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Abstract

Data are analyzed from a long-term field trial carried out on the slightly leached chernozem soils
of Dobroudja region. The aim was to establish the effect of the systematic incorporation of post-
harvest residues from wheat on the yield and technological properties of the grain from bean and
sunflower. The data averaged from twelve-year period showed that the yield from the two crops
increased with 4 %. The technological properties of grain such as oil content in kernel of sunflower
and cooking time, taste, water absorption and percent of seed coat of bean were also improved.
The agronomic and economic advantages and shortcomings related to the systematic incorporation
of post harvest residues in crop rotation were analyzed. The results showed that if the agronomy
practice of post-harvest residue incorporation is strictly observed, the advantages are considerably
more than the negative effects.
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Introduction

Considerable amounts of post-harvest residue (PHR) remain in the field after harvesting
of the economically valuable part of the crops. It is a common practice to remove or
burn these residues in the field when they are not used as fodder. Thus an important
source for enriching soil with fresh organic substance is lost, which would help for the
complex improvement of soil properties. From agrotechnical and economic point of view,
PHR incorporation is equal in efficiency to manure fertilization or mulching because no
expenses are needed for com osting and transportation. The results from long-term field
experiments have shown that 20-30 % of PHR and 50 % of root residues are incorporated
in the organic substance of soil (Buyanovsky et al., 1986; Opoku and Vyn, 1997).

Investigations in Bulgaria focused on the utilization of PHR have been done by a number of
authors (Goushevilov, 1998; Donkova, 2005, etc.). Short-terminvestigations on utilization of
PHR from maize followed by wheat have been carried out at Dobrou éa Agricultural Institute
(DAI), too, at the beginning of the 1970s (Simeonoy, 1973&. Worldwide, this problem is
alsothe subjectof constantinvestigations and publications (Mihailina, 1983; Hramtsov, 1998;
Derbyshire, E., 1985; Shomberg, 1994; Schoenau, 1996; Dormar, 1996).

With a view of considering some a%ro-technolog asi)ects of this problem, a long term
stationary field trial was initiated in the trial field of DAl in 1995. The aim is to investigate
the effect of systematic PHR incorporation and mineral fertilization in crop rotation on the
productivity of wheat, bean, maize and sunflower. This paper reports the results from the
effect of wheat PHR incorporation on the yield and the technological properties of bean
and sunflower seeds.

Material and methods
A stationary field trial with bean and sunflower is being carried out in the trial field of DAI
on slightly leached chernozem soil. The trial was designed by the split plot method. The

variants of the trial were the following: Ao — growing of the crops without incorporation of
previous crop PHR (PHR is packed in bales and removed from the field) and As — growing
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of the crops with incorporation of previous crop PHR through ploughing into soil. Previous
cro[) of spring crops was wheat. Wheat straw was chopped and evenly spread on the
trial area by the straw-cutter of the harvester. Straw was incorporated in soil during the
autumn deep pIoughinca;. Against the above two back grounds of PHR treatment, mineral
fertilization was applied with the following elements and rates (kg/ha active substance):
NoPo, NeoP120, N120P120. Medium-early bean varieties and sunflower hybrids were used in
the investigation. The mean annually harvested number of plants per ha was 40 000
for sunflower and 300 000 for bean. In order to register the effect of the investigated
factors, the following indices were followed: phenological observations, phytosanitary
condition of the croE, vegetation rainfalls, productive moisture in the 1m soil layer, amount
of incorporated PHR, yield and technological properties of seeds.

The soil in the trial area was slightly leached chernozem with 3.30 % humus content
in the ploughing layer (according to Tyurin), pHka 5.29, mineral nitrogen 9.3 mg/1000 g
(in 1 % Kz Oﬁ, mobile forms of phosphorus and potassium 4.6 and 23.6 mg/100 g,
respectively (according to Ivanov).

ANOVA was applied to find out significant differences between the control variant and
the independent effects of the studied factors using the statistical software BIOSTAT®
(Penchev et al., 1989-1991, version 1.0).

Results and discussion

The mean annual amount of vegetation rainfalls during the investigated period was
353 mm,; it was with about 17 % higher than the mean long-term amount (averaged for
50 years). Precipitation during the autumn-and-winter period was 237 mm; this sum was
also higher than the mean long-term amount (with about 6 %). These data lead to the
conclusion that the growth and development of sunflower occurred under less favourable
conditions in comparison to the mean long-term period.

The mean annual amount of incorporated straw was 5960 kg/ha, regardless of the variant
of the trial. Mineral fertilization lead to significant increase of post-harvest biomass: with
1840 kg/ha for fertilization rate NeoP120 and with 2190 kg/ha for fertilization rate Ni2oP+2o,
respectively, according to the check variant without fertilization. This is equal to 40 % and
48 %, respectively. The variation in the soil moisture due to the water-retention capacity of
the PHR during July reached 15-20 mm in favour of variant A:.

The systematic incorporation of PHR has a small but permanent positive effect on seed
yield (Table 1). Averaged for 12 years, the increase was 80 kg/ha in bean, and 130 kg/ha
in sunflower. The variations were statistically significant. Mineral fertilization had expected
higher positive effect in comparison to the effect of PHR incorporation.

Table 1. Effect of PHR treatment and mineral fertilization on grain yield,
averaged for 12-year period, kg/ha

Variants (fertilization, PHR) Bean Sunflower
Ao NoPo, check 174 D+ 323 D+
NeoP120 198 +24** 340 +17NS
N120P 120 194 +20* 339 +16NS
Average for Ao, check 189 - 334 -
A1 NoPo 181 D+ 335 D+
NeoP120 204 +23** 356 +21NS
N120P120 204 +23** 350 +15NS
Average for A, 197 - 347 -
D+ +8* - +13* -

Ao — without PHR incorporation; A+ — with PHR incorporation
*- significant differences according to the check variant for P levels 5 % and 1%; NS-not significant
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Al indices characterizing the technological properties of bean changed favorably as a
result from PHR incorporation (Table 2). Also positive were the changes in oil content in
seed c;f A%unflower. Oil content in the seeds from variant A+ was higher with 0.8 % than in
variant Ao.

Table 2. Technological properties of seeds from a bean variety and a sunflower hybrid,
averaged for 12-year period

Variants Bean Sunflower

(fertilization Cooking Protein | % of seed coat | taste, mark % of oil in
PHR) time, min | content % (2-6) seed
Ao NoPo 129 18.6 8.43 4.00 441
NeoP120 136 21.1 8.29 4.10 44.2
N120P 120 137 22.9 5.08 4.15 42.2
Average for Ao, 134 20.9 8.27 4.08 435

check 1

A+ NoPo 125 19.4 8.34 4.25 44.6
NooP120 134 21.0 8.16 430 44.9
N120P 120 134 23.7 8.02 4.30 435
Average for A 131 214 8.17 4.28 443
D+ -3* +0.5* -0.1N8 +20* +0.8*

Ao — without PHR incorporation; A+ — with PHR incorporation
*- significant differences according to the check variant for P levels 5 %; NS-not significant

The comparison of the two variants of PHR treatment is reasonable in purely agronomic
perspective. Chopping of PHR leads to increased fuel expenses (with 20-30 %, personal
unpublished data). This is, however, balanced by the shorter time, expressed in terms of
human and machine exploitation, because one round of the eqlljiFgment driven by a single
operator includes two processes: harvesting and chopping of PHR. In variant A; packing in
bales and transportation of straw is needed, which implies the involvement of at leas two
machines: baler and one or more transporters, and at least two operators. Furthermore,
the process goes back in time. The expense of fuel in this variant of PHR utilization is
significantly higher, especially if transportation at greater distances in necessary.

The crops are typically more often attacked by pests in the variants with PHR incorporation
in comparison to the check variant. Thus, for example, in years, when great amounts
of straw are incorporated in soil with ﬁloughing combined with high soil moisture, snap
beetle attacks are more frequent at the beginning of sunflower and maize vegetation.
The frequency of these attacks was equal to 16 % for the entire 12-year period. In years
with significant losses of the economically valuable part of the crop urin% harvesting, the
[f_opulatlon of striped field mice increases and damages the next crop in the crop rotation.

he frequency of these attacks during the investigated period was 30 %. The outlined
ne%at]ve processes can be controlled easily and with minimal expenses through agro-
technical practices iespemally by reduction of losses at harvesting) and chemical means
(seed and crop treatments).

Conclusions
The results from this investigation can be summarized as follows:

1. The systematic PHR incorporation leads to small but stable increase of yield and
improves the technological properties of bean and sunflower seeds.

2. From agronomic and economic point of view the application of the above agronomical
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practices has definite advantages to the traditional ones. The negative phytosanitary
effects can be easily controlled through agro-technical and chemical means.
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