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ABSTRACT
Three field trials was conducted in Ismailia governorate, Egypt during the seasons 2009, 2010 and 2011 to evaluate the efficacy of twelve granular and liquid chemical nematicides produced by different companies and three bio-nematicides on populations of root-knot nematodes, Meloidogyne javanica infesting banana and grape and citrus nematodes, Tylenchulus semipenetrans infesting orange as well as crop productivity. Among all chemical nematicides applied on banana, cure (oxamyl SL 24%) treatment at the rate of 15 ml/mat twice surpassed other treatments in reducing rate of nematode build-up with value of 0.24, followed by nemacur G 10%  at 30 g/mat and vydate SL 24 % at 15 ml/mat twice  treatments with the same value of 0.31 each, whereas nemathorin G 10 % treatment at 3 g/m2 recorded the lowest reduction percentage of the same criterion with value of 0.50. Application of nemacur G 10% and vydate SL 24% gave the highest increment percentage in crop productivity with value of 65.6 % each, followed by cure treatment (59.2 %).    
Nemathorin treatment at 12.5 kg/feddan accomplished the best results in improving the production of orange fruits and reducing rate of T. semipenetrans build-up as well where the percentage increase value of productivity averaged to 91.8% and the reduction percentage value of nematode build-up averaged to 82.9%, but no significant differences were noticed among all nematicides tested. The highest reduction in rate of M. javanica build-up was obtained when grape trees treated with vydate 24% SL at the rate of 5 L/feddan twice that amounted to 0.29 as well as the highest percentage increase of crop production with value of 90.2%. It was clear that chemical nematicides gave more efficient control of nematode population density than the bio-nematicides for an immediate control on grape trees. Among all tested bio-nematicides, QL Agri 35 decreased rate of M. javanica build-up and increased grape production to the maximum with values averaged to (0.57 and 7.50). 
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INTRODUCTION

The fruit is considered to be one of the most important cash crops all over the world including Egypt, whether shopping locally or exported to Arab countries and foreign. It also generates good income for farmers and help to grow and improve living standards for a broad base of them, so the efforts must be done to stand on the diseases that reduce the overall income of the farmers and also the lack of quality marketing these fruits locally and abroad. Bananas are the fourth-ranked agricultural crop in the world and first among fruits. Annual sales are about US$2.5 billion. Most bananas grown commercially are ‘Williams’. The most common nematodes collected from a survey of commercial banana farms were root-knot, spiral and burrowing nematodes causing yield losses of up to 30-60% in many countries. Roots damaged by nematodes cannot supply plants with water and nutrients. Some authors believe yield losses occur at nematode populations over 2,000 per 100g of roots. This can slow plant growth, lengthen the time to fruiting, reduce bunch weight, and decrease the productive life of the farm. 
Citrus are the first exported crops in Egypt. Citrus nematode, Tylenchulus semipenetrans is one of the most important root nematodes of plant trees that have worldwide distribution and cause reduction of crop production and vegetative growth. In addition, this nematode creates slow decline of citrus trees (Bains et al., 1948; van Gandy, 1958). 80 species and varieties of citrus are susceptible to this nematode (Muhammad et al., 2004). Yield reduction by citrus nematode depending on the citrus nematode infection rate, is 10 to 30% (Verdego-Lucas and McKenry, 2004). 

Grape is one of the most important commercially fruit trees in Egypt, especially in El-Minia, Assut and Bani-Soyef governorates where Banati and Red Romi are the principal commercial cultivars grown. According to Horticulture Research Institute, Egypt 2010, the area cultivated with grape reached to total of 70188 ha including fruiting areas 64687 ha producing 1531418 ton (average 23.67 ton/ha). It is considered the second fruit crop and one of the promising export commodities (the export of grape increased from 52071.11 ton in 2008 to 75586.12 ton in 2009. Plant parasitic nematodes are considered among the most destructive pests of grape trees. The root-knot nematodes, Meloidogyne spp. is recognized as important pest of grape resulting in stunting of trees, root pruning, poor growth and especially of young trees on susceptible rootstocks, and reduction in yield in many parts of the world.
Nematode control is very difficult and relies heavily on the use of soil fumigants and non-fumigant nematicides. Generally, nematicides are the quickest means among the various control measures for drastic reduction of nematode population in a short time. Use of nematicides for the management of plant parasitic nematode population in soil becomes essential when other methods like cultural practices, resistant varieties and biocontrol agents are unable to protect crops from these pests (Hague and Gowen, 1987). However, several fumigants and nematicides have been withdrawn from the market in the last few decades due to concerns about the environment safety as well as human health (Rich et al., 2004). Currently available soil fumigants, such as dichloropropene and metham-sodium, are less effective than methyl bromide for controlling nematodes, making the role of non-fumigant nematicides more important. On the other hand, granular non-fumigant nematicides are more easily applied and safer for farmers compared with fumigants (Lamberti et al., 2000). The most widely used non-fumigant nematicides are aldicarb, cadusafos, carbofuran, ethoprop, fenamiphos, fosthiazate, oxamyl and terbufos, which are organophosphate or carbamate based nematicides. Nevertheless, nematicides still continue to be a main nematode management approach, whether used as part of an integrated management programme or as the sole control component.
Control of plant parasitic nematodes with organic soil amendments and microbial agents i.e. bacteria and fungi has been reported on various crop plants (Siddiqui et al., 2006; Subramanian and Senthamizh, 2006; Rao, 2007, El-Sherif and Ismail 2007, Satyandra and Chaubey, 2007 and Mokbel et al., 2009). In 2007, Hammad and Zaid recorded that the two Egyptian bioagents i.e. Bio-zeidTM (Trichoderma album) and Bio-arcTM (Bacillus megaterium) as bio-agents  applied singly at the rate of (30 g/l) improved  sunflower plant growth and reduced Meloidogyne javanica reproduction and density. Reduction percentages of Hirschmanniella  oryzae, Meloidogyne spp. and Tylenchorhynchus spp. and weight of rice grains were increased when bio-arc sprayed on vegetative parts of rice plants (Khalil et al., 2007). Researchers have been focusing on using the previous bioagents to control plant parasitic nematodes infecting vegetable and field crops, but little or no attention has been given to use these materials against nematode on fruit trees. Therefore, the objective of this study was to determine the effect of twelve chemical nematicides and three bio-nematicides on root-knot nematodes infesting bananas and grape trees and citrus nematode infesting orange trees under field conditions in Ismailia governorate.  
MATERIALS AND METHODS
Chemical nematicides:

Twelve granular and liquid nematicides viz., Rugby 10%; Rugby 20%; Mocap; Nemathorin; Vydate SL; Vydate G; Oxamyte; Curr; Dento; Hydate Star; Nemacur; and Nemagold were used in the present study. Product name, active ingredient, company name, application rate of each nematicide and fruit trees were presented in table (1).
Biocides: 

            Three bioagents used in this study were obtained from Organic Company and apply on grape as follow:

Bio-zeid: (Trichoderma album)
           It is a local fungicide which contains 2.5% WP active ingredient with ten million spores per one gram of the compound and added at the rate of 40 kg/feddan. 

Bio-arc (Bacillus megaterium) 
       It is a local bactericide which contains 6 % WP active ingredient with 25 millions bacterial cells per one gram of the compound and added at the rate of 40 kg/feddan.

QL Agri 35 (Quilliaja seponaria)


It is a natural concentrated extract of the tree Quilliaja seponaria which contains 35 % EC active ingredient added at the rate of 12 L/feddan.  

Three field experiments were conducted in three farms in Al-Tal Al-Kaber county, Ismailia governorate cultivated with banana (William cultivar), grape (Flame Seedless) and orange (Volkamaryan rootstock) trees each and naturally infested with root-knot nematode, M. javanica for the first and the second fruit trees and citrus nematode, T. semipenetrans for the third one during three seasons, 2009, 2010 and 2011.
Table (1): Product name, active ingredient, company name, application rate of nematicides on each fruit tree used in this study.
	Product name
	Active ingredient
a.i.
	Concentration of a.i.
	Company name
	Application rate
	Crop

	Rugby G
Rugby CS
	Cadusafos
	10 % 

20 % 
	Dalta
	20 g/mat

10 cm2/mat/twice
	Banana

	Rugby G
	Cadusafos
	10 % 
	Dalta
	24 kg/feddan 
	Orange

	Mocap G
	Ethoprophos
	10 % 
	My Trade
	15 g/mat/twice
40 kg/feddan
	Banana

Grape

	Nemagold G
	Ethoprophos
	10 % 
	Alez
	15 g/mat/ twice
	Banana



	Nemathorin G
	Fosthiazate
	10 % 
	Syngenta
	3 g/m2

12.5 kg/ feddan
	Banana

Orange

	Vydate SL 
	Oxamyl
	24 % 
	Dopon
	15 ml/mat/twice

4 L/feddan/ twice

5 L/feddan/ twice
	Banana

Orange
Grape

	Vydate G 
	Oxamyl
	10 % 
	Dopon
	25 kg/ feddan
	Orange

	Oxamyte SL
	Oxamyl
	24 % 
	Agricultural Development Misr 
	5 L/feddan/ twice
	Grape

	Cure SL
	Oxamyl
	24 % 
	Starkem
	15 ml/mat/twice

5 L/feddan/ twice
	Banana

Grape

	Hydate Star SL
	Oxamyl
	24 % 
	Agricultural Development Maka
	15 ml/mat/twice
	Banana

	Dento EC
	Fenamiphos
	40 % 
	Starkem
	6 L/feddan
	Orange

	Nemacur EC
Nemacur G
	Fenamiphos
	40 % 

10 % 
	Bridge Trade

Agricultural Materials
	3 L/feddan/ twice

30 g/mat
	Orange 

Banana


The experiment on banana trees were designed as a randomized complete block design with five treatments replicated four times and each replicate consisted of five mats containing 2-3 plants each. Regarding grape trees, the same experiment was conducted with seven treatments replicated four times and each replicate consisted of five trees. On the other hand, five treatments replicated four times and each replicate consisted of four trees were conducted for orange. For each crop, untreated-infested plots were served as control.
Application of tested nematicides were made by sprinkling the granules within a circle of 50 cm diameter around each plant or trees as well as regarding liquid nematicides were added by drenching application. Fifty gram roots and 250 gram soil samples were taken 7 days after the application from treated and untreated plots at approximately 2- 4 week intervals for nematode analysis according to sieving and modified Baermann technique (Goodey, 1957). Nematode rate of build-up, nematicides effectiveness and crop quantity are calculated and recorded trice during 2009, 2010 and 2011 seasons. Data was subjected to statistical analysis using (ANOVA) (Gomez and Gomez, 1984) followed by Duncan's multiple range to compare means (Duncan, 1955).
RESULTS
Data in table (2) document the rate of nematode build-up, nematicides effectiveness and crop productivity of banana cv. William as affected by nine nematicides, i.e. Hydate Star, Mocap, Nemagold, Cure, Vydate SL 24%, Rugby G 10%, Rugby G 20%, Nemathorin and Nemacur G 10% on M. javanica under field conditions. Results indicated that all of the tested nematicides were found to be effective in protecting and improving banana growth in comparison to the control. It is clear that all of the tested materials significantly improved productivity of banana plants and reduced nematode reproduction as compared with those of nematode alone (Table 2). 
Table (2): Effect of nine nematicides on M. javanica reproduction and crop productivity of banana in Ismailia governorate under field conditions.

	Nematicides
	Reproduction factor 

(Pf/Pi)
	Nematicides effectiveness

%
	Crop productivity

Ton/feddan
	Increase

%

	Hydate Star
	0.35 c-e
	80.6
	24.0 a-c
	52.9

	Mocap
	0.48 bc
	73.3
	23.0 bc
	46.5

	Nemagold
	0.45 b-d
	75.0
	23.4 bc
	49.0

	Cure
	0.24 e
	86.7
	25.0 ab
	59.2

	Vydate SL 24% 
	0.31 de
	82.8
	26.0 a
	65.6

	Rugby G 10% 
	0.48 bc
	73.3
	22.7 c
	44.6

	Rugby G 20% 
	0.45 b-d
	75.0
	23.6 bc
	50.3

	Nemathorin
	0.50 b
	72.2
	22.0 c
	40.1

	Nemacur G 10% 
	0.31 de
	82.8
	26.0 a
	65.6

	Control (ck)
	1.80 a
	--
	15.7 d
	--


*Each figure represents the mean of three replicates for each season of 2009, 2010 and 2011.

*Means in each column followed by the same letter did not differ at p> 0.05                  according to Duncan's multiple range test.

Among all applied nematicides, cure treatment surpassed other treatments in reducing rate of nematode build-up with value of 0.24, followed by nemacur G 10% and vaydate SL 24% treatments with the same value of 0.31 each, whereas nemathorin treatment recorded the lowest reduction percentage of the same criterion with value of 0.50. It was clear that application of nemacur G 10% and vydate SL 24% gave the highest increment percentage in banana crop productivity with value of 65.6 % each, followed by cure treatment (59.2 %).
Data in table (3) document the productivity of citrus trees infested by T. semipenetrans and treated with six nematicides under field conditions. Results indicated that the reproduction rate of T. semipenetrans on citrus cv. Volkamaryan was significantly (P < 0·05) reduced by application of all nematicides tested compared with untreated trees. On the other hand, the crop productivity was significantly increased by application of all previous materials. Moreover, no significant differences in the averages of reproduction factor and citrus crop productivity were noticed among all nematicides tested (Table 3). 
Table (3): Effect of six nematicides on T. semipenetrans reproduction and crop productivity of citrus in Ismailia governorate under field conditions.

	Nematicides
	Reproduction factor 

(Pf/Pi)
	Nematicides effectiveness

%
	Crop productivity

Ton/feddan
	Increase

%

	Vydate SL 24% 
	0.30 b
	82.4
	16.2 a 
	90.6

	Vydate G 10% 
	0.47 b
	72.4
	14.5 a 
	70.6

	Nemacur EC 40% 
	0.31 b
	81.8
	16 a
	88.2

	Nemathorin
	0.29 b
	82.9
	16.3 a 
	91.8

	Rugby G 10% 
	0.41 b
	75.9
	15 a 
	76.5

	Dento
	0.42 b
	75.3
	16 a
	88.2

	Control (ck)
	1.70 a
	--
	8.5 b
	--


*Each figure represents the mean of three replicates for each season of 2009, 2010 and 2011.

*Means in each column followed by the same letter did not differ at p> 0.05                  according to Duncan's multiple range test.

Nemathorin treatment accomplished the best results in improving the production of citrus fruits and reducing rate of nematode build-up as well where the percentage increase value of productivity averaged to 91.8% and the reduction percentage value of nematode build-up averaged to 82.9%. Among all tested nematicides, vydate G 10% ranked last in increasing crop quantity and decreasing rate of nematode build-up with values of 70.6% and 0.47, respectively.

Data in table (4) reveal the influence of four nematicides and three biocides on the productivity of grape cv. Flame Seedless and reproduction of M. javanica under field conditions. Results showed that final nematode population of M. javanica and crop productivity were significantly affected by all tested components as compared to nematode alone. Application of vydate SL 24% caused the highest reduction in rate of nematode build-up that amounted to 0.29 as well as the highest percentage increase of crop production with value of 90.2%. 
Table (4): Effect of four nematicides and three biocides on M. javanica reproduction and crop productivity of grape in Ismailia governorate under field conditions.

	Nematicides
	Reproduction factor 

(Pf/Pi)
	Nematicides effectiveness

%
	Crop productivity

Ton/feddan
	Increase

%

	Vydate SL 24% 
	0.29 c
	84.3
	8.75 a
	90.2

	Mocap
	0.37 c
	80.0
	7.80 b-d
	69.6

	Oxamyte
	0.34 c
	81.6
	8.50 ab
	84.8

	Bio-arc 
	0.61 b
	67.0
	7.30 cd
	58.7

	Bio-zeid
	0.62 b
	66.5
	7.00 d
	52.2

	Cure
	0.36 c
	80.5
	8.05 a-c
	75.0

	QL Agri 35
	0.57 b
	69.2
	7.50 cd 
	63.0

	Control (ck)
	1.85 a
	--
	4.60 e
	--


*Each figure represents the mean of three replicates for each season of 2009, 2010 and 2011.

*Means in each column followed by the same letter did not differ at p> 0.05                  according to Duncan's multiple range test.

The lowest reduction percentage in nematode population and increment percentage of grape production were achieved from trees received Bio-zeid treatment with values of 66.5% and 52.2%, respectively. However, trees received oxamyte, cure and mocap ranked second to vydate regarding percentages for the previous criteria with values of 81.6, 80.5 and 80.0 % for the first criterion as well as 84.8, 75.0 and 69.6 % for the second ones, respectively (Table 4). 
DISCCUSION

Results from the present field trial indicated that tested chemo and bio-nematicides significantly affect nematode reproduction and crop productivity (P>0.05) compared to the untreated plants as recorded by several workers ( Reddy et al., 2002; Eissa et al., 2007; Meher et al., 2010 and Radwan et al., 2012). Our results indicated that vydate SL 24% treatment recorded the highest value for crop production and nematode suppression when applied on grape. Meanwhile, it appeared to have the second rank to nemathorin and cure treatments for nematode reduction when applied on citrus and banana, respectively, but ranked first to other treatments in increasing the crop yield when applied on banana, and there is no significant differences were noticed among the three tested nematicides. These present results are in accordance with those reported by Eissa et al. (2007) who mentioned that the application of oxamyl injected in plant pseudostem or poured on plant top on banana cv. Williams, significantly decreased population densities of M. incognita under greenhouse conditions. 

It is worth to note that although nemathorin treatment showed the highest reduction in rate of citrus nematode build-up and maximize the fruit yield; conversely it gave minimum production of banana yield and maximum rate of root-knot nematodes build-up. These investigations were in unconformity with Ingham et al. (2000), Hafez and Sundararaj (2006) and Radwan et al. (2012). These authors reported that  fosthiazate (Nemathorin) provided excellent control of root-knot nematodes and increased plant growth and yield. Oxamyl and ethoprop ranked intermediate in the same criteria. On the other hand, results by Radwan et al. (2012) are in accordance with our results related to cadusafos, since it was relatively least effective causing 77.51 and 86.63 % reduction in galling and J2 population, respectively.  Our results support the findings of Giannakou et al., (2005) who reported that oxamyl provided some nematode control while cadusafos failed to provide adequate nematode control, which may be attributed to the inability of the nematicide to reduce nematode populations even at relatively high concentrations in soil.

It has been observed that the chemical nematicides gave more efficient control of nematode population density than the bio-nematicides for an immediate control on grape trees. Among all tested bio-nematicides, QL Agri 35 decreased rate of M. javanica build-up and increased grape production to the maximum with values averaged to (0.57 and 7.50), but without significant differences. This product is rich in all components present in an original in the tree: triterpene saponins, polyphenols, sugars, plant hormones and salts. The nematicidal activity of such product could be attributed to a synergy between saponins and other active compounds present in the extract, such as tannins and polyphenols. 
These results are disagree with (Giannakou, 2012) who demonstrated that formulated product QL Agri® 35  containing extract from Quillaja saponaria gave control result of root-knot populations in field infecting cucumber similar to that of cadusafos and oxamyl. The results probable had been affected by both the biological origin of the applied products, because of its accelerated degradation inactivated them before affecting the nematodes and the physical-chemical-biological characteristics of tropical soils, which probably were not adequate for the stability of the assessed products. The same results were obtained by Martinuz et al. (2011) who reported that the biopesticides (DiTera DF®, Savitan®, QL Agri®) had lower population densities of Radopholus similis on banana than the control with the nematode trapping-fungi having statistically significant differences over the other treatments. He also recorded that chemical control by Furadan® G 10% was highly effective and produced the lowest nematode density. Sainz (1999) applied plants extracts on grapes towards nematodes obtaining mortalities of Meloidogyne sp. up to 100%; but Daneel et al. (1999) did not found good results after soil application of furfural-aldehyde (extract of sugarcane) on banana, probably because the product did not reach the nematodes, as the molecules are big and apparently the plant is not able to uptake them. Nevertheless, nematode control was much better when it was injected into the pseudo-stem.
It is evident that oxamyl produced by Dopon (vydate SL 24%) and Starkem (cure SL 24%) companies accomplished the best results in reducing nematode population and inducing crop production when applied on banana, citrus and grape. It can also be noticed that application of fenamiphos produced by Bridge Trade and Agricultural Materials companies (Nemacur) was more effective than fenamiphos produced by Starkem company (Dento) for suppressing nematode population and improving crop yield. On the other hand, a considerable percentage decrease in nematode population densities was recorded by cadusafos treatment produced by Dalta company (Rugby). 
Apparently, it was clear from this experiment that differences in the effectiveness of tested nematicides on nematodes suppression and crop yield seems to be dependent on the name of company produced active ingredient, status of active ingredient, nematode species and crop variety.    
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  تقييم فعاليه بعض المبيدات الكيميائيه والحيويه فى مقاومه الأمراض النيماتوديه على بعض محاصيل الفاكهه تحت ظروف محافظه الإسماعيليه فى مصر          
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الملخص العربي
        أجريت هذه الدراسة في ثلاث مزارع بمركز التل الكبير بمحافظة الإسماعيلية، إحداهما منزرعة موز صنف وليام والأخرى منزرعة عنب صنف فليم سيدليس ومصابين بنيماتودا تعقد الجذور Meloidogyne javanica والثالثة منزرعة برتقال صنف فولكا ماريانا ومصابة بنيماتودا الموالح Tylenchulus semipenetrans لتقييم فعاليه بعض المبيدات الكيميائية والحيوية علي تعداد النيماتودا في هذه المزارع خلال ثلاثة مواسم هي 2009، 2010، 2011. أوضحت النتائج أن معاملة مبيد كيور سائل 24% اوكساميل بمعدل 15 مل للجورة ( مرتين )  علي نباتات الموز جاءت في المرتبة الأولي من بين كل المعاملات في خفض أعداد نيماتودا تعقد الجذور بمعدل تكاثر 0.24، ثم جاءت المعاملة بمبيد النيماكور المحبب 10% فيناميفوس بمعدل 30 جرام للجورة ومبيد الفايديت السائل 24% أوكساميل بمعدل 15 مل للجورة ( مرتين )   في المرتبة الثانية بمعدل تكاثر للنيماتودا 0.31 لكل منهما. أعطت معاملة النيماثورين المحبب 10% فوسيازيت بمعدل 3 جرام/م2 أعلي القيم في معدل تكاثر النيماتودا (0.50). كما أعطت معاملة النيماكور محبب 10% والفايديت سائل 24% أعلي القيم في زيادة الإنتاج بنسبة 65.6% لكل منهما. إضافة مبيد النيماثورين علي أشجار البرتقال بمعدل 12.5كجم/الفدان أعطي أفضل النتائج في تحسين إنتاجية الأشجار بنسبة زيادة 91.8% ومعدل انخفاض في تكاثر النيماتودا بنسبة 82.9%. سجلت  معاملة الفايديت سائل (24% أوكساميل) بمعدل 5 لتر/الفدان ( مرتين )   علي أشجار العنب أفضل النتائج في خفض معدل تكاثر النيماتودا (0.29) وزيادة الانتاج بنسبة 90.2%. أوضحت النتائج أيضاً أن المعاملة بالمبيدات الكيميائية كانت أفضل من المبيدات الحيوية في خفض أعداد نيماتودا تعقد الجذور علي أشجار العنب. كانت المعاملة بالمنتج الحيوي كيوإل أجري 35 أفضل المعاملات الحيوية في خفض أعداد النيماتودا بمعدل تكاثر (0.57) وزيادة أنتاجية أشجار العنب بنسبة 63%. 
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