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Aim. Alfalfa is a rich source of phytoestrogens, among them coumestrol which shows strong estrogenic activity that
can adversely affect the health of domestic animals. The aim of the study was to determine the variation in coumestrol
content in leaves of alfalfa breeding populations, present in the breeding program of Agricultural Institute Osijek in
Croatia. Method. Twelve alfalfa populations were selected based on their high forage yield and good persistence.
Coumestrol was extracted using acidified methanol as an organic solvent from lyophilized and ground alfalfa leaves,
while for detection and quantification was used. Results. Significant differences were observed between the studied
populations with average coumestrol content of 435.67 mg/kg of dry matter (DM). The highest content of coumestrol
was determined in breeding population Rs-21 (619.53 mg/kg of DM). Conclusions. Populations Rs-33 and Rs-20 had
the lowest coumestrol content (82.18 and 86.58 mg/kg, respectively) and present a potential breeding source for creat-
ing new contemporary cultivars with decreased coumestrol content.
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INTRODUCTION

Alfalfa (Medicago sativa L.) is the most significant
perennial forage legume in the production of high
quality and nutritionally valuable fodder for livestock
feed, primarily ruminants (Vasileva, 2013; Tucak et
al, 2018). Despite its exceptional value in livestock
systems, alfalfa, like many other legume species and
varieties, may contain phytoestrogens, the most inter-
esting of which is coumestrol, which express strong
estrogenic activity that can adversely affect the repro-
ductive health of domestic animals (Hloucalova et al,
2016; Reed, 2016).

Coumestrol content in alfalfa is highly variable and
can range from less than 1 mg/kg of DM (dry matter)
to over 600 mg/kg of DM, whereby the currently avail-
able literature data on the quantification of the coumes-
trol content, and other phytoestrogens, vary greatly and
is very often inconsistent (Seguin et al, 2004; Seguin
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and Zheng, 2006; Reed, 2016; Tucak et al, 2018). In
EU and US countries, alfalfa is mostly grown as a
single crop, very rarely in pasture systems mixed with
grasses, and is used to feed livestock in the form of hay,
haylage or silage. In some areas of the world (Australia,
New Zealand, Argentina), alfalfa is an important for-
age legume used for direct sheep, beef and dairy cattle
grazing (Stjepanovic¢ et al, 2009). According to many
authors, the presence of coumestrol in alfalfa with lev-
els above 25 mg/kg of DM is a potential barrier to its
widespread use in grazing systems since it can lead to
a decrease in the reproductive capacity of herbivores,
primarily sheep, and therefore to a decrease in lamb-
ing rates if alfalfa is consumed immediately before and
during the mating period (Smith et al, 1979; Cantero
et al, 1996; Moravcova et al, 2002; Reed, 2016; Hlou-
calova et al, 2016; Cranston et al, 2017; Fields et al,
2018a). On the other hand, some studies cited that phy-
toestrogens in alfalfa showed only minimal effects on
the fertility of sheep, and concluded that only pasture
containing ~1000 mg/kg of DM will inhibit estrus and
ovulation, and pasture containing ~200—400 mg/kg of
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DM will only depress ovulation (Ruttle et al., 1968;
Kelly et al, 1976; Scales et al, 1977; Sormunen-Cris-
tian et al, 1998).

In Medicago species, coumestrol production is less
influenced by genetic factors, and plant selection/
breeding usually will not be effective for controlling
its content (Reed, 2016). Wide variation in coumestrol
content is affected by numerous factors such as envi-
ronmental conditions (temperature, rainfall, humid-
ity, sunlight), cultivar, stressed conditions (especially
by fungal diseases, insect infestation and nutrient de-
ficiencies), stages of maturity, plant parts analyzed,
management strategies and stand age of crops (Seguin
et al, 2004; Aragadvay-Yungan et al, 2017; Fields et
al, 2018b; Fields et al, 2019; Tucak et al, 2020). Fun-
gal pathogens are considered as the main factor that
increases coumestrol content in alfalfa. The more com-
mon foliar and stem diseases of alfalfa present in the
field are common or Pseudopeziza leaf spot, Stem-
phylium leaf spot and spring black stem (Fields et al,
2018). Reduced coumestrol accumulation could be
achieved by creating and selecting new modern yield-
ing and fungal resistant alfalfa cultivars.

The aim of our research was to determine the varia-
tion in coumestrol content in field grown alfalfa breed-
ing populations, created at the Department of Forage
Crops Breeding and Genetics of the Agricultural Insti-
tute Osijek, Croatia, as initial screening in our breed-
ing strategy in order to select potential materials with
lower coumestrol content.

MATERIALS AND METHODS

Plant material and field experiment. Twelve breeding
populations (Rs-5, Rs-9, Rs-17, Rs-20, Rs-21, Rs-33,
Rs-47, Rs-50, Rs-MT, Rs-PS, L-14/1, L-16/18), from a
total of 50 tested materials, were selected for the study
based on their high forage yield and good persistence
assessed over a two-year period (2014, 2015). All al-
falfa material was obtained as part of the continuous
long-term breeding program of perennial legumes at
the Department of Forage Crops Breeding and Genet-
ics of the Agricultural Institute Osijek, Croatia. The
field experiment was conducted in the alfalfa breeding
nursery, established on March 10 2014, and laid out
under randomized complete block design (RCBD) in
four replications. The basic nursery plot (4 rows, 1.6 x
x 6 m) included 52 spaced plants with intra-row spac-
ing of 50 cm and inter-row spacing of 40 cm (208
plants/population in total).

Sample collection and quantification of coumestrol
in alfalfa populations. Leaf samples were collected
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from all 12 selected breeding populations from the
established alfalfa nursery in July 2016. Leaf samples
(100 g) were collected from 10 randomly selected
plants of each population from two replications in the
vegetative phase of the plants (late bud to early flow-
er). The samples were frozen at —80 °C, lyophilized,
ground to a powder from which coumestrol was ex-
tracted and quantified by Reverse phase (RP)-HPLC
analysis, using a Perkin Elmer LC 200 HPLC system
liquid chromatograph, with DAD detector and RP-C18
column, according to the methodology previously de-
scribed in detail in Tucak et al (2020).

Statistical analysis. Statistical analyses were per-
formed using STAR v. 2.0.1 software (IRRI, 2013).
Data on coumestrol content were subjected to one-
way analysis of variance (ANOVA). Fisher’s protected
least significant difference (LSD) was used to separate
means when the ANOVA was significant at the 0.05
and 0.01 probability level.

Climate conditions. Data for mean monthly tem-
peratures and total monthly precipitation for the alfalfa
growing season (March — October) during the study
period (2016) and a long-term average (LTA, 1971—
2000) for the experimental location were obtained
from Meteorological and Hydrological Service of the
Republic of Croatia.

The average monthly air temperatures during the
alfalfa growing season were higher for the majority
of the months if compared to the long-term monthly
average temperatures (Fig. 1, a). In 2016, the average
air temperature was higher by 0.8 °C, compared to the
long-term average temperatures.

A higher total amount of precipitation was recorded in
all months of the studied year if compared to the long-
term average, excluding April and September when the
total amount of precipitation was slightly higher during
the long-term average (Fig. 1, b). The particularly rainy
month in 2016 was July, which had 40 % more preci-
pitation indicating humid weather conditions, com-
pared to the same month of the long-term average. More
precipitation was recorded during the growing season
0f 2016 (561.9 mm), by 16.7 % more in comparison to
the long-term average (467.8 mm), which indicates that
weather conditions during the alfalfa growing season
of 2016 were more humid and moderately warm.

RESULTS AND DISCUSSIONS

Analysis of variance (ANOVA) of the obtained
values for coumestrol content in DM showed statisti-
cally significant differences (at the probability level
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Fig. 1. Mean monthly air temperatures (a) and total monthly precipitation () for the alfalfa growing season (March — Oc-
tober) during the study period (2016) and a long-term average (LTA, 1971-2000) for the experimental location (Source:
Meteorological and Hydrological Service of the Republic of Croatia)

p =0.01) between the studied alfalfa breeding popu-
lations (Table). The average coumestrol content of
all observed populations was 435.67 mg/kg of DM,
and the coefficient of variation (CV) was 2.38 %
(Fig. 2). The lowest coumestrol content was ob-
tained from the breeding population Rs-33 (82.18
mg/kg of DM), which was not significantly lower
than the value determined for the Rs-20 population

Analysis of variance (ANOVA) for coumestrol content

(86.58 mg/kg of DM). The coumestrol content found
in these populations was 5 times lower than the av-
erage content for all populations. Contrary, breeding
population Rs-21 had the highest coumestrol content
(619.53 mg/kg of DM).

Earlier research also showed that alfalfa cultivars
may vary widely in coumestrol content and that the
variation can be caused by plant genotype, stage of

Sources of Sum of square Degree of Mean square

variation (SS) freedom (DF) (MS) F-value ProbF
Repetition 1195.41 1 1195.41 11.04
Population 807216.92 11 73383.36 677.91 ** 0.001
Residual 1190.75 11 108.25
Total 809603.08 23 35200.13
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Fig. 2. Mean coumestrol content (mg/kg of dry matter — DM) in the leaves of alfalfa breeding populations

growth and/or environmental impact. Of the latter biot-
ic stress is the most significant and commonly studied
factor. Moravcova et al. (2004) evaluated the influence
of several variables on the coumestrol content of alfalfa
silages and determined that the content varied with cul-
tivars and maturity of plant. The authors reported aver-
age coumestrol concentrations of 100 mg/kg of DM,
with a 10 % variation between two cultivars.

Seguin and Zheng (2006) determined the concentra-
tions of three phytoestrogens in the seeding and post-
seeding year at two sites and observed the large varia-
tion for coumestrol content between both harvests and
sites, despite the lack of differences between ten field-
grown alfalfa cultivars. These authors reported an aver-
age coumestrol content of 141 mg/kg of DM. Seguin
et al. (2004) studied the effect of plant maturity and
herbage components on contents of different alfalfa
phytoestrogens and reported that coumestrol contents
ranged between 50 and 135 mg/kg of DM, were high at
late vegetative and late seed pod stage, and low at early
flower stage. Significant differences were observed be-
tween canopy segments with coumestrol contents be-
ing greatest in the top segment, however no differences
were observed between plant parts.

Fields et al (2018b) assessed individual effects of
agronomic factors (cutting frequency, development
stage, and cultivar) in both the field and greenhouse
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grown alfalfa on coumestrol content and concluded
that fungal pathogens infection and inoculation treat-
ment significantly increased coumestrol content up to
396 mg/kg of DM, while the development stage of the
plant had no effect. Elevated levels of coumestrol in al-
falfa herbage were also observed because of pea aphid
herbivory.

A substantial higher average coumestrol content was
found in our study (435.67 mg/kg of DM), except for
the populations Rs-33 and Rs-20 (82.18 and 86.58 mg/
kg of DM, respectively), in comparison with the results
of the abovementioned authors. One of the possible
causes for this could have been the weather conditions
during the conducted research. Good weather condi-
tions during the 2016 alfalfa growing season, favorable
air temperatures and higher total amount of precipi-
tation, compared to the long-term average (Fig. 1, a,
b), could have contributed to the increased coumes-
trol accumulation in the studied populations. Fields et
al (2019) obtained similar results while developing a
model to predict coumestrol content in non-irrigated al-
falfa crops using weather variables and concluded that
rainfall is a major component in the model. According
to these authors if total rainfall was between 61 and 131
mm during alfalfa regrowth period coumestrol content
is likely to be moderately high (58.4 mg/kg of DM),
while with total rainfall over 131 mm and more than
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17 days with relative humidity above 95 % coumes-
trol level was predicted to be high (163 mg/kg of
DM). Likewise, high rainfall and humidity conditions
during July, when leaf samples were collected in this
experiment, could have caused fungal foliar diseases.
These diseases according to Fields et al (2019) can
cause a defense reaction leading to elevated coumestrol
levels in alfalfa. Sampling of leaves at a later vegeta-
tive stage may have also contributed to the increased
accumulation of coumestrol in our study, which is con-
sistent with previously reported results (Hanson et al.,
1965; Seguin et al., 2004).

Fields et al (2018b) reported differences in coumes-
trol content in ten alfalfa cultivars with levels in all cul-
tivars posing a risk for ewe reproductive performance,
and recommended that alfalfa breeding should be fo-
cused on fungal resistance. Medicago spp. genotypes
with low coumestrol content tested for fungal resis-
tance according to Barbetti (2006) should be included
as parental material in annual Medicago spp. breeding
programs. Populations tested in our experiment with
low coumestrol content, which already showed high
forage yield and good persistence, will be further in-
cluded in breeding program for creating cultivars with
decreased phytoestrogen content.

CONCLUSIONS

A significant variation in coumestrol content was
found between the investigated field grown alfalfa
breeding populations (82.18 to 619.53 mg/kg). The
two populations Rs-33 and Rs-20 showed significantly
lower coumestrol content (82.18 and 86.58 mg/kg of
DM, respectively) than the other observed alfalfa mate-
rials and they present potential breeding source for cre-
ating new cultivars with decreased coumestrol content.
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Merta. JlionepHa — ne Oarare Jukepeno (itoecTporeHis,
cepell SIKMX KyMECTpOJI Ma€ HaiBWIIY €CTPOTCHHY aKTHB-
HICTH, IIO MOXKE€ MaTH HETaTHBHUI BIUIMB Ha 310pOB’S
CBificbknX TBapuH. MeTa MOCIHIIKCHHS TOJsiraia y BHU-
3HAUCHHI PI3HUII MK NOKa3HUKAaMH BMICTYy KyMECTpPOJIy B
JIMCTI JIIOIEPHU 3 CENEKIIHHUX TOMYJISIIiH, BKIFOYCHUX 10
CeJNeKIIHHOT MporpaMu [HCTUTYTY CIIIBCHKOTO TOCTIONAPCTBA
B M. Ociek, Xopsaris. Metoa. [BaHAAUATH MOITYIISIIN
JONepHU Oyllo 00paHO HA OCHOBI BHCOKOi ypOXKaWHOCTI
1ie] KOPMOBOT KYJIBTYPH Ta XOPOIINX MOKA3HHUKIB CTIMKOCTI.
3a/ul BUSBJICHHS 1 KIUJIBKICHOTO BU3HAYEHHS KyMECTpPOI
BUAULUTH 3 J10(1II30BaHOTO Ta TOAPIOHEHOTO JIMCTS JIIO-
LIEpPHU 32 JIOTIOMOTOIO MiJKHCIEHOTO METAaHOIY B SIKOCTI
opra”igyHoro poszunHHHKa. Pe3yabraTn. bymo BcraHoBie-
HO CYTT€BY PI3HHUITIO MDX IOCTIKYBAHUMH IOMYJISIISIMHE,
CepenHiif BMICT KyMecTpoiry cTaHOBHUB 435,67 Mr/kr cyxoi
pedoBunn (CP). HaitBummit BMicT KymecTpoiy Oyno BcTa-
HOBJICHO y cenekiinnii momymsimii Rs-21 (619,53 mr/kr CP).
Bucnosok. ITomymsmii Rs-33 i Rs-20 manu HaiHWK4ni
BMicT KymecTpony (82,18 1 86,58 MI/KT, BIIOBIAHO), BOHU €
TIOTEHIIIITHAM JDKEPEJIOM CEJIeKIii sl CTBOPEHHS CYy49acHHUX
COPTIB 31 3HI)KEHUM BMICTOM KYMECTPOITY.

Kurouosi ciioBa: morepHa, kymectpod, cucrema HPLC, mo-
ITyJISIIS, Bapiarfiitai 3MiHu.
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