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Effect of the rice white tip nematode Aphelenchoides besseyi on growth and
reproductive traits of 12 commercial strawberry cultivars under greenhouse
conditions
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Abstract

The rice white tip nematode Aphelenchoides besseyi is the causal agent of summer dwarf disease of the
strawberry plant, which causes significant crop damage worldwide each year. Considering the environmental
hazards of chemical pesticides, identification of resistance sources in different strawberry cultivars and their
application could be one of the effective strategies to control this nematode. To this end, a population of A.
besseyi was collected from a strawberry field in Kurdistan province and identified based on the
morphological characteristics and sequence of D2-D3 expansion segments of 28S rDNA. Then, the
responses of 12 commercial and common strawberry cultivars in the province were studied under greenhouse
conditions. The results showed that the effects of nematode infestation on most plant growth and
reproduction traits and on the final nematode population in the cultivars were significant at the 1% level.
Based on the nematode reproduction factor, 12 cultivars were divided into four groups: The cultivar
Missionary with a nematode reproduction factor of 9.04 was recognized as a suitable host for A. besseyi and
had the greatest impact on growth and reproductive traits compared to the other cultivars. The cultivars
Yalova and Chandler with nematode reproduction factors of 6.73 and 7.20 were classified as relatively
suitable hosts, while the cultivars Kurdistan, Aromas and Aliso with nematode reproduction factors of 4.27-
4.76 were classified as relatively poor hosts. These cultivars were less affected than Missionary in terms of
growth and reproductive characteristics. Krashayy Berg, Selva, Queen Elisa, Camarosa, Mrak and Paros
cultivars with nematode reproduction factors of 2.45-3.54 were classified as poor hosts. These cultivars had
the highest yields and other reproductive and growth characteristics.
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Table 1. Characteristics of strawberry cultivars used in this study.

Origin and year of cultivars

Cultivars name introduction Photoperiodism Pedigree
Paros Italy-1998 Short Day Marmolada x Irvine
Queen Elisa Italy-2003 Short Day Miss x USB35
Missionary USA-1990 Short Day a chance seedling in USA
Aliso USA-1950 Short Day Cal.52.16-12
Yalova Turkey-1990 Short Day Arnavutkoy x Aliso
Selva USA-1983 Day-neutral Cal70.3-117 xCal71.98- 605
Camarosa USA-1993 Short Day Douglas x cal85.218-605
Chandler USA-1982 Short Day Douglas x cal72-361-105
Mrak USA-1987 Day-neutral CN27(Ca75.34-105)
Kurdistan Unknown Short Day Unknown
Aromas USA-1998 Day-neutral Cal 87.112-6 x Cal 88.270-1
Krasnayy berg Belarus-2000 Short Day Venta x Tenira
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Table 2. Morphometrics and morphological characters of Aphelenchoides besseyi populations collected
from either the strawberry fields in Sanandaj, Kurdistan province or Alternaria alternata culture
medium and their comparison with other populations (measurements are in pm).

Strawberry Rice
Characters / Populations Strawberry A. alternata culture (Oliveira et al. 2019) (Fortuner 1970)
Females:
n 20 20 15 -
L 580-755 (672) 806-1062 (906) 517-811 (657) 570-840 (681)
a 51-65 (57.6) 61-64 (62) 34-49.7 (41.7) 39.3-534(47.7)
b 8.8-10.9 (9.9) 10-11.9 (11) 8.6-11.2 (9.8) 9.2-13.1(11.4)
b’ 4.6-4.8 (4.7) 53-81(6.2) 4-46 (4.4) 4157 (4.8)
c 14.9-155 (15) 15-19 (18) 14.8-19.1 (16.6) 13.8-20.4 (17.7)
¢ 41-45(4.2) 45 3.6-47(3.9) -
\% 68-73 (70) 65-76 (69) 69-71.6 (70.5) 68.7-73.6 (711.2)
Tail length 33.1-41.2(37) 39.4-45.6 (43) 33.6-46.5 (39) 18-21 (19.2)
Stylet length 113 11.2 115-125(12) 10-125(11.9)
Post-uterine sac length 38-40 (39) 33-45 (37) 33-56 (45) -
Anterior end to excretory pore 77-83 (80) 83-90 (87) 68-93 (80) -
Post-uterine sac narrow narrow narrow and short narrow
Males:
n 5 15 2 -
L 503-534 (515) 690-870 (720) 449-551 (525) 530-610 (573)
a 38-44 (41) 59-61 (60) 34.8-35.6 (35.2) 40.7-46.9 (44.4)
b 7.7-86 (8.1) 5.9-7.3(6.9) 83-9.1(87) 8.8-10.7 (9.5)
b’ 3342(38) 31-33(3.2) 384742 3549(4.1)
c 14.9-16.3 (15.5) 14.5-14.8 (15.2) 17.2-18 (17.6) 16.1-20 (17.9)
¢ 2531(27) 2.6-31(29) 25-29(27) -
Tail length 34-39 (37) 47.8-52 (51.1) 29-30 (30) 28.1-52 (40.5)
Stylet length 10.3-11 (10.9) 10.9-11.7 (11.3) 11.3-12.7 (12) 10-125(11.4)
Spicules length 18.1-19.8 (18.9) 17-20 (19.1) 17.5-18.8 (18) 18-21 (19.2)
Anterior end to excretory pore atthe of level or slightly anterior to nerve ring  at level of nerve ring at level of nerve ring at level of nerve ring
Median oesophageal bulb valve oval with clearly valve oval with clearly valve oval and developed elongated and oval
] relatively relatively developed  clearly defined
Stylet knobs clearly defined knobs Knobs Knobs Knobs
VYO 145



SOy s s sy Olaw » Aphelenchoides besseyi st ol \Kes 5 S o

9w 4D (0 4l Cy B (0 o IS5 H 5 A Gl s H sl :J 5 A-F) Aphelenchoides besseyi .\ s

RUPCE . G 2 53 LSl ol 5 pa K2 F ol s JHE cdbal
Fig 1. Aphelenchoides besseyi. (A-F & J: Females; H & I: male) A & H: General body, B and C:
Oesophageal region D: Head region and stylet, E and J: Reproductive system, F: Shape of tail and tail

end, G: Egg, I: Spicule.

aw ghyls O (el Cwand s s ekl O
Al e oo la gl i

Aphelenchoides L, $ssJ1 asy Pl s
besseyi

i dsosls i3 035 Il 05al bl 51
st ol 3550 Dlao laesls bl
5 ISk 5 o8, i SIS sl 0L bl 4
Sl s Slis s Ladl ol ol e
(ke olg Comax 5 olS )3 (3, e —2u3))
Jol el s Sl e 1Y o s canlllas pl s
S0l U euas ol 50 besls Kk aslis S
LBl o ool 2 e Sl p Al besseyi

146

“ \:n-LLL:a-U‘ ;r.) L 6‘0)[5..» &L@J.-‘ AJJU 6‘)‘.} lasio
ey e okl Sl gl o oy S0 VY J b
L;Lar)).? 6‘)‘) Ca.l.il:.d‘ ‘.;]ﬁ_jjﬁuiw‘}o.l.huﬁ J"G
szl b Slagen bl 2y cla.ﬂ)'l o 3 (Sl
Luédj_la ‘L;}—LJL.‘.”;’)LH 6‘)‘) wl;— ijﬂ.w 39
L o8 Sogo v g p Ok B8 2R V0 o) ke
ot anS b S 55 i i 4y il s slal
‘Lfbjf;"cc}g@f: g Ajjj)fu J‘.L‘;c‘).s (sﬂw‘
cl_w)ﬁ Jsle UJoUJSYJ_w l_hosl.ad.ij.vﬁ\jﬁ‘

sl Gy SISO 4l Coir Oy 4 Sl

\¥5



Iran. J. Plant Path., VVol. 58, No .3, 2022: 140-157

1, Aphelenchoides besseyi_glycine max_KY510841
4 Aphelenchoides besseyi_phaseolus vulgaris KT 692694

Aphelenchoides besseyi_beans KX356756
Aphelenchoides besseyi KT'692690
Aphelenchoides besseyi_oryza sativa_Iran_KX622689
Aphelenchoides besseyi_oryza sativa_KY123700
Aphelenchoides besseyi_voucher A125_KX356772
0.91 L phelenchoides besseyi_brachiaria brizantha_KT 692704
Aphelenchoides besseyi_oryza sativa_DQ328684
Aphelenchoides besseyi_oryza sativa_KP757369
Aphelenchoides besseyi_oryza sativa_KX356771

07 Aphelenchoides besseyi_oryza sativa_KP676765
| Aphelenchoides besseyi_setaria italica KP757370
Ap{wlenclmilles besseyi_strawberry Iran_00832319
IAplwlenclmilIes ritzemabosi_KX119133
. Aphelenchoides rii bosi_KX356837
“Aphelenchoides ritzemabosi KX119136
Aphelenclyoides gorg is KX357652
.96dphelenchoides besseyi_hosta_EU325682
9 Aphelenchoides besseyi_strawberry USA_2007
phelenchoides fuianensis KI692688
Aphelenchoides fujianensis KY123688
Aphelenchoides fujianensis KT692683
Aphelenchoides fujianensis KI'692684
Aphelenchoides fujianensis KI'692691
Aphelenchoides fujianensis KI'692697
Aphelenchoides fujianensis KT'692701
iApheknchides sp_Apl45_KX356825
1 l Aphelenchoides sp MH844701
Aphelenchoides sp MH844703

Anhel,

0.61

iz hoides capsuloplanus MF706253

Aphelenchoides obtusus KX977428 "

06 nﬂmheleuclwides fragariae_EU325684
! Aphelenchoides fragarice_KT692710

i rl—[ i !Aphelenclwilles fragarine_AB368540

{ : 1p des eldaricus LC191272

0.96 7 Aphelenchoides sp_Iran02_KU738610

1 n Aphelenchoides varic s HQ283353
;1 Aphelenchoides xui_FI643488
i Aphelenchoides cibolensis MF070439
1 — 1 ! Aphelenchoides fragaria_DQ323683
Aphelenchoides heidelbergi KT$84398
0.67 - ! Aphelenchoides iranicus KUS65873
— Aphelenchoides fuchsi_KT003987
Aphelenchoides sub '_K1/695134l
asi 0.99 . Schi: I aprifici FN564937

251} 1 ; Schistonchus sp_Ficus superba_HMIS1001

1 L Schistonch phylla_ABS35530

1 [ - Laimaphelenchus belgradiensis KF§31746

L iphele ""f‘ deconincki_KF998578

0.99 - Ektaphelenchoides humti_JN714466
__‘__l—rl Ektaphelenchoides kelardashtensis JQ446374
0.39

;1' lenchoid i AM396582
0.54 1  Bursaphelenchus xylophilus GU206791
i Y Bursaphelenchus xylophilus JF317243
- Aphelenchoides sp_strain CeN Iran_KR$64862

Ditylenchus dipsaci FI707364

02

Maximum <, 3l esle—ul Ly Aphelenchoides besseyi 28s rDNA o5 D2-D3 b o155l o0 .Y 3

Jlikelihood
Fig 2. Phylogenetic tree inferred from Maximum likelihood analysis of the partial sequences of D2-D3
28s rDNA gene of Aphelenchoides besseyi.
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Table 3. Mean comparison of yield traits of 12 strawberry cultivars infected with Aphelenchoides
besseyi and control.

Fruiting
Control/ Yield Fruitweight First  Flowers/  Fruits/  Fruit/Flower period Inflorescences/
Cultivars Inoculated (9) (9) flower plant plant ratio (%) (day) plant
Selva control 267.92 9.732 27.661  29.66°¢ 27.88b¢  0.942 254 5.44¢f
inoculated ~ 235.7°b¢ 9.772 23.88% 29.11¢% 2422 0.91 ¢ 24,551 5.33¢9
Camarosa control 256.82 8.54b 33.11cd  33,11bc  3Qabe 0.97 abe 27.44°b 5.88¢d
inoculated 223.5 cde 8.35b 31f 32.99%¢ 26,77 ¢f 0.859¢ 26.55b¢ 5,55 cde
Aliso Fontrol 224.2¢d 7.85bcd  3711b  30.1°d 286621 0.97 abe 27.33°b 5.45 cde
inoculated 2047 df 7.87bcd 34,110 30.22¢de 26 d9 0.882d 24,12 5.5549
Krasnayy berg f:ontrol 223.6cde 8.4b 31.88°F 29.11°F 26.88 C'_f 0.92 abc 24.881 5.66 cde
inoculated 196.3¢f 8.43°b 30.11M9  26°¢f0 23.44 1 0.92d 25.11¢ 5.44¢f
Paros control 206.8 def 8.59b 34.55¢ 2533°% 23887  (0.94°2 254 4.55 “f
inoculated 194.4 % 8.17¢b¢ 32.77% 24269 24T 0.83¢f 22.11 N 4.44 N
Queen Elisa control 200.9 df 10.212 36.22° 234 19.66 ¥ 0.882d 21.55 fon 4,11 ik
inoculated ~ 173.69" 9514 32.55¢  26.66°% 18.33! 0.87¢f 21.119 4.88 fon
Mrak control 159 h‘_ 8.25°b 36.11P  28.22df 24 77¢f 0.87¢f 19.111 6.552
inoculated 128.3 7.12% 30.88fh 23559 1811 0.799" 17.33k 6 be
Kurdistan control 139.2 'J 451 25.22%  33.11° 30.88 éb 0.93® 19.441 6.662
inoculated 121.85 3.54kK 21.66' 24,77 20.33H 0.82fan 16.88k 5.22¢f9
Aromas control 146.5 f“j 7.16% 29.44 h' 25.88¢f9 23,119k 0.89 ajd 21.44 fg_“_ 4,779
inoculated 127.6) 6.31¢f 28,111 26.55¢9 20.44" 0.76N 19.551 65
valova control 147.8 il 6.43¢ 31T _ 28.22 def 23.2291 0.82 _efg 254 4.33Nii
inoculated 74.8'm 5.84 9" 29.44N0 17.881 12.88™ 0.73! 22.77¢f 3.66K
Chandler Fontrol 121.4 6.65 ef 28.441T 2222 9“‘ 18.22! 0.82 ffg 20.7N 4.88 _fgh
inoculated 57.22™M 5.62N 34.33¢ 14227 10.33™ 0.72! 16.77k 3.871
Missionary control 236.4b¢ 7.46 _C_d 30M9 34,50P 31.77 a 0.92 f’bc 22.44 % 6 b _
inoculated 97.9X 496" 43662 41223 19,77 0.48! 29.222 455N
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Fig 3. Classification of 12 strawberry cultivars in terms of response to Aphelenchoides besseyi, based
on yield, yield components and final population of the nematode according to Ward's method.
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Table 4. Mean comparison of the final population (Pf) of Aphelenchoides besseyi in 12 strawberry
cultivars and their vegetative traits.

First stolon Plant height Final population
Cultivars Plant Leaves/plant (day) Stolon’s/plant (cm) (Pf)

control 10.66 i 57.221 5.332 15.4°¢ -
Yalova B B

inoculated 9.331 58.331 4770 14.1 ¢f 6728 ¢

control 17.33P 63.22 9n 5.44 2 16.9°b -
Missionary

inoculated 28.882 70.88 < 3.88 cde 19.22 9036 2

control 9.44 i 74770 2.88 14.4¢ -
Chandler ) -

inoculated 8.221 78.22 2 2.33M 12.8 hii 7203°

control 11.88 &N 65.22 fo 4.22cd 16.3 b¢ -
Aliso

inoculated 12.66 49 68.55 de 4,33 be 15.2 o 4761 ¢

control 10.221 54 k 3.22 91 13.7 9 -
Aromas ) ) B

inoculated 11.88 &N 57.88! 2.88 120 4465 d

control 14.77¢ 60.88 Ni 3.11 0k 12.2 ik -
Kurdistan )

inoculated 13.22 de 65.88 f 2.771m 11.2m 4265 ¢

control 13.17 df 71.77°¢ 3.88 cde 17.12 -
Paros .

inoculated 12.66 49 79.88 ¢ 3.33fd 16.8 b¢ 3544 f

control 11.66 9" 60.88 Ni 2.66 Km 14.4°¢ -
Mrak .

inoculated 13.17 df 63 9" 2.551m 13 hij 3391 fo

control 17.22b 70.22 < 3.66 €f9 16.3 b¢ -
Queen Elisa ) )

inoculated 17.11° 75.88 @ 3.33fd 16.4 be 2955 hi

control 12.66 49 67.33 ¢f 4.22 cd 17.42 -
Camarosa

inoculated 11.88 &N 68.88 de 3.88 cde 17.32 31059

control 11.77 fon 59.33 i 3.11 Mk 154°¢ -
Selva ) B

inoculated 12.88 49 60.88 N 3l 14.2 ¢ 26251

control 13.55 o 51! 3.77 df 15.1 cde -
Krasnayy berg )

inoculated 12.77 &9 50.44! 3.44¢h 15 de 24551
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Table 5. Correlation of the final population (Pf) of Aphelenchoides besseyi with vegetative traits and yield of 12 strawberry

cultivars infected with the nematode.

= T e
Zz % o 5 o = 1 s 2 = 3 3
3 = 3 2 3 3 = < 3 = Z g =
: 2 =2 3 =z 3% 3 E 32283 & g &
s T & T £ g2 T & 28 % & =2
) = 5 =1 (2 & 8 2 3 S o~ s °
- T - 5 & = = 3
Nematode Pf 1
Stolons/plant 029 1
First stolon 021 -015 1
Leaves/plant 0.13 0.170 0.187 1
First flower 0.41 0.299 0.488 0.619" 1
Inflorescences/plant  -0.59 -0.257 -0.397 -0.063 -0.303 1
Flowers/plant -0.09 0.306 -0.009 0.75** 0.427 0.440 1
Fruit/plant -0.46 022 -0.17 0157 -0.125 0.699" 0.667* 1
Fruit/Flower ratio (%) -0.75** -0.102 -0.211 0.611* -0.656* 0.320 -0.340 0.460 1
Fruiting period (day) -0.03  0.682* -0.133 0.542 0.47 0.006 0.723== 0.521 -0.19 1
Fruit weight (g) -0.71#* 0.100 -0.037 -0.138 -0.058 0.176 0.003 0.489 0.659* 0.333 1
Yield/plant (g) -0.81#* 0.142 -0.127 -0.045 -0.245 0.524 0.362 0.893** 0.714** 0.434 0.795** 1
Plant height (cm) -0.215 011 019 0.09 0313 0.04 0.22 011 001 0.0330.244 0.321 1
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Table 6. Evaluation of 12 strawberry cultivars inoculated with Aphelenchoides besseyi based on
reproduction factor of nematode.

Reaction

Cultivars Reproduction factor (RF = Pf/Pi)  Scale  (Host response based on RF)
Krasnayy berg 2451 2.1-4  poor host
Queen Elisa 2.96 i 2.1-4  poor host
Selva 2.62 i 2.1-4  poor host
Camarosa 3.11% 2.1-4  poor host
Mrak 3.39f 2.1-4  poor host
Paros 3.54f 2.1-4  poor host
Kurdistan 4.27¢ 4.1-6  relatively poor host
Aromas 4.47 4.1-6  relatively poor host
Aliso 4.764 4.1-6  relatively poor host
Yalova 6.73°¢ 6.1-8  relatively suitable host
Chandler 7.20° 6.1-8  relatively suitable host
Missionary 9042 8.1-10 suitable host

(e oL8) aals :B Aphelenchoides besseyi 4 os o5 81 olS A L g Lls PR

Aals kg b alis 53 Lo s 3 S5 JSS 0 de 2 58
Fig 4. Camarosa cultivar. A: Plant inoculated with Aphelenchoides besseyi, B: Control (healthy plant).
Symptoms description: Slight deformation of fruits compared to control plants.
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Fig 5. Kurdistan cultivar. A: Plant inoculated with Aphelenchoides besseyi, B: Control (healthy plant).

Symptoms description: Decrease in the height and general growth of the plants and deformity and
decrease in the size of the fruits and deformity of leaves compared to the control plants.

(Bl ol3) aals B Aphelenchoides besseyi « cas 030 ol A Jui SIRAN S

dals sbw g b amlin ;o LS 5 JSKS 0 5 bogmwe )3 o301 als 5 JKo0 (ba g 0g0e ) 5 g, als e s

Fig 6- Chandler cultivar. A: Plant inoculated with Aphelenchoides besseyi, B: Control (healthy plant).

Symptoms description: Decrease in the height and general growth of the plants and deformity and
decrease in the size of the fruits and deformity of leaves compared to the control plants.
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