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Experiment SUMMARY
‘pertment was conducted under sereenhouse conditions to evaluate the [ffec
Bh’ff.‘ff{‘l.'e COMDEea mosaice vi \ .. alc ¢ cltect of
Sl o l{ osaic virus (BICMYV) infected seeds on the growth and seed cight of
wdon Z:-bl”} can llpes. Sceds harvested from ten soybcean lines infected withp! BICMYV
fom "l_“"“"d using Completely Randomised Design with five replications. Seeds
i o med healthy soybean plants were used as control. Disease incidence, disease
everity, growth and seed weight per plant were recorded and infection was confirmed

Datawere subjected to Analysis of Variance at p=0.05. At 4 weeks after sowing (WAS),

using Antigen Coated Plate-Enzyme-Linked Immunosorbent Assay (ACI}ELISA).

100 % disease incidence was observed among the BICMYV infected plants. TGX 1990 -
46F showed the lowest height reduction (4.8 %). Reduction in number of branches (22.2
%) and seed weight (86.7 %) was mildest in TGX 1951 - 3F. Based on most of the
parameters evaluated, TGX 1951 - 3F and TGX 1990 - 46F were the least nlj
seed-transmitted BICMYV — host plant pathosystem. These lines are candidates for
further research in the effort to achieve sustainable strategy for reducing virys spread

and improving soybean productivity in BICMYV endemic areas..

Keywords: BICMV; disease severity; disease incidence; resistant genes; soybean

SOYBEAN (Glycine max L. Merr.) 1s an
important crop in the tropical and

[ected In

and cosmetics (9). It is an important

companion crop in traditional

farming

subtropical regions of the world (7). systems because of its ability (o fix
Hitherto, its production was concentrated in atmospheric nitrogen into the soil (1).
the savanna E1gl‘D-ECO!0gy of the country but ]nspite of its numerous uses, sgybean

more States (Benue, Kaduna, Kogi, Kwara,
Oyo. Ondo, Adamawa, Taraba and Plateau)

production is limited by several abiotic and

biotic Mactors. These factors indiv{dual

y or

are now involved in large scale production in combination directly reduce|soybean
(2). Sovbean is an excellent source of food seed yiclds. Such factors |include
for human consumption and contributes unpredictable weather, insect pept attack,

substantially to the development .of
livestock industry. Soybean sced contains

34 1o 36 % protein and is rich in vitamins
riboflavin,

diseases, weed infestations and

variable

soil quality. Legume productivity s

constrained by several viruses
Blackeye cowpea mosaic virus (

neluding
BICMYV)

such as thiamine, niacin, | BIEKIY)
vitamin E and vitamin K, for normal I?qdy (14). BICMV, K potywrus,H as oy~
grow!h and development (3). In addltlpn ubsm":.fcd in Florida, U,S‘A(G),' iweﬂx; t,hc
soybcan has tremendous indugtrlﬂl has since spread to other ge,ﬁto I[?c:a| b
apbiiu;xtium such as plmrmaceuncalS, world. !I1e virus |nduce§ oth  ible
systemic symptoms If susicep

manulacture of oil, vanishes, printing Inks

f

[
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ﬁumtvpcs but symptoms and susceptibility Source of Seeds T
cpend on the cultivar and the VIrus strain S I
v | ; oybean (TGX 195] -
BICMV g mostly transmitted non- TGX 1990 - S7F TGBXF:’;‘.F{}?)? 19]9[9‘4“’
; - . TG X

persistently by aphids. It is also seed-borne 2007 - 1F, TGX 2007 - 3

and  sced-transmitted. ¢ IS also readily TGX 2009 - 9F, TGX 2 i A

l’i‘- |F and TGX

2{:‘11‘1';:11'135}1):1:.bysapmoFuIation_ 2013 - IF) seeds haryested from th
}‘m'l};ﬂh:;:*:‘ j:i;’llcfrj_ﬁcrib'ed as the most  BICMV infected and cpnfirmed health;
than 90 % {[[ﬁdl” A l;e material and more plants were obtained frofn the stock In the
e Y ood cro;)s In the world are Depal't111ent of Crop Prpduction, Federal
CUllniTieq i”i{s?_: ‘(L)'. In' developing University of Technol gY, Minni. The
uw“[.ly !:U]v Onu ma:{ IF\Ilgerla, farn}ers seeds were stored for six months in paper
h:u-mét l},} : see s. rom the previous bags at room temperature before the
Arvest crop establishment at the experiment.
begmning of the new season. Studies have Treatments, Experimental Desion and
Sl.lmwlhutsecd-borne and seed transmitted Sowing i = A
o vgeneion (. B ey IR oy X 1951
arc difficult to contr:ol because inf tod ! R 2007~ B, T 00 T
1fected 2005 - 1F, TGX 2007 - 1|F, TGX 2007 - 3F,

sceds serve as means of long distance TGX2009-1F, TGX 2009 -9F, TGX 2012 -
transmission and may initiate disease IF and TGX 2013 - 1F) constituted the

cpidemics. Seed companies may suffer treatments. T'he experiment was arranged in
huge financial losses and their germplasm Completely Randomisgd Design (CRD)
mayv be outrightly rejected at the with five replications. Five seeds of each
International markets. Effective soybean lines were sown in plastic pots (30
management ot seed-transmitted viruses cm in diameter and 30 ¢cm high). Seedlings
partlv depends on cultivation of virus-free were thinned to three pglants per pot after
seeds. The objective of this study was to emergence and the planfs were maintained
evaluate the effect of BICMV-infected under screenhouse conditions (32 — 40 °C).
sceds on the growth and seed weight of Seeds from confirmed healthy soybean
sclected soybean lines. plants were used as contyol.
Data Collection and Vijrus Detection

VIATIERIALS AND METHODS Plants were assessed al 2, 3 and 4 weeks
Study Location after sowing (WAS) fo| disease incidence
The -exljcriment was carried out under and severity. BICMYV severity was rated on
ccrecnhouse conditions (temperature: 36 — a scale of | to S as degcribed by Arif and
40 "C: relative humidity: 55 %) at the ~ Hassan (5). On the scale: | = abseqce of
Teaching and Research  Farm, Federal foliar symptoms; 2 = slight leaf mosaic; 3 =
University of Technology (FUT), Minna moderate leaf mosaic; 4 = severe leaf, leaf
(0"51'N_ ' 44'E and 212 m above sea level), distortion and stunting; 5 = i lleﬂf_
Niocr State Nigeria. Minna is located 1n mosaic with mark?c sthinting :':tnd deat od
(he Southern Guinea Savanna with annual plants. Plant height, leaf diameter, ane
mean rammfall of 1200 mm. The rainfall 1s number of branCW:j per plant wer

- - : | WAS while seed
distributed between April and early determined at 2, 3, | \ karystt. Al
October with peak around September. The_ weight per plant was aken |P|lected ﬂ:om
relative humidity is between 40 and 80 %. harvest, leaves were €O
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infected and control plants and subjected to
Antigen Coated Plate-Enzyme-Linked
Immunosorbent Assay (ACP-ELISA) to
confirm infection (8). The leaves were
ground (1:10; w/v) in coating buffer at pH
7.4 using mortars and pestles. One hundred
microlitres of the leaf extract from each
soybean line was tested in duplicate wells
ol the microtitre plate. Extracts of leaves
from BICMV infected soybean and healthy
soybean plants were used as positive and
negative control, respectively, Absorbance
values were aceepted to be positive when
the mean of the duplicate wells exceeded
two times the negative control.

Statistical Analysis

Data on prowth and yield characters were
subjected to Analysis of Variance
(ANOVA) and where significant (p<<
0.05), means were separated using the
Least Significant Difference (LSD).
Statistical analysis was carried out using
Statistical Analysis System (11).

RESULTS
Symptom of BICMYV disease was sighted
on the plants of virus infected seeds at 12
days alter sowing. However, the leaves of
the plants from healthy soybean seeds were
apparcently healthy, At2 and 3 WAS, 100 %
diseasc mmcidence was observed except in
1TGX 2012 - 1T, TGX 1951 - 3F and TGX
2005 - IF where disease incidence
averaged 80, 85 and 87.5 %, i'?specl'ive!y
(lable 1). However, the differences in
disease incidence among the infected
plants were not significant (p>0.0§). At
4WAS alter sowing, 100 % discase
incidence occurred regardless of the
soybean line. The infected suyl_aeﬂn plants
responded differently to infection but the
differences 1in severity scores were not
significant throughout the period of
Diccase severity generally
low (score = 2) and

assessment.
varicd between

——

e
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moderate (score = 3) level at 2 WAS
the infected plants (Table ). Th

among
plan e same
trend was maintained at 3 WAS lexcept in
diseased TGX 2007 - 3F which e hibited a

mean severity score of 4, At 4 , disease
severity ranged from 3 to 4, with TGX 2007
- 3F exhibiting the highest sevetity value.
All the leaves of infected plapts tested
positive for BICMV whereas e healthy
plants showed negative reaction (Table 2).
Virus concentration in infected leaves
varied from 0.25 to 1.2. The lgwest titre
(0.25) was found in TGX 1951|- 3F and
TGX 1990 - 46F while TGX 2007 - 3F
contained the highest (1.2).
Control plants were generally taller than the
BICMV infected plants and at 2 WAS the
difference was significant (p<0.05) in TGX
1990 -57FF, TGX 2007 - IFand T(GX 2013 -
F (Fig. 1). TGX 2012 - 1T exBibited the
lowest height reduction (6.3 %)| followed
by TGX 1951 - 3F (9.7 %). Height
reduction was also relatively low in TGX
1990 - 461 (10.7 %) and TGXZOELO - 1F (15
%) whereas the infected plantg of TGX
2013 - IF suffered the highest height
reduction . (78.3 %). At 3WAS, height
differcnce between infected anld healthy
plants became more ¢vident in 6f) % of the
soybean lines, The lowest height] reduction
was found in TGX 2007 - 3F |(12.5 %),
followed by 13.5 % reduction opserved in
infected plants of TGX 1990 - $6F. TGX
2013 - ITI' exhibited the highgst height
reduction (77 %) while a range jof 17.4 to
08.3 % was observed in the remaining
genotypes. At4 WAS, however, the infected
plants of TGX 1990 - 46 sljowed the
lowest height reduction (4.8 ‘Vi), ulusr_.:ly
ollowed by TGX 1951 - 31I° which
exhibited 5.8 % height reductiop. In TGX
2012 - IF, 13.7 % height redyction was
found. As observed in the previgus wcf}kﬂs
TGX 2013 - I T suffered the higlest Ilplgllt
reduction (75.6 %) while the jremaining
R =

——
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genotypes exhibited a range of 15.6 to 53.8
0.

At 2 WAS, leaf diameter of infected plants
was comparable to control plants in TGX
951 - 31, TGX 2007 - 3F and TGX2009 -
" (Fig. 2). There was no reduction in leaf
diameter of TGX2009 - IF while 16.7 %
reduction was found in TGX 2007 - 3F.
Leat diameter reductions among the
remaining soybean lines varied between
423 and 81.8 %, with the highest value

Table I:  Disease incidence and severity

ACKEYE COwW

I:I-f.t MOSAIC VIRLS INSOYBEAN

obtained in TGX 2007

TGX2009 - |F showed tlie

leaf diameter reduction

soybean lines, leaf diam
3010 78.4 %, with TGX 2
most adversely affected.

IF. At 3WAS,
lowest 17.6 9,
n the remaining
er decreased by
)09 - 9F being the
Again, there was

no reduction in leaf diamefer of 1'G X2009 -
IF at 4WAS. A range ¢f 292 1o 76 %
reductions was found ih the remaining

soybean lines, with TGX

the most vulnerable.

from Blackeye mosaic virus

sceds at different weeks after sowing (WAS) in a screenhouse

2013 - IF being

infected soybean

Disease incidence (%)

Soybean |ine 2 WAS 3 WAS 4 WAS
1GX 195) -3F 85.0 85.0 100.0
1TGX 1990 - 46F 100.0 100.0 100.0
1TGX 1990 - 57F 100.0 100.0 100.0
16X 2005 - IF 87.5 87.5 100.0
1GX 2007 - IF 100.0 100.0 100.0
GX 2007 - 3F 100.0 100.0 00.0
1'GX2009 - |F 85.0 85.0 100.0
'GX 2000 - 9F 100.0 100.0 100.0
1TGX 2012 -1F 80.0 80.0 100.0
1GX 2013 -1F 100.0 100.0 100.0
SEM 10.0 7.8 4.7

Disease severify

2WAS 3 WAS |4 WAS
2.0 3.0 3.0
2.0 3.0 3.0
2.5 3.0 3.0
3.0 3.0 3.0
3.8 2.5 3.0
3.0 4.0 4.0
2.0 2.0 3.0
3.0 3.0 3.5
2.5 2.5 3.5
3.0 3.0 3.0
0.5 0.9 0.6

Table 2. Virus concentrations from the leaves of Bluckeye mosaic virus infected and healthy

(control) soybean seeds based on Enzyme-Linked Immunosorbent

ssay (ELISA)

Absorbance (405.m)

Absorbance (405,m)

Soybean line Infected Remark Control Remark
1'GX 1951 - 3F 0.25 + 0.10 -
GX 1990 - 46F 0.25 + 0.11 -
1'GX 1990 - 57F 0.41 ++ 0.12 -
I'GX 2005 - |F 0.42 ++ 0.11 -
'GX 2007 - |F 0.39 ++ 0.10 -
1'GX 2007 - 3F .20 +++ 0.11 -
'GX2009 - |F 041 ++ 0.11 -
'GX 2009 - 9F 0.90 +++ 0.11 -
1IGX 2012 -1F 0.80 +4-4- 0.10 -
'IGX 2013 - IF 041 = 0.10 -
Positive control .40
Negative control 0. 12

__—____—__—_________J_____..

- negative; + = positive (absorbance of the negative control x 2), ++ = pOSIU‘J
v |

negative control x 3); +4+ = positive (absorbance of the negative control x 4 a

e ——

- —

e (absorbance of the
d above)
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Fig. 1: Plant height from Blackeye mosaic viruy infected and healthy (contrpl)
swhm N sceds at different weeks after sowing (WAS) in a screenhouse *Significant at

P=<0.05; **Significant at p<0.01
The effect of BICMV on number of
branches was not as dramatic as in other
paranieters. At 2 and 3 WAS, the difference
in number of branches per plant between
Infected and non-infected plants was
significantonly in TGX 2007 - I F and TGX

2005 - 11" as shown in Fig. 3. A similar
resull was obtained in these two soybean
lines aswell asin TGX 1990 - 57F and TGX
2012 - 1T ot 4WAS. At2 WAS, there was no
rcduction in the number of branches of
1TGX 1951 - 3F, TGX 2007 - 3F and
TGA2009 - TF. In the remaining soybean
lines, branches were reduced by 20 to 80 %,
with TGX 2013 = | exhibiting the highest.
At 3WAS, reduction in number of branches
was clatively low mTGX 1990 -46F (14.3
%), TGX 1951 -3F (16.7 %) and TGX2009
- 11 (20%). In the remaining soybean lines,
branches were reduced by 33.3 to 83.3 ":Vu
and the hiphest reduction was found in
TGX 2013 - |IF. At 4 WAS, the lowest
rcduction in number of branches was found
in TGX 1951 - 3F (22.2 %) whereas TGX
2013 - 117 was the most vulnerable (75 %).
Number ol branches decreased by 25 % in
TGX 1990 - 46F and TGX 2005 - 1F while

TGX2009 - IF suffered 28.6 %
In the remaining soybean Ilnej
high reductions (37.5 to 54.
encountered.

Seed weight was sngnlﬁtantly reduced by
BICMV infection in all the soybean lines
(Fig. 4). Reductions in seed we ight varied
between 86.7 and 94.5 9 w1 h the two

extreme values encountered in TGX 195] -
3FandTGX 2013 - IF, respectively.

reduction.
relatively
%) were

DISCUSSION
The data on disease incidende revealed
similar genetic  background among the
evaluated soybean lines. Although not all
the plants from infected seelds clicited
symptoms of BICMV at 2 and B WAS, the
fact that complete infection wag found at 4
WAS indicated that the virus could survive
in the seed of infected soybean plant for up
to six months after harvest. Suryival in the
seed of infected plants is therefore, an
effective medium for BICMV trunm'nissut}n
which may result in disease epldt::mlc.
There is no doubt that viruses C’JIH be found
in dilferent parts of the sedd as
embryo, endosperm and even ¢n the seed

such
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coat. However, most ransmission occurs
when the embryo jg infected. Transmission
of BICMV by infected seeds corroborated
the findings of Udayashankar eral. (15) in
an —Cxperiment involving CoOwpea seeds
Infected with BICMV. Complete infection
Was nol detected in TGX 2012 - IF, TGX
1951 - 31 and TGX 2005 - |F at the early
growth sfape. probably becayse they
contamned resistant gene(s). However, the
fuct that a1l the plants showed Symptoms of
Infection afterward implied that there was
no inhibition to virys survival in the seeds
ol infeeted plants. The differences in the
reactions of evaluated soybean lines
revealed their penetic variation. Disease
Severity was consistently high in TGX 2007
- 3F probably because of jts susceptibility to
the virus. It could be argued that virus
concentration was highest in the leaves of
infected plants of TGX 2007 - 3F due to the
highest diseases severity. This implied a
positive corrclation  between symptom
scoring and serological test.

Virus-infected plants were generally
shorter than the healthy plants due to the
deleterious impact of the virus. Studies
have shown that viruses are capable of
reducing metabolic "activity in infected
plant which in turn exerts negative effect on
its growth and development (17). St?me
infected planis elicited severe height
rcductions, indicating that genetic
background of the evaluated plau:tts p_layed a
significant role m the level of resistance
observed among the soybean lines. The
same reason possibly accounted for the
variation obscrved in leaf diameter. The
observed growth _
consequences ol poor physiological and
photosynthetic activities induced b?/ vIrus
particles These results agreed with the
findings ol Ryslava er al. (10). In some
crowth characters were
| owing to low virus

“HL‘S.

soybean
reduced

mildly

reductions were -

molile virys (BMoV) was required in the
embryo of blackgram seed forgge 1
seedling to become Systemically infected
Although BMoV s Not a potyvirus, it is
possible to €ncounter similar
phenomenon with BICMV In sqybean seed.
Since most of the Infected plants produced
number of branches similar to the healthy
plants, it revealed that this character was
not adversely affected in seed{transmitted
BICMV disease.
Reduction in seed weight | was  high
irrespective of the soybean line pwing to the
aggregate effects of reductions in plant
height, leaf diameter and humber of
branches. Therefore, the fitness and
productivity of virus-infected plants was
lower than the healthy plants due to
physiological stress with low
photosynthetic rate of the s mptomatic
leaves (13).

CONCLUSION AN
RECOMMENDATION
Based on most of the parameter evaluated,
TGX 1951 - 3F and TGX 1990 |- 46F were
the least affected in seed-fransmitted
BICMV — host plant pathosysF:m. These

lines are candidates for further fresearch in
the effort to acldeve sustainable trategy for
reducing virus spread and improving
soybean productivity in BICM)V endemic
areas.
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ABSTRACT

Striga infestation and Maize streak virus (MS V)
sub-Saharan Africa. Adoption of resistant maiz

Yield characters. The data were subjected

disease constitute serious limitations to maize productivity in

e varieties remains the most effective and sustainable control
measure against both biotic stresses. Thirteen maize genotypes with

were evaluated against MSV infection in Minna, Nigeria during
planted in July 2017 and seedlings were observed for MSV disease

differential Striga resistance background
the 2017 wet season. Maize seeds were
incidence, disease severity, growth and

1o cluster and analysis of variance. The lowest (20 %) incidence of

MSV disease was found in “9022-13”. The genolypes “(2*TZECOMP3DT/White DTSTRSYN) C2”,

“WTZEOMPC7/TZECOMP3DTC 2) C2” and

“9022-13" exhibited the lowest disease severity (symptom score

= 2.0). Cob (92.3 g) and prain (70.7 g) weights per plant were highest in “SAMMAZ-15". The Striga-tolerant

maize genotype “SAMMAZ 15" was the best Jor

“(TZEOMPC7/TZECOMP3DTC2) C2”

cob and grain weight under MSV infection and
was identified as the most genetically related to “SAMMAZ 15,

Therefore, hoth genotypes are recommended Jor cultivation in areas that are prone to Striga and MSV

disease.

Key words: cob weight. disease incidence., grain weight, maize streak virus, symptom scvcrity

INTRODUCTION

Maize (Zea mays 1..) is a staple food for millions of
pcople in sub-Saharan Africa. It is also processed
into various forms for domestic and industrial
purposcs (Gwirtz and Garcia-Casal, 2014). Maize
Is commonly intercropped with legume crops such
as cowpca, groundnut and soyabcan (Alabi and
Csobhawan, 2006) for various purposcs, including
control of inscct pests and discases. It is belicved to
have originated in Central America, particularly in
Mcxico (Matsuoka. 2005) from its wild relative
tecosinte (Zea mays 1. subsp. parviglumis). The
crop was probably introduced to West Africa in the
16" century from Arab countrics or from West
Indics and Central and South America to.the Gold
Coast (now Ghana) through Sao Tome. It thrives
well in all the agro-ccological zones of Nigcria but
cultivation is highly concentrated in the Savanna
belt. Globally, the United States of America is the
largest producer of maize, with morc than 50 % of
the total production (FAO, 2016). In 2016. maize

production in Nigeria was about 10.4 million
tonnes (FAO, 2016). This cstimate comes mainly
from the resource-poor smallholder farmers. It has
been predicted that the global demand for maize in
2020 would incrcase to 852 million Metric tonnes
(MT) compared with 760 million MT for wheat
and 503 million MT for ricc (Jamcs, 2003),
indicating that maize productivity must risc
appreciably beyond the present 1 tvha in most
African countrics. Maize productivity is low in
developing  countrics because  production is  al
subsistence level. In addition, witch weed (Srriga
hermontheca) infestation causes severe yicl‘d losses
(Badu-Apraku er al., 2008). Scveral strategics have
been proposed for ameliorating the Striga menace
with the goal of reducing yicld losscs below
cconomic threshold. These include |.ncrc;15‘cd
nitrogen fertilizer application. interplanting with
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legumes such as cowpea, groundnut, and
Aeschnomenes histrix. However, cultivation of
resistant varieties remains the most effective
strategy. Maize streak virus has been observed in
Nigeria since 1970s as a serious setback to maize
productivity. Its outbreak is capable of causing 100
% yield loss in susceptible varieties (Caravina,
2014). Maize streak virus belongs to the genus
Mastrevirus  of the family Geminiviridae.
Susceptible plants exhibit whitish or yellowish
short broken streaks along the leaf veins. The virus
IS transmitted persistently by the leafthoppers
(Cicadulina spp) (Olaoye, 2009). Leafhoppers can
acquire the virus within a short period of feeding
on infected plants. Of the 22 known leafhoppers,
only eight species are efficient transmitters of
MSV: Cicadulina arachidis China, C bipunctata
Melichar, C. ghaurii Dabrowski, C. latens Fennah,
C. mbila Naudé, C. parazeae Ghauri, C. similis
China, and C. storeyi China (= C. triangula
Ruppel) (Fajemisin, 2001). In a study, Alegbejo
and Banwo (2005) reported a positive correlation
between leafhopper population and MSV disease
incidence in Nigeria. In northern Nigeria,
leafhopper population is usually high towards the
end of rainfall, between September and October.
Adoption of resistant cultivars is the most effective
strategy against MSV disease. Therefore, efforts
are continually geared towards identification of
sources of resistant genes. Maize varieties that are
tolerant to Striga infestation are available in the
country, just as the MSV-resistant varieties.
However, there is scarcity of information on the
varieties that combine both attributes. Identification
of Striga and MSV-tolerant maize varieties would
serve as an insurance against total crop loss and a
reliable strategy for encouraging food security.
Therefore, this study was conducted to identify
high-yielding Striga-tolerant maize genotypes
under MSV disease pressure.

MATERIALS AND METHODS

Description of the Study Site

The experiment was conducted at the Teaching and
Research Farm, Federal University of Technology,
Minna. It is located at latitude 9° SI'N and
longitude 6° 44'E, and is 212 metres above sea
level. Minna is situated in the Southern Guinea
agro-ecology of Nigeria with distinct rainy and dry
seasons. The rainy season normally spans between
April and October. The relative humidity of Minna
ranges from 40 to 80 %. The site has been used for
the cultivation of maize, guinea corn millet,
cowpea, soyabean and groundnut in the last five
years.

Land Preparation and Planting Material

The site was cleared of plant debris, ploughed and
ridged on 14" July, 2017. Ridges were 5 m long,
and maize seeds were sown at inter- and intra-row

spacing of 75 cm x 50 cm, respectively. Thirteen
Striga-tolerant maize genotypes  were  obtained
from the Maize Breeding Unit. International
[nstitute of Tropical Agriculture (1ITA), Ibadan,
Nigeria. They  were “((TZL COMLI1-W
C6*2/(White DT STR Syn))- DT CI”,
“(2*TZECOMP3DT/White DTSTRSYN) 2,
“(TZEOMPC?KTZECOMP3DTC2) C2”, “8338-1
(Striga susceptible  hybrid)”, “9022-13 (Striga
resistant hybrid)”, “DTSTR-W-SYN11”, “DTSTR-
W-SYNI2”, “DTSTR-W SYNI3”, “DTSTR-W-
SYNI14”, “DTSTR-W-SYNI15”, “SAMMAZ-1 5",
"SAMMAZ-16", “TZB-R (Striga susceptible) .

Experimental Design and Agronomic Practices
The treatments consisted of the 13 Striga-tolerant
maize varieties listed above. The treatments were
laid out using randomised complete block design
(RCBD) with three replications. Three maize seeds
were sown in their respective plots on 15" July,
2017 and the seedlings were thinned to one plant
per stand at 1 week after sowing (WAS). Manual
weeding was carried out at 3 and 6 WAS.

Data Collection

Incidence of MSV disease was determined at 6 and
8 WAS, based on percentage of the total plants
eliciting foliar streaking symptom. A 5-point scale
was used for assessing the disease severity
(Salaudeen, 2012) as follows :1 = no foliar
symptoms; 2 = very few streaks on 11 — 25 % of
leaf surface; 3 = moderate streaking of 26 — 50 %
on leaf surface; 4 = severe streaking on 51 — 75 %
of leaf surface; 5 = very severe streaking on >75 %
of leaf surface. The growth (plant height and
number of leaves per plant) and yield (number of
days to tasselling, number of days to silking, ear
height, number of cobs per plant, cob weight per
plant, and grain weight per plant) parameters were
also recorded.

Statistical Analysis

The data collected were subjected to analysis of

variance using PROC GLM option of the Statistical
Analysis System (SAS, 2008) and significance was
determined at 5 % probability level. The treatment

means were separated using the Student-Newman-

Keuls (SNK) test. The growth and yield data were

further subjected to cluster analysis, using the

average linkage method (Everitt et al., 2011).

RESULTS

Incidence and severity of MSV infection |

At 6 WAS, none of the plants of the maize
genotypes (2*TZECOMP3DT/WhiteDTSTRSYN)
C2”. “(TZEOMPC7/TZECOMP3IDTC2) C2,
“DTSTR-W-SYNII" and “DTSTR-W-SY!‘JI'?.”
was infected by the virus. In I;hﬂ rcnlaln{ng
enotypes, MSV disease incidence varie
Eignif{{:l:;ntly (p<0.05) between 20 and 60 % (Table
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1). Similarly, disease incidence ranged from 20 —
60 % at 8 WAS. The highest disease incidence was
found in “((TZL COMLI|-W C6*2/(White DT STR
Syn))- DT C1" and “DTSTR-W SYNI13", whereas
“9022-13" exhibited the lowest (20 %) incidence of
MSV diseasc. White short strcaks were observed
on the leaves of MSV infected plants but at varying
levels of severity. The plants of
“(2*TZECOMP3IDT/White DTSTRSYN) (2~
“(TZEOMPC7/TZECOMP3DTC2) C2". “DTSTR.
W SYNII™ and “DTSTR-W SYN[2" had
Symptom severity scorec of |  whereas five
genotypes (8338-1, DTSTR-W-SYNI S5,
SAMMAZ-15,  SAMMAZ-16 and TZB-R)
exhibited a symptom rating of 2 at 6 WAS. In the
maize genotypes “((TZL. COML]-W C6*2/(White
D.T STR Syn))- DT CI™ and "DTSTR-W-SYNI14",
disease severity of 2.7 and 3.7 was observed,
respectively. The highest symptom score of 4 was
found in “9022-13" and “DTSTR-W SYNI3”. At 8
WAS, all the asymptomatic plants elicited lypical
symptoms of MSV discasc. Discase scverity ratings
varied between 2 and 3 but the differences were not
significant (p>0.05). Discasc scverity decreased in
the plants of “9022-13" and“DTSTR-W SYNI3"
from 4 to 2 and 3, respectively. In addition to

“0022-13", the gcnotypes
2*TZECOMP3DT/White DTSTRSYN) C2” and

“(TZEOMPC7/TZECOMP3DTC2) :C2" exhibited
the lowest diseasc severity (symptom score = 2).
Similarly, the maize g¢enotypes “DTSTR-W-
SYNII" and “DTSTR-W-SYNI5" had same
disease severity rating (symptom score =2.3). In
“((TZL COMLI-W C6*2/(White DT STR Syn))-
DT CI™, “8338-1", “DTSTR-W-SYNI12" and

“TZB-R"™ a symptom score of 2.7 was found while

the remaining pgenotypes exhibited an average
symptom rating of 3.

Effect of MSV on Plants’ Growth and Yield
Attributes

At 6 WAS, there were no significant (p>0.05)
height differences among the genotypes (Table 2).
Despite this observation, the MSV infected plants
of “SAMMAZ-15" (103.8 cm) were the tallest,

followed by “(2*TZECOMP3DT/White
DTSTRSYN) i (101.7 cm),

“(TZEOMPC7/TZECOMP3DTC2) C2" (100.5
cm), and “TZB-R"” (100.3 cm). Conversely, the
infected plants of “9022-13" (78 cm) were the
shortest. The hcight of other genotypes varied
between 79.3 and 94.7 cm. At 8 WAS significant
(p<0.05) height differences were found among the
genotypes (Table 2). The plants of “TZB-R™ (136.]
cm) were the tallest but its mean height was not
significantly (p>0.05) diffcrent from those of
“SAMMAZ-15" (133.7 cm),
“TZEOMPCT7/TZECOMP3DTC2) C2” (131.4 cm),
“(2*TZECOMP3DT/White DTSTRSYN) C2"
(130.6 cm), “((TZL COMLI-W C6*2/(Whitc DT
STR Syn))- DT CI™ (121.3 cm), “8338-1" (119.6
cm) and “DTSTR-W-SYNI5" (119.5 cm).
Although the shortest plants were obscrved in
“DTSTR-W-SYNI2" (1044 cm), the value
obtained was statistically similar to those of
“DTSTR-W-SYNII" (114.0 cm), “SAMMAZ-16"
(1129 cm), “9022-13" (111.3 cm), “DTSTR-W-
SYNI4" (108.7 cm) and “DTSTR-W SYNI3"
(104.8 cm).

Table 1: Incidence and severity ratings ol the maize plants infected with AMaize streak virus discase in Minna. Northern

Nigeria

Disease incidence (%)

Disensc sevenity

Gcenotype 6 WAS
((TZL COMLI-W C6*2/(White DT STR Syn)-DTC1 2674115

(2*TZECOMP3IDT/White DTSTRSYNYC2 00"
(TZEOMPCT/TZECOMPIDTC2) (2 ‘ 0+0¢
8338-1 46.7£236™
9022-13 20.0.040
DTSTR-W-SYNI | 0+0°
DTSTR-W-SYNI2 0+0°
DTSTR-W-SYNI3 60.0+0 *
DTSTR-W-SYNI4 26.7+£115¢
DTSTR-W-SYNIS : 20.0+0
SAMMAZ-15 20.0£0
SAMMAZ-16 26.7£11.5°
TZB-R 20.0+0°
+SEM 4.7

8 WAS 6 WAS R WAS
60+0" 27406  2.7+#06°
46.7£11.5™ 1.0£0 ¢ 2.0+0"
40L0™ .00 ¢ 2.040"
40£11.5™ 2.0+0™ 2.7+0.6"
200 4.0+0" 2.040"
40+£0™ 1.040 © 2.320.6"
26.7£11.5" 1.040 © 2.7+0.6"
60.0+0" 4.0+0" 3.00°

26.7£11.5" 37412 30177

26.7+11.5" 2.0+0™ 2.3+0.6°

26.7+11.5" 2.0+0™ 3.0:0"

33.3+11.5™ 2.0+0™ 3.0:0"

33.3£11.5™ 2.0£0"™ 2.740.6"
6 0.2 0.3

- —— K culs test
Means with similar superscript Ietter (s) within the eolumn do not difer significantly (p>0.05) hased on Student-Newman Ko

(T BT R R S—— e —

Scanned by TabScahﬁer



Growth and Yield of Striga-Tolerant Maize Genotypes Under Maize Streak Virus Infection

GENOTYPE

((TZL COML 1-W C6° 2/(Whila DT STR Syn))-DT C1
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Figure 1: Dendogram of the relationship for growth and yield characters of the maize genotypes inlecied with Maize streak virus E Eﬂ
diffcrences in number of days to tasseling among 44

= .L.;i

Table 2: Growih parameters of the maize plants infected with Maize streak virus discase in Minna, Northern Nigeria o

Number ol leaves per plant Number
Plant height (cm) ol days 1o
Gcenolype 6 WAS 8 WAS 6 WAS 8 WAS tasseling
((TZL COMLI1-W C6*2/(White DT STR Syn))-DT CI 86.6:113° 121.3+44%*  8206™ 10£0.7" 6044.0"
(2*TZECOMP3DT/WhiteDTSTRSYN) C2 101.7+4.6" 130.6£8.3%  940.6" 10£1.0" 5843.2°
(TZEOMPCT/TZECOMP3DTC2) C2 . 100.5%6.6° 131.4£162™ 940° 10:£0.6" 59+3.2"
8338-1 91.2£9.4° 119.6£7.8° 7406 9+0.6" 62+1.0"
9022-13 78.0£15.8° 111.327.5" 740.6° 9+0.6° 62+1.0"
DTSTR-W-SYNI | 89.3+14.1° 114.0£15.1° 806" 910 ° 63+3.2*
DTSTR-W-SYNI2 84.6+5.8° 104 445.7° 740.6" 9+0.6" 630"
DTSTR-W-SYNI13 81.8£16.6" 104.8£13.9°  Bx1.0™ 9+].0° 61%1.5°
DTSTR-W-SYNI4 79.3£10.47 108.7+4.2" 94f.2° 1040.6" 62+].2°
DTSTR-W-SYNIS 94.7+10.8" 119.5£10.8” 920.6* |0E1.0° 60x).5"
SAMMAZ-15 103.8+1.2* 133.746.6"™ 806" 1(H:0.6" 61£1.0°
SAMMAZ-16 89.3+9.8* 1129£12.1% Re0.6™ 10£0.6* 58+£59"
TZB-R 100.3£12.6" 136.1£13.9*  B10.6™ 910.6" 60£2.9*
03

+SEM 6.2 59 0. 1.6

Mcans with similar superscript letter (s) within the column do not differ significantly (p>0.03) based on Student-Newman-Keuls test

Significant (p < 0.05) differcnces were also found
for number of leaves per plant (Table 2). A range
of 7 (8338-1, 9022-13 and DTSTR-W-SYNI12) to 9
((2*TZECOMP3DT/White  DTSTRSYN)  C2,
TZEOMPC7/TZECOMP3DTC2) C2, DTSTR-W-
SYNI4 and DTSTR-W-SYNI5] leaves per plant
was observed at 6 WAS. The remaining. genotypes
produccd an average of 8 leaves per plant. At 8
WAS. #tieiber of leaves varied but not significantly
(p > (PIX) between 9 and 10 per plant. The lowest
number of Icaves per plant was found in “8338-
1”922 lg” “DTSTR-W- SYNII", “DTSTR-W-
SYM!27 “DTSTR-W SYNI3” and “TZB-R”. The

otlici vvnotypes produced an average of 10 leaves
per plant. There were no signilicant (p>0.05)

the maize gcnotypes (Table 2). In spite of this,
tasscl formation was carliest in “SAMMAZ-16"
and “(2*TZECOMP3DT/White DTSTRSYN) C2"
(58 days afier sowing) while lasseling was
observed at 63 days after sowing (DAS) in
“DTSTR-W- SYNII” and “DTSTR-W - SYNI2"
(Table 3). In the remaining genotypes tasseling was
observed between 60 and 62 DAS. As reported for
days to tasseling, there were no signilicant (p>0.05)
differences in number of days to-silking among the
maize genotypes but values ranged between 63
(DTSTR-W-SYN1S) and 70 (8338-1, DTSTR-W-
SYNII, DFSTR-W SYNI3) DAS. Lar hcight was
significantly (p < 0.05) highest in “TZB-R” (86.5
cm), wherecas the dilferences in car hcight among
the other genotypes (51.3 — 69.1 cm) werc not
significant (p>0.05) (Table 3). There were no
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significant (p > 0.05) differences in number of cobs

per plant among the genotypes. Apart from
“(TZEOMPC7/TZECOMP3DTC2) C2”. “DTSTR-

W SYNI13”, “DTSTR-W-SYN15” and
“SAMMAZ-15" which produced two cobs other
genotypes had one cob per plant.  The evaluated
genotypes exhibited significant (p < 0.05) variation
in cob weight per plant (Table 3). The highest cob
weight per plant was found in “SAMMAZ-15"
(92.3 g). Next was that of
“(TZEOMPC7/TZECOMP3DTC2) C2” (79.4 ),
which was statistically similar to those of (TZL
COMLI-W C6*2/(White DT STR Syn))- DT CI”
(64.4 g) and “SAMMAZ-16" (63.1 g). The lowest
cob weight iper plant was found in “DTSTR-W-
SYNI2" (38.8 g) but was statistically comparable
to the cob weights of the remaining genotypes
(42.2 — 53.7 g per plant). The trend of grain weight
per plant was as observed for cob weight per plant
(Table 3). The highest grain weight was found in
“SAMMAZ-15"  (70.7 g), followed by
“(TZEOMPC7F/TZECOMP3DTC2) C2” which had
grain weight of 58.4 g per plant. The lowest grain
weight per plant was observed in “DTSTR-W
SYNI2" (27.1 g) which was not significantly
(p>0.05) different from grain weights of the

remaining genotypes. Cluster analysis revealed that
“SAMMAZ 15" and

“(TZEOMPC7/TZECOMP3DTC2) C2” belonged

to the same group (cluster 1). Conversely,
“"Z*TZECOMP3DT/White DTSTRSYN) C2” and

“TZB-R” were members of the same group (cluster

2), whereas the remaining genotypes formed cluster
3 (Figure 1).

DISCUSSION

Maize streak discase affected the growth and yield
parameters of the evaluated genotypes relative to
their genetic background. At 6 WAS some of the
evaluated plants did not clicit disecase symptoms.
Those plants could be termed as “escapes”. The
obscrvation that the “‘escape” plants eventually
exhibited MSV discasc symptoms at 8 WAS
confirmed that they werec not immune to the
pathogen. Such plants ultimately elicited discase
symptoms owing (0 the persistent naturc of MSV
transmission by the leafhopper vectors (Magenya ef
al., 2008). There was no total infection at 8 WAS
becausc leafthoppers normally feed on young plants
but as the plants maturc their cells and tissues
become lignified. This discourages further feeding
and discase transmission under field conditions.
Twenty two species of the leafhoppers have been
found globally and 18 arc in Africa (Magenya ef
al,2008). Of these, only cight species are efficient
transmitters of MSV. Even within the Icafhoppers
that transmit the pathogen, marked variability

62

occurs for virus acquisition and transmission
efficiency time; some are able to acquire the virus
within few seconds whereas others require  up to
24 hours. Moderate level of infection was observed

because leathopper population was low at the time
of cvaluation (wet scason). Thus studics on
lcafhopper  dynamics have shown that the
population of the vector is usually high towards the
end of rainy scason (Alegbcjo and Banwo, 20053).
Therefore, all these probably accounted for the
observed variation in the MSV discasc incidence.
The scverity of MSV discase rose gradually from
minute strcaks to clongated form which eventually
covered the cntire leaf surface as a consequence of
the virus’ replication and multiplication in the host
plants. This agreed with the findings of Bosque-
Pérez et al. (2000). The formation of streaks on leaf
surface was due to inhibition of the activity of
chloroplasts (Bosque-Pérez er al., 1998). Generally,
viruses recruit their host structures for self

multiplication and ecstablishment.  Therefore,
discase scverity declined as the plants matured

because of the progressive lignification of cells and
tissucs of the host plants. The data on disecase
severity revealed a moderate level of infection.
Symptom severity was slightly higher at 8 WAS
than 6 WAS in some genotypes as a result of
continuous multiplication of the virus 'in such
plants. Those plants which exhibited a slight

decrease in symptom severity at 8 WAS probably
contained MSV resistant genes. This is in

agreement with the findings of Bosque-Pérez et al.
(1998) who reported that plant infection at the carly
growth stage resulted in  severe symptom
expression while late infection was characterized
by development of few streaks. The data on most
of the evaluated parameters indicated that the
impact of MSV disease was similar among thc
maize genotypes. The differences in growth and
yield parameters of the maize genotypes could be
attributed to their inherent genetic background and
partly due to dcleterious effects of MSV infection.
This is in tandem with the result obtained by
Mawere er al. (2006) when some inbred maize
lines were infected with MSV. Cob and grain
weights are important characters in maize breeding
and the differences exhibited among the genotypes
for these traits were significant. This implied that
selection would favour some genotypes for maize
improvement program. Therefore, the Siriga-
tolerant maize genotype “SAMMAZ 15" was the
most productive under MSV infection. However,
“TZEOMPC7/TZECOMP3DTC2) C27, “((TZL.
COMLI-W C6*2/(White DT STR Syn))- DT Cl

and “SAMMAZ 16" which also exhibited high C_“b
and grain weights could scrve as alternative
promising candidates under MSV discasc pressurc.
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Table 3: Yield and yield related attributes of the maize plants infected with Maize
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streak virus discase in Minna. Northern

N_igf::ria
Number nfdﬂ}-'s Number of cobs Cob wei ' i
Genotype to silking Ear height (cm)  per plant plant {g}glﬂ P Grﬂl“| wc[lgm a
{S(TZL COMLI-W C6*2/(White DT STR rante)
yn))-DT Cl 68+0.6° 68.244 2" 10" ‘ ab s
(2*TZECOMP3DT/WhiteDTSTRSYN) C2 6642 1 ° 68.6+3.4" 140 gié: :g'?" 22'3:;[;1
(TZEOMPC7/TZECOMP3DTC2) C2 66+3.6" 65.6+4.1° 240.6° 79.4£17.0" 58.4+10.5®
3332::3 Eg::gl ggiﬁ.g: :ig 42.2115..9: 31.8£129°
; : ; a b
DTSTR.W-SYNI 70540° 677446  ls0n AN  Tane
DTSTR-W-SYN|2 6832 55.145.8" 1£0.6 " 38.8+13.3 27 147.2°
DTSTR-W-SYNI3 70+2.6" 51.318.0" 240.6" 45,9425 8° 31.5¢17.7°
DTSTR-W-SYN 14 67+1.2" 59.3+15.4° 140.6* 46.745.6° 33.441.7°
DTSTR-W-SYNI5 63+1.5" 62.842 8" 2406 53.7416.7"° 416138
gm mﬁig 68+0.6" 69.145.0° 240.6* 9234123 70.7+20.8*
- 69+3.2° 62.6+£13 8" 140.6° 63.14£20.6"™ 47.7£16.7™
TZB-R 68+].2° 86.5+1.]1" 140.6° 50.4+10.9° 34,746.7"
+SEM 1.3 3.9 0.3 9 7.2

Means with similar superscript letter (s) within the column do not difTer significantly (p>0.05) based on Student-Ne

The result of cluster analysis showed that
“(TZEOMPC7/TZECOMP3DTC2) C2” belonged
to the same group with “SAMMAZ 15" revealed
that they were the most genetically related.
Additionally, the data on number of leaves per
plant implied that the two genotypes possessed
additional advantage of being good sources of
fodder for livestock feeding. This is premised on
the fact that maize is mostly cultivated by peasant
farmers that practice mixed farming in sub-Saharan
Africa. Therefore, genotypes having multipurpose

values would gain wider acceptability and
adoption. ;

CONCLUSION AND

RECOMMENDATION

This study revealed that MSV disease incidence
and severity were genotype dependent. The Striga-
tolerant maize genotypes “SAMMAZ 15" was the
best for cob and grain weight under MSV infection
while “(TZEOMPC7/TZECOMP3DTC2) C2” was
identified as the most genetically related to
“SAMMAZ 15”. Further studies should be
conducted to ascertain the validity of the results
obtained from this experiment.
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