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Abstract

Stoeva I., G. Milev. Realization of the quality potential of common winter wheat cultivar
Enola depending on the method of post harvest residue treatment. FCS 9(1): 21-29

The investigation was carried out with the aim of determining the influence of the
factor environment and some biological elements of the growing technology of cultivar
Enola on its quality potential. The investigation was done on the territory of DAI — General
Toshevo during 1997 — 2012. The most popular, distributed and productive common winter
bread wheat cultivar Enola was involved. The methodology of performing the field trials
has been described in detail in previous publications. The technological analysis of grain
was carried out in the Bread Making Quality Laboratory of DAI — General Toshevo on the
basis of mean grain sample according to approved and adopted Bulgarian State Standard
(BSS) methods. The experimental data were processed with the help of the statistical
software Statistica 7. The results showed that the realization of the genotypic potentials of
cultivar Enola with regard to quality depended on the interaction of the cultivar with the year
conditions. The manageable formation of the cultivar’s strength needs greater attention to
the regularities under which this interaction occurs. By experimenting with contemporary
biological elements from the growing technology of the cultivar, high expression of its
quality potential was achieved. Against the background of optimal fertilization with
N,,P,, and incorporation of the post harvest plant residues from sunflower and bean, a
considerable improvement of the values of wet gluten in 70 % flour, and of the parameters
of the rheological and baking properties was obtained. The treatment of the post harvest
residues with the cellulose digestive products Bactofil C and NLA (Nutri Life Accelerate)
had positive effect on the quality of cultivar Enola.

Key words: Wheat - Quality indices of grain - Fertilization, Stubble digesters — Plant
residue

Pes3tome

Cmoesa ., . Munes, Peanu3ayusi Ha Ka4ecmeeHuUsi TomeHyuarn Ha copm obuKHo8eHa
3umMHa nuweHuya EHona 8 3agucumMocm om HadyuHa Ha mpemupaHe Ha credXXbmeeHume
ocmamwyu. FCS 9(1): 21-29

V3cnenBaHeTo e NpoBedeHO C Lien onpeasineHe oTpaXeHMeTo Ha dhakTopa BbHLUHA
cpeda M Ha HsIKoM BGMOMOrMYHM enemMeHTM OT arpoTexHuKaTa Ha OTrneXxaaHe Ha copT
EHona Bbpxy HeroBmsi kavecTBeH noteHuman. MNpoyyBaHETO € U3BbPLUEHO B OMUTHOTO
none Ha 03U - 'eH. Toweso npe3 nepuoga 1997-2012 r. Mianon3saH e Han-nonynapHUsT,
parioHVpaH W NpOAYKTUBEH COPT 3uMHa XxnebHa nweHuua Exona. Metomonorusita
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Peanusauusa Ha ka4eCcTBEHUA NoTeHuuan Ha copT 0o6uKHOBeHa 3MMHa nuweHuua EHona
B 3aBUCUMOCT OT Ha4YMHa Ha TpeTupaHe Ha crnegXXbTBEHUTE oCTaTbuUU

Ha 3anoXeHUTe MOJICKM ONWUTU e OMnucaHa B AEeTaunu B NpeaulHu Hawwm nybnvkaumu.
TexXHONOrMYHUAT aHann3 Ha 3bPHOTO € U3BbpLLEH B nabopatopusita Ha [A3W-'eH. Toweso
Ha 0as3a cpegHa npoba 3bpHO MO YTBbpAEHW ob6LwonpuetTn meToau cbrnacHo B[C.
EkcnepumeHTanHuTte gaHHu ca obpaboTeHn C nmomoliTa Ha cTaTUcTMdecka nporpama
Statistica 7. Pesyntatute nokassar, Ye peanusauusTa Ha reHOTUNHUTE 3anoxobu Ha
copT EHomna no OTHOLLEHMEe Ha Ka4yecTBOTO 3aBMCU OT B3aMMOAENCTBUETO Mexay copTa
W yCroBusiTa Ha roguHata. Ynpaensemoto oopMupaHe Ha cunata Ha copTa ce Hyxaae
OT 3acu/IeHO BHMMaHWe KbM 3aKOHOMEPHOCTWUTE, MPWU KOUTO Ce OCbLUecBsBa TOBa
B3anmoperictene. C eKCnepvMeHTMPaHETO Ha CbBPEMEHHU OUONMOrMYHM enemMeHTu oT
TEXHOMNOrMsATa Ha OTIMNEXAaHe Ha copTa e NOCTUrHaTa BUCOKa U3siBa Ha HETOBUS Ka4eCTBEH
noteHuuan. Ha choHa Ha ontumanHo TopeHe ¢ NP, v nHkoprnopupaHe Ha CnefKbTBEHUTE
pacTUTENHWUTE OCTaTbLM OT CITbHYOrne 1 pacyn e 4OCTUrHaToO 3Ha4YUTENHO nogobpsiBaHe
B CTOMHOCTUTE Ha MOKbp rmyTeH B 70% OpallHO, B NapaMeTpuTe Ha PEOoNiorMYHNTE U
xnebonekapHu ceoncTBa. ObpaboTkaTa Ha CnemKbTBEHUTE pPaCTUTENHUTE OCTaTbUM C
uenosopasnarawute npenapatn baktocdoun C n NLA (Nutri-Life Accelerate) noenusiBa
MONOXWUTENHO KA4eCcTBOTO Ha copT EHona.

KnrouoBu pgymu: MNuweHnua - KavectBo Ha 3bpHOTO — TopeHe — PacTtutenHu
ocTarbLm

INTRODUCTION

The increasing requirements of agricultural production toward more high-quality grain
impose the necessity of constantly updating and optimizing the wheat growing program
which allows better use of the factors of production, agro technology, fertilization, etc. Due
to the variability of climatic conditions, the producers can choose not only the technology
but also the suitable cultivar to achieve high results (Alabushev, 2011).

Most of the contemporary cultivars possess sufficiently wide range of productivity and
quality indices. In this sense the choice of a specific cultivar and additional investments
in the agro technology help to solve to a great extent the problem of obtaining sufficient
and stable quantity of food grain. Wheat yield and quality remain currently unstable.
The potentials of the cultivars with regard to yield and quality genetically planned by the
breeder have not been entirely revealed. The agronomy practices wheat growing, which
are friendly to human health and to the environment, have not been sufficiently developed
(Schoenau and Campbell, 1996; Opoku G., and Vyn, 1997; Donkova and Tonev, 2005).

To solve this problem, investigations were carried out with the aim to determine the
significance of the factor environment and of some biological element from the agro
technology of cultivar Enola quality management in the region of DAI - General Toshevo.

MATERIAL AND METHODS

The investigation was carried out in the trial field of DAI — General Toshevo during
1997 — 2012. The most popular, distributed and productive common winter wheat cultivar
Enola was used. The methodology of the conducted field trials has already been described
in details in our previous publications (Stoeva et al. 2006; Milev, 2002; Milev, 2011).

The technological analysis of grain was carried out at the Bread making quality
Laboratory of DAI on the basis of a mean grain sample according to approved Bulgarian
State Standard methods. The experimental data were processed using the software
Statistica 7.

The hydro-thermal conditions during the investigated years were contrasting and
reflected the climatic peculiarities of the region. During most of the investigated period
they were unfavorable for formation of quality grain. Seasons 1997, 1998, 1999, 2005 and
2010 were characterized with rainfalls above the norm and temperature conditions close
to the norm for March — June. Often the rainfalls were accompanied by storms, lodging
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and partial germination of grain (1997, 2010).

The period 1999 — 2000 was also unfavorable for production of quality grain. The
excessive rainfalls during the early stages of the cultivar’s development were common.
The temperature fluctuations in May (from 6.5°C go 32.8°C), and especially the frost at
the beginning of the month caused partial sterility of spikes. Later, the hot winds and the
high temperatures (reaching in certain days of the month 32.8°C) forced grain maturation
and impeded the normal accumulation of gluten in grain.

During harvest year 2001 the development of the cultivar proceeded at normal
rate. The severe drought in the autumn of the preceding year 2000 caused non-uniform
emergence of the crop and drying of some of the plants. The wheat crop entered the
period of winter colds without hardening. The scarce precipitation in spring at stage grain
filling — maturation, as well as the high temperatures in June in combination with dry wind
caused wilting and accelerated ripening of the crop. Grain was with deteriorated physical
and technological indices. Similar meteorological situation was observed also in harvest
years 2002 and 2007.

In harvest year 2003 the wheat crops remained short and irregular due to partial
freezing and severe Sunn pest attack early in spring. Grain filling occurred under hot and
dry weather. The formed amount of gluten was low, although of good quality. In 2004 and
2012 the cultivar realized high production potential of satisfactory quality. Years 2006,
2008, 2009 and 2012 can be considered moderately favorable for the quality of cultivar
Enola.

RESULTS AND DISCUSSION

The range of variation and the mean values of the separate indices characterizing
the grain quality of cultivar Enola are given in Table 1. In all years of the investigation,
the test weight of the cultivar exceeded the standard of first class wheat (averagely 81
kg; 78+84.4); this is an advantage of the cultivar implying higher potential for flour yield.
The variations in vitreousness were high and depended on the year (from 31% in 2010 to
100% in 2001).

Table 1. Quality characteristics of cultivar Enola during 1997-2012

Indices | X | min-max | St.dev ]| Vc

1. Test weight, kg 81+0.66 78+84.4 2.63 3.24
2. Grain glassiness, % 751522 31+100 20.89 27.8
3. Grain hardiness, % 101.616.68 64.6+142.9 267 26.3
4. Sedimentation, ml 47+1.73 36+63 6.91 14.7
5. Wet gluten yield in 70% flour, % 22.410.71 16.8+25.8 2.85 12.7
6. Dough stability, min 4,32+0.55 1.45+10.10 221 51.20
7. Softening degree of dough, min 96+7.30 45+162 29.21 304
8. Quality value by farinograph, cond. un. 58+5.06 39+124 20.25 349
9. W by alveograph, al.un. 162.9+16.40 100.7+289.1 65.60 40.3
10. P/L 1.92+0.30  0.45+5.00 1.22 63.5
11. Bread volume, ml 689+14.29 630+825 57.15 2.2

12. Form resistance (H:D) 0.47+0.01 0.40+0.59 0.05 10.6
13. Bread crumb quality (rank 0-5) 4.9+0.03 4.5+5.0 0.14 10.6

Vitreousness exceeded the requirements of the standard in 81 % of the years and
according to the classification norm the cultivar can be defined as valuable. Grain hardiness
as a conditional index of the structural and mechanical properties of the grain is related to
peculiarities of grain milling. From the point of view of the standard requirements, cultivar
Enola can be ranked very high by this index (mean value of the index of grain hardiness
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101.6 %), which is favorable with a view of flour yield. Significant variation in the category
of grain hardiness was registered in the unfavorable years 1997 and 1998.

Obviously, the reasons for deterioration of the physical properties of grain are related
to the meteorological conditions, and on the first place — to the variations of moisture at
full maturity, in parallel with prolonged harvesting. The degree of their variation occurs at
different speed depending on the structure of the endosperm and the quality and quantity
of protein in it. When the ripe grain is attached to the still not harvested plant and there are
permanent rainfalls (1997, 1998, 1999, 2005 and 2010), the diurnal moisture in it is high.

Due to the higher air humidity, dew and fogs, as well as the lower night temperatures,
the grain expands in size, while during the day it shrinks back when temperatures get
higher but does not reach its previous volume. This daily “pulsation” of the grain leads to
deterioration of its physical status (Nettevich et al., 1986; Nettevich, 1999; Humphreys and
Noll, 2002; Yang Y. et al., 2007).

The estimation of the cultivar’s quality is related also to the content of wet gluten in
flour. Gluten plays an important role in the processes of dough formation of bread. The
dough properties and the quality of bread depend on its characteristics. It was found that
the amount of wet gluten in the flour of cultivar Enola was variable. Depending on the
year and the damages caused by Sunn pest (when treatment with insecticides was not
possible), the variation of this index was within a wide range (16.8 — 25.8 %). In 4 of the
years the cultivar formed over 25 % gluten, in 6 of the years — over 22 %, and during the
rest of the years — below 22 %.

Averaged for the investigated period, the strength of dough determined by farinograph
and alveograph corresponded to the classification norm for medium-high quality. Good
results for dough strength by farinograph and alveograph were obtained in 2003 when
grain filling occurred in hot and dry weather. By shortening the time of accumulation of
carbohydrates in grain, drought contributed to improvement of the relative component of
gluten in grain (2001, 2002 and 2007).

Itis interesting to note that in some of the years with higher rainfalls during maturation
and harvesting, significant deviations of the alveographic and farinographic characteristics
of the cultivar were not found, which demonstrated the complexity and the multi-factor
effect on the rheological properties of grain. The mean value of the farinographic quality
was 58 farinographic units (f.un.), the variation being from 39 f.un. to 124 f.un; the mean
value of dough relaxation by farinograph was 96 f.un., the variation over years being
from 45 f.un. in 2003 to 162 f.un. in 2010; the value of W was 162.9 alveographic units
(al.un.), with variation from 100.7 al.un. to 289.1 al.un. and high ratio (P/L) of 1.92 mm
(0.45+5.0).

The variability of the rheological characteristics is related to the changeable year
conditions. The frequent rainfalls during full maturity stage, although not causing visible
symptoms of germination, often reduce the values of flour strength. This according to
some authors is due to the hidden activity of the alpha amylase or to defective genes
(Mares et al., 2008); according to other researchers it is due to half-open expression of
genes responsible for quality or to cause agents of diseases (brown and yellow rust, etc.)
which reduce the amount of gluten proteins (Dimmock, 2002; Biddulph,2008).

The breadmaking properties of cultivar Enola were considerably influenced by the
year conditions. The results from the laboratory baking determined it as a cultivar of very
good bread making characteristics (mean bread volume 682 ml; H:D — 0.47; quality of
bread crumb 4.9).

The data from the correlation analysis of the indices of cultivar Enola investigated
during 1997 — 2012 revealed the following: 1) high positive correlation between test
weight and glassiness, test weight and grain hardiness, sedimentation value and dough
stability, dough stability and farinographic quality value, W and H:D; 2) moderate positive
correlation between glassiness and grain hardiness, glassiness, P and L, grain hardiness
and softening degree of dough by farinograph, sedimentation and wet gluten content
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in 70 % flour, sedimentation and farinographic quality value, sedimentation and W,
sedimentation and bread volume, sedimentation and quality of bread crumb (Table 2). The
low positive correlation between bread loaf and the softening degree (r = 0.078) showed

that the baking properties were affected positively in some of the years when higher dough

relaxation was observed.
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As all intensive type cultivars, Enola responded positively under high level of the
applied agronomy practices. The application of rational fertilization and the good choice
of a previous crop can improve the quality of the cultivar. Depending on the amount,
composition and mineralization of the plant residues from the previous crop, the nutrients
remaining in soil, including nitrogen, are variable. The result from the post effect and
the mutual influence of the fertilization, the previous crop and the post harvest residue
from it (incorporated or not incorporated) on the quality characteristics of cultivar Enola
showed improvement in the values of wet gluten in the variants without fertilization after
plowing of the plant residue from the predecessors bean and sunflower (Table 3). The
high temperatures and drought during grain filling and maturation in 2007 shortened the
time of carbohydrates accumulation in grain; this had positive effect on the amount of wet
gluten, the physical properties of dough and the baking characteristics. The ranking of the
variants by yield of wet gluten in 70 % flour, sedimentation, farinographic quality value,
volume and quality of bread depended on the applied fertilization, the year conditions and
the plowing of the plant residues from the previous crop (A,N,,P,,— sunflower > AN P,
- bean).

The use of micro biological products for decomposition of the post harvest residues is
recently becoming increasingly topical. The use of such environment-friendly technologies
contributes to higher quality of wheat. Thus, for example, our results from the use of
the micro biological cellulose digesters Bactofil C and NLA (Nutri-Life Accelerate) for
accelerated decomposition of the post harvest residues from maize, sunflower and bean
were related to positive changes in the quality of cultivar Enola (Table 4). After treatment
of the post harvest residues from sunflower and bean with Bactofil C, maximum addition
to the amount of wet gluten in 70 % flour was obtained (20.8 % and 20.1 %, respectively),
and after treatment of sunflower plant residues with NLA, the highest value of gluten was
reached (23.4%). The effect on sedimentation was insignificant, while with regard to the
physical properties of dough the reaction was related to change of the quality category of
the cultivar. The treatment of the post harvest plant residues with Bactofil C and NLA had
positive effect on the baking properties.

CONCLUSIONS

The realization of the genotype potential of cultivar Enola with regard to quality
depended on the interaction of the cultivar with the year conditions. The manageable
formation of the cultivar’s strength requires higher attention to the regularities under which
this interaction occurs.

By experimenting with contemporary biological elements from the technologies of the
cultivar’s growing, high expression of its quality potential was achieved.

Against the background of optimal fertilization with N, ,P. , and incorporation of the post
harvest plant residues from sunflower and bean, a significant improvement of the values of
wet gluten in 70 % flour was obtained, as well as of the parameters of the rheological and
baking properties. The treatment of the post harvest residues with the cellulose digesters
Bactofil C and NLA had positive effect on the quality of cultivar Enola.
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