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Abstract

Forage digestibility of berseem clover (Trifolium Alexandrinum L.) is influenced by plant cell wall composition. This
study was conducted to evaluate the effects of different cutting treatments on cell-wall components of the herbage
and plant fractions in two Mediterranean berseem genotypes during growth and to examine the relationship be-
tween digestibility and cell wall components in these plant fractions. Cutting treatments were initiated at sixth in-
ternode elongation (A) and early flowering (B) and there was an uncut control treatment (C). Spring growth of
genotypes of Egyptian (cv. Giza 10) and Italian (cv. Sacromonte) origins was harvested in each of two years be-
ginning 196 days after sowing and thereafter every 6 days (twelve harvests in total) to measure cell wall compo-
nents. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) concentrations
were determined for leaf, stem, and total forage of each cultivar at each harvest. Without defoliation, NDF, ADF
and ADL concentrations of herbage increased linearly to a maximum of 528, 375 and 84 g kg'! DM, respectively,
by 220 days after planting, when plant height reached maximum values, then plateaued until 257 days after planti-
ng. Plant parts differed in cell-wall concentration, with stems being of higher fibre components than leaves, in the
two cutting treatments. Herbage and plant fraction fibre concentrations were negatively correlated with digestibil-
ity for all cutting treatments. Defoliation induced a reduction in fibre concentrations and plant height, although a
rapid regrowth was observed after cutting, in both treatments A and B. However, delaying defoliation to the early
flowering stage (B) increased fibre components concentrations both at cutting time and during the growing season
and significantly reduced the regrowth height. Conversely, plants cut at the sixth internode elongation (treatment
A) showed lower concentrations of fibre fractions than initiating cutting at early flower (treatment B). Therefore,
harvest management in which cuts are applied at the stage of sixth internode elongation appears to be the most
favourable for obtaining forage of lower fibre content in berseem clover grown in Mediterranean regions.
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1. Introduction The utilization by ruminants of cell wall

S, . is diff f i lant frac-
Most variation in digestibility and voluntary in- components is different for various plant frac

take of herbage by ruminants is caused by dif-
ferences in cell walls concentration and compo-
sition. In alfalfa Buxton and Hornstein (1986)
identified cell-wall concentration and propor-
tion of lignin within cell walls as the major lim-
itations to herbage and stem in vitro dry mat-
ter (DM) digestibility.

tions and development stages, as well as for dif-
ferent types of cell walls (Chesson et al., 1986).
Previously, we reported that cutting treatment
and development stage at cutting had the great-
est effects on DM partitioning and changes in
nutritive value of berseem clover (De Santis et
al., 2004). In our material, the nutritive value of
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the herbage, such as crude protein (CP) con-
centration and in vitro organic matter di-
gestibility (IVOMD) values, is largely influ-
enced by leaf-stem ratio and the nutritive val-
ue of the stem.

Plant maturity is the major factor affecting
morphology and determining forage quality. As
plants advance in maturity, the leaf/stem ratio
decreases. Additionally, cell-wall concentration
within stems, and usually within leaves, increas-
es and the proportion of cell solubles decreas-
es. This, indirectly decreases the digestibility of
total herbage. Generally, among both grasses
and legumes, the digestibilities of both leaves
and stems decline with increasing maturity
(Jung and Vogel, 1992). However, Albrecht et
al. (1987) found that alfalfa stems increased in
cell wall and lignin contents with increasing ma-
turity, but alfalfa leaves maintained relatively
constant composition across maturity levels.
Thus, alfalfa stem digestibility decreases consid-
erably with increasing maturity, whereas di-
gestibility of alfalfa leaves is little affected.

Cell wall constituents analysed as fibre in-
soluble in a neutral detergent solution (NDF),
were shown to consist of cellulose, hemicellu-
lose, and lignin, with lignin and cellulose being
combined in acid detergent fibre (ADF). Thus,
neutral-detergent-fibre (NDF) is an estimate of
total cell-wall concentration for forages and re-
sults the fraction best correlated to digestibility
(Goering and Van Soest, 1970). However, also
the acid detergent fibre (ADF) and acid deter-
gent lignin (ADL) fractions are reported to
have statistical association with forage di-
gestibility. For herbage of alfalfa (Medicago sati-
va L.), birdsfoot trefoil (Lotus corniculatus L.),
and red and white clover, Buxton and Hornstein
(1986) reported that correlation coefficients
ranged from -0.82 to -0.95 between NDF con-
centration and IVDDM concentration, from
-0.62 to -0.92 between ADF concentration and
IVDDM concentration, and from -0.40 to -0.75
between ADL and IVDDM concentration. In
four clover pecies Brink and Fairbrother (1994)
found negative correlations between cell-wall
components and in vitro DM digestibility, dur-
ing primary spring growth. For berseem clover,
they reported that correlation coefficients be-
tween NDF concentration and in vitro DM di-
gestibility were -0.85, for herbage, and -0.42 and
-0.91 for leaf and stem fraction, respectively.
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However, they found moderate or no associa-
tions between herbage and plant fraction lignin
concentration and in vitro DM digestibility.
Furthermore, correlations between forage
quality, and morphological and agronomic traits
have been reported. For alfalfa, negative corre-
lations were reported for lignin with leaf-to-
stem ratio and stem height (Kephart et al., 1989,
1990). Information is still lacking, however, re-
garding the effects of different cutting treat-
ments on changes in cell-wall composition of
berseem clover and its relationship to di-
gestibility. Therefore, the objectives were to de-
termine the changes in cell-wall composition of
the herbage and leaf and stem components of
two berseem genotypes grown under different
cutting treatments and to examine the associa-
tion between digestibility and cell-wall compo-
nents in these plant fractions, so as to develop
management approaches for harvesting a forage
with higher digestibility and lower fibre content.

2. Materials and methods

2.1 Plant material

Two berseem clover cultivars of different geo-
graphical origin, “Giza 10” (Egyptian) and
“Sacromonte” (Italian) and differing in physio-
logical traits (Iannucci et al., 1996), previously
evaluated for forage yield and nuritive value,
were used in this study. Planting, development
and cutting treatments used, have been previ-
ously described by De Santis et al. (2004).
Briefly, field experiments were conducted dur-
ing two growing seasons (1992-93 and 1993-94),
in Foggia, southern Italy (41° 31’ N, 15° 33’ E).
In mid-October of each year, seedlings of each
of the two cultivars were transplanted to 108
field plots of 0.45 m? (three rows 0.5 m long
and 30 cm apart) with 10 plants per row. The
experimental design was a randomized com-
plete block with a split-split-plot arrangement
of treatments in three replicate blocks. Cultivars
were main-plots, cutting treatments sub-plots
and harvest dates sub-sub-plots.

Cutting treatments were applied at three dif-
ferent plant ages: sixth internode elongation
(A), early flowering (B) and uncut control (C).
Starting from the fifth internode elongation of
the main shoot (about 196 days after planting —
DAP) until unharvested plants reached the late
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seed pod stage of development (about 257
DAP), 12 destructive harvests were made at 5-
to 6-day intervals, in all cutting treatments. Dur-
ing the experimental period, plants of each cul-
tivar were defoliated twice to ground level in
both treatments A (about 202 and 232 DAP,
harvest 2 and 7, respectively) and B ( about 214
and 238 DAP, harvest 4 and 8, respectively). At
each harvest, plants of the central row of a plot
were individually separated into stems, leaves,
heads, crowns and roots and evaluated for for-
age and seed yield (Iannucci, 2001). At each
sampling the length of the main shoot from soil
level was also recorded. For quality analysis of
this study, the leaf and stem fractions were used.

2.2 Chemical analyses

Cell-wall components was determined on
herbage, leaf and stem fractions, previously eval-
uated, on twelve dates in 1993 and 1994. Three
replicates per harvest date for each treatment
were analysed. The forage samples were dried
at 60 °C for 48 h, weighed, and ground to pass
a 1l-mm screen prior to laboratory analysis.
Herbage and plant fraction NDF, ADF and
ADL concentration were predicted using the
Near Infrared Reflectance methodology (Tech-
nicon InfraAlyzer NIR450, Mandel Scientific
Company, Ltd., Guelph, Ontario) after suitable
prediction equations were developed (Marten et
al., 1984). In 1993 and 1994, 90 and 80 samples,
respectively, were selected from all samples us-
ing the SELECT program described by Shenk
and Westerhaus (1991) and then chemically an-
alyzed for NDF, ADF and ADL by the meth-
ods of Goering and Van Soest (1970). These 170
samples were used to create a calibration equa-
tion to predict the constituents of all samples
collected in the two years. The coefficients of
determination of multiple regression (R?) for
NDEF, ADF and ADL were 0.97, 0.95 and 0.93,
respectively. All analyses were expressed on a
dry matter (DM) basis. In this study, NDF was
used to estimate cell wall concentration. It is
recognized that NDF understimates true cell
wall concentration, because pectins are solubi-
lized during the procedure. Measurement of
sample IVOMD concentration has been de-
scribed previously (De Santis et al. 2004).

2.3 Statistical analyses
Initially, an analysis of variance (ANOVA) was

carried out with the whole data set to test sta-
tistical significance of cultivars, cutting treat-
ments and harvest dates, across years. All re-
sponse variables were analysed by mixed-mod-
els analysis of variance, assuming years to be
random effects and cultivars, cutting treatments
and harvest dates to be fixed effects. This ANO-
VA identified that there were significant (P <
0.01) cutting treatments, harvest dates and in-
teractions effects. Subsequently, data for each
cutting treatment were analysed separately, with
years as random effect, and cultivars and har-
vest dates as fixed effects, in the model. Sever-
al year x harvest dates interactions were de-
tected when data were analysed across years.
However, the growth patterns were broadly sim-
ilar between years, so data from each harvest
across years were combined for analyses and
presentation. Means were separated using Fish-
er’s protected LSD (P < 0.05) when F-tests were
determined to be significant (Steel and Torrie,
1980). Simple correlations were calculated be-
tween cell wall components of herbage and leaf
and stem fractions and IVOMD values report-
ed previously (De Santis et al. 2004).

3. Results

Analysis of variance revealed a significant (P <
0.01) effect of harvest date for almost all the
traits in all cutting treatments (Tab. 1). Harvest
date affected all cell-wall components, except
herbage and leaf ADL in treatments A, and leaf
ADF in treatment B, being the most important
factor in influencing herbage cell-wall compo-
nents, during the growth. Differences between
cultivars were significant (P < 0.05) for most of
the traits for herbage, and leaf and stem com-
ponents in treatments A and B, but only for
ADF of the herbage, in treatment C, indicat-
ing that there was no difference between the
two cultivars when no forage harvest was ap-
plied. Differences between years were signifi-
cant (P < 0.05) for all traits for herbage and
leaf and stem components, indicating that cell-
wall components of berseem clover depended
on the year. However, most of the two-factor
interactions (year x cultivar) and (cultivar x
harvest) shown in Table 1 were not significant,
indicating that there was no interaction of the
cultivars with the harvest dates and weather
conditions.
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Table 1. Statistical significance of F ratios from the analysis of variance for neutral detergent fibre (NDF), acid detergent
fibre (ADF) and acid detergent lignin (ADL) of herbage, leaf and stem components, and plant height, for each cutting

treatment.
Herbage Leaf Stem
Treatment 7  Variable df NDF ADF ADL NDF ADF ADL NDF ADF ADL Plant
height
Cultivar (C) 1 ok sk * % NS 5 * o ok s
Y xC 1 NS NS NS NS * NS NS NS NS NS
Harvest (H) 11 ok # NS ¥ * NS w o ok
CxH 11 NS NS NS NS NS NS NS NS NS NS
YxCxH 11 # NS NS % o * wh # NS
Cultivar (C) 1 ok e NS  #x NS  *x NS * NS NS
YxC 1 NS NS * NS wk NS * NS *E NS
Harvest (H) 11 ok o #* ok NS * s o ok s
CxH 11 *x NS NS NS *k NS NS NS NS NS
YxCxH 11 sk *3%k *3% *3% EES EES Kk *3% 3k Kk
Cultivar (C) 1 NS *E NS NS NS NS NS NS NS wE
Y x C 1 NS NS NS NS NS NS NS NS NS NS
Harvest (H) 11 gk ko ke sk skek skek ek ke ks sk
CxH 11 NS NS NS NS NS NS NS NS NS NS

t Cutting treatments: A) sixth internode elongation; B) early flowering; C) uncut control.

Level of significance: NS, not significant; * P < 0.05; ** P < 0.01.

3.1 Neutral detergent fibre concentration

Trends for total, and leaf and stem NDF con-
centration, during the growing season, were sim-
ilar for both genotypes. However, the cultivar
“Sacromonte” almost always had lower values
than “Giza 10” on all cutting treatments (Fig.
1). In the uncut control treatment (C), mean
NDF concentration of total herbage increased
until the harvests 4-5, when it reached the max-
imum values, then plateaued until the late seed
pod stage (harvests 10-12). In this treatment,
maximum values of NDF were 540 and 515 g
kg! DM for cultivars Giza 10 and Sacromonte,
respectively, and were reached when plants
reached 90% of their maximum height (Fig. 2)
and when leaf-stem ratio (LSR) reached mini-
mum values (0.30, on average; De Santis et al.,
2004). The increase in NDF of leaves and stems
of both cultivars were similar, but the NDF con-
centration of the stem is already higher than the
NDF concentration of the leaf before the plant
reached an advanced stage of maturity (Fig. 1).
Mean NDF of leaf increased from 325 to 490 g
kg! DM, during the growing season, while mean
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NDF of stem significantly increased (P < 0.05)
from 484 to 680 g kg! DM (Fig. 1). Although
the increase in NDF concentrations of the stem
with age was lower (41%) than that of the leaf
(51%), due to the large contribution of the stem
to total herbage dry matter accumulation of
both cultivars (58%, on average; De Santis et
al., 2004), NDF concentration of the stem frac-
tion was the primary factor influencing herbage
NDF concentration during most of the growing
season. These results coincide with those re-
ported by Brink and Fairbrother, 1994, for
berseem and red clover.

The NDF concentrations of total herbage,
and leaf and stem of berseem were strongly in-
fluenced by the cutting treatments. As expect-
ed, there was a significant (P < 0.05) reduction
in herbage NDF concentration under both
treatments A and B (Fig. 1). The treatment B
almost always revealed higher NDF values than
treatment A, both at cutting time (Tab. 2) and
during the growing season (Fig. 1), with no sig-
nificant differences between cultivars. As for the
control treatment, in defoliated plants, the NDF
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Figure 1. Neutral detergent fibre (NDF) ot herbage, leat and stem components, for (a) cultivar Giza 10 and (b) cultivar
Sacromonte under three cutting treatments (0-o, sixth internode elongation; ®-@ early flowering; O-0O, uncut control) dur-
ing the experimental period. Means are for 2 years. Vertical bars indicate s.e.m. Arrows indicate the dates of cutting for
treatment A (1) and B ('|\)
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Figure 2. Plant height for (a) cultivar Giza 10 and (b) cultivar Sacromonte under three cutting treatments (o0-o, sixth in-
ternode elongation; @-@, early flowering; O-0, uncut control) during the experimental period. Means are for 2 years. Ver-
tical bars indicate s.e.m. Arrows indicate the dates of cutting for treatment A (1) and B (1).
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Table 2. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) concentrations for
total herbage (W), leaf (L) and stem (S) components and plant height at harvests 1 and 2 for Giza 10 and Sacromonte

under two cutting treatments combined over two years.

NDF ADF ADL Plant
(g kgt DM) (g kg DM) (g kg DM) height
(cm)
Treatment Cultivar Cut \%% L W L S W L S
A Giza 10 1 407 327 474 283 208 347 5834 51.88 63.62 61.07
Sacromonte 431 347 507 283 211 367 57.41 47.08 66.68 63.12
B Giza 10 1 539 431 629 375 275 459 8328 69.22 95.04 71.30
Sacromonte 505 399 604 373 268 458 7426 5555 89.48 8028
Level of significance
Cultivar (C) NS NS NS NS NS NS NS NS NS o
Treatment (T) Kk k3 kg ks ksk Kk NS sk 3k ek
CxT NS K NS NS NS NS * NS NS o
A Giza 10 2 468 375 588 325 228 446 6030 4528 8095 63.65
Sacromonte 446 368 571 347 254 442 68.06 5242 8530 60.65
B Giza 10 2 492 452 609 359 230 452 7550 52774 8838 46.00
Sacromonte 499 435 610 327 249 457 65770 49.57 8744 4747
Level of significance
Cultivar (C) NS NS NS NS NS NS NS * NS NS
Treatment (T) o o * NS NS NS NS NS * o
CxT NS o NS * wE NS * o NS NS

+ Cutting treatments: A, sixth internode elongation; B, early flowering.

Level of significance: NS, not significant; * P < 0.05; ** P < 0.01.

values of the leaves were lower than those of
the stems for both cultivars.

3.2 Plant height

As expected, control plants showed a continual
increase (P < 0.05) in plant height with advanc-
ing maturity, approximately from 50 to 105 cm
(Fig. 2), and always had higher values than de-
foliate plants. A rapid regrowth was observed
after cuttings, for both cultivars, and the same
value was reached in both cuts in treatment A
(about 62 cm), whereas plants were higher in
the first than in the second cut under treatment
B (75 and 47 cm, respectively), indicating that
the cut applied at the early flowering stage sig-
nificantly reduced regrowth height. This is in ac-
cordance with McDonald et al. (1995), which
stated that the rate of regrowth depends upon
the maturity of the crop at the time of harvest-
ing. If the crop is harvested when it is young
and leafy it recovers more quickly and starts re-
growth earlier than when a more mature
herbage is harvested.

3.3 Acid detergent fibre concentration

Linear trends for ADF concentration of total
forage and leaf and stem of both cultivars were
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similar to changes observed in NDF concentra-
tion during the growing season (Fig. 3). As ex-
pected, mean ADF concentration of the two cul-
tivars increased with advancing plant maturity
(treatment C). In this treatment, the increase in
ADF concentration of stem was similar to that
of leaves, but the ADF concentrations of the
stems were double than those found for leaf,
ranging from 340 to 510 g kg! DM compared
with 195 to 340 g kg' DM for ADF concentra-
tion of leaf. As for the results observed for NDF,
accumulation of stem DM (De Santis et al.,
2004) and increase in ADF concentration of
stem were probably the primary factors influ-
encing ADF concentration of the total forage.
The development stage at cutting greatly in-
fluenced the ADF concentrations of total
herbage, and leaf and stem (Fig. 3). For both
cultivars, the treatment B revealed higher ADF
values than treatment A only at the first cut,
when the differences between treatments were
30% for all fractions (Tab. 2). As for the NDF,
in defoliated plants, ADF concentration of leaf
was lower than that of stem throughout the
sampling period, reaching a maximum value of
265 g kg! DM, on average, at harvest 4 in both
treatments, for both cultivars (Fig. 3).
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Figure 3. Acid detergent fibre (ADF) of herbage, leaf and stem components, and plant height, for (a) cultivar Giza 10 and
(b) cultivar Sacromonte under three cutting treatments (o0-o, sixth internode elongation; ®-@®, early flowering; O-O, uncut
control) during the experimental period. Means are for 2 years. Vertical bars indicate s.e.m. Arrows indicate the dates of

cutting for treatment A (1) and B (']\)

3.4 Acid detergent lignin concentration

In treatment (C), mean ADL concentration of
total herbage significantly (P < 0.05) increased
with time, as the plant advanced to maturity.
In this treatment, maximum values of ADL
were 83 g kg DM, on average, for both culti-
vars, and were reached at harvests 10-12, when
plant height also reached maximum values
(105 cm, on average). The increase in ADL
concentration of leaves and stems of both cul-
tivars were similar. Mean ADL of leaf in-
creased from 41 to 79 g kg' DM, during the

growing season, while mean ADL of stem in-
creased from 60 to 112 g kg' DM (Fig. 4).

The ADL concentration of total herbage and
leaf and stem were affected by cutting treat-
ments (Fig. 4). The treatment B revealed higher
ADL values than treatment A, both at cutting time
and during the growing season (Tab. 2). At the first
cut the differences in ADL concentration between
treatments were 27% for herbage and leaf and
42% for stem (Tab. 2). These differences, even if
slightly lower, also occurred at the second cut, for
the total herbage (19%) and stem (6%).
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Figure 4. Acid detergent lignin (ADL) of herbage, leaf and stem components, and plant height, for (a) cultivar Giza 10
and (b) cultivar Sacromonte under three cutting treatments (0-0, sixth internode elongation; ®-@, early flowering; O-0O0, un-
cut control) during the experimental period. Means are for 2 years. Vertical bars indicate s.e.m. Arrows indicate the dates

of cutting for treatment A (1) and B (1).

Table 3. Correlation coefficients between in vitro organic matter digestibility (IVOMD) (De Santis et al., 2004), plant height
(PH), leaf stem ratio (LSR) and herbage and leaf and stem fibre components (NDF, ADF, and ADL) concentrations for
each cutting treatment combined over cultivars and years (n = 48).

Herbage Leaf Stem

Trait Treatment® NDF ADF ADL NDF  ADF ADL NDF ADF ADL
IVOMD A -0.19 -0.10 -0.38 -0.32 -0.05 -0.38  -0.86%* -0.85%*  -0.95%*

B -0.26 -0.21 -0.28 -0.26 -0.42%  -0.04  -0.89%* -0.89%*  -0.95%*

C -0.52%%  -0.69%*%  -0.78%*  -0.94%*  -0.94%F -0.90%* -0.91** -0.90%*  -0.96%*
PH A -0.33 -0.24 -0.04 -0.40 -0.29 0.04  -0.40 -0.35 -0.11

B -0.39 -0.34 -0.16 -0.28 -0.04 -0.32 -0.50*  -0.45% -0.44%

C 0.75%* 0.86%*  0.77*%  0.88**  0.84** 0.76"* 0.94%*  0.94%*  0.93%*
LSR A 0.13 0.11 0.27

B 0.19 0.17 0.14

C -0.56%*  -0.72%*%  -0.81%*

¥ Cutting treatment: A, sixth internode elongation; B,
Level of significance: * P < 0.05, ** P < 0.01.
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early flowering; C, uncut control.
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3.5 Correlations of IVOMD, plant height and
LSR with fibre components

With few exceptions, herbage and leaf and stem
IVOMD values reported previously (De Santis
et al., 2004) were negatively correlated with
NDF, ADF and ADL concentrations for all cut-
ting treatments (Tab. 3). However, these nega-
tive correlations were generally highly signifi-
cant in treatment C, but poor or non-significant
in treatment A, for herbage and leaf fraction.
This indicates that berseem clover plants cut at
an early stage of growth, more digestible (De
Santis et al., 2004), also have a lower concen-
tration of fibre components. However, the
IVOMD values of stem fraction resulted always
highly negatively correlated with all fibre com-
ponents for all cutting treatments, indicating
that stems are the lowest quality part of the for-
age plant fraction which more contributes to de-
creased the forage digestibility in all cutting
treatments.

In agreement with different authors for other
species (Kephart et al., 1990; Carpenter and
Casler, 1990), the ADL concentration was
strongly negatively correlated with IVOMD in
all plant fractions, in treatment C, indicating
that, this trait, as well as NDF, is an important
fibre component statistically related to forage
digestibility of berseem clover. In the stem frac-
tion, the highly significant (P < 0.01) and nega-
tive correlations of ADL with IVOMD (r =
-0.95, on average) further supports the view that
lignin depressed the digestibility of berseem
clover.

The plant height was negatively correlated
with fibre components of stem fraction in treat-
ments A and B, and positively with fibre com-
ponents of all fractions, in treatment C (Tab. 3),
indicating that, without defoliation, there is a
greater accumulation of the fibre components,
due to a high concentration of lignin.

As axspected, the LSR was negatively as-
sociated with herbage NDF, ADF and ADL
concentrations, in treatment C (r = - 0.70, on
average) but not in treatments A and B (Tab.
3). These results indicate that, cutting treat-
ment had a great influence on accumulation of
plant fibre components and that part of the
change in fibre components of berseem clover
plants is due primarily to the changes in the
leaf-stem ratio.

4. Discussion

As with dry matter partitioning and forage qual-
ity (Iannucci, 2001; De Santis et al., 2004), the
results of this study indicate that cutting treat-
ment and development stage at cutting had the
greatest effects on the cell wall components of
berseem clover. Our previous data showed that,
in defoliated plants, both IVOMD and CP val-
ues of total herbage increased as leaf-stem ra-
tio increased. Conversely, in the control unde-
foliated plants, with advancing maturity, values
of these traits rapidly declined because of a re-
duction in the LSR with a consequent increase
in the proportion of stem. The present data
show that without defoliation plants showed a
rapid increase in fibre (NDF, ADF and ADL)
concentrations, during the growing period. Plant
height continually increased with advancing ma-
turity, whereas the ratio of leaf to stem de-
creased in the same period (from 1.00 to 0.35,
approximately; De Santis et al. 2004). Thus, in
agreement with different authors (Buxton and
Russell, 1988; Kepart et al., 1989, 1990; Brink
and Fairbrother, 1994; Lloveras and Iglesias,
2001), the increase in fibre concentrations of to-
tal herbage with advancing maturity was main-
ly due to a reduction in the leaf-stem ratio and
in the increase of the fibre values of stem. Con-
versely, defoliation induced a reduction in fibre
concentrations and plant height, and increased
the regrowth, in both treatments A and B. Fur-
thermore, this regrowth was accompanied by
higher values of LSR and consequent higher
values of IVDOM and CP than in the control
undefoliated plants (De Santis et al., 2004). This
confirms, according to lannucci (2001), that
berseem clover is a defoliation-tolerant species
that can produce a regrowth with a higher nu-
tritive value (Shrestha et al., 1998).

The current study presents quantitative evi-
dence to indicate that the cut applied at the
sixth internode elongation is better than that at
early flower, for growth and forage fibre con-
tents of berseem clover grown in Mediterranean
regions. At the sixth internode stage, the plants
had lower fibre concentrations and higher re-
growth height, compared with the plants cut at
early flowering stage (B). Previously we report-
ed (De Santis et al., 2004) that early cutting pro-
duced higher quality traits than late cutting: har-
vesting the first growth later (treatment B) gave
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higher total forage yields (about 17%) for the
season than did earlier harvests (treatment A)
but resulted in herbage with lower digestibility
and crude protein concentration, as a result of
the increase in the stem fraction. Furthermore,
due to the inverse relationship between the
stage of growth at cutting and the DM yield in
the regrowth, the cut applied at the early flow-
ering stage decreased the DM yield in the re-
growth (Iannucci, 2001). Thus, the lower total
yield with earlier harvests was partially offset by
higher forage quality of spring growth and
greater availability of regrowth herbage having
lower fibre contents, in late summer. Similar re-
sults have been reported for other plant species
(Pohlmann and Simon, 1993; Xia et al., 1993;
Gustavsson and Martinsson, 2004). Therefore,
harvest management in which cuts are applied
at the stage of plant development correspond-
ing to sixth internode elongation seems to be an
acceptable compromise for harvesting a forage
with acceptable yield, higher digestibility and
crude protein concentration, and lower fibre
content.

After cutting, in both treatments A and B,
the production of new leaves led to increased
the leaf-stem ratio (Iannucci, 2001; De Santis et
al., 2004) and in agreement with Kepart et al.
(1990), decreased lignin concentration by dilu-
tion of stem cell walls in the total herbage. This
explains the negative correlations between plant
height and fibre components obtined in defoli-
ated plants. Conversely, in treatment C, the
highly significant and positive correlations be-
tween plant height and fibre components were
due to higher concentrations of cell wall cos-
tituents in the control plants.

Furthermore, without defoliation there was
a greater lignin accumulation and a lower leaf-
stem ratio (De Santis et al., 2004). Thus, in treat-
ment C, the highly significant and negative cor-
relations between LSR and herbage NDF, ADF
and ADL concentrations, suggested that, in
berseem clover, as in other forage legumes, such
as alfalfa, birdsfoot trefoil, red and crimson
clover (Buxton et al, 1985; McGraw and
Marten, 1986; Lloveras and Iglesias, 2001), a
higher leaf-stem ratio is consistently associated
with a lower forage cell wall concentration.

Under treatments A and B for both culti-
vars, the decrease in herbage NDF, ADF and
ADL concentrations, due to defoliation, was pri-
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marily as a result of an increase in the leaf-stem
ratio (from 1.0 to 2.5, approximately; De Santis
et al., 2004). In agreement with other authors
(Albrecht et al., 1987; Kepart et al., 1989) this
trait is greatly affected by maturity, as evidenced
by the highly negative correlation with the DM
yield, in the uncut treatment C, previously re-
ported (-0.95; De Santis et al., 2004). This indi-
cates that an increase, even if small, in forage
yield, as obtained under treatment B (De San-
tis et al., 2004), is correlated with an increase in
stem fraction, which usually has relatively low
values of IVOMD and CP concentration, and
high fibre concentrations. However, Minson
(1983) provided evidence that the quantity and
quality of the leaf fraction may be more im-
portant than the total forage quantity and qual-
ity under some grazing conditions, because
where there are large quality differences be-
tween leaves and stems in a pasture, animals
prefer to eat the leaf.

The results of this study confirm that due to
the relatively small changes in cell wall concen-
tration of the leaf fraction and equivalent DM
accumulation patterns (De Santis et al., 2004),
minimal quality differences exist between the
two cultivars during the growing season in re-
lation to harvest management, in terms both of
production and forage nutritive value.

The previous (De Santis et al., 2004) study
has demonstrated that based on the DM accu-
mulation, high ratios of the leaf-to-stem tissue,
and nutrient concentration patterns of the leaf
fraction of the two cultivars examined, in a
Mediterranean context, berseem clover can pro-
vide forage of good quality throughout the
spring growth period. This legume, when har-
vested at the sixth internode elongation, can be
a very high-quality alternative forage in south-
ern Italian environmental conditions, because it
is caracterized by a rapid regrowth after cutting,
accompanied by high values of LSR, high di-
gestibility and low fibre content.
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