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Introduction,

Root-knot nematodes (Meloidogyne spp.) are among the most widespread and economically important plant-
parasitic nematodes. They have a broad host range and are sedentary endoparasites that cause severe damage to
crops.. These nematodes induce root galls, impairing the absorption of water and nutrients and consequently
reducing Kiwifruit (Actinidia deliciosa (A.Chev.) C.F.Liang & A.R.Ferguson) yield and qualityAlthough
chemical nematicides are effective in controlling root-knot nematodes, their use is limited due to negative
environmental consequences, the emergence of resistance, and adverse effects on human health. Therefore, in
recent years, the use of biological compounds such as antagonistic bacteria, nematode-pathogenic fungi, and
plant compounds has been considered as a sustainable and environmentally friendly solution. This study aimed
to compare the effectiveness of biological and chemical compounds in controlling this nematode and to
investigate their effects on kiwifruit trees under orchard conditions.

Materials and Methods

Soil and root samples were collected from kiwifruit orchards exhibiting symptoms of nematode infection,
including leaf yellowing and wilting and the presence of root galls.The numbers of eggs, root galls, and egg
masses were determined in the root systems, and the population density of second-stage juveniles (J2) was
determined in soil samples.. Morphometric diagnosis was performed by preparing microscopic slides of second-
stage juveniles and cutting the cuticular network at the end of the body of female nematodes. Identification of the
nematode species was performed. After determining the population, the orchard with the highest contamination
level and the most similar conditions (tree age, row spacing, soil type, and land slope) was selected for the
experiment. This study was conducted in a randomized complete block design with 10 treatments and 3
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replications in a kiwifruit orchard located in Siahkal Rudkhani village, Rudsar city, Gilan province. The
experimental treatments included control, two different levels of each of the biofertilizers and organic
compounds, including Nemacob, Nemacob Plus at two levels (150 and 300 mL m?), Bactoland as a biofertilizer
containing rhizosphere growth-promoting bacteria and humic acid at 100 and 200 mL m2, Biolap as a biological
pesticide at 15 and 25 mL m?2 and Cadosphos (Rugby) 10%WG as a chemical treatment. All treatments were
applied in the tree canopy zone throughout the entire growing cycle. The evaluated indices included the number
of galls, eggs and larvae, egg sacs in the root, second-stage juveniles (J2) in soil, nematode reproductive factor,
and fruit traits including weight, length, and diameter.

Results and Discussion

Based on the morphological and morphometric characteristics of the second-stage juveniles and perineal
pattern of the female nematodes, the studied species was identified as Meloidogyne incognita. Results showed
that all treatments significantly (at the 1% level) reduced nematode pathogenicity indices but had no significant
effect on fruit weight and length. All compounds led to a significant reduction in the population of second-stage
juveniles in the soil (up to 89.4%), number of root galls (18.8-61.1%), number of egg sacs (37.2-77.7%), and
reproduction factor (2.5 in the control to 0.4-0.5 in the treatments). Bactoland at 200 mL m?2 achieved the
greatest reduction in nematode indices, while Biolap at 15 mL m2 was the least effective. The treatments had no
significant effect on fruit weight and length (P>0.05). Regarding the increase in fruit width, Nemacob 300 mL mr
2 (2.5 cm) and Rugby (1.5 cm) had the greatest effect and showed a significant increase compared to the control
(9.4 cm).

Conclusion

The results demonstrated that both biological and chemical treatments significantly reduced nematode
population and pathogenicity indices under orchard conditions.. Although these compounds did not have much
effect on fruit growth traits, especially fruit weight and length, the time frame of the study is also important in
increasing the yield of perennial fruit trees. The use of biological compounds such as Bactoland was very
effective in reducing nematode density. The superiority of Bactoland can be attributed to the presence of plant
growth-promoting bacteria (PGPR) such as Bacillus subtilis and Pseudomonas spp., which play a role in
suppressing nematode populations through mechanisms such as production of secondary metabolites, nematode
cell wall-lyzing enzymes (such as chitinase and protease), secretion of siderophores, and induction of systemic
resistance. The present findings indicated that increasing the concentration of treatments improved the
effectiveness in reducing pathogenicity indices, although this increase did not have a significant effect on fruit
growth, especially in terms of weight and length. Biological compounds are preferable due to their desirable
effectiveness and lower ecological impacts.
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Table 1- Experimental treatments with application rates per plant

Treatment Compound Dosage per plant Formulation Application method
Control Water 5L - Irrigation
Nemacob150 Nemacob 150 mL EC Irrigation
Nemacob300 Nemacob 300 mL EC Irrigation
NemacobPlus150 Nemacob Plus 150 mL EC Irrigation
NemacobPlus300 Nemacob Plus 300 mL EC Irrigation
Bactoland100 Bactoland 100 mL EC Irrigation
Bactoland200 Bactoland 200 mL EC Irrigation
Biolap15 Biolap 15 mL EC Irrigation
Biolap25 Biolap 25 mL EC Irrigation
Rugby Rugby (Cadusafos) 159 WG (10%)  Soil drench + 5 L irrigation
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Table 2- Analysis of variance of pathogenicity indices of root-knot nematode in Kiwifruit trees

Root eggs Root

Fruit  Fruit  Fruit Root and o Soil larvae Reproduc
S0V df width length weight  galls 99 V: tion
(cm) (cm) © larvae sacs (no. 100 g) factor
(no. g) _
Treatment 9 0.05" p26 ° 256.6° 5680.3" 74300.1°° 1643.9" ggoog.1 0412,0%
Error 20 001 190 51.9 33.8 86.3 63.7 50.4 38.4
C.V (%) 462 556 90.9 82.1 26.1 60.2 98.7 99.2

o)) S5 g doyd iy pdaw ) D Gxe Gl Sy s g 4y xe s (NS
Gl o0 &1yl Jodn 43 5 03405 415 sime Ssb 3l
ns: not significant; * and **: significant at 5% and 1% probability levels, respectively.
The block effect was not significant and therefore is not presented in the table.
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Table 3- Mean comparison of root-knot nematode (Meloidogyne incognita) pathogenicity indices before and after
experimental treatments in kiwifruit trees using paired T-Student

Treatment Index Initial population  Final population S'%tr]'tzscte)mt
Control Soil larvae (no. 100 g soil) 236 532.5 P<0.01
Root galls (no. g root) 79 170.5 P<0.01
Root eggs & larvae (no. g root) 1105 334 P<0.01
Egg sacs (no. g root) 56.5 915 P<0.01
Reproduction factor - 2.5 -
Nemacob150 Soil larvae 130 85.3 P<0.01
Root galls 130 85.3 P<0.01
Root eggs & larvae 95 76.7 P<0.01
Egg sacs 56 42.7 P<0.05
Reproduction factor - 0.9 -
Nemacob300 Soil larvae 171.3 146.7 P<0.05
Root galls 134.6 75.3 P<0.01
Root eggs & larvae 119.3 68.7 P<0.01
Egg sacs 90.6 64.7 P<0.05
Reproduction factor - 0.7 -
NemacobPIlus150 Soil larvae 53.3 110.7 P<0.05
Root galls 84 50.7 P<0.05
Root eggs & larvae 159.3 110.7 P<0.05
Egg sacs 53.3 30.7 P<0.05
Reproduction factor - 0.8 -
NemacobPIlus300 Soil larvae 263.3 451.7 P<0.05
Root galls 120 78 P<0.05
Root eggs & larvae 178.6 117.3 P<0.05
Egg sacs 54 30.7 P<0.05
Reproduction factor - 0.8 -
Bactoland100 Soil larvae 603.3 456.7 P<0.05
Root galls 67.3 39.3 P<0.01
Root eggs & larvae 223.3 127.3 P<0.01
Egg sacs 48.6 24 P<0.01
Reproduction factor - 0.7 -
Bactoland200 Soil larvae 246.6 145 P<0.01
Root galls 72 28 P<0.001
Root eggs & larvae 225 68.3 P<0.001
Egg sacs 54 12 P<0.001
Reproduction factor - 0.5 -
Biolap15 Soil larvae 268.3 253.3 P<0.05
Root galls 78 63.3 P<0.05
Root eggs & larvae 62.6 57 P<0.05
Egg sacs 39.3 24.7 P<0.05
Reproduction factor - 0.9 -
Biolap25 Soil larvae 186.6 161.7 P<0.05
Root galls 40.6 28 P<0.05
Root eggs & larvae 139.3 112.3 P<0.05
Egg sacs 26 8.7 P<0.01
Reproduction factor - 0.8 -
Rugby Soil larvae 280 29.7 P<0.001
Root galls 54 26.7 P<0.001
Root eggs & larvae 1102 540 P<0.001
Egg sacs 40.6 19 P<0.001
Reproduction factor - 0.8 -
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Table 4- Comparison of final mean values of root-knot nematode (Meloidogyne incognita) pathogenicity indices among
different treatments (Tukey's test at 1% probability level)

Soil larvae (no. 1000  Root galls (no. g~ Root eggs & larvae (no. Egg sacs (no. g* Reproduction

Treatment 1 g sail) ! root) g root) root) factor
Control 5325 17054 3342 9152 252
Nemacob150 85.3 ¢ 85.3 be 76.7 def 427 be 09°
Nemacob300 146.7 9 75.3be 68.7 cde 64.7 2 0.7°b
NemacobPlus150 110.7 abe 50.7¢ 110.7 cde 30.7 be 0.8°P
NemacobPlus300 451.7° 78.0 be 117.3 < 30.7 be 0.8°P
Bactoland100 456.7° 39.3be 127.3 % 24,0 be 0.7°b
Bactoland200 145.0 ¢ 28.0°¢ 68.3 ¢ 120¢ 0.5°
Biolap15 253.3 ¢ 63.3bc 57.0fF 24.7 ¢ 09°
Biolap25 161.7 4 28.0°¢ 112.3d 8.7 be 0.8°P
Rugby 29.7°¢ 26.7°¢ 540.0 @ 19.0°¢ 0.4

Spite By Sy Pl & ol Sibe ol bl o alie gl (PO.01) oo 6 ool s )3 (S5 (9051 ol adimd ot (gt yo > 5 gy 3
Sl e b (g pxe BB 5yl
* Letters in each column indicate results of Tukey's test at the 1% probability level (P<0.01) for comparison among treatments.
Means sharing at least one common letter are not significantly different from each other.

(B 5dulyy 35led a (Fagll 51 g ogme (S 58 (GBS 19 Nle dmlile 0 Jga>
Table 5- Mean comparison of fruit physical characteristics following root-knot nematode infection.

Treatments Fruit width (cm) Fruit length (cm)  Fruit weight (g)
Control 5eb~ 6.52 80.92
Nemacob150 5.12 6.82 782
Nemacob300 5.22 7.42 104.62
NemacobPlus150 4,92 6.62 96.42
NemacobPlus300 5.1 6.72 104.22
Bactoland100 4.8° 6.42 94.52
Bactoland200 5.1 6.72 103.72
Biolap15 4.9° 6.52 88.28
Biolap25 5.1% 6.62 100.62
Rugby 5,28 6.6 85.22

2o y> o prdaw 13 g 0gae Job g 059 Slio (sl (P<O.05) doyd gy zaws 5> (TUKEY'S teSE) (S'g5 (yg05] bl iy S yaie B S JBlas a5 oo Silo
(P<0.01) k5,165 p b (g5 re M3 o500 (546 Ciio (5l
* Means sharing at least one common letter are not significantly different from each other based on Tukey's test at the 5% probability
level for fruit weight and length traits (P<0.05), and at the 1% probability level for fruit width trait (P<0.01).
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Table 6- Summary of intra-treatment percentage changes for nematode pathogenicity indices (based on comparison of initial
and final populations within each treatment)

Treatment Root galls (%) Root eggs & larvae (%) Egg sacs (%) Soil larvae (%) Overall assessment
Control +115.8% ** +202.3% ** +61.9% ** +125.6% ** Severe increase
Nemacob150 -34.4% ** -19.3% * -23.8% * -34.4% ** Moderately effective
Nemacob300 -44.1% ** -42.4% ** -28.6% * -14.4% ns Moderately effective

NemacobPIlus150 -39.6% * -30.5% * -42.4% * +107.7% ns Unsuccessful in soil
NemacobPIlus300 -35.0% * -34.3% * -43.1% * +71.6% ns Unsuccessful in soil
Bactoland100 -41.6% ** -43.0% ** -50.6% ** -24.3% * Good effectiveness
Bactoland200 -61.1% *** -69.6% *** ST7.7% *** -41.2% ** Best biological treatment
Biolap15 -18.8% * -8.9% ns -37.1% * -5.6% ns Least effective
Biolap25 -31.0% * -19.4% * -66.5% ** -13.3% ns Moderate effectiveness
Rugby -50.6% *** -50.9% *** -53.2% *** **.89.4% *** Best in soil larvae

P<0.001 *** o i t oy905]) (5 sixo gdaw . 0sb s jlows lod adgl pdlie 4 Capnd pdlie (il 33l iy Ui Cute pdlie g yialS oo Ui ke polde

() sime ) NS (3o yd gty g ) I i) P<O.05 7 s(00 5 < s j3 5 ize) P<O.01 % ((so s +/Y gedaws 3 jlo ixe)
Negative values indicate reduction, and positive values indicate increase in population compared to the initial population of the same
treatment. Significance levels (paired t-test): ***: P < 0.001 (significant at 0.1% level); **: P < 0.01 (significant at 1% level); *: P <
0.05 (significant at 5% level); ns: (not significant).
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Figure 1- Comparison of intra-treatment percentage changes in four pathogenicity indices of root-knot nematode
(Meloidogyne incognita) in Kiwifruit
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