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Article Info ABSTRACT
Article type: Background and Objectives: Soybean is a plant belonging to the
Full Length Research Paper  Fabaceae family and is one of the most important oil seed in the world. The
northern provinces of Iran are the main soybean cultivation regions in the
Article history: co_untry_, but over the years, soybean podding disor_der has.reduced yield _in
Received: 02.12.2022 this regions and caused up to 100% damage. The disorder is more severe in
Revised: 05.07.2022 late plantl_ng farms, and symptoms can be observed as_plant greening,
Accepted: 06.27.2022 accumulation of flowers and pods, abnormal pods, bud blight, and lack of
seed in pod. The results of previous studies have shown the possible role of
viruses in occurrence of soybean disorder. This research was conducted to

Keywords: investigate the Nepovirus effect on soybean yield and cultivars, and
Nepovirus, possible role on soybean podding disorder.

Podding Disorder,

Soybean,

Materials and Methods: 770 soybean sample from Golestan provinces
were collected befor and after disorder appeared, and tested by
DAS-ELISA and RT-PCR test for investigate the possible role of
Nepovirus in disorder. The response of soybean cultivars to Nepovirus and
soybean podding disorder, was evaluated in greenhouse and natural
conditions. In greenhouse, 2 soybean cultivars (Katol and Saman) were
inoculated mechanically at the 4-6 leaf stage. For comparison of soybean
cultivars response to studied viruses and evaluation of possible role of
Nepovirus on soybean podding disorder in natural condition, the
experiment was performed in Golestan Agricuitural Research center as a
split plot design with three factors: using net, virus inoculation and soybean
cultivars with 3 replications in two years. Nepoviruses inoculated on
specific plots on soybean plants at 4-6 leaf stages. ELISA and RT-PCR
tests were used to ensure the plants infection with inoculated viruses, and
growth indices were measured at physiological growth stage. Data were
analyzed by two-way ANOVA, and the means were compared with LSD
test at 5% confidence level, using SPSS software version 16.0.

Sucker pest

Results: Comparing of viruse frequency in not disorder plants with
podding disorder plants, did not show significant relationship between
viruses and disorder incidence. In greenhouse, virus inoculation on soybean
plants, caused chlorosis, stunt and systemic necrosis, but the typical
symptoms of disorder such as severe falling of flowers, re-flowering, and
plant greening did not show. In natural conditions, disorder was observed
in all soybean cultivars, but disorder incidence was different among

V5O


mailto:shahraeennoah@gmail.com

cultivars, and Williams variety showed less disorder in four treatments.
The highest and lowest plant growth indices were observed in
non-inoculation virus with use of net treatment and, virus inoculation with
no use of net, respectively. Mechanical virus inoculation on different
soybean cultivars, although reduced growth indices and soybeans yield, but
had no significant effect on the podding disorder. In treatments with not
controlling of sucker pests, the incidence of disorder was significantly
higher than other treatments.

Conclusion: Virus inoculation on soybean plants in greenhouse and natural
conditions did not cause podding disorder syndrome. Viruses in soybean
plants, reduce growth indices and aggravate disorder due to the stress they
inflict on the soybean plant, but are not probably the cause of the disorder
alone. In treatments with not controlling of sucker pests, disorder incidence
was significantly higher, so the role of sucker pests was estimated effective
and important.
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Fig. 1. Symptoms of pod disorder on the accumulation of flowers and abnormal pods of soybean plant.
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Fig. 2. Soybean plants with pod disorder (right) compared with healthy plants (left).
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Table 2. Treatments applied to investigate the response of soybean cultivars under natural conditions.
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Table 3. The percentage of virus infection in disorder and non disorder samples for each virus detected
during the years 2016 and 2017.

irs Sl dos s le WU ek sed sl

] IR ko w)bk;!)béua,.:,;l,w RS
perce.ntage.of virus l\_lumber of not virus percentage Number of disorder sample virus
infection disorder sample
18.3 120 420 ArMV
8.4 120 420 TRSV
25 120 420 ToRSV

Olsee 35 (Guls e sl golel (gla BT ol 5
ArMV ; ToRSV TRSV (sl s s Slsl
BB glawy 5 Dl assle gl glaw s s

A3 5 sdaline 4 le
a0 RT-PCR 04051 5 RNA 1 sl ol
S YO 5 b Flalss s sla S 56T
(53 g3l 3 e ams sLls slawi g 53) 5L
ol S s Wl cose RT-PCR sty s

(Y Jf»;) J.WJJKJ VJLW Clad gai s olaled

S00bp

G s s 4 Sl el csa, 2k

Sl slagiy o on ArMV ; ToRSV TRSV
L5 S edalin as,le 5L Lgl.adﬁ)s(..a}w)b
sbaw s 4 TRSV 4 &f:jﬁ Aoy (¥ Joas)
BB slaass gl 5 Aoy V0 asyle lls
Slads dooys /Y S o Lo s AT as e
aoyle BB glaw g Loy YO 5 asyle (s
" Lﬁf:}ﬂ dosd s Loy TORSV 4 o5,
05 5 Aoy YO assle g sy 4 ArMV
A3 Sl Aoy WY sl BB slaw

(Fermentas, 100 bp) J s ge Kilii (M o ms S5ET L4 dao 3 K 58T I35 53 RT-PCR J gaazms 5 55 2501 ¥ |55
e el Y Sal, TRSV @ o3 i 4 40d 1) Sl

Fig. 3. Results of RT-PCR using degenerate primer. M: DNA ladder (Fermentas, 100 bp)
Lane 1 TRSV infected sample, Lane 2 negative control.
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Indicator plants TRSV ToRSV ArMV
Chenopodium quinoa NLL CLL CLL
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Cucumis sativus CLL, LD CLL, LD CLL
Nicotiana benthamiana ND ND ND
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Fig. 4. Stunting and necrosis in inoculated plants compared with control sample in Saman (a) and Katol (b) cultivars.
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Table 5. Smptoms of virus inoculation in Saman and Katoul cultivars in greenhouse.

TRSV ToRSV ArMV Mixed infectin
Saman N, SN,S N, SN Chl SN,S
Katol N, SN,S N, SN Chl SN,S

Chl: hlorosis, N: necrosis, SN: systemic necrosis, S: stunt
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Table 6. Effect of inoculation, net and cultivars on soybean growth indices in the first year.

(Cultivar) .3,

Solw obls Jss el ks Ghdy el
Sari Saman Katol Amir Williams (Treatment) jlos Growth indices
S+ oale
52.1415%  795456% 044457  611427% 957177 Raatiiae
inoculation+net
et el
50.3:2.9%  765:4.8%  84.8+6.8%  60.4434%  92.742.7% Sor IRT SOk
inoculation+ no net S gl
s+ Ssabe O Plant length
64+5.6% 92.7483%  100.345.03"%  72.3+4.9%  100.3+4.9% GO T I O ¢
no inoculation+ net
SERY Dyasle O gls
59.8+4.4%  852462%" Q0835 683380 9644650 0N NI oUmE ok
no inoculation+ no net
. L
10.1405%  14.440.7°% 15+0.6™ 133£03%  13.6£1.58% BoF Tk
inoculation+net
et el
9.7+03%  133+13%  138+07%  122408%  122407% o DR N ‘s
inoculation+ no net o8 sk
Number of
el s
112405% 15706 1626077  152+13%  150+0.8™ Gor Tt Ok node
no inoculation+ net
. L
110,38 147£07%  152+05% 139408 143k 7A0  SF RT odne ot
no inoculation+ no net
™ yasle
4044427 4345589 304+4.2%° 5114377 4444009 ST
inoculation+net
ot el
3094295 33+4.4% 25343 447255 394428 GoF BT o4
inoculation+ no net e slacisie
53426%7  50.3452A% 454575 631+4%  523+32% S8 F ol ook Normal pod
no inoculation+ net
. .
428+18% 3014525  284+13%  50QEIEAN  441ipB  SOF SrRT ik osk

no inoculation+ no net
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Continue Table 6.

(Cultivar) .3, ot
ool Ol dss el ol A,
Sari Saman Katol Amir Williams (Treatment) ,Lus Growth
indices
Sy S asle
6:1.478 3.7+1.75% 6.1+0.878 92,67 2.3+0.9 ¥ T
inoculation+net
TR e le -
14.9+2.3% 19.6+4% 152453  14.9+2.4% 5.9+1.5% Gop O3 T g sl
inoculation+ no net
Il lyls
S+ gabe s Disorder
5,241,748 3.240,85 5,141,148 6.9+1.6% 1.8+1.3% Gor T e Ok o
no inoculation+ net p
- el s
942,65 17.4+3.3% 13.842.4%%  145+4.2° 3.24200 SoF PR i oo
no inoculation+ no net
5 Syasle
185247.1% 229842214  231.14254%  22504150%  216.7+12°% Gor T
inoculation+net
e il
174435 102.0439.4%%  207.14289% 212241697 14543418 ¥ URT O
inoculation+ no net B
Fresh
T ;
263.4428.3%  4651453.9%  300.9420.9%  369+13.7%  280427.1% Go ot O weight
no inoculation+ net
JRYSI
260.0+40.4°%  207.7439.6%  232.14355%  266+14.6°%  44ap57AB  SOF ORT IR ook
no inoculation+ no net
5 Syasle
86.5+12.59%°  111.4+136°%  100+14.6°C°  132.1421.1°%  140.6+12.6" Gor T
inoculation+net
e il
55.9+11.7%°  81.8+21.3% 90.1:44.8% 1266+15%  96.4+£9.4% G2 SIRT
inoculation+ no net Lo O3
Sh il s Dry weight
1204+12.7%  1633+16.4%%%  126.1+12.55%%  221.3+60.2%  183+252°% Gor T O
no inoculation+ net
5o b O
115£19% 11604855  1165+13.8% 14614117 1533400740  S0F ST ek
no inoculation+ no net
5 Syasle
3243426.1%  352+24.5% 270+154%  201.3+115%  178+13.1° Gor T
inoculation+net
e il
200.7412%  277.3+26.6%  267.3+19.9% 180341625  170.3+105% X T 0%
inoculation+ no net s Ses
Yield

S+ il Ok
no inoculation+ net

425.3+13.1% 376+25.15 322.7+13.3%  254.3420.03%%  221.7+14.6%

Sog Ot Giale Ok
no inoculation+ no net

339.3+16.1%° 359+27.6" 203+14.7%°  226.3+14.1°°  208.7+23.4%

el Lol 5 S350 D) st i S S S 5 Bl e s B D s aglie S5 s >~
Capitalize letters are compared horizontally between cultivars, and small letters are compared vertically between treatment
Means with the same letters are not significantly different by the least significant difference test
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Table 7. Effect of inoculation, net and cultivars on soybean growth indices in the second year.

(Cultivar) .3 . m
ol Obils Jss ol sl ™ S el
. . - Growth
Sari Saman Katol Amir Williams (Treatment) L indices
S+ ohale
87.4£3.7%"  134.1+38%  139.4+3.6%  1059+7.9%  1525+23% (BT e
inoculation+net
e il
85.1+7.3%  129.9+7.9%  136.7+44%  1033+8.6%  151.1+9.3% At
inoculation+ no net 5 [
St
S . Plant length
¢ L O
97.8+6.6™  136.1+55%  149.4+42%  1236+65%  156.7+6" Sor TR 2o
no inoculation+ net
S Osb 4 Siale Qe
91.3£55°  13541.7% 141.3+45% 116146750 15374358 S0P T eURE e
no inoculation+ no net
5 5 yasle
150,65 185417 17.6+£1.02°%°  16.841.3%%%° 194427 Rt
inoculation+net
s il
14.4£05>  17.240.7% 17.1407%  157403%  18.440.7% et o
inoculation+ no net o S ol
Number of
5 Syasle O g
17.4408™  205+14%%  213+09% 19413 245:0.8% Sor T 2o node
no inoculation+ net
NERY 53le O 9y
158+07% 1094055 1804025 183030  21.8408%  SOF T uOwn o
no inoculation+ no net
b
76.7+12%  §7.8+13.8"  83.3+14.9"  88.9+21.1%  98.9+15.7° Rt
inoculation+net
e ol
423+101°%° 5898 722+151%  405:58%  70:59% P OIRT O e
inoculation+ no net ¢
AL
5 Syasle O g
78.9+16.8%  1335+19.9%  110+15.9°°%  97.8+128%  1217+19.3%% GoxF o Ok Normal pod
no inoculation+ net
5 Osb 4 Siale Qe
45.6+12.7%  7L14147%F 8184143  733+68% 733918 ST T oURmeos
no inoculation+ no net
5 3 yasle
784345 17.848.4% 152458 11144788 040 Gor
inoculation+net
NERY 3l -
32.8£16.2% 389451 2114518 204+121%  8.9451% headinaiiCas sl
inoculation+ no net
Il glyls
S+ ooabe s Disorder
56480 6147 3.3+3% 5.5:2.3% 0£0% ST e 2 ood
no inoculation+ net
et il s
20412 L1451 172467 24.4+10.7° 008 GoF OIRT i O3

no inoculation+ no net
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Continue Table 7.

sl Ll dss el s (Cultivar) 2, S el
Sari s Katool Ami Willi Growth
ari aman atoo mir illiams (Treatment) Lo indices
il
4413+39.1%° 88174414  682+262%  671.7449.2%  281.3+205™ R
inoculation+net
s ol
436.3+45.1%°  682.3165.1%°  470.3:53.8%  651.6434.9°°  203.7+14% CoF QT
inoculation+ no net BICSE)
L Fresh
TN ;
572347365  1208.7489.2° 1047.74828% 1078.3+74.3°%  609.3+31 50 ST R o weight
no inoculation+ net
5 O gl jasle O gl
542.7453.8%°  0423+37.6%°  0427+143.6" 07334000 345341110 7 HToowr st
no inoculation+ no net
b
2367461750 410.7472.9%  323.74236%  306+£34.8°%°  163.3+13.9% (Gor T
inoculation+net
o) 5 yasle
182343115 3233+471%  268454.4%  2467+416°%  140.7+4d7C ST T
inoculation+ no net Sist 05
S Siale O Dry weight
206.3+437%  5513+44.1%  4513+80.2°%  410.3+56.2%  368.744528C 7T ORI o
no inoculation+ net
5 O 5iaale O sy
2493+28%  4183+682°  4133+58.6°° 3497464780 28834357 SO T oot
no inoculation+ no net
e sl
615+28.6%  750.3+353%°  605+28.2%°  519.3+27.8%°  338.7+22.4% Rediad:
inoculation+net
5O Syasle
552.3+30.8%  751436.2°  488+48.2%° 33BH15* 293743010 P RT O
inoculation+ no net s Ses
fh b Yield
1267.7460.7% 15144303  6533+48.2%  0133+428% 758463200 SOF T udwe st
no inoculation+ net
- ol s
1044.7+631%  12443+415% 6282465  537.3+733%" 559343200 SO T et

no inoculation+ no net

Sl Lsled o 5 (2508 Doy oty dmlie S8 g o 5 Bl o 5 A oy pots Al S5 s >

L e b (gl pme SN bl L SILSD (el palad o S 2ie Gy L a o Sbs
Capitalize letters are compared horizontally between cultivars, and small letters are compared vertically between treatment
Means with the same letters are not significantly different by the least significant difference test
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