
SUMMARY

In Argentina, peanut (Arachis hypogaea) is naturally
infected by Cucumber mosaic virus (CMV), subgroup II.
The study involved the evaluation of the effects on yield
and yield components in response to CMV infection at
different growth stages: 4-6 developed nodes on the
main axis (V4-6), 12-16 developed nodes on the main
axis (V12-16) and onset of bloom (R1). The results
showed that CMV infection significantly reduces peanut
seed yield, mainly due to a severe decrease in seed aver-
age weight which declined approximately by 30%, 20%
and 11% when the virus was inoculated at V4-6, V12-
16 and R1, respectively. The number of pods, seeds, and
seeds per pod were affected only when the virus was in-
oculated at V4-6. The percentage of confectionery
peanut was also significantly affected when CMV was
inoculated at vegetative crop stages. In addition, seed
size and weight/volume ratio were greatly affected by
the virus since the infected plants produced a higher
proportion of small seeds. Larger seeds decreased when
the plants were infected at earlier growth stages. Finally,
infected plants produced a significantly greater number
of immature pods than the healthy ones.

Key words: Arachis hypogaea, Cucumovirus, yield loss-
es, effect on growth.

Argentina, along with the United States and China, is
one of the major peanut (Arachis hypogaea L.) exporting
countries, leading the market in high quality and edible
peanuts. Peanut production has two different uses, the
first, of greater economic value, consists of confec-
tionery peanut for the food industry (snacks, peanut
butter/paste, etc.). For the second use, production of
oils, flours and pellets, peanuts do not have to meet the
quality standards required for direct human consump-
tion. The province of Córdoba, located in the center of
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Argentina, accounts for 96% of the peanut production
and has 92% of the planted area (Busso et al., 2004).

Cucumber mosaic virus (CMV), the type species of
the genus Cucumovirus, family Bromoviridae, is a ubiq-
uitous virus that infects a wide natural range of plants,
inducing losses to many important crops (Agrios, 2005;
Gallitelli, 2000). CMV has been detected in peanuts in
Argentina and China (de Breuil et al., 2005; Xu and
Barnett, 1984). The Argentinean CMV isolate belongs
to subgroup II and is widespread in peanut crops grow-
ing in the southern part of Córdoba province (de Breuil
et al., 2008). CMV is naturally transmitted by more than
80 aphid species in a non-persistent manner (Gallitelli,
2000) and, in peanut, it is also transmitted through
seeds at a rate of ca. 2.5%, the highest percentage oc-
curring in the smaller seeds (Lenardon et al., 2002). In-
fected peanut seeds, weeds and other susceptible crops
serve as the primary source of  CMV inoculum,  while
the spread within peanut crops is attributed mainly to
migrating non-colonizing aphids. 

An evaluation of peanut germplasm showed that
most of the commercial varieties planted in the Córdo-
ba area are highly susceptible to CMV (de Breuil et al.,
2003). Florman INTA, a CMV-susceptible variety, was
the main cultivar used from the late ‘80s until around
2002 and is currently utilized in peanut breeding pro-
grammes. Natural CMV infections with incidence levels
of 60%, yield losses up to 30% have been reported in
peanut fields (de Breuil et al., 2006; March et al., 2000).
Typical symptoms include severe stunting, shortened
petioles, malformed and stunted leaflets with chlorotic
mottling. However, there is little information regarding
distinct peanut yield components losses caused by
CMV. The purpose of this work was to evaluate the ef-
fects of CMV infection on the yield and yield compo-
nents of peanut when plants were inoculated at differ-
ent stages of growth.

The study was carried out at the Experimental field
of IPAVE-CIAP-INTA (31º 24´ S, 61º 11´ W), during
2004/2005 and 2005/2006 cropping seasons, with the
runner-type cv. Florman INTA.

The trials were established on a salty loam Typical
Haplustoll soil and under an insect-proof net to reduce
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insect colonization. The experimental design was com-
pletely randomized with 18 replications planted during
two consecutive years in order to increase the number
of replications. The experimental units were 1.43 m
long rows (equivalent to 1 m2) placed in the center of
2.5 m long plots. Treatments consisted of mechanical in-
oculation of peanut plants with CMV at different phe-
nological stages (Boote, 1982): 4-6 developed nodes on
the main axis (V4-6), 12-16 developed nodes on the
main axis (V12-16), beginning bloom (R1), and healthy
control (HC, inoculated with buffer solution). The
planting dates were November 29th, 2004 and Novem-
ber 28th, 2005; before sowing, peanut seeds were treat-
ed with carboxin plus thiram (Vitavax-Flo, Aventis) at
2.5 ml kg-1 of seed, and hand-planted in 2.5 m rows,
0.70 m apart. Plant density was as recommended for
commercial peanut production, with additional seeds
sown to secure a stand of 14 plants per m2. Plots were
maintained by manual removal of weeds. Tebuconazole
(Folicur 25 EW, Bayer) 500 ml ha-1 was used for pre-
venting foliar fungal diseases; deltamethrin (Decis 12
EC, Aventis) 12 g ha-1 was used as insecticide, and
abamectina (Vermitec 018 EC Syngenta) 500 ml ha-1

was used against mites. Irrigation was applied when
necessary.

Viral inocula were prepared from 7- to 8-week-old
Nicotiana glutinosa plants systemically infected with
CMV subgroup II. Young leaves were homogenized at a
ratio of 1:10 (w/v) with sterilized pestles and mortars in
0.01 M sodium phosphate buffer, pH 7.5, containing
0.1% sodium sulphite (Na2SO3), and carborundum
(0.03 g ml-1 buffer), filtered in cheesecloth and kept at
4ºC. In each treatment, the inoculum was applied to the
two youngest fully expanded leaves on the main axis,
using an air-brush apparatus at 8 bars pressure. Plants

were monitored daily for leaf symptom expression. To
assess CMV infection, young symptomatic leaves from
mechanically inoculated plants were randomly collected
from each plot. Collected leaves were younger than in-
oculated leaves. Samples were analyzed by transmission
electron microscopy (TEM) using leaf-dip preparations
and by DAS-ELISA (Clark and Adams, 1977) with a
commercial kit (Agdia, USA)  following the manufac-
turer’s protocol. 

In both crop seasons, plants were hand harvested
153 days after sowing. The following parameters were
evaluated: numbers of pods, seeds and seeds per pod,
seed average weight (SAW), percentage of confectionery
peanut, percentage of mature pods and seed yield. Pods
were counted manually,  then were hand-shelled. Seeds
were counted and weighed for seed yield determination.
Yield was determined adjusting the weight to 0% mois-
ture using: “final weight = [initial weight_(100-moisture
content of seeds)]/100”. The number of seeds per pod
was calculated as the quotient between number of seeds
and number of pods. SAW was determined as the quo-
tient between seed yield and seed number. The percent-
age of confectionery peanut was calculated as the rela-
tionship between the weight of seeds that were retained
on a 7 mm sieve and the total seed weight. The propor-
tion of mature pods was determined only in 2004/2005
crop season according to Gilman and Smith (1977).

For each treatment, seeds were sorted with a sieve in-
to size classes of 11, 10, 9, 8, 7 mm diameter, and small-
er than 7 mm. The total number of seeds in each seed
size class and their weight were determined, and they
were classified into different categories of weight/vol-
ume ratio based on the number of seeds in 28.35 g (1
ounce): 60 seeds or less, 60-70 seeds, 70-80 seeds, 80-
100 seeds, 100-120 seeds, 120-140 seeds, and 140 or

Table 1. Yield parameters for plants inoculated at different phenological growth stages (V4-6, V12-16 and R1) with
CMV subgroup II, and for healthy control.

Y Based on seeds with 0% moisture.
ZSAW: Seed Average Weight.
Different letters are significantly different (_ = 0.05) based on DGC test.

Yield parameters

Growth stages Seed yieldY

(kg ha -1)
Pods
(No. m-2)

Seeds
(No. m-2)

Seeds
per pod

SAWYZ

(g)

Confectionery
peanut
(%)

Pod maturity
(%)

V4-6 1136.72 a 212 a 359 a 1.59 a 0.32 a 88.5 a 40 a

V12-16 1738.94 b 258 b 455 b 1.65 b 0.37 b 92.3 b 36 a

 R1 1938.14 b 274 b 475 b 1.69 b 0.41 c 95.0 c 47 b

Healthy control 2205.06 c 283 b 493 b 1.71 b 0.46 d 95.7 c 58 c
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more seeds, according to procedures established by the
Secretaría de Agricultura, Ganadería, Pesca y Ali-
mentación (SAGPyA), for peanut marketing (Fernan-
dez and Giayetto, 2006). For each seed size class the
1000-seed weight (g) was calculated.

The statistical analyses were carried out with InfoStat
statistical software (Version 2004, Grupo InfoStat, FCA,
Universidad Nacional de Córdoba, Argentina). The da-
ta were analyzed using generalized linear mixed model
procedure (GLMM) with fixed effect of “treatment”
and random effects of “crop season”. Treatment means
comparisons were done a posteriori using Di Rienzo,
Guzmán and Casanoves (DGC) test (Di Rienzo et al.,
2002) at _ = 0.05.

All CMV-inoculated plants at different phenological
stages developed symptoms which occurred approxi-
mately 15 days after inoculation. Infected plants showed
severe chlorotic mottling and line patterns in the leaves
(Fig. 1). Plants inoculated at V4-6 also showed severe
stunting and all leaves presented symptoms. In contrast,
when inoculation was delayed (V12-16, R1), symptoms
were observed only in some branches of the plant.

All random samples evaluated from the different
treatments reacted strongly in ELISA and TEM re-
vealed only particles with a typical cucumovirus mor-
phology. Healthy controls were ELISA- and TEM-nega-
tive (not shown). 

CMV infection affected both peanut yield and yield
components. Results showed significant seed yield loss
(between 12 and 48%) following CMV inoculation
(Table 1). There were no significant differences among
the treatments regarding the number of pods and seeds
per m2, and the number of seeds per pod, except when
the virus was inoculated at the V4-6 stage. In contrast,
CMV infection had a negative impact on seed weight,
SAW being the main parameter that explains seed yield
differences among treatments.  At V4-6, V12-16 and R1,
SAW was 30%, 20% and 11% less than that of the
healthy control, respectively (Table 1). 

The percentage of confectionery peanut was also sig-
nificantly affected by CMV inoculated at stages V4-6
and V12-16. In terms of fruit maturity, at the time of
harvest the healthy control had significantly more ma-
ture pods than infected plants (Table 1). Moreover,
peanut seed weight/volume ratio was affected by CMV
infection, showing, in the healthy control, a higher pro-
portion of grains belonging to the 60 seeds or less per
28.35 g category (Fig. 2). When the virus was inoculated
at the beginning bloom there was a significant decrease

Fig. 1. CMV-inoculated peanut plant showing severe chlorotic
mottling and line patterns in leaves.

Fig. 2. Percentage of weight/volume ratio categories, based on the number of seeds contained in 28.35 g (1 oz.), for peanuts inocu-
lated at different phenological growth stages (V4-6, V12-16 and R1) with CMV subgroup II, and healthy control (HC).
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in the percentage of grains corresponding to the 60
seeds or less per 28.35 g category, while grains of the 60-
70 seeds per 28.35 g category increased. When the virus
was inoculated at vegetative stages, the fraction corre-
sponding to 60 seeds or less declined further, and the
plants produced a higher percentage of grains in the 70-
80 seeds per 28.35 g category, and the other categories
with smaller seeds, compared to healthy controls (Fig.
2). Moreover, when the weight of 1000 seeds was ana-
lyzed separately for each seed size fraction, differences
between treatments were noticed for the fraction of
seeds in 7, 8 and 9 mm diameter sieves. The results indi-
cated that in such size classes, seeds from infected
plants are lighter than those of equal diameter from
healthy controls. 

The results obtained in this study showed that CMV
significantly reduces peanut yield. In addition, an early
viral infection during the vegetative stage had the great-
est impact on yield, showing the importance of the crop
growth stage at the time of infection. This has agronom-
ical implications since a crop planted early in the season
will have less sensitive plants when insect vectors arrive
to the crop. In fact, we observed that plants infected in
more advanced growth stages develop a smaller propor-
tion of symptomatic tissue, probably due to restrictions
in systemic virus movement (Dufour et al., 1989; Gueri-
ni and Murphy, 1999). Peanut yield losses caused by
CMV were due to seed weight decrease. As shown with
other CMV host species, weight seed reduction in
CMV-infected plants could be related by an interfer-
ence with the regular leaf cell carbohydrate metabolism,
impairing assimilates source-sink relationship (leaves-
seeds) (Shalitin et al., 2002; Shalitin and Wolf, 2000;
Técsi et al., 1994a; Técsi et al., 1994b, 1996). Carbohy-
drate decrease in the reproductive organs would direct-
ly affect the seed filling stage, resulting in lower weight
seeds. This fact could be also supported by the higher
weight of 9 mm or smaller seeds from the healthy treat-
ment compared to the infected ones. Other important
effects of CMV infection were the reduction in the
numbers of pods, seeds and seeds per pod when the
virus was inoculated at the V4-6 early crop stage and
the decrease in the percentage of confectionery peanut
when CMV was inoculated at vegetative growth stages.

The value of a peanut crop is determined by yield
and grade, which largely depends on seed size distribu-
tion. This is an important issue, since confectionery
peanuts for export are priced according to their size.
CMV is of special concern to peanut production, since
seed size and weight/volume ratio are parameters great-
ly affected by virus infection. Our results showed that
the infected plants produce higher proportion of small
seeds while the percentage of larger seeds decreases
when the plants are infected at earlier stages of growth.
Moreover, the uniformity in size is a desirable feature in
peanut cultivars as it improves the efficiency of seeding,

blanching and roasting. In addition, a crop with smaller
seeds leads to increased mechanical losses during  har-
vesting  since the machine cannot lift the small seeds
that are left in the field. It is also known that smaller
grade sizes have more immature peanut seeds (Sanders,
1995).

Pod maturity is another important quality  parameter
since it directly affects flavor, conservation capacity and
resistance to the organoleptic deterioration of fruits
(Sanders, 1995; Bragachini et al., 1994; Worthington et
al., 1972; Young and Waller, 1972). In the Córdoba
peanut-growing area, runner cultivars reach maturity
percentages of approximately 40-60%, which is consid-
ered optimal for digging (Pérez et al., 2004). The results
obtained in this study showed that plants infected with
CMV at vegetative stages did not reach the optimal per-
centage of fruit maturity for an effective harvest because
harvest timing is determined by environmental condi-
tions (reduced irradiance and low temperature) (Bell et
al., 1994a, 1994b; Haro et al., 2007). It is probable that
a delay in the harvest date may not result in a significant
increase  of mature pod percentage. However, since
maturity was evaluated only in the 2004/2005 crop sea-
son, further investigations are needed to elucidate this
point.

In conclusion, this study has revealed the economic
importance of CMV for peanut crop, thus our ongoing
efforts are being focused on the identification of CMV-
resistant peanut genotypes for future breeding.
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