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Impact of biofertilisers and agrometeorological
conditions on phenological growth of pepper
(Capsicum annuum L.) in organic agriculture
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Abstract

The pepper has a relatively large share in the general structure of the vegetable
production in Bulgaria. The objective of this research was to investigate the influence
of biofertiliser Emosan (HemoZym NK, Hemozym Bio Ns) in combination with
biofertilisers Lumbrical and Boneprot, as well as the influence of certain
agrometeorological conditions on the phenological growth of pepper cv. ‘Sofiiska
Kapiya'. This experiment was carried out in 2009 — 2011 on the experimental fields of
the Agroecological Centre at the Agricultural University Plovdiv (Bulgaria). The
pepper was grown using existing technology for mid-early field production, according
to the principles of organic agriculture. The agroclimatic characteristics were taken on
the basis of data of twenty-four-hour performance of meteorological factors. In the
three years of the experiment the temperature conditions during the period of active
vegetation of the pepper (June - July - August) were above the average, which was
in conjunction with the global trends. The application of biofertiliser Emosan, in
combination with basic fertilization with biofertilisers Boneprot and Lumbrical and
under the impact of suitable agrometeorological conditions, had a positive impact on
the pepper plants. Pepper plants showed earlier entry into the main phenophases
under field conditions of organic farming.

Keywords: agrometeorological conditions, biofertilisers, Capsicum annuum L.,
organic agriculture, phenological growth, vegetable crops

Pe3stome

B obuwarta CTPYKTYpa Ha 3elieH4YYyKOBUTE KYNTYPU Y HAC OTHOCUTENHUAT AN Ha
nunepa e rondam. Ll,enTa Ha HaCToALWOTO npoy4BaHe € Aa ceé YCTaHOBU BJIMAHNETO Ha
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6uotop EmocaH (HemoZym NK, Hemozym Bio Ns) B cbyeTaHue ¢ GuotopoBeTte
INym6pukan n BoHeNpoT, KakTo 1 BAUSIHMETO Ha arpOMEeTEOPONOMMYHUTE YCIOBUS
BbpXYy peHONorMyHoTo passutme Ha nunep ot copT Codumncka kanums.
EkcnepumeHTbT ce nsseae npes nepuoga 2009 - 2011r. Ha Y4eBHO-ONMTHOTO None
KbM ArpoekosiormyHus LeHTbp Ha ArpapeH yHusepcuteT nosaums (Bbnrapus).
[MnepbT ce oTrneada No TEXHONOrMs 3a CpeAHOPaHHO MOJICKO NPOU3BOACTBO, cropes
NpYHUMNUTE Ha BUONOrMYHOTO 3emeenue. ArpoknMMmaTyHaTa XxapakTepucTuka e
N3roTBeHa Bb3 OCHOBA Ha JaHHUTE 3a LEHOHOLWHMSA X04 Ha OCHOBHUTE
MeTeopOoNorMyHn dpaktopu. Npes ekcnepMeHTanHuTe roauHn TemnepaTypHuTe
YCroBu1S Mpes rnepuoaa Ha akTMBHaTa Beretaumsa Ha nurnepa (KoHM - 1N - aBrycT) ca
Hag HopMmarHuTe TemnepaTypu, KOETO € B CbOTBETCTBUE C rnobanHuTe TEHAEHUNN.
BHacsaHeTo Ha 6uotop EMocaH koMGMHMpPaH C OCHOBHO TOpeHe OT BuotopoBeTe
BoHenpoT u Jlym6pukan n nog BNnaHWe Ha NOAXOAALMTE arpOMETEOPOSNIONMYHN
YCrOBUS Ma NOSNOXUTENHO Bb3AENCTBUE BbPXY MO - paHHOTO BCTbLMNBaHE B
OCHOBHUTE (beHoasn OT pasBMTMETO Ha nunepa, oTrneaaH npu NOSICKM yCroBus Ha
61onpon3BoOACTBO.

KnrouyoBu aymu: arpomeTteoporornyHm ycnosusi, Capsicum annuum L., 6GuonornyHo
3emegenve, GMOTOPOBE, 3EMEHYYKOBU KyNTYpU, eHONOrMYHO passuTme

MoapobHo pestome

HenvknpaHuaTt pascapg ce oTrnega B NonveTUneHoBa opaHXepus Ha
ArpoeKkonorMyHnsa LeHTbP, KaTo ca U3nons3BaHu CeMeHa, KOMTO OTroBapsAT Ha
n3nckBaHuaTa 3a npunoxeHue B 6nonornyHoto semeaenve. CemtbaTta Ha cemeHaTa
Ce N3BbPLUM B CPOK, CbOBPa3HO N3NCKBaHUATa 3a CpeaHOpPaHHO NPOM3BOACTBO 3a
nunep npes TpeToTo AeceTAHeBUe Ha Mecel MapT. OnuTsT ce n3sene B 4
nosTOpeHus ¢ nrowy, 1 m? Ha noBTopeHve. Crieq opasMepsiBaHe Ha BapuaHTUTe ca
BHECEHW KaTO OCHOBHO TopeHe poHoBeTe-boHenpoT u Jlym6pukan (g*m?), kaTo
[o3uTe Ha BuoTopoBeTe ca cnopen NPenopbKMTE HA PUPMUTE BHOCUTENM U
npounssogutenu. Npes nepvoaga Ha pa3cagonpon3BOACTBOTO Ca MOSOXEHN
OonTUMarnHu rpuxmn-nonveaHe, NPoBeTpsBaHe, pe4OBHO OTCTPaHsiBaHe Ha nresenute
n 6uonornyHa 6opba cpewy BpeautenuTte. MNpu nonckun ycrnoeums (npes BTopaTa
NnonoBWHAa Ha MeceL, Mal) 3acaxaaHeTo Ha pas3caja ce U3BbpLUM Ha BUCOKa paBHa
nexa, npu cxema 120+60x15 cm, KaTo ONUTHT € U3BEeAEH Mo MeToda Ha ObNruTe
napLenu, B 4eTUPU NOBTOPEHWS!, C rofeMnHa Ha oTyeTHaTa nnoty, 9.6 m?. Mpeau
3acaxaHe Ha pascafa Ha MnosfeTo C MHKoprnopupaHe ca BHECEHW B rnoysaTta
nokanHo (pefoBo), KaTo OCHOBHO (POHOBO TopeHe BuoToposeTe BoHenpoT u
INymbpukan B ABe KOHUeHTpauuu - ontumanHa (70 kg*da npu ¢oH BoHenpoT n 400
L*da npu doH JlymGpukan) n peayumpara ¢ 50 %. buotop EmocaH e BHeceH
Nno4BEHO, pa3TBOp B KOHUEHTpauus 15 L* da, npean centba Ha cemeHaTa, a
noaxpaHBaHETO C Hero e TPUKpaTHO-B Kpasi Ha pa3cagHusa nepuog, a npu nosicku
ycrnosus (BbB peHopasza 6yToHn3auma n cneq popmmpaH MacoB 3aBpb3).
Onpepgenu ce HacTbnNBaHeTO Ha beHodba3uTe (B AHK): OT cenTtHaTa 3a peHodasza
NMOHWKBAHE M OT NOHWKBAHETO 3a peHodpa3nTe—KoTUNEeAOHN, KpbCTOCBaHe,
OyTOHM3auKs, UbMTEX, TEXHUYECKA 3penocT n BoTaHnyecka 3penocT. HavyanoTo Ha
Bcsika (peHodasa ce onpeuerwl an 10 %, a macoBOTO BCTbNBaHe e npun 75 % oTt
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n3BbpLLeHM BbpXy 10 npeagsapuTenHo MapknpaHun pacteHus. [Npes BeretauMoHHUTE
2009 - 2011r. ca HanpaBeHU heHONorMYHN HabnaeHst BbpXy HacTbNBaAHETO Ha
oTaenHuTe eHodasun (tabnuum 1, 2 n 3). ArpoMeTeoponorMyHnUTE YCroBms npes
MeceLl, cenTemMBpU ca CBbP3aHu C HaxIlyBaHe Ha Mo - XfageH Bb3ayX M MO - YeCTH
npesansBaHusa, KOUTO Ce oka3BaT NOAXOASLLM U Cb34aBaT yCNoBUA 3a ocuUrypsisaHe
Ha nyiaBeH NpoLec Ha y3psiBaHe Ha NNoLoBEeTe, KaTO MAacoOBOTO HACTbMNBAHE Ha
deHopasaTta e CBbpP3aHO CbC 3anoyBaHe Ha 6eputbuTe. MpunoxeHnte GuoTopose
OKasBaT NOJIOXUTENHO BNUSIHWE BbPXY HAaTPYNBaHETO Ha XpaHUTENHU BeLLEeCTBa,
KOeTO ce oTpassiBa U BbpXy Mo - 6bp30TO y3psiBaHe Ha nnogoseTe Ha nunepa. lNpe3s
TpUTE rOANHU TemnepaTypHUTe YyCNoBuUsA ca Hag HopmanHuTte. Han-ronemu ca
OTKMNOHeHusTa npes3 mecel asryct Ha 2010 r. (3.1°C Hag HopmaTa) 1 Mecew, tonn Ha
2011r. (2.2 °C Hag HopmaTa). Han-cnabo e oTknoHeHmeTo npes toHn 2010r. egga
0.5°C Hap HopmaTa, kKoeTo cbBnaga ¢ peHodasa 6yToHM3auus, kKoeto obycnass u
no-BUCOKUA peanuanpaH Jobus. TemnepaTypute npes octaHanuTe Meceum 3a Tpute
eKkcrnepumeHTanHum roanHn ca B uHtepsas ot 1.0 °C go 1.5 °C Hapg HopmarTa.
BHacsHeTo Ha broTop EMocaH KOMBUHMPAH C OCHOBHO TOPEHE, KaTo YOH OT
6uoTtopoBeTe BoHenpoT u Jlymbpukan n nog BNNAHWE Ha NoaxXoasLmuTe
arpoMeTeopOsIOrMyYHN YCIIOBUSA MMa MONOXUTESTHO Bb34eNCTBME BbPXY NO-PaHHOTO
BCTbMNBaHe B OCHOBHUTE (peHodasn oT pa3BUTMETO Ha Nunepa, oTrnenaH npu
NOSICKN yCnoBmsi Ha 6GUONPoOM3BOACTBO.

Introduction

The agroclimatic resources of Bulgaria are determined by its geographic location, the
relief and the influence of nearby sea-basins i.e. the Mediterranean Sea and the
Black Sea. With respect to the climate, Plovdiv is a part of the Transitional
continental climatic subregion of Bulgaria to the European continental climatic region
and a climatic region of East - Middle Bulgaria (Ahmed, 2004). Plovdiv was more
resistance to the sum of precipitation and more sensitive to the sum of temperature
(Popova, et al., 2010).

The pepper has a relatively large share in the general structure of the vegetable
production in Bulgaria (Sourlekov and Rankov, 1977). The pepper in Bulgaria is the
second most significant vegetable culture from an economic point of view. Pepper
production uses mostly local varieties registered by Bulgarian selection scientists
(Cholakov and Todorov, 1989; Cholakov, et al., 1996). Todorov, et al. (1985) specify
that over 98% of the area under pepper in Bulgaria is occupied by Bulgarian
varieties, thus proving the contribution of the Bulgarian genetic selection.

There are recommendations to use the Bulgarian varieties for organic production
(Antonova, et al., 2012) as most adapted to local agroecological conditions. Cholakov
and Todorov (2007) point out that the phenological responses of most of the pepper
varieties grown in Bulgaria are not been sufficiently investigated.

Plants, like other biological systems, do respond to the changes occurring in their
micro and macro climatic regimes. In order to determine the optimum environmental
parameters for enhanced crop productivity, there is a need to determine different
response of crop cultivars to fluctuating climate conditions (Todorova, et al., 2009).
The pepper has high requirements towards the growth factors i.e. temperature, light,
humidity, soil, nutritional substances and the preceding crop (Veselinov, et al., 1984).
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Under Bulgarian climatic conditions the pepper is an annual plant (Kartalov, et al.,
1990).

The research (Vlahova, et al.,2014) has proven the biofertiliser application as an
effective measure in organic agriculture, as well as a reliable reserve of nutritional
substances for the soil. The survey results by Shopova (2014) show that the
composition of the seedling mixture and the composition components included in it
and being of an organic or organo-mineral origin have a positive influence on the
occurrence of the main phenophases and the length of the main sub-periods of the
development of tomato plants. Boteva and Georgieva (2013) have found that the use
of seeds treated with the biofertiliser Baikal has been characterized with the
shortening of the phenophases for the pepper of the variety of Kurtovska Kapiya
1619.

Objectives

The objective of this research was to investigate the influence of biofertiliser Emosan
(HemoZym NK, Hemozym Bio Ns) in combination with biofertilisers Lumbrical and
Boneprot, as well as the influence of certain agrometeorological conditions on the
phenological growth of pepper cv. ‘Sofiiska Kapiya'.

Materials and Methods

This experiment was carried out in 2009-2011 in a polyethylene greenhouse and on
the experimental fields situated on the territory of a certified organic farm of the
Agroecological Centre at the Agricultural University of Plovdiv, Bulgaria.

Vegetable tested

The pepper is a tropic plant and optimum temperature for pepper growth is 18-25 °C
(Murtazov, et al.,1984). It has also specific requirements towards the intensity and
duration of sun radiation and is a plant of the short day (10-12 hours) (Kartalov, et al.,
1990). Due to its shallow root system the pepper is quite demanding when it comes
to humidity. The pre-irrigation humidity until the beginning of the fruitfulness
phenophase is maintained at levels of approximately 70 % of the maximum soil water
capacity and during the fruitfulness phenophase 80—-85 % of the maximum soil water
capacity (Murtazov, et al., 1984). The pepper was grown using existing technology
for mid-early field production, according to the principles of organic agriculture
(Panayotov, et al., 2007).

Agrotechnology

The unpricked- out seedlings were grown in the polyethylene greenhouse of the
Agroecological Center by using seeds, which were in conformity with the
requirements for application in organic agriculture (Regulation (EEC) No. 889/2008).

The seed-bed location in the greenhouse was consistent with the crops from the
preceding period of seedling production upon observed rotation. Sowing of pepper
seeds took place in time according to the requirements for mid-early pepper
production during the third decade of March. The experiment was carried out in 4
replications on an area of 1 m? per replication. After sizing the variants, Boneprot and
Lumbrical (g*m?) were applied as basic fertilisation. During the period of seedling
production, all the required agro-technical practices were undertaken, i.e. watering,
ventilation, regular cleaning of weeds and biological pest control (Vlahova, 2013 a).
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Under field conditions (during the second half of May), the seedling transplanting was
completed on a high-flat seed-bed, at the following scheme: 120+60x15 cm. The
experiment was done according to the method of long plots, in 4 replications, with a
size of the reporting area of 9.6 m?.

Fertilization

Selected biofertilisers were applied in doses recommended by the manufacturing
companies.

Seedling growing (green-house)

The biofertilisers Boneprot and Lumbrical were applied into the soil through
incorporation prior to the time of seeding in two concentrations, i.e. an optimum of 70
kg*da for basic fertilisation with Boneprot next of 400 L*da for basic fertilisation with
Lumbrical and reduced concentration i.e. 50 % from the optimum. The biofertiliser
Emosan was applied twice into the soil in a form of solution, i.e. before seeding time
and in the end of the seedling period) in the concentration of 15 L*da.

Field growing

The biofertilisers Boneprot and Lumbrical were applied on field plots locally (in the
crop rows), into the soil via incorporation before transplanting the seedlings on the
field. They were applied as basic fertilization in two concentrations, i.e. optimum of 70
kg*da for the basic fertilisation Boneprot, next of 400 L*da for the basic fertilisation
Lumbrical and reduced concentration i.e. 50 % from the optimum. The biofertiliser
Emosan was applied twice during vegetation as vegetative feeding (at the flower bud
phenophase and after a formed mass fruitset phenophase) in concentration of 15
L*da (Vlahova, 2013 a).

Treatments:

Control (non - fertilised)

Basic fertilisation with Boneprot (optimum concentration)
Basic fertilisation with Boneprot (50 %) + Emosan

Basic fertilisation with Lumbrical (optimum concentration)

ok w DR

Basic fertilisation with Lumbrical (50 %) + Emosan
Characteristics of the biofertilizers included into the study

This study included biofertilisers—Boneprot, Lumbrical and Emosan, the active
ingredients of which are included in the list of permitted substances for maintaining
soil fertility according to Regulation (EEC) No. 889/2008 incl. Annex 1.

Boneprot (Arkobaleno, Italy) is a pellet organic fertiliser, and has following
composition: organic nitrogen (N)- 4.5 %; phosphorus anhydride (P,0Os) total- 3.5 %;
potassium (K;0)- 3.5 %; organic carbon (C) of biological origin 30 %; humification
rate (HR)-10-13 %; degree of humification (DH) 40- 42 %; humidity 13-15 %; pH of 6
-8 (pH in H,0). Boneprot is an entirely organic fertiliser consisting mainly of cattle
manure.

Lumbrical (private producer from village Kostievo, Plovdiv region, Bulgaria) is

a product obtained from processing of natural manure and other organic waste by
Californian red worms (Lumbricus rubellus and Eisenia foetida) and consists of their
excrements. The commercial product has humidity of 45 - 55 % and organic
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substance content of 45- 50 %. Ammonium nitrogen (NH4N)- 33.0 ppm; nitrate
nitrogen (NO3N)- 30.5 ppm; P,0s- 1410 ppm; KO- 1910 ppm and MgO- 1.8 %. It
contains useful microflora 2x10™? pce*g, humic and fulvic acids, nutritional
substances. The product has a pH of 6.5- 7.0 (pH in H,0).

Emosan, HemoZym NK, Hemozym Bio Ns (Arkobaleno, Italy) contains total nitrogen
(N)- 5 %; organic nitrogen (N)- 5 %; organic carbon (C) of biological origin- 14 %;
protein- 34 p/p; humidity- 65 p/p; K- 0.4 p/p; P- 0.06 p/p; pH 7.0- 10.0.

Study parameters
Meteorological parameters and agroclimatic characteristics

The agroclimatic characteristics were taken on the basis of data of twenty-four-hour
performance of meteorological factors (air temperature (°C), rainfall (mm), relative
humidity (%) detected by the Synoptic Station at NIMH Plovdiv (Research and
Experimental Field at the Agricultural University of Plovdiv). The climatic norms by
periods of ten days were determined based on data from Agroclimatic Manual of the
Republic of Bulgaria (1960). The hydrothermal coefficient (HTC) was used to
characterize the conditions of humidification, as this is a complex parameter for
characterization of the temperature and humidity conditions of the environment
(Selyaninov, cited by Kouzmova, 2003).

Phenological characteristics

The occurrence of the phenophase was determined (in days): from the sowing for the
sprouting phenophase and from the sprouting for the phenophases- cotyledons, first
true leaf, flower bud, flowering, ripening, and botanical maturity. The beginning of
each phenophase was determined at 10 % of - and the mass entry was at 75 % of all
plants under observation. During the vegetation period 10 pre - marked plants were
subject to the observations in the field condition (Ganeva, 1984).

Results and Discussion
Phenological characteristics of the pepper during the period 2009 - 2011

During the vegetation years 2009- 2011 there were phenological observations carried
out on the separate phenophases (Tables 1, 2 and 3), but agrometeorological
conditions during the experimental period are presented on the Tables 4, 5 and 6.
The agrometeorological conditions in the period before sowing during the three
experimental years were suitable for sowing in- time and had the following
characteristics - temperature of 12.8 °C (2009), 13.7 °C (2010), 11.5 °C (2011), and
relative humidity of 52 % (2009), 68 % (2010), and 83 % (2011).

The beginning of the sprouting phenophase took place on the 10™ day the earliest,
when the biofertiliser Emosan on both basic fertilisations was applied into soil as the
average air temperature before the occurrence of the phenophase was 12.5 °C
(2009), 10.7 °C (2010), 11.3 °C (2011), and the relative humidity was 67 % (2009),
73 % (2010), 68 % (2011). During the 3-year study period the phenophase took place
on the 11" day for plants from the variants characterized with the optimum
concentration of Boneprot and Lumbrical. During the experimental period this
phenophase occurred at latest with the plants from the control variant. The same
seguence was shown upon the mass spread of the phenophase.
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During the period of three years the entry into the cotyledons phenophase was
reported on the 10" day for the plants of a variant with the biofertiliser Emosan on
both basic fertilisations, as well as for the plants of the variant on the basic
fertilisation Lumbrical applied in an optimum concentration as the temperature in the
days before the occurrence of the phenophase was 12.1 °C (2009), 11.7 °C (2010),
12.7 °C (2011), and the relative humidity was 71 % (2009), 69 % (2010), 59 %
(2011), as their average values were similar and favourable for the growth of the
seedlings.

Table 1. Duration of the different phenophases of pepper (in days) in 2009

Tabnuua 1. NpoabmKNTENHOCT Ha oTaenHuTe dheHodasn npu nunep (B 4HM) npe3 2009

Fro_m From sprouting
sowing
Treat_ments to sproutin to to first true to flower to to rinenin to botanical
Ivariants/ p 9 cotyledons leaf bud flowering pening maturity
b m b m b m b m b m b m b m
Control 12 16 11 15 23 29 60 64 66 71 100 113 125 137
?c)%r;e)pmt 11 14 11 14 23 28 58 63 65 70 99 112 122 134
Boneprot
(50 %) + 10 13 10 13 20 25 58 62 63 67 96 108 117 129
Emosan
Lumbrical
(opt.) 11 14 10 14 21 26 58 63 65 68 98 110 121 134
Lumbrical
(E50 %) + 10 13 10 13 20 25 58 62 63 67 96 108 118 130
mosan

b - beginning; m - mass

The beginning of the first true leaf phenophase occurred for the variant with the
biofertiliser Emosan on both basic fertilisations on the 20™ day the earliest within the
3-year study period as the agrometeorological conditions before the occurrence of
the phenophase were following-average temperature of 14.2 °C (2009), 13.2 °C
(2010), 10.8 °C (2011) and average relative humidity 67 % (2009), 79 % (2010), and
62 % (2011). The phenophase occurred last with the plants from the control variant
on the 23" day (2009, 2010 and 2011), where no fertilization was applied.

In the days before pricking off during the three years of growth, the average
temperatures were favourable for the adaptation of the seedlings. The pepper
seedlings pricking off of to a permanent location took place under suitable
agrometeorological conditions, i.e. temperature was 21.1 °C (2009), 17.5 °C (2010),
17.8 °C (2011), and the relative humidity was 61 % (2009), 63 % (2010),72 % (2011)
respectively. The relatively constant temperatures in the periods of ten days after
pricking off created conditions for adaptation and favourite root development under
field conditions.

It was found that the plants entered the flower bud phenophase on the 58" day the
earliest (2009) for all variants, except for the control. For the plants of the variant fed
with Emosan on both basic fertilisations it happened on the 63" day in 2010 and on
64" dav in 2011 as the temneratures before the occurrence of the nhenaonhase were
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23.3 °C (2009), 20.0 °C (2010), 24.5 °C (2011), and the relative humidity was 52 %
(2009), 75 % (2010) and 71 % (2011). The applied biofertilisers stimulated the plants
to enter earlier the flower bud phenophase in comparison with the control plants. The
positive effect of the biofertiliser Emosan applied on both basic fertilisations also
affected the earlier entry into the beginning of the flower bud phenophase, which was
found in 2010 and in 2011. June had favourable agrometeorological conditions as it
was very warm and humid month, which was beneficial to the development of pepper
plants for entering the stage of mass flower bud.

Table 2. Duration of the different phenophases of pepper (in days) in 2010

Tabnuua 2. MNpoab/KNTENHOCT Ha oTaenHuTe dheHodasn npu nunep (B 4HK) npes 2010

From From sproutin
sowing P 9
Trea_ltments to sproutin to to first true to flower to o ripenin to botanical
Ivariants/ P 9 cotyledons leaf bud flowering pening maturity
b m b m b m b m b m b m b m
Control 12 16 117 14 23 30 67 72 74 79 110 125 135 149

?ortu;prot 11 15 10 13 22 28 65 71 72 77 107 121 130 143
opt.

Boneprot

(50 %) + 10 13 10 13 20 25 63 68 70 74 104 117 127 140
Emosan

Lumbrical

(opt.)
Lumbrical

(50 %) + 10 13 10 13 20 25 63 68 70 74 104 118 127 140
Emosan

11 14 10 13 22 28 64 70 72 76 106 120 130 144

b - beginning; m - mass

It was found that the flowering phenophase took place the earliest for the plants from
a variant treated with Emosan on both basic fertilisations on the 63" day in 2009, and
on the 70™ day in 2010 and 2011 as the average temperature in the days before the
occurrence of the phenophase was 23.2 °C (2009), 21.5 °C (2010), and 22.6 °C
(2011), and the relative humidity was 51 % (2009), 69 % (2010), 65 % (2011). The
earlier occurrence was due to the implemented vegetative feeding with the liquid
biofertilizer Emosan at the flower bud phenophase, which additionally added
nutritional substances valuable for the plants. This early entrance into the flowering
phenophase confirmed the efficiency of applied biofertiliser Emosan in combination
with both basic fertilisations, thus having an effect on the earlier mass entry in to the
phenophase and confirmed during the three vegetation years. It is clear that the
agrometeorological conditions during the vegetation period of the pepper plants are
crucial for optimal pepper growth.

The ripening phenophase occurred the earliest for those plants fed with Emosan on
both basic fertilisations, i.e. on the 96™ day in 2009 and on the 104™ day in 2010.
During the period before the occurrence of the phenophase the average temperature
was 23.3 °C (2009), 23.1 °C (2010), the average relative humidity was 62 % (2009)
and 65 % (2010), and the total rainfall amount was 99.2 mm (2009) and 29.0 mm
(2010), which had a positive influence on fruit ripening. In 2011, the earliest entrance
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in the ripening phenophase took place on the 103" day for the plants fed with
Emosan on the basic fertilisation Lumbrical, and a day later on the combined variant
on the basic fertilisation Boneprot. In the days before, the average temperature was
23.5 °C (2011), the average relative humidity was 56 % and the total rainfall amount
was 16.5 mm. The favourable agrometeorological conditions, together with the
required irrigation norm and the more frequent entrenchment for the purpose of
aeration of the pepper root system, all created preconditions for the earlier entry of
the crop in the ripening phenophase.

Table 3. Duration of the different phenophases of pepper (in days) in 2011

Tabnuua 3. MNpoab/KNTENHOCT Ha oTAenHnTe dheHodasn npu nunep (B 4HW) npes 2011

From From sproutin

sowing P 9
Treat_ments ¢ " to tofirsttrue  to flower to to rieni to botanical
Ivariants/ ~ tosProuting e ons leaf bud flowering o fpening maturity

b m b m b m b m b m b m b m
Control 13 18 11 15 23 29 67 73 75 80 110 125 135 149
?Ortu;prot 11 15 10 14 22 28 67 72 74 79 108 121 132 145
opt.
Boneprot
(50 %) + 10 13 10 13 20 25 64 68 70 75 104 117 127 141
Emosan
'(-c;’&‘?”"a' 11 15 10 14 22 28 65 71 73 78 107 122 131 145
Lumbrical
(50 %) + 10 13 10 13 20 25 64 68 70 75 103 116 126 139
Emosan

b - beginning; m - mass

It was found that the botanical maturity phenophase took place the earliest on the
117™day for the plants of the variant fed with Emosan on the basic fertilisation
Boneprot (20092, on the 127" day for Emosan on the both basic fertilisations (2010),
and on the 126™ day for Emosan on the basic fertilisation with Lumbrical (2011) as
the agrometeorological conditions before the occurrence of the phenophase were
following-average temperature 25.0 °C (2009), 25.4 °C (2010), 24.8 °C (2011),
average relative humidity 56 % (2009), 67 % (2010), 63 % (2011) and the total
rainfall amount was 22.4 mm (2009), 116.5 mm (2010) and 11.7 mm (2011). The 3-
year study found that there was an eatrlier entry in the beginning of pepper
phenophases as well as an earlier entry in the mass botanical maturity for the variant
fed with Emosan in the phenophase formed mass fruitset applied on both basic
fertilisations- Boneprot and Lumbrical, as the average air temperatures were typical
for the summer month of August, i.e. the average monthly temperatures were 23.9 °C
(2009), 25.8 °C (2010), and 23.7 °C (2011), and the relative humidity was 60 %
(2009), 62 % (2010), and 64 % (2011). The agrometeorological conditions in
September are characterized with the entry of cooler air and more frequent rainfall,
which turn out to be suitable and created conditions for ensuring a smooth process of
fruit ripening. The mass entry into the phenophase is connected with the starting of
the harvest. The applied biofertilisers has positive impact on the accumulation of
nutritional substances, which itself influenced the quick fruit ripening of pepper.
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In the three years of the experiment the temperature conditions during the period of
active vegetation of the pepper (June - July - August) were above the average
temperatures, which was in conjunction with the global trends. The largest diversions
were reported in August 2010 (3.1 °C above the norm) and in July 2011 (2.2 °C
above the norm). The lowest diversion was in June 2010 only 0.5 °C above the norm,
which coincided with the flower bud phenophase, which also determined the obtained
higher yields. The temperatures during the other months in the three experimental
years were within the range of 1.0 °C to 1.5 °C above the average (Table 7). The
conditions for humidification were extremely dynamic and varied during the individual
phenophases of pepper development throughout the experiment. The data obtained
in 2009 for the hydrothermal coefficient (HTC) showed that there was a drought
period at HTC < 1 in June (1.00), July (0.68), and September (0.64), and a dry period
at HTC < 0.5 in August (0.44) (Vlahova, 2013 b). The data obtained in 2010 for HTC
showed that there were drought periods reported at HTC < 1 in June (0.92), and a
dry period at HTC < 0.5 in May (0.33), August (0.30), and September (0.22). In 2011
a drought period at HTC < 1 was reported in May (0.77), July (0.53), and August
(0.93), and a dry period at HTC < 0.5 in June (0.22) and September (0.05) (Vlahova,
2012). The above conditions determined the need for soil watering in conformity with
the phenological growth of pepper as well as with the specific agrometeorological
conditions.

Vlahova and Popov (2014) point out that the highest standard yield in all three
experimental years was shown by the variant fed with the biofertiliser Emosan on the
basic fertilisation Lumbrical, i.e. 1541 kg/da (2009), 2258 kg/da (2010), and 2006
kg/da (2011). A high yield was reported upon the additional feeding with the
biofertiliser Emosan on the basic fertilisation Boneprot, i.e 1512 kg/da (2009), 2184
kg/da (2010) and 1900 kg/da (2011). The results showed that fertilisation with liquid
biofertiliser Emosan on basic application of solid Boneprot or Lumbrical improve the
soil nutrient conditions which reflects in improved feeding regime of pepper plants.
This reflects in improved (higher) yields and productivity of plants. The findings
provide grounds for suggesting the studied biofertilisers as an effective agro-
technical solution in organic production of pepper.

During the experimental period, upon comparison of the combined variants on both
basic fertilisations, a positive effect on the quality of the fruits was reported after
application of the biofertiliser Emosan on the Lumbrical basic fertilisation, as it
increased the values of the dry matter (2009, 2010, 2011), total sugars (2009, 2010)
and vitamin C (2010, 2011), thus confirming this combination as successful for
application in the organic pepper production (Vlahova and Popov, 2013).

For a large part of the agricultural crops dependency has been established between
the time of occurrence of the separate phenophases (as of the beginning of the
vegetation period), and the respective temperature sum (Kornov, 2012; Kirchev et al.,
2014). Similar dependencies have been also determined in connection with the
duration of the phenophase, depending on the temperature sum. Regarding the
conditions of the experiment, the results of which are the subject of the present
paper, there is a significant linear dependency concerning only the period until
sprouting and occurrence of the ripening, at values of the coefficient of determination,
respectively R>=0.56 and R?=0.54 (Figure 1- A); and Figure 4- D). As for the first true
leaf and flowering phenophase, the connection is poor to moderate at R?>=0.32
(Figure 2- B) and Figure 3- C). In the remaining phases the connection is poor or
practically missing.
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Figures 1- 4. Dependency between the Duration of period- Sprouting- A); First true leaf-B); Flowering-C); Ripening- D) and Temperature sum
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Conclusions

The application of biofertiliser Emosan, in combination with basic fertilization with
biofertilisers Boneprot and Lumbrical and under the impact of suitable
agrometeorological conditions, had a positive impact on the pepper plants. Pepper
plants showed earlier entry into the main phenophases under field conditions of
organic farming. The results shown by biofertiliser combinations provide grounds for
recommending these in organic agriculture mid-early pepper production. The global
climate changes start impacting vegetable production. The study showed that dry
periods during the 3-year study forced adaptation of pepper growth. These dry
agroecological conditions determine the need for adaptive soil watering in conformity
with the phenological growth of pepper as well as with the specific
agrometeorological conditions.
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Table 4. Agrometeorological parameters (2009)

Tabnuua 4. ArpomeTeoponorMyHun nokasatenu (2009)

from_ from sprouting
1% sowing
c
©
= . to to
g to . to to first flower o botanical
sprouting  cotyledons  true leaf o flwering fipening o rity
T
2t 167.05 145 209.5 303.8 204.2 902.3 681.5
- Aver. t © 12.9 12.2 15.0 23.4 22.7 23.7 24.3
IS Aver.RH ¥ 68 71 64 51 56 60 58
© Y Rainfall” * * * 3.9 3.20 99.2 22.4
mm /day® * * * 0.30 0.36 2.76 0.80
Z t (1)
_ 152.80 145 209.5 256 184 827 583.9
5 Aver. t © 12.7 12.2 15.0 23.3 23.0 23.6 24.3
g Aver.RH * 66 71 64 52 53 61 58
o
S ¥ Rainfall® * * * 3.9 3.2 99.0 22.4
m
mm /day"” * * * 0.35 0.40 2.83 0.93
Z t (1)
g 137.3 132.9 156 256 139 699.8 550.0
(2]
B g Aver. t ¥ 12,5 12.1 14.2 23.3 23.2 23.3 25.0
o ul )
% + Aver.RH ¥ 67 71 67 52 51 62 56
@ f > Rainfall” * * * 3.9 3.2 99.2 22.4
S mm/day® * * * 0.35 0.53 3.31 1.02
(1)
. 2t 152.8 132.9 172.8 256 184 711.5 594.2
g .
< Aver. t @ 12.7 12.1 14.4 233 23.0 23.7 24.8
§ Aver.RH 66 71 66 52 53 61 57
Qo
E Y Rainfall” * * * 3.9 3.2 99.2 22.4
- mm /day® * * * 0.35 0.40 3.20 0.93
Z t (1)
g 137.3 132.9 156 256 139 699.8 572.6
[%0)
B € Avernt? 12,5 12.1 14.2 23.3 23.2 23.3 24.9
= w .
€ + AverRHY 67 71 67 52 51 62 56
3 f Y Rainfall” * * * 3.9 3.2 99.2 22.4
S mm/day® * * * 0.35 0.53 3.31 0.97

(1) Temperature sum, > t °C; (2) Average temperature, Aver. Temp.°C; (3) Average relative
humidity, Aver.RH (%); (4) Rainfall sum, > Rainfall (mm); (5) Rainfall mm/per day, mm /per day.

* Rainfalls has not been reported because seedlings have been grown in a greenhouse
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Table 5. Agrometeorological parameters (2010)

Tabnuua 5. ArpomeTeoponormyHun nokasatenu (2010)

from sowing  from sprouting

8
% to sprouting to to first ;I?)wer t© o tbootanical
> cotyledons  true leaf bud flowering ~ fipening maturity
Z t (@)
144.0 93.8 178.9 347.1 203.1 867.6 636.6
5 Aver. t ¥ 11.1 11.7 13.8 20.4 25.4 23.4 25.5
g Aver.RH 72 76 74 73 66 64 66
© Y Rainfall” * * * 47.2 6.2 29.0 123.8
mm /day"’ * * * 2.78 0.78 0.78 4.95
_ >t 130.5 93.4 175.4 258.6 188.6 840.4 632.3
g Aver. t ¥ 10.9 11.6 13.5 19.9 23.6 23.3 25.3
g Aver.RH * 72 70 77 74 65 64 67
% ¥ Rainfall” * * * 47.2 0 29.7 126.5
® mm /day"’ * * * 3.63 0 0.83 5.06
3t (1)
g 118.0 93.6 144.8 219.5 171.6 808.9 607.8
S é Aver. t ¥ 10.7 11.7 13.2 20.0 21.5 23.1 25.4
%%E Aver.RH 73 69 79 75 69 65 67
@ g\c’ Y Rainfall” * * * 12.2 36.6 29.0 116.5
S mm/day® * * * 1.11 4.58 0.83 4.85
~ Zt? 130.5 93.4 175.4 219.3 188.6 813.4 632.3
\_% Aver. t ® 10.9 11.6 13.5 19.9 23.6 23.2 25.3
§ Aver.RH ® 72 70 77 75 65 65 67
g Y Rainfall” * * * 12.3 0 29.0 126.5
- mm /day"’ * * * 1.12 0 0.83 5.06
Z t (1)
g 118.0 93.6 144.8 219.5 171.6 808.9 607.8
g é Aver. t ¥ 10.7 11.7 13.2 20.0 21.5 23.1 25.4
E Y AverRH© 73 69 79 75 69 65 67
3 ;f Y Rainfall” * * * 12.2 36.6 29.0 116.5
S mm/day® * * * 1.11 4.58 0.83 4.85

(1) Temperature sum, > t °C; (2) Average temperature, Aver. Temp.°C; (3) Average relative
humidity, Aver.RH (%); (4) Rainfall sum, > Rainfall (mm); (5) Rainfall mm/per day, mm /per day.

* Rainfalls has not been reported because seedlings have been grown in a greenhouse
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Table 6. Agrometeorological parameters (2011)

Tabnuua 6. ArpomeTeoponormyHn nokasatenu (2011)

from .
. from sprouting
1% sowing
c
]
= . to to to
g tso routin tc?)t ledons :(r)ufglséaf flower i ?? enin botanical
p g Y bud flowering pening maturity
Z t 1)
156.0 151.8 136.5 405.9 197.0 880.5 2578
s  Aver.t? 11.1 12.7 10.5 23.9 21.9 24.5 23.4
S AverRH® 68 56 68 68 64 56 66
O
Y Rainfall'¥ * * * 7.5 7.9 38.6 49.8
mm /day® * * * 0.44 0.88 1.07 45
Z t (1)
= 134.9 140 123.5 358.4 174.4 845.7 256.5
5 Aver. t® 11.2 12.7 10.3 23.9 21.8 24.2 23.3
2 AverRHY 68 59 63 70 65 56 69
Q
S ¥ Rainfall” * * * 6.9 7.9 37.9 65.0
m
mm /day"’ * * * 0.46 0.99 1.08 5.9
Z t (1)
g 124.1 140 119.2 269.1 158.5 819 271.4
[%2)
BE Avert? 11.3 12.7 10.8 24.5 22.6 23.4 24.7
o Ll .
24+  AverRHY 68 59 62 71 65 57 64
A<
@ g > Rainfall” * * * 6.9 5.9 17.2 22.2
' mm/day® * * * 0.63 0.84 0.49 2.02
Z t (1)
_ 134.9 140 123.5 313.1 154.1 839 237.5
g .
S Aver t? 11.2 12.7 10.3 24.1 22.0 24.0 23.8
§ Aver.RH 68 59 63 70 64 57 69
Qo
E Y Rainfall'¥ * * * 6.9 5.3 40.5 18.7
- mm /day"’ * * * 0.53 0.76 1.16 1.87
(1)
- 2t 124.1 140 119.2 269.1 158.5 729.7 272.8
©
w 5
T 2 Avert? 11.3 12.7 10.8 245 22.6 235 24.8
‘= w .
£ + AverRH © 68 59 62 71 65 56 63
3 6o (4)
= 2 ¥ Rainfall * * * 6.9 5.9 16.5 11.7
< mm /day" * * * 0.63 0.84 0.53 1.06

(1) Temperature sum, > t °C; (2) Average temperature, Aver. Temp.°C; (3) Average relative
humidity, Aver.RH (%); (4) Rainfall sum, > Rainfall (mm); (5) Rainfall mm/per day, mm /per day.

* Rainfalls has not been reported because seedlings have been grown in a greenhouse
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Table 7. Major agrometeorological parameters in Plovdiv, Bulgaria (2009 - 2011)

Tabnuua 7. [MaBHK arpoMeTeoponorMyHn nokasatenu B Nnosams, Bvnrapus (2009-

2011)

Average Monthly

& Air
§ Months Tempéerature Humidity ?:im:lr Mint  Maxt HTC
(7C) (%) (mm) (°C) (°C)
March 7.3 68.1 535 2.5 12.3 0.80
April 12.1 69 215 5.2 18.8 1.23
o May 18.7 64 26.9 11.6 25.2 1.22
o June 22.4 59 32.8 14.5 29.5 1.00
2 July 24.6 57 73.5 18.1 31.6 0.68
August 23.9 60 22.4 16.8 30.7 0.44
September 18.9 68 34.6 13.2 25.4 0.64
October 134 78 85.6 8.9 19.0 1.10
March 6.9 72 72.4 1.4 12.2 0.66
April 12.7 72 37.9 6.5 18.4 0.99
o May 18.1 68 18.7 10.7 25.0 0.33
— June 21.4 69 59.1 15.6 27.6 0.92
o July 24.2 65 120.0 17.5 31.1 1.60
o August 25.8 62 23.8 18.9 32.9 0.30
September 19.1 65 12.7 12.1 26.3 0.22
October 10.8 85 119.1 6.8 15.5 3.56
March 6.9 74 74.4 15 12.6 0.40
April 11.8 64 18.8 6.1 17.4 0.53
o May 17.1 72 40.8 10.7 23.2 0.77
- June 22.4 61 14.6 15.5 28.3 0.22
2 July 25.4 57 41.5 17.6 324 0.53
August 23.7 64 68.4 16.7 31.0 0.93
September 21.2 63 3.4 13.5 29.5 0.05
October 11.6 72 70.4 6.2 18.1 1.96
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