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Abstract
During the period 2015-2017, in the Institute of Agriculture – Karnobat, in field certified organic farming is 

conducted field experience. Common and durum wheat are sown after chickpea, lentil, potatoes and pumpkins. 
The aim is to study the influence of predecessors on the phytosanitary status and productivity of crops in organic 
farming. When growing common and durum wheat in the field of organic farming, the level of weed infestation 
varies depending on the predecessors. It is lowest after chickpea and lentil and rises after potatoes and pumpkins. 
In the highest density the pests are observed after the predecessors - chickpea and lentil. The number of pests in 
common wheat is much higher than in durum wheat. In the case of ordinary wheat variety Miryana, the grain 
yield depends on 82.13% of the years of cultivation and 16.78% of the predecessors. In the case of durum wheat, 
the grain yield depends on 83.28% of the year conditions and on 14.75% of the predecessors. The predecessors 
in the organic crop rotation do not affect the hectoliter mass of the grain in Miryana common wheat and Predel 
durum wheat. The content of crude protein and wet gluten in the grain is very low and varies slightly depending 
on the conditions of the year and the predecessor, with a tendency to rise slightly after chickpea and lentil.
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INTRODUCTION
 
Organic farming is a reasonable approach to soil 

and plants, in which ecological balance is achieved 
without the use of chemical fertilizers, pesticides, 
GMO-organism. Its essence is to organize the farm 
as a natural ecosystem in which each entity has its 
own destiny and lives in harmony with others (Ma-
sanobu Fukuoka, 1978). It is an alternative viable 
option for sustainable development and clean food 
production with minimal environmental pollution 
(Ravisankar et al., 2021).

Predecessors are important in the cultivation 
of cereals, especially in the conditions of organic 
farming. Correctly constructed crop rotations, in 
accordance with the agro-ecological conditions and 
the production tendency of the organic farm, are the 
basis for the effective use of the remaining factors - 
soil treatment and plant protection measures when 
growing crops (Koteva, 2004; Zarkov, 2006; Atana-

sova & Zarkov, 2007).  Crop rotation ensures better 
use of soil moisture and significantly prevents the 
negative impact of drought and has a positive effect 
on crop productivity (Vasilev, 1986; Zarkov, 1996; 
Olesen et al., 2000). Crop rotation based on legumi-
nous crops are much better than monoculture wheat 
(Lui et al, 2020).

Crop rotation is a key factor in reducing the level 
of weed infestation, the density of pests and diseas-
es in organic farming (Atanasova & Koteva, 2009; 
Baldivieso-Freitas et. al., 2018; Headrick, 2021). 
The question is, in the case of organic farming of 
cereal crops, to achieve a balance in the ecosystem 
between the density of cultural and weed plants, be-
tween the density of pests and predators, and from 
there also in the yield level. Results indicate that 
longer rotations with more phenologically diverse 
crops can reduce soil seed bank populations and 
broadleaf weed species abundance in organic pro-
duction systems (Teasdale et. al., 2003).
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The main goal of this study was to investigate 
the influence of the predecessors on the phytosani-
tary status and productivity of common and durum 
wheat under organic farming.

MAterIAls AnD MethoDs

The study was conducted on Eutric Vertisols soil 
type (Ninov, 2005) in a certified organic farming 
field keep by the Institute of Agriculture - Karnobat. 
The field experiment was carried out in 2014 - 2017. 
The object of the study was common wheat variety 
Miryana and durum wheat variety Predel, sown af-
ter four predecessors - chickpea, lentil, potatoes and 
pumpkins. The size of the experimental plot is 75 
m2, and the yield plot - 35 m2.

Phytosanitary monitoring was carried out in the 
experimental plots. Weed infestation - species com-
position and density, was carried out by the quan-
titative-weight method (nb/m2; g/m2), in the phase 
of the end of tillering and the beginning of the ear 
of wheat. Surveys for pests were carried out dur-
ing the spring growing season of the crops. Aphids 
were counted with standard entomological meth-
ods - mowing with an entomological bag and direct 
counting on 100 stems (in 10 places on 10 stems). 
Their species composition and numerical dynamics 
were determined. The taxonomic analysis of aphids 

was carried out according to Emden (1972) and 
Blackman & Eastop (1984). Observations were car-
ried out weekly until the crops were harvested. Af-
ter harvesting, crop yield (kg.da-1), hectoliter weight 
(kg), protein content (%) and wet gluten (%) were 
recorded. The data were processed mathematically 
by analysis of variance (statistical package BIO).

In Southeastern Bulgaria, the climate is transi-
tional-continental with an average annual precipi-
tation of 549 mm. Winter is relatively warm, spring 
is short and cool, summer is hot and dry, autumn 
is long and warm. The vegetation year 2014/2015 
is characterized by a warm and wet autumn, a cold 
and wet winter, a wet spring and summer, and the 
weather conditions for another year emphasize 
their exceptional role in the growth, development 
of crop plants and weeds and the formation of crop 
productivity (Figure 1). Average monthly tempera-
tures for all months, except for October and No-
vember, have higher values compared to the pe-
rennial ones. The following year, 2015/2016, was 
characterized by a wet autumn, a warm winter, a 
warm and wet spring and a dry summer. After the 
significant amount of precipitation that fell during 
the third ten days of November (45.6 mm), Decem-
ber was relatively warm and dry, but at the end of 
the month there was a sharp cooling with signifi-
cant precipitation (132.1 mm). High temperatures 
in February, March and April, as well as good soil 
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Figure 1. Rainfall and average daily temperatures (2014-2017)
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moisture, favor the growth and development of the 
culture. 

The vegetation year 2016 / 2017 is characterized 
by a dry autumn, a cold and snowy winter, a warm 
and dry spring and a dry and hot summer, and these 
conditions are quite unfavorable for winter cereals 
(Figure 1).

resUlts AnD DIsCUssIon

There is a wide species diversity of weeds in 
the organic farming field, as organic farming aims 
to achieve a sustainable equilibrium in the created 
ecosystem, i.e. a relative balance between weeds 
and crop plants (Masanobu Fukuoka, 1978; Stolze 
et al., 2000).

Of the annual broad-leaved weeds Papaver rhoe-
as, Anthemis arvensis, Sinapis arvensis, Polygo-
num aviculare, Polygonum convolvulus prevail, in 
a smaller density - Caucalis daucoides, Centaurea 
cyanus, Consolida regalis, the species of Lathyrus 
spp. and Vicia spp., which in conventional farm-
ing are very sensitive to herbicides from the 2.4-D 
group, begin to appear.

The level of weed infestation varies with the 
crop and the predecessors. It is lowest after chick-
pea and lentil and rises after potatoes and pump-
kins (Figure 2). 

After the entomological examinations of durum 
wheat variety Predel and common wheat variety 
Miryana, 7 pests from three orders and after the four 
predecessors (Table 1) were found to be harmful, 
this shows that the predecessors do not influence the 

species composition of the pests. The greatest spe-
cies diversity is observed in the Nemiptera order.

The numerical dynamics of the main pests of du-
rum and common wheat after the different prede-
cessors were reported (figures 3 and 4). In the high-
est density, pests from all three orders are observed 
after precursors of chickpea and lentil. This is prob-
ably due to nitrogen-fixing bacteria in legume crops 
providing nitrogen to the soil, resulting in plants 
that grow better and are more attractive to pests 
than those grown after the other two predecessors. 
The largest differences in attack after the predeces-
sors are observed in the order Nemiptera. The or-
der includes aphids and cicads, which are suckers 
and prefer more protein-rich plant juices, which are 
likely obtained from plants grown after a legume 
ancestor. The number of pests in common wheat is 
much higher than that in durum wheat.

For the study period, the productivity of com-
mon and durum wheat varied significantly depend-
ing on the agrometeorological conditions of the 
year and predecessor (Tables 2 and 3). In common 
wheat variety Miryana, the grain yield is influenced 
82.13% by the year of cultivation (agrometeorologi-
cal conditions) and 16.78% by the predecessors. In 
the case of Predel durum wheat, the grain yield de-
pends 83.28% on the conditions of the years and 
14.75% on the predecessors. These results confirm 
the thesis of other authors that environmental fac-
tors have the greatest influence on the grain yield of 
common (Uhr et al., 2020) and durum wheat (Aber-
kane et al., 2021).

In the case of common wheat variety Miryana, 
the highest yield was obtained in 2015 after the pre-
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decessor chickpea - 395 kg.da-1, and the lowest - in 
2017 after the predecessor potatoes - 196 kg.da-1. On 
average for the study period, the yield was the high-
est after predecessors chickpea 328 kg.da-1 and len-
til – 324 kg.da-1. As in individual years, yields after 
these crops overlap.

For durum wheat Predel, the highest yield was 
obtained in 2015 after the predecessor chickpea – 
357 kg.da-1, and the lowest – in 2017 after the prede-
cessor pumpkins – 152 kg.da-1. For the study period, 

the trend is also maintained here, as with common 
wheat.

Averaged over the period, after the four prede-
cessor, the hectoliter mass of both common and du-
rum wheat did not vary significantly (Table 4).

Crude protein, although genetically deter-
mined, in the grain of wheat is strongly influenced 
by the factors of the growing environment, includ-
ing some agrotechnical measures (Terman, 1979; 
Hlisnikovský, et al., 2019). Crude protein content 

table 1. Main pests of durum wheat Predel and common wheat Miryana, after four predecessors
order species Predel Miryana
After Chick-peas

Нemiptera

Sitobion avenae + +
Schizaphis graminum + +
Rhopalosiphum maidis + +
Philaenus spumarius + +

Coleoptera Oulema  melanopa + +

Heteroptera Eurygasterintegriceps + +
Aelia acuminate + +

After Lentil

Нemiptera

Sitobion avenae + +
Schizaphis graminum + +
Rhopalosiphum maidis + +
Philaenus spumarius + +

Coleoptera Oulema melanopa + +

Heteroptera Eurygaster integriceps + +
Aelia acuminata + +

After Potatoes

Нemiptera

Sitobion avenae + +
Schizaphis graminum + +
Rhopalosiphum maidis + +
Philaenus spumarius + +

Coleoptera Oulema melanopa + +

Heteroptera Eurygaster integriceps + +
Aelia acuminata + +

After Pumpkins

Нemiptera

Sitobion avenae + +
Schizaphis graminum + +
Rhopalosiphum maidis + +
Philaenus spumarius + +

Coleoptera Oulema melanopa + +

Heteroptera Eurygaster integriceps + +
Aelia acuminata + +
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Figure 4. Pests dynamics of common wheat variety Miryana after four 
predecessors (average for three years, 2015 - 2017)
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Figure 3. Pests dynamics of durum wheat variety Predel after four predecessors 
(average for three years, 2015 - 2017)

table 2. Analysis of variance for grain yield of common and durum wheat after four predecessors, average 
2014-2017

Sourse of  
variability

Wheat
Common wheat Miryana Durum wheat Predel
SQ df η 2 (%) SQ df η 2 (%)

Total 48004.25 11 43304.67 11
Years 39423.50 2 82.13 36062.17 2 83.28
Predecessor 8056.25 3 16.78 6386.67 3 14.75
Residuals 524.50 6 1.09 855.83 6 1.98
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is very low in both types of wheat, which is char-
acteristic of the organic cultivation of these crops, 
also confirmed by the research of Witten, et al 
(2018).

The content of wet gluten and its quality and 
crude protein content are the main indicators char-
acterizing the milling and baking quality of wheat 
grain. In organic farming and in common wheat va-

riety Miryana and durum wheat variety Predel, the 
content of wet gluten is very low. In the grain of the 
common wheat variety Miryana after the predeces-
sor lentil reaches 13%, and in the grain of the du-
rum wheat variety Predel - after lentil - 18.6%, and 
after chickpea - 16.6%.

ConClUsIons

The common and durum wheat, cultivation in 
organic farming, the level of weed infestation var-
ies depending on the predecessors. It is lowest af-
ter chickpea and lentil and rises after potatoes and 
pumpkins.

In the highest density, pests are observed after 
predecessors chickpea and lentil. The number of 
pests in common wheat is much higher than that in 
durum wheat.

In common wheat variety Miryana, the grain 
yield is affected 82.13% by the year of cultivation 
and 16.78% by the predecessors. In durum wheat 
variety Predel, the grain yield depends 83.28% on 
the conditions of the year and 14.75% on the prede-
cessors.

Predecessors in the organic crop rotation do not 
influence the hectoliter mass of the grain in com-
mon wheat variety Miryana and durum wheat vari-

table 3. Grain yield of common and durum wheat after four predecessors (kg.da-1)

Predecessor 
Years
2015 2016 2017 Average

Common wheat Miryana
Chickpea 395 340 248 328
Lentil 380 348 244 324
Potatoes 310 294 196 267
Pumpkins  345 308 201 285
LSD 5%
        1%
        0.1%

10.50
15.90
25.55

12.34
18.60
31.56

12.20
17.53
30.40

Durum wheat Predel
Chickpea 357 291 242 297
Lentil 350 295 211 285
Potatoes 325 277 192 265
Pumpkins  298 258 152 236
LSD 5%
        1%
        0.1%

16.20
24.53
39.40

14.22
24.20
36.10

12.80
19.10
34.88

table 4. Main quality indicators for common 
wheat Miryana and durum wheat Predel after four 
predecessors, average for the period

Predecessor
Hectoliter 
mass
(kg)

Crude 
protein 
content, %

Wet gluten 
content, %

Common wheat Miryana
Chickpea 79.2 10.5 13.9
Lentils 80.2 9.2 13.3
Potatoes 79.2 8.1 10.5
Pumpkins  79.7 8.8 11.3
Durum wheat Predel
Chickpea 80.6 10.1 16.6
Lentil 81.5 9.6 18.6
Potatoes 80.9 8.9 17.1
Pumpkins  80.2 8.7 16.0
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ety Predel. The crude protein and wet gluten content 
of the grain is very low and varies little with year 
and precursor conditions, tending to rise slightly af-
ter chickpeas and lentils.

The study was reported at the scientific confer-
ence “Innovations in Agrarian Science for Efficient 
Farming”, held in 2022 at the Agriculture Institute- 
Shumen, co-financed by the Ministry of Education 
and Culture under a contract with the Scientific Re-
search Fund - № KP 06-MNF/14

reFerenCes

Aberkane, h., Amri, A., Belkadi, B., Filali-Maltouf, 
A., Valkoun, J., & Kehel, Z. (2021). Contribution 
of Wild Relatives to Durum Wheat (Triticum 
turgidum subsp. durum) Yield Stability across Contrasted 
Environments. Agronomy. 11(10):1992. https://doi.
org/10.3390/agronomy11101992

Atanasova D., & Zarkov, B. (2007). Dynamics of weed 
infestation of cereals crops in the long-term stationary 
trial in the Institute of Agriculture-Karnobat. Field crops 
Studies. Vol. IV-1: 163-168.

Atanasova, D., & Koteva, V. (2009). Effects of Crop 
Rotation on Weeds in Preparing Agricultural Field 
through Organic Farming. Journal of Balkan Ecology, 
vol.12, N 1. ISSN 1311-0527.

Baldivieso-Freitas, P., Blanco-Moreno, J. M., Armengot, 
l., Chamorro, l., romanyà, J., & sans, F. X. (2018). 
Crop yield, weed infestation and soil fertility responses 
to contrasted ploughing intensity and manure additions 
in a Mediterranean organic crop rotation. Soil and 
Tillage Research, 180, pp.10-20. 

Blackman, r. l., & eastop, V. F. (1984). Rhopalosiphum 
maidis (Fitch). Aphids on the World’s Crops: An 
Identification and Information Guide. John Wiley 
and Sons: Chichester, New York, Brisbane, Toronto, 
Singapore, pp. 340-341.

emden, h. F. (1972). Aphid technology, London and New 
York, pp. 107-110

headrick, D. (2021). The future of organic insect pest 
management: be a better entomologist or pay for someone 
who is. Insects, 12(2), 140.

hlisnikovský, l., hejcman, M., Kunzová, e., & Menšík, 
l. (2019). The effect of soil-climate conditions on 
yielding parameters, chemical composition and baking 
quality of ancient wheat species Triticum monococcum 
L., Triticum dicoccum Schrank and Triticum spelt L. in 
comparison with modern Triticum aestivum L. Archives 
of Agronomy and Soil Science, 65(2), 152-163.

Koteva, V. (2004). Agronomic characteristics of the soils 
from the region of Karnobat. In: “The Nature of the 
Karnobat Region”, Vol. 1, 112-122.

liu, K., Bandara, M., hamel, C., Knight, J. D., & Gan, 
Y. (2020). Intensifying crop rotations with pulse crops 
enhances system productivity and soil organic carbon 
in semi-arid environments. Field Crops Research, 248, 
107657.

Masanobu Fukuoka. (1978). The One-Straw Revolution. 
An Introduction to Natural Farming. Emmaus, 146 pp. 
ISBN 0-87857-220-1. 

ninov, n. (2005). Taxonomic list of soils in Bulgaria 
according to the FAO world system (Bg). http://www.
prokarstterra.bas.bg/geo21/2005/5-05/pp4-20.html  

olesen, J. e., Askegaard, M., & rasmussen, I. A. 
(2000). Design of an organic farming crop-rotation 
experiment. Acta Agriculturae Scandinavica, Section 
B-Plant Soil Science, 50(1), 13-21.

ravisankar, n., Ansari, M. A., Panwar, A. s., Aulakh, 
C. s., sharma, s. K., suganthy, M., ... & Jaganathan, 
D. (2021). Organic farming research in India: Potential 
technologies and way forward. Indian J. of Agronomy 
66, S142-S162.

stolze, M., Piorr, A., häring, A. M., & Dabbert, s. 
(2000). Environmental impacts of organic farming in 
Europe. Universität Hohenheim, Stuttgart-Hohenheim.

terman, G. l. (1979). Yields and Protein Content of Wheat 
Grain as Affected by Cultivar, N, and Environmental 
Growth Factors 1. Agronomy Journal, 71(3), 437-440.

teasdale, J. r., shelton, D. r., sadeghi, A. M., & Isensee, 
A. r. (2003). Influence of hairy vetch residue on atrazine 
and metolachlor soil solution concentration and weed 
emergence. Weed Science, 51(4), 628-634.

Uhr, Z., Delibaltova, V., Dimitrov, e., & Chavdarov, P. 
(2020). Comparative testing of common winter wheat 
lines and their suitability for changing environmental 
conditions. Scientific papers. Series A. Agronomy, 63(1), 
602-608. ISSN 2285-5785.

Vassilev, A. (1986). Intensification of crop rotation. 
Habilitation work. Sofia.

Witten, s., & Aulrich, K. (2018). Investigations on the 
amount of crude protein and amino acids of organically 
cultivated winter cereal grains (wheat, rye, and 
triticale). In Proceedings of the Society of Nutrition 
Physiology (Vol. 27, No. 26, p. 56).

Zarkov, B. (1996). The predecessor as an element of the 
technology for barley production in Southeastern 
Bulgaria. PhD thesis. Karnobat.

Zarkov, B. (2006). Promising crop rotation units - the basis 
for scientifically sound alternation of field crops. Jubilee 
Scientific Conference “65 Years of Agrarian Science in 
Dobrudja” “Sustainable Agriculture - a challenge for 
modern agricultural science”, Vol. III, Book 5, 161-165. 


