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Abstract: Meloidogyne graminicola (Mg), commonly named the rice Root-Knot Nematode (RKN), is 10 

one of the most prevalent plant parasitic nematodes in rice agroecosystems, while sustainable agri- 11 

cultural practices are still limited. This study aimed to assess the effectiveness of soil microbiotas 12 

extracted from different agricultural practices: conservation agriculture (CA) using cover crops with 13 

machine tillage (CA), conservation agriculture without tillage (CAU), and conventional agriculture 14 

practices (CT) in reducing RKN damage to rice plants. All types of soil microbiotas were isolated 15 

from the soil samples collected from each rice agricultural practice in Preah Vihear and Kampong 16 

Thom provinces of Cambodia in order to test the effectiveness of the microbiota against Mg on rice 17 

plants (Variety IR64). The experiment was conducted in the test tubes using sterilized sand to grow 18 

rice, and 250 juveniles (J2) were used to infect each tube and be classified into three treatments: 1) 19 

infected 25 ml of microbiota suspensions from non-sterilized soil (M); 2) infected 25 ml of microbiota 20 

from sterilized soil (ST); 3) control has only J2 (CT). After 3 weeks of infection, rice plants were 21 

examined under microscopes to measure the number of nematodes (J2 and eggs). The results 22 

showed that the number of nematodes was significantly different under treatment (ST) 230 ± 100.132 23 

compared to treatment (M) 159 ± 64.41, respectively. The data demonstrated that soil microbiotas in 24 

CA were effective in reducing Mg damage to rice roots, which would be used as a biological control 25 

to lower RKN in rice plants. However, further research is required to make the assessment of the 26 

effects of microbiotas on rice development and yield and the taxa of beneficial microbiomes the most 27 

beneficial to rice growth.  28 

Keywords: Meloidogyne graminicola (Mg); Microbiota; Plant development; Yield; Biological control; 29 

Sustainable agriculture   30 

 31 

1. Introduction 32 

Rice (Oryza sativa) is a crucial staple food crop for the bulk of the human population 33 

and may be a model organism for monocotyledon plants. It is a widely cultivated crop 34 

within the world, with over 100 countries, primarily in Asian [1]. However, due to changes 35 

in farming practices to use less water, the number of soil-borne infections (including nem- 36 

atodes) is rising globally, and these pathogens could pose a threat to rice production. The 37 

root-knot nematode Meloidogyne graminicola (Mg), the rice root nematode Hirschmanniella 38 

oryzae, and the cyst nematode Heterodera spp. are the three most destructive nematodes at- 39 

tacking the crop [2]. One of the most damaging worms to rice is M. graminicola, which 40 

causes a gall to form on the rice roots. After passing through the root elongation zone, 41 

RKNs enter the vascular cylinder and proceed along the apoplectic route toward the root 42 

tip. They use their style to breach the cell wall and inject secretions from their pharyngeal 43 

glands into the plant cells, resulting in large cells that serve as long-term feeding sites [3]. 44 

M. graminicola, which may significantly slow down rice seedling growth and can re- 45 

duce rice yield by about 80%, is common in the world’s main rice-producing nations. In 46 

southeast Asia and other places, deep-water and lowland rice are very common. For the 47 

control of M. graminicola in fields, chemical nematicides (carbofuran, phorate, and 48 

chlorpyriphos) have been used as seed treatments or soil applications and have signifi- 49 

cantly reduced gall, egg mass production, and soil populations of these pests [4]. How- 50 

(https://creativecommons.org/license

s/by/4.0/). 
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ever, the potential negative impact of chemical nematicides on the environment and hu- 1 

mans has led to a total ban on or restricted use of these chemicals. Dicot-based crop rota- 2 

tion with a follow-up period may lower nematode numbers and boost rice productivity. 3 

Numerous bacteria and fungi in the microbiota, such as Pseudomonas fluorescens and Pae- 4 

cilomyce lilacinus, have been shown to support plant development and create chemicals 5 

that prevent nematode egg hatching or kill nematodes [5]. 6 

Cambodia is an agrarian country, with one-third of the total land area allocated to 7 

agricultural production. Rice is the main agricultural product and the country’s staple 8 

food, contributing approximately 26% of GDP [6 ,7]. However, rice growing has faced 9 

many problems, including pests and diseases. Plant parasitic nematode (PPN) is one of 10 

the major pests in rice production in Southeast Asia that can reduce rice yield from 16 to 11 

80% of the total crop production [8]. The use of pesticides to suppress pests can cause 12 

effects on plants such as perturbation in the development of the reproductive organs, 13 

growth reduction, and alteration of the carbon and nitrogen metabolism, leading to lower 14 

nutrient availability for plant growth and also contaminating environments such as soil, 15 

water, turf, and other vegetation. Moreover, farmers mainly produce organic rice through 16 

traditional practices, including land preparation by power tiller, manual transplanting, 17 

and harvesting. The rice yield in this area decreases from year to year due to the mono- 18 

culture rice practice for long periods of more than 40 years and the low return of organic 19 

amendments to the rice field, which result in soil fertility decline and compacted soil lay- 20 

ers. 21 

This study focused on evaluating the potency of microbiotas to control Mg damage 22 

on rice when these microbiotas are extracted from different types of rice farming soil, in- 23 

cluding three different agriculture practices: conservation agriculture (CA) with machine 24 

tillage in Rovieng district, Preah Vihear province; conservation agriculture without tillage 25 

(CAU) from the field experiments in Stung Chinith, Santuk district, Kampong Thom prov- 26 

ince; and conventional agriculture (CT) from both sites. The experiment on the effective- 27 

ness of microbiotas to control nematodes was conducted over a 3-week period in order to 28 

observe the number of root galls and the number of nematodes J2 after extraction. 29 

2. Materials and Method 30 

2.1. Test effectiveness of microbiome on rice root-knot nematode 31 

2.1.1. Sampling method 32 

Five soil sampling points containing microbiotas were collected from a rice field 33 

where different agriculture practices were applied: CA (conservation agriculture using 34 

cover crop with machine tillage), CAU (conservation agricultural practice using cover 35 

crop without tillage), and CT (conventional agricultural practice) at 0–20 cm depth. The 36 

samples were then mixed to create a composite sample. The samples were then mixed to 37 

create a composite sample. The rationale behind choosing certain agricultural practices 38 

like CA, CAU, and CT for microbiome extraction is to identify the beneficial microbiota 39 

from each agricultural practice's ability to suppress the nematodes. The samples were 40 

stored at room temperature until further experiments with microbiomes were conducted.  41 

2.1.2. Microbiome extraction 42 

Three hundred grams of each soil sample were placed into an Erlenmeyer flask, and 43 

150 ml of distillation water was added and then mixed well. Soil suspensions were shaken 44 

for 1 hour at 120 rpm in an incubated shaker to release microorganisms from the soil par- 45 

ticles. After shaking, large soil particles were allowed to settle for 10 minutes, and the 46 

suspensions were sieved through a series of sieves at 100, 50, and 25 µm, respectively. 47 

Microbiomes were collected on the third sieve (25 µm), rinsed several times with distilled 48 

water, and collected in a suspension of around 50 ml. Then filter the collection through 49 

the coffee filter, collect at least 50 ml of filtrated suspensions, and put them back into a 50 

clean 50 ml Falcon tube. Then transfer the suspensions into the hatching column and keep 51 
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them in a dark place for 2 days. After 2 days, collect the suspensions of around 30–40 ml 1 

into a falcon tube, rest it for 1 hour, then remove the surface suspensions and keep them 2 

for 25 ml for infection with nematode suspensions. 3 

2.1.3. Nematode extraction 4 

Nematodes were recovered from infected roots following the Baermann funnel 5 

method according to Bellafiore et al 2008 [9]. The rice roots containing root galls were col- 6 

lected and washed under tap water to remove soil and foreign substances. After washing, 7 

the roots were cut into 2 cm segments by scissors. They were soaked in sodium hypo- 8 

chlorite solution (concentration 0.6%) for 3 minutes, mixed 5 seconds for one time, and 2 9 

seconds in a blender three times, and soaked in bleach for an additional 3 minutes. After 10 

soaking, the mixture was filtered through a series of sieves (upper to lower) of 100, 50, 11 

and 25 µm, respectively. Nematodes were recovered on a 25-µm sieve and then rinsed 12 

several times with tape-distilled water. Nematodes were collected into 25 ml of filtrate 13 

and placed into a 50 ml beaker. The volume was measured before counting under the 14 

microscope for exact quantification. 15 

2.1.4. Experimental design 16 

      Firstly, rice seeds were germinated in a petri dish by putting the seed on wet 17 

tissue, praying for tap water, covering it with a petri dish, and transferring it into a growth 18 

chamber (model KBW 240/Growth Chambers with Light) by setting up a weekly program 19 

with a temperature of 29 °C, 80% humidity, 50% fan, 50% UV, 12 hours of daylight, and 20 

12 hours of darkness. Three days later, rice plants were planted in three conditions. In the 21 

first condition, sand was sterilized and two germinated rice plants were planted in the 22 

tube, then 25 ml of soil microbiome suspension from non-sterilized soil and 1,000 µ l of 23 

nematode suspensions containing 250 J2 were added (M). In the second condition, sand 24 

was sterilized with 25 ml of soil microbiome suspension from sterilized soil and infected 25 

with 250 J2 (ST), and in the third condition, sand was sterilized and infected with 250 J2 26 

without microbiome suspension as a control (CTL). Infected rice plants were placed into 27 

a growth chamber that was set up as a weekly program. 6 days later, 0.7g or 4 seeds of 28 

rice nutrient were added to the rice in each tube. And then put it back into the growth 29 

chamber. Next, rice germination was planted in the growth chamber for 3 weeks. After 3 30 

weeks, rice plants were used to observe the number of nematodes (for nematode extrac- 31 

tion, repeat the method in point 2.1.3 nematode extraction before counting the number of 32 

nematodes). 33 

2.1.5. Assessment the suppressive of nematode on rice plants using microbiome 34 

      After 3 weeks of growing, 33 variables of rice plants were used to measure the 35 

parameter number of Mg. Root-knot nematode was counted after extraction from rice root 36 

using the method described in 2.1.3. After being extracted, RKNs were counted under a 37 

microscope. 38 

2.1.6. Statistical analysis 39 

The descriptive statistics were conducted using the 2016 Excel version. Other statis- 40 

tical analyses were carried out using R Studio version 4.2.0. Before choosing the corre- 41 

sponding statistical tests, the normality distribution was performed using the Shapiro- 42 

Wilk test. Due to the non-normal distribution of the data sets, non-parametric tests, such 43 

as the Kruskal-Wallis test at a confidence interval of 95%, were used to test the effective- 44 

ness of microbiomes from different agricultural practices to suppress nematodes and their 45 

effects on plant growth. The same test was used to compare the significant differences 46 

between rice plants infected with microbiomes from non-sterilized soil and nematodes 47 

(M) from CA, CAU, and CT versus those infected with microbiota from sterilized soil and 48 
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infected nematodes (ST). The Dunn test was performed in order to compare the different 1 

subsets of all possible pairs. 2 

3. Results and Discussion 3 

3.1. Effect of microbiome from different agriculture practices 4 

3.1.1. Root-knot nematode suppression using microbiomes 5 

The effects of beneficial microbiotas versus non-microbiotas on the total number of 6 

nematodes extracted from rice plants were compared. There was a significant difference 7 

(p = 0.0299) in the number of nematodes. The rice plants infected by microbiotas from non- 8 

sterilized soil (M) contained fewer nematodes compared to the plant’s inoculation of mi- 9 

crobiotas from sterilized soil (ST), 159 vs. 230 nematodes, as shown in Figure 1. On the 10 

other hand, the number of galls had no significant difference for discussion in this study. 11 

The variety of soil microbes is a great indicator of soil health. Plant defense, soil-borne 12 

disease suppression, and plant growth promotion are all impacted by the high microbial 13 

variety and activity [10]. Bacillus spp., from the firmicutes family of bacteria, of which 14 

many produce a variety of lytic enzymes and antibiotic chemicals, is frequently mentioned 15 

as a biocontrol agent against soil-borne diseases and nematodes[11]. According to 16 

Padgham and Sikora, (2007) [12] The galling of M. graminicola on rice was decreased by 17 

up to 40% when rice seeds were treated with endophytic bacterial antagonists. Addition- 18 

ally, it was shown that certain endophytes greatly reduced the number of root-knot nem- 19 

atode progeny, most likely by indirect mechanisms based on interactions between endo- 20 

phytes and plants rather than nematicidal activity. 21 

 22 

Figure 1. The number of nematodes in rice root as affected by (M) and non-affected by microbiotas 23 
(ST). Error bars represent standard error. The latter a-b on bar showed the significant different of 24 
number of nematodes in rice root with (p=0.0299). 25 

3.1.2. Effect of microbiote from various agricultural practices to control nematode 26 

After demonstrating how well the microbiotas can decrease nematodes, the microbi- 27 

otas in different agricultural practices in Rovieng district, Preah Vihear province, were 28 

compared. The outcome indicated that there was no clear differentiation in the quantity 29 

of nematodes in the agricultural practices CA and CT (P = 0.1469). However, the average 30 

number of nematodes in rice inoculum by microbiota extraction from CA was less than 31 

the number of nematodes in rice inoculum by microbiota extract from CT (93 vs. 105), as 32 
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shown in Figure 2. Although there was no discernible difference in the number of nema- 1 

todes in the two agricultural practices, the microbiotas from the CA system, which used 2 

the cover crops Stylosanthes, Crotalaria juncea, and Crotalaria ochroleuca, had a greater im- 3 

pact on nematode suppression than the CT system, which used traditional practices for 4 

rice growing. According to Masson et al.,(2022) [13] reported that CA agricultural practices 5 

with cover crops Stylosanthes guianensis and Crotalaria juncea have the capacity to enhance 6 

soil quality, promote biodiversity, and decrease the abundance of PPNs in the rhizosphere 7 

(-64% of Meloidogyne spp. in roots and -92% of Hirschanniella spp.). Additionally, cultiva- 8 

tion of Crotalaria ochroleuca has significantly enhanced the mycorrhizal soil potential by 9 

encouraging the development of the mycelial network, which is regarded as a key element 10 

in the functioning of the AM symbiosis and is involved in a variety of soil biological pro- 11 

cesses, including nutrient transformations, plant growth promotion, and suppression dis- 12 

ease [14]. 13 

 14 

Figure 2. Effect of microbiotas from various agricultural practices to control nematode. Error bars 15 
represent standard error. The letter a on bar showed significant different of number of nematodes 16 
in rice root that inoculated with microbiomes with (P>0.05). 17 

In Stung Chinith, Santuk district, Kampong Thom province, the three agricultural 18 

techniques were compared for the number of nematodes in rice that had microbiome in- 19 

fections, as shown in Figure 3 below. The number of nematodes infected among the vari- 20 

ous had a significant difference of p = 0.01486. Agricultural methods have a lower amount 21 

of nematode 146 in comparison to other systems, as shown in rice inoculated with CA 22 

microbiota. The most nematodes (264) were from rice inoculum and the microbiota from 23 

CT practices. On the other hand, according to the findings of this investigation, the micro- 24 

biome that was isolated from the CA agricultural system following the growth of cover 25 

crops had a greater potential to inhibit nematodes compared to the CAU with the same 26 

cover crop but no tilling. Although in CAU agricultural practice with the same cover crop 27 

(Stylosanthes guianensis and Crotalaria juncea) as CA, the trilling technique was not applied 28 

after planting the cover crop, which had an effect on microbiome diversity in the soil. 29 

Tillage practices alter the physical and chemical conditions of the soil, which have a vari- 30 

ety of effects on soil organisms [15]. According to Benkhoua et al.,(2017) [14], The total 31 

quantities of bacteria and fungi decreased in no-tillage systems by 25.5–22.7%. The uni- 32 

form distribution of residues in the arable layer and increased oxygen supply to soil mi- 33 

crosites in the CA with a tillage system may, it may be argued, have stimulating effects on 34 

microbial development [16].  35 
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 1 

Figure 3. Effect of microbiotas from various agricultural practices to control nematode. Error bars 2 
represent standard error. The letter a-b on bar showed significant different of number of nematodes 3 
in rice root that inoculated with microbiotas with (p=0.01486). 4 

4. Conclusion and Recommendation 5 

In conclusion, after testing the effect of the microbiome of rice root-knot nematode 6 

for 3 weeks in the growth chamber, the result illustrated that the microbiotas extracted 7 

from CA (conservation agricultural practice using cover crop with tillage) had potential 8 

as a biological control to suppress Mg. However, the characteristics of the microbiota were 9 

not clearly understood in this study. On the other hand, no significant differences were 10 

observed in the effect of the microbiotas from different agricultural practices on rice de- 11 

velopment (plant length, number of leaves, and root length) because of the short period 12 

of rice planting in a small bottle in the growth chamber, so we cannot evaluate the effect 13 

of microbiotas and Mg on rice plant development. Moreover, the biodiversity of the mi- 14 

crobiotas, species identification of the microbiotas, and beneficial chemicals to control 15 

nematodes that are released by the microbiotas should be the focus of the next investiga- 16 

tion in order to identify the specific microbiome that has the ability to suppress Mg. Last 17 

but not least, further studies should be conducted in the greenhouse with a hold of rice 18 

growth until harvest to evaluate the potential effect of the microbiotas to control nema- 19 

todes, rice development, and yield in suitable duration for 3 months, and the taxa of ben- 20 

eficial microbiomes the most beneficial to rice growth, and identify the specific bacterial 21 

strains that have beneficials as a nematode biocontrol such as Pasteuria, Bacillus, Pseudo- 22 

monas, Rhizobium, Streptomyces, Arthrobacter, and Variovorax, or fungal isolates of Pocho- 23 

nia, Dactylella, Nematophthora, Purpureocillium, Trichoderma, Hirsutella, Ar- 24 

throbotrys,and Mortierella.  25 
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