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Production Systems

Treatment of post harvest residues with cellulose decomposing preparations
I. Effect on grain yield from wheat
G. Milev*, I. Iliev, A. Ivanova
Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria
Abstract. During 2010 – 2013 an experiment was carried out in the trial field of Dobrudzha Agricultural Institute with the aim to find out what is the effect of
stubble cellulose decomposition products (microbial-based or other) on the grain yield from winter wheat. The crop was grown in a stationary field trial in crop
rotation with three spring crops – bean, maize and sunflower. Three cellulose decomposition products, Bactofil С, Nutri-Life Accelerate (NLA) and Amalgerol
premium were tested against the background of plots without mineral fertilizers treatment. The post harvest residue was chopped with the equipment of the
harvester combine to suitable pieces and evenly spread on the soil surface. The above cellulose decomposition products were applied by sprinkling the area of
the stubble in autumn, one month before sowing of wheat. The norm of the working solution was 400 l/ha, and the doses of the respective products were
according to the recommendations of the manufacturers. Immediately after sprinkling the post harvest residue from the previous crops, it was incorporated in
soil using disking soil tillage machines. On the basis of the averaged 4-year results, the following conclusions were drawn: the cellulose decomposition
products Bactopfil C and NLA had well expressed positive effect on grain yield (relatively expressed, the increase varied from 7.0 to 18.0%); the structural
components of yield and 1000 grain weight; the conditions of application of the cellulose decomposition products; the initial soil moisture and the moisture of the
plant residues themselves in particular, were very important for the efficiency of the preparations; the nature of the tested cellulose decomposers makes them
suitable for organic agriculture where the short-term immobilization of nutrients (especially the nitrogen-containing ones) is a common and typical process.

Keywords: post-harvest residue, stubble digesters, grain yield of wheat

Introduction
The post harvest residues (PHR) from wheat, maize, sunflower
and legumes in a typical field crop rotation in the region of
Dobrudzha are a significant source for renewal of the organic
reserves in the slightly leached chernozem soils (Buyanovsky and
Wagner, 1986; Dimitrov, 1997; Goushevolov, 1998; Donkova and
Tonev, 2005; Simeonov, 1973). It is well known that immediately
after incorporation of PHR, temporary biological immobilization of
nitrogen occurs in soil (Dinchev, 1983; Schomberg et al., 1994;
Schoenau and Campbell, 1996). The degree of this immobilization
depends on multiple factors, some of which are the С:N ratio in the
respective PHR, the humidity and temperature of decomposition
and the specific microbiological activity of the soil type. What is
typical of PHR from wheat, maize and sunflower is that nitrogen
content in them is very low – the С:N ratio is 80:1. This slows down
the decomposition process (and the nitrogen immobilization,
respectively) and as a result the crops in the crop rotation suffer
more or less from nitrogen insufficiency. The problem with PHR
utilization has always been a topical one for both agricultural
practitioners and scientists, and the ecologists. At the beginning of
the transition from centralized to market-oriented agricultural
production in Bulgaria the percentage of animal breeding
significantly decreased leading to enormous excess of unutilized
straw. This, on its part, led to the mass practice of stubble burning,
with all accompanying harmful and disastrous effects on soil,
environment, etc.
On the other hand, advanced biotechnological practices such
as composting of various organic materials to obtain humus-like

substances are available to modern agricultural production (Das
Keshav and Keener, 1997; Michel et al., 2002; Milev, 2011).
Recently some companies specialized in the production of micro
biological products (AGRO.bio Hungary Ltd., 2001; Nutri Tech
Solution Ltd., Australia,1994.) are offering preparations specifically
developed for fast decomposition of stubble residues (the so called
stubble digesters). The application of these preparations leads
according to some authors to accelerated decomposition of the PHR
and reduces the time and intensity of the biological immobilization of
nitrogen (Kutok and Shigekata, 1994; Tiquia et al., 2002). There are
currently in common use harvesting machines capable of chopping
and evenly spreading the PHR on the area which makes their
incorporation and subsequent tillage easier (Dormaar and Carefoot,
1996; Opoku and Vyn, 1997).
With a view of checking the activity of the above preparations
under the conditions of crop rotation typical for Dobrudzha region, a
field experiment was carried out with the aim to determine the effect
of stubble cellulose-decomposing preparations (microbial-based or
other) on grain yield, and on absolute and test weight of wheat.

Material and methods
Under conditions of a stationary field trial, wheat cultivar Enola
(Triticum aestivum L.) was grown in crop rotation with three spring
crops: bean, maize and sunflower. Three cellulose-decomposing
preparations, Bactofil С, Nutri Life Accelerate (NLA) and Amalgerol
premium (Table 1) were tested against the background of plots
without mineral fertilization. These plots were not treated with

* e-mail: milev2013@abv.bg
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Table 1. Composition of the used products

Product
Bactofil Cell

Composition
Bacteria: Cellvibrio sp., Pseudomonas
fluorescens micro-organism variants; macro
- and microelements, enzymes biosynthesised by the microorganisms and
other soil-conditioning ingredients.
NLA
Fungi: Trihoderma lignorum and resei,
Aspergillus spp., Penicillium spp.,
Chaetomium globosum, Paecillumyces spp.,
Phanerochaete chrysosporum
Bacteria: Bacillus polimyixa, Streptomyces
spp.
Amalgerol premium Extraction from sea weeds, mineral oils, etc.

mineral fertilizers because some of the aims of this trial were growing
the above crops under conditions as close as possible to organic
production. The entire amount of the post harvest residue from the
respective crop was incorporated. The residue was chopped with
the straw-cutting mechanism of the harvester to pieces of
appropriate size and evenly spread on the soil surface.
The treatment of the chopped PHR from the respective crops
was done during the second decade of September by sprinkling the
experimental plots with a small-sized Hardi sprayer equipment. The
working solution norm was 400 l/ha, and the doses from the
respective products were according to the recommendations of the
producers. Immediately after sprinkling of the PHR from the previous
crop, it was incorporated in soil using disking equipment.
The soil in the trial field was slightly leached chernozem with the
following content of the plow layer: humus 3.30 % (according to
Tyurin), pHKCl 5.55, mineral nitrogen 12.1 mg/1000 g, mobile forms of
phosphorus and potassium 5.35 and 22 mg/100 g, respectively
(according to Ivanov, 1984).
The producers have specified the following usage of their
products:
· Bactofil C is a cellulose digester microbiological product with
content of no less than 3 x 109 cells /ml.The product is a special
selection of cellulose-decomposing microorganisms which remain
active even at low temperatures and which digest the stems of maize
and sunflower. Recommended dose: 1 l/hа.
· Nutri-Life Accelerate (NLA) is a powdered microbiological
product which induces accelerated decomposition of the plant
residues in stubbles and in composted plant mixtures. The

recommended dose is 100 l/hа.
· Amalgerol premium is not particularly meant for stubble
digestion. It stimulates plant growth, enhances the microbiological
activity in soil and thus indirectly accelerates PHR decomposition.
The recommended dose for treatment of stubbles is 3-5 l/hа.
The trial was designed by the method of the long plots, the
check and treated variants being placed on the main plots, and the
low-order plots were respectively occupied by the crops involved in
the experiment. The harvest plots were 15 m2 each with four
replications of the variants. Phenological observations and biometric
measurements were made in the trial. Readings were done on the
indices grain yield, structural elements of yield and 1000 seed
weight.
The conditions for application of the cellulose digesters were
most favorable in the autumn of 2009 – moderate temperatures, high
air humidity and moisture content of PHR, with mild wind. During the
second and third year of the experiment, the conditions for sprinkling
of the PHR were not favorable, there was low air humidity and dry
surface of the soil and plant residues. In 2012 the conditions were
comparatively favorable at the time of sprinkling. This year was
specific with rather high air temperature maximum in the later part of
the day – 29°С, air humidity dropping down to 41% (Table 2).
The data in Table 3 give an idea about the distribution of the
vegetation and autumn-and-winter rainfalls over years. The highest
vegetation rainfalls were registered in 2010 (348.1 mm), and the
lowest in 2013 (176 mm). The amount of these rainfalls in the second
and third year (227.8 mm and 232.8 mm, respectively) were
intermediate by values and were almost equal to the mean long-term
precipitation sum (232.8 mm).The September rainfalls, which had
direct and crucial effect on the successful inoculation of the PHR with
the microbial agents from the respective preparations, were most
favorable in 2009.
In the other three years the September rainfalls were
considerably under the mean long-term norm (45.7 mm). The
rainfalls in October and November, which are important for the
progressive colonization of the PHR, were most favorable again in
2009. In the second and third year these rainfalls were close to the
mean long-term sum for the above period. In the fourth year (2012)
the rainfalls in October and November were less than the mean longterm norm. The autumn and winter rainfalls, which are also decisive
for the intensive micro biological activity in the soil substrate, were
the highest in 2010 (416.2 mm). The third and the fourth year of the
investigation were characterized with amounts of such rainfalls
close to the mean sum for the long-term period, the precipitation in
the second year was significantly below the norm.

Table 2. Conditions of sprinkling and working parameters of the sprayer equipment

Parameters
Air temperature
Relative air humidity (morning and afternoon)
Wind speed
Sprayer working width
Boom nozzle spacing
Working pressure
Sprayer working speed
Nozzle rate
Boom height
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Year
2009
16 – 18°С
85 – 75%
1.4 – 1.6 m/s
5m
0.5 m
2.5 bar
4.5 кm/h
2.25 l/min
0.60 m

2010

2011

2012

20 – 22°С
55 – 50%
1.0 m/s
5m
0.5 m
2.5 bar
4.5 кm/h
2.25 l/min
0.60 m

16 – 18°С
60 – 55%
1.5 m/s
5m
0.5 m
2.5 bar
4.5 кm/h
2.25 l/min
0.6 m

17 – 19°С
75 – 41%
1.0 m/s
5m
0.5 m
2.5 bar
4.5 км/h
2.25 l/min
0.60 m

Table 3. Vegetation and autumn-and-winter rainfalls during the investigated period, mm

Year

Month
April
May
June
July
August
Amount April - August
September
October-November
Autumn-and-winter rainfalls, Oct-March

2009

2010

2011

2012

2013

–
–
–
–
–
–
64.9
195.7
–

22.2
119.5
76.5
124.8
5.1
348.1
21.0
84.6
416.2

49.2
80.4
35.1
51.8
16.3
232.8
5.0
114.8
206.4

40.1
118.9
27.6
36.5
4.7
227.8
7.8
56.2
283.0

35.7
23.0
11.3
66.2
40.3
176.5
–
–
250.8

Results and discussion
The phenological observations at the initial stages of wheat
development (until booting stage) did not reveal ostensible
differences between the separate variants of the trial. The interstage periods, the plant stand (number of plants per m2), the color of
leaves and other traits were practically the same. After this stage
there were visible positive changes (plant height, length of spike,
color of leaves) in the variants treated with Bactofil C and NLA.

Averaged
Averaged
for 4 years for 60 years
36.8
85.4
37.6
69.8
16.6
246.3
24.6
112.6
246.7

48.3
49.6
64.0
51.8
40.3
254.0
45.7
97.8
294.0

In all four years of the investigation the data pointed toward a
positive effect on grain yield in the variants treated with Bactofil C
and NLA applied on the PHR from the three spring crops (Table 4).
The product Amalgerol premium had more variable and weaker
effect. A positive effect was found only when it was applied on PHR
from maize (2011), sunflower (2012) and bean (2013). The probable
reason for this variable effect is that it was not specifically designed
as a typical cellulose digester. The effect of the previous crop on
grain yield regardless of the applied cellulose digester was in the

Table 4. Grain yield from wheat according to the type of PHR treatment over years, kg/ha

Post harvest residue from:
Variant of treatment

2010
Check
Bactofil С
NLA
Effect of previous crop
2011
Check
Bactofil С
NLA
Amalgerol
Effect of previous crop
2012
Check
Bactofil C
NLA
Amalgerol
Effect of previous crop
2013
Check
Bactofil С
NLA
Amalgerol
Effect of previous crop

Bean

Maize

Sunflower

kg

D±

kg

D±

kg

D±

4790
5470
6230
5500

–
+680
+1440

4130
4790
5630
4850

–
+660
+1500

4350
5670
6140
5390

–
+1320
+1790

3810
4340
4100
3710
3990

–
+530
+290
–100

3280
3750
3600
3970
3650

–
+470
+320
+690

4060
4220
4900
4080
4320

–
+160
+940
+20

4580
4680
4550
4430
4560

–
+100
-30
-150

2440
2410
2750
2370
2490

–
-30
+310
-70

3040
3250
3360
3470
3280

–
+210
+320
+430

6320
7030
7060
6740
6790

–
+710
+740
+420
–

3650
3870
3700
3500
3680

–
+220
+50
-150

4490
4420
4560
4270
4435

–
-70
+70
-220
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Table 5. Grain yield from wheat according to the type of PHR treatment averaged for 4 years, kg/ha

Post harvest residue from:
Variant of treatment

Bean

Check
Bactofil С
NLA
Amalgerol premium
Averaged for previous crop

Maize

Sunflower

kg

D±

kg

D±

kg

D±

4875
5307
5477
5066
5181

–
+8.8%
+12.3%
+3.9%

3375
3612
3962
3346
3573

–
+7.0%
+17.3%
-0.9%

3985
4352
4705
4036
4269

–
+9.2%
+18.0%
+1.2%

Table 6. Structural components of yield averaged for 4 years

Post harvest residue from:
Variant of treatment

Bean

Maize

Number of grains
per spike

Grain weight
per spike

36.4
42.6**
43.4**
38.4
40.2

1.40
1.56**
1.69**
1.44
1.52

Check
Bactofil C
NLA
Amalgerol premium
Mean

Sunflower

Number of grains Weight of grain
per spike
per spike

Number of grains Weight of grain
per spike
per spike

1.11
1.34**
1.41**
1.04
1.22

29.0
33.9*
34.9**
28.6
31.6

31.7
34.8**
35.6**
33.3
33.8

1.28
1.39**
1.45***
1.30
1.35

*,**,*** – significance of differences at Р=5%, 1% and 0.1%

following ascending order: maize > sunflower > bean. The rule was
confirmed that bean is the best predecessor for wheat in a typical
field crop rotation. The degree of yield increased after using Bactofil
C and NLA according to the type of PHR varied within a narrow
range, with a slight tendency towards increase as follows: bean PHR

> maize PHR > sunflower PHR.
The averaged data (Table 5) pointed toward greater yield
increase in the NLA-treated variant. Relatively expressed, the yield
increase varied from 12.3% after bean PHR to 17.3% after maize
PHR to 18.0% after sunflower PHR. Grain yield increase in the

Table 7. Dispersion analysis of yield

Factors of the trial
Factor A – treatment of PHR
Check
Bactofil C
NLA
Amalgerol premium

Post harvest residue from:
Bean
D± kg/ha
–
+432*
+602*
+191ns

Maize

Sunflower

D± kg/ha
–
+237*
+587**
-29ns

D± kg/ha
–
+367**
+720***
+51ns

–
–
–
–
–

Products
Factor В – year
2010
2011
2012
2013

Check
(-)
–
(-707**)
(-809**)
(+397*)
–

Bactofil C
(-)
+887**
(-1207**) +387*
(-1864**)
-87 ns
(-204ns)
+286*

NLA*
(-)
+1577***
(-1800***)
+484*
(-2447***)
+20 ns
(-894**)
+286*

Amalgerol
#
(-)
+204 ns
(-497*)
-110 ns
(+916**)
+16 ns

Digits in brackets – effect of the year on each variant of PHR treatment, digits out of brackets – effect of the product in the
respective year, # – data not available, *,**,*** – significance of differences at Р=5%, 1% and 0.1%; ns – not significant

80

variants treated with Bactofil C was within the range 7.0% after
maize PHR – 9.0% after sunflower PHR. The constant positive effect
of the above two cellulose digesters on the degree and rate of PHR
decomposition was confirmed also in a pot experiment in which the
decomposition process occurred more intensively at spring-andsummer composting (Milev, 2011). The variation of the yield value
under the effect of Amalgerol premium was insignificant. This fact is
most probably due to the composition of the preparation not directly
meant as a cellulose digester (it does not contain cellulosedecomposing microorganisms).
The variations in the value of yield were entirely confirmed by
the analysis of the structural components of yield (Table 6). The
plants from the variants with Bactofil C and NLA possessed spikes
with better seed set, with respective higher grain weight than the
other variants. The differences with regard to the products were
highly significant. The positive changes in the values of the indices
and ultimately of yield are due to the better nutrition of plants. This
better nutrition is undoubtedly a result from the faster decomposition
of PHR and the relatively shorter period of biological immobilization
of nitrogen in soil.
The dispersion analysis of yield (Table 7) clearly shows the
importance of the factors of the trial. The differences caused by the
effect of Bactofil C and NLA were significant after all three types of
PHR. The effect of the year conditions (the digits in brackets) shows
that they can be separated into three groups. The first group includes
year 2010 and can conditionally be considered the most favorable,
the second group includes 2011 and 2012, which were unfavorable
for the expression of the separate cellulose digesters. Year 2013 can
be referred to the third group with intermediate position according to
the other two. This table also shows that the unfavorable conditions
of 2011 and 2012 to a considerably higher degree reduced grain
yield in the treated variants in comparison to the check.
The above results undoubtedly allow the conclusion that soil
moisture during the autumn months is critical for the successful
microbial colonization of the post harvest plant substrate. The
availability of sufficient moisture in the subsequent periods is also a
significant factor contributing to the more intensive activity of the
microbial agents in the respective preparations.
Table 8. 1000 kernel weight according to the type of
treatment of PHR from the spring crops averaged for
4 years

Variant of treatment
Check
Bactofil C
NLA
Amalgerol premium
Mean

Post harvest residue
Bean

Maize

Sunflower

42.8
43.0
43.6*
43.3
43.1

40.8
41.7*
41.5
40.9
41.2

41.3
42.3*
42.8*
42.5*
42.2

*,**,*** – significance of differences at Р=5%

The physical index 1000 kernel weight, which is a function of
grain size and compactness, was also with good values in the
variants treated with Bactofil C and NLA. The differences in this case
were not so well expressed as with grain yield and the structural
components, however, the same tendency was evident here too
(Table 8). The type of previous crop was more significant for the
index 1000 kernel weight.

Conclusion
The cellulose digesters Bactofil C and NLA had well expressed
positive effect on grain yield, its structural components and 1000
kernel weight. The conditions for application of the cellulose
digesters, particularly the initial soil moisture and the moisture
content in the plant residues themselves were of considerable
importance for their efficient expression. The nature of the tested
cellulose digesters makes them very suitable for biological
agriculture where the short-term immobilization of nutrients
(especially nitrogen) is a frequent process.
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