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ABSTRACT
An experiment was conducted to determine the impact of mineral fertilizer (NPK) individual or /and in combination on potato (Solanum tuberosum  cv. Nicola) on root- knot nematode, Meloidogyne incognita under greenhouse conditions in Egypt. The treatment (combination of ammonium sulphate (20.5% N), super phosphate (15% P2O5) and potassium sulphate (48% K2O)) showed the highest efficacy in reducing the final population of root-knot population.  On the other hand; the treatment of potassium sulphate (K) individual showed the least effect.  
In addition all the individual or /and in combination treatments increased the fresh length, roots and shoots also, weight of potato tubers.

The combination treatment of ammonium sulphate (N), super phosphate (P) and potassium sulphate (K)) induced a remarkable reduction in the nematode population and improved both plant growth and tuber weight of potato plants. 
____________________________________________________________________
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RESUME

Cette expérience a été menée pour déterminer l'impact d’engrais minéraux (NPK), individuels et/ou en association sur le cultivar de pomme de terre (Solanum tuberosum Nicola), sur les nématodes à galles sous serre en Egypte. Le traitement (combinaison de sulfate d'ammonium (20.5 % N), de super phosphate (15 %P2O5) et de sulfate de potassium (48 % K2O)) a montré l'efficacité la plus élevée en réduisant la population final des nématodes ,Meloidogyne incognito.  D’autre part, le traitement individuel sulfate de potassium (K) a montré le moins bon effet. 
En outre tous les traitements individuels et/ou en association ont augmenté le poids frais en racines et tubercules de pomme de terre.

Le combinaison traitement de sulfate d'ammonium (N), de super phosphate (P) et de sulfate de potassium (K)) induit une réduction significative de la population de nématodes et a amélioré la croissance des plantes et le poids des tubercules de pomme de terre. l'augmentation du niveau d’ammonium autour de la rhizosphère de la pomme de terre engendre une forte réduction de la population de nématodes. 
____________________________________________________________________
Mots clés : Plantes de pomme de terre Solanum tuberosum, nématodes à galles, Meloidogyne incognito, engrais minéral (NPK), croissance des plantes.
Introduction
Potato, solanum tuberosum is a major food crop in many countries of the world. While it occupies forth place in importance amongst the major food crops, in terms of dry matter per hectare, it is the third highest on the list. Which are optimum for the development of many pathogens and pests, including nematodes (Jatala and Bridge,1990).
Potato is heavily attacked by different species causing severe damage by reducing number and size of tubers production, as well as by lowering the marketability of infected tubers. Nematodes recognized as major parasites of potato were Globdera spp., Meloidogyne spp., Ditylenchus spp. and Pratylenchus spp (Talavera et al.1998 and Shady, 2001). Root-knot nematodes; Meloidogyne spp. are among the most damaging nematodes in agriculture, causing an estimated US$ 100 billion loss /year worldwide (Oka, et. al., 2000). Recently, in Egypt, root knot nematodes were found attacking potato and caused damage in potato crop (Abd-Allah, 1999 and Shady, 2001). Nicola tubers was the most susceptible variety to attack with root-knot nematodes; Meloidogyne  spp (Shady, 2001)
Ammonia sulphate (NH3 SO4) has been widely reported to adversely affect survival or germination of certain soil born fungi and nematodes .Increased levels of available mineral nutrients, especially ammonium (NH4-N), and nitrate –nitrogen (NO3-N), often are found after soil treatments and decrease nematode population (Omar  and Shawky, 2006). Few  papers in the literature concerning the effect of phosphorus fertilizers (P) on Meloidogyne spp. Potassium (K) is the most efficient cation for activation of various enzyme systems functionally in the syncitia (Wallace, 1973) 

Mineral fertilizers may suppress plant parasitic nematode populations, improve crop tolerance and increase plant growth by providing better soil structure, supply of nutrients, and by build-up antagonistic organisms ( Southey, 1978 and Siddiqui et. al. ,2001). 

In the present study aimed to impact of certain mineral fertilizers (NPK) on root-knot nematode, Meloidogyne incognita on potato plants in Egypt.
MATERIAL AND METHODES

           This experiment was conducted under greenhouse conditions. The used soil for pot experiment was air dried, sterilized and ground to pass through a 2-mm sieve and mixed thoroughly. The basic properties of the soil were analyzed according to AOAC (1980) as follows in (Table 1):

Table (1) Physical analysis of soil used:

	Soil texture
	Sandy loam

	Soil pH   1: water susp.
	7.89

	Ec (soil paste at 25 0 C (dS/m)
	0.82


Impact of mineral fertilization on potato infected with Meloidogyne incognita :
Impact of normal (optimum) recommended NPK level on galling and reproduction of M. incognita as well as plant growth of potato (Solanum tuberosum cv. Nicola) was studied under greenhouse conditions. The tested fertilizers were added individual or /and in combination. The treatments were ammonium sulphate (20.5 % N), super phosphate (15 % P2O5) and potassium sulphate (48% K2O). The normal (optimum) levels of N, P and K on potato are 800,466 and 166 kg/fed. respectively. The fertilizations were added as application of commercial cultivated potato in the field. The amount of ammonium sulphate (N) (1.6 gm./ pot) was divided to equally three dose, the first dose was added at the time of planting, the second dose was added after the complete germination,  the third dose was added after 17 days of the   second dose. While super-phosphate (P) was added as one dose (1 gm. / pot) before planting. On the other hand potassium sulphate (K) was added to the soil as one dose (2 gm. / pot) with the second dose of ammonium nitrate (N) according to recommendation of International Potato Center (1998). in Kafr El-Zayat (Gharbia Governorate).
The treatments were as follows:-
1- Ammonium sulphate (20.5 % N)  (N)     2- Super phosphate (15 % P2O5) (P)

3- Potassium sulphate (48% K2O) (K)       4- N+ M. incognita (NE) 

5-P+ M. incognita (NE)                               6-K+ M. incognita (NE)    
7- N+P                                                           8-N+K     

9-P+K                                                          10-N+P+K                            
11- N+P+ NE                                              12- N+K+ NE

13- P+K+ NE                                              14- N+P+K+ NE            
15- Healthy plant                                        16- M. incognita alone (NE)(control)

         Clay pots (25 cm diameter) were filled with aerated steam sterilized sandy loam soil. Each treatment was replicated four times. Tubers of potato with one sprout were surface sterilized and sown in each pot. Fifteen days after sowing, each seedling was inoculated with 3000 newly hatched second stage juvenile/pot. Pure culture of the tested populations were prepared and propagated under greenhouse conditions as previously mentioned before. 

        The nematode suspension was added in to holes around the base of each seedling. Newly hatched juveniles required for the experiment were obtained by incubating egg-masses in distilled water. All pots were arranged in block design system and left in the greenhouse at temperature 27+ 5C o. All plants were watered as needed and agronomical treated the same. Plants were uprooted and root system was washed free from adhering soil. Data dealing with   length and weight of fresh   shoot and roots beside the tuber weight  were calculated. On the other hand, number of second stage juveniles in soil per pot, number of galls, females,  egg-masses and eggs as well as number of developmental stages per root system were counted according to Franklin & Goodey (1957). Roots were stained by acid fuchsin in acetic acid according to Byrd et. al.(1983), and examined for number of nematode stages and egg-masses. Moreover, number of eggs per egg-mass was determined by shaking 10 egg-masses in 10 ml. of 0.5% soudium hypochlorite for three minutes 
( Hussey and Barker, 1973). The rate of build up nematode (PF/PI) was detected by dividing the nematode final population by the nematode initial population.
       All obtained data were analyzed in Central Laboratory for Design and Statistical Analyses in Agricultural Research Center, Egypt. They were subjected to statistical analyses according to the procedures "ANOVA" reported by Sendecor and Cochran (1980).Treatment means were compared by the Duncan,s Multiple Rang Test at 5% level of probability. 

        RESULTS AND DISCUSSION

1- The impact of mineral fertilization on nematodes reproduction:
A-Effect on number of root galls      


All tested of NPK individual or /and in combination under greenhouse conditions on M. incognita showed remarkable decrease of the number of root galls (Fig. 1). Combination treatments of ammonium sulphate (N), super phosphate (P) and potassium sulphate (K) infected with M. incognita resulted in the lowest number of root galls whereas, potassium sulphate (K) individually infected with M incognita showed the highest number of root galls and treatments with N+ P, N+ K and P+ K ranked in the intermediate position in decreasing the nematode population in soil in comparing with the other treatments. The previous results agree with (Okada et. al., 2007)
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Fig. (1): Effect of NPK on number of galls /root in potato plants infected by M. incognita under greenhouse conditions
B- Effect on number of nematodes in soil, developmental stages, females, egg masses and eggs numbers /root and final nematode population (PF).


Data in (Table 2) showed significant decrease in nematode population in comparing with control.  The combination treatments of N+P+K ranked on the first place resulting in decreasing number of M. incognita in soil/ pot  that reach (6560 J2), whereas the treatment of (K) individual resulted in lowest decrease in the number of juveniles in soil/pot that reach (28480 J2). Treatments with N+ P, N+ K and P+ K ranked in the intermediate position in decreasing the nematode population in soil. The same trend obtained with the effect on number of developmental stages, (females, egg masses and eggs numbers /root) and the final nematode population (PF).  

Table (2) Effect of mineral fertilization (NPK) on Meloidogyne incognita infecting potato 

cv Nicola under greenhouse conditions.
	*Final nematode population

(PF)
	Nematode populations
	Treatments

	
	No. of eggs/egg-masses
	No. of egg-masses/
root
	No. of females

/root
	No. of developmental stages/root
	No. of juveniles in 

soil/pot
	

	46171 d
	272 c
	117 d
	126 d
	781 c
	13440 d
	N+ (NE )                                    

	55157 c
	238 d
	142 c
	152 c
	889 d
	20320 c
	P + (NE)                                     

	88847 b
	280 b
	210 b
	227 b
	1340 b
	28480 b
	K + (NE )                                     

	25808 g
	194 g
	86 g
	92 g
	232 g
	8800 g
	N+ P +(NE )                                     

	31170 f
	216 f
	94 f
	101 f
	365 f
	10400 f
	N+ K + (NE)                                     

	35627 e
	228 e
	105 e
	113 e
	374 e
	11200 e
	P+ K + (NE)                                     

	20435 h
	182 h
	75 h
	80 h
	145 h
	6560 h
	N+ P+ K +(NE)                                     

	141238 a
	364 a
	258 a
	283 a
	1533 a
	45600 a
	(NE) alone 


   N: Ammonium sulphate     P: Super phosphate    K: Potassium sulphate       NE: (M. incognita)

Numbers followed by the same letter (s) within a column are not significantly different (P= 0.05 ) according to Duncan's new multiple- range test.
*Final nematode population(PF) = (No. of egg-masses x no. of eggs/egg-masses)+ no. of                                    

                                                       females +no. of developmental stages+ no. of                                                                       

                                                       juveniles in soil/pot

(Fig. 2) showed the ratio between the final nematode population (PF) and the initial population (PI) of M. incognita (PF/PI). Data showed that the treatment of the combination treatments N+P+K was the lowest rate of (PF/PI) that reached to (6.81).While, The treatment with K alone nematode showed the highest rate of (PF/PI) that reached to (29.61) in comparing with the other treatments. The combination of two treatments (N+P, N+K and P+K) ranked in the intermediate position as follows (8.60, 10.39 and 11.87) respectively. These results are agreement with (Bulluck et. al. and 2002; Sarathchandra et. al, 2001) 
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 Fig . (2): Effect of NPK on the rate of M. incognita reproduction (PF/PI) on potato plants under greenhouse conditions
2- The effect on plant growth and tuber weight:-

Fresh weight and length of both shoots and roots of potato  plants infected by M. incognita in greenhouse were determined .The obtained results in (Table 3) revealed significant increase in fresh weight and length of shoots and roots in comparing with control . The results expressed as increasing % over control. Data indicated that fresh weight was greatly improved when combined N+P+K alone without nematode where the percentage of increase reached (82.99%) for the fresh weight of the whole plant while, the treatment of potassium sulphate (K) alone was  (39.58%). Besides, the combined  of N+P+K alone with nematode  also increase the percentage of the fresh weight of the whole plant and reach to  (34.62%) in comparing with the treatment of potassium sulphate (K) with M. incognita that reach to (8.03%).The combination of two treatments with or without M .  incognita ranked in the intermediate position The previous results agree with (Bulluck et. al. ,2002)

Tuber weight was also determine in this experiment. .The obtained results revealed different response in % of increase of tuber weight of potato over control. The combination of N+P+K  without M.  incognita showed the highest increase in tuber weight. While, the  treatment of potassium sulphate with M.  incognita showed the lowest %increase in tuber weight of potato in comparing with control (Table 3)  . These results agree with (Siddiqui , 2004)
Table (3) Influence of mineral fertilization (NPK.) on plant growth parameters of potato 

plants infected and non infected with M. incognita.
	Treatments
	Plant growth response
	% increasing of tuber weight (gm.)

	
	Length cm
	Weight gm.
	fresh weight of the whole plant
	

	
	Shoot 
	Root 
	Shoot 
	Root 
	
	

	N
	104.9 d
	35.8 d
	79.3 e
	18.5 de
	97.8 e
	41.45

	P
	103.7 de
	34.5 e
	75.1 f
	18.0 de
	93.1 f
	31.64

	K
	102.6 de
	32.3 ef
	72.5 fg
	17.8 e
	90.3 g
	25.94

	N+ P
	113.4 b
	37.5 b
	91.3 b
	23.6 b
	114.9 b
	56.01

	N+ K
	111.7 c
	36.7 c
	85.4 c
	21.7 c
	107.1 c
	49.36

	P+ K
	107.8 cd
	34.5 cd
	82.2 d
	19.5 d
	101.7 d
	43.38

	N+ P+ K
	116.5 a
	39.4 a
	93.1 a
	25.3 a
	118.4 a
	      65.82

	N+ (NE)                                     
	94.8 h
	25.5 h
	64.4 j
	15.7 gh
	80.1 j
	15.82

	P + (NE)                                     
	93.5 hi
	24.9 hi
	61.8 k
	13.8 h
	75.6 k
	10.13

	K + (NE)                                     
	87.9 i
	23.4 i
	57.3 kl
	12.6 hi
	69.9 l
	6.64

	N+ P +(NE)                                     
	99.4 f
	28.3 fg
	69.4 h
	16.4 f
	85.8 i
	18.98

	N+ K + (NE)                                     
	96.2 fg
	27.4 g
	67.1 hi
	15.3 fg
	82.4 ij
	16.45

	P+ K + (NE )                                     
	92.0 g
	26.2 gh
	64.5 hi
	14.9 g
	79.4 j
	13.9

	N+ P+ K +(NE)                                     
	100.9 e
	30.2 f
	70.1 h
	17.0 ef
	87.1 hi
	23.1

	Healthy plant
	101.2 de
	31.3  f
	72.2  g
	17.5  e
	89.7 h
	25.5

	(NE) alone(control) 
	71.6 j
	22.9 j
	51.8 l
	12.9 i
	64.7 m
	


N: Ammonium sulphate     P: Super phosphate     K: Potassium sulphate      NE: (M. incognita)

Numbers followed by the same letter (s) within a column are not significantly different (P= 0.05) according to Duncan's new multiple- range test.

From the foregoing results, it can be concluded that the treatment combination of N+P+K induced a remarkable decrease in the nematode population; M. incognita in both soil & roots and improved both plant growth and tuber weight of potato plants. These results could be due to the increase of ammonium levels around the potato rhizosphere which caused highly reduction of nematode populations (Omar and Shawky, 2006).
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