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Interference between silverleaf nightshade (Solanum
elaeagnifolium Cav.) and alfalfa (Medicago sativa L.) cultivars

I.S. Travlos’, A. Gatos and P.J. Kanatas

Summary Alfalfa (Medicago sativa L.) is the most widely grown forage legume in Greece and other
Mediterranean countries. The successful establishment of the crop is crucial for its overall productivi-
ty. Weed infestations are a common problem, especially in spring-seeded alfalfa, with silverleaf night-
shade (Solanum elaeagnifolium Cav.) being one of the most noxious weeds. The main objective of the
field experiment conducted in Greece in 2010 and 2011 was to evaluate the differences among three
alfalfa cultivars (Gea, Dimitra and Hyliki) regarding their competitiveness against silverleaf nightshade
and their forage yield during the first crucial year of crop establishment. Moreover, density and fresh
weight data of S. elaeagnifolium were also recorded. Our results showed that the presence of this weed
caused an annual yield loss ranged from 8 to 26%, depending on the year and the cultivar. In particular,
Hyliki was the most productive cultivar, while even with the presence of nightshade it produced signifi-
cantly higher biomass than the other cultivars (up to 28%). Furthermore, Hyliki was the cultivar with the
highest regrowth rate after each cutting. Weed density and biomass were also significantly reduced in
the case of Hyliki, while Gea was the less competitive cultivar. The results of the present study confirm
that the competitive ability of the alfalfa cultivars might have a substantial range and can be a helpful
weed management tool for the growers, especially against noxious species such as S. elaeagnifolium.
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Introduction

Alfalfa or lucerne (Medicago sativa L.),
the most widely grown forage legume
in Greece, could play a key role in organ-
ic crop-livestock systems, owing to its suit-
ability to low input, rainfed conditions, its
positive effects on soil fertility and nitrogen
balance, and the high protein content and
quality of its forage (Entz et al., 2001; Kara-
manos et al, 2009). The successful estab-
lishment of the crop is crucial for its overall
productivity (Stout et al., 1992). Established
stands of alfalfa are fairly competitive with
weeds. However, new alfalfa seedlings are
less competitive and more susceptible to
weed invasion (Annicchiarico and Pecet-
ti, 2010). In fact, weed competition is one
of the most limiting factors during crop es-
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tablishment and early growth (especially in
spring-seeded alfalfa), since the emerging
crop plant is not a vigorous competitor and
weeds emerging shortly after seeding can
reduce alfalfa productivity (Pike and Stritz-
ke, 1984; Fischer et al., 1988; Zimdahl, 2004).
The ability of several alfalfa cultivars to sup-
press weed growth may allow crop produc-
ers to reduce total costs (Ominski et al., 1999;
Arregui et al., 2001; Dillehay et al., 2011).
During the last years, there have been
complaints from several regions of Greece
for reduced efficacy of herbicides or in-
creased competitiveness of many alien or
recently problematic species (Travlos, 2009;
Travlos and Chachalis, 2010). Silverleaf night-
shade (S. elaeagnifolium Cav.) is one of these
species, already present for many years in
the country (Economidou and Yannitsaros,
1975), with an ongoing dispersal in Greece
especially during the last decade, accord-
ing to extensive weed surveys (Travlos et
al., 2011; Travlos, 2013). Silverleaf nightshade
has spread in many arid regions of the world



42 Travlos et al.

(Boyd et al., 1984) and is a deep-rooted, per-
ennial, broadleaf weed that propagates by
seed, root segments, and creeping lateral
roots (Cuthbertson et al., 1976). Moreover, S.
elaeagnifolium is now considered as a nox-
ious and invasive alien weed, against which
international measures have to be taken in
many areas (OEPP/EPPO, 2004).

Quantitative information regarding the
potential suppressive effect of alfalfa culti-
vars on weeds in current cropping systems
is rather lacking. Therefore, the objectives of
this study were to evaluate the differences
among three alfalfa cultivars (Gea, Dimitra
and Hyliki) regarding their competitiveness
against the noxious weed S. elaeagnifolium
and their productivity (forage yield) during
the first year of crop establishment.

Materials and Methods

A field experiment was conducted during
2010 (and repeated in 2011) in the exper-
imental field of Agricultural University of
Athens (37°59" 12" N, 23°42' 96" E, 29 m alti-
tude) in order to study the competitive abili-
ty of three alfalfa cultivars (Gea, Dimitra and
Hyliki) against silverleaf nightshade.

The soil was clay loam (Bouyoucos, 1962),
with pH 7.29 (1:1 H,0), 15 g/kg organic mat-
ter (Wakley and Black, 1934) and 160 g/kg
CaCO,. Hand-sowing took place at the rate
of 20 kg/haon 28 March, 2010 and 23 March,
2011. The field was fertilized with P,O, and
K,O as recommended by soil analysis for
alfalfa (Hall, 2008). Alfalfa crop was mown
each time it reached 10% bloom. This result-
ed in four harvests each year at 65, 100, 145
and 210 days after sowing (DAS). Rhizomes
of S. elaeagnifolium (5-6 cm in length) were
uniformly planted horizontally (12-15 g/m?
in a depth of 4-5 cm), while other weed spe-
cies emerged within the experimental area
were removed by hand-hoeing.

The experimental design was a split-plot
in a randomized complete block with four
blocks (replicates). Alfalfa cultivar was the
main plot factor and the weed presence (or
absence) was the subplot factor. Main plot

and subplot sizes were 6 by 4 m and 2.5 by 4
m, respectively.

Irrigation and other common cultural
practices were conducted as needed during
the growing seasons. Mean monthly tem-
perature and rainfall data are given in Ta-
ble 1. In each cutting, forage yield was mea-
sured, while the total first-year cumulative
yield was also recorded. The dry weight of
forage was determined after oven drying at
70°C for 48 h. In the same days (65, 100, 145
and 210 DAS) measurements of the density
and biomass of silverleaf nightshade were
also taken. Visual estimation of regrowth
ability of each cultivar was also conduct-
ed 15 days after each harvest (cutting) by
means of a scale, comparing the most vig-
orous stands (high and dense, scored as 5)
with the lowest and fewer plants (scored as
1).

An analysis of variance (ANOVA) was
conducted for all data and differences be-
tween means were compared at the 5%
level of significance using the Fisher’s Pro-
tected LSD test. Linear regression was also
performed for the three cultivars relating
the forage yield and silverleaf nightshade
biomass. All statistical analyses were con-
ducted using the Statistica 9 software pack-
age (StatSoft, Inc. 2300 East 14t Street, Tul-
sa, OK 74104, USA).

Results and Discussion

The analysis of variance of our data revealed
that alfalfa forage yield and silverleaf night-
shade growth (density and biomass produc-
tion) were significantly affected by the al-
falfa cultivar and the presence or absence
of the weed. The year was also a significant
factor for the forage yield of the crop and
for the density of S. elaeagnifolium plants,
while it had no significant effect on the fresh
weight of the weed. Moreover, the interac-
tion between the above-mentioned factors
was significant for most parameters except
the biomass of silverleaf nightshade on indi-
vidual plant’s level (Table 2).

In particular, the harmful effects of silver-
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leaf nightshade on the forage yield of alfalfa
are shown in Table 3. The presence of S. elae-
agnifolium was responsible for significant
reductions, up to 26, 15 and 14% in the an-
nual yields of the cultivars Gea, Dimitra and
Hyliki, respectively. The higher yields of all
three alfalfa cultivars during the second year
of experimentation (2011) compared with
the first year (2010) were probably due to
the significantly higher precipitation (38%)
during 2011 (Table 1). It has also to be not-
ed that the maximum yield reductions were
observed in the second and third harvest.
This finding may be attributed to the vigor-
ous growth of silverleaf nightshade during
summer (mostly July and August) and is in
full accordance with previous studies (Trav-
los, 2012). Our results also proved that even
in the presence of silverleaf nightshade, the
annual forage yield of Hyliki was 23 to 28%
and 12 to 13% higher than the yield of Gea
and Dimitra, respectively.

Regarding the density of silverleaf night-
shade, the weed was present at densities
ranging between 2 and 7 plants/m? in the
plots of Gea during the first year, while for
Hyliki the maximum density was only about
3 plants/m? (Table 4). The mean density of
the weed plants in the case of Hyliki was 31-

34 and 51-57% lower than the correspond-
ing values for Dimitra and Gea, respective-
ly. The more rainfalls during 2011 resulted to
a higher weed density compared with the
first, drier year of experimentation.

Concerning the weed biomass, the
mean growth of individual silverleaf night-
shade plants in the plots with Hyliki was 43
and 60% lower than the corresponding val-
ues for Dimitra and Gea, respectively. Addi-
tionally, in the fourth harvest of alfalfa (210
DAS), the number of S. elaeagnifolium plants
in the case of Hyliki was 65% lower than that
of Gea, while the fresh weight per plant was
also significantly lower (82%), as shown in
Table 5.

This less vigorous and less dense pres-
ence of the weed in the plots of Hyliki is prob-
ably due to the recorded faster regrowth
rate of this cultivar of alfalfa, compared with
the other two cultivars. Indeed, according to
our observations the regrowth ability of Hy-
liki after each harvest was significantly high-
er (scored as 4) than the other two cultivars
(scored as 2). It is considered that differenc-
es among alfalfa cultivars in their ability to
develop canopy structures early in the sea-
son could affect weed emergence (Huarte
and Benech Arnold, 2003). Alfalfa has the

Table 1. Mean monthly rainfall and temperature during the field experiment in 2010 and

2011.
Rainfall Temperature
Month 2010 20M 2010 201
mm °C

January - - -
February - - -
March 1 25.6 14.4 12.2
April 0 40 17.9 15.5
May 7 40.8 22.2 20.3
June 12 30.4 259 25.5
July 0 0 29.3 29.7
August 0 0.6 28.4 28.8
September 22.6 34 249 26.6
October 81.8 384 19 17.5
November 15.6 2.2 18.4 12.3
December 25 100.8 13.7 12
Total 175 282.2 - -
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Table 2. Analysis of variance for alfalfa cultivar (A), presence of Solanum elaeagnifolium (S),
and year (Y) effects on alfalfa forage yield, density and biomass of the weed plants.

Source df Alfalfa forage yield Silverleji:;?:;tshade Silverliaiirr;igsstshade
A 5 *x * *
S 1 *x *% *%
AxS 1 * * *
Y 2 * * ns
YxA 2 * * ns
YxS 1 * * ns
YXxAXS 2 * * ns

* Significant at the 0.05 level
** Significant at the 0.01 level

Table 3. Forage yield of three alfalfa cultivars (Gea, Dimitra, Hyliki) (dry weight in tn/ha) with
the presence of Solanum elaeagnifolium and under a weed-free situation in a two-year field
experiment (2010, 2011). Each number represents the mean yield of a cultivar per cutting or
the total mean yield of a cultivar in 2010. In parentheses the corresponding values for 2011
are also shown.

With S. elaeagnifolium

Gea Dimitra Hyliki
Cuttings Dry weight (tn/ha)
65 DAT 2.84(3.3)b 3.35(3.89) a 3.66 (4.04) a
100 DAT 1.88(2.2)d 2.49 (2.63) cd 2.81(3.09) c
145 DAT 1.67 (1.88) f 2.21(2.29) ef 2.58(2.82) e
210 DAT 2.55(3.01) h 291(3.04) h 3.36(3.61) g
Total 8.94(10.39) k 10.96 (11.85) j 12.41 (13.56) i

Without weeds

Gea Dimitra Hyliki
Cuttings Dry weight (tn/ha)
65 DAT 3.72(3.98) m 4.36 (4.14) | 4.21 (4.29) 1
100 DAT 2.66(2.82) o 2.97 (3.13) no 3.52(3.38)n
145 DAT 2.35(2.42) q 243(2.77)q 3.05(3.25) p
210 DAT 3.38(3.44)rs 3.15(3.3)s 3.71(3.82)r
Total 12.11 (12.66) u 12.91 (13.34) tu 14.49 (14.74) t

Means within a row followed by the same letter are not significantly different (p < 0.05) according to Fischer’s LSD
test.
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Table 4. Density of Solanum elaeagnifolium plants in plots of three alfalfa cultivars (Gea,
Dimitra, Hyliki) in a two-year experimental field (2010, 2011). Each number represents the
mean number of weed plants for an alfalfa cultivar per cutting or the total mean number of
weed plants for each cultivar in 2010. In parentheses the corresponding values for 2011 are
also shown.

Density of S. elaeagnifolium (plants/m2)

Cuttings Gea Dimitra Hyliki
65 DAT 22(3.0)a 1.2(21)b 1.321)b
100 DAT 53(7.2)c 2(3.6)d 22(34)d
145 DAT 71(74)e 52(4.5)e 33Nf
210 DAT 34409 3.3(54)g 1.2(20)h
Mean 4.5(5.45)i 29(3.9)ij 1.9(2.7)j

Means within a row followed by the same letter are not significantly different (p < 0.05) according to Fischer’s LSD
test.

Table 5. Biomass of Solanum elaeagnifolium plants (fresh weight in g/plant) in plots of three
alfalfa cultivars (Gea, Dimitra, Hyliki) in a two-year experimental field (2010, 2011). Each num-
ber represents the mean fresh weight of weeds for a cultivar per cutting in both experimen-
tal years or the total mean fresh weight of weeds for each cultivar.

Fresh weight of S. elaeagnifolium (g/plant)

Cuttings Gea Dimitra Hyliki
65 DAT 23a 26a 24a
100 DAT 9.8b 6.4c 5.2c
145 DAT 12.4d 84e 4.8f
210 DAT 1199 8649 2.2h
Mean 9.1i 6.5j 3.7k

Means within a row followed by the same letter are not significantly different (p < 0.05) according to Fischer’s LSD

test.

ability to suppress weed growth (Peters and
Linscott 1988) and appears to exert a long-
term effect on weed population dynamics
(Ominski et al., 1999). Several weeds are ex-
pected to be effectively suppressed by M.
sativa, and thus including alfalfa in crop ro-
tations regime can be part of an integrat-
ed weed management strategy for weeds
such as Avena fatua, Brassica kaber, Cirsium
arvense, Rumex crispus, Amaranthus quitensis
(Ominski et al. 1999; Huarte and Benech Ar-
nold, 2003).

The inverse linear relationship (R? be-
tween 0.72 and 0.83) between alfalfa forage
yield and S. elaeagnifolium biomass found in

© Benaki Phytopathological Institute

this study (Fig. 1) suggests that maintaining
a high crop biomass is important to avoid
the invasion of the silverleaf nightshade and
this is in full accordance with previous stud-
ies showing a similar relationship between
alfalfa and weeds (Grewal, 2010). Moreover,
it could be said that the greater suppression
of silverleaf nightshade in the case of Hyliki
was partly due to the high productivity of
this specific cultivar as previously shown in
the weed-free situation in Table 3.

In moderate to severe weed infestations,
alfalfayield can be reduced through compe-
tition for light, water, and nutrients and the
forage quality can be lowered by decrease



46 Travlos et al.

o
. Gea

0,8

0,6

Dimitra
04 y=.0241x+0.932,R*=0.77

0.2 Hyliki
y=-0.114x + 0.454, R>=0.72

Silverleaf nightshade biomass (tn/ha)

y =-0.463x + 1.621, R*=0.83

Forage yield (tn/ha)

Figure 1. Relationship between forage yield of alfalfa and biomass of Solanum elaeagnifolium for three alfalfa cultivars
(Gea, Dimitra, Hyliki) and four harvests during the first year of crop establishment.

in digestibility and protein content of the
alfalfa hay (Cords 1973). Usually, alfalfa and
weeds are harvested together and thus the
quality of the hay is significantly degraded.
This degradation is even higher, especially
in the case of weeds such as silverleaf night-
shade that animals are reluctant to graze be-
cause of the spiny leaves and stems (David et
al., 1945). For the effective control of silver-
leaf nightshade, several mechanical (David
et al., 1945), biological (Keeling and Aber-
nathy, 1980; Parker, 1986), or chemical meth-
ods (Philips and Merkle, 1980; Eleftherohori-
nosetal., 1993; Westerman and Murray, 1994)
have been proposed. However, an integrat-
ed weed management approach based on a
rotation regime with competitive alfalfa cul-
tivars is rather required for an effective con-
trol of noxious species, such as silver night-
shade.

Another critical thing to be takeninto ac-
count is that for a perennial crop like alfal-
fa, high weed populations in the first year
may adversely affect crop yield and quali-
ty in subsequent years (Smith et al., 1990). It
is well documented that controlling weeds

during the establishment year reduces stress
on alfalfa and ultimately increases yield in
the following years (Stout et al., 1992; Trav-
los, 2011). Consequently, the careful selec-
tion of the most productive and weed com-
petitive alfalfa cultivars could be of great
importance during the crucial year of crop
establishment.

Conclusions

Our results showed that the weed compet-
itive ability and forage yield of alfalfa cul-
tivars might have a substantial range and
should be certainly taken into account. An-
nual forage yield loss in the case of less
weed competitive alfalfa cultivars was high
and up to 26%, while after the selection of
the most productive and competitive cul-
tivar (i.e. Hyliki) the reduction was signifi-
cantly lower and forage yield could be up to
28% higher, even with the presence of the
noxious silverleaf nightshade. Similar stud-
ies should be continued including differ-
ent alfalfa cultivars, soil and climatic condi-
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tions, weed species and weed densities. The
ability of alfalfa to suppress weed growth
can provide a viable alternative to chemical
weed control and allow crop producers to
reduce herbicide inputs. Moreover, our re-
sults highlight the underestimated impor-
tance of alfalfa cultivar selection for a suc-
cessful establishment of the crop being also
effective against noxious weeds. This is im-
portant, especially in cases of organic agri-
culture and in any other agricultural situa-
tions where herbicides are missing or they
should not be applied.
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AAAnAembpaocelg petadu tov (ilaviov ocolavo (Solanum
elaeagnifolium Cav.) kat TPIWV MOIKIAIWV UNSIKAG
(Medicago sativa L.)

H.Z. TpauAog, A. Tatoc kat I.1. Kavatag

Nepilnyn e ouvBrkeg aypol Slepeuvibnke 0 AVTAYWVIOUOG METAED TPIWY TIOIKINOV UNSIKAC
(Medicago sativa L.) kat Tou Qi{aviov Solanum elaeagnifolium Cav. Zuykekpipéva, oTov aypo tou Ep-
yaotnpiou lewpyiag Tou MMLA. éyve melpapatiopdc yia SUo cuvexn €tn (2010, 2011) Ye TPELS TOIKIAL-
€¢ UNSIKAC (Gea, AunTtpa, YAIKN). Ton moodtnta pi{wudtwv tou {ilaviouv evowpatwOnke opotdpopea
o€ KABe melpapatikd TEUAXIO, EVW UTTAPXAV KAl TIEPAUATIKA TEPAXLA Xwpi¢ TNV mapoucia Tou {iI{aviou
(napTupag). MehetriBnke n amddoon Twv TPLWV TIOIKIAIWVY KATA TN SIAPKELN TWV TEOOAPWY KOTIWV yid
TO KAB€ £T0¢ MEIPAUATIOPOU, eV TAPAAANAa AapBdvovtav HETPAGELC TG TTUKVOTNTAC KAl TOU VWTTOU
Bapouc kat Tou colavou. Ta anotedéopata £dei€av OTI To ouvolikod Enpd Bapoc TS mapayduevng Pi-
ouddag Twv molKINWY TNG UNSIKNAG avd £1og pelwbnke mapouaia tou {illaviou S. elaeagnifolium o€ oxé-
oN KE TOUG HAPTUPEC amd 8 £w¢ 26% Kal avaloya We Tn Xpovid kat Tnv KaAMepyoUpevn molkiAia. Ao
TIC TPELG TIOIKIAIEG N YAIKN ATAV N TEPIOGOTEPO TAPAYWYIKK AKOMN KAl 0€ GUVORKEC Tapousiag Tou 6o-
Aavou pe amodoan onuavtikd upnAotepn amo Tic AANeC. H YAIKN Tav emiong n molkiAia Je Tov uPpnAo-
T€PO0 PUOUO avaPAdoTnong PeTa amod kabe komr). EmmAéov, Ta amoteléopata édeiav OTL n UKVOTN-
Ta Kal 1o vwio Bdpog tou (ilaviou ATav onpavTtikd WKpOTEPA OTA TEIPAUATIKA TERAXLA TNG YAIKNG OE
oxéon e Ta avtiotolya Tng Gea. H pehétn autr empBefaiivel Tic S10QopEC WG TPOE TNV AVIAYWVIOTIKN
IKQVOTNTA TWV TIOIKIALWV TNG UNSIKAC évavTi Twv (I aviwy Kal Tn onuacia TG 6woTnS EMAOYNAE TNE Ka-
TAAANANG molkiAiag yia tnv emituxn dtaxeipion duoefoviwtwy (aviwv 6mwe to cohavo, dlaitepa pd-
Mota o€ BlohoyIKEC KAANEPYELEC.
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