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Abstract

Wheat rust pathogens belong to genus Puccinia,  family  Pucciniaceae,
order Uredinales and class Basidiomycetes. During epiphytosis, the fungus causes
significant damage to crops, disrupts assimilation processes in plants and reduces
photosynthesis. Spring soft wheat Arai variety was tested for rust resistance. In this
study, we used different concentrations of salicylic acid and oxalic acid. We
treated the wheat seeds and seedlings with different concentrated acids. In the
context of the artificial epidemic, during the rooting, dulling and germination
stages of wheat development, we were infected with spores of yellow rust
(Puccinia striiformis f.sp. tritici), brown rust (Ruccinia tritici Erikss) and stem rust
(Puccinia graminis Pers. F. Sp. Tritici). We tested the effect of different
concentrations of salicylic acid and oxalic acid on wheat rust disease.. The results
of the study showed that the seeds were found to be moderately resistant to yellow
rust of wheat treated with concentrated acid 0.25 mM SA + 0.1 mM OA (1) and
025 mM SA + 02 mM OA (3). 0.5 mM SA + 0.2 mM OA (2) was
immunocompromised to brown rust when treated with concentrated acid spray. In
organic agriculture, the chemical control of deafness in wheat leads to
environmental pollution, in addition is not economically viable and a realistic way
to combat it. Therefore, we need to look for effective ways for disease control. The
data obtained in the study allow to fight against yellow rust and brown rust of
wheat.
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Introduction

Central Asia, including Kazakhstan, is an important player in regional and

global food security, producing
most of the crop sold in the region,
and the total area where wheat grows
in Kazakhstan is more than 85% of
total crop production[1]. One of the
biggest challenges facing the world
today is to match the rapidly growing
demand for food with the increase in
production, while ensuring that this
production is carried out within the
limits of sustainable and limited
agricultural land. According to the
FAO, the population will reach 9
billion by 2050[2]. Many organisms,
such as bacteria, oomycetes, fungi,
viruses and nematodes, can damage
crops. Various fungal infections,
which cause many diseases, decrease
the yield. For example, infection of
several fungal pathogens results in
necrotic lesions on leaves and stems,
which leads to leaf aging and reduced
grain size; These pathogens include
rust infections caused by Puccinia
species [2-5].

The most common method of
controlling plant diseases is the
regular application of chemical
pesticides to plants in order to
eliminate or limit the phenotypes of
the disease. However, long-term use
of chemical pesticides are has side
effects, it is becoming clear day by
day. For example, many pesticides
can cause acute and chronic human
poisoning. They also contaminate
beneficial pollinating insects, soil and
water systems, and cause serious
damage to ecosystems by affecting
non-target organisms [6-8].

As a result of the direct and
indirect effects of the applying of
chemical pesticides to control plant
diseases, warned the necessity of re-
focusing on finding alternative ways
to control pathogens. Crop rotation
has played an important role in the
management of phytosanitary
conditions, which is aimed at
preventing the accumulation of soil-
specific pathogens in some families of
plants by changing the host [10, 11].
However, while crop rotation is not
economically effective, so that crop
rotation is not always an economically
suitable strategy for farmers . In
addition to crop rotation, the
introduction of genes of resistance to
plant varieties (eg, R genes) into
modern varieties through breeding
programs [12-14]. However, in some
cases this can be difficult, and in
some cultures there are few or no
resistant varieties [12]. In addition,
pathogens can quickly overcome the
resistance mechanisms of the host
plant, especially if the resistance is
encoded by a single gene. For
example, rice varieties resistant to M.
oryzae will be ineffective in 2-3 years

[6].

Plants have developed
several layers of protective
reactions against the attack of
microorganisms that threaten their
survival. One of these responses is
systemic  acquired  resistance,
which is induced by certain
pathogens or by abiotic, physical,
or chemical agents called
elicitors[15]. can be an additional



way of protection. Chemical
activation of plant disease
resistance can be an additional
way for farmers protecting from
plant disease damage.

Elicitors are chemical
compounds that activate and / or
enhance the plant defense
mechanisms, by affecting
physiological processes, crop growth
and productivity of plants [16, 17].
Furthermore, elicitors affect the
metabolic activity of plants by
producing phenolic compounds and
regulating the activity of antioxidant
enzymes, as a result the plant growth
are improved[18-20].

Inducers do not directly Kill
pathogenic  microorganisms,  but
promote plant growth and strengthen
the plant's immune system, resulting
in resistance to a wide range of
diseases and stress [21].

The most commonly used
chemical inducers are salicylic
acid (SA) and oxalic acid (OA),
which mimic the systemic effects
of local infection [22, 23].

Exogenous use of salicylic
acid and  other  chemicals,
including: polyacrylic acid, acetyl

Materials and methods

The study was conducted in the
experimental field of the Kazakh
Research Institute of Agriculture and
Plant Growing, Almalybak village,
Almaty region. Experiment was
conducted in randomized complete
block design. The research objects are
spring wheat Arai, Salicylic acid
(SA), oxalic acid (OA). Local
populations of yellow rust (Puccinia
striiformis f.sp. tritici), leaf rust

salicylic acid, 2, 6-
dichloroisonicotinic acid, methyl
salicylate, jasmine acid and
jasmine methyl ester,
benzodiadiazole derivatives, DL-
B-aminobutyric acid and our acid
affects the accumulation of
proteins and the reduction of
several different diseases in many
cultures [25].

Treatment of tomato seeds
with 1 mM SA solution protects
tomato plants from bacterial
wilting in greenhouse and field
conditions 26]. Spraying wheat
plants with 200 mg/I
concentrations of oxalic acid
induced significant increases in
shoot length, number of
tillers/plant and dry weight of
shoot [27]. Oxalic acid (1 mM)
when applied as foliar spray to
rice plants induced resistance to
challenge infection with R.
solani[28].

The purpose of the research is
studying the effects of chemical
inducers, namely,salicylic acid and
oxalic acid, on the development and
spread of rust disease of wheat.

(Ruccinia tritici Erikss) and stem rust
(Puccinia graminis Pers. F. Sp.
Tritici) were wused as infection
material. Wheat seeds and leaves were
processed at different concentrations
of salicylic acid (SA) and oxalic acid
(OA) (Enbridge PharmTech, China).
While the SA levels were 0 (control),
0.25 and 0.5 mM, the OA levels were
0 (control), 0.1 and 0.2 mM,
respectively which applied via foliar



fertilization vs. seed treatment. Wheat
seeds were washed twice with sterile
distilled water. Seed treatment: seeds
were soaked in acid solution for 6
hours then grown in the field; foliar
treatment: acid solutions were sprayed
on 11-day-old seedlings, and after 24
hours Puccinia recondita f. sp. tritici,
Puccinia striiformis f. sp. tritici, and

Puccinia graminis f. sp.
Results
We studied the effects of

salicylic acid (SA) and oxalic acid
(OA) on rust. Wheat was infected
with yellow rust during the growing
stage, leaf and stem rust during the
maturation stage(artificially). In the
first stage of the study, the seeds and
seedlings were treated with different

Urodinospores of Tritici pathogens
were soaked in a 0.01% solution of
Twin 80 and sprayed on wheat germ.
R.A. Phytopathological assessment of
rust disease  was performed by
Mclntosh et al., 1995 [29]. According
to this method, “R”- Resistant, “MR”’-

Moderately Resistant, “MS”-
Moderately Susceptible, “Q”_
Susceptible.

concentrations  of  acid. The

assessment of rust was conducted 3
times.

The following two tables
provide a rust disease assessment of
the Arai variety (yellow rust, leaf rust
and stem rust) (Table — 1,2).

1 — Table Indications for rust infection when wheat seeds were treated with

different concentrations of acids.

] Phytopathological assessment of the disease (Seed treatment)
Aci
concentration Yellow rust Leaf rust Stem rust
C T o o | 1] o o | 1 o]
025 MM SA 30MS| 40S | 50S [30MS|60MS| 80S | 0 |20MS |30MS
0.5MMSA |5MR|10MRIOMRBOMS, 50S | 70S | 0 |30MS| 70S
0.IMMOA | 0 |5MR [IOMR30MS| 70S | 80S |5MR| 70S | 80S
02 MM OA |5MR| 5MR [IOMRI30MS| 60S | 70S |5MR|30MS| 70S
025 MM SA+0.11 | 5 e hoMmR| 705 | 70S | 80S [20Ms|30Ms| 70
MM OA
0,25 MM SA+0.21 | 5 e lioMR| 505 | 80S | 80S 130MS|50MS| 70S
MM OA
0.5 MM SA+0.11 0\ 1o looms l2oms| 70s | 70S | 70S 5OMS|50MS | 50MS
MM OA
0,5 ﬁﬁ%ﬁ\*o'z 20MS| 30MS [30MSloMS| 70S | 90S |20Ms| 20MS | 40Ms
Control  50MS| 50S | 70S [30MS| 70S | 90S |5MR|40MS| 50S

When seeds were treated with
salicylic acid (0.25 mM SA), spring
soft wheat Arai was susceptible to

yellow rust and leaf rust with 50S,
80S, respectively,and to stem rust was
moderately susceptible with 30MS,



When seeds treated with salicylic acid
0.5 mM and oxalic acid 0.1 mM OA
and 0.2 mM OA Arai showed as
moderately resistant to yellow rust
with scalelOMR, meanwhile,
susceptible to leaf rust and stem rust
between 70-80S. Seeds treated with
salicylic acid and oxalic acid at a
concentration 0.25 mM SA + 0.1 mM
OA and 0.25 mM SA + 0.2 mM OA,
respectively , were moderately
resistant to wheat yellow rust
with10MR. Brown and stem rust was
found to be susceptible between 70-
80S.

In the next stage of the study,
20 days after sowing, we sprayed
seedlings with different
concentrations of acid on the wheat
leaves and infected with spores of
yellow, leaf and steam rust during
period of the tillering, booting and
earing.

The leaves of the Arai variety
were  sprayed  with  different
concentrations of acids. Based on the
results in the table, we conclude that
most of the samples are susceptible to
rust disesae.

2— Table Indications for rust infection of wheat leaves when treated with

different concentrations of acids.

Acid _ Phytopathological assessment of the disease (Foliar spray)
concentration Yellow rust Leaf rust Stem rust
I II 111 II 111 I II 111
0,25 MM SA 0 0 0 | 70S | 80S | 80S | 70S | 80S | 80S
0,5 MM SA 0 0 0 |[50MS| 60S | 70S 50MS| 60S | 70S
0,1 MM OA 0 0 0 [50MS| 70S | 70S | 60S | 70S | 70S
0,2 MM OA 0 0 0 | 70S | 70S | 80S | 70S | 70S | 70S
0,25 MM SA+0.1
WM OA 0 0 O | 70S | 70S | 80S | 60S | 70S | 70S
0.25MMSA+0.21 5 | o | o |50MS| 50S | 60S [50MS|50MS [50MS
MM OA
0,5 MM SA+0.1
M OA 0 0 0 70S | 80S | 70S | 70S | 80S
0,5 MM SA+0.2
UM OA 0 0 0 0 [5OMS30MS|50MS | 50S
Control 0 0 0 70S | 90S | 90S | 90S | 90S

There were no signs of yellow
rust among wheat seedlings which
treated with acids, the incidence rate
was "0". In addition, the control
variant was not infected. Therefore,
this result reveals the inaccuracy of
the experiment, it can be concluded
that in the conditions of artificial
infection environment is not properly

infected with yellow rust spores.
Wheat treated with 0.25 mM SA acid
were susceptible to leaf rust and steam
rust at 80S. Meanwhile wheat treated
with 0.5 mM SA and 0.1 mM OA
acids showed susceptible to leaf rust
and stem rust at scale 70S. Wheat
treated with 0.2 mM OA and 0.25
mM SA + 01 mM OA was



susceptible to leaf rust with 80S and
stem rust with 70S. Wheat treated
with 0.25 mM SA + 0.2 mM OA
showed intolerance to leaf rust with
60S. The subject was found to be
moderately susceptible to stem rust,
the incidence was 50MS. Wheat

Discussion

Kazakhstan is producer of high
quality wheat in the world. The main
problem in spring wheat production
are fungal diseases. Rust is the most
common, most harmful disease of
cereals [30.31,32]. Chemical control
is ineffective for rust disease, The
resistance of brown rust
populations of Almaty region to
wheat  varieties grown in
Kazakhstan has been tested, but
the effect of chemical inducers on
the development and spread of the
disease has not been studied
[33,34]. Several studies have reported
that SA application reduces bacterial
wilt in tomato plants and suppressed
Botrytis cinerea infections lesions on
Arabidopsis thaliana under both
greenhouse and field conditions [35].

Conclusions

treated with 0.5 mM SA + 0.1 mM
OA was susceptible to leaf rust and
steam rust between 70-80S. Wheat
treated with 0.5 mM SA + 0.2 mM
OA (2) was found to be suseptible to
stem rust with 508S.

Foliar fertilization of 1 mM OA
significantly induced resistance of rice
plants to infections associated with R.
solani[36]. In our study, Arai was
moderately susceptible to yellow rust
and stem rust with 20-50MS, while
susceptible to leaf rust with scale 70-
90S at 0.5 mM SA + 0.1 mM OA and
05 mM SA + 02 mM OA
concentration in seed treatment,
meanwhile, signs of leaf rust were not
observed on the leaves of wheat, thus,
they were immune to the leaf rust
disease. Therefore, it can be
concluded that wheat are resistant to
leaf rust when leaves treated with 0.5
mM SA + 0.2 mM OA.

In conclusion, spring soft wheat Arai was considered to be immune to leaf

rust when foliar sprayed with 0.5 mM SA + 0.2 mM OA. samples which seeds
were soaked with 0.25 mM SA + 0.1 mM OA and 0.25 mM SA + 0.2 mM OA
were found to be moderately resistant to yellow rust.
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Tyiiin

Jlouai JakeUIAapAblH TAaT aypyJdapbiHbIH Ko3aelpreimrapel  Uredinales
KatapbiHbIH basumnomurnierrep (Basidiomycetes) kimaceina skaTatbiH Puccinia spp.
Canpipaykyiarbl  SMU(UTOTUS KE31HAE eriH TYCIMIHE€ KON IIbIFBbIH KENTIpe,
OCIMIIKTEPIET] ACCUMUITUALIUSIIBIK TIPOTiecTep Il OY3bIm, (POTOCUHTE3/I a3aTaibl.
Kaznpik sxymcak Oumait Apail COpThIHBIH TaT aypyiapblHa TO3IMIUITIH ChIHAIBI.
3eprrey KyMbIchiHAa 013 CalMIni KBIIIKBUTBI MEH KBIMBI3JIBIK KBIIIKBITBIHBIH
OPTYPJTi KOHIICHTPAITUSACHIH KOJIIAHABIK. OPTYPJIi KOHIIEHTPJIbI KBIIIKBIMCH OMIai
ceOepaeH OypbIH TKbIMIBI, Oujail ocill NIBIKKAHHAH KEHiH KaIlbIpaKTapbliH
eHjaeniK. JKacaHpl 1HAET asickiHAa Ouail JaMy Ke3eHIEpiHIH TYNTEHY, TYTIKTEHY
KOHEe MacaKTaHy Ke3eHJEepiH/Ie TaT aypyblHbIH capbl TaT (Puccinia striiformis f.sp.
tritici), koupip tar (Puccinia tritici Erikss) »xoHe cabaktel TaT (Puccinia graminis


mailto:ahzhan247@gmail.com
mailto:info@kaznpu.kz
mailto:musaev55.55@mail.ru

Pers. f. sp. tritici) aypysIHBIH criopacbiMeH 3aianaaablk. Caauiil KeIIIKBUTBI MCH
KBIMBI3JIBIK KBIIIKBUIBIHBIH 9P TYPJl KOHCEHTPALMSACHIH KOJIJIaHa OTBIPBIN Tat
aypyJiapblHa 9CEpiH ChIHAJABIK. 3epTTey HoTUKecl KepceTkennen Tykpimabl 0,25
MM SA+0.1 MM OA(l) xome 0,25 MM SA+0.2 MM OA(3) xoHIEHTpI
KBIIIKBUIMEH OHJEIreH OWAailiblH capbl TaT aypybIMEH oOpTaiia Te3IMJl Jem
anbIKTanael. 0,5 MM SA+0.2 MM OA(2) KOHIEHTPJI KBIMIKBUIABI >KambIpaKKa
Hianry 9AIiCiMEH OHJIENTeH JKarjaaija KOHbIP TaTKa MMMYHbI JIEN €PeKIICICH]II.
OpraHukanplK —aypUINIapyaliblKTa OWAAMIBIH CaHbIpay KyIaK aypyJapbIMEeH
XUMUSIIBIK JKOJIMEH KYpeCy KOpIIaraH OpTaHBIH JIaCTaHyHa aJbIll  KeJen,
HPKOHOMUKAJIBIK JKaFbIHAH THUMCI3 opi KYpecyIiH HaKThl koJibl emec. COHIBIKTaH
aypyMeH KYpPEeCyAiH TUMJ1 XKOJAApbIH 13IECTIpyMi3 KepeK. 3epTTey KYMBICHIH/IA
QJIBIHFAH MOJIIMETTEp OWTaMIbIH caphl TaT JKOHE KOHBIP TaT aypybIMEH Kypecyre
MYMKIHJIIK Oepei.

KinT ce3aep: Oumail; maToreH; KOHBIP TaT; TO31MJ1; capbl TaT; MOITYJISAIUS;
cabaKThI TaT.

BJIMSHUE CAJTUIAJIOBON U IHABEJEBOM KMCJIOT HA
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AHHOTALUSA

Bo30Oyautensimu prxkaBUYMHHBIX OO0JIE3HEH 3J1aKOB SABISIIOTCS Puccinia spp,
oTHocsmmecss K kiaccy Basidiomycetes poga Uredinales. Tlpu smudurose rpu6d
HAHOCHUT 3HAYUTCIBHBIA YIIEPO CEThCKOXO3SHUCTBEHHBIM KYJIbTypaM, HapyIIacT
ACCUMUJISIIMOHHBIC TTPOIECCHl B PACTEHUSX W CHIKaeT (oTocwHTe3. VcmbITan Ha
YCTOMYMBOCTh K Pp)KABUYMHE COPT SPOBOM MSTKOM miIeHWIbl Apaid. B


mailto:ahzhan247@gmail.com
mailto:info@kaznpu.kz
mailto:info@kaznpu.kz

WCCJICIOBAHUM  HCIIOJIB30BAIM  PA3lIMYHbIC KOHIEHTPAIIMM  CaJUIAJIOBOM U
HIaBeJIeBOM KHUCIIOT. OO6pabatbiBanu MIICHUILY Pa3IMYHBIMU
KOHIICHTPHUPOBAHHBIMH KHCJIOTAaMH TIepe]] TTOCEBOM U IOCIIE TOSIBICHUS BCXOJIOB.
B ycroBuSX MCKYCCTBEHHOH SMUIEMHUH HA CTAIUSIX YKOPEHEHUS, PUTYIUICHUS U
IpopacTaHus MIIEHUIBI HAC 3apakalld cropamMu kentoi pxaBumHbl (Puccinia
stritformis f.sp. tritici), O6ypoit pxkaBuunbl (Ruccinia tritici Erikss) u crebneBoit
pxaBuunbl (Puccinia tritici Erikss). graminis (niepc. F. Sp. Tritici). Ms1 npoBepuiu
BIUSHUAC HA P)KaBUMHY, WCIOJB3YysS pa3IWYHbIC KOHIICHTPAIUU CAJUITUIOBON
KUCTIOTHl W IIABEJICBOM KHUCIOTHI. Pe3ynbTaThl HCCIENOBaHHS IMOKA3ald, YTO
CEMEHa OKa3aJMCh YMEPEHHO YCTOWYMBBIMU K JKEJITOM pP)KaBUMHE MIIICHHUIIHI,
oOpaboTanHoO# KOoHIIEeHTpUpoBaHHOHU KucioToi 0,25 MM CK + 0,1 MM OA (1) m
0,25 MM CK + 0,2 MM OA (3). 0,5 MM CK + 0,2 MM OA (2) npuBoamiu K
OClIa0JICHHI0 HMMMYHHUTETa K Oypod pikaBuMHe Tmpu o00paboTke cropeem
KOHIIEHTPUPOBAHHOW  KHUCJOTBI. B  opraHmdyeckoM CEIbCKOM  XO3SICTBE
XUMHUYecKass Oopp0a C TDIIYyXOTOM TMIIEHWIBI TPUBOJUT K  3arpsi3HEHUIO
OKpYXalolleh cpebl, S9KOHOMHUUECKH Hellesiecoo0pa3Ha U He SIBIAETCS peajbHbIM
ciocobom OopbObl ¢ Heil. [loaTomy Hy)HO wHCKaTh 3PGEKTUBHBIE CIOCOOBI
O00prOBI ¢ O0Je3HbI0. JlaHHBIC, MOJTYYEHHBIE B XOJI€ MCCJIEIOBAHUS, MO3BOJIIIOT
BeCcTU OOpBOY € KEeNATOM U OypOil pKAaBUMHOM MIIICHUIIBI.

KiioueBble cioBa: mieHuIa; Bo30ynuTenb; Oypas — p’KaBUMHA;
YCTOWYMBBIN; KENTasl pKaBUMHA; TIOMYJISAINS, cTeOIeBas prkaBurHA.



