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1- Vernier caliper

2- Stereo microscope

3- Two way Anova

4- HSD (honestly significant difference)

5- Backward stepwise multiple regression analysis
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Table 1- Analysis of variance (mean squares)for infection, larval density and some physical characteristics of fruit in
different cucumber cultivars
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SOV @l Larval Fruit Fruit Fruit : Rind thickness
e Df density infestation length diameter Ribs
' density

Block 5L 9 3.91m 5.67™ 3.59m 2.72™ 2.09™ 0.14"

e 5 93.19°° 5462.53* 92.22°° 8.87* 76.67* 4.41%
Treatment

s

45 191 12.89 243 1.87 1.81 0.08

Error

oy g g Jlein] okaw 10 5 dxe g )b Sxe pE S

sk g # NS

" *and **: non - Significant and significant at the 5% and 1% levels of probability respectively.

S Wike o) 13 2900 (2o Slwoguad (A 1 (Slaypo (uKile) (il g 42525 Y Jgs
Table 2- Analysis of variance (mean squares) for some chemical characteristics of fruit in
different cucumber cultivars

e . 4y s e " . et
i gl (o Wgighd b Josd RWALY]
S.0.v 6°f) Flavonoid Tannins Phenol Alkaloid
Df.
Block <4k 9 0.01m 0.27" 6.43m™ 0.01M
Lo 5 0.90° 9.97+ 417.85% 1.77%
Treatment
Uas
45 0.01 0.19 23.64 0.02

Error

o> S g iy Jleis! zolaw )3 )b gxe g b pre i iy

sk g # NS

s *and **: non - Significant and significant at the 5% and 1% levels of probability respectively.
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Table 3- Means * SE of the Percent fruit infestation and larval density of lesser pumpkin fly on different genotypes of
cucumber

() S391 o130

S el 890 53 9,¥ o155 gl . Cuoglio (gaivaib
Cultivar Larval density/Fruit Fruit '(r:;s)s tation Resistance category
Sl Hike 7.22 (0.28)° 17.81(0.35)¢ polie R
LS Kish 7.85 (0.37)° 21.80 (0.66) % polie s MR
iy, 5 SOFiNG 8.26 (0.22)° 25.21 (0.54) polis bs MR
osesnSlo Maximus 8.40 (0.25) ¢ 28.59 (0.26) ° polie Lus MR
i Chanbar 10.97 (0.69)° 55.43 (1.37)° oole S
e Korki 15.33 (0.64)2 76.81 (1.87)2 ool Sl HS
Mean + SD 9.67 +3.15 37.61+21.76
SEms 0.41 2.81
F 48.70 423.91

At (Lol alime BB gl (S5 cyg05] 5 ookl b (sl ot ya 3 ciglite gy gyl yolia
Values with different letters in each column have a significant difference using Tukey's test.
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Table 4- Means * SE of biophysical traits of cucumber different genotypes

o9 5l ;o e e
6 ol (o skeo) Bgme Jobo (o) dgr0 g 095 55 oS5 2900 Cawgy Caolbuds
Cultivar o it il (&0 oo ) (5ocshe)
ength(mm i i 2 i i
gth(mm) diameter(mm) Ribs density(per mm?) Rind thickness(mm)
Sl Hike 51.45(0.52)¢ 11.69 (0.45) ¢ 4.80(0.31)¢ 0.68 (0.04) ¢
5 Kish 55.26 (0.34) b 12.76 (0.39) b° 4.90 (0.30)° 0.82 (0.01)°
Ly y9 Sorina 54.69 (0.33)¢ 12.69 (0.43)b¢ 4.90 (0.43) ¢ 0.80 (0.01) ¢
wrgesSle 54.66 (0.75)° 12.38 (0.33) 5.40 (0.38) ¢ 0.81 (0.02)°
Maximus
> Chanbar 60.76 (0.39) 13.59 (0.51) 2P 6.20 (0.42)" 1.66 (0.17)®
ox Korki 56.30 (0.46)" 14.36 (0.43) 2 11.90 (0.56) 2.32 (0.12)*
Mean + SE 55.52 +£3.20 1291 +1.61 6.35+2.86 1.18 £ 0.68
SEm+ 0.41 0.21 0.37 0.09
F 37.93 4,75 42.34 55.36

RV ‘_g)l.o] Jhlixe BMB! glyly Se O?"j ookl b ygiw yo yd coglite gy (gl polie
Values with different letters in each column have a significant difference using Tukey's test.
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Table 5- Correlation coefficient (r) between percent fruit infestation and larval density per fruit with different
biophysical traits of cucumber genotypes

T pSa i o515 Cuwgy Caolud

g Job ogue yhad ] \ Sl o s
Fruit length Fruit ) 9"” . ""’ Fruit
(mm) diameter(mm) Ribs density (per Rind thickness infestation
mm?) (mm)
()""ul""’) "%")‘u 0.33*
Fruit diameter(mm)
) 9o s 550 0515
Nerragde 028" 0.38™
Ribs density(per
mm2) oy,
(o lse) 047" 055" 0.76
Rind thickness(mm)
2l 2o 0.55* 0.48 ™ 0.81* 0.87 ™
Fruit infestation
Larval Density 0.41™ 0.37™ 0.78™ 0.74™ 0.89 ™

s g % NS

o> Sy g ay Jloinl ggbew )3 I3 gme 5 g pf iy 4
s *and **: non - Significant and significant at the 5% and 1% levels of probability respectively.
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Table 6- Effect of different biophysical traits of cucumber on larval density per fruit and percent fruit infestation using
Backward stepwise regression model

AL Clogad 51 Sy g2 b ao

IR R? :
Fruit infestation e G g o () N )
Role of individual phisical traits (%)
¥ =—B1.74+3.09%, + 14.58X, + 1.48 X, + 0.04 X, 84.50 0.00
¥ =-58136+3.09%, + 1464 K-+ 1.48 X, 84.50 3.60
V=-244+ 278X, + 1559 X, 80.90 5.60
¥ =459+ 27.96 X, 75.30 75.30
9,¥ o515
Larval Density
V=—259+061%+122%+0.14% —0.06 X, 67.50 0.10
¥ =—3.18+0.62X, + 1.14 ¥, +0.14 X, 67.40 1.40
¥ =413+ 0595, + 154 X, 66 4.60
V=419+0.86X, 61.40 61.40
Cyd o g R? ©gre J919X3 ‘OW@QNP%)SWSI)JXZ ©gro Cuwgy Cals X1
X, fruit rind trichomes density, Xz, rind thickness, Xs, fruit length;and, Xa, fruit diameter,
and R?, coefficient of determination.

Bactrocera cucurbitae (Coquillett) To5- 5 wXe 4 dilgin R
Olje 30y WSlas a S oy Lus (Diptera: Tephritidae) MomOrdica’ s 535" hasdon 5 (Seseb slo S b))

(Y 9 %) ol 1395936 5 JSa3glSJ] 6‘9—*’“ @ by (Sodl 5 591 e @l ysd 0oy A8/0 a8 3l> )l charantia L.
)‘ aS sl uL.»J d)l? d.».n.’>u » aliscs Pb)‘ W)X )‘ J.ol> CJL.: o ¢ o 4 ]o}g).a ogx0 5 9)Y [v-ﬂ)-’ u]l,.u;u Loy RV/V
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2- Melon fly 1- Bitter gourd
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Table 7- Means + SD of biochemical traits of cucumber different genotypes

P ERN S gigMéFlavonoid b Jyid KWNIN]]
Cultivar (mg/100g) Tannins (mg/100g) Phenol (mg/g) Alkaloid (%)
Sls Hike 2.27 (0.02)® 8.97 (0.15) @ 69.61 (0.44)° 1.53 (0.01) 2
oS Kish 1.87 (0.02)® 8.52 (0.06)® 63.33 (1.22)° 1.31 (0.05)°
Ly 9w SOFina 1.85 (0.01)° 8.58 (0.09) 63.97 (0.86)"° 1.29 (0.05)°
o L 1.88 (0.01)" 8.54 (0.13)° 62.91 (1.12)° 1.30 (0.03)®
Maximus
> Chanbar 1.58 (0.02)¢ 7.22(0.19)°¢ 56.73 (1.92)°¢ 0.65 (0.03)¢
sl Korki 1.39 (0.04) ¢ 6.41 (0.16) ¢ 51.04 (1.97)¢ 0.49 (0.01) ¢
Mean = SD 1.81+0.29 8.04 +£1.02 61.27 £7.38 1.10+0.40
SEmz 0.04 0.13 0.95 0.05
F 154.53 51.80 17.67 117.53

V- L5)la’\ Jhlize MBS (gl)hy S5 Q}a;‘] ool b gm0 5> glite CBg s (shyl> polio
Values with different letters in each column have a significant difference using Tukey's test.
S Clisee pB,1 )3 9,¥ 05155 9 (F39I1 Gl5m0 b ogae 05 (5051 (rbhendion Sluogad o (Shunod 35 —A Jgaa
Table 8- Correlation coefficient (r) between percent fruit infestation and larval density per fruit with different
biochemical traits of cucumber genotypes

RWNILY] KW
b A gigWs Jo S
Tannins (mg/100g) Flavonoid (mg/100g) Phenol (mg/g) Alkaloid Eruit
(%) infestation
dngpehs
Flavonoid 0.82™
(mg/100g)
Js
Phenol 0.66 ™ 079"
(mg/g)
(/) st
Alkaloid 0.85™ 0.88 ™ 0.76 ™
(%)
SS9l xo )y
Fruit 0.89™ - 087" - 077" - 0.93™
infestation
Larval 079" - 077" - 064" - 080" - 089"
Density

g ¢

Maoy K g g Jin zolaw 13 )5 e 5 )b e p i 4
" *and **: non - Significant and significant at the 5% and 1% levels of probability respectively
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Table 9- Effect of different biochemical traits of cucumber on larval density per fruit and percent fruit infestation using
Backward stepwise regression model

tbonban Clogad I Sy b il o

LT IEI R? S ; . .

Fruit infestation O i Role of |nd|V|dqu1!y(l:)))|ochemlcaI traits
¥=158986—-2531X, - 713 ;- 0.37 X; —0.69 X, 91.10 0.10
¥ = 15593 — 27665, — 761N, — 044 X, 91.00 1.00
¥ = 136.75 — 33.36 ¥, — 7.78 X, 90.00 3.50
¥ =92.52 — 50,09 X, 86.50 86.50

Y oSl

Larval Density
¥=2560-246% —111% —-0.01%; —1.93 X, 68.80 0.00
¥=2517-254% —-111%. - 1L11X%; SNA- 0.80
¥ = 2355 —8.56%, — 124K, 68.00 4.30
¥ = 1650 — 6.23 X, 63.70 63.70

X1t JSIXz ¢ X3 (J93R? (puets sy
X1, total alkaloid content (%); Xz, tannins content (mg/100g); Xz, phenols content (mg/g); Xa, flavonoids content (mg/100g); and R?,
coefficient of determination.

S99 (3980 ailewsil 38 () oo S5 5 (Congy
Syo sl g audly p5U ol ople cwlibcuwn) g) glals
Ladloco Loy a5 L b (V1) Wigdioo (ol 9o 9 25 0 ST L
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Introduction: Cucumber, Cucumis sativus is a widely cultivated plant in the Cucurbitaceae family, which is
used as a vegetable. Various pests at different stages of growth cause economic damage to it. Lesser pumpkin
fly, Dacus ciliatus Loew (Diptera: Tephritidae) could be considered as one of the most important pests of
cucurbits worldwide, which direct feeding of larva on fruit making it unusable. Farmers often spray their fields
with various pesticides and in some cases is not very effective. Owing to many problems in the chemical control

of fruit flies, using resistant plants is one of the most important components in integrated pest management. Host
plant resistance is an important component for the management of lesser pumpkin fly, due to difficulties
associated with its chemical and biological control. Resistant genotypes can be used to manage this pest.
Material and Methods: Seeds were sown in 2018 with ten replicates (blocks) for each genotype following a
completely randomized block design. The area of each bed was 4 m x 4 m and the plant-to-plant distance was
maintained at 50 cm with a drip irrigation system. All the recommended agronomic practices (e.g. weeding,
fertilization, hoeing, etc.) were performed equally in each experimental bed. The infested fruits were sorted and
the percent fruit infestation was calculated. Different genotypes by degree of infection into completely resistant
(no contamination), very resistant (1-10%), resistant (11-20%), relatively resistant (21-50%), susceptible (51-
75%) and high susceptible (100-75%) were sorted. In this experiment, morphological and biochemical
characteristics related to resistance were measured in six different genotypes of cucumber (Hayek, Surina,
Maximus, Kish, Armenian cucumber, and a local genotype of Kermanshah). The effect of these traits on fruit
infestation and larval density was determined. Ten fresh fruits were selected from each genotype and fruit length,
fruit diameter, fruit rind thickness, and rind trichomes density were measured and recorded. To measure

biochemical traits two fresh fruits from each genotype were selected and the number of chemical compounds
such as phenols, flavonoids, tannins, and total alkaloids was measured. Percentage of fruit infestation, larval
density, biophysical, and biochemical traits values were analyzed by Two-way analysis of variance using SPSS
24 software. The means of significant parameters, among tested genotypes were compared using Tukey’s tests
for paired comparisons at the probability level of 5%. Correlations between biophysical and biochemical fruit
traits and fruit fly parameters (percent fruit infestation and larval density per fruit) were determined using
correlation analysis at the 95% significance level.

Results and Discussion: The larval density per fruit increased with an increase in percentage of fruit
infestation and there was a significant positive correlation between percent fruit infestation and larval density per
fruit. Among the studied genotypes, Hayek resistant, Surina, Maximus, and Kish moderately resistant, Armenian
cucumber susceptible and local genotype was highly susceptible. Phenol content (r = 0.77), tannin (r = 0.89),
total alkaloids (r = 0.93) and flavonoids (r = 0.87) were statistically correlated with the percentage of fruit
infestation. The percent fruit infestation had significant positive correlation with fruit length (r = 0.55), fruit
diameter (r = 0.48), fruit rind trichomes density (r = 0.81) and rind thickness (r = 0.87). Maximum variation in
fruit infestation (86.50%) and larval density (63.70%) was explained by the alkaloids. Stepwise regression
analysis of our data showed that the highest variation in fruit infestation (75.30) and larval density (61.40) was
explained by the trichomes density. Therefore, it can be argued that the reduction of fruit fly infestation on
resistant cultivars could be due to physical and biochemical characteristics.

Conclusion: Reduction of fruit fly infestations on resistant genotypes could be due to antibiosis (adverse
effect of host plant on the development and reproduction of insect pests, which feed on the resistant plant) and
antixenosis (operates by disrupting normal arthropod behavior). Our results suggest that biochemical and
biophysical fruit traits could contribute to these mechanisms of resistance. Rind thickness, rind trichomes
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density, total alkaloids, and tannin were playing an important role in pest resistance. In summary, certain
biochemical (tannins, phenols, alkaloids, flavonoid) and biophysical (rind thickness, fruit rind trichomes density,
fruit length, fruit diameter) traits were linked to the resistance of cucumber against D. ciliatus and therefore can
be used as marker traits in plant breeding programs to select resistant genotypes. By using Hayek genotypes,
which have less susceptibility to the lesser pumpkin fly, farmers can produce safe products with less residual

insecticides.
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