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The aim of the present study was to determine the effect of the Indian
mycorrhizal preparation Mykonet (Mn) of Endo type on agronomical and economic
indicators of the hot and sweet pepper production. The study was conducted with
two sweet (Zmrukht and Nush-55) and two hot varieties of pepper (Kon and Punj).
The experiments were carried out according to the block randomization method.
It has been shown that Mn improves the biological and economic characteristics of
sweet and hot peppers, depending on the treatment duration and variety. The most
effective was 2 h treatment. The dry matter content was increased slightly, but
increased for sugars and ascorbic acid. The best effect was obtained for Zmrukht.
Given that Mn has improved the agronomical and economic characteristics of sweet
and hot peppers, it can be recommended for pepper production.

Keywords: mycorrhiza, Mykonet, pepper, vegetable quality and yield,
economic efficiency.

Introduction. Healthy soil is a fundamental necessity for increased food
production. The presence of soil fungi is a significant factor contributing to soil
health, forasmuch as they can establish highly beneficial relationships with host
plants [1, 2]. When researchers applied natural fertilizers, they noticed that certain
extracts of living organisms can often function as natural stimulators of plant growth
and protection [3, 4].

In natural conditions, the plants and mycorrhizal fungi are associated with
mutually beneficial symbiosis. The fungal filaments can penetrate into the smallest
pores of the soil minerals to their thinnest root hairs, and gradually destroying them,
fungi extract elements that would otherwise be unavailable for plant nutrition,
including such essential elements as phosphorus or trace elements zinc and cobalt.
By marking minerals with radioactive isotopes, it has been proved that there is a
whole underground system of the thinnest yarns, where plants communicate by
transferring and sharing organic and mineral compounds [5, 6]. Thus, the total length
of mycorrhizal filaments in the soil around the plant roots is 20-40 m/cm?, due to
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which these fungi manage to get about 30% of the synthesized carbohydrates [7, 8].
Myecorrhiza can enhance the efficiency of plant roots to absorb water and macro- and
microelements from soil or container media. This helps to enhance fertility and
reduce irrigation requirements, increases drought resistance and plant resistance to
pathogens [9-12].

Such natural stimulators were divided into bacterial (Bisolbifit, Azotovit,
Azofobakterin, Azotseovit, Bioplant Flora, bacterial melanin (Btm, which was
developed in the Scientific Research Center “ArmBiotechnology”, NAS of RA)),
fungal or mycorrhizal (Mykoplant, Mitsefit, Mykonet (Mn), Trichodermin, Trianum,
etc.), and vegetable ones (Epin-Extra, Zircon, HB-101, Radifarm, Megafol, etc.).
These preparations are studied and produced throughout the world, and Armenia has
also been involved in this field for more than 20 years [13-17].

A new preparation to be studied was Indian mycorrhizal Mykonet of Endo
type, produced as lignite with the spores of Rhizophagus irregularis (3000 spores/g).
Mykonet™ (Mn) helps to enhance the power of mycorrhiza, a symbiotic relationship
formed between plant roots and a special kind of fungi. These fungi supply the plants
with water and nutrients in exchange for carbohydrates and nutrients. Not only that,
the plant becomes protected from drought, fungal infections and nematodes [18].

Materials and Methods.

Plants and Field, Samples and Soil Analysis. There were chosen four
varieties of pepper: two of sweet (Zmrukht and Nush-55) and two of hot pepper
(Kon and Punj); varieties were released in Armenia (Tab. 1).

Table 1
The morphological-biological peculiarities of experimental varieties
Fruits
Growth colorin
Variety | Maturity habit weight, shape te_chnl_cal bl_olog_lcal Resistance
g ripening | ripening
phase phase
Zmrukht | middle early | determinant | 70 conical green red Fusarium, late blight
Nush-55| middle |determinant| 80 |elongated|light green red Fusarium, late blight
Kon late determinant| 40 conical Ivory | brightred | Fusarium, stolbur
Punj middle | determinant 3 |elongated| green red Fusarium

The seeds of the studied varieties were soaked in a 0.01% Mn solution for 1 h
or 2 h, while the control seeds were placed in pure water for the same period, after
which the seeds were sown in greenhouse soil After 45 days, the seedlings were
planted in an open field, as well as in greenhouse soil for an additional experiment.
Since Mn contains potassium humate, in order to find out the effect of each
individual component, a supplementary experiment was carried out according to the
following scheme: 1) control; 2) potassium humate (0.5%, 2 h); 3) Mn (0.01%, 2 h).
After the formation of 2-3 true leaves, the seedlings were planted in 0.5-liter beakers.
The experiments were conducted on the experimental field of the Scientific Center
of Vegetable—-Melon and Industrial Crops, Armenia (40.1058333°N, 44.4138899°E,
650-700 m above sea level) during 2016-2017. The open field soil had a heavy
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mechanical composition of light clay content (carbonates 0.95%). Its organic matter
content and pH were 1.2 and 6.8%, respectively. The average temperature during the
development season was around 30°C.

Soil samples (0-15 cm depth) were randomly collected before treatment using
a core sampler. Samples of both soil and manure were transferred to the laboratory
for analysis. Soil pH was determined in a 1:1 soil to water suspension using a pH
meter. Total nitrogen was determined by the Kjeldal method. Available phosphorus
was determined by the Machigin method, and potassium (K) was determined by the
Maslova method [19]. Nitrogenous, phosphate and potassium fertilizers were
applied according to soil analysis data. The plots were fertilized with 128 kg/ha P,Os
as triple super phosphate and 145 kg/ha KO in the form of potassium sulfate, each
year before sowing. Nitrogenous fertilizer (ammonium sulfate) was applied
manually at the rate of 124 kg/ha three times before planting, when flowering and
fruit ripening began.

Determination Methods of Plants. Phenological and morphological
observations of plants were made throughout growing season by the method of State
variety trail of agricultural crops [20]. Fruit samples for chemical analyses were
collected in mid-August (which was also the beginning of the fruiting stage), and in
late September (just before experiment completion). The dry material content was
identified by the refractometer IGF-454B2M, sugar — by the Bertrand’s method and
vitamin C — by Moore’s method [21]. The harvest data and economic efficiency of
Mn were also recorded. The economic efficiency assessment was calculated on the
base of relation of the additional yield obtained from a unit area to that of control,
including the expenses spent for it, the material costs of land pre-sowing tillage, plant
care, harvesting and labor costs. Income from additional yield was also assessed.

Data Processing. The experiment was set up according to the block randomi-
zation method with 4 repetitions each consisting of 90 plants in each variant, the feed
surface for each plant was 0.21m?2. Analysis of variance (ANOVA) was performed.
Significance of differences among treatments was tested using the least significant
difference (LSD) method. Differences were judged as significant at p <0.05
according to the F-test. Student's t-test was used to assess the statistical significance
of the difference between means of phenological data of two samples [22, 23].

Results and Discussion.

Impact of Mn on Pepper Growth and Development. It was found out that the
seeds of all Mn treated peppers germinated 2—3 days earlier than control ones. They
grew simultaneously and formed the extensive branched over-ground parts with
larger (16-18%) leaf blades than that of control, as well as well-developed root
systems. The phenological data varied depending on the type and duration of Mn
treatment. In case of Mn treatment for 1 h, the flowering stage was 1-6 days earlier
than that of the control, and fruit setting stage was 1-7 days earlier than that of the
control. These durations of plant development stages were significantly reduced in
the case of 2 h exposure. With Mn treatment for 1 h, the vegetation period was shorter
than the control by 2—-7 days, while the period of vegetable formation was longer by
2-5 days (Tab. 2). Similarly, in the case of 2 h treatment, the vegetation period was
shorter by 7-9 days, and the period of fruits formation was longer by 4-12 days.
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Table 2

The influence of Mn on pepper’s phenophase durations, days
(means followed by the same letter indicate no significant differences at p < 0.05)

- From From From fruit From
g| @ . .~ .| germination | setting to |technical to | Vegetation| Period of
2| =| \Variants |germination - : : - - .
o| S to flowering to fruit technical | biological period | harvesting

setting ripening | ripening

2 |control (water)| 75+1.22 79+1.1° 35+1.4% | 26+1.0° | 140+2.1* | 70+1.1°
g = Mn1lh 72+1.1° 78+1.42 3441.2% | 24+1.2% | 136+1.2° | 73+1.2°
o
53 2 Mn2h 70+1.5° 76+1.3° 33x1.0° 22+0.8° | 131+1.5° | 77+0.8¢
3 § control (water)| 74+1.22 80+1.22 39+1.3% | 26+0.3° | 145+15% | 68+0.9?
% g Mn1lh 73+1.4° 78+1.3° | 37+1.0% | 2440.3" | 139+0.3° | 71+1.2°

N Mn2h 71+1.0° 77+1.5° 35+1.4° | 2440.3° | 136+1.2° | 72+1.3°

- control (water)| 71+0.52 79+0.52 40+1.52 23+1.08 | 142+1.0* | 63+1.1°
g S Mn1lh 67+1.3° 74+1.1° 38+1.6% | 23+1.3° | 140+0.3° | 72+0.8°
= Mn2h 65+1.0° 72+1.5% | 35+1.6° | 23+1.0° | 13540.2° | 75+0.5°
by control (water)| 67+1.12 7240.6° 3741.0° | 26+1.4° | 135+#1.1* | 68+1.2°
T é Mn1h 65+1.1% 70£1.2% | 35+1.2% | 25+1.0° | 130+0.9° | 73x1.1°

Mn2h 63+0.8" 68+1.4° 34+0.8° | 24+0.3° | 126+0.2° | 77+0.5°

At the end of vegetation period, the stems of hot and sweet pepper varieties
were 11.5%-19.5% and 4.0%-7.5% higher than that of control (Fig. 1). In this
experiment, the seeds in the variant with Mn germinated first, then there germinated
the seeds in the variant soaked in the potassium humate, and the last were control
seeds. It should be noted that the additional experiment was carried out in December
at a relatively low temperature, so the process of seed germination was strongly
slowed down, but the difference in the timing of germination was obvious.

70
Plants height, cm
60 E3=s
50 == SR = =
o = = H 1 Control
40 — = H = = H Mn2h
30 B = = = LSDoos — Nush 55— 1.4
= = = 1= Zmrukht — 2.2
1 H 1B = |5 Kon- 093
10 B = = = Punj— 089
= —L = . = . = Fig. 1. The influence of Mn on the pepper
Nush-55 Zmrukht  Kon Punj plants’ height at the end of vegetation, cm.

The observation of seedlings during the replacement showed that a more
developed root system was observed under the influence of Mn and less developed
in the variant with potassium humate, and in both groups the experimental sowings
were superior to those from the control group (Fig. 1). The development of the over-
ground part and the root system was also differentiated. Thus, the stem height of the
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seedlings from the control group achieved 7 cm, in the variant with potassium humat
it was 11 cm, and the highest stems (17 cm) were in the variant with Mn. The latter
variant differs with its large leaf surface. Mn also enhanced the development of big
buds. Treated in Mn variants germinated earlier than the seeds soaked in potassium
humate.

Indicators of Mn Impact on the Quality of Pepper Fruits. Fruit DM (dry
matter) content of the control and Mn treated plants varied between 5.0% and 6.8%
in the technical ripening phase and between 7.5% and 9.1% in the biological ripening
phase (Fig. 2, a).

10 8
Dry matter, % a X ||, | Sugars, % b 3
8 & g = N
N N H 6 % =l
N N N[ = B RN XN
6 N =EN =N BN BN N
N TN 4 S\ .\ -\
N TN =N =N N =)
4 - s—; N 3 :s =\ N N
N TR , IR TR (TR RN
2 HPEN-F RN N N N N
N [T RSB E\mE| SXmE S\mf =\
o FEEN I N | 5 . N TEN [PEN [PEN
Nush-55|Zmrukht' Kon ' Punj Nush-55 'Zrnrukht' Kon ' Punj
300
Vitamin C, mg% c
250 5@ %
200 és = E\\‘ =
=N ES =N B
150 :s z zs z 2] Technical ripening phase Control
= E§ =N = B Technical ripening phase Mn 2 h
100 =N §§ SN = B Biological ripening phase Control
:ES :§ . —s == Biological ripening phase Mn 2 h
50 - Z : Z
EQAI‘ES‘(E\Q‘IGE Fig. 2. Mn influence on the content of dry
0 - :‘:I . as t‘ : : matter, % (a), sugar, % (b) and vitamin C,
Nush-55 Zmrukht Kon Punj mg % (c) contents in pepper fruits.

The increase in sugar content in biologically ripe fruits varied between 3.6%
and 9.7% (Fig. 2, b). The best result for vitamin C was recorded for Nush-55 (6.3%)
compared to the control (Fig. 2, ¢).

Economic Efficiency of Mn Application. The economic efficiency of Mn
application to pepper was also estimated. The cost of pepper cultivation was
$2666.7 per ha, while the average selling price for the sweet varieties of pepper was
$0.208 per kg, for the hot pepper Kon — $0.313 per kg, and for Punj — $0.417 per kg.
As it can be seen from Tab. 2, the net income increased regardless of the soaking
exposition for all the pepper varieties under experiment. With 1 h exposure, the net
income increased compared to the control by 8.1%-15.7%, while with 2 h exposure
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it amounted to 15.8%-19.0%. The highest net income was received with Zmrukht and
Punj (Tab. 3).

Table 3
Mn economic efficiency on pepper
(means followed by the same letter indicate no significant differences)
al 2 Total, fresh Yeild . Income
g @ . . . . Gain from Income, :
S| s Variant ripe fruit increase to sale, $/ha $/ha increase to
> yield, t/ha | control, % ' control, %
o |_control (water) 45,02 - 9360.0 6693.3 -
2 Mnih 47.6° 5.7 9900.8 7234.1 8.07
‘é é Mn2h 50.1°¢ 11.3 10420.8 7754.1 15.8
o LSDo.os 0.01
T = control (water) 47.0? — 9776.0 7109.3 —
% = Mnlh 52.20 11.0 10857.6 8190.9 15.2
£ Mn 2 h 53.5¢ 13.8 11128.0 8461.3 19.0
N LSDo.os 0.015
control (water) 35.08 - 10955.0 8288.3 -
5 Mn 1 h 37.6° 7.4 11768.8 9102.1 9.8
] X Mn 2 h 39.2¢ 12.0 12269.6 9602.9 15.8
S LSDo.os 0.06
g control (water) 25.08 - 10508.4 7841.7 -
T| < Mn 1 h 27.0° 7.1 11259.0 8592.3 9.5
o Mn2h 28.5°¢ 13.0 11884.5 9217.8 175
LSDo.os 0.05

A significant effect was observed in relation to the growth rate of plants during
periods of transition from budding to flowering and intensive fruit formation, when
stem growth generally slows down. Our experimental results coincide with the data
reported by different authors [12, 24, 25]. Biochemical analysis also revealed
differences in the quality of plant sugars, significant substances that determine the
taste of pepper fruits [26, 27] and stabilize vitamin C [28]. In general, the vegetables
and fruits contain a lot of vitamin C, which is usually manifested in a high content
of carbohydrates. Pepper has a high content of vitamin C and a high concentration
of sugar [27-30]. The fruit dry matter (DM) in fruits of Mn treated Nush-55, Kon
and Punj plants was significantly higher than that of the control plants.

Based on the data for sugar content (Fig. 2, b), it could be concluded that the
hot pepper varieties were more sensitive to Mn than the sweet ones. The dry matter,
sugars and ascorbic acid (Fig. 2, a—c) were significantly increased in peppers treated
for 2 h. The growth of mycorrhiza on the roots of the treated plants stimulated fruit
setting even during the longest hot period (39-40°C). This indicated the development
of resistance of the treated plants without decline of their fruits” biochemical indices.
Similar results were gotten for seeds of pumpkin, cucumber and beans soaked in Mn
solution for our other field experiments [15]. There is no doubt that mycorrhiza
development improved not only the supply of water and mineral elements, but also
the development of the leaf blades, which also impacted fruits ripening.
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Our previous experiments have already proven that Btm application was much
more effective with double treatment (seed soaking before sowing and seedling
watering before planting). This was due to the fact that melanin induces the
development of an extra root system, branching, and an increase in flower number,
which together increase plants' productivity [12]. The same results were obtained
with the pepper seeds soaking in Mn for 2 h. The Mn impact was most clearly noticed
on Zmrukht, whose crop surpassed the control by 13.8% (53.5 t/ha vs. 47.0 t/ha in
the control). A similar result (13.0%) was recorded for variety Punj (Tab. 2). The
latter was tested with Btm too; after soaking its seeds into Btm solution and watering
seedlings with the same solution before planting in the field, a significantly higher
crop and longer period of fruit formation have been observed (two weeks after
withering of the control plants) [16].

Thus, Mn and the other biopreparations stimulated every stage of development,
optimizing development of plants. Most likely, these changes occur due to the
phytohormones from the auxins group, since processes that are mainly controlled by
these hormones are amplified — increase in heght, thickening and branching of stems
and roots due to activation of the apical and lateral meristem, cambium, respectively.

Conclusion. The results obtained allow us to conclude that Mn improves the
agronomical and economic-valuable indicators of sweet and hot pepper in various
degrees, which depends on the duration of treatment and on the crop variety.
Effectiveness is high when the seeds are soaked in a 0.01% Mn solution for 2 h. Mn
application on the vegetables is expedient and profitable in Armenia.
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Q. U. UUprShrAU3UYL, U. 6. UQur3dy, U. & @N2NML3UL

UbunNuvES UhunNn,rpou3hu MUS,UUSNMD UQYG8NME-3NRLE
naMGah uarnuNUbiutdy 6d. SuScululv ALNMEUG-LELR U

Udthnthnid

MunuiGuuhpnipjub GuuwnwlG b intp wunpgt] Endo mtiuwyh UhynGtin
(Mn) hnyuywl shynphqujhG ywwpwuwmniyjh wqnbgnipnilp pungp L Jom
wynutinh wpmwnpmpjwl wgnnlndpwwb b mGnbtuwwb pnipugntinh Yypw:
MumiGuwuhpnpniGG hpwywGwgyt] £ wnutinh tpynt pungn (Qupnifun L
‘Ln12-55) L pynt Yont unpubtph (UnG L ®nile) htin: GnpdtinG hpwlywlwgyty GG
wwwnwhwlwlnmpjul dtpnnny: 8niyg £ wmpyty, np Mn-p dtowglmu £ pungnp b
yonmt wnwbnh YhGuwpwlwlwl L wmbntuwyul pGmpwgptpp Juwhujwo
dywljiwl munnmpjniGhg L unpmhg: Unwyt] wpniGuytmnipniG npulnpt £
2 dwdjw tywynudp: Qnp Gyniph wupniGwynipjnilp wybkjugty £ ny qquihnptd,
pwjg wjG wybjughy L pwpwph L wuynpphGwppyh hwdwn: LugwagniyG wpnniGp
unwgyly £ «Quipmjun»-h nhypnd: <wyyh wnGhmny, np Mn-G wybjuglGmy t
pwngp L Jom wnutnh wgpnGnihwywl L mlGumbuwlul pGmpwgnbtpp, wjh
Jupnn £ wnwownpyyty ynutinh wpnwnpnipjwl hwdwnp:

I'. C. MAPTHUPOCSH, K.T'. ABAPSH, A. A. TPUVHSIH

BJIMSAHUE MUKOPU3HOI'O TIPEITAPATA MUKOHET HA LIEHHBIE
AT'POHOMUMWYECKUE 1 DKOHOMUWYECKHUE T[TOKA3ATEJIM [TEPLIA

Pe3rome

Lenbto uccnenoBanus ObUIO ONMpeneNieHUE BIMSHUS MHAUMCKOTO MHUKOPHU3-
Horo npenapara Mukonet (Mn) Tuna DHI0 Ha arpOHOMHYECKHE B SKOHOMHYECKHUE
MOKa3aTeNnd TPOM3BOJACTBA OCTPOIO M CIAJKOro mepra. B akcrmepuMeHTax
ucnosb3oBanu nBa ciaankux (3mMpyxt u Hym-55) u nBa octpeix (Kou u IlyHmx)
copTa mepia. DKCIePUMEHTHI TPOBOJIUIIUCH MO OJIIOYHON METOIMKE PaHIOMH3AIIUH.
bbuto mokazaHo, uro Mn moBbIIaeT OHOJIOTHYECKUE W SKOHOMHUYECKUE XapaKTe-
PUCTUKH CJaJKOTO M OCTPOro Mepla B 3aBUCHMMOCTU OT MPOAOJDKUTEIBHOCTH
o0paboTku u copta. Haubosiee sddexTrBHBIMU ObLIM 2-yacoBbIE 00pPaOOTKH.
ConeprkaHue Cyxoro BelleCTBa YBEINUMBAIIOCh HE3HAYUTENHHO, HO OHO YBEITHYHUBAIOCH
IUI caxapoB M acKOpOMHOBOH KHCIOTHL. Hammyummid ekt Obut momyueH amis
copta 3MpyXT. YuuThIBas, 94To MN MOBBIIa€T arpOHOMUYECKUE 1 IKOHOMUUECKHUE
XapaKTepUCTUKU CIAJKOTO U OCTporo mepma, Mn MOXHO PEeKOMEHIIOBAThH JUIS
MIPOM3BOJCTBA HEpIIa.



