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The objectives of the experiment were to quantify the effect of different
perennial legume species on N accumulation in harvested herbage, to assess
the possible effect on nitrogen dynamics in grasses grown in mixture with
legumes, to identify more suitable legume-based mixtures for efficient N use
within perennial swards. Red clover (Trifolium pratense L.) and lucerne (Me-
dicago sativa L.) were sown in monoculture or in mixtures with white clover
(Trifolium repens L.) and perennial ryegrass (Lolium perenne L.) and timothy
(Phleum pratense L.) for cutting. White clover was sown both in monoculture
and with grasses. The grasses were also sown without legumes and either
fertilized with 240 kg N ha' year' (N,
accumulation and use efficiency were estimated during three years of swards

) or not (N). The N concentration,
use. Nitrogen concentration in herbage and accumulation per unit of area
varied in relation to legume species, year of sward use and cuts within year.

All legumes had a positive effect on the improvement of N use efficiency.

Key words: nitrogen accumulation, nitrogen concentration, clover, lucerne,

grasses, herbage

INTRODUCTION

Nowadays the quality of crop products, the environmen-
tal impact of crops and cropping systems, the low costs
of production are important and multiple targets. Unders-
tanding the processes that govern N fluxes, particularly
N accumulation and distribution in crops, a higher N use
efficiency is of major importance with respect to both
environmental concerns and the quality of crop products
[1-3]. The efficiency of N accumulation depends on ma-
ny factors, such as temperature, light, soil pH, mineral
macro- and micro-nutrient availability, well adapted cul-
tivars, rapid and effective nodulation [4, 5]. In perennial
plants, the selection of species can also influence the
productivity and efficiency of N cycling. Not all legumes
had similar impacts on nitrogen accumulation and bio-
mass production, therefore N uptake in mixed stands stron-
gly depended on the legume species [6, 7].

A key issue in all systems is synchrony of N supply
with plant demand. In legume/grass pasture systems, the-
re is much less potential to alter the synchrony of N
supply and demand. Can we usefully improve the effi-
ciency of N cycling in these farming systems through
manipulation of these processes by species selection,
modification of plant tissue quality or management prac-
tices [8]? Experiments conducted on loamy Cambisols
in Lithuania cannot yet answer these questions.

The objectives of the present experiment were to
quantify the effect of different legume species on N

accumulation in harvested herbage, to assess the possib-
le effect on nitrogen dynamics in grasses grown in mix-
ture with legumes as compared with grasses alone, to
identify more suitable legume-based mixtures for effi-
cient N use in perennial swards.

MATERIALS AND METHODS

Field studies were conducted on a loamy Endocalcari-
Epihypogleyic Cambisol in Dotnuva (55°24°N). Soil pH
varied between 6.5-7.0, humus content was 2.5-4.0%,
available P 50-80 mg and K 100-150 mg kg'. Legu-
mes and grasses were sown with a cover crop of barley
for grain in 1999. Red clover (Trifolium pratense L.)
cv. ‘Arimaiciai’ and lucerne (Medicago sativa L.) cv.
‘Biruté’ were sown in monocultures or in mixtures with
white clover (Trifolium repens L.) cv. ‘Atoliai’ and pe-
rennial ryegrass (Lolium perenne L.) cv. ‘Sodré’ and
timothy (Phleum pratense L.) cv. ‘Gintaras II’ for
3-years use for cutting. The legume/grass ratio in the
mixtures was 60:40. The grasses (mixture of perennial
ryegrass and timothy) were also sown without legumes
and either fertilized with 240 kg N ha' year! (N, ) or
not (N,). The experiments had a randomised block de-
sign with four replicates. The net plot size was 2.5 x
12.5 m. P and K were applied according to the need
based on soil analysis. Plants were sampled in 2000,
2001 and 2002. The yield of swards was taken at the
flowering stage of legumes. The swards were cut 3 times
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per year in the first and second year and twice in the
third year ley. N concentration was determined by the
Kjeldahl method. The nitrogen nutrition index (NNI)
was calculated as NNI = Nact/Nc [9], i.e. the ratio of
the measured N concentration in cuts (Nact) and the
critical N concentration (Nc) of the same sward in the
dry matter (DM). The critical N concentration was cal-
culated according to the relation Nc (%) = 4.8 WO3
[10], where W represents crop biomass per unit of
ground area. The yield data were statistically processed
using analysis of variance and regression analysis.

RESULTS AND DISCUSSION

Total dry matter yield

There were significant differences in the DM yield among
the various legume species and their mixtures with gras-
ses in each year of ley use (Table 1). Lucerne and lucer-

general, N uptake, for which the capacity in grasses is
high, mirrors the growth pattern [12]. Differences in N
concentration in the organic matter of cut herbage were
observed among different mixtures in each cut and in
all three years of swards use (Fig. 1). In 2000, N con-
centration in all mixtures increased from the first to the
second cut. N concentration in the red clover/grass mix-
ture was the highest among mixed swards in the first
cut. In white clover/lucerne/grass and lucerne/grass
swards the concentration was slightly lower than in red
clover/grass. In white clover/grass herbage N concentra-
tion was lower than in red clover- or lucerne-based mix-
tures, therefore it tended to have an only slightly lower
concentration than in grass fertilized with nitrogen. The

Table 1. Effect of different legume and legume/grass swards
on the productivity of ley over three years of use

. .1 . T DM kg ha’ d
ne/grass swards were the highest yielding in all three (S;::;mf:; osition) g e
years and varied less between years compared with the P 1%t (2000) | 2™ (2001) | 3 (2002)
. The DM yields of 1 1 ith
other swards. The yields o r.ed clover alone or wi White clover 3580 4122 1645
grasses were by 20-30% lower in the first and second
. . . . Red clover 6550 8488 1580
years and over 3 times lower in the third year. White
. Lucerne 8998 10562 4782
clover and white clover/grass swards were the poorest
g W. clover/r. clover 6138 7302 1125
yielding. All legume and legume/grass swards exceeded
. . o W. clover/lucerne 8680 10640 5575
the yield of grasses without fertilizer N, and lucerne-
based swards surpassed the N, fertilized grasses. In most W. clover/grasses 4360 3850 1487
countries, le murfg— Tass mixtflﬂas ave eirall .a higher R. clover/grasses 7225 8800 1605
. » egumeTg : gave generatly a hig Lucerne/grasses 9492 1112 5655
yield than grass swards without N fertilizer [11].
W. clover/r. clover/
. . 2 4 1575
Nitrogen concentration e 687 7840
oy . . W. clover/lucerne/
The N content/unit biomass (N% in DM) is frequently
e . . grasses 8770 10292 4950
used as an indication of how adequate N supply is for
Grasses, N 9295 6360 2050
crop growth. Plant contents can range between 1% and 240
. . . .- Grasses, N 3012 1922 770
5% N on dry weight basis, with distinct annual patterns g
. . . . LSD 461.0 699.0 634.0
of decreasing contents with maturity of the sward: in f03
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Fig. 1. N concentration (g N kg' DM) in the harvested biomass of legume/grass mixtures and monocultures of grass fertilized

with nitrogen and without nitrogen at each cut

Abbreviations: WC/G — white clover/grasses, RC/G — red clover/grasses, L/G — lucerne/grasses, WC/RC/G — white clover/

red clover/grasses, WC/L/G — white clover/lucerne/grasses, G+N,,, — grasses, N

s OGN, — grasses, N.
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highest N concentration was found in lucerne-based
swards in the second cut. In the third cut, N concentra-
tion slightly decreased in red clover/grass, lucerne/grass,
white clover/red clover/grass and white clover/lucerne/
grass mixtures and markedly decreased in a grass mix-
ture fertilized with nitrogen. However, N concentration
in the third cut of white clover/grass mixtures and grass
without nitrogen fertilization increased. In 2001, N con-
centration increased in herbage from the first to the
second cut in all swards and slightly declined in the

third cut, except for the grass sward without nitrogen.
The level and pattern of N concentration in all swards
were similar to those in 2000, with very small varia-
tions between swards within cuts. A similar trend from
the first cut to the second was observed in 2002, howe-
ver, the level of N concentration was lower than in the
previous year, except for the lucerne/grass and grass
swards fertilized with nitrogen in the second cut.

N concentration is not a fixed value and decreases
as the crop develops and its structure and biochemical
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Fig. 2. Legume content (%) in the harvested DM at each cut during 2000-2002
Abbreviations: WC/G — white clover/grasses, RC/G — red clover/grasses, L/G — lucerne/grasses, WC/RC/G — white clover/
red clover/grasses, WC/L/G — white clover/lucerne/grasses.

N mg kg DM

composition change. Leaves, with
their high content of protein, etc. are
formed in early growth, while the sup-
porting stems, with more cellulose and
lignin and little protein, develop la-
ter. So N content (N%) decreases with
age and also depends on the environ-
ment [13].

* 0
10 Legume % Seasonal changes in N concentra-
04 ; ; # } | 'Fions ir.1 herbage can be explgined by
0 20 40 60 30 100 increasing the legume share in legu-
me/grass swards from the first to the
——Ycalc. ¢ Y actual Y = 16.931 + .105X; R* = 301;t= 2318 | third cut (Fig. 2). Legume content in
the mixtures fluctuated considerably
between cuts, ley years and legume
N mg kg DM b) S
gxe species in mixture; however, legumes
30 accounted for the largest share in the
25 + ’ e B0 e herbage yield. In most situations lu-
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Fig. 4. N concentration (g N kg'' DM) in the harvested biomass in grass
grown in legume/grass mixtures and grass monoculture
Abbreviations: WC/G — white clover/grasses, RC/G — red clover/grasses,
L/G — lucerne/grasses, WC/RC/G — white clover/red clover/grasses, WC/
L/G — white clover/lucerne grasses, G+N; — grasses, N.

white clover had the lowest percentage re-
lative to other legumes in all three years.
Nevertheless, the relation between N con-
centration and legume proportion was signi-
ficant, but the correlation was not very
strong (Fig. 3a).

Biological nitrogen fixed by legume com-
ponent in mixed swards can be transferred
to grass component [§8, 14, 15]. In our ex-
periment, N concentration in grasses grown
with lucerne or red clover was significantly
higher than in grass herbage alone in 2000,
but this N transfer effect was not confirmed
in 2001, except for grasses in lucerne-based
mixtures (Fig. 4). In most cases, N concen-
tration in grasses from the second and third
cuts was much higher than in those from
the first cut because of the earlier grass ve-
getation stage and a larger part in swards
compared with the first cut (Fig. 2). The ob-
tained correlation suggests that legume pro-
portion had a significant influence on N con-
centration in grasses from mixtures with le-
gume, but the correlation was not strong
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Fig. 5. N nutrition index of legume and legume/grass swards in different cuts

Abbreviations: WC — white clover, RC — red clover, L — lucerne, WC/RC

— white clover/red clover, WC/L — white clover/

lucerne, WC/G — white clover/grasses, RC/G — red clover/grasses, L/G — lucerne/grasses, WC/RC/G — white clover/red clover/

grasses, WC/L/G — white clover/lucerne/grasses, G+N,,, — grasses, N
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between N concentration in all sward herbage and legu-
me proportion, either (Fig. 3b).

Nitrogen use efficiency
The N uptake rate of field-grown crops is regulated not
only by soil N availability, but also by the crop growth

rate. N uptake per unit biomass decreases as crop mass
increases, suggesting that the dependence between N
uptake and growth is complex. The concept of critical
N concentration has been developed extensively in the
last decade. It allows the N status of crops to be pre-
cisely and dynamically quantified over their develop-

ment, and thus represents

N kgha' 2) a unique tool. for the
160 study of the various agro-
140 nomical and ecophysiolo-
1(2)8 T gical aspects underlying
80 L the N—growth relationship
60 1 [2]. On the basis of the
40 1+ N_ concentration and
28 T N, concentration ratio,

the NNI has been propo-

0 20 40 60 80 100 sed [9]. Values of the NNI

Legume %
greater than or equal to
— Ycale. + Yactual Y= 2396+ .774X;R’= 338;t= 3.173 | 1.0 indicate that the crop
is in the situation of non-

Nkgha b) limited N supply. Values
160 F of NNI smaller than 1.0
140 + indicate N deficiency. In
%38 T our studies conducted on
30 1 ¢ different legume, legume/
60 -+ 4 grass and grass swards,
40 Fo0%0 e e DM kg ha the NNI was calculated at
28 T *% } } | (, different times of the re-

growth cycles (or cuts)
0 1000 2000 3000 4000 5000 (Fig. 5).
In all swards and in all

— Y calc. ¢ Y actual Y= 46.661 +.014X; R? = .47; t= 4.706 cuts the NNI was lower

Fig. 6. Relationship between N accumulation and the percentage of legumes (a), and between

N accumulation and the DM yield of swards (b)

than 1.0, indicating N de-
ficiency, except for the

Table 2. Effect of different legume and legume/grass swards on N accumulation in the above-ground biomass at each

cut and total per year

N kg ha'

Treatment 1 (2000) 2" (2001) 3 (2002)

Cut 1 | Cut 2 | Cut 3 Total Cut 1 | Cut 2 | Cut 3 Total Cut 1 | Cut 2 Total
White clover 28.8 244 29.8 82.9 64.3 28.6 16.5 109.4 20.1 53 254
Red clover 61.2 54.6 61.1 177.0 96.8 77.4 39.8 214.0 21.6 7.4 29.0
Lucerne 113.8 95.8 57.0 266.7 133.4 103.0 39.8 276.2 73.5 40.4 113.9
W. clover/r. clover 55.6 543 54.1 164.0 95.4 54.6 35.8 185.8 14.7 5.1 19.8
W. clover/lucerne 92.2 90.2 57.6 240.0 143.0 102.9 40.0 285.9 80.6 444 125.0
W. clover/grasses 29.6 15.8 31.5 76.9 48.7 20.2 15.7 84.7 18.7 5.1 23.8
R. clover/grasses 80.1 52.9 52.0 185.2 105.4 73.7 352 2143 23.5 6.1 29.6
Lucerne/grasses 89.2 93.3 54.9 237.3 134.7 114.7 38.4 287.8 88.9 51.2 140.1
W. clover/r. clover/
grasses 49.1 45.1 53.2 147.3 83.8 60.3 352 179.2 18.4 60.3 78.6
W. clover/lucerne/
grasses 81.6 87.6 61.3 230.5 117.6 95.7 41.0 254.3 74.2 26.8 101.0
Grasses, N, 68.2 48.8 29.6 145.8 72.0 33.1 27.8 132.9 31.2 12.2 433
Grasses, N, 16.6 53 5.9 27.8 8.6 13.1 9.9 31.7 8.0 - 8.0
LSD 4.99 5.09 5.81 11.38 8.46 10.26 4.13 17.55 9.51 7.82 15.33
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white clover/lucerne sward in the first cut in 2001 (in
the second year of ley use). The lowest NNI was cal-
culated in grass swards without N fertilization. How-
ever, lucerne-based swards in some cuts reached indices
close to 1.0, therefore we could presume that lucerne
had the greatest positive influence on the improvement
of N supply. All legumes had a positive effect on the
improvement of N supply to swards, and in many cases
in the first two years of use this effect was higher as
compared with N, application for grass sward.

Effect of legume species and mixture composition on
N accumulation

Absolute amounts of harvested N from swards, calcula-
ted from harvested herbage concentration and swards
DM vyield, are shown in Table 2. N accumulation varied
between legume species and cuts, and there were signi-
ficant differences depending on legume species. The N
accumulation identified in our study was similar to that
determined by other researchers. Whitehead [12] has
calculated that grass harvested either by cutting or graz-
ing in a temperate environment and producing 8-
15 t ha! DM usually contains between 200 and 350 kg
N ha'l.

N accumulation was significantly higher in lucerne-
based swards in all cuts. The amount of nitrogen in
red clover-based swards was lower than in lucerne,
but higher than in grass herbage without N fertiliza-
tion. White clover-based swards produced a lowest N
yield (Table 2). Nitrogen uptake of field crops is highly
variable within a single year, between years, between
sites, and between crops, even when N supplies from
both the soil and additional fertilizer inputs are plen-
tiful. Nitrogen yield in mixtures should be greater than
in monocultures, if nitrogen limits production and plants
are complementary in their nitrogen use and the N
amounts of ley are closely related to legume produc-
tivity and content in swards [2, 6, 16]. Nitrogen con-
tent in our study was related to the percentage of le-
gumes in the sward and more strongly to the DM
yield of legumes (Fig. 6). N content increased with
increasing the proportion and yield of legumes in the
herbage of the swards.

CONCLUSIONS

Nitrogen concentration in herbage and accumulation per
unit area varied depending on legume species, year of
sward use and cuts within year. The most abundant and
stable nitrogen accumulation over the three years of use
of the swards intended for cutting was recorded for
lucerne, less abundant for red clover, and the lowest
but more stable than red clover for white clover.

All legumes had a positive effect on the improve-
ment of N use efficiency in swards, and in many cases
this effect was higher compared with N,  application
for grass sward.

0

In the companion grasses, N concentration was hig-
her with the higher share of legumes in the legume/
grass sward.
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SKIRTINGU ANKSTINIU ZOLIU RUSIY AZOTO
KAUPIMAS IR JO EFEKTYVUMAS ZOLYNUOSE

Santrauka

Tyrimo tikslas buvo ivertinti N susikaupima skirtingy ankstiniy
rusiy zoléje, iSsiaiskinti azoto kaita varpinése Zolése, augusiose
zolyne su ankstinémis arba be ju, nustatyti tinkamesnius anksti-
niy ir varpiniy Zoliy miSinius, efektyviau iSnaudojandius azota
daugiameciuose Zolynuose. Buvo tirti Zoliy misiniai i§ raudonyjy
dobily (Trifolium pratense L.), liucerny (Medicago sativa L.),
baltyju dobily (7rifolium repens L.), daugiameciy svidriy (Lolium
perenne L.) ir paSariniy motiejuky (Phleum pratense L.), taip pat
tik ankstiniai arba tik varpiniai Zolynai. Varpiniy Zolynai buvo
treSiami 240 kg N ha' (N, ) arba ne (N ). Nustatyta azoto kon-
centracija zoléje, azoto iSnaudojimo efektyvumas bei azoto su-
kaupimas ploto vienete per trejus Zolyny naudojimo metus. Azo-
to koncentracija zol¢je ir sukaupimas ploto vienete priklausé nuo
ankstiniy zoliy riSies, zolyny naudojimo mety ir pjuciy laiko. Vi-
sos tirtos ankstinés zolés N iSnaudojo efektyviai.



