Allelochemical effect of Papaya on bacterial wilt and yield of tomato
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                                                     Abstract
Pawpaw (Carica papaya) has been reported to have allelopathic effect on other plants. The study investigated effects of pawpaw and pigweed intercropped with tomato at different spacing on disease incidence, severity of bacterial wilt, growth and yield of tomato Laborastory study on the inhibitory effect of allellochemicals extracted from the roots of pawpaw, pigweed and tomato at 0.03 g/mL, 0.04 g/mL and 0.05 g/mL on the growth of Ralstonia solanacearum was also carried out.  The results showed that that intercropping tomato with pawpaw at a spacing of 100 cm (T-Pw 100) significantly (P<0.005) reduced disease incidence and severity by 46.6%, and 61.4 % respectively when compared with sole tomato (ST). Plant height (38,9cm), number of fruit/plant (26.5) and fruit yield (26.5 t/ha) of T-Pw 100 were significantly higher than ST with plant height (17.2 cm), number of fruit/plant (8.0) and fruit yield (1.2 t/ha) respectively.  In vitro study also showed that aqueous extract of root of pawpaw inhibited growth of R, solanacearum at 0.03 g/mL (34.0%) and 0.05g/mL (60.0%) while no inhibition was observed in root extracts of pigweed and tomato. The followings were concluded: the root of pawpaw contained chemicals which were not present in pigweed and tomato that can inhibit growth of R. solanacearum,. This allelochemicals in the intercropping of tomato and pawpaw at 100cm spacing effectively reduced disease incidence and severity of bacterial wilt, with increased growth and yield of tomato. SIt was recommended that intercropping of tomato at 100cm spacing with pawpaw will reduce the incidence of bacterial wilt in tomato with increase in the growth and yield of tomato.
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Introduction
Soil-borne disease has been a problem in the production of some vegetable and cut-flower crops. Bacterial wilt of tomato caused by Ralstonia solanacearum is a serious soil-borne disease of tomato.  Although, use of resistant cultivars, grafting and soil fumigation are practices adopted widely for the control of this disease, bacterial wilt of tomato still causes great losses in many countries. In Nigeria, resistant cultivars are characterized by small fruits and poor flavor which make them undesirable for farmers. This is coupled with the public concern for environmental damage caused by continued use of conventional synthetic agrochemicals (Rice, 1995).
Papaya (Carica papaya) is a fruit crop mostly consumed fresh. It contains proteolytic enzyme, papain from the fruit latex. Its fruit is large, flesh hollow berry rich in vitamin A and contains yellow coloured pigment caricaxanthrin.  However, some farmer grow papaya not only for its fruit consumption but grow papaya with other crops in orchard to keep the soil free from weeds and exert its influence in protecting the intercoped plants from diseses though its allelopathic effect. Allelopathy is a biological phenomenon by which an organism produces one or more biochemicals that influence the growth, survival and reproduction of other organism. These biochemicals are known as allelochemicals which are secondary metabolites (Stemp, 2003). This interference among organisms may be employed for managing weeds, insects, pests and diseases in field crops. The extracts from all the parts of the plant may inhibit the growth and development of other plant species (Roger et al., 2006; Stemp, 2003). 
The absorption of extracts through the root of such plants affected their physiological processes such as photosynthetic, respiratory and transpiratory rates, stomatal closure as well as reduced chlorophyll content leading to wilting, maceration of tissues, stunted growth and death of the affected plants. Pawpaw (Carica. papaya) contains papain, chymopapain, pectin, carposide, dehydrocarpine, carotenoid and antheraxanthin which are secondary metabolites which gives it a potential to exhibit allelopathy (Fakeye, 2007). Pigweed has been reported as a good physical barrier to prevent the spread of early blight when intercropped with tomato (Gomez-Rodriguez et al., 2003).
Although, synthetic chemicals have proved to be effective in the control of R. solanacearum, however, they are costly and not environment friendly. Hence, there is thes need to explore other alternative methods for the management of this disease. Therefore, the objectives of this study are:
1.  To evaluate the effect of intercropping pawpaw and pigweed with tomato at different spacing of 100, 150 and 200 cm on disease incidence and severity of bacterial wilt of tomato,
2. To evaluate the effect of intercropping pawpaw and pigweed with tomato at different spacing of 100, 150 and 200 cm on growth and fruit yield of tomato.
3. To evaluate extracts (allellochemicals) of the roots of pawpaw, pigweed, tomato and their effect on growth inhibition of Ralstonia solanacearum (in vitro)


Materials and Methods
The study was performed under field condition at the experimental site of National Horticultural Research Institute (NIHORT), Ibadan. The experiment consists of  7 treatments which are: sole tomato (ST), tomato intercropped with pawpaw at a spacing of 100 cm (T-PW 100), a spacing of 150 cm (T-PW 150), a spacing of 200 cm (T-PW 200), tomato intercropped with pig weed (Amaranthus hypochondriachus L.) at a spacing of 100 cm (T-PG 100), a spacing of 150 cm (T-PG 150), a spacing of 200 cm (T-PG 200). The pigweed used has no history of allelopathic effect or evidence of antagonistic effect on plant pathogens but serve the purpose of physical barrier to pathogen spread when intercropped with tomato.  
The 60-day old pawpaw and pig weed seedlings were transplanted prior to transplanting of 21 –day old tomato seedlings for optimal tomato crop health and yield.  Papaya was planted at a spacing of 3m x 3m, pigweed at a spacing of 100 x 50 cm before intercropped with tomato, while sole tomato was planted at a spacing of 100 x 30 cm. The 7 treatments were replicated three times in a Randomized complete block design (RCBD). .
Pawpaw and pig weed plants were fertilized individually with 80N-40P-00K, half of the nitrogen applied 8 days after transplanting and the other half at 40 days, while all the phosphorus was applied 8 days after transplanting. Tomato plants were also fertilized individually but with 100N-60P-00K, applying the nitrogen in two equal halves, at 8 and 30 days, and all the phosphorus in one first application (Gomez-Rodriguez et al., 2003).
Disease Incidence of Bacterial wilt on Tomato Plant
Wilted plants were recorded for each treatment twice weekly as the proportion of wilted plants based on the number of plants using this percentage incidence.
% Incidence =   n    x   100
	N

Where n is the number of plants showing wilt symptoms with at least one leaf wilted (Michel et al., 1996), and N is the total number of sampled plants used in the experiment. Plant height was measured with a ruler in cm, and shoot and root weight was measured with weigh balance in g. 
[bookmark: _Toc382051142]


Disease Severity Rating of Bacterial wilt on Tomato
Plants were assessed for wilt severity 30 days after inoculation. A scale of 1-5 after the methods of He et al. (1983) was used as follows:
1. no symptom
2. one leaf wilted
3. two or three leaves wilted
4. four or more leaves wilted
5. whole plant dead
Growth inhibition of R. solanacearum by the roots of pawpaw, Pig weed and tomato (in vitro)
Extracts of roots of pawpaw plant, pigweed and tomato plant was done by taking 10 g of each plant root and added to 200 ml of sterile distilled water. The mixture was left overnight and thereafter boiled for 30 minutes. This was filtered while hot through Whatman filter paper (Rajappan et al., 1997). These extracts were concentrated by evaporating and drying in crucibles using Gallenhamp steam evaporator, further drying was done using Harris oven at 60C for 30 minutes. Suspension of f R. solanacearum (10 ml) was mixed with 15 ml of sterile molten nutrient agar in sterile Petri dishes and wells (10 mm diameter) were made in the solidified agar using sterile cork borer. The wells were filled with 5% concentration of extracts of root of each of the plant above, while control was filled with I ml of sterile distilled water. All plates were incubated at 30C for 48 hrs and replicated four times (Toda et al., 1989). 
Data were taken on growth and yield of tomato. Disease incidence and severity of bacterial wilt of tomato were determined. Radial inhibition of growth of f R. solanacearum was also measured in vitro. Data were analyzed using ANOVA at α 0.05.







Results
Table 1: 	Effect of alleopathy on the plant height of tomato at successive week after transplanting
	Treatment
	Plant height at successive week after transplanting (WAT) in cm

	
	4th WAT )
	 6th WAT 
	8th WAT
	10th WAT 
	
	

	ST
	9.8  
	  13.5   
	17.0 
	17.2c 
	
	

	T-PW50
	10.2 
	  23.7 
	37.6
	38.9a 
	
	

	T-PG50
	9.8 
	  14.2
	21.2 
	22.2 c  
	
	

	TPW100
	10.5 
	   20.8 
	30.5 
	31.5b  
	
	

	TPG100
	10.4 
	   13.9
	20.7
	20.80 c  
	
	

	TPW150
	9.2 
	   19.1 
	29.8 
	30.9b  
	
	

	 TPG150
	10.0
	   14.5  
	19.5 
	19.5c  
	
	

	 
	
	
	
	
	
	


 Means with same letter along the column are not significantly different (p<0.05). 		             ST-Sole tomato, T-PW50- Tomato+ Pawpaw 50cm apart, T-PG50- Tomato+ Pigweed 50cm apart, T-PW 100- Tomato+ Pawpaw 100cm apart, T-PG 100- Tomato+ Pigweed 100cm apart, T-PW 150- Tomato+ Pawpaw 150cm apart, T-PG 150- Tomato+ Pigweed 150cm apart.










Table 2: 	Effect of alleopathy on the yield, disease incidence and severity of bacterial wilt of tomato
	Treatment
	 

	
	Disease incidence (%) 
	 Disease severity 
	Number of fruit/plant
	Fruit yield (t/ha)
	
	

	ST
	81.0a  
	  4.4a   
	8.0c   
	1.2c 
	
	

	T-PW100
	43.2d 
	  1.7d 
	26.5a
	12.0 a 
	
	

	T-PG100
	63.4b 
	  3.0b
	10.5c 
	3.2c  
	
	

	TPW150
	53.5c 
	   2.5c 
	20.5b 
	9.5b  
	
	

	TPG150
	66.8b 
	   3.1b
	9.7c
	2.8 c 
	
	

	TPW200
	55.7c 
	   2.6c 
	19.8 b
	8.0 b  
	
	

	 TPG200
	68.0b 
	   3.3b  
	9.0c 
	2.0 c  
	
	

	 
	
	
	
	
	
	


 Means with same letter along the column are not significantly different (p<0.05). 		             ST-SoleTomato, T-PW50- Tomato+ Pawpaw 50cm apart, T-PG50- Tomato+ Pigweed 50cm apart, T-PW 100- Tomato+ Pawpaw 100cm apart, T-PG 100- Tomato+ Pigweed 100cm apart, T-PW 150- Tomato+ Pawpaw 150cm apart, T-PG 150- Tomato+ Pigweed 150cm apart.

Table 3: Inhibition of Radial Growth of R. solanacearum by extracts of root of pawpaw, pigweed and tomato after 3 days incubation at 28°C

	                                       Inhibition of Radial growth (cm)
	

	Extract of plant roots
	Extract Concentration
	

	
	0%
	1%
	2°o               3%
	4%
	5%
	

	Pawpaw

	0.0
	0.0
	0.0
	1.7a
	3.5a
	5.0a

	Pigweed   
	0.0
	0.0
	0.0
	0.0b
	0.0b
	0.0b

	Tomato
	0.0
	0.0
	0.0
	0.0b
	0.0b
	0.0b

	
	
	
	
	
	
	


 Plant height
Plant height in all the treatments where tomato was intercropped with pawpaw (T-Pw50. T-Pw100, and T-Pw150) were significantly higher than sole tomato (ST) at 8 and 10 WAT. Plant height in tomato-pawpaw intercropped at 50cm (T-Pw50) at 10 WAT was 38.9 cm which was significantly (R<0.05) taller than 17.2 cm in sole tomato  (ST). It showed tomato-pawpaw intercropped at 50cm (T-pw50) to be 55.8% taller than tomato planted alone (T).  However, plant heights of all the treatments of tomato-pigweed intercropped (T-Pg50. T-Pg100, and T-Pg150) were higher than the sole tomato (ST) but not significantly different from each other (Table 1). 
Disease incidence and Disease Severity
Disease  incidence (DI) and Disease severity (DS) in all the treatments of tomato-pawpaw intercropped (T-Pw50. T-Pw100, and T-Pw150) were significantly lower than	 the sole tomato (ST). In tomato –pawpaw intercropped at 50 cm distance (T-Pw50), DI (43.2%) and DS (1.7) were significantly lower than DI (81.0%) and DS (4.4) in tomato planted alone (T) (Table 2). However, DI and DS of all the treatments of tomato-pigweed intercropped (T-Pg50. T-Pg100, and T-Pg150) were lower than the sole tomato (ST) but not significantly different from each other (Table 2). 
Number of fruits/plant and Fruit yield of Tomato
Number of fruits/plant and fruit yield of all the treatments of tomato- pawpaw intercropped (T-Pw50. T-Pw100, and T-Pw150) were significantly higher than tomato planted alone (T). In tomato –pawpaw intercropped at 50 cm distance (T-Pw50), number of fruit/plant (26.5) and fruit yield (12.0 t/ha) were significantly higher by 70 % and 90% respectively than sole tomato (ST) with number of fruits/plant (8.0) and fruit yield (1.2 t/ha) (Table 3. However, Number of fruits/plant and fruit yield of  tomato-pigweed intercropped (T-Pg50. T-Pg100, and T-Pg150) were higher than sole tomato (ST) but not significantly different from each other (Table 2). 
In vitro Inhibition of Growth of Ralstonia solanacearum in the presence of extracts of roots of Pawpaw, Pigweed and Tomato 
Growth inhibition was not recorded at 1 and 2% concentrations in all the treatments. Growth inhibition in pawpaw extract at 3% (1.7cm), 4% (3.5cm) and 5% (5.0cm) concentrations were recorded, while no inhibition was recorded in pigweed and tomato extracts (Table 3).
Discussion
All the results showed a clear allelopathic effect of pawpaw on bacterial wilt of tomato, since the in vitro growth inhibition of Ralstonia solanacearum was only observed in the root extracts of pawpaw while root extracts of pigweed and tomato did not show any of this allelopathy. This allellopathic effect is due to the ability of pawpaw root to produce and liberate volatile papain, chymopapain, pectin and carotenoid (Fakeye, 2007). 
Under field condition, both pawpaw and pigweed intercropped with tomato were able to significantly reduce disease incidence and severity of bacterial wilt of tomato caused by R. solanacearum. Therefore, both species (pawpaw and pigweed) may have served equally as physical barriers against disease incidence and severity as reported by several authors (Francis, 1990; Solemani et al., 1996; Bannon and Cooke, 1998). However, the physical barrier showed by pigweed was found only to reduce the disease incidence severity of bacterial wilt but did not significantly increase the growth and fruit yield of tomato.
The spacing used for the intercropped plants also played a prominent role on the disease incidence and severity of bacterial wilt, growth and yield of tomato. Tomato-pawpaw intercropped using 50cm spacing (T-Pw50) gave the best result in reducing disease incidence and severity of bacterial wilt, and in increasing plant height, number of fruit/plant and fruit yield, this is followed by T-Pw100 and least by T-Pw150. Similarly, in tomato –pigweed intercropped the same trend was observed showing T-Pg50 as best and T-Pg150 as least.
 However, allellopathy was shown to be more important factor than the spacing of the intercropped plants as was shown by tomato-pawpaw intercropped at 150 cm distance apart (T-Pw150 at a farther distance significantly reduced disease incidence and severity of bacterial wilt, and recorded higher plant height, number of fruit/plant and fruit yield than tomato-pigweed intercropped at 50 cm distance apart (T-Pg50) at a closer distance to tomato.
Conclusion
Intercropping of tomato with pawpaw helped tomato in two ways:  by allelopathic effect on R. solanacearum   and by acting as a physical barrier against spread of R. solanacearum thereby reducing bacterial wilt of tomato in the soil.
Recommendation
It is recommended that tomato should be intercropped with pawpaw or other crops with allelopathic effect in order to reduce bacterial wilt, and significantly increase growth and yield of tomato
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