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Abstract

The pinto bean with a considerable amount of protein plays a key role in human life. Plant
parasitic nematodes are known to attack pinto bean plants worldwide. Root-knot nematodes
(Meloidogyne species) causes extensive damage to legume fields annually. The use of
chemical fertilizers leads to instability in agricultural systems and endangers human health.
The use of organic fertilizers can be a suitable alternative. The present study examined the
effects of different concentrations of pigeon and poultry manures on M. javanica-infected
pinto bean under greenhouse conditions. Poultry and pigeon manures were individually
mixed with steam-sterilized soil at three different concentrations [1, 2, and 3% (w/w)] and
the soil was poured into the 1.5 kg plastic pot. Pinto bean seeds were sown in pots and the
seedlings were watered until the end of the test and fertilized as needed. Seedlings at the four-
leaf stage were inoculated with 4000 eggs of M. javanica. The plants were harvested after 60
days and plant growth indices and nematode population indices were determined. The
experiment was conducted in completely randomized design tests with five repetitions. The
results showed that application of 2% poultry manure was the best treatment that increased
shoot length, fresh and dry shoot weight, and fresh root weight in nematode-infected plants.
In addition, this amount of poultry manure resulted in a reduction in the number of galls, egg
mass and eggs in the root system, the number of second stage juveniles in the soil and the
reproductive factor compared to the untreated inoculated control. The results of this study
showed that under greenhouse conditions, the effect of poultry manure in reducing nematode
damage to pinto beans was greater than that of pigeon manure.
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Introduction 4o die

Legumes are the second most important source of human nutrition, after cereals
(Broughton et al. 2003). One of the unique properties of legumes is the formation of nodules

on their roots. Inside the nodules, the bacteria convert free nitrogen into ammonia, which the
host plant uses for its development (Wagner 2011). Nitrogen bound by the bean root can
cover up to 70% of the plants' nitrogen needs (Ma et al. 2022). Among plant pathogens, plant
parasitic nematodes cause severe damage and yield loss worldwide, estimated to cause losses
of more than $80 billion per year (Sikder and Vestergard 2020). The root-knot nematodes
(Meloidogyne species) has a wide host range and is one of the most damaging groups of plant
parasitic nematodes (Sasser and Carter 1985). In modern agriculture, the use of chemical
nematicides is one of the main methods of controlling plant pathogenic nematodes (Taylor

2003). Widespread use of nematicides leaves large toxic residues in the environment,

particularly on non-target organisms (Anastasia et al., 2008). In recent years, biological
control, the use of resistant varieties, crop rotation, the use of trap plants and the use of plant
and animal organic materials have been proven to be safe management methods for
controlling plant parasitic nematodes (Abd-Elgawad 2021). Livestock manure has been
shown to increase crop production (Rayne and Aula 2020). Organic fertilizers are an
important source of nutrition for plants and a source of energy for soil microorganisms.
Organic matter increases the activity of parasitic nematode antagonists and decomposes soil
organic matter, leading to the accumulation of anti-nematode compounds in the soil (Akhtar
and Malik 2000).

Poultry manure is a type of livestock manure and a source of organic matter to improve
soil conditions. Compared to conventional fertilizers, it is one of the cheapest fertilizers. The
nitrogen content of poultry manure is higher than other livestock manure (Hirzell and Walter
2008). In addition to the various nutrients, chicken manure has properties such as the gradual
release of nitrogen (helps to reduce leaching of nitrates), potassium and calcium (helps to
reduce soil acidity), and due to its high organic matter content, it has the capacity of water

storage and increasing nutrition (Pelletier et al. 2001). Adding 2% garlic residue and rabbit

manure to the soil and covering with plastic before planting resulted in a 72.6% increase in
tomato yield and a 72.4% reduction in the gall index of M. incognita (Gong et al. 2013).
Application of poultry manure reduced the population of M. incognita in cacao plants
(Orisajo et al. 2008). The use of organic fertilizers, including poultry manure in Gabon, has
proven to be very effective in controlling root nematodes on tomato plants (Poswal and Faull
1989). Renco et al. (2007) observed the inverse relationship between poultry manure use and
reproductive factor of Globodera rostochiensis. Application of poultry, goat and cow manure
reduced the population of M. javanica by 52.58, 49.02 and 46.06%, respectively (Karmani
etal. 2011). The use of unsterilized poultry manure has greatly reduced M. arenaria infection
of tomatoes. The antagonistic bacteria contained in these fertilizers reduced the activity of
juvenile nematodes (J2s) and thus their mortality. (Kaplan et al. 1992). Using poultry manure
to control root knot nematodes reduced nematode populations by 24% (Nico et al. 2004). In
some cases, the use of animal fertilizers has been found to cause phytotoxicity. Therefore,
the present study aimed to find the appropriate concentration of poultry and pigeon manure
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and compare them to reduce the damage of M. javanica in pinto beans and cause less damage
to the plant.

Materials and Methods b fy, g3l

Preparation of fertilizers

Poultry manure from chicken coops and pigeon manure from indoor nests were collected
around the city of Safashahr in Fars Province, Iran, in 2019. They were kept in the shade for
two months.

Plant growing medium

The plant growth medium consisted of sandy loam soil and sand (1:3). At the time of
transplanting, poultry and pigeon manure were added to the Soil mixture in three rates of 1,
2 and 3% (w/w). Soil physicochemical properties were measured as follows: soil texture
using a soil texture hydrometer (Bouyoucos 1962); electrical conductivity (Rhoades 1996)
using a Jenway Mark model 4310 conductivity meter; available soil phosphorus with the
Olsen method (Olsen et al. 1954) with Lambda EZ 201 spectrophotometer, soil pH with pH
meter, potassium with Jenway Mark flame photometer pfp7 device, DTPA extractable zinc,
copper and manganese with Hibachi ZCAST2300 atomic absorption spectrometer (Lindsay
and Norvell 1978); Calcium carbonate equivalent according to the method of Richards (1947)
and organic matter according to the method of Jackson (1975). One gram of the ground
pigeon and poultry droppings was extracted by the dry ashing method (Rowell 1993). In the
extracts, phosphorus was measured with the yellow colorimetric method using ammonium
vanadate, potassium reagent with a Jenway Mark flame photometer and model pfp7,
microelements including zinc and copper were measured with a Hibachi Mark atomic
absorption device, and pH was measured with a pH -Value measured by Hanna pH 213
measuring device.

Nematode inoculum

The roots of nematode-infected tomatoes were collected from greenhouses in Kohgiluyeh
and Boyer-Ahmad province in Iran. The samples were carefully washed under gentle water
flow. One gall containing an egg mass was collected and cultivated on tomato seedlings
(variety Early-Urbana) in the greenhouse. After 60 days, plants were harvested and root
nematode species were identified based on the morphological characteristics of the female
perennial pattern and J2s, as described by Jepson 1987.

Greenhouse studies

Pinto bean (Phaseolus vulgaris L.) seeds were sown in plastic pots containing 1.5 kg of
the growth medium and placed under greenhouse conditions at 27 £ 5 °C and 65% relative
humidity for 16 h in light and 8 h in dark. After 30 days, three holes with a depth of one
centimeter were made in the growth medium around the roots and 1 ml of nematode egg
suspension (4000 eggs/ml) was added to the holes and the holes were immediately covered
with soil. Plant growth medium without poultry or pigeon manure was used as a negative
control. The experiment was conducted in a completely randomized design with five
replications. Two months after inoculation, the plants were harvested and the shoot length,
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fresh and dry shoot weight and fresh root weight were measured. The roots were carefully
washed with a gentle stream of water. The root surface water was removed with a paper
towel. The roots were then cut into approximately 1 to 2 cm segments using scissors. One
gram of the nematode-inoculated root was used to extract eggs with 0.5% sodium
hypochlorite solution. The collected eggs were counted and calculated for the total root
volume (Hussey and Baker 1973). One gram of nematode-inoculated root was stained using
acid fuchsin 0.1% solution according to Byrd et al. (1983) and number of galls and egg
masses were counted and then the numbers were calculated for total root volume. The number
of J2 per 100 grams of soil was counted using the tray method of Whitehead and Hemming
(1965) and generalized to the total soil volume. The final nematode population density was
calculated by summing the number of nematodes in roots and soil. The nematode
reproductive factor (RF) was calculated according to Taylor and Sasser (1978) by dividing
the final nematode population into the initial nematode population density.

To measure the elements such as potassium, phosphorus, zinc, copper and manganese in
the aerial part of the plant, the dried leaves were ground and one gram was extracted through
dry digestion (Rowell 1993).

Statistical analysis

Data were subjected to a factorial analysis of variance (FANOVA) for plant growth
parameters as well as the elements measurement, and one-way analysis of variance
(ANOVA) for nematode population indices using SAS statistical software (ver. 9.4) (SAS
Institute, Cary, NC). Where the interaction was significant at P < 0.05, it was used to explain
results. Treatment means were compared with the Tukey-Kramer HSD.

Results sl

-

Chemical properties of fertilizer and soil

Pigeon droppings with a pH of 6.84 contained 8.50 g/kg phosphorus, 5.56 g/kg potassium,
10.6 mg/kg zinc, 1.85 mg/kg copper, 8.87 mg/kg manganese and poultry manure with a pH
of 7.37 contained 6.80 g/kg phosphorus, 3.50 g/kg potassium, 4.90 mg/kg zinc, 0.21 mg/kg
copper and 4.85 mg/kg Manganese. Plant growth medium with electrical conductivity (EC)
=0.671dS m-1, pH = 7.45, contains 76% calcium carbonate, 52.9 mg/kg phosphorus, 0.170
mg/kg organic matter and 0.0987 mg/kg organic carbon.

Vegetative indices of plants

The highest shoot length was observed in un-inoculated plants treated with 2% wt. poultry
manure. There was no significant difference in un-inoculated plants treated with 1 and 3%
(w/w) poultry manure, in un-inoculated plants treated with 1% (w/w) pigeon manure, and
inoculated ones Plants treated with 2% (w/w) poultry manure (P < 0.05). The highest fresh
shoot weight was observed in nematode un-inoculated plants treated with 2% w/w poultry
manure which had a significant difference with treated and control plants (P < 0.05). The
lowest dry shoot weight was observed in the nematode inoculated control plants (Fig. 1). It
had no significant difference only with nematode inoculated plants and treated with 3% w/w
pigeon manure (P < 0.05). In each treatment, fresh root weight in nematode inoculated and
un-inoculated plants were not significantly different (Table 1).
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Figure 1. The roots of pinto bean inoculated with Meloidogyne javanica and treated with 2%
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Table 1. Mean plant growth indices of pinto bean infected with Meloidogyne javanica treated
with different ratios of pigeon and poultry manures.

Treatments Nematode Shoot Length  Fresh shoot Dry shoot Fresh root
inoculation (cm) weight (g) weight () weight (g)
Control Un-inoculated 83.6 def 9.93f 1.52 cde 4.55e-g
Inoculated 51.3¢ 5.53 h 0.88 f 5.05 d-f
Pigeon 1% (w/w)  Un-inoculated 113 ab 13.6 bed 195a 6.15a-c
Inoculated 90.27 cde 11.26 def 1.8 abc 6.15 ab
Pigeon 2% (w/w)  Un-inoculated 75.75 ef 10.28 f 1.8 abc 4.54 e-g
Inoculated 71.27 f 8.71fg 1.37 de 5.11 c-f
Pigeon 3% (w/w)  Un-inoculated 78.75 ef 10.95 ef 1.64 a-d 4029
Inoculated 68.22 f 6.92 gh 1.01f 4.86 d-g
Poultry 1% (w/w)  Un-inoculated 104 abc 16b 1.62 bed 5.12 c-f
Inoculated 86.5 def 14.81 be 1.51 cde 5.19 b-e
Poultry 2% (w/w)  Un-inoculated 119 a 18.39a 19ab 6.25 a
Inoculated 105 abc 15.79b 1.64 a-d 5.71 ad
Poultry 3% (w/w)  Un-inoculated 107 abc 12.93 cde 1.74 abc 4.34 e-g
Inoculated 100 bced 10.75 ef 1.29e¢ 4.11fg

Values in the same column followed by different letter(s) are significantly different according
to Tukey-Kramer HSD (P < 0.05). Each treatment had five replications.
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Nematode population indices

The lowest number of galls in root system were observed in treated plants with 1% w/w
pigeon manure. It had no significant difference with 2 and 3% w/w poultry-treated plants (P
< 0.05). The lowest number of egg masses in the root system were observed in treated plants
with 1% w/w pigeon manure. It had no significant difference with 2% w/w pigeon and
poultry-treated plants as well as 3% w/w pigeon-treated plants (P < 0.05). The lowest number
of J2s in the soil were observed in treated plants with 2% and 3% w/w poultry manure which
had a significant difference with other treatments (P < 0.05). The lowest number of eggs in
the root system were observed in plants treated with 1% w/w pigeon manure which had a
significant difference with control plants (P < 0.05). The lowest reproduction factor was
observed in treated plants with 2% w/w poultry manure. It had significant difference with
1% wi/w pigeon and poultry-treated plants as well as control plants. The number of galls in
the root system, number of egg masses in the root system, number of J2s in the soil and the
reproduction factor in control plants were significantly higher than treated plants (P < 0.05).
The highest number of eggs in root system were observed in control plants (Table 2). It had
non-significant difference with 2 and 3% w/w pigeon -treated plants (P < 0.05).

Content of elements in plants

The lowest phosphorus content was observed in the uninoculated control plants. It had
significant difference with uninoculated and treated plants with 2 and 3% w/w pigeon manure
as well as inoculated and treated plants with 3% w/w poultry manure (P < 0.05). In each
treatment, phosphorus content in the inoculated and uninoculated plants were not
significantly different (P < 0.05). The highest potassium content was observed in the
inoculated plants treated with 3% w/w poultry manure. It had significant difference with
uninoculated and inoculated plants treated with 3% w/w pigeon manure as well as
uninoculated plants treated with 2% w/w pigeon manure (P < 0.05). The content of
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Table 2. Average population indices of Meloidogyne javanica in pinto bean plants treated
with different ratios of pigeon and poultry manures*.

Treatments Number of Number of Number ofegg ~ Number of Reproduction
eggs/ root galls/ root masses/ root J2s/ pot factor
system system system

Control 12797 a 426 a 373 a 3685 a 421a

Pigeon 1% (w/w) 10697 b 165¢ 160 c 2992 b 3.46b

Pigeon 2% (w/w) 11351 ab 231 cd 204 be 614 c 3.04 be

Pigeon 3% (w/w) 11665 ab 308 b 202 bc 610 ¢ 3.12bc

Poultry 1% (w/w) 11150 b 279 be 242 b 2257 b 341b

Poultry 2% (w/w) 10710 b 192 de 173 ¢ 304 d 2.8¢C

Poultry 3% (w/w) 10860 b 225 cde 197 b 373d 2.86 ¢

*Values in the same column followed by different letter(s) are significantly different
according to Tukey-Kramer HSD (P < 0.05). Each treatment had five replications.
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Table 3. Average content of elements in leaves of uninoculated and inoculated pinto bean
plants with Meloidogyne javanica and treated with different concentrations of pigeon and
poultry manures

Treatments Nematode Phosphor Potassium  Magnesium  Copper Zinc
(Mglkg) (Mg/kg) (Mglkg) (Mglkg)  (Mglkg)
Control Un-inoculated 1577 b 19452 ab 32.18a 4.08 de 26.82 bc
Inoculated 1777 ab 17741 abc  39.24a 2.88 de 38.13 ab
Pigeon 1% (w/w)  Un-inoculated 3156 ab 18137 abc  33a 512cde  27bc
Inoculated 2670 ab 18747 ab 44 a 25e 39.5ab
Pigeon 2% (w/w)  Un-inoculated 3437 a 12326 ¢ 32.83a 9 abc 29.33 abc
Inoculated 2583 ab 17413 abc  43.45a 11la 42.16 a
Pigeon 3% (w/w)  Un-inoculated 3330 a 13884 bc 42a 5 cde 28.5 bc
Inoculated 1783 ab 13601 bc 40.16 a 583b-e  24.29c
Poultry 1% (w/w)  Un-inoculated 2745 ab 17688 abc 33.4a 3.54 de 29.92 abc
Inoculated 2916 ab 18813ab 38.12a 4 de 29.87 abc
Poultry 2% (w/w)  Un-inoculated 2911 ab 19912ab 413 a 10.1ab 36.3 abc
Inoculated 3020 ab 20816 a 38.11a 6.52b-e  38.63ab
Poultry 3% (w/w)  Un-inoculated 2321 ab 19639 ab 4293 a 4.23 de 32.4 abc
Inoculated 3452 a 22916 a 36.22a 7.06 a-d 35.05 abc

Values in the same column followed by different letter(s) are significantly different according
to Tukey-Kramer HSD (P < 0.05). Each treatment had five replications.

manganese in all treatments had no significant difference (P < 0.05). In each treatment,
the content of copper and zinc in nematode inoculated and uninoculated plants were not
significantly different (Table 3).

Discussion oy

In the present study, we examined the effects of different concentrations of pigeon and
poultry manure on infected pinto bean with M. javanica under greenhouse conditions.
Addition of any organic matter decomposable in soil is one of the ways that can lead to
changes in physicochemical and biological conditions of soil and providing favorable
conditions for antagonists in order to establish biological control of soil-borne plant
pathogens (Westphal et al. 2016). The chemical composition of the organic fertilizers varies
depending on the type and the age of animal. It has been reported by various researchers that
adding any type of organic amendments to the soil enhanced the population of the
bacterivores and fungi ores nematodes (Fourie et al. 2016; Renco et al. 2011). Addition of
organic amendments to soil has a significant impact on the diversity and population of
nematodes (Bulluck et al. 2002).

Our results showed that application of 2% poultry manure reduced number of eggs of M.
javanica by about 16%, compared to the inoculated control plants. A mixture of fresh olive
pomace, straw, poultry manure and urea on potato crop reduced number of eggs of G.
rostochiensis by about 80% (Renco et al. 2007). Different plant parasitic nematodes as well
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as other compounds in the mixture which had used by Renco et al. (2007) are the reason of
more reduction in the number of eggs of G. rostochiensis than number of eggs of M. javanica
in the present study. The number of M. incognita and other plant parasitic nematodes in soil
were significantly minified after treatments of grapevine with chicken, sheep and cow
manure (El-Ashry 2021). The results of another study showed that application of cow, horse
and turkey manures significantly minified numbers of plant parasitic nematodes in a
mandarin orchard (El-Marzoky et al. 2018). Poultry manure reduces population of
Pratylenchus, Hoplolaimus and M. incognita in sugar beet plants (Mahran et al. 2008). These
results were in agreement with the results of present study. We showed that application of
2% poultry manure reduced number of J2s in soil by 92%. A research indicated an inverse
relationship between different concentrations of pigeon manure and the reproduction factor
of M. are aria in tomato roots (Kaplan and Noe 1995). These results were in agreement with
the results of present study. We showed that application of 1% pigeon manure reduced the
reproduction factor of nematode by 18% while with the increase in the concentration of
pigeon manure (2% w/w) the reproduction factor of nematode reduced by 28%, compared to
the inoculated control plants. As a matter of fact, organic compounds, such as poultry
manures, have an immediate effect on reducing the population of nematodes in soils, as the
result of dispersion of ammonia which started immediately after the microbial degradation.
Reducing the C/N ratio has an effective role in the reduction of nematode population, which
is directly related to physical and chemical properties of soil. The degradation of organic
materials produces nematicidal compositions such as organic acids, nitrogen compositions
and secondary metabolites which lead to nematode population reduction (Lazaro its et al.
2001). Increasing the proteolytic enzymes and chitinase in the soil, which eliminates the
cuticle layer of J2s and the nematode eggs layer (Stirling 2014) is another mechanism which
lead to nematode population reduction.

Khan et al. (2001) stated that yield of infected chilli with Meloidogyne spp. was
remarkably increased by pigeon and poultry manure compared to control plants. Root-knot
nematode damage on Groundnut (Jioshi and Patel, 1995), banana (Sundararaju et al. 2002)
and cacao plants (Orisajo et al. 2008) was decreased by application of poultry manure. These
results were in agreement with the results of present study. The results of our studies showed
that application of 2% poultry manure increased the shoot length, fresh shoot weight and dry
shoot weight by 51, 65 and 46%, respectively, compared to the inoculated control plants.
Also damage of M. javanica on tomato (Maarge et al. 2000) was decreased by application of
pigeon manure. These results were in agreement with the results of present study. The results
of our studies showed that application of 1% pigeon manure increased the shoot length, fresh
shoot weight and dry shoot weight by 43, 50 and 51%, respectively, compared to the
inoculated control plants. As a matter of fact, by adding organic matter to the soil, especially
poultry manure, the population of free-living nematodes has increased, indicating
improvement of soil physico-chemical conditions which is useful for them as well as to
stimulate the plant growth (Stirling 2014).

One study found that organic fertilizer application increased soil nutrients and therefore
microbial activity, whereas poultry manure with higher nutrients compared to other
treatments increased the microbial population and soil organic matter degradation rate, thus
increasing substrate utilization for soil microorganisms at the rate of C-CO2 -Removal from
the ground (Ouedraogo et al. 2007). Poultry manure produces toxic compounds, including
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ammonia gas, nitrates, sulfur gas and organic acids which have been directly toxic to the
nematodes and indirectly affected the egg hatching and the mortality rate of J2s (Brzeski and
Dow 1969). Livestock manures act as a double-edged sword, in optimal concentration, they
improve plant growth indices and reduce nematode population indices, and in higher
concentrations, they cause damage to the plants and decrease beneficial soil microorganisms.
Therefore, in the present study, different concentrations of poultry and pigeon manures were
used to find the appropriate concentration of them.

Conclusion S S 4o

The use of poultry and pigeon manure significantly reduced the nematode indices in the
infected pinto bean plants compared to the control. The highest plant growth indices and the
lowest number of eggs and galls per root system were observed in plants treated with poultry
manure at a rate of 2% wi/w, indicating that poultry manure had a better effect on nematode-
infected pinto bean plants in the greenhouse as pigeon droppings conditions.
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