasses and 5 = more than 100 galls or eggmasses  (Taylor and Sasser, 1978).    
Biochemical activities
Nitrogen, phosphorus and potassium contents.
Untreated sugar-beet infected with M. incognita exhibited  significant reduction in N, P and K contents as compared with untreated uninoculated  plants  with percentage of reduction reached  31.29,  25.64, and 28.60%, respectively  However, a remarkable induction in N, P, and K contents was recorded with all tested materials with different degrees.The greatest and significant increase in N, P, and K contents was noticed the application of humic acid at the concentration of 2000 ppm (37.67, 27.59 and 32.85 %) respectively (Fig.1- 3). 
Total chlorophyll 

Similarly, infected plants of sugar-beet exhibited significant reduction in photosynthetic pigment contents (chlorophyll a, and b) compared to non-infected ones with percentage of reduction in total chlorophyll reached 29.87%. Herein, a detectable induction in total chlorophyll was recorded with all tested materials with different degrees (Fig.4). The greatest and significant increase in total chlorophyll was indicated with pots receiving the application of humic acid at the concentration of 2000 ppm (35.19%). 
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Fig. (1)  Percentage of nitrogen in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain  abiotic resistance  inducers under the infection of Meloidogyne incognita.
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 Fig. (2)   Percentage of  phosphorus in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain abiotic resistance inducers under the infection of Meloidogyne incognita.
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Fig. (3)  Percentage of  potassium in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain abiotic resistance inducers under the infection of Meloidogyne incognita.
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Fig. (4)  Percentage of  total chlorophyll in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain abiotic resistance  inducers under the infection of Meloidogyne incognita.

Total carbohydrates
The adverse effect of M. incognita infection on total carbohydrates in leaves of sugar-beet was revealed with percentage of reduction reached 16.60%. However, a detectable induction in total carbohydrates was recorded with all tested materials with different degrees (Fig.5).  The greatest induction in total carbohydrates was recorded with humic acid at the concentration of 2000 ppm with percentage of increase amounted to15.80% .
Total proteins

Untreated sugar-beet infected with M. incognita exhibited significant reduction in total proteins as compared with untreated unioculated plants with percentage of reduction reached 31.3%. However, a detectable induction in total proteins was recorded with all tested materials with different degrees (Fig.6). The greatest induction in total proteins was recorded with humic acid at the concentration of 2000 ppm with percentage of increase amounted to 37.70%.  
Total phenols

 
The total phenolic compounds increased in infected plants compared to non-infected plants reached 44.68% related to untreated uninoculated plants. However, all treatments showed a reduction in total phenols to various extent relative to infected plants (Fig.7). A slight reduction was recorded with the application of H2O2 at the concentration of 100 ppm (1.47%) followed by thiamine (7.35%) than L-Glutamic acid (10.29%). On the other hand, pots receiving all treatments showed increment in total phenol as compared with healthy plant. 
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Fig. (5)  Percentage of  total carbohydrates in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain abiotic resistance inducers under the infection of Meloidogyne incognita.
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Fig.(6) :  Percentage of  crude protein in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain abiotic resistance inducers under the infection of Meloidogyne incognita.
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Fig.(7)  Percentage of  total phenol in leaves  of sugar-beet var. Negma  grown in clayey soil treated by Humic acid and certain abiotic inducers under the infection of Meloidogyne incognita.

Defense related proteins

Data presented in Table (3) revealed that humic acid, thiamine at the concentration of 2000 ppm and oxamyl as well differed in their ability to stimulate peroxidase (PO) and polyphenol oxidase (PPO) activities in sugar-beet plant inoculated with M.incognita. In untreated uninoculated plants, the activities of PO and PPO remained higher and attained their peak at the 9th day and thereafter a decline was noticed. The least induction of PO and PPO was recorded with plants untreated and inoculated with nematodes and showed slight decline 3 days after nematode inoculation then increased and reached their peak at 9thday. 

However, increased PO and PPO activities were more pronounced in oxamyl followed by thiamine then humic acid compared to untreated inoculated plants.  In such treatments, PO activity was declined at the 3rd day after nematode inoculation then increased and reached their peak at 9th day.  Conversely, the increased activity of PPO remained higher in plants treated with oxamyl and reached their peak at 9 days after nematode inoculation.

Table (3): Impact of humic acid and thiamine as abiotic resistance inducers on peroxidase (PO) and polyphenol oxidase (PPO) activities in roots of sugar-beet cv. Negma after 0, 3, 9 and 15 days of Meloidogyne incognita inoculation. 
	            Time 

Treatments 
	Enzyme activities(unites/ mg protein)

	
	Days after inoculation

	
	0

	3


	9

	15

	
	PO 
	PPO 
	PO


	PPO 
	PO


	PPO 
	PO


	PPO 

	Humic acid
	0.288
	0.356
	0.219
	0.315
	0.241
	0.359
	0.207
	0.332

	Thiamine
	0.288
	0.356
	0.235
	0.331
	0.255
	0.375
	0.218
	0.347

	Oxamyl
	0.288
	0.356
	0.281
	0.377
	0.295
	0.417
	0.253
	0.392

	Plant free of N
	0.288
	0.356
	0.308
	0.405
	0.318
	0.431
	0.287
	0.413

	N alone
	0.288
	0.356
	0.207
	0.310
	0.228
	0.347
	0.195
	0.319


Acquired or induced resistance of plants to pathogens can be achieved by inoculating a plant with incompatible or weak pathogens or by applying biotic or abiotic inducers (Oka et al, 1999). In the present study phenylalanine, thiamine, L-Glutamic acid, hydrogen peroxide (H2O2) and humic acid at four concentrations were tested in sugar-beet infected with M. Incognita. Out of the five materials soil drenching with humic acid at the concentration of 2000 ppm performed the best and induced significant improvement in total plant fresh weight (148.5%) and shoot dry weight (118.2%). Relative to control plants root galling (68.7%) and number of eggmasses (98.2%) were significantly suppressed with the application of humic acid at the concentration of 2000 ppm. These results support the findings of Saravanapriya and Subramanian (2005) who stated that humic acid when applied as root dipping at higher concentration of 0.4% significantly increased the growth parameters of tomato and also reduced the number of galls and eggmasses/plant and nematode population in soil. 

Spraying selective vitamins or antioxidants on root-knot infected plants have proved that they could suppress gall formation, retard nematode development, decrease its reproductive potential and improved plant growth. Ibrahim (2007) reported that seeds of soybean soaked in 1000 ppm of thiamine gave relatively higher effect compared to that of 500 ppm. In the present investigation thiamine (2000 ppm) applied as soil drench to sugar-beet cultivated in clayey soil, ranked next to humic acid (2000 ppm) and induced significant improvement in plant growth and significant suppression in root galling and total nematode population as well.
On the other hand, sugar-beet infected with the root-knot nematode, M.incognita exhibited significant reduction in NPK contents, photosynthetic pigment contents (chlorophyll a, b, a+b), crude proteins and total carbohydrates compared to untreated unioculated plants.  Ibrahim (2010) supported the previous findings and reported the reduction of NPK and chlorophyll contents in sugar- beet due to M. incognita infection.  Meanwhile, Korayem et al. (2012) documented the significant reduction in chlorophyll a and b in ten sugar-beet genotypes infected with M. incognita compared to non-infected ones. Inhibition of chlorophyll biosynthesis was indicated in sugar-beet infected with root-knot nematode, M. incognita. 
Crude protein (31.3%) and total carbohydrates(16.60%) were significantly reduced in sugar–beet plants infected with root-knot nematode, M. incognita.  These results support the findings of Mostafa et al. (2012) and Abou El-Atta (2012) in sunflower and egg-plant respectively.  This decrease may be due to some activities related to hypersensitive response (Chandra and Bhatt, 1998).
Out of the five tested materials, humic acid treated plants at all concentrations tested revealed a remarkable increase in chemical constituents viz. NPK, crude proteins, chlorophyll and total carbohydrates.  These results support the findings of Ibrahim (2010) in respect to NPK and chlorophyll in sugar-beet with the application of the bio-agents Bio-arc and Bio-zeid.  However, induction of total chlorophyll in plants treated with humic acid at the concentration of 2000ppm agreed with that reported by Shalaby (2012). Such increment could be ascribed to the influence of such abiotic inducer on the development processes leading synthesis of chloroplasts enzymes. 

The increment in crude proteins was more pronounced with humic acid at the concentration of 2000ppm. This result is in accordance with those reported by Mostafa et al. (2012) in respect to oxamyl integrated with certain bio-agents and 
Abou El-Atta (2012) in respect to solid compost. Correlation between the levels of total soluble proteins in response to SA pointed to exert action mechanism upon DNA-RNA synthesizing protein machinery at transcriptional and/or translocational levels with magnitudes   (El-Bahy and Moursy ; 2003 and El- khallal, 2007) 

Several amino acids have been used in soil drenches as antimetabolites for nematodes and have reduced nematode damage (Osman, 1993 and Oka et al., 1999). In the present study application of phenylalanine and L-Glutamic acid on soil at the concentration of 2000 ppm significantly improved plant growth parameters and ranked second  to humic in increasing  chemical constituents in terms of NPK, total chorophyll, crude proteins and total carbohydrates. However, a significant reduction in nematode population, root galling and number of eggmasses was recorded with lower concentration of such inducers. 
Herein, total phenolic content increased significantly in leaves of sugar–beet plant infected with M. incognita compared to untreated uninoculated plants. Phenols may serve as defense compounds against pathogens (Kosuge, 2006). Early increases in phenol caused by pathogen invasion trigger the transcription of messenger RNA that codes for phenylalanine amonia lyase (PAL); increasing amounts of PAL in the plant brings  about the synthesis of phenolic compounds (Taiz and Zeiger, 2002). In the present study the amount of total phenols in  infected sugar- beet plants leaves was greater than that of untreated uninoculated plants with percentage of increase amounted to 44.68%. Conversely, all tested treatments exhibited lower levels in phenol content at the end of experiment. It was suggested that lower level of phenols in later stages is linked to the oxidation of phenols by polyphenoloxidase (PPO)   (Melo et al., 2006).

 Plants are endowed with defense genes which are quiescent in healthy plants. When these genes are activated with various factors they induce systemic resistance against disease. Organic acids or vitamins induce systemic resistance by activation of various defense–related enzymes viz. PO, PPO and PAL (Sharma, 1993; Oka et al, 1999 and El-Zahaby et al., 2002). Recently, research work has demonstrated that the bio-agent Pseudomonas fluorescens might stimulate the production of biochemical compounds associated with the host defense (Kavino et al, 2007). Of these, early induction of peroxidase is more important as it is the first enzyme in the phenylpropanoid pathway, which leads to production of phytoalexin and phenolic substances leading the formation of lignin (Bruce and West, 1989). Conspicuously, the current investigation recorded the higher activity of peroxidase in plants treated with humic acid and thiamine 2000 ppm since it reached its peak at 9 days generating the speculation of induced defense responses in sugar-beet infected with M.incognita. Peroxidase activity in roots is important in the reinforcement of cell walls at the border of infection in resistant plants and that are considered as important components of active defense response of nematode invaded tissue (Zacheo et al., 1995). The trend of increasing PPO activity was similar to that of PO in all treatments. Increased activity of peroxidase (PO) or polyphenol oxidase (PPO) has been elicited by organic acids in different plants i.e. saliycilic acid (SA) in tomato       (Sharma, 1993 and El-Zahaby et al, 2002). 
             Finally it can be concluded that use of abiotic inducers i.e. humic acid and thiamine  represent a promising new approach for the control of root-knot nematode, M.incognita infecting sugar- beet within an environmental friendly integrated pest management through enhancing the resistance of plant to nematode infection.
REFERENCES
A.O.A.C. (1980) “Official methods of analysis” Twelfth Ed. Published by the Association of Official Analytical chemists, Benjamin, France line station, Washington. Dc.
Abad, P.; Favery, B.; Rosso, M. and Castagnone-Sereno, P. (2003). Root- knot nematode parasitism and host response: molecular basis of a sophisticated interaction. Molecular Plant Patholo. 4, 217-224.

 Abdel-Momen, S. M.; Zawam, Hanaa S. and A. E. M. Khalil (2005). Effect of certain mineral salts, organic acids, amino acids and growth regulators on reproduction of Meloidogyne javanica infecting sunflower. J. Agric. Sci., Mansoura Univ., 30 (5): 2853-2863.

Abou El-Atta, Doaa A. M. (2012). The role of certain bio-agents in controlling plant parasitic nematodes. Ph. D. Thesis, Mans.  Univ., Fac. of Agric., 187 pp.
Ahmed, N.; Abbasi, M.W.; Shaukat, S.S. and Zaki, M. J. (2009). Physiological changes in leaves of mung bean plants infected with Meloidogyne javanica. Phytopathol. Mediterr. 48, 262-268.

Al-Sayed, A.A. (1990). The inhibitory effect of ascorbic acid on Meloidogyne incognita infecting tomato. Annals of Agric. Sci. Moshtohor, 28(3): 1737-1740.

Amako, A.; Ghen, G. X. and Asala, K. (1994).separate assays specific for the ascorpate peroxides and guaiacol peroxidase and for the chloroplastic and cytosolic isozyme of ascorbate peroxidase in plants. Plant cell Phsiol., 53: 497-507.
Bruce, R. J. and West, C. A. (1989). Elicitation of lignin biosynthesis and isoperoxidase activity by pectic fragments in suspension cultures of castor bean. Plant Physiol. 91:889-897.
Browning, M.; Wallace, D. B. ; Dawson,C.; Alm,  S. R. and Amador, J. A. (2004). Potential of butric acid for control of soil borne fungal pathogens and nematodes affecting strawberries. Soil Biolo. &Biochmis., xx:1-4.  

Chandra, A.  and Bhatt, R.K. ( 1998). Biochemical and phtsiological response to salycilic acid in relation to the systemic acquired resistance. Photosynthetica, 35: 255-258.
Coseteng, M. Y. and Lee, C. Y. (1987). Change in apple polyphenol oxidase and polyphenol concentrations in relation to degree of browning. J. Food Sci. 52:985-989.
Duncan, D.B. (1955). Multiple range and multiple, F-test Biometrics, 11:1- 42.

El-Naggar, H. I. (2000). In-vitro study on the effect of some amino acids and their isomers on juvenile mortality of Tylenchulus semipenetrans. Egyptian J. Agronematol., 4(1&2): 41-47.  
El-Bahy, M. M. and Moursy, S.M. (2003). Certain physiological, biochemical and molecular aspects of lupin seedlings as influenced by seed treatment with salicylic acid and gallic acid prior to sowing. Egypt J. Biotechnol., 13: 157-175.

El- khallal, S.M. (2007).  Induction and modulation of resistance in tomato plants against Fusarium wilt disease by bioagent fungi (Arbuscular Mycorrhiza) and/or hormonal elicitors (jasmonic acid & salicylic acid): 2-Changes in the antioxidant enzymes, phenolic compounds and pathogen related-proteins. Australian J.Basic and Appl. Sci., 1(4): 717-732. 
El-Zahaby, H. M.; Abdel-Hadi, M. A. and El-Shafeey (2002). Biochemical response of ascorbic acid and salicylic acid on polyphenol oxidase activity in tomato plants infected with root-knot nematode. 2nd Inter. Conf. Hort. Sci., 10-12 Sept. Kafr El-Sheikh, Tanta Univ., Egypt.1146-1157.
Gomez, K. A. and A. A.  Gomez, (1984). Statistical Procedures for Agriculture Research. 2nd Ed., June Wiley & Sons.Inc. New York.

Goodwine, T.W. (1965). Countative analysis of the chloroplast, Pigments. Acadmic press, London and New York.  

Hussey, R.S. and Barker, K. R. (1973). A comparison on methods of collecting inocula of  Meloidogyne spp. including a new technique. Plant Dis. Reptr., 57: 1925-1928.  
Ibrahim, Dina, S. S.  (2010). Studied on nematodes associated with sugarbeet plant roots in Dakahlia governorate. M. Sc. Thesis, Fac. Agric. Mansoura Univ., 108 pp.

Jackson, M. L. (1967). Soil Chemical Analysis. Printic Hall of India, New Delhi. Pp. 144-197.

John, M.K. (1970). Colorimetric determination of phosphorus in soil and plant material with ascorbic acid. Soil Sci. 109: 214-220.
Kavino, M.; Harish, S.; Kumar, N.; Saravanakumar, D.; Domodaran, T. (2007).   Rhizophere and endophytic bacteria for induction of systemic resistance of banana plantlets against bunchy top virus. Soil Biol. and Biochmis. 39: 1087-1098.

Kaur, C. and Kapoor, H. C.  (2002). Anti-oxidant activity and total phenolics content of some Asian vegetables. International J. Food Sci., and Techno., 37:             153-161.
Kesba, H. H. H. (2003). Integrated nematode management on grapes grown in sandiness soil. Ph. D. Thesis, Fac. Agric., Cairo Univ., 189 pp. 
Korayem, A.M.; El –Bassiouny, H. M. S.; Abd El-Monem, Amany A. and Mohamed, M. M. M. (2012). Physiological and biochemical changes in different sugar beet genotypes infected with root- knot nematode. Acta Physiol. Plantarum, 34( 5): 1847-1861.
Kosuge,T. (2006). The role of phenols in host response to infection. Annual Review of Phytopathology 7, 195-222. 
Maxwell, D. P. and Bateman, D. F. (1967). Changes in the activity of oxidases in extracts of Rhizoctonia infected bean hypocotyls in relation to lesion maturation. Phytopathol., 57, 123-136.
Melo, G.A., Scimizu, M.M. and Mazzafera, P. ( 2006). Polyphenol oxidase activity in coffee leaves and its role in resistance against the coffee leaf miner and coffee leaf rust. Phytochemistry 67, 277-285.   
Mitkowski, N. A. (2002). Developing Pesticide and Non-pesticide Methyl Bromide Alternatives for Herbaceous Perennial Ornamentals, Woody Ornamentals and Vegetables. from the USDA Methyl Bromide Alternatives Program. Annual Meeting for Project entitled " Biologically Based IPM Systems for Management of Plant – Parasitic Nematodes", October 9-11, 2002.

Mostafa, Fatma A. M.; Kasem, M. M. ; Refaei, A. F.; Nour El-Deen, A. H. and Genena, Marwa A. (2012). Integrated management of Meloidogyne incognita and Rotylenchulus reniformis using Trichoderma lignorum, Paecilomyces sulphurellus and rice straw tea compost. Egypt. J. Agronematol., 11(1): 125-143.
Nandi, B.;  Kundu, K.;  Banerjee, N. and Babu, S. P. S.  (2003). Salicylic acid-induced suppression of Meloidogyne incognita infestation of okra and cowpea. Nematology. Brill Academic Publishers, Leiden, Netherlands, 5 (5): 747-752. 
Nandi, B.; Sukul, N. C.  and Babu, S. P. S.  (2000). Exogenous salicylic acid reduces Meloidogyne incognita infestation of tomato. Journal of Allelopathy, 7(2): 285-288.
Oka, Y. ; Cohen, Y. and Spiegel, Y. (1999). Local and systemic induced resistance to the root-knot nematode in tomato by DL-β-Amino-n-Butyric acid. Phytopathol., 89(12), 1138-1143.

Osman G. Y (1993). Effect of amino acids and ascorbic acid on Meloidogyne javanica Chitw. (Tylenchidae, Nematoda). J. Pest Sci., 66(7): 140-142.

Pregl, E. (1945). Quantative organic micro-analysis 4th Ed. J. Chundril. London. 

Refaei, A. R. (2009). Impact of certain fruit seed kernels on Meloidogyne incognita infecting okra under greenhouse conditions. J. Agric. Sci. Mansoura Univ., 34(3): 2347-2356.
Saeed, M. R. M. (2005). Utilization of some specific materials to stimulate resistance in some host plants against the root-knot nematodes. Ph. D. Thesis, Cairo Univ., Fac. of Agriculture, 220 pp. 
Saravanapriya, B.and Subramanian, S. (2005). Effect of humic acid against M. incognita on tomato. Annals of Pl. Protec. Sci., 13: (2): 441-444.

 Saravanapriya, B. and Subramanian, S. (2007). Management of M. incognita on tomato with humic acid and bioinoculants.  Annals of Plant Protec. Sci.,15 (1):195-197.
Seenivasan, N. (2011). Efficacy of Pseudomonas fluorescens and Paecilomyces lilacinus against Meloidogyne graminicola infecting rice under system of rice intensification. Phytopathol. & Plant Protection. 44(13-16), 1467-1482.
Shalaby, Marwa M. M. Y. (2012). Root-knot  nematode Meloidogyne incognita management on tomato plants by various biological agents. PhD. Thesis, Fac. Agric. Mansoura Univ., 191 pp.

Sharma, O. N. (1993). Enhancement of biological defense mechanisms in resistance and its activation in susceptible tomato cultivars infested with root-knot nematode, Meloidogyne incognita. Plant Dis. Res., 8:47-53.

Taiz, L. and Zeiger,  E. ( 2002). Plant Physiology.3rd ed. Sinaur Associates Inc, Sunderland, MA,USA, 290pp. 
Taylor, A.L. and Sasser, J. N. (1978). Biology, identification and control of root-knot nematodes (Meloidogyne spp.) Coop. pub. Dept. plant pathol. North Carolina State Univ. and U.S. Agency Int. Dev. Raleigh, N.C. 111pp.
Wasson, A. P.; Ramasy, K.; Jons, M. G. and Mathesious, U. (2009). Diffening requrinments avenoides during the formation of lateral roots nodules and root-kont nematode galls in Medicago truncatula. New Phytol. 183: 167-179. 
Williamson, V. M. and Gleason, C. A. (2003). Plant nematode interactions. Current Opinion in Plant Biology 6, 327-333.

Zacheo, G.; Bleve-Zacheo, T. ;Pacoda, D. ; Orlando, C. and Durbin, R.D. (1995). The association between heat-induced susceptibility of tomato to Meloidogyne incognita and peroxidase activity. Physiological and Molecular Plant Pathol.,46:6,491-507.

Zaki, M. J.; Javed, S.; Abid, M.; Khan, H. and Moinuddin,  M. (2004). Evaluation of some chemicals against root-knot nematode, M. incognita Inter. J. Biology and Biotechno., 1(14): 613-618. 
الملخص العربي
المقاومة المستحثة لنبات بنجر السكر المصاب بنيماتودا تعقد الجذور بإستخدام حامض الهيوميك ,ماء الأكسجين , الثيامين وإثنان من الأحماض الأمينية.

**دينا صلاح الدين سراج الدين إبراهيم ,*أحمد حماد نور الدين ,** أشرف السعيد خليل ,* فاطمة عبد المحسن مصطفى .

* قسم الحيوان الزراعى – كلية الزراعة – جامعة المنصورة . 

** قسم النيماتودا – معهد أمراض النبات – مركز البحوث الزراعية. 

            تم إجراء تجربتين تحت ظروف الصوبة لتقييم تأثير خمسة مركبات مختلفة وهى حامض الهيوميك وماء الأكسجين والثيامين وإثنان من الأحماض الأمينية هى (الفينيل ألآنين - حامض الجلوتميك) بأربعة تركيزات مختلفة كمستحثات للمقاومة ضد الإصابة بنيماتودا تعقد الجذورعلى  نبات بنجر السكر المنزرع فى تربة طينية.

حيث أظهرت النتائج ما يلى:

-  عملت كل المعاملات المستخدمة على تحسين المقاييس النباتية لنبات بنجر السكر وقللت من الإصابة بالنيماتودا.
- كانت التركيزات الاعلى الافضل فى تحسين النمو الخضرى والجذرى لنبات بنجر السكر.
 - اظهر كل من حمض الهيوميك والثيامين بتركيز 2000 جزء فى المليون زيادة معنوية فى الوزن الرطب للنبات مقارنة بالكنترول بنسب  148,4, 142,8 %  على التوالى .
- قللت  التركيزات المرتفعة من المركبات المستخدمة من أعداد العقد الجذرية وكتل البيض بدرجة معنوية.
- أثرت المعاملات المستخدمة على محتوى الأوراق من عناصر النتروجين والفسفور والبوتاسيوم والكلورفيل الكلى والبروتينات والفينولات. 

- أوضحت النتائج  قدرة كل من حامض الهيوميك والثيامين على استحثاث المقاومة فى نبات بنجرالسكر  وذلك بزيادة النشاط لكل من انزيم  البيروكسيديز وانزيم  البولى فينول أوكسيديز فى جذور بنجر السكر بالمقارنة بالنباتات المصابة بالنيماتودا  .

من هذة النتائج يتضح مدى إمكانية  إستخدام مثل هذة المركبات كمستحثات للمقاومة ضد نيماتودا تعقد الجذور على نبات بنجر السكر.
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		Phenylalanine		100 ppm		N Red%		p		Red.%		k		Red.%		t.chloroph		Red.%		t.charbohydrat		Red.%		C.proten		Red.%		T.phenol		inc.%

				500 ppm		13.17647059		0.35		10.2564102564		4.25		12.5514403292		0.67		12.987012987		18.95		7.1988246817		21.22		13.1751227496		0.57		21.2765957447

				1000ppm		11.76470588		0.35		10.2564102564		4.31		11.316872428		0.69		10.3896103896		19.12		6.3663075416		21.56		11.7839607201		0.57		21.2765957447

				2000ppm		10.35294118		0.36		7.6923076923		4.38		9.8765432099		0.7		9.0909090909		19.26		5.680705191		21.91		10.3518821604		0.56		19.1489361702

		Thiamine		100 ppm		9.647058824		0.36		7.6923076923		4.42		9.0534979424		0.7		9.0909090909		19.3		5.4848188051		22.08		9.6563011457		0.55		17.0212765957

				500 ppm		21.41176471		0.32		17.9487179487		3.87		20.3703703704		0.61		20.7792207792		17.98		11.9490695397		19.21		21.3993453355		0.63		34.0425531915

				1000ppm		20		0.32		17.9487179487		3.95		18.7242798354		0.62		19.4805194805		18.09		11.4103819785		19.55		20.0081833061		0.63		34.0425531915

				2000ppm		18.82352941		0.33		15.3846153846		3.99		17.9012345679		0.63		18.1818181818		18.23		10.7247796278		19.84		18.821603928		0.63		34.0425531915

		L-glutamic		100 ppm		18.35294118		0.33		15.3846153846		4.01		17.4897119342		0.63		18.1818181818		18.28		10.4799216454		19.95		18.3715220949		0.62		31.914893617

				500 ppm		17.17647059		0.33		15.3846153846		4.05		16.6666666667		0.64		16.8831168831		18.46		9.5984329089		20.24		17.1849427169		0.61		29.7872340426

				1000ppm		16		0.34		12.8205128205		4.12		15.2263374486		0.65		15.5844155844		18.55		9.1576885406		20.53		15.9983633388		0.6		27.6595744681

				2000ppm		14.58823529		0.34		12.8205128205		4.18		13.9917695473		0.66		14.2857142857		18.62		8.8148873653		20.87		14.6072013093		0.59		25.5319148936

		H2O2		100 ppm		14.11764706		0.34		12.8205128205		4.21		13.3744855967		0.67		12.987012987		18.76		8.1292850147		20.99		14.116202946		0.58		23.4042553191

				500 ppm		26.82352941		0.3		23.0769230769		3.66		24.6913580247		0.57		25.974025974		17.51		14.2507345739		17.88		26.8412438625		0.67		42.5531914894

				1000ppm		25.64705882		0.31		20.5128205128		3.73		23.2510288066		0.58		24.6753246753		17.6		13.8099902057		18.17		25.6546644845		0.67		42.5531914894

				2000ppm		23.76470588		0.31		20.5128205128		3.79		22.0164609053		0.59		23.3766233766		17.72		13.222331048		18.63		23.7725040917		0.66		40.4255319149

		Humic acid		100 ppm		23.29411765		0.31		20.5128205128		3.82		21.3991769547		0.6		22.0779220779		17.75		13.0754162586		18.75		23.2815057283		0.65		38.2978723404

				500 ppm		8.705882353		0.36		7.6923076923		4.43		8.8477366255		0.71		7.7922077922		19.41		4.9461312439		22.31		8.7152209493		0.54		14.8936170213

				1000ppm		7.764705882		0.37		5.1282051282		4.49		7.6131687243		0.72		6.4935064935		19.53		4.3584720862		22.54		7.7741407529		0.54		14.8936170213

				2000ppm		6.352941176		0.37		5.1282051282		4.58		5.7613168724		0.73		5.1948051948		19.65		3.7708129285		22.89		6.3420621931		0.53		12.7659574468

		Oxamyl				5.411764706		0.37		5.1282051282		4.61		5.1440329218		0.73		5.1948051948		19.72		3.4280117532		23.12		5.4009819967		0.52		10.6382978723

		N alone				4.235294118		0.38		2.5641025641		4.64		4.5267489712		0.74		3.8961038961		19.89		2.5954946131		23.4		4.2553191489		0.49		4.2553191489

		Control				31.29411765		0.29		25.641025641		3.47		28.6008230453		0.54		29.8701298701		17.03		16.6013712047		16.79		31.3011456628		0.68		44.6808510638
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								t.charbohydrat		C.proten														T.phenol

				Phenylalanine		100 ppm		7.1988246817		13.1751227496										Phenylalanine		100 ppm		21.2765957447

						500 ppm		6.3663075416		11.7839607201												500 ppm		21.2765957447

						1000ppm		5.680705191		10.3518821604												1000ppm		19.1489361702

						2000ppm		5.4848188051		9.6563011457												2000ppm		17.0212765957

				Thiamine		100 ppm		11.9490695397		21.3993453355										Thiamine		100 ppm		34.0425531915

						500 ppm		11.4103819785		20.0081833061												500 ppm		34.0425531915

						1000ppm		10.7247796278		18.821603928												1000ppm		34.0425531915

						2000ppm		10.4799216454		18.3715220949												2000ppm		31.914893617

				L-glutamic		100 ppm		9.5984329089		17.1849427169										L-glutamic		100 ppm		29.7872340426

						500 ppm		9.1576885406		15.9983633388												500 ppm		27.6595744681

						1000ppm		8.8148873653		14.6072013093												1000ppm		25.5319148936

						2000ppm		8.1292850147		14.116202946												2000ppm		23.4042553191

				H2O2		100 ppm		14.2507345739		26.8412438625										H2O2		100 ppm		42.5531914894

						500 ppm		13.8099902057		25.6546644845												500 ppm		42.5531914894

						1000ppm		13.222331048		23.7725040917												1000ppm		40.4255319149

						2000ppm		13.0754162586		23.2815057283												2000ppm		38.2978723404

				Humic acid		100 ppm		4.9461312439		8.7152209493										Humic acid		100 ppm		14.8936170213

						500 ppm		4.3584720862		7.7741407529												500 ppm		14.8936170213

						1000ppm		3.7708129285		6.3420621931												1000ppm		12.7659574468

						2000ppm		3.4280117532		5.4009819967												2000ppm		10.6382978723

				Ox				2.5954946131		4.2553191489										Ox				4.2553191489

				N				16.6013712047		31.3011456628										N				44.6808510638

				Ck																Ck				0
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		Phenylalanine		100 ppm		N Red%		p		Red.%		k		Red.%		t.chloroph		Red.%		t.charbohydrat		Red.%		C.proten		Red.%		T.phenol		inc.%

				500 ppm		13.17647059		0.35		10.2564102564		4.25		12.5514403292		0.67		12.987012987		18.95		7.1988246817		21.22		13.1751227496		0.57		21.2765957447

				1000ppm		11.76470588		0.35		10.2564102564		4.31		11.316872428		0.69		10.3896103896		19.12		6.3663075416		21.56		11.7839607201		0.57		21.2765957447

				2000ppm		10.35294118		0.36		7.6923076923		4.38		9.8765432099		0.7		9.0909090909		19.26		5.680705191		21.91		10.3518821604		0.56		19.1489361702

		Thiamine		100 ppm		9.647058824		0.36		7.6923076923		4.42		9.0534979424		0.7		9.0909090909		19.3		5.4848188051		22.08		9.6563011457		0.55		17.0212765957

				500 ppm		21.41176471		0.32		17.9487179487		3.87		20.3703703704		0.61		20.7792207792		17.98		11.9490695397		19.21		21.3993453355		0.63		34.0425531915

				1000ppm		20		0.32		17.9487179487		3.95		18.7242798354		0.62		19.4805194805		18.09		11.4103819785		19.55		20.0081833061		0.63		34.0425531915

				2000ppm		18.82352941		0.33		15.3846153846		3.99		17.9012345679		0.63		18.1818181818		18.23		10.7247796278		19.84		18.821603928		0.63		34.0425531915

		L-glutamic		100 ppm		18.35294118		0.33		15.3846153846		4.01		17.4897119342		0.63		18.1818181818		18.28		10.4799216454		19.95		18.3715220949		0.62		31.914893617

				500 ppm		17.17647059		0.33		15.3846153846		4.05		16.6666666667		0.64		16.8831168831		18.46		9.5984329089		20.24		17.1849427169		0.61		29.7872340426

				1000ppm		16		0.34		12.8205128205		4.12		15.2263374486		0.65		15.5844155844		18.55		9.1576885406		20.53		15.9983633388		0.6		27.6595744681

				2000ppm		14.58823529		0.34		12.8205128205		4.18		13.9917695473		0.66		14.2857142857		18.62		8.8148873653		20.87		14.6072013093		0.59		25.5319148936

		H2O2		100 ppm		14.11764706		0.34		12.8205128205		4.21		13.3744855967		0.67		12.987012987		18.76		8.1292850147		20.99		14.116202946		0.58		23.4042553191

				500 ppm		26.82352941		0.3		23.0769230769		3.66		24.6913580247		0.57		25.974025974		17.51		14.2507345739		17.88		26.8412438625		0.67		42.5531914894

				1000ppm		25.64705882		0.31		20.5128205128		3.73		23.2510288066		0.58		24.6753246753		17.6		13.8099902057		18.17		25.6546644845		0.67		42.5531914894

				2000ppm		23.76470588		0.31		20.5128205128		3.79		22.0164609053		0.59		23.3766233766		17.72		13.222331048		18.63		23.7725040917		0.66		40.4255319149

		Humic acid		100 ppm		23.29411765		0.31		20.5128205128		3.82		21.3991769547		0.6		22.0779220779		17.75		13.0754162586		18.75		23.2815057283		0.65		38.2978723404

				500 ppm		8.705882353		0.36		7.6923076923		4.43		8.8477366255		0.71		7.7922077922		19.41		4.9461312439		22.31		8.7152209493		0.54		14.8936170213

				1000ppm		7.764705882		0.37		5.1282051282		4.49		7.6131687243		0.72		6.4935064935		19.53		4.3584720862		22.54		7.7741407529		0.54		14.8936170213

				2000ppm		6.352941176		0.37		5.1282051282		4.58		5.7613168724		0.73		5.1948051948		19.65		3.7708129285		22.89		6.3420621931		0.53		12.7659574468

		Oxamyl				5.411764706		0.37		5.1282051282		4.61		5.1440329218		0.73		5.1948051948		19.72		3.4280117532		23.12		5.4009819967		0.52		10.6382978723

		N alone				4.235294118		0.38		2.5641025641		4.64		4.5267489712		0.74		3.8961038961		19.89		2.5954946131		23.4		4.2553191489		0.49		4.2553191489

		Control				31.29411765		0.29		25.641025641		3.47		28.6008230453		0.54		29.8701298701		17.03		16.6013712047		16.79		31.3011456628		0.68		44.6808510638
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								t.charbohydrat		C.proten														T.phenol

				Phenylalanine		100 ppm		7.1988246817		13.1751227496										Phenylalanine		100 ppm		21.2765957447

						500 ppm		6.3663075416		11.7839607201												500 ppm		21.2765957447

						1000ppm		5.680705191		10.3518821604												1000ppm		19.1489361702

						2000ppm		5.4848188051		9.6563011457												2000ppm		17.0212765957

				Thiamine		100 ppm		11.9490695397		21.3993453355										Thiamine		100 ppm		34.0425531915

						500 ppm		11.4103819785		20.0081833061												500 ppm		34.0425531915

						1000ppm		10.7247796278		18.821603928												1000ppm		34.0425531915

						2000ppm		10.4799216454		18.3715220949												2000ppm		31.914893617

				L-glutamic		100 ppm		9.5984329089		17.1849427169										L-glutamic		100 ppm		29.7872340426

						500 ppm		9.1576885406		15.9983633388												500 ppm		27.6595744681

						1000ppm		8.8148873653		14.6072013093												1000ppm		25.5319148936

						2000ppm		8.1292850147		14.116202946												2000ppm		23.4042553191

				H2O2		100 ppm		14.2507345739		26.8412438625										H2O2		100 ppm		42.5531914894

						500 ppm		13.8099902057		25.6546644845												500 ppm		42.5531914894

						1000ppm		13.222331048		23.7725040917												1000ppm		40.4255319149

						2000ppm		13.0754162586		23.2815057283												2000ppm		38.2978723404

				Humic acid		100 ppm		4.9461312439		8.7152209493										Humic acid		100 ppm		14.8936170213

						500 ppm		4.3584720862		7.7741407529												500 ppm		14.8936170213

						1000ppm		3.7708129285		6.3420621931												1000ppm		12.7659574468

						2000ppm		3.4280117532		5.4009819967												2000ppm		10.6382978723

				Ox				2.5954946131		4.2553191489										Ox				4.2553191489

				N				16.6013712047		31.3011456628										N				44.6808510638

				Ck																Ck				0
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								t.charbohydrat		C.proten														T.phenol

				Phenylalanine		100 ppm		7.1988246817		13.1751227496										Phenylalanine		100 ppm		21.2765957447

						500 ppm		6.3663075416		11.7839607201												500 ppm		21.2765957447

						1000ppm		5.680705191		10.3518821604												1000ppm		19.1489361702

						2000ppm		5.4848188051		9.6563011457												2000ppm		17.0212765957

				Thiamine		100 ppm		11.9490695397		21.3993453355										Thiamine		100 ppm		34.0425531915

						500 ppm		11.4103819785		20.0081833061												500 ppm		34.0425531915

						1000ppm		10.7247796278		18.821603928												1000ppm		34.0425531915

						2000ppm		10.4799216454		18.3715220949												2000ppm		31.914893617

				L-glutamic		100 ppm		9.5984329089		17.1849427169										L-glutamic		100 ppm		29.7872340426

						500 ppm		9.1576885406		15.9983633388												500 ppm		27.6595744681

						1000ppm		8.8148873653		14.6072013093												1000ppm		25.5319148936

						2000ppm		8.1292850147		14.116202946												2000ppm		23.4042553191

				H2O2		100 ppm		14.2507345739		26.8412438625										H2O2		100 ppm		42.5531914894

						500 ppm		13.8099902057		25.6546644845												500 ppm		42.5531914894

						1000ppm		13.222331048		23.7725040917												1000ppm		40.4255319149

						2000ppm		13.0754162586		23.2815057283												2000ppm		38.2978723404

				Humic acid		100 ppm		4.9461312439		8.7152209493										Humic acid		100 ppm		14.8936170213

						500 ppm		4.3584720862		7.7741407529												500 ppm		14.8936170213

						1000ppm		3.7708129285		6.3420621931												1000ppm		12.7659574468

						2000ppm		3.4280117532		5.4009819967												2000ppm		10.6382978723

				Ox				2.5954946131		4.2553191489										Ox				4.2553191489

				N				16.6013712047		31.3011456628										N				44.6808510638

				Ck																Ck				0
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