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Abstract   

The present study was conducted to evaluate the impact of amending soil 

with decomposed neem (Azadirachta indica) sawdust at different concen-

trations (0-100%) against different inoculum levels (0-4000) of root-knot 

nematode (Meloidogyne arenaria) infecting the eggplants. Various physico-

chemical properties of the soil increase as the concentration of decom-

posed neem sawdust (NSD) in the field soil increases. Nevertheless, the ni-

trogen content of the soil decreased with a progressive fluctuation in NSD. 

Lower levels (10-30%) of NSD, with and without different inoculum levels, 

improve the plant growth and photosynthetic pigment content significantly 

compared to controls (plants with uninoculated soil) as well as inoculated 

plants. The maximum improvement in the growth and photosynthetic pig-

ments was recorded at 30% NSD soil amendment and this was continuously 

effective against all the nematode inoculum levels. At higher levels of NSD 

(40-100%), all the studied growth and photosynthetic parameters were de-

creased gradually to control and a similar reductional trend was also ob-

served on nematode inoculated eggplants. On root-knot nematode repro-

duction, NSD at all levels progressively suppressed the number of egg mass-

es but enhanced the number of galls only up to 30%. Galling was, however, 

totally absent in 70% and onward dust treatments of eggplants. Conclusive-

ly, NSD suppressed plant growth and photosynthetic pigments along with 

nematode buildup beyond 40% amendments. Thus, lower NSD levels (up to 

30% amendments) will be recommended as growth and photosynthetic 

pigments supplement to eggplants, which also have nematicidal potential 

against egg masses of nematodes.   
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Introduction   

Root-knot nematodes (Meloidogyne spp.) are biotrophic polyphagous sed-

entary endoparasitic phytopathogens (1, 2). They almost exclusively feed on 

the roots of all vascular plants. They primarily cause major economic dam-

age to a variety of crops, including solanaceous species (3, 4). M. arenaria, 

M. incognita, M. hapla and M. javanica are significant species with a diverse 

range of host plants (5, 6). These hidden phytopathogenic animals cause a 

loss of $157 billion per year (7). Vegetables are high quality; low-cost 

sources of carbohydrates, proteins, vitamins and minerals with fibers, all of 

which have potential health benefits (8). Likewise, eggplant (Solanum 

melongena L.) is the most popular and commonly cultivated for its fruits 
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that are eaten as vegetables all over the world. It is an im-

portant crop grows in the tropical and sub-tropical region 

of the world. It is also widely cultivated in Asia (9). Accord-

ing to FAO statistics (10), world production of S. 

melongena was estimated to be approximately 50 million 

tonnes in 2014; it is the fifth most commercially important 

cultivated solanaceous crop after potato, tomato, pepper 

and tobacco (11). In 2020, India used over 720 thousand 

hectares of agricultural land for vegetables; the volume of 

eggplant production in the last fiscal year was estimated 

to have been 12.68 million metric tonnes (12). This repre-

sented a slight decrease over the previous fiscal year. Egg-

plant is enriched in vitamins C, K, B6, niacin and thiamin, 

minerals and nutrients such as magnesium, phosphorus, 

zinc, folic acid, potassium, manganese and dietary fibers. 

It almost exclusively contains anthocyanins, has a low cho-

lesterol level and protects us from so many dangerous 

diseases (13, 14).  

 Sawdust is a solid waste byproduct of the timber 
industry consisting of fine wood particles. Dumping of 

which has become an increasing economic and environ-

mental issue due to its low bulk density and poor degrada-

bility. NSD is recognized today as a natural byproduct that 

has much to offer in solving global agricultural and envi-

ronmental problems. Researchers worldwide are now fo-

cusing on the importance of NSD in the agricultural indus-

try. The hundreds of its active ingredients are used to man-

age several pests, including root-knot nematodes (15-17). 

The natural properties of NSD do not have any toxic reac-

tions at lower concentration levels, so it is helpful in the 

protection and management of crops from pests. As de-

rived from the neem tree, it so acts as a powerful insect 

growth regulator and also helps in controlling several 

nematodes on so many crop plants. NSD has multipurpose 

use as an insecticide, pesticide, fertilizer and soil condi-

tioner (18). NSD, as a fertilizer, has many advantages such 

as minimizes the requirement of crop nitrogen and hence 

reduces the cost of fertilizer, increases crop growth sub-

stantially and is very cost-effective, increases the efficiency 

of nitrogenous fertilizer at low concentration and better 

yield than other conventional fertilizers (19-21). Its nema-

totoxic properties can be attributed to the prevalence of 

triterpenoids and flavonoids including certain azadiracht-

in, nimbin, nimbidin, nimbidin acid, thionemone, 

kaempferol and quercetin, which suppress the root-knot 

nematode population (22, 23). However, some reports 

have also been suggested that NSD substantially de-

creased root-knot development on tomato and eggplant 

(17, 24). So many methods have already been applied to 

check the root-knot nematodes menace (25), amongst 

which organic amendments happen to be very reliable 

alternates. NSD is also having the potentiality against the 

root-knot nematode through soil amendments (17). It is 

not only beneficial at lower levels for nematodes like phy-

topathogens but also ameliorates the growth and leaf pig-

ments of grown plants (26). NSD has been proved to be 

more effective than other plant-derived sawdust concern-

ing nematode control (22). As apart from containing micro 

and macronutrients it also enriches the soil by way of im-

proving the physico-chemical properties such as porosity, 

pH, Cation exchange capacity (CEC) and water holding 

capacity (WHC) of the soil thus can be used as a soil im-

prover (27). The main objectives of the present work are to 

apply the NSD in different concentrations to the field soil 

to evaluate its potential as a nematicide on eggplants.    

 

Materials and Methods   

Host plant   

An eggplant was being used as a test plant (S. melongena 
L. var. Pusa Kranti). Its seeds were acquired from the Na-

tional seed corporation (NSC), IARI, (PUSA) Campus New 

Delhi, India. They were indeed surface sterilized with 0.01 

% HgCl2 for 2 min before seeding. The sterilized seeds are 

sown in autoclaved soil stuffed clay pots in the green 

house, botanical garden of the Department of Botany, D.S. 

College, Aligarh, Uttar pradesh, India. Seedlings were 

transplanted into autoclaved soil in clay pots containing 

varying amounts of NSD mixed with soil when they were 

fifteen days old or at the three-leaved stage. M. arenaria, a 

root-knot nematode, has been handpicked as the test 

pathogen from the suburb of Aligarh, Uttar Pradesh, India 

after surveying the infested areas. 

Analysis of physico-chemical properties of soil   

The physico-chemical properties of soil with or without 

decomposing sawdust have been investigated just before 

seedling transplantation. Before analyzing the proposed 

properties of eleven (11) samples, tiny particles from each 

sample were obtained by running them across a fine sieve. 

Porosity and water holding capacity (WHC) have been eval-

uated by using proper methods (28, 29). Its pH was meas-

ured with a pH meter (Thermo Orion Model 290) and was 

calibrated with buffer of known pH (4.0 7.0 and 9.2) by 

standard method (30). Electrical conductivity (1:5 soil/soil 

mixture: water extract) was measured (30) and the cation 

exchange capacity (CEC) was subsequently be estimated 

by using phenolphthalein titrating method (31). Car-

bonates and bicarbonates content were also detected 

through the titration method (32). Chloride and sulphate 

content were also detected (30). Nitrogen (N) and phos-

phorus (P) concentrations were also determined (33, 34). 

The diethylene triamine penta acetic acid (DTPA) tool was 

used to determine zinc (Zn), copper (Cu), iron (Fe) and 

manganese (Mn), although the ammonium acetate meth-

od was used to determine potassium (K) and magnesium 

(Mg) content through a mixed acid digestion procedure 

(35). 

Pure culture and inoculation of root-knot nematode  

On the basis of above ground symptoms (Fig. 1A) infected 

eggplants were selected and their roots excised which in-

fested with root-knot nematode ( Fig. 1B) were the source 

of nematodes, obtained from a severely infested suburb 

area of Aligarh, Uttar Pradesh, India. A single egg mass  

was put in a petri dish (Fig. 1C.) and the same egg laying 

female from the galls (Fig. 1D. ) was excised and placed 

underneath a binocular microscope to study and know the  

morphological characteristics of the Meloidogyne species. 
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D 

By observing certain morphological characteristics via ana-

tomical section cutting through the posterior region of the 

nematode female, the confirmation with regard to Meloido-

gyne species was done. Through these sections, perennial 

pattern with special features has been observed for species 

confirmation. The confirmed species of Meloidogyne in the 

present experiment was M. arenaria (36). After M. arenaria 

(race 1) was verified, egg masses were extracted from the 

diseased root then put in a tiny coarse sieve (1 mm pore 

size) wrapped with tissue paper preceding hatching in a 10 

cm diameter petri dish with double distilled water. The sec-

ond stage juveniles (J2) were injected into newly grown egg-

plant seedlings (S. melongena L.) after hatching in a petri 

dish. After 45 days, the egg masses were sub-cultured in a 

similar fashion to acquire the desired numbers of egg mass-

es. They were further inoculated into new eggplant roots to 

obtain sufficient inoculum.  The roots were uprooted and 

rinsed, and cleaned with tap water before being sliced into 

2 cm pieces for further testing. Sodium hypochlorite was 

used to remove the eggs. The eggs were coaxed to hatch 

into the distilled water petri dish. After 24 hrs, M. arenaria 

second juveniles (J2) were retrieved and employed for fur-

ther studies. Three leaf stage seedlings were transplanted 

into clay pots containing various percentages of sterilized 

soil with decomposing NSD after two weeks into the de-

pressions (1.5 cm × 3 cm × 4 cm) made in the soil around 

the base of eggplant seedlings according to the treatments.  

The suspension was taken in a pipette and inoculated to 

the soil and/ or NSD mixed sterilized clay pots. Similarly 

different amount of suspension was filled in the pipette and 

was inoculated the different clay pots, having a mixture of 

agricultural field soil and NSD to prepare different nema-

tode inoculation treatments of 0, 500, 1000, 1500, 2000, 

2500, 3000, 3500 and 4000 inoculum levels as per designa-

A 

B 

C 

Fig. 1 (A). Above-ground symptoms (stunting, dwarfing and yellowing of 
leaves). (B). Egg masses of the root-knot nematode with galls on severely 
infected roots of eggplant. (C). Hand-picked egg masses collected in a petri 
dish. (D). Galls on roots of eggplant.  

D 
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tion. All treatments were repeated 5 times and the clay pots 

were spread out on greenhouse benches (30 ± 2 °C) in a 

complete randomised block design (CRBD) at the botanical 

garden of D. S. College, Aligarh. After 99 days of growth, 

eggplants were harvested and measured for a range of 

characteristics. 

Collection of sawdust and experimental design   

NSD used in this experiment was obtained from a saw mill 
at Sikandra Rao, Hathras district, Uttar Pradesh, India. Col-
lected NSD was allowed to decompose for three months in 
an elevated trench. After the decomposition, the sawdust 
was taken out and mixed with agricultural field soil. They 
were mixed in an appropriate proportion to achieve the 
varied concentrations (0%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90% and 100% w/w). The mixture was allowed to 
dry in direct sunlight for at least a week. The size of clay 
pots used for filling the mixture belongs to 25 cm height × 
25 cm diameter size. An aperture was made in the middle of 
the basal part of each pot to maintain the proper circula-
tion of water and air at the time of plant growth peak. The 
total amount of mixture filled in each pot was 3 kg in order 
to maintain the uniformity in the experimental work. Each 
treatment got 5 repeats, with or without the NSD and/or 
nematode. The treatments were as follows:  

T0 = Control (soil only) 

T1 = 10% NSD +90% soil + N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000)  

T2 = 20% NSD + 80% soil + N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000)  

T3 = 30%NSD +70% soil + N (500, 1000, 1500, 2000, 2500, 
3000, 3500, 4000)  

T4 = 40% NSD + 60% soil + N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000)  

T5 = 50% NSD +50% soil +N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000)  

T6 = 60% NSD +40% soil + N (500, 1000, 1500, 2000, 2500, 
3000, 3500, 4000)  

T7 = 70% NSD +30% soil + N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000)  

T8 = 80% NSD +20% soil + N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000)  

T9 = 90% NSD +10% soil + N (500, 1000, 1500, 2000, 2500, 
3000, 3500, 4000)  

T10 = 100% NSD +0% soil + N (500, 1000, 1500, 2000, 2500, 

3000, 3500, 4000) 

Where, T stands for treatments, NSD for neem sawdust and 

N for nematode. 

 All of the above treatments were inoculated sepa-
rately by inoculum range starting from 500 to 4000 levels. 

Every such levelled treatment was further replicated 5 

times i.e. with 5 replicates each. 

Growth Parameters evaluation  

On ninety-nine (99) days of growth after nematode inocula-

tion, the eggplant crop was harvested, and the following 

considerations were taken into account for the experi-

mental studies. 

Determination of length, fresh and dry phytomass of root 

and shoot  

The experiment was terminated after ninety-nine days of 

nematode inoculation. Just a few hrs. before the experi-

ment ended, an excess amount of water was poured into 

the pots to moisten the soil as well as enable the eggplants 

to be carefully uprooted, avoiding significant root damage. 

Polybags holding uprooted plants were transferred to the 

department of botany at D.S. College Aligarh, Uttar Pra-

desh, India. A standard technique was used to measure the 

length of the plant shoot and root, as well as their fresh and 

dried phytomass. The shoot length was measured from the 

emerging point of the first root to the shoot apex, and even 

the root length was measured after cutting the stem above 

the emerging point of the first root. Fresh phytomass of 

every plant is taken in grams by electronic balance immedi-

ately after harvesting and for dry phytomass measurement, 

shoot and root were dried for 48 hrs. at 80 °C in a hot air 

oven. Then, it was measured by electronic balance (Wensar 

Weighing Scales Limited, India). 

Determination of Photosynthetic leaf pigment 

(Chlorophyll)    

One g (1 g) of fresh leaf from freshly harvested plants was 

mashed in 80% acetone for an estimate of leaf chlorophyll, 

and the mash was filtered through two Whatman Number 1 

filter papers into a 100 ml volumetric flask.  The filtrate was 

amounted to 100 ml after pouring an extra volume of 80% 

acetone. A spectrophotometer was used to measure the 

optical density at 645 and 663 nm to estimate chlorophyll a, 

b and total chlorophyll. The MacKinney method (1941) was 

used to determine the chlorophyll content of the superna-

tant (37). The formulae always used to calculate the chloro-

phyll content of eggplant leaves are listed below. 

Chl a = 12.7 (OD. 663) – 2.69 (OD.645) × V/1000×W (mg/g) 

Chl b =22.9 (OD. 645) – 4.68 (OD.663) ×V/1000 ×W (mg/g)  

Total Chl = 20.2 (OD.645) – 8.02 (OD.663) ×V/1000×W (mg/g) 

Root-knot nematode reproductive parameters 

Egg masses and galls enumeration    

Following the experiment, the removed plant roots were 

gently rinsed with washing tap water, and the number of 

galls per root system was enumerated with the unaided 

eye. The roots of each collected eggplant were immersed 

for approximately 15 min in a 0.15 gL-1 aqueous solution of 

Phloxine B, which would be routinely used to stain the ge-

latinous matrix of nematode egg masses, resulting in a 

deep red color. To follow this, egg masses were quantified 

per root system treated with varying nematode levels. The 

following scale was used to determine these parameters:    

0 = 0, 1 = 1-2, 2 = 3-10, 3 = 11-30, 4 = 31-100 and 5 = more 

than 100 galls or egg masses per root system (38). 

Data analysis  

The evaluation of different physico-chemical properties of 

soil either with or without NSD, one factorial analysis was 

used. The data were subjected to an ANOVA table to deter-

mine the least significant difference (LSD) at P=0.05 by the 
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R analysis software. Two factors analysis (39) was used to 

evaluate data on eggplant growth, leaf pigment, and other 

root-knot disease characteristics. The data are of two fac-

tors in which sawdust was considered as factor one (F1) 

while different nematode inoculum levels were considered 

as factor two (F2). The LSD was thus calculated separately 

for these factors along with their interactive LSD at P=0.05 

by using R software.  

 

Results  

The data demonstrate that with the increase in NSD levels, 

the pH, cation exchange capacity (CEC), water holding ca-

pacity (WHC) and porosity of soil increased progressively 

(Table 1 ). The concentrations of sulphate, carbonate, bicar-

bonate, and chloride in all NSD amendments were also 

measured in different mixtures. Their enhancement was 

concentration-dependent that is their value were greater in 

higher amendment compared to lower ones. As far as the 

nitrogen contents are concerned they are suppressed grad-

ually with increasing NSD levels. They were 0.14% in nor-

mally used agricultural field soil and reduced in all onwards 

amendments, up to the level of 60% NSD. Nitrogen con-

tents were found nil in 70% and in all subsequent NSD addi-

tions. A steady increase in various metals (magnesium, 

manganese, copper, zinc and iron) was also seen on pro-

gressive increase in NSD levels in the soil. Metals were pre-

sent in maximum proportion in pure NSD. 

Plant growth and photosynthetic pigment   

Plant growth (length, fresh and dry phytomass of shoot and 
root) and photosynthetic pigments (chlorophyll a, Chl b 

and total Chl) were enhanced up to 30% decomposed NSD 

levels, which are shown in Tables 2–5. NSD, above the con-

centration of 30%, was proved to be harmful to plant 

growth and photosynthetic pigments (Fig. 2A ). In 40% NSD 

additions, the growth parameters along with leaf pigments 

were found at par with that of control that is NSD untreated 

plants. However, they were decreased abruptly in 40% on-

ward NSD added treatments (Table 2-5 ). Increase in nema-

tode density from zero (i.e. control) to the highest level (i.e. 

4000 inoculum level), all growth parameters, including pig-

ments, were gradually suppressed. The eggplant grown in 

pure decomposed NSD had the lowest value for these pa-

rameters. The highest suppression among them occurred at 

3000 nematode inoculation levels, but this suppression was 

somewhat obscured at 3500 and 4000 nematode inocula-

tion levels compared to 3000, though it was still greater 

than control.  In each of these decomposed NSD-treated 

and untreated eggplants, root-knot nematode suppressed 

eggplant growth and leaf pigmentation substantially. In-

crease in the decomposed NSD concentration in the soil, 

the nematode suppressive effects diminished significantly. 

Decomposed NSD, above a concentration of 30%, was 

shown to be harmful to eggplant growth and photosynthet-

ic pigments even in presence of different nematode inocu-

lum levels (Fig. 2B ). The eggplant grown in pure decom-

posed NSD had the lowest value of these parameters in all 

the nematode inoculum level treatments. 

NSD % Poro. pH WHC CEC Cond. Carb Bicarb Sulphate chlorides N P K Mg Mn Zn Cu Fe 

0 49.0 6.1 32.9 5.8 3.7 0.40 0.67 4.52 0.30 0.14 0.06 0.22 0.06 2.10 1.12 2.10 7.28 

10 50.8 6.7 42.5 6.0 3.8 0.62 1.25 4.89 0.84 0.13 0.08 0.24 0.11 8.33 10.45 8.33 10.54 

20 53.9 5.8 45.8 6.1 4.1 0.93 1.77 5.09 1.06 0.12 0.14 0.27 0.14 9.31 21.70 9.31 131.90 

30 64.2 7.1 49.1 6.1 4.2 1.18 2.13 5.46 1.45 0.10 0.25 0.30 0.26 15.98 27.56 15.98 154.86 

40 66. 7.4 55.7 6.2 4.3 1.20 2.16 5.71 1.50 0.09 0.27 0.36 0.28 16.40 31.60 16.40 164.50 

50 67.5 7.4 67.3 6.2 4.5 1.22 2.35 5.78 1.53 0.07 0.28 0.42 0.31 16.95 32.70 16.95 168.83 

60 68.1 7.5 77.9 6.3 4.7 1.22 2.40 6.27 1.58 0.05 0.30 0.47 0.33 17.20 33.90 17.20 171.70 

70 69.5 7.6 82.1 6.3 4.7 1.31 2.42 6.72 1.60 0.00 0.31 0.51 0.37 17.30 34.68 17.30 176.50 

80 70.9 7.8 84.2 6.4 4.8 1.33 2.49 6.80 1.64 0.00 0.37 0.67 0.40 17.59 35.70 17.59 178.90 

90 72.6 7.9 85.9 6.4 5.2 1.35 2.54 6.87 1.66 0.00 0.40 0.79 0.45 17.85 36.60 17.85 184.62 

100 83.5 7.9 87.6 6.6 5.2 1.38 2.69 6.90 1.74 0.00 0.46 0.96 0.50 18.50 37.49 18.50 185.70 

LSD at5% 
(P≤0.05) 0.92 1.02 2.89 1.7 0.89 0.78 1.34 2.06 1.01 0.007 0.018 0..32 0.020 20.04 1.71 0.987 8.89 

Table 1. Analysis of different physico-chemical properties of soil and neem sawdust (NSD)-soil mixture  

Fig. 2(A). Effect of different concentrations (T1,T2,T3,T4,T5,T6,T7,T8,T9,T10)  of  
NSD on eggplant growth. 2(B). Effect of different concentration of NSD and 
root-knot nematode with 3000 inoculum level on eggplant growth.  

NSD = neem sawdust,   Poro = porosity,   WHC = water holding capacity,   CEC = cation exchange capacity,     Cond. = conductivity, Carb =carbonate,        Bicarb = 
bicarbonate  
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Egg masses and Galls   

Different concentrations of decomposed NSD substantially 

decreased the number of egg masses which has been evi-

dent from Table 6. Their number was decreased gradually     

 NSD 
(%) Length Control (S) 

Inoculum levels 

500 1000 1500 2000 2500 3000 3500 4000 

0 
Shoot 59.9 58.7 57.5 56.3 54.5 59.1 35.9 37.7 36.5 

Root 31.5 30.9 29.7 28.5 27.2 25.2 18.9 21.0 20.3 

10 
Shoot 61.1 59.9 58.7 57.4 55.6 50.1 36.7 38.5 37.3 

Root 32.4 31.8 30.6 29.3 28.0 25.9 19.4 20.4 19.8 

20 
Shoot 62.9 61.6 60.4 59.1 57.2 51.6 37.7 39.6 38.4 

Root 33.5 32.8 31.6 30.3 29.0 26.8 20.1 21.1 20.4 

30 
Shoot 65.5 64.2 62.9 61.6 59.6 53.7 39.3 41.3 40.0 

Root 34.6 33.9 32.7 31.3 29.9 27.7 20.8 21.8 21.1 

40 
Shoot 59.1 57.9 56.7 55.6 53.8 48.5 35.5 37.2 36.1 

Root 31.1 30.5 29.4 28.1 26.9 24.9 18.7 19.6 19.0 

50 
Shoot 58.2 57.0 55.9 54.7 53.0 47.7 34.9 36.7 35.5 

Root 30.2 29.6 28.5 27.3 26.1 24.2 18.1 19.0 18.4 

60 
Shoot 57.1 56.0 54.8 53.7 52.0 46.8 34.3 36.0 34.8 

Root 29.1 28.5 27.5 26.4 25.2 23.3 17.5 18.3 17.8 

70 
Shoot 55.2 54.1 53.0 51.9 50.2 45.3 33.1 34.8 33.7 

Root 28.2 27.6 26.6 25.5 24.4 22.6 16.9 17.8 17.2 

80 
Shoot 53.1 52.0 51.0 49.9 48.3 43.5 31.9 33.5 32.4 

Root 27.2 26.7 25.7 24.6 23.5 21.8 16.3 17.1 16.6 

90 
Shoot 51.3 50.3 49.2 48.2 46.7 42.1 30.8 32.3 31.3 

Root 25.6 25.1 24.2 23.2 22.1 20.5 15.4 16.1 15.6 

100 
Shoot 45.5 44.6 43.7 42.8 41.4 37.3 27.3 28.7 27.8 

Root 23.1 22.8 21.5 20.8 19.3 17.8 16.6 17.6 12.8 

LSD at 5% 
 (P≤0.05) 

Shoot                     NSD = 1.14                Nematodes = 1.04                           Interaction = 3.43 

Root                     NSD = 1.03                Nematodes =1.8                              Interaction = 3.67 

Table 2. Effect of neem sawdust and different inoculum levels of M. arenaria on length of shoot and root of eggplant  

Table 3. Effect of neem sawdust and different inoculum levels of M. arenaria on fresh phytomass (g) of shoot and root of eggplant  

NSD 
(%) 

Fresh 
phytomass 

Control 
(S) 

Inoculum levels 

500 1000 1500 2000 2500 3000 3500 4000 

0 
Shoot 162.9 161.4 159.8 158.2 156.8 155.6 154.7 155.3 154.1 

Root 77.8 76.9 75.8 74.9 73.8 72.9 71.5 72.1 71.4 

10 

Shoot 163.8 162.3 160.7 159.0 157.4 155.4 151.5 154.0 152.3 

Root 79.2 78.1 77.0 75.9 74.8 72.5 69.7 71.8 70.5 

20 

Shoot 165.7 164.2 162.6 160.9 159.2 157.2 153.3 155.8 154.1 

Root 81.1 80.0 78.8 77.7 76.6 74.2 71.4 73.5 72.2 

30 

Shoot 168.9 167.4 165.7 164.0 162.3 160.3 156.2 158.8 1157.1 

Root 83.8 82.6 81.5 80.3 79.1 76.7 73.7 75.9 74.6 

40 

Shoot 162.2 115.60 110.20 106.80 101.90 96.70 93.05 94.00 95.10 

Root 76.9 56.50 53.60 48.40 46.20 42.60 40.50 41.30 40.90 

50 
Shoot 160.5 110.70 107.90 102.90 97.90 94.50 91.10 92.20 91.50 

Root 75.4 51.80 48.70 46.01 43.70 40.00 36.80 37.90 37.40 

60 

Shoot 155.8 105.20 103.90 97.70 95.80 91.60 86.90 87.50 87.10 

Root 73.6 48.90 46.80 43.60 40.00 39.10 35.50 36.90 35.80 
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70 
Shoot 150.2 103.60 100.01 95.90 91.60 88.90 84.90 85.80 85.10 

Root 71.5 47.10 44.20 41.60 39.20 38.10 35.40 36.00 35.70 

80 
Shoot 142.8 101.00 96.20 93.40 89.80 84.60 81.50 82.90 82.20 

Root 47.20 44.90 42.70 39.90 37.60 35.90 33.70 34.80 33.60 

90 
Shoot 100.02 95.70 93.01 90.20 85.40 83.10 79.10 80.50 79.80 

Root 46.40 42.40 40.10 36.90 34.90 33.00 31.30 32.60 31.90 

100 
Shoot 98.70 93.60 89.50 85.80 80.10 77.80 75.00 76.20 75.80 

Root 45.70 40.90 37.80 35.10 32.90 30.80 29.50 30.80 29.70 

LSD at 5% 
 (P≤0.05) 

Shoot                          NSD = 1.14                      Nematodes = 1.04                          Interaction = 3.43 

Root                          NSD = 3.45                       Nematodes =3.01                          Interaction = 7.67 

Table 4. Effect of neem sawdust and different inoculum levels of M. arenaria on dry phytomass (g) of shoot and root of eggplant 

NSD 
 (%) 

Dry 
phytomass 

Control 
(S) 

Inoculum levels 

500 1000 1500 2000 2500 3000 3500 4000 

0 
Shoot 85.20 81.40 81.00 80.20 77.10 75.80 73.50 74.00 73.80 

Root 44.70 41.60 41.20 40.60 38.10 37.40 35.90 36.40 35.10 

10 
Shoot 90.10 87.30 86.50 84.30 81.50 79.90 78.80 79.20 78.90 

Root 45.90 43.10 42.50 41.70 40.40 39.80 38.20 38.90 38.40 

20 
Shoot 96.30 94.70 92.70 90.50 88.20 85.90 84.60 85.30 84.70 

Root 46.10 45.20 44.40 43.00 42.06 41.70 40.90 41.50 41.30 

30 
Shoot 105.40 100.10 98.60 95.40 94.30 91.60 90.50 90.80 90.65 

Root 52.60 48.70 47.20 45.10 44.00 42.80 41.70 42.40 38.90 

40 
Shoot 81.90 80.02 78.50 76.70 73.80 71.60 70.01 71.30 68.80 

Root 42.10 40.06 39.01 38.20 37.60 35.10 34.02 34.40 33.10 

50 
Shoot 78.70 76.60 75.10 73.60 71.70 68.40 65.10 66.02 65.50 

Root 38.30 38.00 37.60 35.20 33.90 32.80 30.50 31.30 30.70 

60 
Shoot 75.50 71.90 70.80 68.10 65.80 65.10 60.60 61.00 60.80 

Root 36.10 35.20 34.50 32.60 31.00 30.50 30.00 30.70 30.00 

70 
Shoot 72.90 70.30 69.40 66.90 65.02 64.20 55.50 56.40 55.80 

Root 34.80 33.60 31.50 30.50 29.40 28.60 26.80 27.10 27.00 

80 
Shoot 68.70 67.50 66.20 64.00 62.50 61.30 51.70 52.40 51.10 

Root 32.90 31.30 30.00 29.10 28.00 27.50 27.10 28.00 27.30 

90 
Shoot 57.00 56.10 54.90 53.70 51.00 49.01 47.60 48.20 47.70 

Root 25.90 23.20 22.60 22.10 21.20 20.10 19.90 20.60 20.10 

100 
Shoot 50.90 48.80 47.50 46.40 44.10 41.70 40.00 41.00 41.10 

Root 23.80 22.00 21.30 20.00 19.50 19.00 18.50 19.30 18.70 

LSD at 5% 
 (P≤0.05) 

Shoot                           NSD = 4.14                    Nematodes = 3.04                           Interaction = 3.5 

Root                           NSD = 1.03                    Nematodes =1.8                              Interaction = 3.67  

Table 5. Effect of neem sawdust and different inoculum levels of M. arenaria on chlorophyll content (mg/g fresh leaf) in leaves of eggplant 

NSD 
(%) 

Chl 
  

Control 
(S) 

Inoculum levels 

500 1000 1500 2000 2500 3000 3500 4000 

0 

Chl. a 2.50 2.47 2.44 2.39 2.33 2.20 2.10 2.15 2.12 

Chl. b 1.70 1.68 1.63 1.61 1.56 1.47 1.36 1.39 1.38 

Total 4.20 4.15 4.07 4.00 3.89 3.67 3.46 3.54 3.50 

10 

Chl. a 2.52 2.50 2.46 2.41 2.35 2.22 2.14 2.18 2.16 

Chl. b 1.72 1.69 1.65 1.62 1.59 1.50 1.40 1.43 1.41 

Total 4.24 4.19 4.11 4.03 3.94 3.72 3.54 3.61 3.57 
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20 

Chl. a 2.56 2.53 2.51 2.45 2.37 2.25 2.19 2.23 2.21 

Chl. b 1.76 1.72 1.70 1.66 1.63 1.54 1.45 1.49 1.46 

Total 4.32 4.25 4.21 4.11 4.03 3.79 3.64 3.72 3.67 

30  

Chl. a 2.62 2.59 2.56 2.52 2.46 2.33 2.28 2.31 2.29 

Chl. b 1.83 1.79 1.76 1.72 1.68 1.62 1.53 1.58 1.55 

Total 4.45 4.38 4.32 4.24 4.14 3.95 3.81 4.89 3.84 

40 

Chl. a 2.49 2.44 2.40 2.36 2.22 2.18 2.05 2.06 1.98 

Chl. b 1.68 1.65 1.61 1.48 1.41 1.27 1.24 1.26 1.19 

Total 4.17 4.09 4.02 3.84 3.63 3.46 3.30 3.32 3.17 

50 

Chl. a 2.46 2.40 2.37 2.28 2.18 2.08 2.01 2.18 1.88 

Chl. b 1.65 1.62 1.55 1.36 1.34 1.19 1.12 1.14 1.15 

Total 4.11 4.02 3.92 3.64 3.53 3.27 3.13 3.33 3.04 

60 

Chl. a 2.41 2.38 2.30 2.24 2.16 2.06 1.85 1.95 1.78 

Chl. b 1.61 1.57 1.49 1.29 1.20 1.12 1.06 1.11 1.10 

Total 4.02 3.95 3.79 3.53 3.37 3.19 2.92 2.90 2.88 

70 

Chl. a 2.34 2.31 2.21 2.16 2.10 2.05 1.75 1.72 1.69 

Chl. b 1.53 1.50 1.39 1.22 1.12 1.02 1.04 1.10 1.10 

Total 3.87 3.81 3.60 3.38 3.22 3.07 2.79 2.82 2.80 

80 

Chl. a 2.25 2.21 2.13 2.10 2.00 1.78 1.60 1.69 1.61 

Chl. b 1.43 1.40 1.28 1.17 1.08 0.95 0.98 0.91 0.89 

Total 3.68 3.61 3.41 3.28 3.09 2.74 2.58 2.60 2.51 

90 

Chl. a 2.15 2.13 2.02 2.05 1.90 1.69 1.51 1.62 1.58 

Chl. b 1.33 1.30 1.19 1.10 0.98 0.85 0.88 0.90 0.89 

Total 3.48 3.43 3.21 3.15 2.88 2.54 2.49 2.52 2.47 

100 

Chl. a 2.02 1.99 1.88 1.90 1.89 1.60 1.47 1.60 1.57 

Chl. b 1.20 1.18 0.90 0.98 0.87 0.75 0.67 0.69 0.68 

Total 3.22 3.17 2.78 2.88 2.76 2.35 2.25 2.30 2.26 

Table 6. Effect of neem sawdust and different inoculum levels of M. arenaria on number of egg masses and galls on roots of eggplant  

NSD 
(%) 

Egg mass 
 Galls 

Control  
(S) 

Inoculum levels 

500 1000 1500 2000 2500 3000 3500 4000 

0 
Egg mass 0.00 21.0 31.12 37.42 44.28 46.80 48.10 47.90 46.85 

 Galls 0.00 48.2 60.4 82.9 88.7 93.5 106.2 98.6 92.8 

10 
Egg mass 0.00 17.0 26.30 31.70 38.60 40.50 41.90 41.00 40.65 

Galls 0.00 56.4 68.7 89.2 96.6 98.5 114.4 105.8 103.1 

20 
Egg mass 0.00 14.0 19.10 24.10 30.70 32.60 33.70 33.05 32.85 

Galls 0.00 67.5 79.1 96.5 110.1 118.4 124.2 116.9 112.2 

30 
Egg mass 0.00 9.01 14.05 19.20 24.12 26.72 27.50 27.09 26.90 

Galls 0.00 71.4 88.6 99.5 121.4 126.1 132.2 123.7 116.6 

40 
Egg mass 0.00 7.0 10.02 14.15 18.42 20.00 21.92 21.20 20.60 

Galls 0.00 43.6 59.4 64.3 70.5 79.7 95.9 91.1 87.5 

50 
Egg mass 0.00 5.02 7.10 10.50 11.28 12.20 13.00 12.50 12.30 

Galls 0.00 34.8 42.5 57.9 65.2 71.4 67.6 64.3 59.1 

60 
Egg mass 0.00 4.05 5.03 7.62 8.82 10.01 11.00 10.85 10.40 

Galls 0.00 26.6 30.2 39.5 48.4 53.7 62.3 56.9 49.2 

70 
Egg mass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Galls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

80 
Egg mass 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 

Galls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

90 
Egg mass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Galls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

100 
Egg mass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Galls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

LSD at 5% 
 (P≤0.05) 

Egg mass                       NSD= 14.24                            Egg mass =16.04                                          Interaction =20.3 

Galls                       NSD = 21.65                           Galls = 17.05                                                Interaction = 22.87 
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as there was an increase in NSD addition to soil.  Number of 

egg masses was found minimum in 60% NSD added soil 

treatments and would become totally nil in further dust 

amendments. The number of egg masses was also in-

creased in all nematode inoculated treatments, although 

they were the maximum at 3000 nematode inoculum levels. 

 Their number was reduced somewhat in the rest of 
the two highest nematode levels but still significantly great-

er to control. As far as galls are concerned, their number 

increased up to 30% NSD amendments but decreased pro-

gressively up to 60% and then become zero in onward 

amendments. Galling was also increasing gradually with 

the inoculum increase and was the maximum at 3000 inoc-

ulum levels. Galls as well as egg masses were reduced 

slightly in 3500 and 4000 the inoculum levels but were still 

significantly greater than their respective controls (Table 6). 

 

Discussion 

NSD has progressively enhanced plant growth and photo-

synthetic pigments up to 30% amendments. There are 

some studies available with regard to favorable impacts of 

NSD on growth projections (40, 41). The improvement of 

soil physico-chemical characteristics with NSD amend-

ments is consistent with previous research (19). The soil 

characteristics have been optimized most correctly at 30% 

NSD additions, as evidenced by the maximization of egg-

plant growth and pigments in these treatments. NSD had a 

detrimental impact on eggplant growth and pigments over 

30% amendments. At a greater level, the accumulation of 

macro and micronutrients beyond the threshold limit for 

growing plants might be advocated as an argument for 

such growth antagonism. Nitrogen being an essential and 

integral component of chlorophyll (42, 43), its immobiliza-

tion in greater NSD amendments may be regarded as a 

healthy reason for reductions in pigmentation and such 

negative impacts could also be seen on the growth parame-

ters. Nematode infection causes the formation of galls by 

the process of hypertrophy and hyperplasia from which the 

nematode continues to suck the food by using their mouth 

parts. So the food and the nutrients flow to nematodes ra-

ther than available to plants (1, 44, 45). Despite the galling 

formation, they also destroy the xylary elements. So the 

water availability was also hampered (46, 47). Such causes 

individually or mutually may be responsible for plant-

grown retardation. 

 Up to 3000 nematode inoculum levels plant growth 

and leaf pigments reduced gradually due to referred as 

above reasons of changed anatomy of infected plants. 

These parameters were however, reduced along with all 

nematode inoculum levels, although their reductions were 

observed comparatively less at 3500 and 4000 inoculum 

levels compared to 3000 levels. However, at 3500 and 4000 

inoculum levels, the plant growth and leaf pigments were 

slightly improved compared to 3000 inoculum level, howev-

er, the reductions were at large with that of control. Such 

insignificant growth enhancement can be connected to a 

reason of a kind of intra-specific competition among the 

nematodes for food and space, which might have subse-

quently been reflected behind such slight improvised 

growth and pigments. 

 As shown in the results egg masses production was 

suppressed gradually up to 60% sawdust amendments, 

they were absent in onward NSD treatments. The reason 

advocated behind such reductions might be the accumula-

tion of extraneous macro and micronutrients and phenolic 

compounds (48).  Apart from this, their (egg masses) physi-

cal contact with the surrounding NSD stressed environment 

may also be connected to their reduced number (49). An-

other factor of their reduction can also be attributed for 

being the development and colonization of nematodes nat-

ural enemies (50). The number of egg masses was however 

increased as the inoculum level increased. This may be due 

to their  second stage juveniles (J2) greater ingression to the 

host root who might have subsequently been transformed 

into a greater number of females and  thus a subsequently 

greater number of egg masses (51, 52). 

 According to our results, galls production was also 

gradually increased up to 30% amendments but decreased 

gradually in onward NSD amendments and completely ab-

sent from 70% to 100%. On the other hand, they increased 

up to 3000 inoculum levels by adding the nematode num-

bers but these are found to be slightly decreased numbers 

above 3000 inoculum levels. An increase of galls up to 30% 

can be correlated with the favorable impacts of some im-

provised physical properties as pH, porosity, WHC and CEC 

(19, 53).  The galls were however totally absent from 70% 

onward NSD treatments, which may be because of adverse 

ambient stressed environment. The inhibition of nema-

todes by NSD can be associated with the presence of phe-

nolic compounds in the sawdust (53, 54). At all nematode 

inoculum levels, there was a significant increase in the 

number of galls. The highest numbers of galls were estab-

lished at a level of 3000 J2, followed by 2500, and the lowest 

being with 500 J2 inoculated plant roots. So the peak of the 

galling was found in 3000 J2 inoculated treatments and it 

was moderately reduced in 3500 and 4000 inoculum used 

treatments.  Such disturbance can result in the competition 

made for food and nutrients among the developing nema-

todes inside the root. The incapacity of J2 to create new in-

fection sites in the host roots for future generations might 

have facilitated for such decrease (55). Another factor con-

tributing to their decline was the growth and colonization 

of nematode natural predators in increasing sawdust levels 

(24, 56). Nematophagous fungi colonized and reproduced 

more abundantly in sawdust supplemented soil treatments 

(40, 41) which could act as a bio-control agent to check the 

nematode blossoming.  

 

Conclusion   

So the way in the preceding discussion, we may assume 

that NSD might have been hazardous to the overall root-

knot nematode disease of eggplant crop. As evident from 

reduced egg masses and galling conversely, NSD enhanced 

the growth rate by up to 30% production. NSD has been 

proved very hazardous to the root-knot nematodes as their 

number decreased to nil in its higher additions but such 
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additions also contributed towards the lower eggplant 

growth. Thus potentiality of NSD against root-knot nema-

tode is being feasible if used as a lower addendum because 

such levels also improvised the growth   
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