

INTRODUCTION��

	Tomato (Lycopersicon esculentum Mill and sunflower Helianthus annus L.) are considered to be the most important economic cash crops in Egypt.  In  1999,  tomato, as vegetable crops was grown in 421.838 feddans producing 5,753,279 tons.  Moreover, sunflower as oil crops was grown in 1870 feddans producing 1832.6 tons.

	The reniform nematode, Rotylenchulus reniformis (Linford & Oliveira) is a serious nematode pest on agricultural crops, mainly, tomato and sunflower.  Infestation of this nematode to such plant results in yellowish leaves, stunting, poor plant growth and yield losses.

	Chemical control of the reniform nematode has successfully limited the detrimental effect of this nematode. However, environmental and health risks caused by these nematicides in addition to high cost have enhanced scientists to find another alternative tactics to manage economic nematodes below damaging levels.

	Strategies using crop rotation, genetic resistant cultivars, clean fallow, non-host crops, trap crops, soil amendments, biological control as sole agents are being developed to manage nematodes on various crops.

	Nowadays, integrated pest management using several control techniques with minimal use of nematicides received greater interest among nematologists, providing effective control against the target nematode and avoiding environmental pollution.

	Integrated control of R. reniformis infecting either tomato or sunflower plants was rarely undertaken.  Therefore, the present investigation was conducted in order to determine:

	(1) Host suitability of twelve ornamental plant species to R. reniformis infection and reproduction under greenhouse conditions in order to identify such plants that are either poor hosts or not, and whether could be used as  component  of  crop  rotation  systems, (2) then, the impact of three selected plants i.e., Datura stramonium, Vinca rosea and Lantana camara singly or integrated with the nematophagous, Hirsutella rhossiliensis and/or Oxamyl on the growth of the subsequent susceptible crop (tomato or sunflower) infected with R. reniformis under greenhouse conditions, (3) influence of the sterilized poultry manure singly or integrated with H. rhossiliensis and/or Oxamyl on the growth of the susceptible crop (tomato or sunflower) infected with R. reniformis under greenhouse conditions, (4) in addition, the effect of Tagetes erecta, Clerodendron inerme and V.rosea powders singly or integrated with H. rhossiliensis and/or Oxamyl on the growth of tomato and sunflower infected with R. reniformis under greenhouse conditions, (5) the impact of V. rosea powders singly or integrated with Oxamyl only on plant growth response of sunflower infected with R. reniformis as well as deter-mination of seed oil percentage under microplot (outdoor) conditions and (6) rate of build-up and population reduction of R. reniformis are also recorded for each experiment involved in this study. 



REVIEW OF LITERATURE��

	Several investigations were carried out to identify ornamental plants or weeds that are poor hosts of economic plant parasitic  nematodes and that could be used in crop rotation systems or within integrated pest management strategies.  For example, plants with potential for control of root-knot nematodes, Meloidogyne spp. include Crotalaria  species (Rotar & Joy; 1983; Rodriguez-Kabana et al. 1992 and Araya & Caswell-Chen, 1994), Sesamum indicum L. (Rodriguez-Kabana et al., 1989 and Araya & Caswelll-Chen, 1994) and Dolichos lablab (Skerman; 1977).   On the other hand, the impact of certain ornamental plant species against R. reniformis was also studied.  Tagetes erecta and T. patula have been reported as hosts or non hosts for reniform nematodes (Birchfield & Brister; 1962 and Rebois, 1973). 

	Toxic thiophenes have been recovered from marigold root extracts (Gommers & Bokker 1988) and may be directly toxic to soil nematodes.

	In 1989, Inserra et al., reported that the ornamental plants species i.e. Aeschynomene americana, Amaranthus spinosus, Artemisia sp., Bidens pilosa, Colocasia spp., Commelina diffusa, Euphorbia heterophylla, E. (Chamaesyce) hirta, Galinsoga ciliata, Ipomoea spp., Parthenium hysterophorus, Phyllanthus carolinensis, Pilea microphylla, Portulaca oleracea, Waltheria indica, Youngia japonica and Xanthosoma spp. were  found  to  be  good  hosts  for R. reniformis. However, Caswell et al., (1991) reported that marigold, T. patula was a poor host for reniform nematode and reduced nematode numbers in soil better than did fallow.  Moreover, Chloris gayana, Crotalaria juncea and D. decunmbens were also reported as non host for R. reniformis  and reduced nematode population as well as fallow (Caswell et al., 1991).

	In 1993, Patel et al. reported that pink and white flowered periwinkle plants reduced the final population of R. reniformis  with 99% and 0.008 for its rate of reproduction after 45 days of inoculation.  On the other hand, Asparagus officinalis, which is considered as an economic non traditional vegetable crop, has been reported to be tolerant to R. reniformis (Kassab, 1995).

	Moreover, several Crotalaria  species have been reported to support little or no reproduction by most populations of R. reniformis (Robinson, et al., 1997).

	However, Inserra (1997) reported that Aloe vera (Aloe barbadensis) was found to be a nonhost for R. reniformis.

	The use of crop rotation and nonhosts can be applied as an effective alternative method for the management of such plant parasitic nematodes population below damaging levels on susceptible economic crops.  Many reports were recorded where nonhost crops to Meloidogyne spp. have been used in crop rotation with such susceptible crops in order to manage problems caused by these nematodes (Rodriguez-Kabana and Ivey 1986; Resende et al., 1987; Rodriguez-Kabana et al., 1990, 1991; Mostafa, 1993; Rodriguez-Kabana, et al., 1992; Mc Sorley et al., 1994 a,b; Sano, 1995 and Vargas - Ayala et al., 2000).

	However, in the case of R. reniformis, few reports were recorded for the introduction of nonhosts plants into crop rotation sequences for suppression of its nematode population (Brathwaite, 1974; Lawrence et al., 1992; Caswell and Goodell, 1992, Queneherve et al., 1998 and Gazawy et al., 1998).

	Acosta et al., (1991) found that R. reniformis  population levels were drastically reduced in all rotations with velvet bean and maize, whereas, a considerable increase was obtained from plots with continuous tomato.

	Lawrence et al. (1992) reported that population densities of R. reniformis were 14.935,  7.004 and 412.000 nematodes/500 cm3 soil in monoculture cotton, cotton monocultured two years after corn and alternate year combinations of corn, respectively.  Cotton yields were significantly higher in plots with alternate year combinations compared with monoculture cotton plots.  The inclusion of corn in a cotton production system reduced R. reniformis  populations and improved cotton yields (Lawrence et al., 1992).

	The use of Mucuna pruriens  cv. utilis as a rotation crop may provide a practical and environmentally safe means for growers to suppress population densities of R. reniformis prior to the cultivation of susceptible short term vegetable crops as recorded by Queneherve et al. (1998).

	In the same year, Gazawy et al. reported that both rotation with nonhost crops and Temik 15 G can significantly increase cotton yields in fields infested with high populations of R. reniformis.   Reniform nematode populations dropped to non-damaging levels after one year of a nonhost crop, but rebounded to damaging levels after just one growing season of cotton (Gazawy et al., 1998).

	Chemical control of the reniform nematode has successfully limited the effect of this nematode on various crops (Lawrence et al., 1990 and Sipes et al., 1992).

	In India, carbofuran gave the maximum reduction in R. reniformis infecting tomato by 82.6% compared with the control and increased the percentage of males 53% over the control and gave the least reproduction factor 1.2 (Reddy & Khan, 1988).  In 1994, Gaur & Meher found that the combination of nursery-bed treatment with the application of ebuphos at low dose as a pot application at transplanting significantly improved crop performance and reduced R. reniformis population density.

	Seed treatment with carbosulfan at 2% w/w and Triazophos at  500 ppm were found to be effective in reducing R. reniformis infecting groundnut (Prased et al., 1997).

	The nematicidal activity of certain plants applied to soil as green manure, dry leaves, powders, plant extracts against plant parasitic nematodes have been widely studied (El-Sherif, 1984; Akhtar et al., 1990; Akhtar and Alam, 1990; Panchaude-Mattei, 1990; Alam, 1991; Gaur & Dhingra, 1991; Akhtar & Alam, 1992; Anver & Alam 1992, 1996; Khalil, 1996; Amin and Youssef 1997 a, b, c  and Abou-Eid et al., 1998).

	El-Sherif (1984) reported that greenhouse experiment on the effect of three oil-cakes, of margosa, sesamum and maize, and aldicarb (Temik 10 G) treatments on the rate of Meloidogyne incognita  build-up on tomato plants cv. Tropic as well as plant growth response to nematode infection, showed that all applications tested, significantly improved plant growth and adversely affected the rate of M. incognita multiplication and number of galls, except in the case of Temik 10 G application on shoot length and fresh weights of shoot system.  Among the oil-cakes tested, sesamum and maize indicated a highly significant results in controlling M. incognita population and allowed for an obvious increase in growth of plant shoot and root systems over that of other treatments.  Sesamum cake gave the best plant growth of tomato and the lowest rate of nematode build-up which was accounted 0.115.

	In Egypt, El-Nagar et al., (1994) found that the highest reduction in the number of egg-masses of R. reniformis were obtained by sincocin 5% (76.7%) followed by pigeon manure and sewage water, however the highest reduction in soil nematode population by 79.5% was obtained by pigeon manure.

	Khalil, (1996) reported that among the three methods of application i.e. root dip treatment, preplanting with powders and drenching application of aqueous leaf extracts or products of five ornamental plant species Tagetes erecta, Calendula officinalis, Clerodendron inerme, Vinca rosea and Nerium oleander, against R. reniformis infecting tomato cv.  Ace as well as plant growth response, the preplanting with powders of the five plants tested ranked the best method, especially at the higher rate (0.5 gm) followed by root dip treatment, then drenching application.  Great percentage of increase in tomato fresh weight was recovered from preplanting with powders of V. rosea, C. inerme and T. erecta.  He also recorded that a high significant reduction in total nematode population was noticed with aldicarb, followed by N. oleander, T. erecta and C. inerme  with rates of nematode build-up 0.04, 0.05, 0.13 and 0.14 respectively.

	In India, Anver and Alam (1996) reported that oil seed cakes of Azadirachta indica, Ricinus communis, Brassica campestris and Eruca sativa reduced single and concomitant inoculation with M. incognita & R. reniformis on okra.

	El-Nagar et al. (1998) reported that all tested dry and fresh leaves of garlic, livid amaranth and zanzalakht added singly or in mixtures, were able to suppress the reniform nematode infecting sunflower about one third of that obtained in the untreated check.

	In the same year, Amin & Youssef reported that powders of sour orange, peel, stored garlic cloves and tobacco leaves showed reduction in female of R. reniformis by 92.6%.  Moreover, length of sunflower shoots, weight of shoots, roots and flowering discs were significantly improved in most of treatments as compared to the untreated plants.

	The addition of poultry manure to soil to improve soil fertility and increase crop yield is an ancient concept (Rodriguez - Kabana, 1986).  Afterwards, it was declared that the addition of poultry manure to soil could suppresses R. reniformis  and stimulated plant growth (Patel and Patel, 1992; El-Nagar et al., 1994 and Ismail and Youssef, 1997).

	The organic matter may alter the soil environment so as to favor competing microbial populations or soil borne antagonists that destroy or weaken plant parasitic (Kaplan and Noe, 1993).

	The endoparasitic nematophagous fungus, H. rhossiliensis Minter & Brady (= Hirsutella heteroderae Sturhan & Schneider) has been reported to suppress different species of phytoparasitic nematodes whether in soil or root (Jaffee and Muldoon, 1989, 1995; Jaffee et al., 1993; Lackey et al., 1994; Tedford and Jaffee, 1995; Velvis and Kamp, 1995; Mostafa, 1998 and Mostafa et al., 1998).  H. rhossiliensis parasitizes and kills nematodes in vitro, suppresses nematode numbers in greenhouse tests.  Spores of H. rhossiliensis adhere to vermiform nematodes which are directly penetrated and subsequently killed by the fungus.  New spores are produced from the cadaver.  The fungus has a broad host range, including species of Heterodera, Meloidogyne, Pratyleuchus, Criconemalla, Anguina, Ditylenchus, Xiphinema, Aphelenchoides, Steinernema, Heterorhabditis, Anaplectus, Cephalobus and Rotylenchus.  However, no available information has concerned the effect of H. rhossiliensis on R. reniformis.

	Studies on integrated control of plant parasitic nematodes using nematophagous fungus in combination with nematicides and/or organic amendments have been widely used by many researchers with respect to root-knot nematodes (Shahzad & Ghaffar, 1987; Zaki and Bhatti, 1990; Vicentc et al., 1991; Khan & Goswami, 1995; Oduor-Owino & Waudo, 1995, Khan & Saxena, 1997; Nagesh et al., 1997, 1998; Rao et al., 1997 a, b, 1998; Walia et al., 1999; Almihanna et al., 1999; Farahat et al., 1999 and Saikia et al., 1999), however, little information is available about their effects on R. reniformis (Reddy & Khan, 1988; Mahmood & Siddiqui, 1993 and Aujun-Ahmed et al., 1998).

	The egg parasitoid fungus, Paecilomyces lilacinus has shown potential as biological control agent for sedentary plant parasitic nematodes genera i.e. Meloidogyne, Tylenchulus, Rotylenchulus, Globodera and Nacobbus.

	Reddy and Khan (1988) reported that carbofuran at 2 Kg a.i./ha, P. lilacinus at 1 and 2 g (containing approximately 120 and 240 million spores, respectively) and carbofuran + fungus at 2 gm were all significantly superior over the control in reducing R. reniformis  populations both in the soil and on the roots of tomato seedlings in glasshouse studies.

	In 1993, Mahmood and Siddique reported that the previous fungus P. lilacinus in combination with Sesbania aculeata or with S. aculeata and maize was found to be highly effective for the management of R. reniformis on pigeon pea.  Anjun-Ahmed et al., (1998) reported that the combined treatment of organic amendments and P. lilacinus suppressed R. reniformis  on tomatoes, castor beans (Ricinus communis ) and basil (Ocimum basilicum) and increased yields.

	On the other hand, integrated control of nematodes using nematicide and organic amendments have been studied by many workers with respect to root-knot nematodes (Bhattacharya & Goswami, 1988; Jain & Bhatti, 1988; Oduor et al., 1996 and Amin & Youssef, 1997a), however, little attention has been given to the combined effect of nematicide and organic amendments on R. reniformis.

	Studies on microplots of lentil, Lens culinaris initially infested with Tylenchorhynchus spp., Helicotylenchus sp., Hoplolaimus indicus, R. reniformis and Hemicricunomeds sp., revealed that a combination of seed treatment of phorate, aldicarb and neem cake at 17 g/ha gave the greatest reduction in nematode populations and greatest increase in lentil yield (Gaur and Mishra, 1989).

	The combination of chopped leaves of Calotropis procera applied before sowing, seed treatment with carbosulfan and Triazophos sprayed twice at 10 days intervals to the growing seedlings of groundnut were effective in reducing R. reniformis as were single application.  However, phytotoxicity was noted in treatments using C. procera in combination with nematicides (Prasad et al., 1997).

	Studies on integrated control of plant parasitic nematodes using more than two components have been undertaken by Abid et al. (1992) who reported that the combined use of Bradyrhizobium sp., P. lilacinus or furadan with cotton and neem cakes was more effective in controlling M. incognita infecting mung bean (Vigna radiata).  

	In a field experiment, Siddiqui and Alam (1997) reported that the growth of okra plants infected with plant parasitic nematodes, was better in beds receiving deep ploughing combined with the soil application of oil-seed cakes of castor or neem and nematicides.  All treatments were found highly effective against nematodes inhabiting the rhizosphere of okra.

	In the same year, Reddy et al.  reported that integration of all the three components (neem, Pasteuria penetrans and P. lilacinus) gave maximum increase in tomato plant growth parameters and the number of seedlings per bed.   They also mentioned that planting of tomato seedlings which were previously raised in nursery beds amended with neem cake + P. penetrans and transplanted in pots incorporated with P.lilacinus gave the least root galling and nematode multiplication rate.  Moreover, the above treatment was effective in increasing fruit weight and yield of tomato (Reddy et al., 1997).

	One year later, Reddy et al.  reported that planting of tomato seedlings that were previously raised in nursery beds treated with neem cake + Glomus fascicutalum and transplanted in pots incorporated with Trichoderma harzianum was effective in increasing tomato fruit yield and for the management of root-knot nematodes.



MATERIALS AND METHODS��

A- Greenhouse studies:

I- Screening of twelve ornamental plant species to Rotylenchulus 

    reniformis infection:-

	This experiment was carried out in order to determine the twelve ornamental plants as good hosts of R. reniformis infection or not in compare with tomato plant as an susceptible host.

	Seeds of the following twelve tested plants i.e. marigold, Tagetes erecta, neem, Melia azadirachta; claendula, Calendula officinalis; thorn apple, Datura stramonium; periwinkle, Vinca rosea; schinus, Schinus terebentifolius and thuja, Thuja orientalis; as well as cuttings of thyme, Thymus capitatus; clerodendron, Clerodendron inerme; oleander, Nerium oleander and lantana, Lantana camara; or bulbs of orris, Iris florentina were obtained from Ornamental Research Unit, Faculty of Agriculture, Mansoura University, and separately planted in nursery-beds, within steam-sterilized sandy loamy soil  (1:1) under greenhouse conditions.  Two months later, each seedling of each plant species was separately transplanted in 10-cm-d. plastic pot  filled with 250 gm. steam-sterilized sandy loamy soil (1:1).

	Following transplanting process, seedlings were inoculated.  Then, each seedling was received 2000 4th stage larvae (immature �female) of R. reniformis  which was obtained from a pure culture of R. reniformis propagated on pigeon pea, Cajanus spp. 

	Uninfected seedling was also included for each plant species.  Moreover, seedlings of 45 days old of tomato cv. Strain-B3 were also included to serve as susceptible host.

	Treatments were as follows:

  1- N + marigold,					  	  2- marigold,

  3- N + neem, 						  	  4- neem,

  5- N + claendula,					  	  6- claendula,

  7- N + thorn apple,					  	  8- thorn apple,

  9- N + periwinkle,						10- periwinkle,

11- N + schinus,						12- schinus,

13- N + thuja,							14- thuja,

15- N + thyme,							16- thyme,

17- N + clerodendron,					18- clerodendron,

19- N + oleander,						20- oleander,

21- N + lantana,						22- lantana,

23- N + orris,							24- orris,

25- N + tomato, and						26- tomato.



	Each treatment was replicated four times and randomly arranged on a greenhouse bench at 28 + 5oC.   Plants were watered as needed.  After forty five days from nematode inoculation, plants were harvested.  Data dealing with lengths and fresh weights of shoot and root as well as shoot dry weight were recorded.

	Infected plant roots were washed free of soil and stained in 0.01 hot lactic acid fuchsin (Byrd et al. 1983), and determined the number of developmental stages, females and egg-masses; and recorded.

	Vermiform nematodes were then extracted from soil by sieving and modified Baermann technique (Goodey, 1957), counted and recorded.

	Data were subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) followed by Duncan’s multiple range test to compare means (Duncan, 1955).























II- Effect of certain nonhost plants on subsequent growth response of tomato or sunflower plants separately infected  with  R. reniformis :-

	This experiment was conducted to determine and compare the effects of three selected nonhost plants on nematode densities and plant growth response of the subsequent crops i.e. tomato or sunflower separately under greenhouse conditions.

	V. rosea, D. stramonium and L. camara were tested singly or integrated with the nematophagous fungus, H. rhossiliensis and/or Oxamyl (Vydate) [S-methyl 1-(dimethyl carbamoyl) N-(methyl carbamoyl) oxy-(thioformimidate)] as nematicide.

Preparation of fungal inocula :

	An isolate of the nematophagous fungus, H. rhossiliensis was obtained from Nematology Department of U.C. Davis, Ca., U.S.A. by Dr. Fatma A. Mostafa in 1990, then recultured at the Nematological Research Unit of the Agricultural Zoology Department, Fac. of Agric., Mansoura University, and designated as strain IMI 265748.

	The endoparasitic fungus was cultured on PDA (Potato Dextrose Agar) and then added aseptically as mycelial mat to a flask containing 50 g. of autoclaved wheat grains and incubated at 25 + 1oC for one week.  The concentration of the fungus was determined to be 3.6 x 106 cfu/gm. of colonized wheat.   One gram of wheat grains infected with fungus was used.  Seeds of V. rosea and D. stramonium as well as cuttings of L. camara were planted in steam-sterilized sandy loamy soil (1:1).  Two months later, one seedling of each plant species was transplanted in 10 cm-d.  plastic filled with 250 gm. sterilized sandy loamy soil (1:1).  Fungal inocula, and/or Oxamyl at half the recommended dose (0.015 gm) were added to soil of each seedling/pot.  One week later, seedling was inoculated with 2000 fresh immature females of R. reniformis.

	Six weeks from nematodes inoculation, shoot of each plant species tested was removed whereas its root system was left into soil.

	A seedling of tomato cv. Strain-B3 (45 days old) or sunflower cv. Vidoc-5 was separately then transplanted in each pot to serve as bioassay for survival and infectivity of R. reniformis.   Each treatment was replicated four times.  Four pots containing the same nematode inoculum were maintained without any seedling as fallow.

	Treatments were as follows:

  1- N + periwinkle,			  

  2- N + periwinkle + fungus,

  3- N + periwinkle + Vydate,	  

  4- N + periwinkle + fungus + Vydate, 

  5- N + thorn apple,			  

  6- N + thorn apple + fungus,

  7- N + thorn apple + Vydate,	  

  8- N + thorn apple +  fungus + Vydate,

  9- N + lantana,				

10- N + lantana +  fungus,

11- N + lantana +  Vydate,		

12- N + lantana +  fungus + Vydate,

13- N   alone (control),		

14- N + fallow  and

15- Plant free of N or any treatment.

	All pots were completely randomized in a greenhouse bench at 28 + 5oC, and watered as needed.  Seedlings were allowed to grow for forty five days and then harvested.

	Data dealing with lengths and weights of fresh shoot and root of each seedling  per  plant  species  as  well  as  shoot  dry  weight were determined and recorded.  Root system of each seedling/plant species was stained in 0.01 acid fuchsin and the number of nematode developmental stages as well as egg-masses were also counted.  Nematodes were extracted from soil of each seedling/plant species by sieving and modified Baermann technique (Goodey, 1957).

	Data were subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) and means were compared by Duncan’s multiple range test, (Duncan, 1955). 

	







III- Controlling R. reniformis infecting tomato seedlings using poultry manure alone and in combination either with and/or H. rhossiliensis or oxamyl  under greenhouse conditions:-

	A greenhouse experiment was conducted in order to determine the impact of poultry manure integrated with H. rhossiliensis and Oxamyl in controlling R. reniformis. 

	Poultry manure was heated at 80oC in a drying oven for two hours and left for cooling before use.  One gram of poultry manure was added per pot 10-cm in diameter containing steam sterilized sandy loam soil (1:1).  Fungal inoculum was prepared as previously mentioned.   The  concentration  of  fungus  was  determined  to  be 3.6 x 106 cfu/gm of colonized wheat.  One gram of wheat grams infected with or without the fungus was used.  Vydate (Oxamyl) as nematicide was also used alone at the recommended dose or in combination with poultry manure and/or fungus at its half recommended dose (0.015 gm). All component were added consequently.  Simultaneously, following the incorporation of poultry manure alone or in combination with fungal inocula and/or  Oxamyl into soil.  Pots were inoculated with 2000 4th stage larvae (immature female) of R. reniformis.  Pots were then watered to keep moist and left for one week.

	Seedlings of tomato, cv. strain-B3 at 45 days old were transplanted.  Pots containing sterilized sandy loam (1:1) were left without  tomato seedlings to serve as fallow.  Each treatment was replicated four times. Uninoculated tomato seedlings were served as control.

	Treatments were as follows:

  1- N + poultry manure,		       

  2- N + poultry manure + fungus,

  3- N + poultry manure + Oxamyl,       

  4- N + poultry manure + fungus + Oxamyl,

  5- N + fungus,				

  6- N + Oxamyl,				       

  7- N + fungus + Oxamyl,

  8- N   alone (control),		       

  9- N + fallow,

10- N + fungus - free sterilized wheat seed, and

11- Plant  free  of  N  or  any treatment.

	Pots were randomly arranged on a greenhouse bench at 28 + 5oC.  Plants were received water as needed.  After forty five days from inoculation plants were removed.  Data dealing with lengths and weights of fresh shoot and root were recorded.  Shoot dry weights were also measured.  Vermiform stage of R. reniformis were extracted from soil by sieving and modified Baermann techniques (Goodey, 1957).  Roots were stained in acid fuchsin in lactic acid and examined for number of nematodes stages, and egg-masses.

	Data were also subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) and means were compared by Duncan’s multiple-range test (Duncan, 1955).

IV- Integrated control of R. reniformis infecting sunflower plant using poultry manure as soil amendment:-

	The previous experiment was repeated using sunflower as field susceptible crop to R. reniformis.  Here in seeds of sunflower Helianthus annus cv. Vidoc-5 were planted in pots following the addition of the three components (Poultry manure, H. rhossiliensis and Oxamyl).  Plants were thinned to one plant per pot and inoculated with R. reniformis (2000 immature females) and followed the previous technique.

	























V- Integrated control of R. reniformis infecting tomato using powder of certain ornamental plants as organic amendment:

	A greenhouse experiment was conducted in order to determine the impact of powder of certain ornamental plants integrated with the nematophogous fungus, H. rhossiliensis and Oxamyl in controlling R. reniformis.  Fresh leaves of periwinkle, V. rosea; clerodendron, C. inerme and marigold, T. erecta were sun-dried and powdered.  Plastic pots 10 cm-d. and were filled with 250 g.  sandy loamy soil (1:1) and artificially infested with 2000 immature females of R. reniformis.   Pots were supplied with particular dose of 0.50 g. of powder of the previous mentioned plants (Khalil, 1996).

	Fungal inocula was prepared as mentioned before.

	Oxamyl as nematicide was used alone at the recommended dose or in combination with powder and/or fungus at half recommended dose.  All components were added consequently.  Simultaneously, following the incorporation of powder alone or in combination with fungal inocula and/or Oxamyl into soil pots were inoculated with 2000 4th stage larvae (immature female) of R. reniformis.  Pots were then watered to keep soil moist and left for one week to facilitate proper the above materials decomposition.  Seedlings of tomato cv. Strain - B3 at 45 days-old were transplanted.

	Untreated pots were served as fallow treatment.

	Treatments were as follows:

  1- N + periwinkle,			   

  2- N + periwinkle + fungus,

  3- N + periwinkle + Oxamyl	   

  4- N + periwinkle + fungus + Oxamyl,

  5- N + clerodendron,			   

  6- N + clerodendron + fungus,

  7- N + clerodendron + Oxamyl,       

  8- N + clerodendron + fungus + Oxamyl,

  9- N + marigold,			

10- N + marigold +  fungus,		   

11- N + marigold + Oxamyl,

12- N + marigold + fungus + Oxamyl,

13- N + fungus,

14- N + Oxamyl,

15- N + fungus + Oxamyl,		   

16- N  alone (control),

17- N + fallow,	   

18- N + fungus - free sterilized wheat seed, and

19- Plant free of N or any treatment.

	Pots were randomly arranged on a greenhouse bench at 28 + 5oC.  Plants were received water as needed.  After forty five days from inoculation plants were harvested.  Data dealing with lengths and fresh weights of shoot and root were recorded.

	Shoot dry weights were also measured.  Vermiform stages of R. reniformis were extracted from soil by sieving and modified Baermann technique.

	Roots were, stained and examined for number of nematodes stages.

	Data were also subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) and means were compared by Duncan’s multiple-range test (Duncan, 1955).



VI- Integrated control of R. reniformis infecting sunflower using powder of certain ornamental plants as organic amendments:-

	The previous experiment was repeated using sunflower as field susceptible crop to R. reniformis.   However, seeds of sunflower cv. Vidoc-5 were planted in pots following the addition of the three components (V. rosea; C. inerme and T. erecta).

	Plants were thinned to one plant per pot and inoculated with R. reniformis (2000 immature females) and followed the pervious technique.	

























VII- Integrated control of R. reniformis infecting sunflower   plants using periwinkle powder either alone or in combination with Oxamyl (Vydate):-



	The effect of periwinkle powder as organic amendment integrated with Oxamyl as nematicide was again evaluated on sunflower under greenhouse conditions to verify earlier results, as well as to determine seed oil percentage.  Among the three tested previous powders, V. rosea; C. inerme  and T. erecta, V. rosea was selected for current experiment as it performed the best organic amendments against R. reniformis.  Treatments were as follows:

1- N + periwinkle,				        3- N + Oxamyl (Vydate), 

2- N + periwinkle + Vydate,		        4- N alone (control) and

5- Plant free of N or any treatment.

	Plastic pots 40 cm-d. were filled with loamy sand soil (1.12% course sand, 28.15% fine sand, 30.90% silt, 39.93% clay (Piper, 1950). Soil was fumigated with methyl bromide at rate of 100 g/m2 for 3 days covered with polyethylene then left uncovered for 2 weeks.

	Tested amendment at the rate of 40 gm per pot was incorporated into soil.  Seeds of sunflower cv. Vidoc-5 were then planted into soil and thinned to three plants per pot after germination.  One week later, pots receiving R. reniformis were infested with 6000 4th stage larvae (immature female).  Oxamyl was applied at the recommended dose which was 2.4 gm/20 kg soil/pot in single application, and in half dose in the case of using V. rosea powder at the rate of 40 gm/pot.   Treatments were randomized in a complete block design with four replications.  Plants were watered as needed.  Plants were harvested 95 days after nematode inoculation.  Data dealing with length and fresh weights of shoot and root were recorded.  Shoot dry weights, head diameter, head weight, seeds number/head, one hundred seed weight and oil percentage were determined and recorded.  Seed oil percentage was determined by the usual soxhlet extraction method according to A.O.A.C. (1980).

	Vermiform stages of R. reniformis were extracted from soil by sieving and modified Baerman technique.  

	Roots were examined for number of nematodes stages as mentioned in the previous experiments.  Data were also subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) and means were compared by Duncan’s multiple-range test (Duncan, 1955).

B- Microplot (outdoor) study :

     A microplot experiment was conducted at the Nematological Research Unit of the Agricultural Zoology Department, Fac. of Agric., Mansoura University in order to determine the influence of V. rosea powder integrated with Oxamyl at half dose that was 1.2 gm/20 kg/plot on R. reniformis reproduction, and sunflower plant growth.

	Twenty concrete bins, 60-cm in diameter and 100-cm deep were used in this  experiment.    Each  concrete  bins  was  filled with 20 Kg of loamy sand soil (1.12% course sand, 28.15% fine sand, 30.90% silt and 39.93% clay (Piper, 1950) 20 kg. per plot which were fumigated earlier with 100 g/m2 of methyl bromide.

	Forty grams of V. rosea amendment were incorporated into the soil of each concrete bin watered and then left for a week to allow decomposition. Oxamyl as nematicide were applied at recommended dose in a single and/or at half one in mixed applications along with the powder under study.  Seeds of sunflower cv. Vidoc-5 were planted in each concrete bin and thinned to three plants to each concrete bin. Nematode inocula (6000 immature females) were introduced to each concrete bin one week after sunflower germination. Plants wee harvested 115 days after nematode inoculation.  Data dealing with length and weights of fresh shoot and root were determined and recorded.  Shoot dry weights, head diameter, head weight, seeds number/head, one hundred seeds weight and oil percentage were recorded.  Seed oil percentage was determined by the usual soxhlet extraction method according to A.O.A.C. (1980).

	Vermiform stages of R. reniformis were extracted from 250 gm sub-samples soil which was the average of three sub-sample soil per concrete bin.  Soil samples were processed by sieving and modified Baerman technique to extract vermiform nematodes.

	Three grams/plant root system from the three plants of each concrete bin which became nine grams of roots in total of all plants in each concrete bin were stained and examined for number of nematodes stages as mentioned in previous experiments.

	Data were also subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) and means were compared by Duncan’s multiple-range test (Duncan, 1955).



RESULTS��

A- Greenhouse studies:-

1- Host  status of ornamental  plant  species  to  R. reniformis

     infection:

	Results of growth response of twelve ornamental plants to R. reniformis infection are presented in Table (1).

	In general, the growth of most tested plants were slightly affected by nematode infection.   S. terebentifolius and T. capitatus exhibited a moderately decline in shoot dry weights, with 43.84% and 61.17% reduction, respectively, whereas, tomato as susceptible plant showed 49.10% reduction (Table 1).  Among the tested plants, V.rosea, L.camara and D.stramonium showed a decrease in their fresh weight of the whole plants infected with R. reniformis with 0.16%, 2.37% and 3.38% reduction, respectively comparing with  the  tomato  susceptible  plant  (control)  (32.94%) (Fig. 1).

	The effect of most tested ornamental plants against R. reniformis infection indicated that they have nematicidal properties, except that of S. terebentifolius and T. capitatus, which were classified as highly susceptible hosts along with tomato plants (Table 2). Significant  suppression in  nematode population density in both soil and roots was evident, especially  with  D. stramonium, L. camara and V. rosea where the rate of R. reniformis build-up was 0.111, 0.176 and 0.203, respectively.  Moreover, the previous three plants were classified as resistant hosts to R. reniformis (Table 2) and (Fig. 2).

Table (1): Host  status  of  twelve  ornamental  plant  species  to

                  R. reniformis infection under greenhouse conditions.

��Plant growth response*��

Treatments��Length 

(cm)�Fresh 

weight (g)�Fresh

Wt. of

the �Redu-ction�Shoot dry*�Redu-ction����

Shoot�

Root�

Shoot�

Root�whole

plant

(g)�%�weight (g)�%��Schinus,  

    S. terebentifolius�

T�

42.05�

31.45�

20.06�

22.30�

42.36�

26.43�

3.92�

43.84���U�43.22�35.13�29.74�27.84�57.58��6.98���Lantana, L. camara�T�30.52�23.25�35.24�21.73�56.97�2.37�14.01�0.64���U�32.42�23.25�35.68�22.67�58.35��14.10���Oleander,   N. oleander�T�43.08�21.08�29.60�19.07�48.67�9.45�6.90�7.51���U�46.10�23.25�31.37�22.38�53.75��7.46���Neem,  M. azadirachta�T�41.33�17.73�23.82�14.41�38.23�11.05�2.36�26.71���U�41.80�19.35�24.70�18.28�42.98��3.22���Periwinkle,   V. rosea�T�36.95�19.35�21.53�15.65�37.28�0.16�3.08�19.37���U�38.65�20.38�21.62�15.72�37.34��3.82���Orris,   I. florentina�T�25.98�16.52�16.83�13.60�30.43�6.25�4.16�8.17���U�28.17�16.60�18.15�14.31�32.46��4.53���Thyme,   T. capitatus�T�18.02�7.93�12.91�3.35�16.26�45.22�1.46�61.17���U�18.27�8.98�24.94�4.74�29.68��3.76���Claendula,  C. officinalis�T�19.17�16.60�12.29�12.75�25.04�6.15�0.91�32.60���U�19.55�20.38�12.43�14.25�26.68��1.35���Marigold,  T. erecta�T�19.38�5.90�11.81�3.58�15.39�5.29�0.96�6.80���U�19.73�6.08�12.72�4.53�16.25��1.03���Thorn  apple, 

     D. stramonium�T�14.45�10.65�5.60�5.08�10.68�3.38�1.29�3.01���U�14.65�11.32�5.95�5.15�11.10��1.33���Thuja,  T. orientalis�T�16.70�25.25�12.95�12.57�25.52�7.33�2.11�23.00���U�17.70�25.63�13.54�14.00�27.54��2.74���Clerodendron, C. inerme�T�44.80�27.02�42.94�28.44�71.38�8.42�11.29�17.35���U�53.17�31.65�45.41�32.53�77.94��13.66���Tomato, L. esculentum�T�19.52�10.15�2.11�1.88�3.99�32.94�0.56�49.10���U�23.08�11.30�3.65�2.30�5.95��1.10���* Each value presented the mean of  four replicates.

  T = treated and 			         U = untreated.



































































































































































2- Effect of certain nonhost ornamental plants on the subsequent 

    growth of tomato plants infected with R. reniformis:-

	Data in Table (3) presented the effectiveness of the three nonhost ornamental plants i.e. D. stramonium, V. rosea and L. camara integrated with the nematophagous fungus, H. rhossiliensis and/or Oxamyl on plant growth response of the subsequent tomato plant to R. reniformis infection.

	Results revealed that most of the treatments used obviously improved tomato plant growth to a certain extent (Table 3).

	Moreover, single application of V. rosea or L. camara caused significant increment in shoot length as well as the whole fresh weight of tomato plant which were recorded to be 16.88 and 2.73 or 15.82 and 3.04, when compared with that of  the control, respectively (Fig. 3).

	Similar result was observed in the case of shoot dry weight percentage of increase which was noticed to be 41.18% or 23.53%, respectively (Table 3).

	Data also revealed that V. rosea or D. stramonium or L. camara integrated with the fungus, H. rhossiliensis caused significant improvement in fresh shoot length and weight of tomato plant that were amounted to 16.70 and 2.67, 16.40 and 2.42; and 16.27 and  2.18 as compared with nematode alone (12.70 and 1.57), respectively but there was not any significant results between treatments.













































































	Moreover, the highest percentage of increase (73.66%) of the whole tomato plant fresh  weight  was  obtained  by  V. rosea  plus H.rhossiliensis application as compared with nematode alone (Fig. 3).

	Data in Table (3) also presented that L. camara alone gave the moderatest percentage of increase in the whole tomato plant fresh weight, followed by D. stramonium and then V. rosea which was amounted to 48.29%, 36.10% and 33.17%, respectively, while the addition of fungus to V. rosea or D. stramonium or L. camara treatments, these percentage of increase reached 73.66% followed by 57.56 and then 43.49, respectively.

	With respect to the use of Oxamyl along with V. rosea or D. stramonium or L. camara treatments, the percentage of increase in the whole tomato plant fresh weight reached the maximum value with V. rosea which was 97.65%, more than other treatments contained fungus plus nematicide with V. rosea or D. stromonium or L. camara. V. rosea also showed the highest percentage of increase in the whole plant fresh weight that was  recorded  to  be  51.71%  followed  by D.stramonium (40.58%) and then L.camara (28.78%), respectively. (Table 3).

	Results of the shoot dry weight  percentage of increase that were obtained from all treatments indicated that the use of V. rosea as a preplanting crop to tomato plants infected with R. reniformis also showed that V. rosea plus Oxamyl gave the best value of shoot dry weight percentage, followed by V. rosea plus fungus + Oxamyl, V. rosea plus fungus and then V. rosea alone which was recorded to be 61.76%, 47.06%, 44.12% and 41.18%, respectively.

	Population density of R. reniformis, its rate of build-up and egg-masses numbers on roots of tomato resulting from the applications of the three plant species tested, either singly or integrated with H. rhossiliensis and/or Oxamyl are shown in Table (4).

	Obviously, the total number of reniform nematode was significantly affected by all treatments used when compared with that of nematode alone.

	Among the three plant species tested V. rosea alone greatly reduced the total nematode population with 87.56% reduction and rate of build-up amounted to 0.171 in relation to nematode alone (Table 4) and (Fig. 4).

	It was noticed that fallow treatment gave the best results  of nematode alone concerning rate of build-up, and percentage reduction  of  R. reniformis  population  (Table 4).

	It was also, evident that V. rosea integrated with H. rhossiliensis  (84.52%) and/or Oxamyl (87.42%) showed less values of suppression in nematode population comparing with V. rosea alone (87.56%) but higher than other values obtained from the rest of treatment applied with other ornamental plants tested.

	Moreover, a significant reduction in egg-masses numbers of R. reniformis infected tomato roots was resulted with all treatments used in relation to nematode alone (Table 4).













































































	V. rosea integrated with Oxamyl also performed the highest decrease of egg-masses numbers followed with D. stramonium plus fungus, V. rosea alone and V. rosea + fungus + Oxamyl which were recorded to be 3.00, 4.75 and 5.50, respectively.



3- Impact   of   certain   nonhost   ornamental   plants   on   the 

    subsequent   growth   of   sunflower   plants   infected   with 

    R. reniformis:-

	Data in Table (5) presented the effect of D. stramonium, V. rosea and L. camara mixtured with H. rhossiliensis and/or Oxamyl on plant growth response of sunflower infected with R. reniformis.

	Results indicated that all treatments caused remarkable increase in sunflower plant growth to a certain extent as compared with  nematode  alone.

	In general, the use of V. rosea either alone or integrated with one or two other components tested gave the highest values regarding the percentage of increase of the fresh weight of whole sunflower plant as well as the shoot dry weight over the same treatments with L. camara or D. stramonium as compared with nematode alone.  Values of these plant growth parameters were as follows for V. rosea alone 69.04% and 98.08%; and V. rosea + fungus 77.11% and 167.31%; and V. rosea + Oxamyl 74.48% and 232.69%; and V. rosea + fungus + Oxamyl 75.25 and 140.38%, respectively (Table 5) and (Fig. 5), whereas these values were 55.35% and 65.38% for L. camara alone; 48.59% and 130.77% for L. camara plus fungus; 64.54% and 117.31% for L. camara + Oxamyl; and 69.04% and 107.69% for L. camara + fungus + Oxamyl treatments, respectively; while for D. stramonium  alone or fungus or Oxamyl or the three components were 64.17% and 69.23%; and 50.84% and 71.15%; and 53.28% and 94.23%; and 46.34% and 96.15%, respectively (Table 5).

	However, non significant difference for either fresh weight of whole sunflower plant or shoot dry weight was recorded between the three plant species which were tested alone or integrated with H. rhossiliensis or Oxamyl against R. reniformis infected sunflower plants.

	Obviously, the applications of V. rosea as preplanting crop to sunflower plant infected with R. reniformis showed the greatest performance of  plant  growth  parameters  when  Oxamyl was added at the half dose, followed by the addition of fungus single more than when the three components were present.  Different results were obtained with L. camara or D. stramonium at the same applications (Table 5) and (Fig. 5).

	Data presented in Table (6) and Fig. (6) show population densities of the reniform nematodes, R. reniformis  in soil and root of sunflower which were significantly suppressed by the application of all treatments.  R. reniformis rate of build-up was ranged from 0.0 to 0.250 in relation to nematode alone (1.329).

	It was evident that the highest percentage of reduction in nematode population densities in soil and root was obtained with the 

























































































































































application of V. rosea singly or integrated with one or two components.

	It was obviously noticed that V. rosea integrated with H. rhossiliensis plus Oxamyl gave the highest reduction value in nematode population which was recorded to be 87.22% followed by V. rosea + Oxamyl (86.33%), V. rosea + H. rhossiliensis (85.83%), then V. rosea alone (84.99%).

	Moreover, significant reduction in egg-masses numbers on sunflower root was recorded in all treatments in relation to nematode alone (control).  However, non significant difference was noticed between treatments of the three ornamental plant species tested.



4- Integrated control of R. reniformis infecting tomato cv. Strain-

    B3 using poultry manure, H. rhossiliensis and Oxamyl:-

	Data on the effect of poultry manure either alone or integrated with H. rhossiliensis and/or Oxamyl on plant growth response of tomato infected with  R. reniformis  are  presented  in  Table (7) and Fig. (7).

	Obviously, the application  of  poultry  manure  integrated  with H. rhossiliensis and/or Oxamyl showed better performance in plant growth parameters of tomato infected with R. renfiromis  than did alone.  Moreover, significant improvement in shoot and root length as well as fresh shoot weight was recorded for the application of poultry manure integrated with H. rhossiliensis plus Oxamyl, followed by poultry manure  plus  H. rhossiliensis as compared with nematode 













































































alone.  As a result, the percentage of increase in whole plant fresh weight reached 70.45% for the former and 61.36% for the latter (Table 7).

	The same treatments showed similar results with the percentage increase of shoot dry weight which was recorded to be 87.50% and 57.14%, respectively. However, a moderate improvement was obtained with single application e.g. wheat grains or H. rhossiliensis or poultry manure that was achieved to be 32.14% or 51.79% or 37.50%, respectively (Table 7).  Although Oxamyl application alone gave a slight increase of shoot fresh weight of whole tomato plant that was amounted to 11.36% and 75.00% of shoot dry weight increase which was more than in the case of fungus plus nematicide  application  (3.18%)  and   41.07%,   respectively (Table 7).

	With regard to population densities of R. reniformis whether in soil or root of tomato plants a significant suppression by the application of all  treatments as compared with nematode alone (control) was obtained.  However, non significant difference in nematode population densities was noticed between treatments except in the case of wheat, fallow and nematode alone.  The rate of nematode build-up ranged from  0.306 for poultry manure + nematicide to 0.561 for wheat treatment in relation to nematode alone (1.276).

	The highest reduction in nematode population density was achieved with poultry manure treatment integrated with Oxamyl (76.04%) followed by poultry manure plus H. rhossiliensis (73.34%), Oxamyl alone (73.07%); and then poultry manure (70.48%) and fungus alone (70.34%).  However, significant difference in R. reniformis population density was noticed between plants treated with any component tested as compared with nematode alone, wheat and fallow.

	Similar results was obtained between the two treatments of fungus grown on wheat grains and wheat grains alone.

	Moreover, number of egg-masses recovered from tomato roots was significantly reduced in all treatments as compared with wheat grains as well as nematode alone (Table 8) and (Fig. 8).

	Obviously, the use of fallow, poultry manure plus Oxamyl, poultry manure plus fungus, Oxamyl, poultry manure fungus alone, all the three components together, fungus plus Oxamyl and wheat grains gave good results in percentage of nematode reduction which were recorded to be in a descending order 96.45%, 76.04%, 73.34%, 73.07%, 70.48%, 70.34%, 69.15%, 65.87% and 56.07%, respectively (Table 8).



5- Integrated  control  of  R. reniformis  infecting sunflower cv. 

    Vidoc-5 using poultry manure, H. rhossiliensis and Oxamyl:-

	Data presented in Table (9) showed the effect of poultry manure singly or integrated with H. rhossiliensis and/or Oxamyl on sunflower plant growth.  Results indicated that most treatments tested  obviously  caused  remarkable  increase  in  sunflower  plant 













































































growth with various degrees.  It was evident that application of poultry manure single or  mixing with one or two components showed significant increment in shoot length and fresh weight of sunflower plants infected with R. renformis as compared with untreated plants.

	The highest values of  percentage  increase in the fresh weight of whole plant was achieved with poultry manure mixing with H. rhossiliensis plus Oxamyl followed by poultry manure plus Oxamyl which were recorded to be 62.53% and 57.73%, respectively.  Similar result was noticed with shoot dry weight (Table 9) and (Fig. 9).  Moreover, significant difference for those plant growth parameter was also noticed between most treatments as compared with nematode alone.

	From Table (10) it was evident that R. reniformis population density whether in soil or roots was significantly suppressed in all treatments with a rate of nematode build-up ranged from 0.319 for checken manure plus nematicide to 0.496 for wheat grains when compared with nematode alone.  Higher reduction in the reniform nematode population density was achieved by the application of poultry manure plus Oxamyl (71.24%) followed by poultry manure mixing with H. rhossiliensis + Oxamyl  (70.84%)  and  poultry manure (62.14%). However, non significant difference in nematode population density was noticed between treatments when applied either singly or integrated with other components.

















































































	However, significant reduction in egg-masses numbers was achieved from all treatments in relation to nematode or wheat  grains alone (Table 10) and (Fig. 10).



6- Integrated  control  of  R. reniformis  infecting  tomato  using 

     plant powders, H. rhossiliensis and Oxamyl:-

	Data in Table (11) represented the effect of  plant  powders  of V. rosea, T. erecta and C. inerme with or without H. rhossiliensis and/or Oxamyl on plant growth response of tomato cv. Strain-B3 infected with R. reniformis.   It is evident that most treatments proved to be more effective in improving tomato plant growth to certain extent, exceeded that of nematode alone (3.27).

	Concerning fresh weight of the whole tomato plant as affected by R. reniformis infection, a high percentage of increase was recorded with concomitant treatments using two or three components tested as compared with nematode or any component alone except in the case of wheat grains only (Fig. 11).

	T. erecta integrated with H. rhossiliensis treatment proved to be better in the fresh weight of whole plant increase percentages followed by the three components together, wheat grains and then V. rosea plus fungus + Oxamyl treatment. These percentage of increase were 155.66%, 148.01%, 115.29% and 108.56%, respectively.

	However, concomitant treatments using powders integrated with H. rhossiliensis showed better increase of the whole plant percentages than those integrated with Oxamyl except in the case of 

























































































































































C. inerme.  Obviously, V. rosea mixing with fungus gave better performance in this plant growth parameter (65.44%) then that integrated with Oxamyl (29.97%) followed by V. rosea alone (2.75%) (Table 11).   Otherwise, C. inerme showed better result than that of V. rosea for the same treatments (Table 11).

	Data presented in Table (12) and Fig. (12) indicated that all treatments showed significant reduction in total number of reniform nematode in soil and roots of tomato with rate of nematode build-up ranged from 0.155 for T. evecta + fungus + nematicide to 0.452 for wheat  grains.

	However, non significant differences were obtained between all treatments except that of wheat grains, fallow and nematode alone.  Moreover, significant reduction in nematode population density was achieved with T. erecta plus fungus plus Oxamyl (87.60%) with rate of nematode build-up reached to 0.155.  Concomitant applications using two or three components showed better reduction in nematode population densities than single application, whereas the wheat grains treatment gave the least value of nematode population density reduction (63.77%), with the highest rate of nematode build-up (0.452%).

	Similar results was noticed with egg-masses numbers except that the case of either Oxamyl alone or combined with V. rosea (Table 12).







































































































7- Integrated control of R. reniformis infecting sunflower using

    plant powders, H. rhossiliensis and Oxamyl:-

	The impact of powder plants of V. rosea, T. erecta and C. inerme singly or integrated with H. rhossiliensis and/or Oxamyl on plant growth response of sunflower cv. Vidoc-5 are presented in Table (13) and Fig. (13).  It was evident that all treatments improved sunflower growth, exceeded that of the nematode alone as well as free nematode plants.

	Obviously, application of V. rosea singly or mixing with H. rhossiliensis and/or Oxamyl showed better increase in fresh shoot and root weight with percentage of increase ranged from 66.15% for V. rosea to 103.49% for V. rosea + fungus + Oxamyl except in the case of fungus + Oxamyl together only (116.49%).

	Regarding data on the fresh weight of the whole plant, V. rosea integrated with H. rhossiliensis and Oxamyl treatment accomplished the highest percentage of increase which was amounted to 103.49%, followed by Oxamyl alone (81.86%), and then C. inerme or T. erecta mixed with fungus plus Oxamyl (68.87%) or (34.82%), respectively (Table 13).

	Different result was obtained with shoot dry weight percent of increase, where, fungus + Oxamyl treatment showed the highest percentage of shoot dry weight increase (109.15%) followed by C. inerme + fungus (85.37%),  fungus alone (79.27%) and Oxamyl (70.12%), whereas the least value of this plant growth parameter was  acheived  by  the  application  of  T. erecta  + Oxamyl (27.44%), 













































































followed by C. inerme + Oxamyl (3.66%) and then C. inerme alone (1.22%) (Table 13).  Moreover, the use of fungus plus Oxamyl application showed better performance in shoot and root growth than did alone.

	Regarding Table (14) and Fig. (14) it was evident that nematode population density in soil and within sunflower roots infected with R. reniformis were significantly suppressed in all treatments with rate of nematode build-up ranged from 0.202 to 0.365 in relation to control (1.169).

	Among single application it can be noticed that moderate suppression in nematode population was achieved by pots receiving Oxamyl or H. rhossiliensis with percentage of reduction 78.84% or 78.75%, respectively followed by those of plant powders only. The application of any plant powders mixed with fungus showed the highest percentage of nematode reduction over other treatments whereas, T. erecta plus fungus ranked the first in percentage of nematode reduction (82.68%).  However, non significant difference was noticed with the application of plant powders mixing with two or three components except that of wheat grains, fallow and nematode alone (Table 14).

	With respect to the egg-masses number of R. reniformis on sunflower roots a significant suppression in all treatments in relation to plants inoculated with nematode alone was achieved (Table 14).









































































































8- Integrated control of R. reniformis infecting sunflower using 

    V. rosea powder and Oxamyl:-

	The effect of dried powdered leaves of V. rosea with or without Oxamyl on sunflower plant growth parameters was evaluated and presented in Table (15) and Fig. (15 A).

	Obviously, all treatments were found to be more effective in improving sunflower plant growth parameters as well as seed oil percentages to a certain extent exceeded that of the nematode alone as well as plants free of either nematode or any other applications.  Among the tested treatments, V. rosea integrated with Oxamyl showed a significant and better growth for shoot and root weight with percentage of increase 92.29% more than did either alone.

	Similar result was noticed with shoot dry weight (Table 15) and (Fig. 15 A).

	Data also showed that head diameter, seed weight, seed yield/plant and seed oil percentage were significantly influenced by the various treatments.  Seed weight/head as well as seed oil percentage was significantly reached to 58.35% and 17.87% over the control in sunflower plant grown in pots receiving V. rosea + Oxamyl respectively.

	However, those plants that treated by Oxamyl or V. rosea showed non-significance difference for the same parameters (Table 15) and (Fig. 15 B).















































































	Data presented in Table (16) indicated that population densities of R. reniformis in soil and sunflower roots were significantly suppressed by all treatments.  The integration of V. rosea plus Oxamyl showed greater suppression in total nematode population with percentage of reduction 88.85% in relation to the application of single treatment.  However,  significant difference was noticed between all treatments for the same parameter (Table 16) and (Fig. 16).

	Concerning egg-masses numbers of R. reniformis on sunflower plant a significant suppression was obtained by all treatments as compared with nematode alone.



B- Microplot (outdoor) study:-

- Integrated control of R. reniformis infecting sunflower using 

   V. rosea powder and Oxamyl:

	Results presented in Table (17) and Fig. (17 A) indicated that all treatments improved sunflower growth parameters as well as seed oil percentage to certain extent exceeded that of the nematode alone as well as plants free of either nematode or any other applications.

	However, concomitant  treatments showed better results more than single one.  Meanwhile, the mixing of V. rosea with Oxamyl showed better performance in sunflower growth with percentage of increase 62.08% when compared with single application.



























































































































































	Moreover, seed weight/head as well as seed oil percentage were significantly increased in microplots receiving concomitant treatment as compared with nematode alone with percentage of increase 82.11% and 22.02%, respectively (Fig. 17 B).

	Data presented in Table (18) and Fig. (18) showed that V. rosea or Oxamyl applied singly or in concomitant caused significant reduction with all treatments in population densities of R. reniformis.  Great suppression in nematode population was recorded with V. rosea  integrated  with  Oxamyl  with reduction of (90.61%) followed by Oxamyl (86.77%) and then  V. rosea  (83.78%),   respectively (Table 18).

	Regarding, the egg-masses numbers recovered from sunflower roots of this experiment, it was evident that numbers of egg-masses were significantly suppressed by all treatments as compared with nematode alone.  However, non significant difference in egg-masses numbers resulting from the three treatment tested was achieved.





























































































































DISCUSSION��

	In the present investigation, the impact of twelve ornamental plant species on the reproduction of R. reniformis revealed that lantana, oleander, neem, periwinkle, orris, claendula, marigold, thorn apple, thuja, clerodendron were found to be poor hosts (non host crops) to R. reniformis.

	Plant growth parameters in terms of shoot and root length and weight were not highly affected by nematode infection as compared with tomato susceptible control.

	Moreover, these previous plants showed nematicidial properties against R. reniformis with various degrees.

	Among these plant species, periwinkle, V. rosea; thorn apple, D. stramonium and lantana, L. camara showed the least reduction in total plant fresh weight, in relation to tomato susceptible control.  However, the lowest rate of nematode build-up was recorded with D. stramonium followed by L. camara then V. rosea.

	These results are in accordance with the findings reported by Patel et al., (1993) who reported that pink and white flowered periwinkle reduced the final population of R. reniformis after 45 days of inoculation, reduction being 99% with reproduction rate of 0.008.  The present findings suggest that periwinkle affects reproduction of reniform nematode without depressing its own growth.

	The present results are closed to those reported by Caswell et al., (1992) who mentioned that marigold, was a poor host to R. reniformis.

	In contrast, schinus, S. terebentifolius was considered to be good host for R. reniformis as it showed moderately decline in plant fresh weight with percentage of reduction 26.43% as well as high rate of build-up (1.636) exceeds that of susceptible tomato crop (1.214).  On the other hand, thyme, T. capitatus was considered to be a moderately good host as it showed highly susceptibility to nematode infection in terms of plant fresh weight with percentage of reduction 45.22% and rate of nematode build-up (0.630).

	Apparently, results of the impact of the three nonhost crops, D. stramonium, V. rosea and L. camara singly or integrated with the nematophagous fungus, H. rhossiliensis and/or Oxamyl on the subsequent tomato indicated that growth of tomato cv. Strain-B3 infected with R. reniformis showed better and significance performance following the application of V. rosea integrated with one or two components than did alone.

	However, the application of V. rosea integrated with Oxamyl is ranked the best in improving tomato plant growth with percentage of increase 97.5% as compared with V. rosea + fungus (73.66%) or V. rosea + H. rhossiliensis + Oxamyl (51.71%).  Moreover, better suppression in nematode population whether in soil or root was recovered  from  the  application  of V. rosea singly or integrated with 

Oxamyl with rate of nematode build-up that was recorded to be 0.171 or 0.173, respectively.

	These results are in accordance with the findings of Mostafa (1993) who reported that M. incognita was effectively control when the cover crops i.e. sunn hemp or marigold or sesame or love grass integrated with H. rhossiliensis together than each cover crop alone.

	Obviously, results of the impact of D. stramonium, V. rosea and L. camara singly or integrated with H. rhossiliensis and/or Oxamyl on the subsequent sunflower crop was revealed that plant fresh weight as well as dry shoot weight of sunflower cv. Vidoc-5 infected with R. reniformis showed better performance following the application of V. rosea integrated with one or two components than did alone.  Although, better improvement was recorded with V. rosea + H. rhossiliensis, non significant difference was noticed between single and integrated application.

	Moreover, higher suppression in population densities of R. reniformis was performed with V. rosea integrated with H. rhossiliensis + Oxamyl (83.01%) followed by V. rosea + Oxamyl (81.83%) then V. rosea + H. rhossiliensis (81.16%).

	Single application of poultry manure was found to suppress R. reniformis reproduction as well as stimulated growth of tomato or sunflower.  This result agreed with the findings of Mian and Rodriguez-Kabana, (1982); Rodriguez-Kabana (1986) and Mostafa (1998) in respect to Meloidogyne spp.   These results were in accordance with those findings of Amin and Youssef (1997 b) who stated that poultry droppings showed good results in reducing R.reniformis  populations on sunflower under greenhouse conditions. However, better performance in fresh and dry shoot weight as well as greater nematode suppression were recovered from integration the poultry manure with H. rhossiliensis.   Although non significant reduction in nematode population was recovered following the application of poultry manure + H. rhossiliensis as compared with single application, this result gave evidence that poultry manure plays a limited role in enhanching parasitism of nematodes by H. rhossiliensis.  These results are closed to the findings of Mostafa (1998) in respect to M. incognita and the hypothesis reported by Sayre (1980), Mian et al. (1982) and Jaffee et al. (1994) who mentioned that the amendment alters the soil environment so as to favor competing microbial populations, mycoflora capable of parasitizing nematode eggs or soil borne antagonists that destroy or weaken these plant parasites.  However, these results disagreed with those findings of Jaffee et al., (1994) who stated that parasitism of Criconemella xenoplax by H. rhossiliensis was slightly suppressed and numbers of C. xenoplax were not affected by addition of 73 metric tons of composted chicken manure/ha.

	On the other hand, concomitant treatments including poultry manure + Oxamyl + H. rhossiliensis showed better results in reducing nematode population and improving plant growth of tomato cv. Strain-B3 and sunflower cv. Vidoc-5 than poultry manure with one component.

	It is worth to note that although vermiform nematodes of R. renfiromis infecting tomato or sunflower were suppressed by 70.34% and 61.66% respectively by H. rhossiliensis when compared with nematode alone, however, total numbers of nematodes recovering from the wheat grains treatment only were also suppressed by 56.02% and 55.23% on the same hosts, respectively when compared with nematode alone.  These results indicate that wheat showed  positive effect on R. reniformis development.

	Regarding the effect of C. inerme, T. erecta and V. rosea powders singly or integrated with Oxamyl and/or H. rhossiliensis on R. reniformis infecting tomato, T. erecta integrated with H. rhossiliensis and T. erecta + H. rhossiliensis + Oxamyl obviously gave better results in improving plant growth of tomato as compared with single treatment.  Although non significant difference was noticed between single and integrated application of plant powders, V. rosea + fungus + Oxamyl performed the best in suppressing nematode population within soil and root.

	Among the three tested plant powders, C. inerme, T. erecta and V. rosea it was evident that V. rosea either singly or integrated with Oxamyl and/or H. rhossiliensis performed the best in improving plant growth of sunflower cv. Vidoc-5 as well as suppressing nematode population.  These results are in accordance with the work of Abid et al., (1992) who reported that the combined use of Bradyrhizobium sp., P. lilacinus or Furadan with cotton and neem cakes was more effective in controlling M. incognita infecting mung bean.  These results also support the findings of Reddy et al., (1997) who reported that integration of all the three components (neem, Pasteuria penetrans and P. lilacinus) gave maximum increase in tomato plant growth parameters, and least root galling as well as nematode multiplication rate.

	The effect of V. rosea powder singly or integrated with Oxamyl on plant growth parameters of sunflower infected with R. reniformis as well as its population indicated that V. rosea integrated with Oxamyl caused significant and better increment in plant growth, head diameter, seed weight, seed yield/plant and seed oil percentage under greenhouse and microplots field (outdoor) conditions.  Moreover, population densities of R. reniformis in soil as well as number of developmental stages, sessile females and egg-masses numbers were also significantly suppressed.  These findings are in accordance with those reported by Gaur & Misra, (1989) and Prasad et al., (1992) who stated that combination of chopped leaves of Calotropis procera and seed treatment with nematicides were effective in reducing R. reniformis.

	It can be concluded that the ten ornamental plants marigold, neem, claendula, thorn apple, periwinkle, thuja, clerodendron, oleander, lantana and orris were proved to be poor hosts to the reniform nematode and could be used as component of crop rotation systems for management of R. reniformis infecting tomato or sunflower.

	The potential of organic amendments such as poultry manure or powders of V. rosea, C. inerme and T. erecta as biocontrol agents against R. reniformis could be attributed to its decomposition, particularly those high in nitrogen and formation of toxic amonia which affect nematode reproduction.

	The present investigation also revealed that the nematophagous fungus, H. rhossiliensis  may have some potential as a biocontrol agent for R. reniformis and the addition of poultry manure or plant powders may enhance parasitism of nematodes by H. rhossiliensis.

	The present work revealed that the nematicidal activity of the tested plants and poultry manure varied according to the type of application and plant host.  These variations may be attributed to the differences in the chemical nature, composition, concentration of toxic compounds present in these plants, their products and manures and methods used.  Moreover, this study assured the probability of H. rhossiliensis in controlling R. reniformis depends on the rate of spores adherence, motility of nematode, optimum soil water potential and root diffusates.

	The improvement in sunflower plant growth and yield criteria after the addition of organic matter due either to the disinfections of plants with R. reniformis and/or the nutritive value of poultry manure and V. rosea dry leaves which served as fertilizers, a situation which is in agreement with the findings of Siddiqui and Alam, (1988); and Akhtar and Alam (1989), since they stated similar results with chicken manure and Eucalyptus dry leaves.

	Ammonia, nitrites, phenols, hydrogen sulfide and wide range of volatile substance and organic acids are among the chemicals produced during the decomposition of plant residues and affected nematode reproduction.  However, the presence of high concentrations of low molecular weight acetic, propioninic, butyric, isovaleric fatty acids, numerous amino acids as well as reasonable fractions of phenols and hydrogen sulfide in organic manures, clearly proved high nematotoxicity (Abdel-Rahman, 1977).  These toxic constituents may be responsible for low rate of build-up, development and population density reduction of R. reniformis in the present study.

	Integrated control of R. reniformis infecting the two economic crops tomato or sunflower using two or three components of biocontrol agents with minimizing use of nematicides proved to be better than single application.

	In conclusion, the application and use of integrated pest management is quite well know.  Such approach is highly recommended by nematologists all over the world to minimize the environmental pollution caused by nematicidal and their hazards.  On the other hand, the regular addition of organic matter to the soil resulted always in the proliferation of the growing plants.  The safety of such materials and its low cost is one of its advantages.  However, further investigation are needed both under indoor and outdoor conditions to identify the nematicidal compounds, and to assure whether such plants and manures can be effectively used as a reliable method of the reniform nematode integrated control as well as other plant parasitic nematodes species.



SUMMARY��

	Growth response of twelve ornamental plants, i.e. S. terebentifolius,  L. camara,   N. oleander,   M. azadirachta,   V. rosea, I. florentina, T. capitatus, C. officinalis, T. erecta,   D. stramonium, T. orientalis and C. inerme; and tomato to R. reniformis infection was examined under greenhouse conditions.  Most of tested plants showed significant improvement in plant growth where a nematicidal properties  against   R.  reniformis   was   obvious,  except,  that  of   S. terebentifolius  and  T. capitatus.

	D. stramonium, L. camara and V. rosea were considered as resistant  hosts  to  R. reniformis.

	Moreover, single application of V. rosea or L. camara caused significant increment in shoot length, the whole fresh weight of tomato plants cv. Strain-B3 and shoot dry weight percentage of increase.

	Single application of L. camara alone obviously, gave the highest percentage of fresh weight of whole plant increase, followed by D. stramonium and then V. rosea.

	However, when nematophagous fungus was added to V. rosea at planting time, a high percentage of the previous parameter was obtained (73.66%), followed by D. stramonium (57.56%), and then L. camara (43.41%), respectively.

	When  Oxamyl  along  with  V.  rosea  or  D.  stramonium   or  L. camara treatments was applied, the percentage of increase in the whole tomato plant fresh weight reached  the  maximum value with V. rosea application which was amounted to 97.65% more than other treatments contained fungus  plus  nematicide  either  with  V. rosea or D. stramonium or L. camara.  Periwinkle plant, V. rosea  also showed the highest percentage of increase in the whole plant fresh weight that was recorded to be (51.71%) followed by D. stramonium (40.58%) and then L. camara (28.78%).

	The use of V. rosea as a preplanting crop to tomato plants infected with R. reniformis appeared that V. rosea plus Oxamyl accomplished the best value of shoot dry weight percentage, followed by V. rosea plus fungus + Oxamyl, V. rosea plus fungus and then V. rosea  alone.

	Periwinkle plant, V. rosea either alone or combined with one or two components tested, significantly gave the highest percentage of nematode population reduction. Fallow treatment obviously overwhelmed nematode population density.

	Periwinkle plant, V. rosea  mixed with H. rhossiliensis  and/or Oxamyl showed less values of suppression in nematode population than with V. rosea alone.  The application of V. rosea plus Oxamyl treatment performed the highest reduction in egg-masses numbers followed with D. stramonium plus fungus, V. rosea  alone and V. rosea + fungus + Oxamyl.

	The application of V. rosea either alone or integrated with one or other two components tested on R. reniformis infecting sunflower cv. Vidoc-5, accomplished the highest values regarding the percentage of increase of the whole sunflower plant fresh weight as well as the shoot dry weight over the same treatments with L. camara or D. stramonium.

	However, non significant difference for either fresh weight of whole sunflower plant or shoot dry weight was recorded between the three plant species (i.e. V. rosea, L. camara and D. stramonium) which were tested alone or integrated with H. rhossiliensis or Oxamyl against R. reniformis infected sunflower plants except that of nematode alone.

	Periwinkle plant, V. rosea as a preplanting crop to sunflower plant infected with R. renfiromis showed the greatest performance of plant growth parameters when Oxamyl was added at its half dose, followed by the addition of fungus singly that was more than when the three components were present.

	The highest percentage of reduction in nematode population densities in soil and root was also obtained with the application of V. rosea plus one or two components or none.

	Moreover, significant reduction in egg-masses numbers of sunflower root was recorded with all treatments in relation to nematode alone.

	The application of poultry manure on R. reniformis infecting tomato plant cv. Strain-B3, integrated with H. rhossiliensis  and/or Oxamyl showed better increment in plant growth criterions of tomato than did alone.

	Moreover, poultry manure integrated with H. rhossiliensis plus Oxamyl also was the best in increasing the highest percentage of whole tomato plant fresh weight as well as shoot dry weight followed by poultry manure plus H. rhossiliensis only.

	The rate of nematode build-up on tomato plant ranged from 0.306 for poultry manure plus nematicide to 0.561 for wheat treatment in relation to nematode alone.

	The use of fallow, poultry manure plus Oxamyl, poultry manure plus fungus, Oxamyl, poultry manure, fungus alone all the three components together, fungus plus Oxamyl,  and  wheat  grains  gave good results in percentage of nematode reduction which were recorded to be in a descending order 96.45%, 76.04%, 73.34%, 73.07%,70.34%,70.48%, 69.15%, 65.87% and 56.07%, respectively.

	Similar results were obtained with the application of poultry manure along with the treatments tested on sunflower plants infected with R. reniformis, except, in the case of poultry manure mixing with Oxamyl, whereas, a high value of percentage increase in the fresh weight of whole plant was achieved over poultry manure plus H. rhossiliensis only.

	Higher reduction in the reniform nematode population density on sunflower plant was achieved by the application of poultry manure plus Oxamyl (71.24%) followed by poultry manure mixing with H. rhossiliensis + Oxamyl  (70.84%)  and  poultry manure alone (62.14%).

	However, non significant difference in nematode population density was noticed between treatments when applied either singly or integrated with other components while, significant reduction in egg-masses numbers was evident between all treatments in relation to either nematode or wheat grains.

	Most applications of V. rosea or T. erecta or C. inerme powders with or without H. rhossiliensis and/or Oxamyl on tomato plant growth cv. Strain-B3 infected with R. reniformis and its rate of build-up, population density, and egg-masses numbers showed significant results.  The fresh weight of the whole tomato plant revealed a high percentage of increase when concomitant treatments used two or three components as compared with nematode or any other component alone, except, in the case of wheat grains.

	Moreover, significant reduction in nematode population density was achieved with T. erecta plus fungus plus Oxamyl (87.60%) with rate of nematode build-up reached to 0.155. Concomitant applications using two or three components showed better reduction in meatode population densities than single application, whereas the wheat grains treatment gave the least value of nematode population density reduction (63.77%) with the highest rate of nematode build-up (0.452).

	Similar result was noticed with egg-masses numbers except that the case of either Oxamyl alone or combined with V. rosea.

	Moreover, the application of the fungus + Oxamyl together on sunflower cv. Vidoc-5 infected with R. reniformis revealed the highest value of percentage increase of the whole plant fresh weight (116.49%), followed by V. rosea powder plus fungus plus Oxamyl (103.49%), Oxamyl alone (81.86%), and then C. inerme  or T. erecta mixed with fungus plus Oxamyl (68.87% or 34.82%), respectively.

	Moderate suppression in nematode population was obtained with pots receiving Oxamyl or H. rhossilinsis with percentage of reduction 78.84% and 78.75%, respectively, followed by those of plant powders only.

	The application of any plant powders mixed with fungus showed the highest percentage of nematode reduction over other treatments whereas, T. erecta plus fungus ranked the first in percentage of nematode reduction (82.68%).

	A significant suppression in the egg-masses number of R. reniformis on sunflower roots was achieved with all treatments.   

	Under greenhouse conditions the influence of V. rosea powder with Oxamyl on sunflower plant growth parameters cv. Vidoc-5 (i.e. whole plant fresh weight, shoot dry weight, seeds weight/head and seed oil percentage) as well as R. reniformis population density, rate of build-up and egg-masses numbers showed significant results over either Oxamyl or V. rosea or nematode alone.

	Moreover, significant results of the same criteria was also recorded between Oxamyl or V. rosea over the nematode alone.

	Moreover, under outdoor conditions in concrete bins experiment, similar results were obtained with sunflower cv. Vidoc-5 infected by R. reniformis  that received the previous treatments.
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