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INTRODUCTION

The intensi� cation of � eld and meadow feed pro-
duction envisages the use of perennial grasses, which 
ensure high yield of green mass and high-quality hay. 
These requirements are met by red clover, which, along 
with alfalfa, is the most common forage crop, solving 
the problems of producing vegetative protein and in-
creasing the fertility of soils. Here red clover is one of 
the most reliable and high-yield crops, especially by 
the amount of obtained forage protein [1, 2, 3, 4].

In the Forest-Steppe of Ukraine red clover takes 
about 50 %, and in Polissia – 15–20 % of the area of 
legume grass sowings. While growing the latter for 
seeds, a considerable amount of nutrients is removed 
from soil: at the yield of seeds of 0.35 t/ha and straw 
4.5 t/ha, the total removal of nitrogen (N) is 60, phos-
phorus (�2�5) – 55, potassium (�2�) – 94, calcium 
(���) – 89 kg/ha [5, 6], thus the fertilization for seed 
sowings of this crop, in particular, the application of 

new forms of micro- and water-soluble fertilizers and 
quick-acting calcium-containing fertilizers impacts the 
seed productivity of red clover considerably.

MATERIALS AND METHODS

The experiments were conducted in the experimental 
farm “Bohonytske” of the Institute of Feed Research 
and Agriculture of Podillia, NAAS, in the crop rotation 
of the department of seed development and innovation 
transfer in 2011–2013. Gray forest soil was used with 
the following indices: �	 – 4.8–5.2, hydrolytic acid-
ity – 2.73–3.04 mg-eq. per 100 g of soil, the sum of 
absorbed alkali 12–13 mg-eq. per 100 g of soil, in the 
arable layer of soil (0–20 cm) the content of humus 
was 1.91–2.40%, easily hydrolyzed nitrogen (N) by 
Kornfeld 7.5–10.0, mobile forms of phosphorus (�2�5) 
by Chirikov and potassium (�2�) respectively 15–19, 
10.3–12.5 mg per 100 g of soil.

The cover crop, protecting the sowing of red clover 
from weeds, winds, cold, and heat, was spring barley, 
Lofant variety, with the norm of sowing of 3 million 
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seeds for germination per 1 ha. The norm of sowing 
red clover, Sparta variety, is 7 million seeds for ger-
mination per 1 ha of certi� ed seeds. The area of the 
registered area was 25 sq.m., the number of repeats – 
3 times.

Phosphorus-potassium fertilizers in the form of gra-
nulated superphosphate and potassium chloride and 
lime fertilizers in the form of ����3 (defecate) and 
slaked lime – hydrated lime (��(�	)2) on grey forest 
soils were introduced in autumn under the main till-
age of soil according to the scheme of studies. Nitrogen 
fertilizers (ammonium nitrate) were introduced in 
spring under the cover crop.

Water-soluble fertilizer – plantafol – was introduced 
according to the scheme of experiment in the phase of 
shooting (1 kg/ha) and in the bud phase of red clover 
(1 kg/ha). By its composition plantafol contained N – 
5 %, �2�5 – 15 %, �2� – 45 %, 
 – 0.02 %, Fe – 
0.01 %, Mn – 0.05 %, Zn – 0.05 %, Cu – 0.05 %. Here 
copper, iron, magnesium, zinc in plantafol were che-
lates in the EDTA form (ethylenediaminotetraacetic 
acid). In addition, the experiments used molybdenum 
fertilizers ((CNH4)2MoO4 – acid ammonium molyb-
date) – 0.3 kg/ha in spring at the beginning of regrowth 
of red clover and borium (	3
�4 – boric acid) – 
0.8 kg/ha at the shooting stage of the second cut of red 
clover for seeds. Except for variants under study in 
the experiment, agroequipment was common for these 
zonal conditions.

A structural analysis of yield was conducted prior to 
harvesting by determining the number of generative 
shoots and ripe heads per 1 sq.m. in six places of each 
variant. The mass of seeds in grams and their number 
were de� ned in 30 randomly selected heads of red clo-
ver. The number of seeds was calculated in 10 heads. In 
addition, the experiment determined the mass of 1,000 
seeds, energy and germination of seeds, percentage of 
pollinated � owers in one head.

RESULTS OF INVESTIGATIONS

A relevant agrotechnical technique in farming seeds 
of red clover is liming acid soils. A high content of 
seeds may be obtained only on neutral and slightly acid 
soil. Red clover plants are most sensitive to acid reac-
tion of soil at the initial stages of development during 
the sowing year. Acid soils have aluminum and mag-
nesium in the amount of over 3 mg per 100 g of soil, 
which have a toxic effect on young shoots of plants. 
Their action is decreased by liming. Acid medium in-
hibits the activity of nodule bacteria, plants are poorly 

developed due to the disruption of nitrogen exchange 
in them. The introduction of lime fertilizers even prior 
to sowing red clover increased its seed productivity 
considerably [5, 6, 7]. Increased acidity of soil inhibits 
the improvement of seed performance, limits a posi-
tive action of other elements of cultivation technology. 
Liming acid soils improves the supply of phosphorus 
for plants, enhances winter-resistance, promotes better 
growth of vegetative organs, blossoming occurs better 
and with higher amount of viable pollen, which condi-
tions the growth in seed yield [8, 9].

Liming can decrease acidity from pH 5.0 to 6.2–6.5 
and thus increase the yield of red clover, though here 
the latter is also sensitive to over-liming and high con-
tent of salts [10].

According to the results of the studies red clover de-
velops optimally at pH 6.0–6.5, accumulating about 
300 kg/ha of nitrogen in soil, and forms the yield of 
seeds up to 0.5–0.6 t/ha in case of following the re-
quirements of other technological operations. At pH 
4.0–5.0 this crop can grow and develop, but it accumu-
lates only 80–100 kg/ha of nitrogen and forms the yield 
of seeds of 0.15–0.20 t/ha [5].

The results of studies, conducted in 2011–2013, dem-
onstrated that the introduction of lime fertilizers in the 
form of ����3 (defecate) and ��(�	)2 (slacked lime 
– hydrated lime) – 0.5 of the rate by hydrolytic acidity 
prior to ploughing under the cover crop had a consider-
able impact on the yield of seeds of red clover, Sparta 
variety (Table).

The yield of red clover seeds on the plots, where lim-
ing was conducted using quickly-acting soluble lime 
fertilizers in the form of ��(�	)2 in combination with 
the application of mineral fertilizers in the dose of 
N30P60K60 under the cover crop (factor �) on average 
for 2011–2013 was 291 kg/ha, which was 115 kg/ha 
more compared to the variant, where neither mineral 
nor lime fertilizers were introduced (control) and 63 
kg/ha more compared to the plots with the introduction 
of mineral fertilizers only. After the introduction of cal-
cium fertilizers in the form of ����3 in combination 
with the application of mineral fertilizers in the dose 
of N30P60K60 (factor �) this index was considerably 
lower and amounted to 266; 90; 38 kg/ha respectively. 
It demonstrated high ef� ciency of quickly-acting lime 
fertilizers in the form of slacked lime (��(�	)2) during 
the � rst year after their application.

To obtain high stable yields of red clover seeds, the 
plants should be provided both with macro- and mi-
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The yield of red clover seeds depending on the action of lime, mineral and water-soluble fertilizers, kg/ha

Foliar application, Factor B
Years

Average
2011 2012 2013

No fertilizers –control

No additional nutrition
Plantafol – 1 kg/ha at the shooting stage
Variant 2 + � at the beginning of regrowth
Variant 2 + B at the shooting stage
Variant 2 + � + 

Plantafol – 1 kg/ha at the bud stage
Variant 2 + variant 6

245
258
280
297
322
297
313

115
131
135
141
147
137
139

167
189
194
201
209
197
201

176
193
203
213
226
210
218

Average 287 135 194 205

N30P60K60

No additional nutrition
Plantafol – 1 kg/ha at the shooting stage
Variant 9 + � at the beginning of regrowth
Variant 9 + B at the shooting stage
Variant 9 + � + 

Plantafol – 1 kg/ha at the bud stage
Variant 9 + variant 13

288
307
315
323
349
321
324

179
198
201
203
207
201
203

217
241
267
278
301
263
270

228
249
261
268
286
262
266

Average 318 199 262 260

��(��)2 + N30P60K60

No additional nutrition
Plantafol – 1 kg/ha at the shooting stage
Variant 16 + � at the beginning of regrowth
Variant 16 + B at the shooting stage
Variant 16 + � + 

Plantafol – 1 kg/ha at the bud stage
Variant 16 + variant 20

346
356
357
385
399
376
380

215
225
234
241
254
230
233

312
341
358
369
401
360
368

291
307
283
332
351
322
327

Average 371 233 344 316

����3 + N30P60K60

No additional nutrition
Plantafol – 1 kg/ha at the shooting stage
Variant 23 + � at the beginning of regrowth
Variant 23 + B at the shooting stage
Variant 23 + � + 

Plantafol – 1 kg/ha at the bud stage
Variant 23 + variant 27

304
322
336
359
373
352
359

209
218
224
226
232
220
224

286
309
322
333
356
317
325

266
283
294
306
320
296
303

Average 344 222 321 296
HIP05

A
B

AB

8.4
11.1
7.3

8.1
10.7
7.0

6.9
9.1
6.0
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croelements: borium, molybdenum, magnesium, zinc, 
cobalt, iron, sulfur. Microfertilizers promote intense 
accumulation of organic substances, increase in winter-
resistance of plants and resistance to diseases, increase 
growth and accelerate development, improve the qua-
lity of products [6]. Thus, on the second year of life for 
red clover the scheme of studies should include foliar 
application of water-soluble fertilizers (plantafol – 1 
kg/ha) and borium and molybdenum fertilizers (factor 
B).

When water-soluble fertilizers are introduced, plants 
receive nutrients via leaves. When introduced onto the 
plant, they are capable of causing considerable changes 
in the growth and development of plants. Water-solu-
ble fertilizers get involved into the metabolism of sub-
stances, increase the level of vital activity, save water 
for plants, and activate microbiological processes. It is 
ef� cient to use water-soluble fertilizers with microfer-
tilizers.

For instance, borium (B) enhances the intensity of 
photosynthesis, regulates pollination and settlement, 
improves carbohydrate and protein exchange, activates 
the activity of enzymes, has positive impact on the 
processes of cell division, enhances resistance to dis-
eases. Also, borium improves synthesis and transfer of 
carbohydrates, especially sugars from the leaves to the 
organs of fruit-bearing and roots [6].

Molybdenum (Mo) is an irreplaceable component of 
many enzymes. It participates in carbohydrate, nitro-
gen, and phosphorus exchange, synthesis of vitamins 
and chlorophyll, increases the intensity of photosynthe-
sis, is included to the composition of enzymes of nitro-
reductase, which takes part in the oxidation of nitrates 
to ammonium in plants. An important part is attributed 
to molybdenum in the processes of nitrogen � xation 
from the atmosphere by nodule and free bacteria [6].

The application of water-soluble fertilizers at the 
shooting stage (1 kg/ha) ensured the yield of seeds of 
193 kg/ha on average during the years of studies (2011–
2013) when they were introduced in the bud phase, the 
yield of red clover seeds was somewhat higher and 
amounted to 210 kg/ha or 17 kg/ha more compared 
to the introduction in the shooting phase and 34 kg/ha 
more compared to the variant with no additional nu-
trition. The combination of additional introduction of 
microfertilizers (Mo, B) in the control (variant 5) pro-
moted a considerable growth in the yield of seeds (on 
average by 50 kg/ha in 2011–2013.) The introduction 
of plantafol at the shooting stage for red clover (1 kg/ha) 
and its additional application in the bud phase (vari-

ant 7) promoted the growth of seed performance. The 
combination of introduction in these phases compared 
to the application at the stage of shooting or in the bud 
phase was more ef� cient and promoted the increase in 
the yield of red clover by 25 and 8 kg/ha respectively.

The introduction of water-soluble fertilizers during 
red clover vegetation at the background of applying 
mineral fertilizers (N30P60K60) under the cover crop 
promoted further considerable growth in the seed per-
formance of red clover. In particular, the application of 
plantafol (1 kg/ha) at the shooting stage at the back-
ground of N30P60K60 increased the yield of seeds by 
21 kg/ha. The application of molybdenum and borium 
fertilizers and their combination at this background 
promoted the increase in this index by 12, 19, 58 kg/
ha respectively. The introduction of plantafol (1 kg/ha) 
in the bud phase ensured the yield of red clover seeds 
at the level of 262 kg/ha (variant 13), which was 12 
kg/ha more compared to its application at the shooting 
stage at the background of N30P60K60 (variant 9). The 
combination of the introduction of water-soluble fertil-
izers at the shooting stage and in the bud phase at the 
background of mineral fertilizer did not promote a con-
siderable growth of its seed performance (variant 14).

The application of water-soluble fertilizers at the 
background of introduction of mineral fertilizers 
(N30P60K60) and liming with quickly-acting lime fertil-
izers (��(�	)2) promoted further considerable growth 
of the yield of red clover seeds. In particular, the intro-
duction of Plantafol in the dose of 1 kg/ha at the shoot-
ing stage at the abovementioned background (variant 
16) ensured the yield of red clover seeds at the level of 
307 kg/ha on average during 2011–2013. At this back-
ground the introduction of additional molybdenum 
(0.3 kg/ha) and borium (0.8 kg/ha) fertilizers and their 
combination promoted the formation of the yield of 
seeds respectively 316; 332; 351 kg/ha (variants 17, 
18, 19) or respectively by 16; 25; 41; 60 kg/ha more 
compared to the variant without introduction of water-
soluble fertilizers (variant 15).

The application of water-soluble fertilizers in the bud 
phase of red clover at the background of liming using 
slacked lime and mineral fertilizer N30P60K60 was ef� -
cient and ensured the formation of yield at the level of 
322 kg/ha on average in 2011–2013 (variant 20), which 
was 15 kg/ha more compared to the application of plan-
tafol at the shooting stage (variant 16).

Water-soluble fertilizers and microfertilizers, in-
troduced at the background of mineral fertilizers and 
liming using calcium fertilizers in the form of ����3 
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which are hard for plants to get during the � rst years af-
ter the introduction or which are less ef� cient (variants 
23–28) and ensured the formation of the yield of seeds 
in the investigated variants 283–320 kg/ha, which was 
17–54 kg/ha more compared to the variant without 
additional nutrition (variant 22) and 8–10% less com-
pared to the variants, where quickly-acting lime fertil-
izers were introduced (variants 15–21).

A similar phenomenon was observed in terms of seed 
quality. The highest germination of seeds (on average 
by variants) (94–95 %) was obtained in the variants 
with liming, whereas in the plots without fertilizers it 
was 91–92 % on average during the years of studies, 
while in the variant with the introduction of mineral fer-
tilizers only it was 91–93 %. Liming also impacted the 
mass of 1,000 of seeds. The largest mass of 1,000 seeds 
(1.73 g) was noted in the variant with slacked lime in 
combination with mineral fertilizers (N30P60K60), while 
in the variant where the main fertilization using lime 
and mineral fertilizers was not conducted it was 1.60 g.

Thus, the highest yield of red clover seeds (351 kg/ha) 
on average in 2011–2013 was obtained in the variant 
with the introduction of quickly-acting lime fertilizers 
(��(�	)2) – 0.5 of the rate by hydrolytic acidity and 
mineral fertilizers (N30P60K60) under the cover crop with
the application of molybdenum fertilizers (0.3 kg/ha) 
in spring at the regrowth of red clover in combination 
with the introduction of water-soluble (plantafol – 
1 kg/ha) and borium (0.8 kg/ha) fertilizers at the shoot-
ing stage of the crop.

CONCLUSIONS

The introduction of quickly-acting lime fertilizers in 
the form of ��(�	)2 (hydrated lime – slacked lime) 
on gray forest soil at 0.5 of rate by hydrolytic acidity 
prior to ploughing under the cover crop in combina-
tion with the application of mineral fertilizers in the 
dose of N30P60K60 ensured the yield of red clover seeds 
in conditions of 2011–2013 at the level of 291 kg/ha, 
which was 115 kg/ha more compared to the plots with-
out fertilizers and 63 kg/ha more compared to the plots, 
where only mineral fertilizers were introduced. At the 
introduction of calcium fertilizers in the form of ����3 
(defecate) these indices were 9–12 % lower.

The application of mineral fertilizers (N30P60K60) un-
der the cover crop of red clover promoted the increase 
in the yield of seeds by 52 kg/ha or by 23 % compared 
to the plots, which were not fertilized.

The most effective combination is uniting the basic 
fertilization with mineral fertilizers (N30P60K60) and 

lime fertilizers (��(�	)2) at 0.5 of the rate by hydro-
lytic acidity applied under the cover crop using water-
soluble fertilizer (plantafol – 1.0 kg/ha) and boric fertil-
izers (H3BO4 – 0.8 kg/ha) at the shooting stage of the 
second cut of red clover and molybdenum fertilizers 
((CNH4)2MoO4 – 0.3 kg/ha) in spring at the beginning 
of regrowth of red clover, which ensured the yield of 
seeds at the level of 351 kg/ha or 50 % more compared 
to the plots without fertilizers with high sowing quali-
ties of seeds (germination of 94–95 %, mass of 1,000 
seeds – 1.73 g).
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����. ��<��=�� ��&���������� ���=�#��" ������>��? 
������� ���X\��� ��^��* ���#��������, ����"������ �� 
�������=������ < �#��X ������<�&�* `���#��" ������ 
����"��� *? �#�#��&�* < &���X ��������" ���=�����? 
���`�*� ������" < �������� ��������� �� ���`�j���� 
����������"��. ������. !������j, ��<������j, ����-
�X������j, ������j, ���������j, �#��� ���=���� �����, 
��=��������j, ���#����^��-��������^��j. !���������. 

������#�� �#<������� ������<�&�* `���#��" ������>��? 
������� ���X\��� ��^��* �� ������ ��&���������� <�-
���������" \�������X^�? ����"����? (��(�	)2 – 0,5 
����� <� ���������^��X ����������X, ���#������? 
(N30P60K60) �� ������<^����? ��=���, {� <�=#<�#^��� 
�����{#��" ���`�X ������" � 1,8–2,0 ��<� �� ����� 
0,35–0,40 �/��. "��	����. 	�j=���\ #|#������� > ��-
>�����" ��������� ���=�#��" ���#�������� (N30P60K60) ��
����"������ ��=������ (��(�	)2) � 0,5 ����� <� �����-
����^��X ����������X, ��#�#��? ��� �������� ��������
�< <����������"� ����=�#����? ��=��� ((CNH4)2MoO4 – 
0,3 ��/��) �#���X �� ��^���� ����������" ���X\��� 
��^��* ������<^����? (!�����|��� – 1,0 ��/��) � =����? 
��=��� (H3BO4 – 0,8 ��/��) � |�<� ��#=������" ������� 
�����.
#������ �����: ���X\��� ��^��, ������>�� ������, ���-
`�j, ����"����, ���#������ �� ������<^���� ��=����.

���������	�� ����		�� ���������	���� 
� �����	$� ������� ���
	 ������� ��%���%� 

� ����������� �� �������
 ���������$�, 
��	�����	$� � �������������$� ������	��
�. �. �������, �. }. ���#����, �. �. �������
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&���. ��<��=���� ��&���������� ���=�#��" �#�#��~? 
���#��� ��#�#�� �������� ���#�����~��, �<�#�����~-
�� � ��������=�#��"�� � &#��X ������<�&�� ������" 
����#��j � �#^#��# �? �#�#��&�� � &#��X ����^#��" 
���=����~? ���`�#� �#�"� � �~������ ���#��~�� �
���`�j�~�� ���j������. �����$. !��#��j, ��<����-
�~j, �<�#���#���~j, �#����j, ����^#���#��~j, �#���
���=���� �����, ��=�������~j, ���#����^#���-������-
��^#���j. !��������$. !�#������#�~ �#<������~ ����-
��<�&�� ������" �#�#��~? ���#��� ��#�#�� �������� �� 
�����# ��&���������� ����#�#��" =~�����#j����X{�? 
�<�#�����~? (��(�	)2 – 0,5 ����~ �� ���������^#���j 
�����������, ���#�����~? (N30P60K60) � ������������-
�~? ���=�#��j, ^�� �=#��#^��� ���~\#��# ���`�" 
�#�"� � 1,8–2,0 ��<� � �����# 0,35–0,40 �/��. "$���$. 
	��=��## �||#�����~� "��"#��" ��^#����# ��������� 
���=�#��" ���#�����~�� (N30P60K60) � �<�#�����~�� 
���=�#��"�� (��(�	)2) � 0,5 ����# �� ���������^#���j 
�����������, ��#�#��~? ��� ��������X �������� � 
����#�#��#� ����=�#���~? ���=�#��j ((CNH4)2MoO4 – 
0,3 ��/��) �#���j � ��^��# ���������" ��#�#�� ��������, 
�������������~? (!�����|�� – 1,0 ��/��) � =���~? ���-
=�#��j (H3BO4 – 0,8 ��/��) � |�<� ��#=�#����" ������� 
�����.

#�����$� �����: ��#�#� ������j, �#�#��~# ���#�~, 
���`�j, �<�#�����~#, ���#�����~# � �������������~# 
���=�#��".
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