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Abstract. The experiment showed that the application of mineral fertilization up to Ny4,Pgo increased
dry matter yields between different ways of use as follows: from 5.88 to 6.45 tha™ (annually hay—pasture
uses), from 4.72 to 5.21 tha™* (annually pasture-hay uses) and from 5.84 to 6.40 tha™ (1% year: pasture-hay
uses; 2" year: only pasture use; 3" year: hay—pasture uses). As regards to studying chemical indicators of the
forage (crude fiber, crude fat, crude ash and nitrogen—free extract substances) the mineral fertilization and
alternation of ways of use had a positive effect. The introduction of mineral fertilizers at a rate up to NPgo
increased the obtained feed units and crude protein per 1 ha.

Key words: natural meadow, mineral fertilization, ways of use, productive and chemical indicators,
the Rhodope Mountains.

Introduction The purpose of this study was to

The natural meadows of Agrostis establish the changes in productivity and
capillaris—Festuca fallax type in Smolyan chemical composition of forage biomass after
region (the Middle Rhodope Mountains, combining of different ways of use and
Southern Bulgaria) represents 56.8% of the mineral fertilization on natural meadow of
total area of natural meadows in the region, Agrostis capillaris—Festuca fallax type in the
and annually give about 1.5-2.0 tha™ good Rhodope  Mountains  (Smolyan  region,

quality hay (in 100 kg hay containing 46 food Southern Bulgaria).
units and 3.41 kg digestible protein) ["A*!MOVA

etal., 1977; CHESHMEDJIEV, 1980]. Material and MethOdS

Due to irrational use and low levels of The field experiment was conducted
applied agricultural machines, the condition of during the 1993-1995 period, on natural
natural meadows and pastures in the region is meadow of Agrostis capillaris—Festuca fallax
unsatisfactory. Furthermore, the main reasons type in the Rhodope Mountains (Smolyan
for their low forage productivity are specific region, Southern Bulgaria) at 1100 m altitude.
vegetation of grass stands and available The soil in the area of the experiment
natural and environmental characteristics that was a brown forest with light mechanical
are typical of the region such as weak soil structure because the chemical composition
reserve with essential nutrients, high soil was characterized by a middle reserve of
acidity, irregular rainfall distribution, a high humus and a low total nitrogen and
rough of country, etc. phosphorus. Low values were established by

The conducted multiple studies in water soluble forms of nitrogen, phosphorus
Bulgaria [T0TFY: 1984 PAVLOV, 1996, TOTEV et al, 1997, and molybdenum and the reserve of water

TOTEV et al., 1998 KASPER, 1971, SUR, 1975,
1 and abroad !
SUNG et al., 1985, GRANDI et al., 1989, GIRALDEZ et al., 1993,

soluble forms of potassium and boron was
optimum. The soil reaction was acidic.

TENCHEV et al., 1999 shoyy that apart from specific The Smolyan region is characterized
natural characteristics the quality and quantity by mild winters, cool spring, not particularly
of biomass obtained from natural grasslands hot summer and relatively hot autumn.
has been also influenced to a great extent by The precipitations are irregular and
the level of enforcement. there are clearly marked a winter and spring—
Together with mineral fertilization of summer maximum. The rainfalls during
the grass stand in farming practices are also April-June period are very important on the
important the ways of use (for hay, for pasture grasslands productivity. The reduced rainfall
or combined), i.e. the phenophase for during July, August and September as well as
harvesting. light mechanical composition of soil had
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adverse effect on the grasslands productivity.

In conclusion, the Smolyan region has
a specific soil and climatic conditions and that
influence on the quantity and quality of forage
mass of natural grasslands. The block—method
was used in four repetitions and the harvesting
plot area of 10 m* with the following fertilizer
rates in kg per 1 ha as fertilization variants:

1. NgPo (unfertilized variant)-as a control;

2. NgoPgo; 3. N1goPgo.

The fertilization was accomplished
annually, in early spring and shortly before
the beginning of active vegetation of grasses,
with nitrogen (as ammonium nitrate),
phosphorus  (as  superphosphate)  and
potassium (as potassium sulphate).

The following ways of use by years
and undergrowth’s was used as variants:

1.Annually the 1% undergrowth—in hay—

use, the 2" undergrowth—in pasture—use

(control);

2.Annually the 1%  undergrowth—in

pasture—use; the 2" undergrowth—in hay—

use;

3.In 1% year the 1% undergrowth—in

pasture—use, the 2™ undergrowth—in hay—

use; in 2" year—the 1% 2" and 3"

undergrowths—in pasture—use; 3" year: the

1 undergrowth—in hay-use, the 2"

undergrowth—in pasture—use.

The harvesting in pasture—use mode
was accomplished in height of the grass stand
10-12cm.

The harvesting in hay—making mode
was accomplished in flowering phenophase of
grasses.

During the conduction of the field
experiment information about the following
indicators was collected:

1. Dry mass (DM) vyields (in tha™) was
established by drying in muffle oven to
constant weight at 105°C of 0.5 kg
green mass samples, taken immediately
after cutting each trial plot and
repetition. It has been reported for years
and average for the experimental
period.

2. Chemical composition of the absolutely
dry matter (in %)—of crude protein
content, of crude fiber and of crude fat
through infrared spectroscopy with
apparatus InfraAlyser—400. The
nitrogen—free extract substances
(NFES) were calculated as the amount
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difference among crude protein, crude
fiber, crude fat and crude ash.

Results and Discussion

Productive potential of dry mass.

The main factors as regards
productive potential of the grass stand, as dry
mass yields are the ways of use and applied
mineral fertilization (Table 1).

It is obvious that in the 1% year (1994)
the dry mass yields were almost the same in
three variants of the study as ways of use.
Thus, the obtained mass varied from 3.65 tha
! (var. 1 and 2) to 3.67 tha® (var. 3). After
application of mineral fertilizers (NgoPgo and
N1eoPgo) it not only increased the dry matter
yields but also work changes between the
ways of use. The exceeding as regards NoPo
reached respectively 1.17 and 1.85 tha™, 0.41
and 1.00tha™, 0.83 and 1.14 tha .

It is obvious that var. 2 and 3 had
almost identical dry matter yields because
they had equivalent mode of use and
fertilization.

The nitrogen doubling on Pg—
background increased the dry mass—from 4.82
to 5.50 tha™ in var. 1 from 4.06 to 4.65 tha™
in var. 2 and from 4.50 to 4.81 tha® in var. 3.
Var. 1 had a higher yield from them because
the influence of different way of use (hay-—
pasture use). In the second year of study
(1995) when the investigated variants were
put in three different ways of use where
obtained differences in dry matter yields.

In unfertilized control the differences
were not very large—from 4.15 tha™® (var. 2) to
4.48 tha™ (var. 3).

The NgoPgo—fertilization significantly
increased these differences in yields and they
reached from 5.12 tha® (var. 2) to 6.33 tha*
(var. 3), i.e. respectively over with 0.97 and
1.85tha™.

The application of N160Pso—
fertilization not only increased the yields but
also determined the differences between them.

Thus, in control the dry mass yield
reached 7.10 tha' and in var. 2 and 3
respectively 5.56 and 6.72 tha™.

It is obvious that the early harvesting
(in pasture—use) of the first undergrowth in
variants 2 and 3 retained the influence of
mineral fertilization to form higher yields.

Under the influence of ways of use in
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the last year of investigation (1996) were
established differences in dry matter yields for
var. 2 (from 4.39 to 5.44 tha), and between
var. 1 and 3-respectively from 4.10 to 6.77
tha® and from 4.25 to 7.69 tha .

The differences in yields between var.
1 and 2 were determined by the different uses
of the grass stand.

On the other hand, in the same way of
use the differences in yields between var. 1
and 3 were determined as a result of different
ways to use var. 3 from the previous year.

The use of var. 3 in 1995 only for
grazing was reflected in more favorable
compared to the same annual usage.

pasture—use in second year increased the
reserve of nutrients in the root system of
grasses and thus increased energy for growth
and development of the grasses in the next
year.

Average for the three years of study
and three ways of use has no significant
influence as regards quantity of yields, so the
differences between them are immaterial.

The application of mineral
fertilization with NgoPgy and especially with
NieoPgo increased dry matter yields between
different ways of use as follows: from 5.88 to
6.45 tha™® (in control), from 4.72 to 5.21 tha™
(in var. 2) and from 5.84 to 6.40 tha™ (in var.

The reason for that is because 3), i.e. more with 0.56 tha™.
) N o Table 1.
Dry matter yields (t.ha ") in ways of use and fertilization level by years and average for the
1994-1996 period.
Variant \O/\f/i);e 1994 1995 1996 Average
NOPO N80P80 NISOPEO NOPO NSOPSD N160P80 NOPO NSOPSO NIGOPSO NOPD NSOPSO NlSOPBO
st,
= fh‘;;‘jﬁrs%""’“h 271 | 351 |397 |112 |465 |505 |[300 |446 |494 |295 |421 |465
2 S
o= 2
O 2 | undergrowth- | 094 | 131 | 153 | 116 | 199 |205 |110 | 171 | 183 | 107 | 167 | 180
g | pasture-use
N Total for the
> variant 365 |48 |550 |428 |664 |710 |410 |617 |677 |402 |58 |645
st,
. f;a"s‘zj[giz‘éfh 112 | 145 | 169 |128 |18 |200 |131 |178 |198 | 124 | 168 | 1.89
(\!= nd
¥ fh:y“f’jsrgmwm 253 | 261 |296 | 287 |331 |35 |298 |321 |346 |279 |304 |332
< Total for the
variant 365 | 406 |465 |415 |512 |556 |439 |499 |544 |403 |472 |521
1*'undergrowth
o & | Posture-use 1.20 166 181
~ 8 [ 2™undergrowth
§2 | Jhayuse 247 | 284 | 3.00
Total for the
vear 367 | 450 | 481
1*'undergrowth
pasture use 141 | 198 | 207
. | 2"%undergrowth
5 | “pastre-use 172 | 236 | 261
2 3undergrowth
o —pasture—use 1.35 1.99 2.04
Total for the
year 448 | 633 |6.72
1*'undergrowth
 hay-use 316 | 487 | 566
= 2"undergrowth
5 | pasture.use 109 | 181 | 203
2, Total for the 4.95 6.68 7.69
year ) ) )
Average for the
variant 413 5.84 6.40
P at 5% 23.7 81.5 93.6
P at 1% 34.5 12 133.2
Pat0.1% 443 136.8 1481

Chemical
grass biomass

The chemical composition of grass
biomass is influenced mainly by usage and the
level of mineral fertilization (Table 2).

composition of the
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In unfertilized control the content of
crude protein hardly changed between
different uses—260 g.kg ™ a dry matter in var.
1, 250 g.kg™ a dry matter in var. 2 and 269
g.kg™* a dry matter in var. 3.
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After  application of  mineral
fertilization increased both the total crude
protein content, and differences between ways
of use.

The content of crude protein was
highest in fertilization NgoPgo and rotation way
of use (var. 3)-298 g.kg* a dry matter and the
lowest when using the first undergrowth was
for grazing, a second for hay (var. 2)-275
g.kg™* a dry matter.

protein and crude fiber was observed reverse
dependency.

Crude fiber content decreased after
the application and with increasing norms of
mineral fertilization.

Crude fiber content was highest when
it used the 1% undergrowth for grazing, and 2™
undergrowth for hay production—298 g.kg* a
dry matter in the control, 287 g.kg™ a dry
matter in fertilization with NgyPg and 258

Applying N1goPgo—fertilization gkg' a dry matter in fertilization with
confirms this trend. Between content of crude N160Pso.
Table 2.
Average chemical composition of the grass biomass in g.kg™ a dry matter for the 1994—
1996 periods.
Variant | Way of use Crude protein Crude fiber Crude fat
- NOPO NEOPBO N160P80 NOPO NSOPBO N160P80 NOPO NSOPSO NlGOPSO

| e | 236 | 255 | 288 | 245 | 220 [214 |52 |54 |55

— § = nd —

SE 2| pourene | 284 317 | 330|202 |184 |177 |54 |55 |56

<
puerage for the | 260 | 286 | 313 [223 |202 | 195 |53 |54 |55
1*'undergrowth—

o | postore e 295 | 317 |324 |281 |267 |[246 |53 |54 |56

8 | 2" undergrowth—

SE | yse 205 233 |257 |315 |308 [241 |55 |57 |56
puerage for the | o50 | 275 | 290 | 298 | 287 | 258 |54 |55 |56
Dungergiow 1308 | 320 329 [260 |254 |249 |52 |53 |55

™ g nd

g £ | 2 underrowth—| 018 | ap | 277|321 |310 |302 |54 |54 |55

S5 y-use
Con 9 T | 263 | 281 | 303 | 290 |282 |275 |53 |54 |55
1*undergrowth—
prstre. e 291 |341 [357 |201 |197 [190 |53 |54 |56

= 2" undergrowth—

278 304 |321 [223 |213 [201 |52 |53 |55

U§ ggstured—use -

S| aswrewse | 251|290 | 310 | 235 |220 |208 |54 |55 |56
fo e T | 573 1311|320 | 219 |210 |199 |52 |54 |55
nangerorowh | 245 | 268 | 305 | 221 |218 |207 |52 |53 |54
nd

5 | castoreee | 297 | 336 | 351 | 193 |186 | 180 |53 |54 |55

>

B | e ™ 271 | 302 328 |207 |202 [193 |52 |53 |54
pverage for the | 269 | 298 320 [238 | 231 |222 |52 |53 |54

Crude fat content and NFES were not
affected significantly by the impact of
different ways of use.

In this connection, it was more
marked the impact of mineral fertilization.

It was established that the fertilization
increased the amount of crude fat in the forage
and reduced the content of NFES.

Thus, in annually applied ways of use
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the average crude fat ranged from 53 g.kg* a
dry matter (NoPo) to 55 g.kg™ a dry matter
(N160Psg0).

In annual changing uses the crude fat
varied from 53 g.kg™ a dry matter (NoPo) to
55 g.kg* a dry matter (NigPg) during the
first year, from 52 g.kg™* a dry matter (NoPo)
to 55 g.kg* a dry matter (N;5Pg) during the
second year and from 52 g.kg™* a dry matter
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(NoPo) to 54 g.kg™ a dry matter (NigoPsgo)
during the third year.

And vice versa, for the NFES content
in annual repeating ways of use were reported
respectively from 328 to 312 g.kg* a dry

matter (var. 1) and from 332 to 313 g.kg* a
dry matter (var. 2).

In annual changing uses (var. 3) the
NFES were average from 321 to 307 g.kg™* a
dry matter (Table 3).

Table 3.

Average chemical composition of the grass biomass in g.kg™ a dry matter
for the 1994-1996 period.

Variant | Way of use NFES Crude ash
NoPo NgoPgo | NoPo NgoPso | NoPo NgoPso
_ | undergrowth-hay- | 335|320 |33 320 336 | 320
2T [29  undergrowth—
Momrfm o= 1 (o o
variant
| nergrouith- 320 310 |30 |30 320 310
YT [29  undergrowth—
Thgr e e
vgrlant
L e
> hay—use
Averagefortheyear | 328 | 319 | 328 | 319 | 328 | 319
Duergowth 1321 (316 (321|316 |21 316
B | Lo mieroow | 30 311 318|311 |38 |31
& e 3oy 319 322|319 |32 | 319
Averagefortheyear | 320 | 315 | 320  |315 | 320 | 315
Lundergowth-hay- | 376|310 | 318|310 |318 | 310
B | Do 00w | 390|307 310|307 |30 | 307
% [Averagefortheyear | 314 | 308 | 314 | 308 | 314 | 308
pverage  for the |31 314 321|314 [321 | 314

In contrast to the aforementioned
chemical indicators, the forage crude ash
content was influenced by the ways of use and
the mineral fertilization levels.

In harvesting of the grass stand in an
earlier age (for grazing), the ash content was
higher than in a later age (for hay production).

On the other hand, the mineral
fertilization decreased in great measure the
crude ash in the forage.

Thus, in annually applied ways of use
the crude ash reached average 136 g.kg™* a dry
matter (var. 1) and 66 g.kg " a dry matter (var.
2) depending on hay or pasture was used the
1% undergrowth.

After NygoPgo—fertilization the crude
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ash content reached respectively 243 and 83
g.kg* a dry matter.

In annual repeating ways of use were
established similar trends in the different
years of study.

Thus, in the 1% year the crude ash
decreased from 66g.kg™ a dry matter (NqPo)
to 58g.kg " a dry matter (N1goPso).

In the 2" year the decrease was
respectively from 136 to 108g.kg™ a dry
matter and in the 3™ year—from 155 to
122g.kg* a dry matter (average for the variant
from 119 to 969.kg " a dry matter).

Productive potential of feed units
and crude protein

The application of the different ways
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of use of the grass stand as well as mineral
fertilization influenced on received feed units
(FU) and crude protein (Table 4).

In non-fertilization the feed units
were almost the same for the different ways of
use: 258.7 FU.ha™ for var. 1, 266.3 FU.ha™
for var. 2 and 276.1 FU.ha* for var. 3.

The introduction of mineral fertilizers
at a rate NgpPg especially with NigPgo
increased the obtained feed units per 1 ha and

¢
caused differences between uses.

Thus, the after fertilization with
NigoPgo Wwere reported 460.8 FU.ha' for
control, 387.1 FU.ha* for var. 2 and 469.0
FU.ha ! for var. 3.

From the same table it is seen that in
non—fertilization variant there are no
significant differences between uses, as their
crude protein yields were nearly identical.

Table 4.
Average feed units (FU.ha™*) and crude protein yields (t.ha™) for the 1994-1996 periods.
NoPo NgoPso N160Pso
Variant | Way of use FU.ha! [():rrcgjtiien, FU.ha! [():rrcgjtiien, FU.ha! Fc):rr(?t(i?n,
tha tha tha'
. f?;ydj:géowm 2033 | 695 |3029 |1072 |3490 | 1340
— o= n
5 g é ;E)g%;fé%&%?h 554 | 303 | 99.9 52.8 1118 | 6L1
Joul f 2587 | 99.8 | 4028 | 1600 | 4608 | 195.1
R f;‘;ﬁﬁ:gﬂfygﬁh 792|365 |1093 |533 1378 | 611
E g igta:%‘jggei:"“h 1871 | 572 |2161 | 709 2493 | 854
Jotal f 2663 | 937 |3254 | 1242 |387.1 | 1465
L Tudegor 1770|370 | 1127 530 | 1283 | 594
;;;f; f";:y“f’j;gmwm 1627 | 537 | 2046 | 682 2282 | 831
;g;f' forthe 1 2397 | 907 |317.7 | 1288 |3565 | 1425
Tudergon leag | 414|144 | 673 1385 | 738
Ug z;é‘i'l;zé:’r{%:: 1170 |478 | 1649 | 716 1955 | 836
S e | 727|338 1155 | 577 1222 | 632
;é’;f' forthe | 2745 | 1230 |4048 | 1966 |4562 | 2206
oedegont | 0443 | 774 | 3752|1305 | 4524 | 1725
5 f;;’sr;ﬂfg%‘;ve“h 706 | 323 [1197 |610 | 1418 | 711
% ;é’;f' forthe 1 3140 | 1007 |4949 |1915 |5042 | 2436
puengefortie | o761 | 107.8 | 4058 | 1723 | 469.0 | 202.2

The yield values varied from 93.7t.ha”
! (var.2) to 107.8 t.ha™ (var. 3).

The mineral fertilization with a rate
up to NigoPgo caused significant differences
between the separate uses.

Thus, the crude protein yield after
N, eoPso—fertilization reached 195.1 t.ha™ (var.
1), in var. 2-146.5 tha* (var. 2) and in var.
3-202.2 tha™.

Conclusions

The  experiment in  Rhodope
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Mountains (Southern Bulgaria) shows that the
mineral fertilization and ways of use of
natural meadow of Agrostis capillaris—
Festuca fallax type had a positive effect on
forage productive and chemical indicators.
The application of mineral
fertilization up to NyPgo increased dry matter
yields between different ways of use as
follows: from 5.88 to 6.45 tha® (annually
hay—pasture use), from 4.72 to 5.21 tha'
(annually pasture—hay use) and from 5.84 to
6.40 tha™ (1% year: pasture—hay use; 2" year:
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only pasture use; 3" year: hay—pasture use).

As regards to studying chemical
indicators of the forage (crude fiber, crude fat,
crude ash and nitrogen—free  extract
substances) the mineral fertilization and
alternation of ways of use had a positive
effect.

The introduction of mineral fertilizers
at a rate up to NigPgo increased the obtained
feed units and crude protein per 1 ha.
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