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Abstract

The annual main soil fertilization with organic and mineral fertilizer contributed to higher productivity 
of wheat under unfavourable parameters of some main agronomy factors, such as previous crop and no nitrogen 
nutrition prior top, or at the beginning of permanent spring wheat vegetation. The sowing material treated 
with a humine preparation Plantagra average for the 2014-2017 and all trail variants contributed to receive 
extra 446.4 kg/ha grain yield. For cultivars Nahodka, Pchelina, Rada and Tina these values were between 673.8 
and 537.6 kg/ha. Nearly 50% from the tested common wheat cultivars are suitable for growing with the above 
‘low-input’ practices for plant nutrition. 
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INTRODUCTION

Intensification and industrialization of agriculture in recent decades has led to great 
increases in food production but also to numerous undesirable environmental impacts 
such as biodiversity loss, soil degradation, soil, water, air, and food pollution (Stoate et al., 
2001; Babalola et al., 2007; Lichtfouse et al., 2009). Integrated Pest Management (IPM) 
principles are combined in innovative Low-Input Cropping Systems (LI-CS) to preserve a 
realistic and systemic management strategy and to study carryover effects of management 
strategies. This holistic approach takes into account the complexity and functioning of 
agro-ecosystems. LI-CS approach allows for multiple combinations of IPM techniques 
(Drinkwater, 2002; Meynard et al., 2003; Ricci et al., 2011). This high-input system 
includes herbicides, which represent high percent of the total quantity of pesticides, mineral 
N fertilization that represents 30% of the total GHG emissions in maize production and 
other agricultural practices (Kim et al., 2009). 

A fundamental goal of alternative agriculture including organic and low-input 
farming systems is to reduce non-renewable resourse use and environmental degradation 
while maitaining productivity and profitability (Clark et al., 1999).

The aim of this investigation was to follow the response of the new common 
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winter wheat cultivars developed at Dobrudzha Agricultural Institute, under conditions 
of continuous monoculture cultivation and low-input technology using different ways for 
application of nutrients. 

MATERIALS AND METHODS

The investigation was carried out in a stationary field trial with three replications in 
the experimental field of Dobrudzha Agricultural Institute (DAI) – General Toshevo on 
Chernozem soil (Haplic Chernozems). The field has been used for growing of continuous 
mono crop since 2000. The trail involved a total of 11 new common winter wheat cultivars. 
The cultivars were grown against 4 backgrounds of mineral fertilization (Table 1).

Table 1. Characteristics of fertilizer variants 

Fertilization
level Fertilization variants Fertilizer characteristic Norm of 

application, kg/ha

I. Control Reflect natural soil fertility of slightly leached Chernozems

II. Suprefos
Granulated combined fertilizer 

containing 12% N; 24% Р2О5; 0.5% 
Mg; 14% Ca; 25% S.

350

III. Suprefos+ExcellOrga 175+175

IV. ExcellOrga 

Triple-Action Fish-Guano Organic 
Fertilizer. It is an organic fertilizer 

produced by Angibaud & Specialites, 
France. It is produced in the form of 
6 mm pellets which contain 50 % of 

organic matter, 4 % of organic N, 2 % of 
P, 6 % of K, 3 % of Mg, micro elements 

and growth stimulants. 

350

Table 2. Characteristics of the varieties tested

Varieties Quality Pedigree

1. Bojana Very good Obrii/Milena
2. Dragana Very good Miryana/Nadia
3. Enola Very good Kiten/4360-5//Trakia/3/Hersonskaya. 552
4. Kalina Good Prostor/ Enola// Prostor
5. Kiara Good Klasik/Enola
6. Kristy Very good Miryana/Pryaspa//Enola
7. Krasen Very good Laska x Flamura 85
8. Koprinka Very good Enola x Kristal
9. Pchelina Excelant Эр. 2582-89-3/969-69/Pegaso
10. Rada Very good Enola/Preslav
11. Stoyana Very good NS175/2/Libelula//Bezostaya1//Slaveya
12. Tina Good Aglika/Tisa
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The sowing material was treated with the tested humine preparation Plantagra which 
is produced by ROMB Ltd – Sofia (Seed material treatment, SMT). This product is based 
on organic symbiosis between useful microflora and its extra cellular systems immobilized 
on potassium humates originating from biologically decomposed lignite of Leonardite 
type. In essence, Plantagra is a humine preparation with immobilized enzyme systems and 
living cells of representatives from genera Bacillus, Pseudomdnas and Trichoderma which are 
beneficial to the plants. 

The tested 11 cultuvars were developed at DAI and they differ by productivity and 
many other characteristics (Table 2).

RESULTS AND DISCUSSION

The results obtained from the variance analysis showed that the effect of the all 
factors on the yield was significant to a maximum degree during the investigated years 
in two variants – without and SMT with Plantagra (Table 3). The multifactor analysis 
of variances of the yields revealed high statistical significance of the independent action 
of all three factors in two variants average for the period of investigation. All combined 
interactions between the factors are with statistical significance. Averaged for the period 
of research, the factor ‘years’ remained in leading position with regard to its effect on the 
efficiency of the applied low-input agronomy practices

The meteorological condition of the ‘years’ are the main determining yields factor. It 
average strength of effect in two variants is more than 60% (Fig. 1). 

Significant redistribution in the strength of tested factors effect on the wheat 
productivity was found. Under the non-traditional and comparatively stressful conditions 
for growing of wheat, such as long-term mono crop and low-input nutrition regime during 
the vegetative growth – the role of the ‘cultivar’ for formation of productivity takes a second 
place averaged for the period. SMT with Plantagra increases the strength of the independent 
effects of the factors ‘cultivar’ and ‘fertilization’ in spite of meteorological conditions of the 
investigated years. The values of meteorological elements significantly differed (Fig. 2). 

Table 3. Analysis of the variances of the yields (values of parameter р) (Tests of Between-Subjects Effects)

Source df

2014-2017

Without SMT-Plantagra SMT with Plantagra

F Sig. F Sig.

Years (1) 3 1795.184 .000 861.319 .000
Fertilization (2) 3 193.565 .000 118.874 .000
Genotypes (3) 10 64.259 .000 34.136 .000
1 x 2 9 43.315 .000 19.277 .000
1 x 3 30 17.797 .000 7.422 .000
2 x 3 30 4.557 .000 2.246 .000
1 x 2 x 3 90 4.278 .000 2.263 .000
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The harvest years significantly differed, also from the mean long-term values for the 
period 1952-2013. Harvest year 2014 ranked second (674.7 mm) by maximum amount of 
rainfalls during the growth season of wheat following year 2010 (759.2 mm) for the long-
term period. This year can be defined as humid, exceeding the long-term norm 1.54 times. 
Peculiarities of 2015 started at the beginning of early spring vegetation. Harvest years 2015 
and 2016 were also characterized with higher precipitation sum during the wheat growth 
season. The exceeding of the long-term precipitation norm was with 38.2 mm and 71.9 
mm, respectively. The distribution of rainfalls was extremely uneven during the period 
April – June. In 2015 their sum was lowest – only 90.5 mm.

With regard to temperature, the years were characterized with warmer conditions 
for the development of the crop during the entire vegetative growth – a mean of 9.89оС, 
exceeding the mean long-term temperature norm with 0.95оС. Besides the warmer 
conditions for autumn-and-winter vegetative growth (average of 1.04oC), the period from 
April till the end of the vegetative growth exceeded the mean values during the investigated 
period with 0.40оС (2014), 0.88оС (2015), 0.85оС (2016) and 0.28oC (2017), respectively. 

Fig. 1. Strength of variants effect in investigation

Fig. 2. Meteorological conditions over years of investigation
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The meteorological condition of 2016 through growth season of wheat ranked the 
best following year 2017. In these two years we received the highest yields (Fig. 3). The SMT 
lead to yield increasing average for the tested period with 15.03% – that is 481.9 kg/ha

The established agronomic effect of the fertilizers application was significantly 
influenced by the way of introduction in all cultivars during the years of investigation (Fig. 
4). The annual main soil fertilization with Suprefos contributed to higher productivity of 
wheat – average for trail with 24.56% for period 2014-2017. 

Under conditions of permanent drought during the grain filling stage, the combined 
application of main soil fertilization with the organic ExcelOrga and SMT with Plantagra 
contributed to 15.17 % increase of the mean wheat productivity, or 484.0 kg/ha 

The established agronomic effect of the application of the fertilizers was significantly 
influenced by the way of introduction in all cultivars during the years of investigation. The 
annual main soil fertilization with Suprefos contributed to higher productivity of wheat – 
average for trail with 24.56% for period 2014-2017 (Fig. 5). 

Under conditions of permanent drought during the grain filling stage, the combined 
application of main soil fertilization with the organic ExcelOrga and SMT with Plantagra 
contributed to 15.17 % increase of the mean wheat productivity, or 484.0 kg/ha Averaged 
for all variants of the trial the strength of fertilization as a factor is 7.93%.

It was found that under unfavourable parameters of some main agronomy factors, 
such as previous crop and no nitrogen nutrition prior top, or at the beginning of permanent 
spring wheat vegetation, the choice of a suitable variety was important for the formation of 
productivity. Significant redistribution in the values of grain yields was found according to 
the nutrition regime and cultivar (Table 4).

Maximum average yield value was obtain from cv. Kalina – 3676 kg/ha without 
SMT and 4057 kg/ha with SMT. 

Average for the period and all trail variants SMT contributed to receive extra 446.4 
kg/ha grain yield. For cultivars Nahodka, Pchelina, Rada and Tina these values were 
between 673.8 and 537.6 kg/ha. Nearly 50% from the tested common wheat cultivars 
demonstrated high productivity in combination with very good physical properties of the 
grain. These varieties are suitable for growing with the above ‘low-input’ practices for plant 

Fig. 3. Mean productivity by years according to the variants of SMT, kg/ha
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nutrition. Rasool at al. (2015) also established a positive effect of application of humic acid 
on number of productive tillers and wheat yield.

Varietal response was highly expressed at all levels. The surplus from SMT with 
Plantagra to the control for each cultivar ranged from 303.0 kg/ha in cultivar Bojana to 
757.0 kg/ha in cultivar Tina (Fig. 6). 

Fig. 4. Mean productivity according to kind of fertilizer without (1 var.) and with (2 var.)  
SMT with plantagra, kg/ha

Table 4. Average grain yields according to the main soil fertilization and variants of pre-sowing treatment 
with Plantagra, kg/ha

Varieties

Without STM STM with Plantagra

Control Supre-
phos

Suprephos 
+ Excell-

Orga

Excell-
Orga Control Supre-

phos

Suprephos 
+ Excell-

Orga

Excell-
Orga

Bojana 2496.9 3144.7 3211.5 3048.7 2864.5 3589.1 3473.4 3189.1
Dragana 2994.1 3898.8 3530.4 3320.7 3208.3 4369.8 4232.3 3983.6

Enola 3102.8 3973.9 3492.3 3307.0 3530.5 4350.8 3993.4 3948.2
Kalina 3386.0 4240.3 3663.2 3414.7 3610.7 4553.6 4132.1 3929.6
Kiara 2868.0 3347.2 3119.8 2860.1 3311.3 3943.1 3865.9 3561.3
Kristi 3078.5 3801.0 3547.1 3342.6 3552.8 4062.0 4203.5 3937.7

Koprinka 3062.0 3421.7 3608.5 3434.8 3735.8 4016.3 4043.0 3900.3
Pchelina 2520.0 3533.4 3239.5 3255.6 3101.4 3958.0 3579.3 3423.9

Rada 2242.6 3064.1 2984.1 2998.0 2780.9 3385.7 3458.9 3365.2
Stoyana 2695.3 3249.5 3271.2 3009.2 3123.2 3664.4 3709.4 3455.7

Tina 2240.6 2910.5 3011.4 2947.8 2778.1 4024.9 3623.1 3714.0
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Fig. 5. Effect of SMT with Plantagra on the grain yield, kg/ha and in %

CONCLUSIONS

The introduction of a low-input technology practice in the form of a simple main soil 
fertilization plus pre-sowing treatment of the planting material with the Bulgarian humine 
product Plantagra increased the mean productivity of the tested wheat cultivars with 19.3 %. 

The annual main soil fertilization with Suprefos contributed to higher productivity 
of wheat with 16.3 %, averaged for the investigated period. Cultivars Kalina (3866.5 kg/ha), 
Enola (3712.5 kg/ha), Dragana (3692.5 kg/ha), and Kristi (3690.5 kg/ha), demonstrated 
high productivity. These varieties are suitable for growing under the discussed low-input 
practices for plant nutrition. 

Under unfavourable parameters of some main agronomy factors, such as previous 
crop and lack of nitrogen fertilization prior to or at the beginning of permanent spring 
vegetative growth of wheat, the choice of a proper cultivar was decisive for the formation 
of productivity and the grain yield response. Cultivars Tina, Kiara and Koprinka were 
distinguished with a maximal level of grain yield response as a result of seed material 
treatment with Plantagra.
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