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Abstract:

Our goal is to incorporate in the complex of citrus agrotechnical activities such technologies
that will significantly increase the natural storability of mandarin fruits, in production and in
short time in normal conditions, in the process of storage and sale. To this end, we conducted
a large-scale experiment and included in the complex of agrotechnical measures the
biopreparation “Gaupsin” of Ukrainian production, which protects plants from pests and
diseases, promotes their growth and development, improves fruit bearing and qualitative
indicators, in their number, increasing of storability. Gaupsin, as a bacterial fungicidal
preparation, exhibits insecticidal properties, destroys pests, and with these and other
properties, Gaupsin allows us to obtain high-quality and storable mandarin fruits. Its use is
effective for processing of containers and boxes. At the same time, the preparation is
environmentally friendly. Use of the biopreparation Gaupsin has shown a tendency to
improve agrochemical parameters of soil; yield and quality parameters significantly increase.
The parameters of adverse action of pests and diseases (especially silver mites and
anthracnose) decreased to minimum. Natural fruit storability increases, at the cost of
improvement of general physiological condition of fruits and neutralization of the pathogen,
which shows the positive impact of the biopreparation in terms of fruit bearing. It should also
be noted that the use of Gaupsin has practically eliminated the alternating bearing of
mandarins and we every year obtain quantitatively and qualitatively stable harvest.

During the experimental period, we monitored the spread of pest disease on a monthly
basis by means of commissions, focusing on monitoring the spread of such pests that
significantly harm the growth and crop quality of mandarin. These include silver mites (40-
45% harmfulness), citrus red mites Panonychus citri (45-50% harmfulness), elongated grey
citrus scale (20-25% harmfulness), anthracnose (20%), wart disease (25%), black spots (25-
30%). They each damage leaves, fruits, twigs and buds of plants. Anthracnose is particularly
potent in conditions of fruit storage. The blackness caused by the fungal excretion of
saprophyte fungi inhibits plant respiration and photosynthesis processes. The crop decreases
and fruit loses its commodity, so these fruits are most easily damaged during storage by
fungi of penicillium group and they spoil as quickly as possible. Losses from fruit
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breakdown are so significant that such fruits are virtually unusable not only for fresh
consumption, but also from the point of view of industrial processing. At the same time, the
environment is heavily polluted and it is also dangerous in subsequent years.

Based on our experimental data, we have developed calibrator for mandarin fruit and a
mobile device for processing with Gaupsin, which has been handed over to newly
established cooperatives. Serial manufacturing of such simple machine will resolve the
problem of commodity processing of mandarin fruit by the biopreparation Gaupsin, and the
farmer will be able to obtain on the spot products storable in commodity state, and the
retailer will be guaranteed to minimize losses during the transportation and sale.

Introduction:

The storability of citrus fruits is one of the key factors of their quality that has received little
attention in our reality. In this regard the most important loss is of mandarin fruits during the
processes of storage, transportation and sale. More than 20% of the produced fruit is lost
during transportation and storage for a short time under normal and even stationary storage
conditions and cannot reach the consumer [1, 2]. The storability of mandarin fruits depends
on many factors, including the complex agrotechnical measures, variety characteristics, soil
exposure, soil type and fertility, the technology of picking and processing, means and modes
of storage and transportation. The limited harvesting time does not allow the farmer to fully
comply with all agrotechnical and commodity processing technologies. Problems with the
realization in the short-term of a large number of matured mandarin fruits, even industrial
processing, is associated with a number of difficulties, and the result is truly detrimental to
both the farmer and the retailer businessman [3, 4]. The essence of the problems lies in the
fact that the breathing process is very intensive in mandarin fruits after harvesting, which
intensifies the process of metabolism, and excretion of temperature and accumulation of
ethylene, which results in a faster entering of fruits in the stage of biological maturity and
activation of pathogenic microorganisms, resulting in increasing of natural and total losses,
significantly damaging primarily the farmer, retailer and the whole sector economy [5, 6]. In
order to eliminate the above-mentioned problems in world practice there are widely
established the technologies of washing of fruit, disinfection and processing with film
coating preparations, pre-cooling and storage of fruit in refrigerators for short-term and long-
term storage. At the same time, the technologies of storage of fruit in refrigerated and
regulated gases conditions, as well as storage in stationary warehouses are widely
introduced. It should also be noted that orange fruits make up more than 80% of the world
production of citrus; their storability is significantly higher than that of mandarins, and the
implementation of these technologies does not have the desired effect on mandarins [7,8].

Method and object:

Therefore, our goal is to incorporate in agrotechnical complexes such technologies that will
significantly increase the natural storability of mandarin fruits, in production and in short
time under normal conditions, during storage and sale [9,10]. To this end, we conducted a
large-scale experiments: in the complex of agrotechnical measures has been included the
biopreparation Gaupsin, of Ukrainian production, developed by the Microbiology and
Virology Research Institute of the Ukrainian Academy of Sciences that is widely used in the
agrotechnology of production and processing of fruit and vegetable [10,11,12]. This
preparation has not been registered in Georgia yet, so in 2014 we have submitted the
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application to the National Food Agency of the Ministry of Agriculture of Georgia to import
the pilot batch of preparation with the purpose of conduction of experiments. Our request has
been satisfied and we have imported the preparation “Gaupsin" with various periodicity.
The preparation Gaupsin is based on a combination of the industrial strains of bacteria
Pseudomonas aureofaciens B-206, B-111 and protects plants from pests and diseases,
promotes their growth and development, improves productivity and quality parameters,
including increased storability. The research by Ukrainian scientists has shown that Gaupsin
promotes the transition of the hardly soluble nutrients in the soil to the state assimilable for
plants; suppresses pathogenic microorganisms by excreted indole acetic acid, promotes the
propagation in soil of rhizobia, fixing atmospheric nitrogen through them and providing the
plants with atmospheric nitrogen. In one year, 200-300 kg of nitrogen is accumulated per
hectare. Gaupsin, as a bacterial fungicidal preparation, also exhibits the insecticidal
properties, destroys pests; due to these and other properties, Gaupsin allows us to obtain
high-quality and storable mandarin fruits. Its use is effective in the processing of containers
and boxes. At the same time, the preparation is environmentally friendly [13,14,15,16,17].

Experimental part:

In 2014-2017 we studied the effectiveness of “Gaupsin” in the stationary field experiments in
the mandarin garden, spraying on the plant and sprinkling the soil. During the vegetation
period, once per month we used one portion of the preparation diluted in 50 | of warm water.
Trials were repeated 6 times in triplicate, and in the variant, there were 18 plants.

The scheme of experiment was as follows:

1. NPK by agronomical regulations

2. NPK by 0.5 of agrotechnical dose

3. NPK 0.5 agrotechnical dose + Gaupsin sprayed, in vegetation period once monthly.

4. Gaupsin sprayed once monthly

5. Gaupsin sprayed 10 days earlier the harvesting of fruits

6. Gaupsin sprayed on fruits before storage.

We used as fertilizer NPK of Russian production with 15-15-15% contents of nutrients.
Gaupsin was dissolved in water 1:50. Tests were conducted in the beginning and before the
harvesting. In the autumn we have taken soil samples at a depth of 0-40 cm and determined
the agrochemical parameters. At the same time, monthly before sprinkling of Gaupsin we
took soil samples at 0—20 cm depth and determined nitrogen contents. At the beginning of
the first and second vegetation, we took leaf specimens from the middle tier of the test plant
to the last shoot from the growth cone down to the 3-rd and 4-th leaves and determined the
agrochemical indices (Table 1). During the vegetation period, we monitored plant diseases at
the end of each month by means of commission. In autumn in the stage of fruit ripening, we
picked the fruits and weighed per each test plant. In addition to the mentioned, we had a
model plant in each of these units, from which we obtained 3 boxes of fruits visually
identical in size. In each box, we kept the same number of fruits and stored them in a
specially designated room at temperatures of 10-15°C, inspecting the stored fruit every 15
days. We weighed, estimated natural losses and counted the number of healthy and infected
fruits (Table 2,3)

Results and discussion:
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Table 1. Agrochemical parameters of soil before beginning of experiment, 2014

Variants pH Total | Total Assimilable Base
humus | nitrog | Hydro absorption
water | KCI | o4 en, % |lized | K20 P20s | sum, %
nitrog | mg/100 | mg/100
enmg/kg
1 | Repetition | 6.0 58 |16 0.8 140 0.5(bar | 22(avg | 0.45
) )
2 | Repetition | 6.2 5.9 1.5 0.7 138 0.6(bar | 20(avg | 0.49
) )
Period of experiment 21.07.2017
3 |NPK by|6.3 6.0 1.5 0.4 138 3.0(av | 22(avg
agrotechnic v) ) 0.50
al
regulations
4 INPK 0.5
agrotechnic | 6.3 6.9 1.5 0.5 130 2.5(v |25 0.46
al dose 9) (avg)
NPKO0.5
5 | agro dose + | 6.3 6.0 1.7 0.6 140 2.5(v |27 0.48
Gaupsin 9) (avg)
sprayed
6 | Gaupsin 0.49
sprayed 6.3 6.0 1.8 0.6 140 2.7(av | 27
and 9) (avg)
sprinkling
on soil

Agrochemical analyzes of soil samples were carried out according to the following methods:
total humus by Tiurin method GOST 25336-82, total nitrogen by micro chromium method
GOST 22268-89, hydrolytic nitrogen by Tiurin and Konanova method GOST 22267-88,
assimilable phosphorus by Oniani method GOST 26206-91, assimilable potassium by the
device SOIL TEST-500 and Oniani method, GOST 1985: 228-295, pH determination in
water and KCI extracts by GOST 27753.3-88, base absorption sum by Kappen method.

As can be seen from the table, before the experiment pH of the soil was characterized
by a weak acidic reaction, which was caused by use of defecation mud (15 kg per 1 plant) 3
years before the test. Total humus is within the range of 1.5-1.6%. The NPK rate is also low.
There is no significant increase in the basic soil agrochemical indices during the test period.

Table 2. Mandarin yield in kg, average per one plant

Variants 2014 12015 2016 |2017 |In Average per
total plant
NPK by | 43 50 45 52 120 48.5
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agrotechnical
regulations
NPK 0.5 agro. dose | 38 45 43 45 194 45.0
NPK 0.5 agro. dose | 52 54 48 50 204 51.0
+Gaupsin sprayed
Gaupsin sprayed | 49 53 41 50 194 49.5
and sprinkling on
soil

Gaupsin sprayed 5|48 52 45 51 196 49.0
days earlier the
harvesting

By productivity (Table 2), we obtained a lower harvest for NPK agronomic variant compared
to NPK 0.5 agrotechnical variant, and the yield of all variants of application of Gaupsin was
significantly higher than the variant of NPK according to agrotechnical regulations. The
NPK 0.5 agrotechnical dose + Gaupsin sprayed is to be particularly noted, which indicates
the positive effect of this preparation in terms of productivity. It should also be noted that the
use of Gaupsin has virtually eliminated the alternating bearing of mandarins and we obtained
quantitatively and qualitatively stable yield over the years.

Table 3. Data on storage on average, 2015- 2017

Quantity of | Healthy fruits | Healthy fruits
Variants fruits in pcs in | after 15 days after 25 days
the beginning
of the
experiment
1 | NPK by agro.regulations 100 93 85
2 | NPK 0.5 agrotechnical dose 100 95 87
3| NPK 0.5 agr.dose +Gaupsin | 100 100 95
sprayed
4 | Gaupsin sprayed and | 100 100 96
sprinkling on soil
5| Gaupsin  sprayed  before | 100 100 100
harvesting
6 | Gaupsin  sprayed  before | 100 100 100
harvesting and spraying on
fruits Dbefore storage and
further each 15 days

The main purpose of our research work was to determine the effect of Gaupsin on the
storability of mandarin fruits. To this end, in the experimental period according to years
(2014 - 2017) during the harvest from all variants (from model plants) we obtained 100
separate fruits of equal sizes, weighed and placed them in a specially designated storage
room in conditions of 10-12°C, and inspected them every 15 days, we counted healthy and
damaged fruit, weighed, estimated the losses in weight, as well as total and natural losses.
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As can be seen from the table, in normal conditions, during 15 days in the variant of the
NPK agrotechnical regulations 7% of fruit was damaged. Almost the same picture was given
by the variant of NPK 0.5 dose. And in the variants where the preparation Gaupsin was used,
the yield of healthy fruit was 100%. The same 100% of healthy fruits were maintained at
storage for 25 days, sprayed by Gaupsin before harvest, and sprayed by Gaupsin during
commodity processing.

Conclusion:

Thus, the results of our studies confirm that biopreparation Gaupsin significantly reduces the
major pests of mandarin plants, the tendency of increasing of soil fertility is noted, yield and
natural storability of produced fruits increases. Therefore, we recommend that citrus farmers
in citrus orchards use a biopreparation Gaupsin in the vegetation period by spraying on the
plant once a month and 5-10 days before harvesting and on the fruit and vegetable crop,
before harvesting to process the working boxes and storage containers by water solution 1:50
of Gaupsin.
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Doty gboos 535009903mb 356m 353mbodols BogM

M959MSGO: B39bL  FoBSbL  HoMmBMmoagbl  FoGHOMLMZbmS  saMMEgdbozme
©mbolidogdoms  3mA3wgdbdo  obgomo  B9dbmemyogdol  Bsrm3s,  MHMIgEros
d60093b9crmgzbo  2oBOEOL  Fobotmobols  bosymxygdol  dmbgd®mog  F9bobgzol-
MBo0sbMdSL, HoMdmgdols s dm3wg OHMmom B39mMwgdMog 300mmdgddo, Tgbsbao
95¢00Bs300lL 3OM39Ld0. 53 B0Bbom B3z9bL Joge Bo@o®mgdIo 15305ME VoM™
dolBBHo00sbo  9Ju3gM0dgbBHol  306MMdd30  SAMMEH9Ib03MOH  Mmbolidogdoms
3033wgdbdo BsOMEo 0dbs M3M90bmmo FoMdmgdol 30m3Mg35M5E0 ,Q9BLobo",
M™Igeog 033 33gbsem9ggdls 8o3b690gdols O 93500GdG00LOYSD, Bgel MFymdl
o0 DO 2ob3005Mx05L,  ALLTMOSMMIL O  bomobbmdMog  dsB3969d¢gdol
299X MBYdL, B Fearols GGBobZOL-1BsM0IBMBOL AsDBOHPIL.  ,,49RLOBO", HmyME 3
05JB9MoMwo RMbaroE0IOH0 dmgdggdol 36M93sMe@0 53w gbl  0bLgddo0e
30L9090L, 565 MMGOL 53690 gdl, 5T o Lb3gs 1301909006 QsdMmIObstg
»3O9IRLOBOLY  490mygbgdom  FqlodErgdermds 439dwg3s dogoMMmm Fsbsmobols
9505bsMolbosbo s Fgbsbgzol-mbomosbo bogmagdo. dolo gs8myggbgds 9239dEI0s
BoMOgLMYdOLSY @S  YmMmgdol  OLOTTF9390OE.  0TIZPOMMIWSE  3MJ39MOEO
93MWMAO0MMS©O LMBmos.  30Mm3M35M@0  2oRLOLBOL 2s8mygbgdoom s0bodbgds
Booogol  spdmdodony®o  BsB39690egdols  odxmoglgool B9bgbaos,
9600369m3bs  0BMgds  FMLO30sbMmds s bs®olbmdMogzo  dsB39690gdo.
90608359 999300930 3536909 935090 gd0L  MeMIymzBomo  JdggdoL
95839690¢gd0  (QobLo3MMEGB0m  39MEbEoLYdMMHO  BH303d o SBMMOIbMBO)
0bOEIds  Bogmxuqgdol dmbgdMogzo  Fgbobgzol-bse0sbmds, Mmyme  bogmagdol
LOgOPM  BOBOMEMAOMMO FEYMIIMJMIOL  2omdxMdILYOOL slg3g JsmmYgbmMo
90360MmMm®m560Dd9d0L 2593690 mdoL  Jg9gaBg, MoE 803356036908 S©bodbmeEro
3619356M530L ©IO0m 453w 9bsBg FMb30sbMBdOL MZoelisbOolom. o939 wbs
500b0dbml ol qo6gdmgdss, ®md,  9xRLobol  2sdmygbadm  3MdEH03s©
503MmoybzMs 39b6EM0bolsmM30l sdsbolinsmgdgEo JMmbogzE0sbmdols dgfegmds s
Pargdol  dobgzom  3090MMdm  MOMmEIbMdMH0Z350  ©d  bsmolbMmdM035©
BGO00E dMBogoWL.

3OO0l 39M0omEdo  YmMm39wm30vMs©  39bgboom 3536909 ©9350090gd0L
3930 39w9gd0L IMboMMobal 3m3olbowemo [gloom, 4O EIds 493585H30¢gm OLYMO
95369090 99350093900l 930 39EgdoL  JmboBMMobybyg, MHMIgwms 35369MdS
3600369356 D0osbL 094gbgdls dsbo®moboll BEs 236305MGOSL s FmlisgErol
bs®olbL. sLgmgo0s 39MEboLgmo 33035 (Bo3bgmds 40-45%), EFoGMMLMZsBM
09030960 fomgmo 3035 ( Bo3bgmds 45-50%), EFoGHOMLMZBMs FoaMdgwgdmwo
05005 3ORBM050S ( 35369mds 20-25%), s6mEobmBo (20%), 39F9F0sbmds (25%),
0530 5g056Md5(25-30%). ®om™mgmMeEro domyobo sD0sbgdls 396560l FmoEgols,
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Boymazgdl, ywm®m@GHgols o 3300F0L.  bMMObmlo  2sblogmmEmgdom  dwoge
30bgds  bogmeuqdol Jgbobgzol 306MHmdgddo. 10Bs3g, MHMIJoiE Podmfzgmwos
Lo3OMBOE0  bLm3mgdol  godmbsgmxzoom  sg3gMbadl  d3gbscol  Lwmbodrdzols o
RGHMLobmgBol  3MMEgLgdL.  F30MEYds  Tmbogswo s  bogmxygdo 3560396
LoboJMberm  Lobgls, Tglodsdolo sLgmo boymxygdo  FodLOTsE MM  SOIOWS
B05bgd056  Fgbobzol ML  3gbogowrodols X3IBOL  Lm3mgdoms Qo
9ogboBo MO LRGSR 390056, 65356900 3Mdol Fggro© 0d9bs©
3600369035605, MM™3 SLgmO  bogmxygdo  3MOJdBH03MO©  A9TMNMLOIRIM0S 9GS
doMGM  bgows  ImbdsMgdolmgol, 9039 LsdMgfizgwrm 250058v9d53900L
035LOBOOLOME. 98939 OML 36033690 M3b5© d0bIMMPIdS QMM o Lododos
0900pamd {ergddogs.

B39bl dogH dopgdmmo  9du3geodgbEmwo  dmbsi39dgdol  Lyxdzgeby
0930099053900  856oG0bols  Bogmgoll  @s33o0dMgdgmo @  39xLobom
05399953900l IMDOWIMO B YIM0, HMTYJOE A9IY3S b BodMYs0dGdmen
33960530390l sgoo  Bo®GH030 sbsYIMOL LYMOMEOo (oMTMGO0? 250 FMHYdS
99bot0bol  Lolodmberm  gosddsgzgdol  3MMdgds 361935653  omxzLbobol
399my9bgd0m s 939MHIGML F9d0s 5EAO0DHY 800Mb Lobodmbem Lsbol dgbsbgzol
MBot0sbo 36MH™M©MJ309. beem 950D GHMM0 2505600900
AG®BL3MOEH0MGOS 95e0DOE00L ML Jodlodor ™Mo d9od30MmML IBS35MAIdO.
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