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YIELD OF WINTER WHEAT (TRITICUM AESTIVUM L.) AFTER NON-TRADITIONAL
PREDECESSORS IN SHORT-TERM FORAGE CROP ROTATIONS

Tkachuk O. P.
Vinnytsia National Agrarian University, 3 Soniachna St., 3, Vinnytsia, 21008, Ukraine

Topicality. Winter wheat is the leading grain and food crop in Ukraine, which is often grown without
considering requirements for its predecessors. This crop is widely used in short-term crop rotations, in
which there are a number of problems arise in obtaining a high and stable winter wheat yield after non-
traditional predecessors. Purpose. To determine the winter wheat yield in specialised fodder short-term crop
rotation after the non-traditional predecessors for small farms. Methods. In 2018-2021, field trials were
conducted in the Vinnytsia region on leached medium loam chernozems with a humus content of 4.2 %. Win-
ter wheat was sown after three predecessors: fodder beet, pumpkin and potato. Results. The longest period
from harvesting potato to sowing winter wheat was 49 days. After harvesting the pumpkin, 16 days remained
before sowing winter wheat. The shortest period from harvesting fodder beet to sowing winter wheat was 6
days. The plant density of winter wheat after the potato was by 12.0 % higher than after the pumpkin and by
17.7 % higher than after the fodder beet. During the spring regrowth, the highest plant density of winter
wheat was observed after the potato, which was 11.9 % more than after the pumpkin and 18.4 % more than
after the fodder beet. At the end of the growing season, the highest number of productive stems was formed
by winter wheat plants after the potato —773 pcs/m?, after fodder beet — by 7.8 % less productive stems, and
after the pumpkin — by 42.2 % less than after potato. Conclusions. The highest actual grain yield of winter
wheat grown after potato amounted to 7.63 t/ha. After fodder beet, the winter wheat yield was 11.3 % lower
than after potato and amounted to 6.77 t/ha. The winter wheat yield after the pumpkin was 40.6 % lower

than after potato and 33.1 % lower than after fodder beet.
Key words: winter wheat, yield, predecessors, fodder beets, pumpkins, potatoes

Introduction. In Ukraine, modern crop
rotations are specialised in the following main
areas: growing cereals, oilseeds, fodder and oth-
er industrial crops. Winter wheat (Triticum aes-
tivum L.) plays a crucial role in all these crop
rotations as one of the best predecessors, which
allows to free the field early, prepare the soil for
the next crop in the rotation, accumulate mois-
ture, leave enough plant residues to replenish
the soil nutrient reserves, improve its agrophysi-
cal properties and sanitary sustainability of the
agroecosystem [1, 2].

Today, the structure of crop rotations is
determined by the market, demand and price for
agricultural production. These factors establish
the general direction of Ukraine's agricultural
sector, which is characterised by a significant
reduction in the range of cultivated crops, and
the formation of small farms with a narrow ag-
ricultural specialisation that does not allow
maintaining multiple crop rotations on a limited
area of arable land. Therefore, both small farms
and large rental farms increasingly switch to
short-term crop rotations [3, 4].

Author information:

However, in the short-term crop rotation,
the limited set of crops frequently returns to
their original place. Crops are cultivated after
the worst predecessors that not only affect their
yield but also reduce soil fertility; it leads to
degradation processes, the spread of pests, dis-
eases and weeds [5, 6].

In conditions of proper short-term crop ro-
tations, it is possible to achieve efficient utilisa-
tion of nutrients and moisture from the soil by
plants, reduce the weed infestation and spread
of diseases and pests, improve physical and che-
mical properties of the soil, and rational use of
fertilisers, pesticides and machinery, which will
reduce the cost of agricultural production [7, 8].

Consequently, the study of short-term
crop rotations with a limited number and a spe-
cific set of crops for special uses is urgently re-
quired, since it would not only ensure high crop
productivity but also contribute to improving
the sustainability of agroecosystems enhancing
soil fertility [9, 10].

As a result of the reform in the agricultu-
ral sector of Ukrainian economy, large agricul-
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tural enterprises stopped to engage in livestock
production, but small farms are still in business,
using manual labour along with mechanisation
to harvest energy-intensive crops such as pota-
toes (Solanum tuberosum), fodder beet (Beta
vulgaris L.), pumpkins (Cucurbita pero), peren-
nial grasses for hay, and others. For these small-
scale farms, it is necessary to develop an opti-
mal crop rotation system, based on highly spe-
cialised short-term forage crop rotations [11, 12].

The low availability of agricultural ma-
chinery and the high level of manual labour in
the economic activities of small farms require
the development of short-term forage crop rota-
tions with their saturation with grain crops, in
particular winter wheat, in order to significantly
reduce the share of manual labour [13, 14].

Winter wheat, a leading grain and food
crop in Ukraine, is often cultivated regardless of
its requirements for predecessors. Winter wheat
is often grown in short-term crop rotations. The-
se crop rotations have a number of problems
with obtaining high and sustainable yield of
winter wheat after non-traditional predecessors.

The purpose of the research is to deter-
mine the winter wheat yield after non-traditional
predecessors in a specialised short-term forage
crop rotation for small farms.

Materials and Methods. In 2018-2021,
the field trials were conducted in the private
farm Yurchenko-N in the Velyki Krushlyntsi
village, Vinnytsia district, Vinnytsia region on
leached medium loamy chernozems with a hu-
mus content of 4.2 %. The winter wheat was
sown after the following crops: fodder beet of
Ursus Poly variety, pumpkins of Ukrainskyi ba-
hatoplidnyii variety and potatoes of Bellarosa
variety. Tillage after harvesting the previous
crops included disking to a depth of 10-12 cm
and pre-sowing cultivation to a depth of 5 cm.
Winter wheat was sown at a late date with an
increased seeding rate of 6 min seeds per hec-
tare with a SZ-3.6 seeder.

Sowing was carried out with the Bohemia
variety of the originator Selgen, a.s., Czech Re-
public. The variety is a mid-ripening, intensive
type, belongs to strong awnless wheat. It toler-
ates late sowing. It is characterised by high
grain quality and productivity. High grain yield
reaches 8.0-9.0 t/ha with application of com-
plete mineral fertiliser. It is characterised by
high winter hardiness, resistance to powdery
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mildew and brown leaf rust. The protein content
is 13.5 %, gluten is 28.0 %. The stem height is
95-98 cm. Seeding rate is 3.0-6.0 min seeds/ha.
Recommended growing areas are Polissia, Fo-
rest-Steppe, and Steppe.

Crop management was generally accept-
ed, including the application of the ammonium
nitrate phosphate fertilizer at a rate of N3gP30Kzo
at the time of sowing. In the spring, the crops
were fertilised twice with ammonium nitrate at
rates of Nys and Ngo. The crop protection sys-
tem included a single application of Grodyl
Ultra herbicide, a double application of a tank
mix of Alto fungicide with Chlorpyrifos insecti-
cide and the addition of microfertilisers. Har-
vesting was carried out by direct combining.

The registration plot was 30 m? in four tiers.
During the research, we carried out the following
observations and records: plant density was de-
termined in dynamics (during the period of full
seedlings, the beginning of spring regrowth and
before harvesting) on permanently fixed registra-
tion plots of 1/6 m? allocated in two non-
contiguous tiers of 3 sites per plot. Weed infesta-
tion of crops was recorded quantitatively on 1
m? plots in the stem elongation stage. The
spread of Septoria disease was recorded by the
percentage of the affected leaf surface in the
milk ripeness stage. Indicators of individual
plant productivity were determined in the La-
boratory of Seed Production of Vinnytsia Na-
tional Agrarian University by analysing a sheaf
sample. The thousand seed weight was deter-
mined by weighing the respective sample
weights. The grain yield of winter wheat was
determined by the method of continuous thresh-
ing of the entire experimental plot separately
within each variant with the following conver-
sion to hectare area [15].

Results and Discussion. The winter
wheat predecessors were harvested at different
calendar dates, which affected the system of soil
preparation for sowing. Potatoes were harvested
earlier than all the predecessors (12 August),
allowing to prepare the soil for sowing and ac-
cumulate moisture for winter wheat seedlings.
After harvesting the potatoes, the soil was culti-
vated for additional harvesting of potato resi-
dues, in mid-September, one month before sow-
ing winter wheat, a single disking of the soil
was carried out, and on the day of sowing, pre-
sowing cultivation was carried out (Table 1).
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Table 1. Dates of harvesting predecessors and soil preparation
for sowing winter wheat, (average for 2018-2021)

Period from har-
Calendar date . . vesting the pre- Calendar date of
. Tillage after harvesting . .
Predecessor of harvesting decessor to Sow- sowing winter
predecessor . :
predecessor ing winter wheat, wheat
days
Fodder beet 25 August double disking, pre- 6 1 October
sowing cultivation
Pumpkins 15 August doub.le d'Skmg’ pre- 16 1 October
sowing cultivation
Post-harvest cultivation,
Potatoes (control) 12 September single disking, pre- 49 1 October
sowing cultivation

Pumpkins were fully harvested on 15 Sep-
tember. This significantly reduced the time re-
quired to prepare the soil for sowing winter
wheat. In case of remaining pumpkin stems on
the soil surface, they were raked up with a con-
tinuous cultivator or crushed and scattered over
the field surface with appropriate choppers, if
possible. Immediately after this operation, or in
the absence of pumpkin stems disrupting the
quality of tillage tools, disking was carried out
twice, and on the sowing date was carried out pre-
sowing cultivation.

The latest date for harvesting was
25 September for fodder beets. After harvesting,
only two disking and pre-sowing cultivation
were carried out on the sowing date.

Winter wheat was sown on 1 October, al-
most at the end of the optimal dates. Potatoes
provided the longest period from harvesting the
predecessor to sowing (49 days) that allowed
preparing properly the soil and accumulating
enough moisture for seed germination. After

harvesting pumpkins, 16 days remained before
sowing winter wheat, but this predecessor re-
quired special measures (crushing or raked up
pumpkin stems). The shortest period (6 days)
for soil preparation before sowing and, accord-
ingly, accumulation of soil moisture was rec-
orded after the fodder beet as a predecessor.
This crop is quite moisture-loving, so after har-
vesting it, the soil is often overdried, which af-
fects winter wheat seedlings.

In the winter wheat seedling stage, the
highest plant density was observed after the po-
tato (575 plants/m?), which was 12.0 % higher
than after the pumpkin and 17.7 % higher than
after fodder beet. The lowest plant density of
winter wheat was 473 plants/m® after fodder
beet in the stage of full seedlings. This resulted
from the late harvesting of fodder beet com-
pared to other predecessors and soil overdrying
(Table 2).

During the period of spring regrowth, the
highest plant density of winter wheat was

Table 2. Dynamics of plant density of winter wheat depending on predecessors, plants/m?,

(average for 2018-2021)

Plant growth and development stages .
Predecessor _ _ the end of Number of productive
Seedling Spring regrowth growth sesson stems at harvest date
Fodder beet 473 431 410 713
Pumpkins 506 465 411 447
Potatoes (control) 575 528 467 773

528 pcs/m? after the potato, which was 11.9 %
more than after the pumpkin and 18.4 % more
than after fodder beet, where the plant density of
winter wheat was the lowest and amounted to
431 pcs/m?. This feature of the distribution of
winter wheat plant density was observed during
the stage of full seedling.

158

Grain Crops. Vol. 7. No. 1. 2023. P. 156-162

At the end of the growing season, the
highest plant density of winter wheat remained
after the potatoes and was 467 plants/m>. At the
same time, the density after fodder beets and
pumpkins levelled out and amounted to 410-
411 plants/m?, which was 12.2 % less than the
plant density after potatoes.
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The number of productive stems deter-
mines the winter wheat yield. The largest num-
ber of productive stems (773 pcs/m?) was for-
med by winter wheat plants grown after pota-
toes; after fodder beet, the number of productive
stems was 7.8 % less, but also within the opti-
mal number — 713 pcs/m® The lowest number
of productive stems of winter wheat was 447
pcs/m2 after the pumpkin, which was 42.2 % less
compared to potatoes that is explained by the
strong overdrying of the soil by pumpkins.
Pumpkins consume a lot of soil moisture during
the initiation of productive stems, i.e. when the
early spring moisture reserves have already
been used up and late spring moisture is insuffi-
cient and not available in the soil.

Late sowing of winter wheat was carried
out with an increased seeding rate of 6.0 million

germinating seeds per hectare. Field germination
was the highest at 96 % after potatoes, 84 % after
pumpkins, and the lowest at 79 % after fodder
beet. The seed germination of winter wheat was
significantly influenced by precipitation after
sowing and sufficiently warm weather, reducing
the influence of predecessors on seed germina-
tion (Table 3).

Favourable conditions for the winter
wheat crop in autumn made it possible the op-
timal tillering stage for all variants. This result-
ed in a percentage of deaths of only 8.1-8.5 %.
Plant thinning continued until the end of the
growing season. From the period of spring re-
growth to full maturity, 4.9 % of winter wheat
plants died after the fodder beet and 11.6 % af-
ter pumpkins and potatoes (as predecessors).

The thinning of winter wheat crops after

Table 3. Parameters of winter wheat plant preservation and tillering
depending on predecessors, (average for 2018-2021)

Field Plant death at

L Plant death in the end of the General Productive

Predecessor germination, . 0 : e o
% winter, % growing sea- tillering tillering
son, %

Fodder beet 79 8.5 4.9 3.2 1.7
Pumpkins 84 8.1 11.6 3.5 1.1
Potatoes (control) 96 8.1 11.6 4.2 1.7

the potato may be explained by a rather high
plant density, while after the pumpkin it is due
to a lack of moisture.

This fact is confirmed by the value of pro-
ductive tillering of winter wheat plants after the
pumpkin, which was the smallest and amounted
to 1.1. At the same time, the value of productive
tillering of winter wheat plants after the potatoes
and fodder beet was the same and amounted to 1.7.

Total tillering of winter wheat plants after
the potato was the highest (4.2), which is ex-
plained by favourable growing conditions.
However, the total tillering did not affect the
productive tillering. One of the reasons for this
is the close sowing of winter wheat plants after
potatoes. Therefore, winter wheat sowing rates
after potatoes should be reduced to encourage
plants to form greater numbers of productive
stems with sufficient free space.

Total tillering of winter wheat plants after
the pumpkin was 3.5. Compared to the potatoes,
plant density was lower; however, it did not
contribute to the growth of productive tillering
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due to insufficient soil moisture content after
this predecessor. At the same time, after fodder
beet, the total tillering of plants was the lowest
(3.5), but it provided a high rate of productive
tillering.

Despite the pest control of winter wheat
crops, we found a certain number of harmful
organisms in its crops. In particular, the number
of weeds was 3.7-5.7 plants per m? which did
not have a significant negative impact. The
highest number of weeds was found after the
potatoes, which was due to significant weed in-
festation of potato crops, especially in the se-
cond half of its growing season (Table 4).

Septoria disease was the main disease
found in winter wheat crops. The smallest area
of the affected leaf surface was found after the
pumpkin (17 %), and the largest (33 %) after the
fodder beet.

The analysis of the individual productivity
of winter wheat plants after these predecessors
revealed identical parameters of the number of
rows of spikelets in an head (8), grains in an-
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Table 4. Development of harmful pests in winter wheat crops depending
on predecessors, (average for 2018-2021)

Weed infestation Diseases
Predecessor Actual number of weeds, pcs/m2 Aftected leaf surface
area of plants, %
Fodder beet 3.8 33
Pumpkins 3.7 17
Potatoes (control) 5.7 24

spikelet (4) and the total number of grains in one
head (32), regardless of the predecessor (Table 5).

Differences between the variants of pre-
decessors were observed in the thousand seed

Table 5. Individual seed productivity of winter wheat plants depending
on the predecessors, (average for 2018-2021)

Number of | Numberof | Number | Numberof | Thousand | Grain Grain
heads per rows of of grains | grains per seed weight per | weight per
Predecessor plant, pcs | spikelets per | per spike- head, weight, head, plant,
head, pcs let, pcs pcs g g g
Fodder beet 1.7 8 4 32 40.6 1.30 2.20
Pumpkins 1.1 8 4 32 41.9 1.34 1.47
Potatoes (control) 17 8 4 32 40.0 1.28 2.18

weight (40.0-41.9 g) and the number of spike-
lets per plant, taking into account the productive
tillering. Therefore, grain weight per head of
winter wheat plants varied from 1.28 g after the
predecessor potatoes to 1.34 g after pumpkins.
Differences in grain weight per head were de-
termined by the difference in thousand seed
weight of different variants, which depended on
the plant density. The largest grain weight per
plant, considering productive tillering, was re-

corded after the predecessors fodder beet and
potatoes (2.18-2.20 g), while after pumpkins the
grain weight per plant of winter wheat was 33.2 %
less and amounted to 1.47 g.

The actual grain yield of winter wheat
grown after potatoes was the highest and
amounted to 7.63 t/ha, which was largely de-
termined by the higher plant density (Table 6).

After fodder beet, the winter wheat yield
was 11.3% lower than after potatoes and amoun-

Table 6. Grain yield of winter wheat depending on the predecessors,
(average for 2018-2021)

Grain yield, Deviations from control, - / +
Predecessor th
a t/ha %
Fodder beet 6.77 -0.86 -11.3
Pumpkins 4.53 -1.68 -40.6
Potatoes (control) 7.63 - -

ted to 6.77 t/ha, which is determined by the high
percentage of productive tillering in relation to
the total tillering. The winter wheat yield after
the pumpkin was 40.6 % lower than after pota-
toes and 33.1 % lower than after fodder beet.
The low yield of winter wheat after pumpkins,
compared to other predecessors, is a result of
significant plant thinning and insufficient pro-
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ductive stem density due to low productive till-
ering due to extreme soil overdrying.
Conclusions. In short-rotation fodder crop
rotations with high saturation of fodder beet,
pumpkin and potato crops, the winter wheat
should be sown after potatoes, which ensures
grain yields of 7.63 t/ha under all technological
practices and 6.77 t/ha after fodder beet.
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Trauyx O. II. Ypoocaiinicmo nuenuyi ozumoi (Triticum aestivum L.) nicis nempaouuiiinux nonepeonuxie
Y KOpomKopomauiHux Kkopmosux cieosminax. 3epnosi kyromypu. 2023. 7 (1). 156-162.

Binnuyekuii nayionanvnuii azpapnuil ynisepcumem, gyn. Couauna, 3, m. Binnuys, 21008, Vrpaina

AKTyaJbHicTh. [TeHuIs 03UMa € MIPOBITHOO 3€PHOBOIO 1 ITPOIOBOJIBUOIO KYJIBTYpOIO YKpaiHu, sika
4acTO BUPOIILY€EThCS Oe3 BpaxyBaHHs ii BUMOT 10 monepeqHukiB. OcoOIMBOro MOMKPEHHS BOHA Halyna y
KOPOTKOpOTaLiiHuX ciBo3MiHax. Came y TakuxX CiBO3MiHaX BUHHKA€E psia MpoOieM II0J0 OAEp)KaHHsS BUCO-
KOi 1 CTaOLIbHOT YPOXKAMHOCTI MIIICHUIIl O3MMOI IC/IsA HETpaAMIIMHUX monepenHukie. Mera. Busnauutu
YPOXaiHICTh MIIEHUI] O3UMOI 3a i BHPOLIYBaHHS Micisl HETPAAMLIHHHUX MONEPEIHHKIB CrenianizoBaHol
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KOPMOBOI1 KOPOTKOPOTALIHHOT CIBO3MIHM A Majiux (pepMepchkux rocrojgapcts. Martepiaju Ta METOIH.
[MonboBi mocmipkeHHS mpoBoawancs Brapomork 2018-2021 pp. B ymoBax BiHHuIbKOI 00sacTi Ha
YOPHO3eMax BHIIYTYBaHHX CEPEAHBOCYIIIMHKOBHX 3 BMicTOM rymycy 4,2 %. Ilmenuiio o3umy BuCiBaau
MicJIs TPHOX MOMEPEAHUKIB: KOPMOBUX OypsikiB, rapOy3iB Ta kaptoruti. PedyabstaTu. Ilig mociB mmenumi
03UMO1 HaWTOBIIMK TIEpiof Bix 30MpaHHS IOMEpEeaHNKA 10 ciBOM 3a0e3meurmna kapTomrt — 49 mi6. ITicas
30upanHs TapOy3iB A0 CiBOW MIEHUI 03UMOi 3aiumanock 16 xi0. Halimenmie dacy Bif 30upaHHS ypoxaro
710 CiBOM 3aJMIIaocs Micis MonepeIHuKa KOpMOBi Oypsku — 6 1i6. ['yctoTa CTOSHHS pOCIIVMH MIISHUL O3H-
MOI TicTs monepeannka kapTorst Oyna Ha 12,0 % Oinpima, HiXK michs monepeaHuka rapoys3u ta Ha 17,7 %
OispIia, HiXK ITiCTIS TIOTIEpeIHIKA KOPMOBHX OypsKiB. Ha mepion BeCHSIHOTO BipocTaHHS Haii0ibIa rycToTa
CTOSTHHS POCJIMH TMIICHUII 03UMOi CriocTepiranach micis MonepeaHnKa KapTomis, mo Oymno Ha 11,9 % 6inb-
e, HiK Micis momnepeanuka rapOy3u Ta Ha 18,4 % Oinmblue, HIX Mics MOMEpPEeTHUKA KOPMOBI OypsKu.
Haii6inpie mpomykTHBHEX cTeben Ha KiHels BereTarlii copMyBalld POCIHHH IIISHALl 03UMO] TICIIs MoTIe-
peanuka kaprorms — 773 mr./m’. Tlicis KopMOBHX OypsIKiB HPOAYKTHBHEX cTeben Oyno Ha 7,8 % MeHIe, a
micys mornepeanrka rapOysu ix Oyno Ha 42,2 % meHine, HK micis Kapromii. BucHoBku. @aktryna ypo-
JKaMHICTD 3epHA MIIEHUIII 03MMO1, BUPOIIEHOI ITiC/IA KapTorut Oyna HalBuina i ctanoBmia 7,63 t/ra. Ilicis
KOPMOBHX OypsKiB yporkaliHICTh miieHuni o3umoi Oyna Ha 11,3 % Hwkdva, HIX Iics KapTOIJIi 1 CTaHOBMIIA
6,77 T/ra. YpokalHICTh MIIEHHII 03UMOI Micis monepenHuka rapoysu Oyma Ha 40,6 % HKYa, HDK MiCs
kaprorii Ta Ha 33,1 % HmK4Ya — HIX MiCTIs KOPMOBHX OYPSKiB.
Kntouosi cnosa: nwenuys ozuma, ypoxrcauHicms, nonepeoHuKku, KOpmosi 6ypaxu, 2apoy3su, Kapmonis
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