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_ EVALUATION OF SINGLE AND MIXE

! B XED VIRUS-INOCUL ATp

44 BAMBARA GROUNDNUT LANDRACES FOR NODULATIOK D,
NITROGEN FIXATION P

AT, Salaudeen‘f, M.T. Salaudeen', L.Y. Bello' and A.O. Uzomg?
'Department gf Crop Production, Federal University of Technology, Minna r:u veri
2pepartment of Ssnl and Land.Managcmcnt, Federal University of Techn’ology I\’/Iim%: rff’ :
Corresponding author- sulaudccna111inal35@gmail.com, +23’470660’3zzlg]:i“a
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ABSTRACT

Bambara groundnut (Vigna subterranea [L.] Verdc) enriches soils by forming a symbioy;

relationship with nitrogen-fixing and Stem=nodulating:bacteria. Virus infections, however limi(:
the plant's ability to fix ni trogen..T l{é;sm@ evaluated the nodulation and nitrogen-fixing ab::Iity of
Bambara groundnut landzjc_z_céq ;(ngOI , Ve 02, Vg 03, Vg 04, and Vg 05) under single and mixed
virus infections of Blackeye: cowpea _mosaic virus (BICMV;: Potjvirus), Cowpea mild mottle
virus (CPMMV; Caﬂq?z’rdlg); BICMV+CPMMY, and CPMM V+BICM V. The experiment was

conducted under scfégﬁ'zozjse .conditions, using a completely, randomised design with three
replications. The results*showed that the lgti'rgdraces varied significantly (p<0.05) in their
nodulation and symbiotic effectiveness (SE)Theshighest number of.nodules (7 per plant) was
observed in Vg_04 f@llowekd by Vg 05 (6_pé}: plarfl)]_;gnd Vg_01 had the loWést of 5 nodules per
plant. The highest reduction in the number of nodules per plant was 54.1. %, dry weight of shoot
48.6 % and root 43.8 %;. length:of-Shoot and root reduced by43.1 % and 59.3 %, respectively in
BICMV+CPMMY, treated plants. Nitrogen-fixing effiéiency of the landraces varied from
ineffective (IE), in BICMV (SE = 29.1 %) and BICM¥+CPMMYV (SE'=32.0 %) to poorly effective
(PE) for CPMMYV (SE. =35.6 %) and CPMM V+BICMV (SE = 36.4.%) while the control treatment
was effective with d_vé'r:age,. percentage SE of 70:7 %. These results suggest the need to protect
plants from virus infections to guarantee desirable yield and food security.
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INTRODUCTION R

Bambara groundnut (Vigna .subtef;f&hed ‘(L.)‘;Ve'rdc):is an iﬁdigenous legume of Africa; cultivated
across the Sub-Saharan and Semi-Arid region of Africa, Southeast Asia in regions of Indonesia
and Thailand (Mayes et al., 2019). The crop is the third most important food legume in Africa after
groundnut and cowpea, both in consumption and land area under cultivation (Puozaa et al., 2017).
It is a hardy, drought-tolerant legume which thrives well in nutrient deficient soils largely due to
its ability to form effective root nodules with compatible soil rhizobia that convert atmospheric
nitrogen (N) to Ammonia for bacterial and plant use, thereby contributing to soil fertility

(Mbosso ef al., 2020). However, the ability of a plant to form nodules along with the subsequent
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nitro
i Cu) of fixing gen (symbiotic effectiveness, SE) could be h
am
yirus, resulting in significant yield reductions, Also, systemic viry p:red S i
| o s infection
erely 1y hamper N2 fixation and the effectiveness of the symbiosis by controllj S
rolling the plant cellylar

chhmcry for replication (Lopez ef al., 2017). Among the viruses

on the 1 fields in Nigeria Blackeye Cowpea mosaic virus (BI(,MVlnfeCtlng Bambara groundnut
mottle Virus (CPMMY) Carlavirus have emerged in the past two d()3 P(:l[ywms N
avaging the crop. The exploitation of the genetic variation in the ava(;;1 ;Is ?S SUiaNc
groundnut for multiple virus resistance with high nodulation and nit?o rce a;‘-dI:aCCS O'f.Bambara
contribute 10 the improvement ot‘ the crop and sclcctton of chtc genotyé eI; alxmg ability could
Also, the availability of sceds of C""W-lrs with a high level of multlplc v:l:us rcgs?]?St iy
in the effective mamg,cment ol' wrus dtSLaScS Hence, this study was carried out :oa;]:;:;:: ?}1:

eﬂ'ccts of single anc leCd tnf'ccttons Sl nOdu"mO" and mtro£>cn ﬁxatlon in virus-inoculated

Bambara groundnut plants Pt
MATERIALS AND METHODS F oY
Source of cxpcnmental xmtcrmls and yirus ‘tsolatcs

The five Bambant groundnut ldttdl"\Ces usad were obtamcd from the local farmers in Minna, Niger

State and the mtrogen femlxzer was obtamed from a reputdble Ag,ro-chemxcal Store in Minna. The

isolates of BICMV and CPMMV were obtamcd from the stock in-the Department of Crop

Production, Fedeml Umvemty of Technology (FUT), ana, mamtamed and multiplied on

cowpea plants (Ife Brown) tg ensure sufficient inoculum..

1_4
kS

:.’

Virus multiplication
m deep) at

ses. was donc wnth three plastlc pots (30 cm diameter and 30 ¢
he collccted virus moculum in the infected leaf tissues

ion buffer (pH 7.2) (0.1M sodium phosphate dibasic,
ene diamine tetraacetic acid and 0.001M L-
microlitre of p-mercaptoethanol was

ation, the plants were dusted with

Multiplication of the viri
the rate of two seedlings per pot. T

extracted by grinding the isolate in an extr

0.IM potassium phosphate monobasic, 0.01M ethyl
r) at the rate of | g/mL. One

dispensed into the extract just before being used. Before inocul
ilitate the entry of the virus

carborundum powder (600 mesh) to fac
a pestle to rub saj

was

act

cysteine per litre of distilled wate
into the hosts. Inoculation was

s over the upper leal surface from base to top of the

done mechanically by using
leaf and incubated at screenhouse temperatures of 23 - 32° C.

Experimental site and design
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o g ‘r. - 1t \VﬂS C() l o] ” .1

(9,517520 N, 6.44190 E and altitude 203 mas|)

collectcd from the Teaching and Research F

¢ Teaching and Research Farpy,

FUT, Mi
inna. Top loamy soj] (0-15 ¢m)
Was

ar
m, bulked together and thoroughly m
ix

Composite. A sub-sample (10 g) of the ho
mogeneous con ed to form a
posite soil wag
air-

a 2 mm diamet
hrough er sieve for physical and chemical analysis, S dried and pagseq
$18. Soil analysi

qccording to the procedures described by Okalebo ef g/, (2002). Th § was carried oyt
e set-

qulation and nitrogen fixati up for th
no lon in Bambara groundnut landrace € assessment of
s inoculated with
the virus

treatment combinations consisted of five landraces of B
of Bamb
(BchV 1nd CEMMV) in 4 vmls tredtmem comb ; mbara groundnut, two different viryses
1na lons and cont
N and without starter N) w1th each replrcated two times (5 % 5 rol, 2 Nitrogen levels (starter
expenmental bags arranged 1n a i, /e oot
Cornpletely randomised. desrgn (CRD)
gowing and seedlmg moeulatlon
total of 100 ex | ! .
Ato perlmental bags (30 cm drameter and 30 cm deep) were ﬁlled with 20 k
of soil
and labelled properly based on the treatment Seeds of the landrace. were sown in the b N
e bags at the
rate of three seedzs per bag and seedlmgs thmned to one plant per bag a week after e
mergence.
After thinning of samples 1.75° g of mtrate fertilizer Was applred to the sorl of each N start
er
treatment sample.. The seedlmgs were then mechamcally inoculated wrth respectlve virus treatment
2
at 2 and 3 weeks aﬂer emergence as presented below i) Single v1rus moculatron The landraces
were inoculated sm l
g y W1th each virus BICMV and CPMMYV; 11) ered virus inoculation: For

mixed virus treatments a set of the landraces were ﬁrst pre= moculated with one of the viruses singly

and 7 days later with the second and vrce—versa (N sa and Kareem, 2015) The plants were irrigated

daily with 500 mL and observed for symptom development
Data collection and analysis ' T—

At45 days after inoculation,
through a 40-mesh screen to remov
and the dry weight of the root and the
(Kabede ef al., 2020). Data collected were s
statistical analysis system (SAS, 2008). Symbioti

by comparing the inoculated plant with the N- fertil

Nitrogen-fixing efficiency (NF E) was classified as high
= 35-50% and ineffec

%= 50-80%), poorly effective (SE % =

the plants were carefully uprooted and rinsed under running tap water

e all traces of soil. The number of nodules per plant was counted

after drying at 70 °C for 48 hours

shoot were recorded
) using the

ubjected to analysis of variance (ANOVA
%) was calculated

ized positive control (Purcino e? al., 2000).
%), effective (SE

¢ effectiveness percentage (SE

y effective (SE %> 80
tive (SE % <35%).
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R}"SULTS

Symptomancally, all the inoculated plants exhibiteq varying degrees of foljar symptoms of both

gingle and mixed virus infections. The mixed infection had high effects on the morphological

ated plant. Significant (<0.05) lowest
dry weight of shoot (0.57 g) and root (0,09 g) were obtained in BICMV+CPMMYV treated pl

with parentage reduction of 48.6 and 43, 8, respectively (Table 1). Similarly,

indices ¢ and nodulation when compared to the single inocul

ants

the shortest shoot
(1061 cm) and root (6.15 cm) length was recorded in BICMV+CPMMYV.

The highest average number of nodules (9 per plant) was obtained in the control plant, followed
by 6.2 nodules per plant in CPMMV and the lowest of 4:13 nodules per plant in BICMV+CPMMV.,
However, the lowest nodules per plant were not srgmf' cantly dlfferent (p>0.05) from the values of
CPMMV+BICMV (4.8 per plant) and BICMV" (4:87. per plant (Table 1). Significant (p<0.05)
differences were observed among the landraces for all the morpholog1cal parameters and number
of nodules per plant Wlth Vg 05 havmg the h1ghest dry weight (0! 89 g) length of the shoot (15.25
c¢m) and root (11. 92 cm) whlle Vg_04 had the hrghest average number of nodules per plant with
the value of 6. 93 followed by 6. 13 ln Vg 05, However there were no, srgmf' cant differences
(p>0.05) among Vg 01 Vg 02 and Vg 03 with values of, 5 5 33 and S, 6 respectrvely (Table 1).
The mean Nltrogen-ﬁxmg efﬁcrency vaned from 1neffect1ve (SE< 35 %) in BICMV and
BICMV+CPMMV to poorly effectlve (SE= 35 50 %) in CPMMV and CPMMV+BICMV (Table
2). Blackeye cowpea mosazc wrus exh1b1ted consrderable deleterrous effects on symbiotic
activities of Vg_01 (26 05 ‘Vﬁ) and Vg 02 (25. 91 %) while CPMMV had a hrgher negative effect
on Vg_03 and Vg_ 04 wrth a percentage symb1otlc etfectlveness value of 22.13 % and 25.25 %,
respectively. Percentage symblotrc effectlveness for BICMV+CPMMV and CPMMV+BICMV
‘infected plants ranged from 2421 = 43 96 % and 25 10 = 46 48 %, respectively (Table 2).
However, the percentage of symbiotic effectiveness of the control plots varied from 56.42 % in
Vg 01 (Effective, SE = 50-80 %) to 91.22 in Vg_05 (Highly effective, SE>80 %).

Table 1: Growth indices and nodulation of Bambara groundnut infected with single and mixed

d Cowpea mild mottle virus (CPMMYV)
Blackeye cowpea mosaic virus (Blgrl\}/ll\\;g;ght owp T —
% Shoot %  Root % of

t -
T @ Red (& Red _(om) Red (om) Red Nods
g
Treatment s ag's 15
‘ d 389 7. . 87c
0.1lc 313 1138
BICMV 0.83b 25.2

294



0.62c 44.1 0.15b 063
cPMMY ‘ : - 16.97b  09.0 14.63 :
BIC +CPM1\1\/4IVV 8.270 486 0.0% 438  1061d 431 6.13¢ 239'; i";‘;"
| PMMV+BIC 590 468 0.04b 125 1255 327 8.82b 416  480c

| control l.1la -  0l6a - 18.64a -  15.10a - 9.00a
SEM 0.06 0.01 0.38 0.51 0.36
pLandrace
ve 01 0.76a 0.16a 13.77bc 7.82¢ 5.00b
Vg 02 0.55b 0.14ab 14.51ab 11.67a 5.33b
vg 03 0.68ab 0.13ab 13.84bc 9.73b 5.60b
Vg,04 0.79a 0.09¢c 12.79¢ 11.21a 6.93a
Vg 05 0.89a 0.12b 15.25a 11.92a 6.13ab
SEM 0.06 B0T0 ] e i), 3 8 0.51 0.36

Means followed by similar alphabet letters are not 51gn1ﬁcant1y dlfferent by Student-Newman-

Keuls (SNK) o e

v Red = Percentage reductlon'ﬂ I

Table 2: Symblotlc effectlveness of Bambara groundnut mfected w1th smgle and mixed Blackeye
wwwms “(BICMV) and Cowpea nitld.mottle virus (CPMMV)
Treatment (1 . iVg 01 Vg_ 02 Vg 03 Vg 047 Vg 05 Mean  NFE

BICMV ...112605 2591 3302, 3450 2600 29.10 IE
CPMMV | | =01 45924 FR6o1: 2213 gsRs | 4759 3556 PE
 BICMV+CPMMV - '/ 37.68 827 43.96° 607 | 2421 3204 IE
CPMMV+BICMV“'_:_;' 4516 46. 4, 280 2532 3988 3639 PE
Control 5642 68.23 I f7o 35 6744 9122 7073 E
Mean Sn w4225, 4LI6 3391 35727 4578 40.76

NFE = Nitrogen ﬁxmg efﬁcwncy, HE = Highly effectlve, E = Effective; PE = Poorly effective, IE
= Ineffective. Highly. effectwe (SE>80 %),‘ Efchtiye (YE= 50 80 %) Poorly effective (SE = 35-
50 % and Ineffective (SE<35 %) g g

DISCUSSION 25 i R

fohar symptoms of BICMV CPMMV or both viruses by all the

bara groundnut landraces was immune to the

‘The expression of typical

inoculated plants indicated that none of the Bam

disease. The low growth (weight and length of shoot and root) parameters values and the number

ated plants of this study could be attributed to the proliferation of

of nodules recorded in the inocul
f growth pathways. In support of this

particles from replicating virus (€es), resulting in alteration o

guom (2014) reported that a serles

oduced into a host plant depe

of physiological changes are

assertion, Salaudeen and Agu
nding largely on the genetic

triggered as soon as a Virus is intr
(2017) who worked on the

imilar to this result, Lopez et al.

composition of the infected plant. Sit
: nosaic Virus (SBMV) 2 attributed the greater magnitude of

plants pre-infected with Southern bean !

295



ffects on growth m
1cter10us e asses to the virus’ pre
o8 presence in the radicles. The auth
ors further

ibed this to the virus hampering the catabolism of ureides in the leaves.

Th N2 fixation by bacteroids within the nodules has great importance in agricultu
re since

guninous crop yields are highly enhanced in Rhizobium-nodulated plants grown in low nut
5oils (Mabrouk and Belhadj, 2016). The ability of a plant to form nodules along wnthnl?h]t
subsequent capacity to fix nitrogen (symbiotic effectiveness) is widely used as means of cvaluatin;
ine inherent links between rhizobia and respective hosts (Osei et al., 2018). In conformity with the

result of this study, a drastic reduction in root nodulation of virus-infected plants had been reported
by Lopez ef al. (2017). The variation i in the number of nodules among the landraces indicated that
,esponses to nodule efﬁmency dlffered from one landrace to another The high number of nodules
recorded in the control plants as Well as Vg 04 and Vg. 05 mdlcated sufﬁCJently establishment of
the Rhizobium—host relatronshlp for nodulatlon The poor to meffectweness in symbiotic activities

of all the landraces when 1noculated with etther or both viruses could be attr1buted to an alteration

in symbiotic stgnallmg molecules ;,_5. B
| = j T

CONCLUSIONi ' -; - g,

< Ky
’ b

The study conﬁrmed that all tested v1ruses reduced growth indices and nodulanon of the infected
plans. It was also found that either BICM and CPMMV or their combination decreased nitrogen
fixation with greater deleterlous effects exerted by the mixed v1ruses Though the landraces
showed different symbmtrc charactenstlcs Vg 05 had proven to be more ‘effective among the

landraces and could be explored ﬁ.lrther to determtne its potentlal for crop improvement.
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