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Abstract 

A greenhouse experiment was conducted to evaluate the efficacy of soil 

amendment with six botanical leaves powders and poultry manure in controlling 

Meloidogyne incognita infecting tomato and their potency in growth improvement. 

The result of the study showed that all the treatments significantly (p<0.05) reduced 

root galling, second-stage juveniles in soil, developmental stages and egg masses 

and reductions differed according to the amended materials. Although all treatments 

were effective in reducing root galls and nematode population, soil treated with 

leaves powder of Peganum harmala gave the highest reduction in nematode criteria 

followed by Datura stramonium and Nicotiana glauca, However, Azadirachta indica 

had the least reduction compared to the untreated check. The efficacy increased 

with the increase in dosage rates except with poultry manure at the highest dosage. 

Most soil amendments at different dosage rates significantly improved the shoot 

and root weights. Peganum harmala achieved the highest increase, while 

Azadirachta indica gave the lowest one.  
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Introduction 

Tomato (Lycopersicon esculentum Mill.) is the second important  vegetable  

crop in Yemen and is cultivated in over 18274 hectares with a production of about 

258654 meter tons in 2012 (Anonymous, 2013). Root knot nematodes 

(Meloidogyne spp.) are one of the major pests of tomato worldwide and limit its 

production (Sikora and Fernandez, 2005). Tomato infected by nematodes record 

yield losses up to 80 % in heavily infested soils (Kaskavalci, 2007). In Yemen, M. 

incognita (Kofoid & White, 1919) Chitwood, 1949 has been regarded as a serious 

pest of tomato causing severe losses in tomato yield especially in plastic houses 

and tunnels. Because of the extensive use of chemical nematicides such as methyl 

bromide in Yemen, especially in greenhouses, they create hazardous problems to 

human, animals and environment; and are relatively unaffordable to the average 

small scale farmer (Tsay et al., 2004 and Washira et al., 2009). Therefore,  soil 

amendment with dry ground leaves of plant products and poultry manures have 

been successfully used for the control of plant-parasitic nematodes  and improve 

plant growth when added to soil (Muller and Gooch, 1982;  Alam, 1990;  Akhtar 
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and Mahmood, 1996; Akhtar and Malik, 2000; Kheir, et al., 2000; Wani, 2006; 

Ahmad, et al., 2007;  Ibrahim, et al., 2007; Radwan, et al., 2007; Wiratno et al., 

2009; Moosavi, 2012; Ishaku and Ahaji, 2013; Ojo and Umar, 2013 and Youssef 

and Lashein, 2013).  

Soil amendments of either plant or animal origin and poultry manure have 

beneficial advantageous effects on soil physical condition, nutrients, fertility and 

biological activities (Hungalle  et al., 1986; Akhtar and Malik, 2000).  Moreover, 

they release chemical compounds during their decomposition in soil those act as 

nematicides (Mian and Rodriguez-Kabana 1982; Sukul, 1992; Akhtar and Alam, 

1993;  Miano, 1999 and Chitwood, 2002).   

The objective of this study was to: 

1. Evaluate the nematicidal activity of dried-ground leaves of six plant species 
(Argemone mexicanai, Azadirachta indica, Datura innoxia, Datura stramonium, 
Nicotiana glauca and Peganum harmala);   

2. Poultry manure when used as soil amendments against the root-knot 
nematode, M. incognita infecting tomato under glasshouse conditions.  

Materials and Methods 

Collection and Preparation of plant Leaves and poultry manure: 

Leaves of Argemone mexicanai, Azadirachta indica, Datura innoxia, Datura 

stramonium, Nicotiana glauca and Peganum harmala were separately collected 

during the summer season of 2013 from different plants at different locations of 

Sana,a University, Yemen. The leaves were air-dried on laboratory benches for two 

weeks at 20-30°C. Then, they were ground separately into fine powders with 

Thomas Wiley laboratory mill and electric Waring blinder and stored in sealed 

containers until using. Dried chicken manure was obtained from a poultry farm 

ground and sieved over a 0.5-cm sieve.  

Preparation of Inocula: 

The root-knot nematode, M. incognita culture was initiated from single egg 

masses of previously identified females (Taylor et al., 1955) and isolated from 

galled roots of highly infected tomatoes collected from Sahar, Sadah governorate 

and propagated on eggplant cv. Long purple in a glasshouse at Sana'a University. 

Adequate second stage juveniles (J2) were obtained from the infected host plant to 

prepare the needed nematode inocula. 

Greenhouse Experiment: 

Rio Grande tomato seeds were germinated in foam boxes filled with sterilized 

sand and peatmoss (1: 2, w:w). Six weeks-old seedlings were singly transplanted in 

15-cm. diameter plastic pots filled with steam sterilized loamy sand soil (1:2, w:w). 

Ten days after transplanting 5, 10 and 15 g (equilvalent to 5.7, 11.4 and 17.1 t/ha, 
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respectively) of leaves powders were incorporated on top of soil around the base of 

each plant except those of the check. Poultry manure was applied at the rate of 2, 4 

and 6 g/pot. Each treatment including the check was replicated 5 times.  

Ten days later each plant was inoculated with 800 freshly hatched juveniles 

of M. incognita by pipetting the juveniles suspension in 5 holes around the root 

system. Five plants were kept without inoculation to serve as a check treatment. All 

pots were arranged in a randomized block design on a greenhouse bench at 

temperature degrees of 25 C
o
 + 5. All plants received similar treatments of fertilizing 

and irrigation. Sixty days after inoculation, the experiment was ended and all plants 

were rooted-off and nematode counts in both soil and roots were estimated. Plant 

growth criteria on the basis of shoot and root length and fresh weight were 

measured. Data were subjected to analysis of variance and means were compared 

at P = 0.05 using SPSS software version 19. 

Results 

1. Antagonistic effect of the tested materials on the nematode development 

and reproduction: 

As  shown in Table (1) all applied treatments caused significant reduction in 

numbers of root galls, nematode  population in soil, development of stages and egg 

masses in all treatments in comparison to that of the check.  Efficacy of  the 

materials differed according to the plant species and dosage rate. Generally,  by 

increasing the amendment dosage rate, the efficacy was also increased (except in 

treatment of poultry manure). Leaves powder of Peganum harmala was the most 

effective in reducing gall formation, counts in soil, developmental stages, egg 

masses and final population at the different rates, followed by Datura stramonium 

and Nicotiana glauca; while the lowest % reduction in such nematode parameters 

was  recorded in case of the soil amended with Azadirachta indica followed by 

Argemone mexicanai. Insignificant differences were observed between treatments 

of leaves powder of Peganum harmala and Datura stramonium at  all dosage rates 

in values of numbers of galls, counts in soil, and developmental stages. The modest 

dosage rate (4gm) of poultry manure had considerable more effect on number of 

galls and nematode criteria with 2.9 build up than other dosage rates.  There were 

no significant differences in number of eggs per egg mass between the check and 

those treated with Argemone mexicanai, Azadirachta indica and poultry manure at 

different rates; and with Datura innoxia and Datura stramonium at rate 5gm.  

Accordingly, the nematode final population and its rate of build-up were also 

affected. Treatments of all soil amendments at different dosage rates had lower 

rates of build-up (0.4 – 15.5) than that of the check (39.3). Peganum harmala at all 

dosage rates achieved the lowest rate of build-up (0.4, 0.6 and 1.7), followed by 

Datura stramonium (0.5, 2.2 and 1.8). The highest rates of build up. (15, 14 and 12) 

were obtained by Azadirachta indica at lowest and modest dosage rate and 

Nicotiana glauca at lowest dosage rate, respectively. 
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2. Effect of the tested materials on growth of tomato plants: 

With regard to the effects of botanical and poultry soil amendments on tomato 

growth, data in table (2) reveal that most soil amendment, at different dosage rates, 

significantly improved growth parameters of shoot and root fresh weights except for 

Datura stramonium and poultry manure at lowest dosage rates in case of shoot 

weight and for Azadirachta indica at different dosage rates and Argemone 

mexicanai at the lowest and modest dosage rates and lowest dosage rate for 

Peganum harmala in case of root weight. On the other hand, most tested soil 

amendments at different dosage rates  caused insignificant% increase in shoot and 

root lengths except for Argemone mexicanai and poultry manure at modest dosage 

rates and Azadirachta indica at different dosage rates in case shoot length and for 

Azadirachta indica and Datura stramonium at highest dosage rate in case of root 

length. Generally, shoot fresh weight increased with increasing in the dosage rates 

of all leaves powders and poultry manure The highest shoot fresh weight was 

recorded in plants amended with leaves powder of Peganum harmala and Nicotiana 

glauca at highest and modest dosage rates where they caused 192, 187, 154 and 

139  % increase, respectively. Contrary, the lowest percentages of increase were 

obtained by lowest dosage rate of poultry manure, Datura stramonium and 

Azadirachta indica  with 26, 39 and 54 % increase, respectively. On the other hand, 

the highest root fresh weight was recorded  in the plants treated with the leaves 

powder of Peganum harmala at highest dosage rate with 213 % increase followed 

by the lowest dosage rate of poultry manure and  the highest dosage rate of Datura 

stramonium with 191% and 184 % increase, respectively.  

Discussion 

Amending soil with leaves powder of the tested plants and poultry manure 

suppressed gall formation and  population of M. incognita both in soil and roots of 

tomato plants with a concomitant increase in plant growth compared to the 

untreated check. 

When the dosage rate  of leave powder was increased, nematode infection 

and reproduction rate decreased. These results are parallel with those obtained by 

Kheir et al., 2000; Hosseininejad, 2004; Radwan, et al., 2007; Ntalli et al., 

2010b; Onyeke and Akueshi, 2012 and Cavoski et al., 2012. Peganum harmala 

performed the best effect in reducing numbers of root galls, juveniles in soil, 

developmental stages and egg masses of M. incognita followed by Datura 

stramonium at the different dosage rates in comparison to those of the check. This 

could be attributed to production of strong nematicidal substances like harmal's 

alkaloids including β-carboline as harmine, harmaline, harmalol, harmol and harman 

and quinazolines as vaccine and vasicinone (El-Hassan et al., 2013). Active 

ingredients of  D. stramonium are atropine, hyoscyamine and scopolamine which  
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are classified as deliriants, or anticholinergics (Oduor-Owino, 1993) ;and amending 

soil with leaves were effective against the root-knot nematodes M. incognita on 

tomato (Chattopadhyay, 1991 and Radwan, et al., 2007). The N. glauca activity 

might be due to the presence of nicotine,  the piperidine alkaloid from tobacco plant 

which can be toxic in high doses to both animals and human. Its  high solubility in 

water could explain the  high effect  of  its water extracts (Webb and Dalzell, 1997), 

Also, anabasine could be regarded as a highly toxic piperidine like alkaloid 

constituting about 70% of the plant as a whole (Mizrachi et al.,  2000 and Mhinana  

et al., 2010). The nematicidal activity of A. indica can be attributed to its contents of 

tannins, azadirachtine,, alkaloids and lipids associates such as nimbidol, nimbine, 

nimbidine, nimbinin, kemferol, pyronimbin, salannin, thionemone, etc., which 

possess nematicidal properties (Rossner and Zebitz, 1987; Akhtar, 2000; Fatoki,  

2001 and Abbasi et al., 2004). Triglyceride was reported as a nematicidal 

compound in seeds of Argemone mexicana. Sanguinarine is a quaternary 

benzophenanthridine alkaloid with a strong bactericidal effect on Gram-positive 

bacteria (Rao and Dave, 2001) which may confer protection  against diverse 

pathogens (Facchini, 2001). Sanguinarine and other identified alkaloids in 

Argemone include berberine, protopine and coptisine may cause nematicidal effects 

(Facchini, 2001).   

Amending the soil with poultry manure significantly reduced counts of root 

galls, juveniles in soil, developmental stages, egg masses in root and final 

population of M. incognita,in addition, the usage of such materials did improve the 

plant growth. These result are in agreement with the findings of Kablan  and Noe 

(1993), El-Zawahry, (2000), Ibrahim and Ibrahim, (2000) Maareg et al., (2000), 

Devi and Hassan (2002), Farahat et al., 2008 (Karmani et al.,( 2011) and 

Farahat et al.( 2012). The nematicidal activity of poultry manure is mainly attributed 

to its contents of volatile fatty acids, phenols, amino acids, ammonia, nitrites and 

gasses which released during the decomposition of the manure; and to enhance 

soil populations of micro-organisms antagonistic to nematodes (Badra, et al., 1979; 

Mian, Rodrequez-Kabana, 1982; Lazarovits et al., 2001; Oka and Pivonia, 2002; 

and Farahat et al., 2008). The observed increase in growth in tomato plants grown 

in treated soils compared to those in the untreated soils may be attributed to the 

effective nematode control and to imptovement in soil nutrients, soil physical 

conditions and soil biological activity (Akhtar and Malik, 2000; Ramesh et al., 

2009; Oka, 2010 and Moosavi, 2012). Therefore, the using of dried leaves of the 

tested plants and poultry manure could offer a promising tool for nematode 

management for away from the traditional nematicides -Moreover, such materials 

are available, cheap, and safe environmentally. 
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