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Abstract
Background and Objectives
Root-knot nematodes are among the most significant plant pathogens affecting kiwifruit (Actinidia
deliciosa), causing substantial economic losses annually worldwide, including in Iran. Methods for
controlling this nematode include using healthy and certified seedlings, chemical pesticide
treatment, soil disinfection, resistant cultivars, chemical sprays, and biological control. Given the
necessity of reducing chemical pesticide use in managing plant diseases, including nematodes in
kiwifruit, exploring alternative control methods, such as plant extracts, is of great importance.
Considering the region's widespread distribution of root-knot nematodes, biological management
strategies can serve as a viable alternative to chemical pesticides and complement integrated
nematode management efforts.
Materials and Methods
To evaluate the effect of tea seed extract on M. incognita nematode in kiwi, nematodes were
propagated on the susceptible tomato cultivar (Early Orbana Y), and a pure and abundant
population was obtained. Different concentrations of tea seed extract (2.5%, 5%, 7.5%, 10%, and
15%) were then prepared, and laboratory studies were conducted in a factorial design at four time
intervals: 24, 48, 72, and 96 hours. The mortality rate of second-stage larvae and nematode egg
hatching were assessed. In greenhouse studies, kiwi seedlings inoculated with M. incognita were
treated with tea seed extract at the concentrations above. Three months after the last treatment
application, the seedlings were transferred from the greenhouse to the laboratory. Plant growth
indices, including height, number of lateral branches, root fresh weight, root volume, root length,
chlorophyll content, and shoot fresh and dry weight, as well as nematode pathogenicity indices
such as the average number of galls, the number of second-stage larvae per 100 grams of soil, and
the number of adult females per gram of root, were measured.



Results

Laboratory studies showed that concentrations of 7.5%, 10%, and 15% tea seed extract resulted in
100% mortality of second-stage larvae and inhibited the hatching of M. incognita nematode eggs
within the earliest time point of 24 hours. Also, in the greenhouse, a 15% concentration of tea seed
extract enhanced plant growth indices and decreased nematode pathogenicity indices. Notably, in
some indicators, a concentration of 10% also showed some effectiveness. Based on the results
obtained, tea seed extract at a concentration of 15% can be recommended as the optimal
concentration and an effective strategy for controlling root-knot nematodes in Kiwifruit.
Discussion

Generally, the results of this research indicated that using 10% and 15% concentrations of tea seed
extract by enhancing the growth indices of kiwi and weakening the vital and biological activities
of the root-knot nematode M. incognita, leads to a reduction in the pathogenicity indices of the
nematode. The present study's findings align with and confirm many similar studies conducted by
researchers in previous years. The approach based on using plant extracts can be regarded as a
promising strategy for the non-chemical control of root-knot nematodes Meloidogyne spp., as it
reduces the reliance on chemical pesticides and ultimately prevents environmental hazards.
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Figure 1. Meloidogyne incognita. A: General view of adult females B: Perineal pattern of female nematode
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Table 1. Morphological and morphometric characteristics of Meloidogyne incognita isolated from Kiwi in Guilan

province
Characters Second stage juveniles Adult females
N 20 10
Body Length 410 (364-437) 613 (510-718)
Body Width 14 (13-15) 421 (245-534)
Body length/Body width ratio (a) 48.2 (29.1-53.6) -
Body length/Esophagus length (b) 5.3 (4.4-5.6) -
Body length/Tail length (c) 8.1 (7.5-8.6) -
Tail length/body width (c") 5.8 (4.9-6.4) -
Stylet length 11.9 (10-13) 16.5 (15-17)
Dorsal Esophageal Gland Orifice (DEGO) 2.7 (2-3) 3.7 (3-4)
Tail length 51.9 (45.3-54.2) -
Hyaline length 12.8 (10-15) -
Anal body width 10.5 (9-13) -
Lateral fields 4 -
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Table 2. Analysis of variance of the effect of tea seed extract on root-knot nematode M. incognita in vitro

. Mean of Square (MS)

Sources of Variance df 72 mortality (%) Eqg hatch (%)

Concentration 5 7145.72** 24.74**

Time 3 830.07** 0.08™

Concentration x Time 15 351.92** 0.02™

Error 48 35.88 0.15

Total 71 - -

CVv - 6.82 23.73
** significant at 1% probability level (p <0.01), ™ non-significant (p > 0.05)
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Figure 2. Comparison of means of the interaction effect of extract concentration in four time periods on
mortality of second stage juveniles (M. incognita) in vitro
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Figure 3. Comparison of means of the interaction effect of extract concentration in four time periods on egg
hatching (M. incognita) in vitro
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Table 3. Analysis of variance of growth indices of Kiwi infected with M. incognita treated with different
concentrations of tea seed extract

Mean of Square (MS)
Sources of
Variance Height Nl:;::rzrl of F@sé?grhotot v;ﬂ?;e I;?;tth Chlorophyll Fre_sh shoot D\:\)//eisgr? to t
shoot (cm) 3 content weight (gr)
branches (gn) (cm3) (cm) (gn

Treatment 5 1143.3** 6.13** 736.46*  1348.72** 25.03" 104.98" 559.93** 13.44"™
Error 12 121.83 0.77 168.6 189.88 30.61 86.78 65.19 11.18
Total 17 - - - - - - - -
cv - 14.36 26.45 23.07 22.44 15.02 26.26 19.14 25.52

** significant at 1% probability level (p < 0.01), ™ non-significant (p > 0.05)
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Table 4. Comparison of means of growth indices of Kiwi infected with M. incognita treated with different
concentrations of tea seed extracts

Concentration Height Number of  Fresh root Root Root Chiorophyll  Fresh shoot Dry shoot
(%) shoot (cm) lateral weight volursne length content weight (gr) weight
branches (gn (cm3) (cm) (gn
Nematode 64.66 ° 2314 38.23>  48.67°¢ 39.66° 30.9¢° 254 8.93°
25 72° 1.66 ¢ 4573  40.67° 372 30.8¢ 43.5b¢ 13.36
5 65.66 ° 2.33¢ 53.67° 46° 35662  30.36° 29.66 13.6 %
7.5 64.66 ° 3.66 b¢ 60.17 © 77 38.66%  36.83° 46.33° 14.04 2
10 79" 5.66 @ 55.83°  60.33 38332 38432 45b 13.66 %
15 1152 4> 84¢ 95.67% 31.66% 4554 63.5° 14972
LSD 19.63 1.56 23.1 24,51 9.84 16.57 14.36 5.94

According to LSD test, means with similar letters in each column were not statistically different at 5% probability level.
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Table 5. Analysis of variance of pathogenicity indices of M. incognita on Kiwi in different concentrations of tea
seed extracts

Mean of Square (MS)
Larvae population ~ The number of galls
(in 100gr soil) (in 1gr of root)

Sources of Variance  df Female population

(in 1gr of root)

Treatments 5 378.22** 85941.52** 204.63**
Error 12 1744 4592.05 13.94
Total 17 - - -

CVv - 17.08 28.3 19.48

** Significant at 1% probability level
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Table 6. Comparison of means of pathogenicity indices of M. incognita on Kiwi in different concentrations of

tea seed extracts.

Concentration  The number of galls

Larvae population

Female population

(%) (in 1gr of root) (in 100gr soail) (in 1gr of root)
Nematode 43.66 2 448.67 2 32.332
2.5 31.66° 319.33 ¢ 25.66 P
5 22.33°¢ 357.67 2 18.66
75 16 % 226 ¢ 12.66
10 18.33 67 ¢ 14 ¢
15 14.66 ¢ 17.679 11.66 ¢
LSD 7.43 120.55 6.64

According to LSD test, means with similar letters in each column were not statistically different at 5% probability level.
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