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Abstract

Milev, G., I. lliev, Treatment of post-harvest residues with cellulose digesters Il. Effect
on seed yield from bean, maize and sunflower. FCS 9(1): 131-139

During 2011 — 2013, in the trial field of Dobrudzha Agricultural Institute a field
experiment was carried out with the aim to find out what is the effect of stubble cellulose
digester (microbial or others) on the seed yield from bean, maize and sunflower. The
crops were grown under conditions of a stationary field trial after predecessor wheat.
Three cellulose digesters, Bactofil C, Nutri-Life Accelerate (NLA) and Amalgerol premium
were tested on plots without mineral fertilization. The post harvest residue was chopped
by the combine to pieces of suitable size and spread evenly on the soil surface. The
above cellulose digesters were applied by sprinkling the stubble area in autumn. The
norm of the working solution was 400 l/ha, and the doses of the individual preparations
were according to the recommendations of the producers. Immediately after sprinkling the
post harvest residues from the previous crops, they were incorporated in soil by disking
soil tillage machines. The effect from the use of the three cellulose digesters on the seed
yield from the spring crops, although weak, was positive. A more significant increase of
seed yield was found after using the preparations Bactofil C and NLA on bean and maize
and the preparation Amalgerol premium on sunflower.
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Pes3tome

Munes, I., . Unues, TpemupaHe Ha crnedxbmeeHUme pacmumesHu ocmambuyu
¢ uenyno3opasnazawu npenapamu Il. E¢pekm ebpxy dobuea Ha 3bpHO om ¢hacyrn,
uapesuua u cribHyoened. FCS 9(1): 131-139

Mpe3neproga2011-2013r. BonuTHOTO None Ha [1o6pyakaHCKM 3eMeaeNnCKU UHCTUTYT €
N3BELEH NOMCKM ONUT, LenTa Ha KonTo 6e Aa ce ycTaHoBM edpekTa Ha CTbPHULLHM Lienyno3o-
pasnaralim npenapaT (Ha MukpoburanHa unu Ha pyra ocHoBa) BbpXy A00OMBa Ha 3bPHO OT
dacyn, uapesuLa u cnbHYornes. Kyntypute ca oTrnexaaHu B yCrioBusiTa Ha cTauMoHapeH
ONuT crep NpeaLecTBeHrK NieHmua. Tpu uenyno3sopasnarally npenapata - bakrodgun
C, Nutri-Life Accelerate (NLA) n Amanrepon npemmym ca n3nutaHvu Ha ooHa Ha HETOPEHU
C MuHepanHu TopoBe napuenu. CnemxkbTBEHUSIT pacTUTENeH ocTaTbKk € pasgpobeH
OT crnamoHapsi3Balyusi anapart Ha KombarHa [0 Moaxoasily pasMepu U paBHOMEPHO
pasxBbprieH BbpXy MOBbPXHOCTTA Ha nouyeata. [locoveHuTe Lenynosopasrpaxaalim
npenapatu ca MNpUIoXeHN KaTo MIOLHO OMNPbCKBAHE Ha CTbPHULLETO MNPE3 eceHTa.
Hopmarta Ha pasxogHus pasteop € 400 Uha, a go3uTe Ha OTAenHUTe npenapaTu ca cnopeq
npenopbkUTe Ha rpMnTe NpomnssoauTeny. HenocpencteeHo creq onpbckBaHeTo Ha CO
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OT NpeALIeCTBEHNLMTE € U3BbPLUEHO MHKOPMNOPMpPaHE Ha CbLUMsi B MovBaTa C OWCKOBU
no4ysoobpaboTBaly MawmHU. Bb3 ocHOBa Ha OCpefHEHUTE TPUrOAMLLHW pe3ynTaTtu ca
HanpaBeHu criegHuTe M3Boaun: Edekta oT NpunoxeHWeTo Ha Tpute Lenynosopasnarawim
npenapara BbpXxy 40OMBa Ha 3bPHO OT NPONETHUTE KYNTYpU, Makap 1 cnab € NoNnoXuTeneH. .
Mo-cbLyecTBEHO yBENMYeHne Ha obrBa Ha 3bPHO € YCTaHOBEHO 3a npenaparta baktodun
C n NLA npu dacyn u uapesuua 1.3a AManrepon npemMuym npu CibHYornea.

KntouoBu pymu: CnepxbTBeHM ocTtatbuUy - CTbPHULLHM LEenyno3opasnoxuTeni -
[obuB 3bpHO

INTRODUCTION

The post harvest residues (PHR) from wheat, maize, sunflower and leguminous crops
in a typical filed crop rotation in the region of Dobrudzha are an important source of organic
reserves in the slightly leached chernozem soils (Buyanovsky and Wagner, 1986; Dimitrov,
1997; Goushevolov, 1998; Donkova and Tonev, 2005; Simeonov, 1973). It is known that
immediately after plowing of PHR, temporary biological immobilization of nitrogen occurs
in soil (Dinchev, 1983; Schomberg et al. 1994; Schoenau and Campbell, 1996). The rate
of this immobilization depends on multiple factors, some of the most important being the
C:N ratio in the respective PHR, the humidity and temperature under which decomposition
occurs and the specific microbial activity of the respective soil type. The low content of
nitrogen is typical of PHR from wheat, sunflower and maize — C:N ratio is about 80:1.
Therefore the process of decomposition (nitrogen immobilization, respectively) is longer
and as a result the crops in the rotation suffer more or less from nitrogen deficiency.

The problem with the PHR utilization has always been topical for both the agricultural
professionals and researchers and for the ecology experts. It is known that at the
beginning of the transition from centralized to market-oriented agriculture in Bulgaria, the
percent of animal husbandry sharply decreased leading to huge excess of unconsumed
straw. Subsequently mass burning of stubbles became the common practice with all
accompanying harmful and disastrous effects on soil and the environment.

On the other hand, the contemporary agricultural production has at is disposal
advanced biotechnology practices such as composting of various organic materials with
the aim to obtain humus-like substances (Das Keshav and Keener, 1997; Michel et. al,
2002; Milev, 2011).

Recently some companies specialized in the production of microbiological products
(AGRO.bio Hungary Ltd., 2001; Nutri Tech Solution Ltd., Australia, 1994) offer specially
formulated preparations for accelerated decomposition of stubble residues (the so called
“stubble digesters®). The application of these preparation leads according to some authors
to accelerated decomposition of PHR and to shorter duration and intensity of the biological
immobilization of nitrogen. (Kutok and Shigekata, 1994; Tiquia et al, 2002). The harvesting
machines widely used are already capable of chopping and evenly spreading the PHR on
the cultivated area thus facilitating plowing and the subsequent soil tillage (Dormaar JF
and Carefoot JM, 1996; Opoku G, and Vyn TJ, 1997).

With a view of testing the activity of the above preparations under conditions of a
crop rotation typical for the region of Dobrudzha, a filed experiment was carried out to
determine the effect of stubble cellulose-decomposing preparations (microbial or other)
on the seed yield and absolute weight of bean, maize and sunflower.

MATERIAL AND METHODS
Under conditions of a stationary field trial, bean (Phaseolus vulgaris L.), maize (Zea
mais L.) and sunflower (Heliantus annuus L.) have been grown in crop rotation with wheat.

Three cellulose digesting products - Bactofil C, Nutri Life Accelerate (NLA) and Amalgerol
premium (Table 1), were tested in plots not treated with mineral fertilizers. These plots
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have not been fertilized because some of the aims of the experiment were growing of the
mentioned crops under conditions as close as possible to organic production. The entire
amount of post harvest residue from wheat was incorporated. It was chopped by the straw
processing mechanism of the harvester to pieces of suitable size and then evenly spread
on the soil surface. The treatment of the chopped post harvest residues (PHR) was done
during the second decade of September by sprinkling the area with Hardi sprayer designed
for experimental purposes. The norm of the working solution was 400 /ha, and the doses
of the respective preparations were as recommended by the producers. Immediately after
sprinkling of the PHR from the previous crops, it was incorporated in soil using disking
tillage machines.

The soil in the trial field was slightly leached chernozem with the following content
of the plow layer: humus 3.30 % (according to Tyurin), pH,, - 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).

Table 1. Composition of the used products
Ta6bnuua 1. CbcTaB Ha M3Non3BaHUTE NPOAYKTU

Product | Composition
Bacteria/bakmepuu:Cellvibrio sp., Pseudomonas fluorescens
BactoFil Cell micro-organism variants; macro—and microelements, enzymes
Baktocpun C bio-synthesised by the micro-organisms and other soil-

conditioning ingredients.

Fungi/llb6u: Trihoderma lignorum & resei, Aspergillus spp.,
Penicillium spp., Chaetomium globosum, Paecillumyces spp.,
Phanerochaete chrysosporum

Bacteria/bakmepuu: Bacillus polimyixa, Streptomyces spp.
Amalgerol premium Extraction from sea weeds, mineral oils, etc.

Amanrepon npemmym EKCTpakT OT MOpPCKM BO4OpAacnv, MUHEpanHu Macna v ap.

Nutri-Life Accelerate

According to the producers, the purpose of the respective product is as follows:

Bactofil C is a cellulose-digesting micro biological product containing no less than 3
x 10° cells / ml. Special selection of cellulose decomposing micro organisms, which can
remain active under low temperatures as well, decomposing maize and sunflower stems.
Recommended dose: 1 Uha.

Nutri Life Accelerate (NLA) is a powdered micro biological product which causes
accelerated decomposition of stubble plant residues and composted plant mixtures.
Recommended dose: 30 I/ha of brewed concentrate.

Amalgerol premium: This product is not specially (obligatory) designed as stubble
digester. It stimulates plant growth, increases the micro biological activity in soil and thus
indirectly accelerates PHR decomposition. Recommended dose for stubble treatment:
3-5 Uha.

The trial was designed by the method of the long plots, the check and the treated
variants being placed on the main plots, and the plots of lower order being sown with the
crops respectively involved in the trial. The size of the harvest plots was 15 m?, in four
replications of the variants. Phenological observations and biometrical measurements
were done during the experiment. The indices seed yield and 1000 seed weigh were
read.

The conditions for application of the cellulose digesters during the first and second
year of the investigation were not favorable: low air humidity and dry soil surface and plant
residues. In 2012 the conditions were comparatively favorable: the air humidity was 78 %,
there was dew on the soil surface and the plant residues, the air temperatures were 17
- 19° C, and wind speed was 1.0 m/s with south-east orientation. It was typical for this year
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that the air temperature maximum later during the day reached rather high values: 29°C,
while air humidity dropped to 41 %.

Table 2. Conditions of sprinkling and working parameters of the sprayer equipment
Tabnuua 2. YcnoBus Ha onpbCckBaHe U paboTHM NapameTpy Ha Npbckadkata

Year/loguHa
Parameters/IMapametpu 5010 | 2011 | 5012
Air temperature/Temnepartypa Ha Bb3gyxa 20-22°C 16-18°C  17-19°C

Relative air humidity (morning and afternoon)/

55-50%  60-55%  75-41%
OTHOCcKTenHa BnaxHOCT (Npean v cnepd oben)

Wind speed/CkopocT Ha BATbpa 1.0 m/s 1.5 m/s 1.0 m/s
Sprayer working width/Pa6oTtHa wupuHa Ha 5m 5m 5m
npbckaykaTa

Boom nozzle spacing/Pa3cTtosiHue mexay alo3ute 0.5m 0.5m 0.5m
Working pressure/PaboTHo HansiraHe 2.5 bar 2.5 bar 2.5 bar
Sprayer working speed/PaboTtHa ckopocT 45km/h  4.5xm/h  4.5kw/h
Nozzle rate/debut Ha 1 aOto3a 2.251/min  2.251/min  2.25 I/min
Boom height/BncoumHa Ha waHrarta 0.60m 0.6m 0.60 m

The data from Table 2 gives an idea about the distribution of the vegetation and
autumn-and winter rainfalls during the individual years. Highest vegetation rainfalls were
registered in 2011 — 232.8 mm, and lowest — in 2013: 176 mm. The amounts of these
rainfalls during the first (232.8 mm) and second (227.8 mm) year of the investigation were
closest to the precipitation value of the mean long-term period (254.0 mm). The rainfalls
in September, which are of immediate significance for the successful inoculation of PHR
with the microbial agents of the respective products, were rather scarce, being highest in
2010 - 21.0 mm. These rainfalls were considerably below the mean long-term norm of
45.7 mm. The amounts of rainfalls in October and November, which are important for the
progressive colonization of PHR, were most favorable in 2011 - 118.4 mm. During the first
and the second year these rainfalls were close to the mean long-term amount typical for
these months. During the third year (2012), the precipitation in October and November
was much lower than the mean long-term norm.

Table 3. Vegetation and autumn-and-winter rainfalls during the investigated period, mm
Ta6bnuua 3. BeretaumMoHHV 1 eCEHHO-3VMHM Banexun 3a nepmoga Ha npoy4BaHeTo, mm

Averaged Averaged
Years/[oanHu for 3 years/ | for 60 years/
Montfs/MeceLu CpegHo 3a 3| CpegHo 3a 60
2010 [ 2011 | 2012 [ 2013 rog. roa.

April/lV 49.2  40.1 35.7 41.6 48.3
May/V 804 1189 23.0 741 49.6
June/VI 35.1 27.6 11.3 24.6 64.0
July/VII 51.8 36.5 66.2 51.5 51.8
August/VII 16.3 47 40.3 20.4 40.3
Amount/ Cyma IV-VIII 232.8 227.8 176.5 2123 254.0
September/IX 21.0 5.0 7.8 - 1.2 45.7
October/November X-XI 84.6 114.8 56.2 - 85.2 97.8
Autumn-and-winter
rainfalls, X-1ll/EceHHo- - 206.4 283.0 250.8 246.7 294.0
3UMHW Banexmu
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The autumn and winter rainfalls, which are also decisive for the intensive micro
biological activity in the soil substrate, were highest in 2012 - 283.0 mm. The first and
the third year of the investigation were characterized with amounts of these rainfalls
considerably below the mean long-term value.

RESULTS AND DISCUSSION

The grain yield from the three spring crops over years is given in Table 4. In 2011 a
more ostensible positive effect on this index was found in bean after treatment with Bactofil
C and NLA. All three tested products had positive effect on maize, although lower than
on bean. The effect of the investigated preparations was slightly negative on sunflower
yield.

During the second year of the investigation the effect from the application of the three
cellulose digesters was positive on all crops. The increase of yield in bean was within
+180 and +140 kg/ha, respectively for the preparations Bactofil C and NLA. In maize,
the increase was within +610, +440 and +300 kg/ha for Bactofil C, NLA and Amalgerol
premium, respectively. In sunflower yield increase was also within a narrow range - from
220 kg for Bactofil C to 310 and 320 kg/ha for NLA and Amalgerol premium, respectively.

Table 4. Seed yield from spring crops depending on the way of PHR treatment over
years

Ta6nuua 4. [1o6uB Ha 3bPHO OT NPOSIETHN KyNTYpX B 3aBUCUMOCT OT Ha4MHa Ha
TpeTMpaHe Ha CrnemXbTBEHUS OCTaTbK MO roAnHU

Crop PHR from wheat/CXO ot nweHuya
Kyntypa Bean Maize Sunflower
Varian dacyn LlapeBuua CrbHYornes
of treatment
BapuanTu kg/ha Dt kg/ha Dt kg/ha Dt
Ha TpeTupaHe
2011
Check/KoHTpona 2290 - 12200 - 3310 -
Bactofil C/baktocpun C 2640 +350 12610 +410 3170 -140
NLA* 2730 +440 12370 +170 3160 -150
Amalgerol premium/ 2340  +50 12580  +380 3200  -10
Amanreporn npemMuym
2012
Check/KoHTpona 1410 - 6920 - 2470 -
Bactofil C/baktocun C 1590 +180 7530 +610 2690 +220
NLA* 1530 +140 7360 +440 2780 +310
Amalgerol premium/ 1490  +80 7220  +300 2790  +320
Amanrepon npemmym
2013
Check/KoHTpona 1540 - 5450 - 1790 -
Bactofil C/baktocpun C 1460 -80 5930 +480 1860 +70
NLA* 1490 -50 6720 +1270 2010 +220

Amalgerol premium/
Amanrepon npemvym

NLA*: Nutri-Life Accelerate

1430 -110 5820 +370 2070 +280

In 2013, the cellulose digesters had slight negative effect on seed yield from bean.
In maize this effect was unidirectional and positive, yield increase being significant for the
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preparation NLA: +1270 kg/ha. The effect from the treatment with the three products on
sunflower was slightly positive. After using Amalgerol premium, yield increase was with
280 kg/ha, after NLA - with 220 kg/ha and there was only very slight effect of Bactofil C
— yield increase of 70 kg/ha.

Table 5. Seed yield from spring crops depending on the way of treatment of PHR
averaged for 3 years, kg/ha

Ta6nuua 5. [JobmB Ha 3bPHO OT MPONETHN KYNTYpPW B 3aBUCMMOCT OT Ha4YMHa Ha
TpeTMpaHe Ha crnemXbTBEHNS OCTaTbk cpedHo 3a 3 roguHu, kg/ha

PHR from wheat/ CXXO ot nwenuua
Variant of treatment Bean Maize Sunflower
BapuaHTtu Ha TpeTupaHe Pacyn LlapeBuua CnbHYornes
| D+ | D+ | D+
Check/KoHTpona 1750 - 8190 - 2520 -
Bactofil C/baktochmun C 1900 +85% 8690 +7.2% 2570 +1.9%
NLA* 1920 +9.7% 8820 +7.7% 2650 +5.1%
ﬁma'gero' premium/ 1750  0.0% 8540 +4.2% 2690  +6.7%
Manrepos npeMmym

NLA*: Nutri-Life Accelerate

Table 6. Dispersion analysis of yield
Ta6bnwuua 6. [lucnepcrnoHeH aHanus Ha gobuea

PHR from wheat
Factors of the experiment CXO ot nweHnya
dakTopun Ha onuTa Bean Maize Sunflower
dacyn LlapeBuua CnbHyornen

Factor A — PHR treatment
®akTop A TpeTupare Ha CKO D+ kg/ha D+ kg/ha D+ kg/ha
Check/KoHTpona - - -
Bactofil C/baktocun C +150* +500* +50
NLA* +170* +630* +130
Amalgerol premium/ 0.00 +350 +170*
Amarnrepon npemmym
Factor B — year Check Preparations (Total)
®dakTop B rogmHa KoHTpona Mpenapatn (06LL0)
2011 - +280 -
2012 Bean/®acyn - +130* -
2013 - -80** -
2011 Maize - +320 -
2012 LlapeBunua - +450* -
2013 - +700** -
201 Sunflower - -100 -
2012 CnbHuornen - +280** -
2013 - +190* -

NLA*: Nutri-Life Accelerate
* ** *** significance of differences at P=5%, 1% and 0.1%, NS — not significant

Table 5 shows the seed yields from the three crops averaged for the three-year
investigation. The tested cellulose digesters had, with some minor exceptions, positive
effect on the yield from all crops. In bean and maize highest effect was found for Bactofil
C and NLA, and in sunflower — for NLA and Amalgerol premium. On the average, Bactofil
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C and NLA increased the yield from bean with 9.1 %, and from maize — with 7.4 %. There
was no effect on yield from bean after treatment with Amalgerol premium and on yield from
sunflower after treatment with Bactofil C.

The data from the dispersion analysis of yield (Table 6) point to a significant positive
effect of Bactofil C and NLA on bean and maize, and of Amalgerol premium on sunflower.
The year conditions were important for the performance of the cellulose digesters. In
some years (2011 for bean and 2013 for sunflower), there were unfavorable conditions
and negative effect on yield was observed. The preparation Amalgerol premium had
lowest influence when applied on bean and maize. This result is probably due to the fact
that the product is not specifically formulated as an obligatory cellulose digester. Its effect
on post harvest residue decomposition comes from the stimulation of a number of enzyme
processes in soil and the general enhancement of its micro biological activity.

Table 7. 1000 seed weight of spring crops depending on the way of treatment of PHR
from wheat, g

Ta6bnuua 7. Maca Ha 1000 cemeHa OT NPONETHU KyNTypy B 3aBUCUMOCT OT Ha4MHa Ha
TpeTMpaHe Ha CredXbTBEHUs OCTaTbK Ha MleHuuaTa, g

Variants of treatment Crops/KynTypm
BapuaHTi Ha TpeTupaHe Bean Maize Sunflower
dacyn LlapeBuua CnbH4yornen

2011
Check/KoHTpona 385.1 383.8 64.4
Bactofil C/baktocpun C 392.5 393.2 63.8
NLA* 380.3 385.0 66.3
Amalgerol premium/ 3917 3895 622
Amanrepon npeMuym

2012
Check/KoHTpona 3374 333.1 57.7
Bactofil C/baktocun C 340.5 337.6 62.3
NLA* 344.0 336.2 58.9
Amalgerol premium/ 338 4 338.8 628
Amarnrepon npeMmym

2013
Check/KoHTpona 345.2 395.2 62.5
Bactofil C/baktocpun C 342.4 383.7 58.4
NLA* 339.7 383.6 63.7
Amalgerol premium/ 3405 389 2 61.1
Amanrepon npeMmuym

Averaged for/CpegHo 2011-2013

Check/KoHTpona 355.9 370.5 61.5
Bactofil C/baktocun C 358.4 371.5 61.5
NLA* 355.6 371.2 62.9
Amalgerol premium/ 356.8 3725 62.0
Amarnrepon npeMmym

The effect of the variants of treatment with regard to the index 1000 seed weight was
vacillating in the respective crops (Table 7). In general, the application of these products
increased the value of the index with 1 to 2 g, averaged for the period of investigation. The
analysis of the obtained positive results allows considering that the cellulose digesters
applied in this investigation contributed to the faster decomposition of the post harvest
plant mass from the previous crop. The effect on the value of the yield was indirect and
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was due to the shorter duration of nitrogen immobilization as a result from the large amount
of plant residues from the predecessor.

The relatively weak effect of these products on yield can be due to other reasons, as
well. These could be insufficient moisturizing of the residues at the moment of application
which predetermined slow propagation of the active agents and respective difficult
colonization of the substrate.

This assumption has also been confirmed in our previous investigation with pot
experiments where under controlled conditions the colonization of the substrate from
wheat and its further decomposition occurred much faster and steady (Milev, 2011).

The results obtained in the spring crops were similar to those from wheat, where the
respective plant residue from the spring crops was treated (Milev et al., 2014, in print).
In this case with the different predecessors of wheat, an adaptation to the specific plant
residue was probably necessary. In the current investigation, for example, Bactofil C and
NLA had good effect on bean and maize, while Amalgerol premium had good influence on
sunflower against the background of the same post harvest residue from wheat.

In this respect, as with any innovative solution, the treatment of the post harvest
residues with such type of products may need more precise and long-term investigations
with the aim to work out practices for their application, dosage, dates of applying, etc.
Therefore they should be used at farms where agricultural production is maintained at a
sufficiently high level and where there is the appropriate technological equipment.

The micro biological treatment of PHR, although being with weaker effect on seed yield
in comparison to mineral fertilizers, has a number of advantages, namely: it contributes to
lower chemical pressure on soil, reduces the fertilizer norms, and increases the general
biological soil activity.

CONCLUSION:

The cellulose digesters Bactofii C, NLA and Amalgerol premium had in this
investigation positive effect on the seed yield from bean, maize and sunflower. The first
two products were most efficient on bean and maize, while the third was most successful
on sunflower.

The effect from the cellulose digesters depended primarily on the conditions at the
moment of their application, respectively on the condition of the substrate.

It is advisable to use these products in farms with sufficiently high level of agriculture
and technological equipment.
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