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CHANGES IN GRASS PHYTOCENOSIS AFTER
TEMPORARY CESSATION AND REPEATED
FERTILIZATION OF STANDS

] Janéovié, L. Vozar

slovak University of Agriculture, Nitra, Slovak Republic

Field trials were conducted to study the effect of fertilization, its absence and
effect of repeated fertilization on floristic composition and production of dry
matter of permanent grasslands. Diversified grass community is changed dur-
ing eight years of fertilization by gradated nitrogen rates into grassland with
73 to 84% share of grasses. Phosphorus-potassium fertilization supports the
development of dicotyledonous species and share of grasses is falling. After
three-year cessation of fertilization unfertilized stand is typical by almost 50%
share of dicotyledonous species, grass species (Festuca pratensis Huds., Fes-
tuca rubra L.) are disappearing and moss (20%) is spread in the stand. In the
stand fertilized before cessation with PK-fertilizers the share of leguminous
crops is significantly falling (by 24%), and the representation of the other
meadow herbs and grasses is increasing. Absence of fertilization affects mini-
mally the stand with 240 kg N.ha™", though the stand is thicker due to reduction
of representation of grasses (by 80%) and the other herbs (by 3.5%). Absence
of fertilization affected dry matter production, what manifested particularly in
the second and third years of cessation. However, a sharp decrease of dry
matter yields was recorded in the year after cessation within 40 and 72%.
Absence of fertilization affected negatively the development of productivity,
quality and floristic composition of grass phytocenosis. Minimum utilization
of grassland starts as late as in the second year after cessation of the process
of secondary succession. Repeated fertilization and regular utilization can
damp this process and grassland can be revitalized.

Permanent grassland: floristic composition; dry matter production; cessation
of mineral fertilization, repeated fertilization of grassland

INTRODY CTrON

g erttha_tion. increases production capacity of permanent grasslands, but on
regenerzrt'mde I‘tS.bl(?lee.rSl[-y is falling. Onje of the po.tent.ial prerequisites of
ker, 9110.11 Of‘blodlversny is absence of mineral fertilization (O11 f, Bak-
of the P Géaboréik, 1997; Mrkvicka et al., 1997) with minimising

¢ anthropogenic effects, but with such a possibility of cultivation
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of grasslands which will preserve their sp.ecies variability (I‘an{_\.g\,ié!
1996). In our conditions an attention was palq to the prob.ler.n of absence of
mineral fertilization and effect of its composition on floristic str.ucmre ang
productivity at the end of the 1960s (Lichner etal, l9t_66) at increase o
the utilization of mineral fertilizers and recently when their apphca}ion fel]
significantly Jancov g, 1996; Gaborcik, 1997). There are a few daty
on repeated fertilization of grasslands after severa}-year cessation os lcf_tili.
zation or no greater attention was devoted to tAhls problem (Jan‘{:gvlé’
Vozar, unpubl.) The contribution wants to point out some prob;ams con-
nected with absence of mineral fertilization of grasslands and their repeateq
mineral fertilization and utilization.

MATERIAL AND METHODS

Experimental investigations with fertilizatign 01‘ grf\sslands (1986-1993)
after its absence (1994-1996) and repeated iertlllzatlon)(1997) were per-
formed on permanent grasslands in the region of S}réiovske vrchy (gc;ol()glcal
unit Mala Magura, locality Chvojnica). The territory of concern m.the ex-
perimental site is situated at the altitude 600 m above sea 1evel3 ‘wnh geo-
graphic altitude 48° 53" and longitude 18° 34’. Slope character of the terrain
is ranging between 17° and 20°. . . . !

The site belongs to the region slightly warm, into subregion slightly arid
with dominantly cold winter. According to long-term measurements average
annual air temperature reaches here 6.5 °C, 1 1.1 O'C_for. the. gr()\{viljag scas}??.
Long-term average of the whole-year sum 0_1' prempltanon is 848 inm, w 1'2
it is 431 mm during the growing season. Soﬂ—formmg-substr.ate of {hp site 1
seest of Jurassic schists with inserts of marls, on wh}ch acid 0%11'1‘1?1501 was.
§ormedA Permanent grassland was identified as association of Lolio-Cynosure
tum R.Tx 1937 in view of phytocenology. o o

Original variants of fertilization and rates of nitrogen are Wfssenmined
Table 1. Phosphorus and potassium fertilization was constant and deter
at 30 kg P.ha! and 70 kg K.ha™' annually. . . o

The trial was established in four replications, are‘a.of h.arv‘em,vp‘ o
10 m2. In the years 1986 to 1989 all variants were utlllzed.l.n tgm L\?qrianls
in the years 1990 to 1993 differentially accqrdmg to fertlhz%l‘tflol? rm‘d ol
(2-3 cuts). During the years 1994 to 1996 fertlllz‘atlon was omuie’: k‘a o il
one cut was used based on the methodology zn‘t.er RychnoV : o 1997
(1987) in the time of maximum biomass prgduclmn (‘e.nd Pf IU’?:gle ) v
after three-year cessation of fertilization, mineral fertll.@auor'l ( ::_ee ot
again repeated as before cessation and 1thc stand was utilized 11?’:1{.“ ortiliz
autumn period of 1996 1 t CaCOs.ha™! was applied to all variants

t was
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ts and rates of nitrogen (kg-ha™")

L yarian
Nitrogen rates in year
forian Ist 2nd 3rd 4th

/l_/_ = - - s

2 PK PK PK PK

3 PK + 60 N PK + 60 N PK + 60 N PK + 60N

4 PK + 120 N PK + 120 N PK + 120 N PK + 120 N

5 PK + 240 N PK + 240 N PK + 240 N PK + 240 N
e

pefore tO reduce the soil reaction, which lowered according to the different
variants for the period of previous fertilization and its breaking within the range
0.3 to 0.8 pH. Botanical analysis was performed by the method of projective
dominance before each utilization to find the changes in floristic composition of

the stand in different variants (Regal, 1956). Agrochemical properties of the
experimental site for stand establishment are given in Table II.

RESULTS AND DISCUSSION

As to phytocenology grasslands can be characterized as certain fragments
of associations where anthropogenic factor is significantly applied
(Holubek, 1991; Jancovi&, Holdibek, 1993; Jancovic, 1996).

.The studied grass community before fertilization was floristically varied,
with dominance of grass species (73%) where the other meadow herbs formed
25% share and leguminous crops were presented by 2%. Already in the first
year of fertilization and utilization representation of different floristic groups
changed (Fig. 1), mainly in variants with gradated nitrogen nutrition. Phos-
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phorus-potassium fertilization applied in the initial year of the trial Withg,
nitrogen emphasised herbal character of the stand with distribution of @iicotylel
donous herbs (Leontodon autumnalis L., Taraxacum officinale L., A,ip;mml.u("
vulgaris L., Plantago lanceolata L., Achillea millefolium L., Trifolium 57*"611‘@“;
L., Trifoloium repens L., Lotus corniculatus L. and Vicia cracca L.). I

After eight years of mineral nutrition (Fig. 2) the share of grasses i,
creased, except variants 1 and 2, what is known from studies of many authg
(Krajéovic et al., 1968, Lichner, 1972; Folkman, 1985‘-
Holtubek, 1991 and others). Only in the variant with 60 kg N.ha™ e\'er;
after this period floristic composition similar to the first year of fertilizatjg,
is preserved, but with slightly higher representation of leguminous plants (by
2.5%) and decrease of other herbs (by 4%).

After three-year elimination (1994 to 1996) of fertilization representatiop
of floristic groups in all studied variants (Fig. 3). Unfertilized stand is after
absence of fertilization characteristic by almost 50% representation of dicoty-
Jedonous species with dominance of Leontodon autumnalis L. (25%), Al-
chemilla vulgaris L. (1%) and Achillea millefolium L. (2.25%).
Festuca rubra L. (from 26 to 9%) and particularly Festuca pratensis
(from 17 to 2.5%) is reported. The share of Anthoxanthum odoratum L. (1%)
and Nardus strictas L. (9%) is increasing. More than 30% decrease of grass
species reflected in relatively high proportion of blank places (20%) with
distribution of moss (Polytrichum commune HDW.), which modifies the
moisture regime and suppresses mainly grasses by its aggression. In the
variant with phosphorus-potassium nutrition the proportion of leguminous
plants fell significantly (by 24%), previously affected by mineral nutrition,
but according to Rabotnov (1974) also by periodicity of their occurrence.
Such anthropogenically increased proportion of leguminous plants on origi-
nally oligotrophic sites is not a stable character, because their higher presence
after elimination of fertilization is dependent on gradual withdrawal of ap-
plied nutrients (PK) and competitive relationships about these nutrients with
wide-leaved herbs and aggressive grasses in the stand. In variants fertilized
before with gradated nitrogen rate (variants 3 and 4) the proportion of grass
species fell by 12% during three years of elimination and representation 0
leguminous plants and other meadow herbs increased. The cessation of f?r'
tilization affected at least the floristic composition in the variant with
240 kg N.ha™, though also here the proportion of grasses fell by 8%
proportion of other herbs by 2.5% and totally the stand was thinned (13'5%

i

~
e

j ; - necies

of blank places). In grass phytocenosis priority belongs to low grass speclio‘

less demanding for nitrogen (Festuca rubra L., Agrostis tenuis Sibth., Anto
mea

xanthum odoratum L., Poa pratensis L.). The proportion of the other
herbs is low and occurs according to different species from 0.25% to 2%
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1. Representation and structure after the first year of fertilization (1986)

For Figs. 1-4: Dominancia = dominance, Trivy = grasses, Leguminézy = leguminous plants

Ostatné byliny = the other herbs, Prazdne miesta = blank places
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1 bhe period of.absence of fertilization repeated fertilization (Fig. 4)
E ar)l’dgradated mFrogen (variants 3, 4, 5) increases the proportion of
representation of the other meadow herbs is falling. Leguminous
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3. Representation and structure of the stand after absence of fertilization (1996)
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4. Representation and structure of the stand after repeated fertilization (1997)

-
plants are revitalizing in all variants and even at the rate of 24Q kg -N.h'?)n
they appear in the stand. On the contrary, in the variant with PK-temh‘Za“d
the falling proportion of grasses and the other herbs, but represemvmm )
leguminous plants increased (by 3.6%) and the proportion of blz-mi{“pla([' :
rose almost five times (18.2%). In the control variant without fertilization
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8%) and blank places (by 4.7%), while representation of the other herbs

11 (by 20.8%), which did not stay increased pressure of more intensive
fe! ation of the stand.
unlcléssation of mineral fertilization of the grassland after previous eight-year

lication of fertilizers reflected also in dry matter production (Table III).
The last year of the trial (1993) with long-term drought was specific and it
ffected the development of yields in the period after elimination of fertili-

ation (rainfall during the growing season reached only 308 mm, what is 36%
(Z)f many year’s average. In the first year of absence of fertilization (1994)
increase of dry matter yields in all variants, starting from unfertilized control
(by 96%), PK-fertilization (by 75%) and also variants with gradated nitrogen
fertilization (on average by 54%) was recorded. In the second year of cessa-
tion (1995) decrease in dry matter yields was reported in all variants, except
variants 1, 2 and 3, when dry matter production increased a sharp reduction
of dry matter production in all variants, but particularly on unfertilized con-
trol (reduction by 71% compared with 1995). In the other fertilized variants
dry matter production fell from 40% to 58% compared with 1995.

It is evident from the results obtained that cessation of application of
mineral nutrients induces a lot of changes in permanent grassland. After
three-year application floristic structure changes significantly, what affects
also production and distribution of dry matter in the stand.

After three-year absence grassland started to adapt to mineral nutrition by
repeated fertilization (Table IV), but also increase of frequency of utilization
was recorded. However, generally low yields were reached on untreated con-
trol and PK-variant. There is only minimum difference in the sum of cuts
compared with the first cut of initial year of the trial (1986), what was caused
also by high proportion of blank places in the stand (18.2-24.7%)

propoﬂi"“ of grasses increased by more than 15%, leguminous plants (by
0

III..Average dry matter yields after long-term fertilization, after its cessation and repeated
fertilization (t.ha™)
—

Year Sequence Variants
of cut 1 2 3 4 5

1986, beginning of fertilization first cut | 0.86 | 1.26 | 1.80 | 1.92 | 2.03
1993, cessation of fertilization firstcut | 0.05 | 0.24 | 0.52 | 071 | 081
e absence of fertilization one cut 048 | 095 1.10 1.62 1.76
1995, absence of fertilization one cut | 0.85 1.33 1.21 1.26 1.30
899, absence of fertilization onecut | 025 | 056 | 0.64 | 0.76 | 0.71
297, repeated fertilization three cuts | 0.97 | 149 | 3.03 | 3.82 | 4.95
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IV. Dry matter yields (l.ha’l) after repeated fertilization (1997)

Variants \’
Cuts 5 " 4 _3\
Ist 0.45 1.30 175 14
2nd 0.47 0.86 118 .87
3rd 0.57 0.87 0.89 .66
Total 1.49 3.03 3.82 495

V. The effect of studied factors on dry matter production (two-factor variance analysis)

Factor df F P
Year 5 35.96 ++
Variant 4 6.00 ++4
Residue 36

df — degree of freedom; F - calculated F value; P — significance

Gradated nitrogen fertilization after repeated fertilization (60 kg N >
120 kg N > 240 kg N) resulted in adequate increase of dry matter yield, but
with different oscillation according to the split of nitrogen to different cuts.
Maximum dry matter yield was obtained in the first cut in the variant with
the lowest nitrogen rate, while the second and third cuts, without nitrogen
addition, was recorded also in the variant with 120 kg N.ha™!, where the third
cut reaches only 51% of the first cut. Maximum production of dry matter was
in the variant with 240 kg N.ha™! with highest yields in the second (1.87 tha)
and third (1.66 t.ha"l) cuts, which had the most favourable moisture regim?«
what resulted in better utilization of applied nitrogen. The basic statistic
evaluation of the effect of investigated factors on dry matter production 15
given in Table V, from which follows highly significant difference betweeh
variants and dry matter production.
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radg;io(r:;;;%enr;r}?entu b_ol(? posudit \./pl.yv minerdlneho hnojenia, jeho absenciu a za-

neho E o hnojenia na floristicko-produkéné zmeny poloprirodného trav-

akOPOkus bol zaloZeny na poloprirodnom poraste identifikovanom fytocenologicky

ZVigz ’ .
ob Cynosurion R.Tx. 1937, asocidcia Lolio-Cynosuretum typicum, Jurko 1974.

dobj .
1 tokov 1986-1993 boli porasty hnojené stupfiovanym N-hnojenim (tab. 1I)
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a vyuZivané 3 az 4 kosbami; v rokoch 1994—1996 sa hnojenie prerusilo a 5‘13‘1]1‘20\/.1
sa iba jedna kosba, vychadzajica z metodiky autorov Rychnovski et al, “98;21
v termine maximdlnej tvorby biomasy (koniec jina). Po troch rokoch premko\,anéh)\
hnojenia sme v roku 1997 zaradili opidtovné hnojenie, ktoré bolo aplikovang Dreo
obdobim prerusenia. Porasty sa vyuZivali tromi kosbami v senokosnej zrelost;, Flg
risticky rozbor sa realizoval pred kazdou kosbou met6dou redukovane;j projektfvne:
dominancie (Regal, 1956). Vysledky vplyvu sledovanych faktorov na pmdukciu
suSiny boli vyhodnotené dvojfaktorovou analyzou rozptylu.

Pestré trivne spoloenstvo sa potas 0smich rokov hnojenia stupfiovanim d'évky
dusika meni na travny porast so 73% a7 84% podielom trav. FOSfOTCf‘m‘-»dragelné
hnojenie podporuje rozvoj dvojkli¢nolistovych druhov a podiel trav kless. PO trojrgx.
nom preruSeni hnojenia je nehnojeny porast charakteristicky takmer 50% podielop,
dvojkli¢nolistovych druhov, ustupuju travne druhy (Festuca pratensis Huds.
rubra L.) a v poraste sa rozSiruje mach (20 %). V poraste hnojenom pred prerugenp,
PK-hnojivami vyrazne klesa podiel leguminéz (o0 24 %) a zvySuje sa pokryvnog
ostatnych li¢nych bylin a trav. Prerusenie hnojenia minimélne ovplyvnilo porag
s 240 kg N.ha™ | i ked zniZenim pokryvnosti triv (o 80 %) a ostatnych bylin (0 3,5 %)
sa porast preriedil. Absencia hnojenia ovplyvnila produkciu suSiny, ¢o sa prejavily
zvI4st v druhom a tretom roku preruSenia. Prudké zniZenie urod susiny sa vak z3.
znamenalo v roku po preruseni v rozpiti od 40 do 72 %.

Absencia hnojenia negativne ovplyviiuje vyvoj produktivity, kvalitu a floristickg
skladbu travnej fytocenozy. Minimédlnym vyuZitim travneho porastu zacina uZ v dru-
hom roku po preruseni procesu sekundérnej sukcesie. Opitovnym hnojenim a pravi
delnym vyuZivanim moZno tento proces utlmit a trdvny porast revitalizovat.

» Festueg

trvaly trévny porast; floristické zloZenie; produkcia suSiny; preruSenie minerlneho
hnojenia; opitovné hnojenie travneho porastu
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