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rial spot causative pathogen Xanthomonas vesicatoria

Nanuli Amashukeli
Dali Gaganidze
Neli Sturua
Shorena Kharadze

Tinatin Sadunishvili
Durmishidze Institute of Biochemistry and Biotechnology,

Agricultural University of Georgia, 240, David Aghmashenebeli
Alley, 0159 Thilisi, Georgia

Abstract: Bacterial spot, caused by Gram-negative
phytpathogenic bacteria Xanthomonas campestris pv.
vesicatoria is one of the de vastating diseases, that
causes significant decrease in tomato and peper yield
and economic loss. With the aim of search of natural
means against the diseases study has been conducted
on the influence of immune stimulation preparation of
plant origin Lignohumate AM on tomato protection
from bacterial spot while seeds inoculation with dis-
ease causative pathogen X. vesicatoria. Inoculation of
tomato seeds have been carried out with X. vesicato-
ria  strains No2255 and No2256, isolated by us from
bacterial spot diseased tomato leaves, collected in Kartli
Region, Georgia in 2014-2015 years, as well as with
Ref. strain NCPPB422. For the seeds inoculation 24h
grown on 2% potato agar culture (108 CFU/ml) wash-
out suspensions were used. In some variants 4hour
water soaked seeds were simultaneously inoculated by
X vesicatoria different strains and treated with ligno-
humate during 1 hour at 24°C. Control variant — intact
seeds were soaked in sterile water during 5 hours at
24°C. Some seeds before or simulatneously with bac-
teria inoculation were treated with 10% Lignohumate
AM solution. As a result of inoculation with X. vesica-
toria virulent strains the amount of grown seedlings de-
creased by 75% as compared to intact seeds. Treatment
of seeds with Lignohumate, simultaneously or before
the inoculation by X. vesicatoria, resulted in 3.0-3.5
times increase in growth and development as compared
to untreated inoculated seeds. The results indicate on
efficiency of lignohumate AM in protection of tomato
seeds from X. vesicatoria infection.
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INTRODUCTION

One of the deliterarious diseases of tometo and peper,
bacterial spot is caused by Gram negative phytopatho-
gen Xanthomonas campestris pv. vesicatoria (Doidge)
Dye. Xanthomonas vesicatoria infects tomato seeds,
all aboveground parts (foliages and stems) and green
fruits, as a result of which black spots are formed on
them [Bulletin OEPP/EPPO Bulletin, 2013].

The infection occurs after mechanical injury, and is
displayed in angular, irregular-shaped spots on foliages
and in slightly developed scabby spots on fruits, result-
ing in defoliation, diseased fruits and reduction of yield.

X. vesicatoria survive in the infected remains of to-
mato plant in winter. Conditions for the development
of the disease are temperature 24-300°C, high humidity
and rain. The bacteria dissemination is caused by wind
or irrigation, as well as some agrotechnic measures. The
seed is also a means of survival and spread of patho-
gen. X. vesicatoria retain the patogenicity on seeds for
2 years and can be transplanted from the diseased seeds
to healthy ones, resulting in decrease of tomato plants
and economic loss. The phytopathogen also can accu-
mulate in soil where they are able to survive during a
year [Jones et al., 2000].

Currently, integrated management, including agro-
technical measures, chemical control and resistant plant
selection are applied to fight the bacterial spot disease.
There are no resistant plants to pathovars of Xanthomon-
as campestris pv. vesicatoria. Agrotechnical measures
such as the selection of healthy transplant, burning of
vegetation debris, three or more year’s rotation of crops
are almost ineffective. Copper salts, especially insolu-
ble in water are effective for treatment of aboveground
parts of plants [Marco and Stall, 1983]. However, reli-
ance on copper pesticides is questioning because of the
formation of tolerant strains [Voloudakis et al., 2005],
as well as phytotoxicity [Momol et al., 2002] and soil
contamination, especially when applied in high concen-
trations to overcome the adverse conditions of weather.
The possibility to use alternative control methods has
been demonstrated using systemic aquired resistance
(SAR) inducers that cause activation of plant protection
reactions [Louws et al., 2001; Obradovich et al., 2002].

Actigard, a systemic compound containing the ac-
tive ingredient acibenzolar-S-methyl, exhibits a unique
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mode of action that mimics the natural systemic acti-
vated resistance (SAR) response found in many plants
(Gao et al., 2014). Actigard, that provides protection
against bacterial speck and bacterial spot in tomatoes,
and blue mold in tobacco has received approval for use
in Canada [https://www.fruitandveggie.com/vegeta-
bles/actigard-approved-for-use-in-canada-10313].

Due to ecological challenges, for developent of
modern agriculture, it is important to search natural,
biological preparations/means against tomato bacterial
spot and plant bacterial diseases in common. One such
alternative could be application of bacterial viruses
[Jones et al., 2007, Ghudumidze et al., 2005, Sadunish-
vili, Kvesitadze, 2015].

Lignohumate is a humic fertilizer obtained through
oxidation/hydrolytic destruction of lignin-containing
raw materials. This preparation as advertized possesses
a broad spectrum of activity on plants: is growth stimu-
lator; improves vitality and health condition of plant;
supports resistance against stressing factors; increases
high and low-temperature stability; strengthens im-
munity of plants; Lignohumate increases efficiency of
processing of seed material, suppression of pathogens
propagation (http://lignohumate.co.uk; https://www.
amagro.com). Lignohumate AM is enriched with trace
quantities of basic micro-elements in the form of che-
lates [Amagro Humic Substances https://www.amagro.
com/lignohumate-am.html].

It was reported that Lignohumate promotes growth
and development of bacteria, such as Pseudomonas,
Agrobacterium, Flavobacterium, Bacillus and Arthro-
bacter. 1t’s stimulatory effect on nitrogen-fixing bacte-
ria at minor concentrations, and inhibition of growth of
some bacteria species at high concentrations have been
demonstrated [Tugarinov et al., 2009]. Lignohumate
was shown to promote growth of soil microorganisms
[Lipsa et al., 2012]. There is no literature on the ability
of this natural preparation to plant protection from bac-
terial diseases caused by phytopathogens.

The aim of the present paper is to study the poten-
tial of Lignohumate to prevent tomato from bacterial
spot while seeds inoculation with causative pathogen X.
vesicatoria.

MATERIAL AND METHODS
Studies have been carried out on seeds of Georgian va-
riety Pink tomato. Visually healthy seeds were checked
on their germinability.

The commercial preparation “Lignohumate AM”
(https://www.amagro.com/lignohumate-am.html) were

29

applied in experiments. 10% Sterile water solution of
the preparatuion was used for seed treatment.

Initially about 500 seeds of tomato were treated by
desinfectant solution, commrcial ACE at 1:3 ratio dur-
ing 10 minutes. After that, seeds were washed 10 times
with sterile water and dried on sterile filter paper in
laminar box. For germination, seeds in amount 50-50
for each variant of experiment were soaked in sterile
water or in 10% sterile water solution of Lignohumate
AM, according to manufacturer’s instruction, during 4
hours at 24°C.

For inoculation of seeds X. vesicatoria strains
No2255 and No2256, isolated by us from bacterial
spot diseased tomato leaves, collected in Kartli Region,
Georgia in 2014-2015 years, as well as Ref. strain NCP-
PB422 were used. Soaked in sterile water or Lignohu-
mate 10% solution seeds during 4 hours were inocu-
lated by X vesicatoria strains 24h grown on 2% potato
agar culture (108 CFU/ml) washout suspensions during
1 hour at 24°C. In some variants 4 hour water soaked
seeds were simultaneously inoculated by X. vesicatoria
different strains and Lignohumate treated during 1 hour
at 24°C. Control variant — instact seeds were soaked in
sterile water during 5 hours at 24°C.

Treated in different ways tomato seeds were sown
in separate pots with soil and placed at desirable for X.
vesicatoria conditions, in particular 24-28°C tempara-
ture at good aeration. High humidity was maintained by
intensive watering.

RESULTS AND DISCUSSION

Tomato seedlings grown from: intact seeds, X
vesicatoria three different strains inoculated seeds; Lig-
nohumate AM preptreated inoculated seeds; seeds si-
multaneously inoculated and treated with Lignohumate
AM (Fig. 1-4).

As seen, tomato seedlings, grown from inoculated
by X. vesicatoria three different strains are far behind
in growth both in quantity or quality as compared to
seedlings from intact seeds. On the contrary, seedlings
grown from Lignohumate AM treated seeds, either be-
fore or simultaneously with inoculation do not differ
are almost similar with intact seeds grown seedlings.
In particular, seedlings grown from X. vesicatoria in-
oculated and Lignohumate treated seeds were almost of
the same length (24-26 cm) as controls (25 cm), on the
contrary to pathogen inoclutaed seedlings, which were
of 12.5-13 cm.

Numeral data of seedlings grown from X. vesicato-
ria inoculated and Lignohumate AM treated seeds is
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Figure 1. Tomato seedlings grown from intact seeds.

Figure 2. Tomato seedlings, grown from X. vesicatoria
strain NCPPB 422 inoculated seeds: A. X. vesicatoria
NCPPB 422 inoculated; B. Pretreated by Lignohumate
AM before inoculation; C. Inoculated and treated by
Lignohumate AM simultaneously.

represented on Fig. 5. As seen, 37 seedlings were grown
from 50 tomato intact seeds (Fig. 5.1). As a result of
inoculation with different X. vesicatoria strains, only 8
or 9 seedlings were grown (Fig. 5.2, 5.5, 5.8). Amount
of healthy seedlings grown from X. vesicatoria differ-
ent strains inoculated seeds has increased to 30-33 when
seeds were treated by Lignohumate AM before (Fig.
5.3, 5.6, 5.9) or simultarneously (Fig. 5.4, 5.7, 5.10)
with inoculation. At the same time the protective effect
of the Lignohumate is a little better in case of applica-
tion before bacterial inoculation.

Thus, as a result of inoculation with X. vesicatoria
virulent strains, the amount of grown seedlings de-
creased by 75% as compared to intact seeds. Treatment
of seeds with Lignohumate simultaneously or before
the inoculation by X. vesicatoria, resulted in 3.0-3.5
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Figure 3. Tomato seedlings grown from X. vesicato-
ria strain #2255 inoculated seeds: A. X. vesicatoria
No2255 inoculated; B. Pretreated by Lignohumate AM
before inoculation; C. Inoculated and treated by Ligno-
humate AM simultaneously.

Figure 4. Tomato seedlings grown from X. vesicato-
ria strain No2256 inoculated seeds: A. X. vesicatoria
No02256 inoculated; B. Pretreated by Lignohumate AM
before inoculation; C. Inoculated and treated by Ligno-
humate AM simultaneously.

times increase in growth and development as compared
to untreated inoculated seeds. These results indicate on
efficiency of lignohumate AM in protection of tomato
seeds from X. vesicatoria infection. Prevention from X.
vesicatoria infection could be explained by activation
of plant natural protective mechanisms by the Lignohu-
mate AM. This is first experimental data on Lignohu-
mate AM property to protect tomato from X. vesicatoria
infection, and in common, to protect plants from phyto-
pathogens infection.
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Grown seedlings

Figure 5. Influence of Lignohumate AM treatment on
tomato seedlings growth from X. vesicatoria inoculat-
ed seeds: 1. Intact seeds; 2. X. vesicatoria Ref. strain
NCPPB 422 inoculated seeds; 3. X. vesicatoria Ref.
strain NCPPB 422 inoculated seeds after Lignohumate
AM pretreatment; 4. X.vesicatoria Ref. strain NCPPB
422 inoculated and simultaneously Lignohumate AM
treated seeds; 5. X. vesicatoria strain #2255 inoculated
seeds; 6. X. vesicatoria strain #2255 inoculated seeds
after Lignohumate AM pretreatment; 7. X. vesicatoria
strain #2255 inoculated and simultaneously Lignohu-
mate AM treated seeds; 8. X. vesicatoria strain #2256
inoculated seeds; 9. X. vesicatoria strain #2256 inocu-
lated seeds after Lignohumate AM pretreatment; 10. X.
vesicatoria strain #2256 inoculated and simultaneously
Lignohumate AM treated seeds.
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CONCLUSIONS

Lignohumate AM treatment provides significant pro-
tection of tomato seeds from X. vesicatoria infection.
The preparation is effective when applied as prelimi-
nary treatment as well as simultaneously to inocula-
tion. Quantitative evaluation is 84-87% healthy seed-
lings as compared to 18-20% seedlings grown from X.
vesicatoria inoculated seeds without Lignohumate.
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Bakterial Ioka torodon patogen Xanthomonas
vesicatoria ild yoluxmiis tomat toxumlarinin
ciicorma va bdyiimasina Lignohumatin tasiri
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Qram-monfi fitopatogen Xanthomonas campestris pv.
vesicatoria bakteriyasinin toratdiyi bakterial loko tomat
va bibarin mohsuldarligini shomiyyatli derocads azaldan
vo iqtisadi itkilorlo naticalonon dagidici xostoliklordon
biridir. Xostoliys qars1 tobii iisullarin axtarisgi iicun to-
mat toxumlarini X. vesicatoria xastalik toradici pato-
geni ilo yoluxdurdugdan sonra bakterial loko xastaliyino
bitki mongali immun stimulyasiya edon Lignohumate
AM istifade etmoklo tosir gostorilmigdir. Tomat
toxumlarmin inokulyasiyasi ligiin 2014-2015-ci illards
Gilirciistanin Karli regionunda bakterial loko xastaliyino
yoluxmus tomat bitkisinin yarpaqlarindan ayrilmis X.
vesicatoria ndviinin - No2255, No2256 stammlarindan
vo hamginin NCPPB422 referens stmmdan istifads
edilmisdir. Toxumlarin inokulyasiya etmak {igiin 24 saat
2% kartof aqarli miihitds (103 KOV/ml) yuycu suspen-
siya totbiq edilmisdir. Bazi variasiyalarda 4 saat su ilo
isladilmis toxumlar dorhal X. vesicatoria bakteriyasinin
miixtalif stammlari ilo yoluxdurulmus, vo 1 saat 24°C-
do Lignohumate ila islonmisdir. Kontrol variant olraq
islonmamis toxumlar steril su ilo 5 saat arzinda 24°C-da
isladilmigdir. Boazi toxumlar inokulyasiya ils eyni vaxt-
da 10% Lignohumate ils iglonilmisdir. X. vesicatoria
virulent stammi ilo inokulyasiya naticesinda ciicaran
toxumlarin say1 kontrolla miiqayisads 75% azalmigdir.
Toxumlara X. vesicatoria inokulyasiya edilorkon eyni
vaxtda vo ya oOncoadon Lignohumate ilo islonmasi
naticasinda ciicormo vo inkigaf igslonmomis toxum-
larla miiqayisado 3.0-3.5 dofo artmigdir. Noticalor to-
mat toxumlarinin X. vesicatoria infeksiyalarinda
Lignohumate AM istifadosinin miihafizoedici tosirini
gostarir.

Acar sozlar: tomat bakterial loka, Xanthomonas vesica-
toria, Lignohumate
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Buansinue Lignohumate Ha BcxoxkecTh M pocT ceMsIH
TOMAaTa, IPM MHOKYJISIMH BO30y1uTeIeM OaKkTepH-
aJbHOU NATHUCTOCTU Xanthomonas vesicatoria
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Tunarun CagyHUIIBUINA

HUncmumym Buoxumuu u buomexnonocuu um. Jypmu-
wuoze, I'pysunckuii Aepaprolii Ynusepcumem, aines
Hasuoa Aemawenesenu 240, Tounucu 0159, I pysus.

bakrepuanpHas MATHUCTOCTH, BBI3BAHHOE TPAMMOTPH-
nmaTenbHOU (puTomaroreHHol Oakrepueit Xanthomonas
campestris pv. vesicatoria IBISI€TCS OHOM U3 pa3py1u-
TEJILHBIX OOJIe3HEH, KOTOpasi IPUBOAUT K 3HAUYUTEIIHHO-
MY CHI)KEHHIO POAYKTUBHOCTH TOMAaTa U Mepua 1 3Ko-
HOMUYECKUM moTepsaM. C LEeIb0 MOUCKA MPUPOTHBIX
CPEICTB MPOTHB 0OJIE3HEH TPOBOAMIOCH NCCIIEOBAHNE
[0 BIUSHUIO HMMYHOCTHMYJIHMPYIOIIETO Ipenapara
pactutenpHOr0 mpoucxokaeHus Lignohumate AM Ha
3alIUTy TOMara OT OAaKTEepPUANbHOW MATHUCTOCTH, MPU
WHOKYJISILUU CEMSIH IaroreHoMm X. vesicatoria. VHo-
KyJSIHUs. CeMSH ToMara MpOBOJMJIACH IITaMMaMH X.
vesicatoria Ne2255 u Ne2256, n301MpOBaHHBIMHA HAMH
13 TIOPOKEHHBIX OaKTEepHaIbHOM NATHUCTOCTH, JIHU-
CTBbEB TOMaTa, coOpaHHBIX B pernone Kapmu I'py3un B
2014-2015 rr., raxke kak Ref. mrammom NCPPB422.
J19 MTHOKYJISIIIMM CEeMSIH UCTIONIb30BaM MTPOMBIBOYHBIE
CycrieH3uu 24 4. KynbTypbl OaKTeprH, BEIPAIIEHHBIX Ha
cpene 2% xaprodensHoro arapa (108 CFU/ml) ombiBa-
OIIMX CycHeH3uil. B HEKOTOphIX BapuaHTaXx CEMEHa,
3aMO4YeHHbIE 4 4. ObUIN OHOBPEMEHHO MHOKYJIMPOBA-
HBI X. vesicatoria pa3IMYHBIX IITAMMOB U 00paboTaHbI
Lignohumate B Tedenuu 1 4. mpu 24° C. KoHTpOonbHBIN
BapHaHT — MHTAKTHbIE CEMEHA, 3aMOYEHHBIE B CTEPUIIb-
HOM Boje B TedueHnH 5 4. ripu 24° C. Hekotopele cemeHa
JI0 WJTH OTHOBPEMEHHO ¢ OaKTepUaNbHONW HMHOKYISIHEH
obun 00padoTanbl 10% pactBopom Lignohumate AM.
B pesynbrare mHOKymsiumu X. vesicatoria BUPYJIEHT-
HBIM HITAMMOM KOJIMYECTBO PACTYILIMX CEMSH CHIKa-
70ch Ha 75% 10 CPaBHEHHUIO C MHTAKTHBIMUA CEMEHAMU.
Oo6pabotka cemsH Lignohumate, onHOBpeMEHHO WK
JI0 MHOKYJIAIMU X. vesicatoria mpuBoamia k 3.0-3.5 pa-
30BOMY TOBBIIIEHUIO POCTA U PA3BUTHS 110 CPABHEHHUIO
¢ HeOOpabOTaHBIMU CeMeHaMH. Pe3yiibTaThl yKa3bIBatoT
Ha 3 dexTuBHOCTh Lignohumate AM B 3amuTe ceMsH
TOMara oT HHGEKIUPOBaHUs X. vesicatoria.

Knrouesvie cnosa: 6axmepuanvrHas nAMHUCMOCHb MO-
mama, Xanthomonas vesicatoria, Lignohumate



