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EVALUATION OF NEMATICIDAL POTENTIAL IN SOME PLANT EXTRACTS EITHER SINGLY OR INTEGRATED WITH Hirsutella rhossiliensis AGAINST Rotylenchulus reniformis ON TOMATO
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ABSTRACT: The following aqueous leaf extracts; Sinopis arvensis, Sisymbrium irio, Solanum nigrum, Chenopodium album and Portulace oleraceae alone and in combination with the nematophagus fungus, Hirsutella rhossiliensis were evaluated against the reniform nematode, Rotylenchulus reniformis infecting tomato cv. Strain-B3 under greenhouse conditions. Results indicated that most treatments tested obviously caused remarkable increase in tomato plant growth with various degrees. The application of the fungus + S. irio together revealed the highest value of percentage increase of the whole plant fresh weight as well as shoot dry weight which was amounted to 54.15 %, 114.81 % followed by S. irio alone (53.75 %, 107.41 %), respectively. All treatments showed significant reduction in total number of the reniform nematode in soil and roots of tomato. Higher reduction in the reniform nematode population density was achieved by the application of S. irio integrated with H. rhossiliensis (87.71 %) followed by S. arvensis plus H. rhossiliensis (85.89 %), S. irio (82.92 %) and then P. oleraceae combined with H. rhossiliensis (82.49 %). However, significant reduction in egg-masses numbers was achieved from all treatments in relation to nematode or wheat grains alone.
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INTRODUCTION

Tomato (Lycopersicum esculentum Mill) is considered one of the major vegetable crops cultivated in all over the world. In Egypt, the  crop has the persistant demand for both local consumption and exportation. The reniform nematodes, Rotylenchulus reniformis (Linford & Oliveira) have been recognized as a potentially serious problem to the crop productivity in temperate and tropical regions. Interest in alternative nematode control practices has increased because of environmental and health risks associated with nematicides use. 

The impact of drenching application with aqueous plant extracts on plant parasitic nematodes infectivity have been reported by several authors (Goswami & Vijayalakshmi, 1986; Mojumder & Goswami, 1987; Sherif et al., 1987; Siddiqui & Alam, 1987; Ponte, 1988; Bansode & Kurundkar, 1989; Dash & Padhi, 1990; Siddiqui & Husain, 1990; Mojumder & Mishra, 1991-a,b; Anver & Alam, 1992; Hassan, 1992; Salawu, 1992, Hashim, 1993; El-Shalaby, 1994; Siddiqui & Mahmood, 1994; Mostafa, 1995; Abdel Barry & El-Shalaby, 1995; Khalil, 1996 and Saikia et al., 1999). On the other hand, 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 & Muldoon, 1989, 1995; Jaffee et al., 1993; Lackey et al., 1994; Tedford & Jaffee, 1995; Velvis & Kamp, 1995; Mostafa, 1998; Mostafa et al., 1998 and Khalil, 2000). 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, Pratylenchus, Criconemella, Anguina, Ditylenchus, Xiphinema, Aphelenchoides, Steinernema, Heterorhabditis, Anaplectus, Cephalobus, Rotylenchus and Rotylenchulus. However, studies on integrated management of plant parasitic nematodes using nematophagous fungus in combination with aqueous plant extracts have been widely used by many researchers (Siddiqui & Mahmood, 1994; Nagesh et al., 1997; Rao et al., 1997 and Saikia et al., 1999).

The aim of the present work was carried out to throw light on the impact of drenching application with aqueous plant extracts alone and in combination with the nematophagous fungus, H. rhossiliensis on reproduction of R. reniformis, infecting tomato as well as its plant growth.

MATERIALS AND METHODS

Preparation of aqueous leaf extracts:

Fresh leaves of five weed plants were collected and transferred to nematology laboratory for extraction. The tested plants were wild mustard, Sinopis arvensis; london rocket, Sisymbrium irio; black nightshade, Solanum nigrum; white goosefoot, Chenopodium album and purslane, Portulace oleraceae.

Standard leaf extracts were prepared by crushing and dissolving 20 g. of leaves in 100 ml distilled water separately using mortar and pestle. The result solution was then centrifuged at 5000 rpm for five minutes. The supernatant was filtered through a layer of muslin cloth, and dilution of 5 % was prepared from each standard. 

Preparation of fungal inocula:
An isolate of the nematophagous fungus, Hirsutella 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 ( 1 (C 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 or without the fungus was used.

Seedlings of tomato (Lycopersicon esculentum, Mill) cv. Strain-B3 at 45 days old were transplanted in 10-cm d. plastic pots filled with 250 g steam sterilized sandy and loam soil (1:1). Seedlings were drenched separately with 5 mls of aqueous extracts of the tested previous plants, around tomato plant. Dilution of 5 % was used.

H. rhossiliensis as the nematophagus fungus was also used alone or in combination with plant extracts. All components were added consequently. Simultaneously, following the incorporation of plant extracts alone or in combination with fungus into soil of each pot which was inoculated with 2000 4th stage juvenile (immature female) of R. reniformis. Inocula were obtained from a pure culture of R. reniformis propagated on pigeon pea, Cajanus spp. under the greenhouse conditions. Oxamyl as a nematicide was used for comparison at the recommended dose (0.03 gm). Inoculated seedlings free of extracts or fungus were served as control. Pots neither treated with nematodes nor extracts were also included. Each treatment was replicated four times.

Treatment were as follows:

1- N + wild mustard,

2- N + wild mustard + fungus,

2- N + london rocket,

3- N + london rocket + fungus,

5- N + black nightshade,


6- N + black nightshade + fungus,

7- N + white goosefoot,

8- N + white goosefoot + fungus,

9- N + purslane,

10- N + purslane + fungus,

11- N + fungus,

           12- N + wheat,

13- N + oxamyl, 

14- N alone (control), and 

15- Plant free of N or any treatment.

Pots were randomly arranged on a greenhouse bench at 28 ( 5 (C. Plants 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 Baerman technique (Goodey, 1957). Roots were stained by acid fuchsin in acetic acid according to Byrd et al. (1983), 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).

This work was undertaken in the greenhouse of Tag El-ez Research Station, Tag El-ez, Temai El-Amdeed, Dakahlia Governorate, Egypt. 

RESULTS AND DISCUSSION

Data presented in Table (1) showed the effect of drenching application with aqueous leaf extracts of S. arvensis, S. irio, S. nigrum, C. album and P. oleraceae that was applied either singly or mixtured with H. rhossiliensis on plant growth response of tomato infected with R. reniformis. Results indicated that most treatments tested obviously caused remarkable increase in tomato plant growth with various degrees.

Obviously, the application of S. irio integrated with H. rhossiliensis showed better performance in plant growth parameters of tomato infected with R. reniformis than did alone. Moreover, significant improve-ment in shoot and root length as well as fresh weight of whole plant was recorded for the application of S. irio integrated with H. rhossiliensis, followed by S. irio as compared with nematode alone. 

Moreover, the same treatments showed the highest percentage of increase in whole plant fresh weight as well as shoot dry weight with values of 54.15% and 114.81% for the former; 53.75% and 107.41% for the later; respectively.

Significant difference for those plant growth parameter was also noticed between most treatments as compared with nematode alone (Table 1).

From Table (2) it was evident that R. reniformis population density in soil and roots was significantly suppressed in all treatments with a rate of nematode build-up ranged from 0.185 for S. irio plus H. rhossiliensis to 0.678 for wheat grains when compared to nematode alone. High reduction in the reniform nematode population density was obviously achieved by the application of S. irio integrated with H. rhossiliensis (87.71 %) followed by S. arvensis plus H. rhossiliensis (85.89 %), S. irio (82.92) and then P.oleracea mixing with H. rhossiliensis (82.49 %). However, non significant difference in nematode population density was noticed between most treatments when applied either singly or integrated with other components.

However, significant reduction in egg-masses numbers was achieved by all treatments tested in relation to nematode or wheat grains alone (Table 2).

In general, most treatments showed significant reduction in nematode population and significant increase in total shoot and root weight of tomato infected with R. reniformis over that of the nematode alone. S. irio integrated with H. rhossiliensis treatment proved to be  better in the fresh weight of the whole plant increase percentages as well as supressing nematode population followed by S. irio alone and then S. arvensis + H. rhossiliensis treatment. These findings support the evaluation of Siddiqui and Mahmoud (1994) and Rao et al. (1997) in respect to Meloidogyne spp. These results are in accordance with the work of Nagesh et al. (1997) who reported that combination of Paecilomyces lilacinus with neem leaf extract resulted in significantly higher fresh plant weight and flower yield. Root gall index of M. incognita was least under P. lilacinus plus neem leaf extract combination followed by P. lilacinus plus castor leaf extract treatment. Although the per cent egg and egg mass parasitization by P. lilacinus was higher when integrated with the leaf extracts, neem leaf extract improved the parasization by P. lilacinus more than that with castor leaf extract. Furthermore, results of Saikia et al. (1999) in respect to P. lilacinus with or without neem (Azadirachta indica) or mustard oil cake extract on M. incognita infecting tomato support also the present findings.

In conclusion, it can be said that drenching application with aqueous plant extracts that applied singly or integrated with H. rhossiliensis retained their nematicidal effects in soil and possibility of using this trend for integrated control of nematode clearly needs further investigation.
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تقييم كفاءة بعض المستخلصات النباتية منفردة أو مشتركة مع الفطر هيرسيوتلا روسيلينزس فى مكافحة النيماتودا الكلوية على الطماطم

أشرف السعيد محمد خليل

معهد بحوث أمراض النباتات ـ مركز البحوث الزراعية ـ الجيزة


تم استخدام المستخلصات النباتية للخردل البرى (الكبر) وفجل الجمل وعنب الديب والزربيح والرجلة منفردة أو متحدة مع الفطر هيرسيوتلا روسيلينزس لدراسة تأثيرها على معدل تكاثر النيماتودا الكلوية  ونمو بادرات الطماطم صنف استرين ـ ب3 تحت ظروف الصوبة.

ـ لقد سجلت معظم المعاملات تحسنا معنويا فى نمو نباتات الطماطم بزيادة الأطوال والأوزان عن النباتات المصابة بالنيماتودا فقط.

ـ أن إضافة فجل الجمل مع الفطر حقق تحسن معنوى فى الوزن الكلى للنباتات وكذا فى الوزن الجاف بنسبة زيادة وصلت إلى 54.15 % ، 114.81 % بمقارنتها بالنباتات المصابة بالنيماتودا فقط (الكنترول) يليها معاملة فجل الجمل فقط حيث وصلت نسبة الزيادة إلى 53.75 % ، 107.41 % على التوالى.

ـ أن جميع المعاملات المختبرة  حققت إنخفاضا معنويا فى تعداد النيماتودا.

ـ أن المعاملة فجل الجمل والفطر معا سجلت أعلى نسبة انخفاض فى تعداد النيماتودا وهى 87.71 % يليها معاملة الخردل البرى والفطر معا وهى 85.89 % ومعاملة فجل الجمل بمفردها وهى 82.92 % ثم معاملة الرجلة والفطر معا (82.49 %).

ـ لقد سجلت جميع المعاملات المختبرة إنخفاضا معنويا فى تعداد كتل بيض النيماتودا الكلوية.

Table (1): Influence of some plant extracts alone or integrated with H. rhossiliensis on the growth of tomato, cv. Strain-B3 infected with R. reniformis under greenhouse conditions.

Treatments
Plant growth response*


Length (cm)
Fresh weight (g)
Fresh Wt. of the whole plant (g)
Increase %
Shoot dry* weight (g)
Increase %


Shoot
Root
Shoot
Root





S. arvensis
18.77 cdef
11.82 abc
2.78 bc
0.90 abc
3.68
45.45
0.54 abcd
100.00

S. arvensis + H. rhossiliensis
19.38 bc
11.93 abc
2.92 ab
0.90 abc
3.82
50.99
0.55 abc
103.70

S. irio
19.50 b
15.15 ab
2.92 ab
0.97 a
3.89
53.75
0.56 ab
107.41

S. irio + H. rhossiliensis
20.85 a
12.30 a
2.93 a
0.97 a
3.90
54.15
0.58 a
114.81

S. nigrum
17.98 gh
10.90 def
2.69 cd
0.79 def
3.48
37.55
0.50 cdef
85.19

S. nigrum + H. rhossiliensis
18.88 bcde
11.13 cdef
2.75 c
0.78 ef
3.53
39.53
0.49 def
81.48

C. album
17.83 hi
11.05 cdef
2.65 cd
0.80 def
3.45
36.36
0.49 def
81.48

C. album + H. rhossiliensis
18.48 efgh
11.15 cdef
2.74 c
0.83 cde
3.57
41.11
0.50 cdef
85.19

P. oleraceae
18.63 defg
11.27 cdef
2.72 cd
0.88 bcd
3.60
42.29
0.52 bcde
92.59

P. oleraceae+ H. rhossiliensis
19.25 bcd
11.40 bcde
2.77 c
0.87 cd
3.64
43.87
0.53 bcde
96.30

H. rhossiliensis
17.80 hi
11.68 abcd
2.63 cd
0.83 cde
3.46
36.76
0.48 ef
77.78

Wheat
17.25 I
10.48 f
2.57 d
0.76 ef
3.33
31.62
0.46 f
70.37

Oxamyl
18.08 fgh
10.60 ef
2.67 cd
0.76 ef
3.43
35.57
0.49 def
81.48

Nematoda alone
14.48 j
8.68 g
1.80 e
0.73 f
2.53

0.27 g


Plant free of nematode
18.38 efgh
10.55 ef
2.67 cd
0.87 cd
3.54
39.92
0.50 cdef
85.19

* Each value presented the mean of four replicates.

Means in each column followed by the same letter did not differ at < 0.50 according to Duncan’s multiple-range test.
Table (2): Rate of build-up, egg-masses numbers of R. reniformis infecting tomato cv. Strain-B3 as affected with some plant extracts alone and integrated with H. rhossiliensis under greenhouse conditions.

Treatments
Nematode population in *
Total
Rate of build-up
Reduction %
Egg-masses*


Soil
Root







Developmental stage
Females





S. arvensis
490.00 de
19.50 def
18.00 gh
527.50 de
0.264
82.45
9.25 ef

S. arvensis + H. rhossiliensis
390.00 ef
17.75 ef
16.25 hi
424.00 ef
0.212
85.89
8.00 fg

S. irio
480.00 de
18.25 ef
15.25 ij
513.50 de
0.257
82.92
8.00 fg

S. irio + H. rhossiliensis
340.00 f
15.75 f
13.50 j
369.30 f
0.185
87.71
6.50 g

S. nigrum
515.00 d
22.25 de
21.75 ef
559.00 d
0.280
81.40
10.75 de

S. nigrum + H. rhossiliensis
492.50 de
19.75 def
19.00 g
531.30 de
0.266
82.33
8.75 efg

C. album
530.00 d
23.50 cd
23.00 de
551.50 d
0.276
81.65
11.25 cde

C. album + H. rhossiliensis
502.50 d
21.25 de
22.75 de
546.50 d
0.273
81.82
10.00 ef

P. oleraceae
510.00 d
20.50 def
20.00 fg
550.50 d
0.275
81.69
10.25 ef

P. oleraceae+ H. rhossiliensis
490.00 de
18.25 ef
18.00 gh
526.30 de
0.263
82.49
9.00 ef

H. rhossiliensis
787.50 c
26.75 c
27.50 c
841.80 c
0.421
72.00
13.25 c

Wheat
1260.00 b
44.00 b
50.50 b
1355.00 b
0.678
54.92
25.25 b

Oxamyl
527.50 d
27.25 c
25.00 d
579.80 d
0.290
80.71
12.75 cd

Nematode alone
2825.00 a
87.50 a
93.75 a
3006.00 a
1.503
0.00
41.00 a

* Each value presented the mean of four replicates.

Means in each column followed by the same letter did not differ at < 0.50 according to Duncan’s multiple-range test..

