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Abstract
Background and Objectives
Cucumber (Cucumis sativus L.) holds significant agricultural importance in Iran, occupying
extensive cultivation areas. Greenhouse conditions favor the proliferation of numerous pests
and diseases affecting cucumber growth. Root-knot nematodes inflict yearly damage on
cucumber farmers and producers, particularly in tropical and subtropical regions. Cucumbers
are susceptible to various plant-parasitic nematodes, with Meloidogyne species, notably root-
knot nematodes, posing significant threats. Controlling the nematode is challenging due to its
wide host range, short life cycle, high reproductive rate, and parasitism. While chemical control
remains prevalent for nematode population management, growing public concern over the
environmental and human health impacts of nematicides is driving efforts to restrict their usage.
Employing resistant varieties either independently or in conjunction with other strategies is
increasingly recognized as a highly effective means of nematode control. Resistant plants
prevent the need for long-term rotations and are highly suitable for sustainable agriculture.
Consequently, the development of new cucumber varieties and hybrids and the assessment of
their resistance can be applied in integrated nematode management. Hence, this research aims
to evaluate the resistance of cucumber hybrids to root-knot nematodes (M. incognita) under
greenhouse conditions.
Materials and Methods
Soil and root sampling was undertaken from cucumber cultivation sites in Guilan province. Egg
masses were then introduced to the root systems of tomato seedlings, specifically the Early
Urbana variety, at the two to four true leaf stage. Subsequently, these seedlings were nurtured
for 45 to 60 days under greenhouse conditions. Identification involved the analysis of perineal
patterns alongside morphological and morphometric traits of second-stage juveniles. Staining
of female nematodes in root tissue was accomplished using the Hartman and Sasser method.
Multiple consecutive inoculation cycles were executed on susceptible tomato plants to cultivate
a substantial and uncontaminated nematode population. Seed germination took place in Petri
dishes, with transfer to individual pots containing a mix of perlite and coco peat in equal
measures after 48 hours. These pots were then randomly distributed within the greenhouse, with



subsequent maintenance performed as required. The experiment followed a completely
randomized design with three replications. Ten weeks post-inoculation, nematode-related
parameters, such as the count of galls and egg masses using the Taylor and Sasser method,
alongside the number of second-stage juveniles in the soil using the Barker method, were
assessed. Subsequently, statistical analysis was carried out utilizing SAS 9.0 software following
data normalization. Mean comparisons were conducted using the Tukey test.

Results

The results showed significant differences in some traits of the hybrids treated with nematodes.
Variance analysis revealed no significant differences in specific indicators, including gall count,
egg sacs, eggs, second-stage juveniles in the soil, reproduction factor, as well as fresh and dry
shoot and root weights across the assessed hybrids. However, significant differences were
observed among the growth indices of plants, particularly in fresh and dry shoot weight, fresh
root weight, and root volume. The mean weight of the aerial parts in the control was 103.66 g.
Hybrid 5x3 exhibited the highest reduction, with a weight of 63.33 g, reflecting a 38.9%
decrease compared to the control. Conversely, hybrid 7x6 showed the least disparity, with a
weight of 100 g and only a 3.53% reduction. Notably, significant differences were evident in
gall index, egg mass index, resistance index, root dry weight, and root length. According to the
Taylor and Sasser ranking for determining gall and egg masses indices, hybrid 2x6 exhibited
sensitivity, while the remaining hybrids were classified as very sensitive. Regarding the egg
masses index, hybrids 5x3, 2x6, and 3x4 displayed relative resistance, whereas the other
hybrids were categorized as sensitive. Evaluation based on the reproduction factor and gall
index indicated that all hybrids were classified as sensitive.

Discussion

The study concluded that none of the hybrids exhibited significant resistance indices. However,
hybrid 2x6 demonstrated statistical significance in gall index, egg masses, and resistance, while
hybrid 2x7 displayed superiority over the control variety in terms of larval count, egg count,
and dry shoot weight. Consequently, pending further complementary experiments, these
hybrids may be regarded as promising replacement candidates.
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Tablel. Determining the resistance reaction based on gall index and egg sacs (Taylor and Sasser, 1978)

(Reaction) (Gall index or Egg mass Index) (Number of gall or egg mass)
Extremely resistant 0 No gall or egg sac
Very resistant 1 1-2
Semi resistant 2 3-10
Relative resistant 3 11-30
Sensitive 4 31-100
Very sensitive 5 »100
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Table2. Determining the resistance reaction based on gall index and reproduction

factor (Canto-Saenz, 1983)

(Reaction) (Gall index) (Reproduction factor)
Sensitive >1
Super sensitive <1
Tolerable >1
Resistance <l
Safe 0
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Table3. Determining the resistance reaction based on the resistance index

(Quesenberry et al., 71989)

(Reaction) (Resistance index)
Safe 0-0.9
Very resistant 1-1.9
Resistance 2-2.9
Relatively resistant 3-3.9
Medium resistance 4-4.9
Relatively sensitive 5-5.9
Sensitive 6-6.9

Very sensitive >7
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Figure 1. The root of the plant inoculated with the nematode M. incognita in A. hybrid 2x6, B. Nagin
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Table 4. Variance analysis of nematode— pathogenicity indices

Average of squares

The The The Th
Sources Degrees number number number ; Egg
of oF of ealls of e of j2! number Reproducti Gall sac Resistance
o & ge and of j2/ eproductive i qey index
variation freedom /gram masses/g . factor index
eggs/g 1kg soil
root root
root
Hybrid 10 3627.94™ 0.77" 33.87" 131.57" 1.57™ 0.21m 0.4 0.46"
Error 22 165.26 0.123 2.53 6.41 0.313 015 0.5 0.17
cv 8.92 10.33 12.32 8.62 15.81 812 1061 6.97
Tip: *, ** and ns, according to the significance level at five percent, one percent and no significant difference
sy Kales Lol iags Coslis Latls ok olg 5515 el
Sliv 5 Cuglin Latls w Steed )y FXV 5 FXY (YXF VXY VXF FXF YxF (oSS glaty s
S yels g addlas 5)50 Gl Gl on (ol XY X0 glads pn 5 wlas F-P/8 Caglie jestla L
(ol 0T J g 55 40T 0 4 55 L Bled ol sles Loy plee b 0-0/8 Cunglio Lasls L &xY
5 I slaw b Canglie Lo ls  Soeen 8 313 0L oap b @l T 65 s iz (AJgd>)
.;.wta.x,:)\vn,cﬁ_mquﬁ&,arsau,: Jis al:fdurj)jl(lf@.“{.u;l: OLES o ot glio
s Bl & Gl Ca 4 by en 2ST15 L Abdulahi, 2014;) s, Cslee Ll ledds
(Quesenberry et al., 1989) s 54 . el 4« (Buttarat et al.,2020; Golzar et al., 2022

1- Second stage juvenile
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Table 5. Variance analysis of plant growth indices

Average of squares

Sources of Degrees of Shoot fresh Shoot dry Root dry Root

variation freedom weight weight Root fresh weight weight volume Root length
Hybrid 10 5355.95™ 19.317 314.40™ 0.13" 1065.09" 145.15™
Error 22 622.96 1.98 8.47 0.05 37.69 48.75
(6 20.55 11.71 11.14 16.69 18.90 17.68

Tip: *, * and ns, according to the significance level at five percent, one percent and no significant difference

Wlod 21 30kw S AL W b 1 (ke duslio -1 Jgur
Table 6. Mean comparison of the hybrid effect on nematode pathogenicity indices
The number of The number of egg The numberofJ)2 1he number of

Treatment galls/g root masses/g root and egg/g root J2/kg soil  Resistance index

Negin 135 bd 152.66 1556.66 ¢ 19566.67 © 47.26
2x3 190 @ 758 4015 = 21733.33¢ 54.61 @
4x6 172.5 & 67.33 1105 < 21050 ¢ 24.04°
7x3 169 & 36.33 @ 1480 < 58166.67 ¢ 48.3
3x5 106.33 % 22.66" 659 ¢ 10383.33 ¢ 18.8°
7x2 132.33 « 33.41 % 600 ¢ 24150 b 20.61°
4x3 111.33 % 66.19° 6478.33 ¢ 1046333 113.78 %
2x4 180 @ 5233 3362.66 *4 49250 8232
6x2 80.66 ¢ 22.33% 3276.66 > 65300 ° 79.88 ®
6x3 140 b 40.66 @ 1661.66 > 11400 © 34.82°
6x7 166.66 * 3g @ 4616.66 30333.33 % 42.46

In each column, the averages that have at least one letter in common do not have a statistically significant difference.

ol Gd) B a s p s T (Sl duslie -Y Jgur
Table 7. Mean comparison of the hybrid effect on plant growth indices

Treatment Shoot fresh weight ~ Shoot dry weight Root fresh weight Root volume

Negin 103.66 b 8.73 be 40.83 @ 20
3x2 129 @ 13.51 @ 20 < 28.33 ¢
64 725¢ 8.42°¢ 20.5 < 27.33¢¢
3x7 106 b 13.11 42252 45 be
5x3 63.33°¢ 11.81 11.66 ¢ 10¢
2x7 178 16.192 28 be 40 b4
3x4 165.66 15.76 % 19.66 < 13.33¢
4x2 196 @ 12.06 *° 37.45 70 @
2%6 105 be 10.66 b¢ 29 be 51.66 @
3x6 116.33 =< 11.99 & 21.16 < 40 b
76 100 % 9.99 be 16.79 ¢ 11.66°¢

In each column, the averages that have at least one letter in common do not have a statistically significant difference.
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Table 8. Comparison of gall index, egg sac and resistance index in 11 cucumber hybrids infected
with root-knot nematode M. incognita

Treatment Hybrid Gall index Egg sac index Resistance index
1 Negin 5 4 6.4
2 2x3 5 4 6.4
3 4x6 5 4 6.4
4 7%3 5 4 6.4
5 3x5 5 3 5.83
6 7x2 5 4 6.4
7 4x3 5 3 5.83
8 2x4 5 4 6.4
9 6x2 4 3 5
10 6%3 5 4 6.4
11 6x7 5 4 6.4

S i 1) 53 oud (6 5 03Il (2152 5low § (M) Dlao [ (Shuod 4 28 @l -1 Jeur
Table 9. The results of correlation analysis of growth traits and pathogenicity measured in 11 cucumber

hybrids
Root  Root
J2/1k J2 100
Shoot Shoot fresh  dry Root Root  Gall/g Eggs ~ J2and . £ .1 Reproductio
fresh dry . 7 volum mass/g  egg/g soil g/ soil
. . weigh  weig length root n Factor
weight  weight ¢ ht e root root
Reisrilt:fce 0.162  0.0008- 0.171 022 0.037- 0.055- 0822 0.65 0237- 0489- 0.511-  0.423-

* and ** Significant at the five and one percent probability level

5 C\,&,ﬁs 315 Olis Cueslan el s s b5 S Ao
S la e Do opl B b e D) e e Ll la ol (& 3 el o mb 4 ar S L
Quesenberry et al. i, olul , Cuwslie Lesls s CJ? &S s 5Y s (5 (3 4 JE sl
2l s ol T FXF 5 £xY 00 (slady ,on (1989) (Jrold 5 5586 5 oS S US55 o3 o )Y
S el bl 4 5l Ldd L5l el Loy on aiuy 5 0555 oleh plbl S 055 alsn pll 5 05
oerle Wb Olaw &, b5 51 PXY W s (Gade o LS edalin (g Hls sme D al& (ow 5 3y 50 Sla sua o
LT i Sl Canslie Lasls 5 o35 035 el JE 2 (035 aS e b JE sl Slis o o
wbls oty o b 5 (el L) 55 085 4 o (552 b 5l gnn ey ok g alyy S 055 slis
Ol & 0T 53 Wiy oo (keSS Glatlo3T 51 s 3 I8 atls o (sl ele 5 55 SduaS) 4 4x g
o ph iy a5 35 m oy aalsl (Sl 00 Sl et Oler e la LAXY & n JE [asls i Sl s oo 5
Ll e Db iy i L lad s ey uleo
6)‘}?&5& 3 PXY ¥x0 clads un (W5 03y oele b luas
5 b slacsls ol OAS Kiils 1 08w, Lo ot ol 50395 o o slin (61515 o a5t Ls L Y
oS LoT prowe Jgs pmen 5 fasn sl Sl sls iy wlal g disg e Glgr el b

s ) S5 JLST (65,5l ke 0aSiils pulisiles o by o b5 JE asls 5 ) 5 L5860 ks
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