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Influence of agronomic factors on the relationship
between forage production and seed yield
in perennial forage grasses and legumes

in a Mediterranean environment
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Abstract - Accessions (varieties and ecotype) of perennial legumes, lucerne (cv Equipe and ecotype Romagnola), sulla
(cvs Bellante and Sant’Omero) and sainfoin (cvs Zeus and Vala), and grasses, tall fescue (cvs Tanit and Sibilla), cocks-
foot (cvs Dora and Cesarina) and perennial ryegrass (cvs Vejo and Pamir) were investigated for performance in a typi-
cal Mediterranean environment (Foggia, southern Italy). The accessions were evaluated for yield potential in seed and
forage dry matter and the relationship between yield component traits under rainfed and two irrigation treatments and
forage harvest management was investigated. The traits investigated were forage production (dry matter, stem density
and plant height) and seed yield (seed yield, 1 000 seed weight, stem density and seeds per stem). The results showed a
significant difference among traits across the treatments. Early flowering of the accessions is the characteristic able to
increase dry matter and seed yield in grass and legume species. Dry matter of the first harvest of the year was weakly
influenced by irrigation treatments. The species and accessions showed different adaptability to exploit the forage and
seed yield potential in the weather conditions under study. Irrigation treatment with a higher level of water application
increased positively, in grasses and legumes, the correlation dry matter with stems per m2 of the sward and negatively
the correlation seed yield with seed weight in grasses and positively with stem density in legumes. Irrigation was the main
agronomic factor which resulted in an ability to increase the period of crop utilisation, the seed yield, and to stabilise seed
production in Mediterranean areas. (&copy; Inra/Elsevier, Paris.)
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Résumé - Influence de facteurs agronomiques sur la relation entre la production de fourrage et le rendement en
grain chez les graminées pérennes et les légumineuses fourragères dans un environnement méditerranéen.
Différentes populations (écotypes et variétés) appartenant aux espèces légumineuses pérennes suivantes : luzerne (cv
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Équipe et écotype Romagnola), sainfoin d’Italie (cv Bellante et Sant’ Omero) et sainfoin (cv Zeus et Vala) et aux gra-
minées suivantes : fétuque élevée (cv Tanit et Sibilla), dactyle (cv Dora et Cesarina) et ray-grass anglais (cv Vejo et
Pamir) ont été étudiées pour leur performance en milieu méditerranéen (Foggia, Italie du Sud). L’effet de différents
régimes hydriques et des rythmes d’exploitation sur le potentiel productif en grains et en fourrage et sur les composantes
du rendement a été étudié. Les caractères considerés pour la production de fourrage ont été la matière sèche totale, la
densité des tiges et la hauteur de la plante et, pour la production de semences, le rendement en grain, le poids de 1 000
grains, la densité des tiges et le poids des grains par tige. Les résultats ont montré des effets significatifs des traitements
sur les caractères considérés. La précocité de floraison, en particulier, est corrélée au rendement en fourrage et en grain
aussi bien chez les légumineuses que chez les graminées. L’effet des régimes hydriques sur la première coupe de l’année
a été faible. Les espèces et populations étudiées ont montré un degré différent d’adaptation à exploiter leur potentiel pro-
ductif en milieu méditerranéen. Au niveau le plus élevé d’irrigation, la corrélation entre production de matière sèche et
densité des tiges est augmentée pour les légumineuses et pour les graminées. La corrélation entre production totale et
poids unitaire de la graine est négative quand augmente la quantité d’eau d’irrigation pour les graminées. Dans le cas des
légumineuses, un effet positif du niveau d’irrigation sur la production de grains et la densité des tiges est observé. L’irri-
gation s’est avéré le facteur agronomique le plus important pour étendre la période d’utilisation de la culture et pour aug-
menter et rendre plus stable la production de semences en milieu méditerranéen. (&copy; Inra/Elsevier, Paris.)

cultures fourragères / légumineuses et graminées pérennes / facteurs agronomiques / rendement en grains et en
biomasse

1. INTRODUCTION

Seed production of crops of perennial legumes
and forage grasses in Mediterranean environments
is related to the amount of evaporation, rainfall and
temperature during the period of plant growth [2,
10, 13, 18]. Cultivation of perennial forage crops in
these environments requires appropriate agronomic
techniques to counteract the impact of variable
weather conditions on seed production. Studies on
agronomic factors which influence the relationship
between traits of biomass and seed production com-
ponents are useful for improving management tech-
niques and increasing, in particular, seed produc-
tion [5, 7-9, 13, 16].

Knowledge of the effect of agronomic factors on
relationships between yield components of perenni-
al forage crops in Mediterranean environments

requires a determination of the influence of the
agronomic factors on the exploitation of the

herbage and seed yield potential of the accessions
[5, 7, 13, 14, 16 ]. Thus, studies to examine and
quantify the effect of agronomic factors on perenni-
al grasses and legumes are important for developing
appropriate management techniques to fully exploit
the seed and biomass potential of cultivated vari-
eties.

The objectives of the study were to evaluate: i)
the influence of irrigation and forage harvest man-
agement on dry matter and seed production; and ii)
relationships between dry matter and seed yield
with yield component traits and the relationship
between yearly total dry matter production with
seed yield of perennial legume and grass forage
crop accessions in Mediterranean regions.

2. MATERIALS AND METHODS

Trials were carried out during the years 1993-1996 at
the experimental farm of the Forage Crops Institute of
Foggia (southern Italy, typical Mediterranean environ-
ment) on mixed black clay-loam, mesic Typic
Cromoxererts. Certified seeds of two cultivars of grasses
(cocksfoot (Dactylis glomerata L.), Dora and Cesarina;
perennial ryegrass (Lolium perenne L.), Pamir and Vejo;
tall fescue (Festuca arundinacea Screb.), Sibilla and

Tanit) and as many as accessions of legumes (sainfoin
(Onobrychis viciifolia Scop.), Vala and Zeus; sulla

(Hedysarum coronarium L.), Bellante and Sant’Omero
and one variety of lucerne (Medicago sativa L.) cv
Equipe and one ecotype Romagnola) were used in the
experiments. These accessions represent the genotypes
of perennial forage crops generally widespread in
Mediterranean agriculture.



The experimental scheme was a factorial design laid
out in a split-plot arrangement. The main plot was the
irrigation treatment and harvest management in three
sub-plots (herbage, seed yield of regrowth after the first
forage harvest and seed production without harvest). In
the sub-plot, the accessions of each species of grass and
legume were replicated four times. The experimental
unit was the sub-sub-plot of 7.5 m2, consisting of eight
rows equally spaced, 5 m in length and 0.17 m apart.
Seedbed preparation consisted of ploughing to a depth of
40 cm during the third week of August. The crop prior to
the legumes was durum wheat (Triticum durum Desf.)
and berseem (Trifolium alexandrinum L.) before the
grasses. Chemical fertiliser (32 kg ha-1 of nitrogen as
ammonia and 70 kg ha-1 of P2O5 as biphosphate) was
applied to the ploughed soil 2 weeks before seeding,
which was accomplished by a small-plot seeder in the
second week of October 1992. For the grass plots, after
each harvest, nitrogen fertiliser was applied at the rate of
40 kg ha-1 as urea after the first cut and 30 kg ha-1 after

subsequent harvests. Furthermore, in each year after the
planting year, at the end of February, weeds were
removed by hoeing and winter growth of the crops by a
clearing cut and then both forage and seed evaluation
plots were fertilised with nitrogen and phosphorus at the
respective rates of 70 and 90 kg ha-1 in grasses and 90 kg
ha-1 of phosphorus in legumes.

Irrigation treatments were: non-irrigated (rainfed),
irrigation until June (A) and irrigation for the whole year
(B). In both irrigation treatments, water was applied to
the crops when evaporation (ET) reached 80 mm accord-
ing to Doorenbos and Pruitt [4]. The number of water-
ings, the total amount of water applied and the evapora-
tion that occurred during the years of evaluation are
reported in table I. The trials were irrigated using a hor-
izontal bar 16 m long, 1.23 m above the soil surface and
with a nozzle pressure of 0.19 MPa.

The first harvest was taken when 15-20 % of stems
had flowered; and the flowering date of entry was
recorded (FD, expressed as days from first January).
Subsequent forage harvests were taken when stems of
plot reached the same phenological stage of the first cut
(29 and 31 days, on average over the year of evaluation,
in grasses and legumes, respectively). Seed harvests of
plots with forage and without forage harvests, were car-
ried out when seed moisture content (determined by test-
ing a small seed sample by moisture meter) was approx-
imately 15 %. Forage and seed harvest were both carried
out mechanically by a small-plot harvester.

On each experimental unit used for forage evaluation,
the following traits were measured: plant height (PH,
cm; mean of six values taken from ground level to main

apex); stem density (SD, stems m-2; assessed on two
samples taken from two 0.5 m of row) and dry matter
yield (DM, t ha-1). The dry matter content of the forage
at harvest was assessed on fresh herbage from each
experimental unit, and adjusted for moisture content
determined from a sample of approximately 500 g of
fresh weight. On the plots used for seed production, the
traits evaluated were: seed yield (SY, kg ha-1; at 13 % of
standard moisture content), stem density (SD, stems m-2;
determined as for the forage treatment), and components
of seed yield (inflorescences per stem, seeds per inflo-
rescence, seeds per stem and seed weight). Seed yield
components were determined from ten stems taken at
random from those used for assessing stem density. The
characters scored were: seeds stem-1 (SS, no.), 1 000
seed weight (SW, g) and harvest index (seed weight from
stems as percentage of the biomass for stems cut at

ground level).



2.1. Statistical analysis

Analysis of variance was performed on data of dry
matter and seed yield and their yield components of the
irrigation treatments and forage harvest management. In
the models, year of evaluation, irrigation treatments, har-
vest management, species, accessions and replications
were taken as fixed factors [17]. The arcsine &jadnr; % trans-
formation was made on percentage data before analysis.
Data from dry matter harvests of each species and irriga-
tion treatments were processed with the analysis of vari-
ance. In each species, to assess the significance of the
main effects of irrigation treatments, differences
between means of the dry matter and seed yield and their
yield component traits were compared by Duncan’s mul-
tiple range test; and the effect of year of evaluation with-
in irrigation treatment by the least significant difference
procedure. Analysis of variance for determining signifi-
cance between species was based on unequal sub-class
number of means for replication across the period of
evaluation according to the procedure described by Steel
and Torrie [17].

In each species, relationships between traits under
rainfed and irrigation treatments were estimated by sim-
ple correlation analysis carried out on data of replica-
tions of the accessions. The correlations assessed were:

1) dry matter production between its yield components
and dry matter with flowering data calculated using the
data of first harvest averaged over the rainfed and irriga-
tion treatments of 1993 and 1994; 2) seed yield with the
yield component stem density and seed weight, and seed
yield with harvest index were computed using the data of
seed harvest in the years of evaluation; and 3) seed yield
with total dry matter produced assessed utilising the data
of the years of evaluation.

3. RESULTS

Irrigation treatments increased the persistence of
crop utilisation for both dry matter and seed pro-
duction in all grass and legume species (figure I and
table II). Dry matter of the first harvest in all years
of evaluation, species and irrigation treatments

showed the highest values and did not differ

between rainfed and irrigated treatments, except in
1993 in lucerne and sainfoin and in all species of
grasses in 1995 (figure 1). In rainfed and in irriga-
tion treatments, dry matter yield, as a consequence

of lower plant establishment, was lower in the first
than in the second year of evaluation in cocksfoot,
tall fescue, lucerne and sainfoin. The highest dry
matter was produced, in all species and in both irri-
gation treatments, in the second year of evaluation
(figure 1). Moreover, after the second year of eval-
uation the accessions, of both legumes and grasses
under rainfed conditions, died. The increase in dry
matter in the first harvest of the second year (mean
of irrigation treatments over the years 1993 and

1994) was about 41 % higher, in both legumes and
grasses than the production of the first year of eval-
uation. The average increase in dry matter in the
years 1993 and 1994 of irrigation treatments, in the
second harvest was statistically significant and
increased the total production of dry matter in treat-
ments A and B by 12 and 29 % in grasses and 28
and 35 % in legumes (data not shown), respective-
ly.

Because the crops for seed production remain
exposed to weather conditions for a longer period
than for forage production, seed yield under rainfed
conditions was significantly reduced (mean over the
years of evaluation) in both grasses and legumes by
30 and 52 % in irrigation treatment A and 49 and
72 % in treatment B, respectively (means not

reported in table II). The agronomic conditions pro-
moted by irrigation treatment B enhanced by 1 year
the period of agronomic utilisation of the sward for
seed production and significantly increased seed
yield (computed in the years where treatments A
and B had seed production) by 39 % in grasses and
49 % in legumes compared to irrigation treatment
A. The seed yield decrease, observed in the last year
of evaluation in treatment B, was a consequence of
a reduction in stem density (table II). Other seed
characters were also influenced by increasing water
availability. Among species, the effect of irrigation
treatment A, across the year of evaluation, signifi-
cantly affected seed weight in cocksfoot, tall fescue
and sulla; and seed weight in all species of grass
and legume under treatment B. The seed characters
influenced by increased irrigation treatment B (in
the years of evaluation where comparison of both
treatments A and B are available) were the traits:
stem density in tall fescue and sulla, seed weight in
lucerne and seeds per stem in sainfoin and sulla



(table II). Cultivars of all species, except cocksfoot
under rainfed conditions in 1994, were statistically
different in dry matter production and, excluding
cocksfoot and sulla in 1993, not significant for seed
yield. Moreover, irrigation treatments A and B

increased, to a different extent, dry matter and seed

yield of the grass and legume accessions during the
year of evaluations. Among legume species, acces-
sions of lucerne, because they are less sensitive than
other species to summer dormancy, are at a greater
advantage from irrigation treatment B than the other
species (data not shown).



3.1. Correlation among traits

3.1.1. Dry matter yield and its yield components

The negative correlations observed in all species
between dry matter and days to flowering except

sulla (species with lower flowering data 12, 10, 30,
10 and 19 days than lucerne, sainfoin, tall fescue,
perennial ryegrass and cocksfoot, respectively),
showed that early flowering was a good indicator of

high dry matter yields (table III). Furthermore, the
trait flowering data were negatively correlated with



the stem density and plant height traits in the

species cocksfoot, perennial ryegrass and sulla, and
with stem density in all species of legumes and
cocksfoot, and perennial ryegrass among the grass-
es. The relationship between dry matter and stem
density was positively correlated in cocksfoot and
in all species of legume.

3.1.2. Seed yield and its yield components

Relationships between seed yield and yield com-
ponent traits in grass and legume species were dif-
ferentially affected by rainfed and irrigation treat-
ments. The consequence of more water being avail-
able during the seed filling period on seed yield
showed a positive significant correlation of seed
yield with stem density and seeds per stem, whose
r values are, respectively: 0.87** and 0.60** in

cocksfoot, 0.95** and 0.62** in perennial ryegrass
and 0.71** and 0.62** in sainfoin under treatment
A and 0.85** and 0.82** in lucerne under treatment
B. Seed yield was also positively correlated with

stem density in tall fescue (r = 0.86**) and sulla (r
= 0.87**) under treatment A; and in tall fescue (r =

0.82**), perennial ryegrass (r = 0.82**), lucerne (r
= 0.85**), sainfoin (r = 0.53**) and sulla (r =
0.48*) under treatment B. Correlations among com-

ponents of seed yield and harvest index had r values
of little interest from an agronomic point of view so
they are not reported. The different relationships
among seed yield components of grass and legume
species under rainfed and irrigation treatments may
reflect the biological pathways used by accessions
of species to better exploit and adapt their cycle of
growing to the environmental resource of locations
[1, 5, 7, 15, 20].

3.1.3. Dry matter and seed yield components

The correlation values and signs of dry matter
and seed yield were affected by irrigation treat-

ments and species of grasses or legumes (table IV).
Significant positive correlations were observed in
two species of grasses (tall fescue and perennial



ryegrass) in treatment A and in all species of

legumes in treatment B. In contrast, the negative
correlation of dry matter and seed yield observed in
perennial ryegrass in treatment B may be due to the
higher stems per m2 (table II) than for cocksfoot
and tall fescue which exploit the water resource
more effectively, minimising the environmental

impact on vegetative growth rather than seed pro-
duction. There was little correlation between the

other seed components and dry matter and so these
data have not been presented in the table

4. DISCUSSION

In the 4 years of evaluation, irrigation treatments
affected dry matter, seed yield and their yield com-
ponents in all species of grass and legume. The
lower dry matter observed in lucerne and sainfoin in
the first harvest of the first year, was ascribed to the

poor establishment of the crops. All accessions

showed the highest dry matter and seed yield under
irrigation treatments in the second year, as a conse-
quence of higher stem density in the sward (table
II). In agreement with Warringa and Kreuzer [20],

their reduction in the following years of evaluation,
in all irrigation treatments, was due to the reduction
in stem density in the treatments A and B and a col-
lapse of the plants under rainfed conditions.

Moreover, the lower differences in dry matter

observed in lucerne between harvests across the

years of evaluation (data not shown) than those of
other species, may be ascribed to the origin of the
accessions which showed lower sensitivity to sum-
mer vegetative dormancy [14, 15]. Thus, the culti-
vars of lucerne under favourable water conditions,
as in the case of irrigation treatment B, were able to
produce a high biomass during the summer season.
Moreover, the species cocksfoot, tall fescue, peren-
nial ryegrass, sainfoin and sulla showed summer

dormancy and were unable to produce biomass in
the summer although irrigated in late spring and
summer. Thus, these perennial crops when grown in
Mediterranean locations adapt the vegetative cycle
to the environmental condition, producing most of
their biomass in the spring, when the weather con-
ditions are favourable to plant growth.

In agreement with Crespo [3], Tuttobene and
Cavallaro [ 18] and Martiniello and Ciola [ 13], irri-
gation of forage species is a good agronomic prac-
tice that guarantees a stable seed yield in

Mediterranean environments. The water applied
under treatment B increased seed yield increasing
stem density, number of seeds per stem and seed
weight compared to treatment A.

According to the results obtained on root devel-
opment under controlled environments in perennial
grass and legume species by Arcioni et al. [1],
Rotili et al. [15], Janovszky [7] and Warringa and
Kreuzer [20], it may be postulated that treatment B
provides water to promote more seed production
and for restoration of root-system reserves than
treatment A, and finally increases sward persis-
tence. Thus, the benefits resulting from treatment B
were more apparent in the second and third year
through increased fertility of inflorescences and
seed weight. In contrast, water applied by irrigation
treatment A, in sainfoin and sulla in the first year
and perennial ryegrass and tall fescue in the second
year, satisfied the requirement of the tillers during
seed ripening without restoring the biochemical
reserve in the plant.



As suggested by Zannone et al. [22], Arcioni et
al. [1], Janovszky [7], Warringa and Marinissen
[21], Genter et al. [5] and Martiniello et al. [14], the
different effects of irrigation treatments on the dry
matter and seed yield components of the species,
legume and grass cultivars may adopt different
metabolic pathways to counteract the impact of the
environment on the crops (table III). Early flower-
ing in the accessions of all species was the trait
which enabled the plant to produce higher dry mat-
ter and seed yield in the environment studied.

Negative correlations between dry matter and flow-
ering date across the species, demonstrated that cul-
tivars which flowered earlier in the season were bet-
ter adapted to escape the months with low rainfall in
Mediterranean environments. According to

Janovszky [7] and Warringa and Marinissen [21],
the main differences under rainfed conditions

among species of legumes and grasses may be
ascribed to the relationship between flowering date
and stem density traits. The different signs and val-
ues of significant correlations observed under rain-
fed and irrigation treatments between these two
traits may be linked to the behaviour of legume and
grass species in their reaction to the environmental
condition imposed by the irrigation treatments. The
positive and significant correlation observed in
lucerne under treatment B was due to the cultivars

being summer active which resulted in a good seed
and dry matter production under irrigation treat-

ment B compared to the other legume and grass
species.

The higher number of correlations among seed
yield and yield components in grasses under rainfed
and irrigation treatment A than those of legumes
may denote different physiological strategies for

supporting seed yield components among acces-
sions of grass and legume species. Significant cor-
relations among yield components with a positive
sign observed in the species of grasses and legumes
under irrigation treatment A and rainfed condition
may be due to the fact that under limited water
resources one trait of seed yield prevails over the
others utilising the photosynthates to supply seed
production rather than in restoring the reserves of
the plant [1, 6, 7, 12, 19, 20]. Thus, the consequence
was a decrease in the plant reserve for regrowth and

a reduction in the period of agronomic utilisation of
meadow. In contrast, the increased water availabili-

ty achieved by irrigation treatment B increases the
environmental resources available more than does
treatment A, allowing the possibility for yield com-
ponent traits to counteract among themselves in a

way to better exploit the resources available and to
maintain active photosynthesis and physiological
processes which support seed yield and plant
regrowth for a longer period.

The correlations between total dry matter pro-
duction in the year of evaluation and seed yield
among species of grass and legume were scant and
with a different sign among irrigation treatments,
which may indicate that the traits are independent
and differently influenced by weather and irrigated
conditions (table IV). According to Khalak and

Gowda [8], Janovszky [7], Warringa and Kreuzer
[20] and Genter et al. [5], enviromental resources
(e.g. water) interfere with flowering date and har-
vest index (data not presented) in grass and legume
species influencing photosynthesis and consequent-
ly the biological mechanisms which support persis-
tence, dry matter and seed yield. Thus, in agreement
with the results obtained by Liang et al. [11],
Gumaniuc [6] and Lorenzetti [12], it is possible to
assume that the genetic basis of dry matter, seed
yield and their components are specific and their
expression is influenced by environmental factors.

5. CONCLUSIONS

Dry matter, seed yield and yield components of
the species react differently to the agronomic fac-
tors considered in the experiments. The research
underlines the importance of early flowering in cul-
tivars, the advantages of irrigation in increasing for-
age and seed production and in minimising the
effect of drought stress on the crops. Treatment B
increases the utilisation period of the cultivars for
dry matter and seed yield exploitation rather than
treatment A and rainfed. Dry matter yield of the
first harvest did not substantially differ among the
irrigation treatments. Seed yield components that
were more influenced under treatment A were stem



density and seeds per stem in grasses and in

legumes, and stem density, seeds per stem and seed
weight in grasses, and stem density and seeds per
stem in legumes under treatment B. Irrigation treat-
ment B was the agronomic factor able to increase
both seed yield in the cultivars and the number of
cropping years. The relationship between dry mat-
ter and seed yield across the species and irrigation
treatments was weak and influenced by water avail-
ability during the growing season. Moreover, with
limited water resources of rainfed and treatment A,
photosynthates were used to develop seed compo-
nents rather than restore reserves supporting plant
growth.
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