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Salicylic acid and oxalic acid stimulates wheat yield
components grown under disease conditions

Abstract. The Republic of Kazakhstan is a major wheat-producing and wheat-exporting country.
Wheat is a grain which the most important source of food on earth. It contains 75-80%
carbohydrates, 9-18% protein, fiber, many vitamins (especially B vitamins), calcium, iron, and
many macro-and micro-nutrients. Fungal leaf diseases, such as leaf blotch caused by Septoria
tritici and rust diseases caused by Puccinia graminis, Puccinia striiformis and Puccinia triticina
are also a problem for spring wheat production. Despite the dry climate, the cultivation of
susceptible varieties results in epidemics of leaf rust in one year out of four on average, affecting
more than 1 million hectares, with estimated losses of up to 25-30 percent of yields. Salicylic acid
and oxalic acids have the effects of promoting plant growth. We test whether they can positively
impact wheat yield under disease conditions. Foliar seed application of Salicylic acid and oxalic
acid on wheat cultivar leads to overall better performance of the plants and increases the yield
significantly. Effect on wheat yield components of two substances (SA, and OA) in both ways such
as seed treatment and foliar spray, believed to have growth-stimulating properties in plants. 0.2
mM OA and 0,5 mM SA+ 0,1 mM OA samples represented a good result in both seed treatment
and foliar spray in all yield characteristics of Aray cultivars compaire to control. The results of this
study will be useful to control fungal diseases of wheat.
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Abbreviations: Salicylic Acid — SA, oxalic acid — OA, systemic resistance — SR, induced
systemic resistance — ISR.
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Introduction

Wheat (Triticum spp.) is one of the most important staple foods of humankind. About 37 percent of
the world’s population relies on it as their main cereal; it accounts for some 20 percent of all food
calories consumed by humans, and annual world wheat production has risen to over 600 million tonnes,
more than one-third of total global cereal output [1]. Central Asia, including Kazakhstan, is a significant
player in regional and global food security, producing most of the grain trade in the region, with total
area sown to wheat in Kazakhstan representing over 85% of total cereal production [2]. One of the main
reasons for the reduction in the yield of wheat in Kazakhstan is the disease of airborne infection.
Dominant position, as a part of the pathogenic complex of wheat in Kazakhstan, is taken by rusts
(yellow, stem, and leaf rust) [3-6].

Salicylic acid (SA) is a phenolic compound that is a derivative of benzoic acid commonly found in
plants at low concentrations (below 1 mg kg'fresh weight[7]. However, in infected plants its
concentration can increase 20-fold, activating the genes responsible for synthesizing defense-related
proteins [8]. Both endogenous and exogenous SA induce local resistance, given its role as a signal
molecule for the development of systemic acquired resistance [9]. Moreover, SA is an endogenous
regulator of plant growth and development [10,11].

Oxalic acid (OA) is an organic acid widely distributed in plants, fungi, and animals, and plays
different roles in different living organisms [12]. It is a virulence factor in several phytopathogenic
fungi, including the model species Sclerotinia sclerotium [13]. In plants, it can play two distinct roles,
depending on the concentration. While a high concentration of OA induces programmed cell death and
contributes to the progression of fungi, a low concentration gives rise to plant resistance to fungi [14].
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Recently, the oxalic acid application has received much attention about induced disease systemic
resistance and its antioxidant capability [15-19].

The objective of this study was to investigate the impact of spraying salicylic acid, oxalic acid,
individually or in combination on yield and yield components of wheat (Triticum aestivum L.) to
improve growth, yield, and grain quality under disease stress.

Materials and methods

Growth Conditions, Treatments, and Experimental Design

Field experiments were carried out at the Kazakh research institute of agriculture and plant
growing, Kazakhstan during the summer seasons of 2020 (43°13'09'N 76°41'17'E). The soil of the
experimental site, located in the village of Almalybak, is represented by irrigated light-chestnut soils
with a deep occurrence of groundwater (more than 10 meters), characteristic of the foothill plain of the
Zailiyskiy Alatau.

A completely randomized design with different combinations of SA, OA, seed treatment, and
foliar spray was conducted during the 2020 year in the field. While the SA levels were 0.25 and 0.5 mM,
the OA levels were 0.1 and 0.2 mM, respectively. The treatment combinations were replicated 3 or 4
times.

In this study, grains of wheat variety (Triticum aestivum L.) were taken from the Kazakh research
institute of agriculture and plant growing, Kazakhstan. The variety of Arai was harvested in July 2019.
Wheat seeds were washed twice with sterile distilled water. Seed treatment: the seeds were soaked in
acid solutions for 6 hours, soaked, and then germinated in the field; foliar spray: 11-day-old seedlings
were sprayed with acid solutions and then germinated in the field. Plants were inaculated with
Urediniospores of Puccinia recondita f. sp. tritici, Puccinia striiformis f. sp. tritici, and Puccinia graminis f.
sp. Tritici that causes Leaf, stripe, respectively, after 25 days from sowing the seeds. The plant materials
were treated with various concentrations of SA, and OA (Enbridge PharmTech, China). The seedlings
were cut After 18 days to estimate the dry weight of shoots (g) and dry weight of roots (g). At harvest,
samples of ten plants were taken randomly to estimate the following yield components: Plant height
(cm), number of main spikelets (pcs), number of seeds in main spike (pcs), thousands kernel weight
(TKW, g).

Results

We used wheat variety to investigate the effect of salicylic and oxalic acid on overall plant
performance under disease conditions in the field. We tested whether different concentrations of acids
show a basic difference under our experimental conditions and was observed the effect of SA and OA
on productivity parameters such as number of the spike (g), number of seeds in the main spike (pcs),
thousand kernel weight (TKW, g) dry weight of shoots (g) and dry weight of roots (g). We observed that
the grain yield differed significantly in both seed treatment and foliar spray in all the yield parameters
that were investigated (Table 1, 2).

Table 1
Basic yield characteristics of Aray cultivar under the growth in disease condition
in seed treatment

Salicylic acid and oxalic =~ Number of Number of TKW, g The dry The dry
acid (mM) the spike,  seeds in main weight of weight of
pcs spike, pcs shoots, g roots, g
Control 13 27.87 31.2 0.37 0.07
0.25 SA 12.7 23.85 31.5833 0.543 0.0983
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0.5SA 13.133 26.467 28.65 0.472 0.1017
0.1 0A 15.5667 31.03 36.3167 0.572 0.09

0.2 0A 15.3333 29.4 32.917 0.536 0.115
0.25 SA+0.1 OA 12.9 23.43 30.75 0.46 0.0873
0.25 SA+0.2 OA 11.9333 21,03 29.917 0.565 0.09

0.55SA+0.2 0A 11.3667 22.833 29.083 0.587 0.088
0.55A+0.1 OA 15.1667 30.933 29.833 0.582 0.088

Table 2

Basic yield characteristics of Aray cultivars under the growth in disease
condition in foliar spray

Salicylic acid and oxalic Number of Number of TKW, g The dry The dry
acid (mM) the spike, pcs seeds in weight of weight of
main spike, shoots, g roots, g
pcs
Control 13.267 22.367 28.25 0.346 0.067
0.25 SA 13.967 25.267 30.483 0.629 0.098
0.55A 13.067 22.667 31.87 0.5297 0.093
0.10A 12.133 18.6 24.367 0.585 0.093
0.20A 14.367 22.667 32.417 0.538 0.103
0.25 SA+0.1 OA 13 18.667 29.37 0.463 0.087
0.25 SA+0.2 OA 14.3 21.667 26.65 0.555 0.083
0.5SA+0.2 OA 14.567 19.8 23.833 0.593 0.087
0.5 SA+0.1 OA 14.6 23.1 27.083 0.602 0.09

In our study, number of main spike showed the high level in 0.1 mM OA, 0.2 mM OA and 0.5 mM
SA+ 0.1 mM OA with 15.6 pcs, 15.3 pcs and 15.2 pcs., respectively, in seed treatment (Table 1) while 0.2
mM OA, 0.25 mM SA+ 0.2 mM OA, 0.5 mM SA+ 0.2 mM OA, and 0.5 mM SA+ 0.1 mM OA with 14.4
pcs, 14.3 pces, 14.7 pcs and 14.6 pcs, respectively, in foliar spray ( Table 2). Number of seeds in main
spike more in 0.1 mM OA, 0.2 mM OA and 0.5 mM SA+ 0.1 mM OA such as 31.0 pcs, 29.4 pcs and 30.9
pcs than control of seed treatment. The higher number of seeds observed in 0.25 mM SA and 0.5 mM
SA+ 0.1 OA mM at 25.3 pcs and 23.1 pcs compare to control in foliar spray. TKW increased in 0.1 mM
(36.3 g ) and 0.2 mM OA (32.9 g ) in seed treatment as well as in 0.25 mM SA (30.5g ), 0.5 mM SA (31.8 g
), 0.2mM OA (32.4 g ) and 0.25 mM SA+ 0.1 mM OA (29.4 g ) in foliar spray.

Discussion

Exogenous SA and OA application also showed different effects on plant development, including
seed germination, budding, flowering, fruit setting, and ripening, imbibing maize seeds in ~0.3 mM to
~0.9 mM SA showed higher germination speed, percentage, and shoot length [20]. In this study, number
of main spike showed the high level in 0.1 mM OA, 0.2 mM OA and 0.5 mM SA+ 0.1 mM OA with 15.6
pcs, 15.3 pes and 15.2 pcs., respectively, in seed treatment (Table 1) while 0.2 mM OA, 0.25 mM SA+ 0.2
mM OA, 0.5 mM SA+ 0.2 mM OA, and 0.5 mM SA+ 0.1 mM OA with 14.4 pcs, 14.3 pcs, 14.7 pcs and 14.6
pcs, respectively, in foliar spray ( Table 2). Research on salicylic acid, oxalic acid, and chitosan as plant
protection products and growth stimulants has so far concerned various herbaceous crop plants
[11.12.21]. The leaf number, fresh and dry mass per plant of wheat seedlings raised from the grains
soaked in lower concentrations (10-5 mM) of salicylic acid, increased significantly [22]. A similar
growth-promoting response was generated in barley seedlings sprayed with salicylic acid [23.24]
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observed a significant increase in growth characteristics, pigment contents, and photosynthetic rate in
maize, sprayed with SA. In our study, the best result was obtained to the weight of shoots and roots
with all various concentrations of SA and OA, though it was found to stimulate the growth of shoots
and roots. The highest number of TKW was observed in 0.1 mM OA seed treatment.

Conclusion

We tested the effect on wheat yield components of two substances (SA, and OA) in both ways
such as seed treatment and foliar spray, believed to have growth-stimulating properties in plants. 0.2
OA and 0.5 SA+ 0.1 OA samples represented good results in both seed treatment and foliar spray in all
yield characteristics of Aray cultivars compaire to control. To be concluding, the effectiveness of SA and
OA must be evaluated in further studies.

Funding. This study was supported by the grant OR11465424 “’Development and implementation
of highly effective diagnostic systems for identifying the most dangerous diseases and increasing the
genetic potential of crop resistance” for 2020-2022 by the Ministry of Education and Science of the
Republic of Kazakhstan.
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Salicylic acid and oxalic acid stimulates wheat yield components grown under disease conditions

A. IpxiT0Oaii!, H. Ceiitkaan?, 3. Cartaxosa?
T Kasax yammuik azpapaols sepmmey yrusepcumemi, Aamamul, Kasaxcman
2Ocimdixmep OuorozusCl XKate buomexrorozuscor urcmumymot, Aamamot, Kasaxcmar

Caanimia >x9He KbIMBI3ABIK KBIIITKbL1AaPBIHBIH aypy JKaFAaliblHAa OMgaiiAbIH ©HiMAiiriHe acepi

Anpaarmia. Kasakcran PecniyOamkacel-Omaaii  eHAipymni >koHe Owmgait  ®KCIOpPTTayIIbl ipi
MeMmaekeT. buaii - eH MaHBI3ABI a3BIKTHIK Aakblad. OHBIH KypaMmbiHAa 75-80% kemipcy, 9-18% axywrs,
TaAIBIK, KOIITeTeH JapyMeHJep (acipece B TOOBIHBIH AspyMeHAepi), KaAbluii, TeMip >KoHe KoITereH
MakKpo >KeHe MUKpodaeMeHTTep Oap. XKarbipakTarsl caHbIpayKyAak aypyAaphl, MbIcaabl, Septoria tritici
TyABIPAThIH >KalbIpaKThIH Aarbl MeH Puccinia graminis, Puccinia striiformis >xene Puccinia triticina
TYFBI3AaTBIH TaT aypyJaphbl Ja >KasAbIK OuAaliablH ©HIMIH TOMeHJeTeTiH ceDenTep OOABII TaOblAaAbl.
KanmarTeig Kyprak 60aybIHa KapaMacTaH, ce3iMTaa COpTTapAbl ©cipy HOTIDKeCiHJAe opTallla eceIlreH
TOPT KblAJa Oip peT TaT SNNMAEeMICH Iaiida 604aabl, 1 MIAAMOH reKTapJaH acTaM ayMakKa acep eTeai
XoHe Ouganm oHiMaiairiH 25-30% aeitin  tomengereai. CaamimAa KBIMIKBIABI MeEH KbIMBI3ABIK
KBIIIKBLAAAPBI  ©CIMAIKTepAIH ©cCyiH >KakcapTaTablH ocepi Oap. bi3 OCBI KBIIIKBIAJAPABIH aypy
JKardaifblHAa ©CKeH Omnjail eHiMAiliriHe oH acep OapMa JereH Cypak OOJNBIHINIA 3epTTey KYPIisai.
CaanIma KhIIIKBIABI MeH KBIMBI3ABIK KBIIIKBLAAAPBIH OMAaliABbIH >KaIlbIpaFsl Me€H TYKBIMBIHA KOAJaHY
ecimMgaikTepaiH >KaAIlbl eciyiH >KoHe ©HIMAIJIriH eAsyip apTTblpadbl. buaait eHimaiairi mMeH ecyiH
BIHTaJAaHABIPATHIH KacueTTepi Oap Aem ecemnTeaeTiH eki KbIIKbLA (SA >koHe OA) TYKBIMABIK 6HAEY MeH
>KarbIpakka OypKy apkpLabl KoaaaHbLaas! . 0,2 Mmm OA sxane 0,5 mM SA+ 0,1 mM OA yariaepi 6akpraay
MeH ca/bICThIpFaHAa Apall COpPTTapbIHBIH OapAblK ©HIMAiAIK cuIlaTTaMaJapblHAa TYKBIM eHJeyde Ae,
KaIlBIpaKThl OYPKyJe Je >KaKChl HOTIMIKe KepceTTi. 3epTrey HoTIKeldepi OmAaniablH caHbIpayKyadak
aypyAapbIMeH KypecyJe mnaiigaasl 00aaAbl.

Tyiin ce3aep: Omaaii, aypy, TaT, >XyieaAik Te3iMAiAiK, CaAMIINA KBIIIKBIABL, KBIMBI3ABIK
KBIIIKBLABL.

KpIickapTyaap: caanmnma KBIIIKBIABL - SA, OKcaa KBIKBIABI - OA, >Xyleaik KapchlablK - SR,
VMHAYKIVSAaHFaH XKylieAik KapchlabIK - ISR.

A. Npxuroaii!, H. Ceritkaan’, 3. CannaxoBa?
IKasaxckuil HAYUOHANDHDLL AZpAPHDLLL UCCACI06AMEAbCK UL YHUsepcumem, Aavamul, Kasaxcman
2Mncmumym ouorozuu u Ouomexrorozuu pacmenui, Aavamul, Kasaxcman

Bamsanme caannymaoBoOyi U IfaBeAeBOV KMCAOT Ha YPO>Kai IIIeHNUITbI
B 00Ae3HeHHBIX YCAOBUSX

AnnoTamms. Pecriyb6amka Kasaxcran - KpyHHBIN HPOM3BOAUTEAb UM 9KCIOPTep IIIIeHMIIBL.
[Tmenunia - 9TO 3epHO, KOTOPOE SABASETCS CaMbIM Ba>kKHBIM MCTOYHMKOM NI Ha 3emae. OH COAePKUT
75-80% yraesBoaos, 9-18% GeakoB, KAeT4aTKy, MHOXKECTBO BUTAMIHOB (OCOO€HHO BUTaMMHOB IPYHIIEI B),
KaAbIINIA, >KeAe30 I MHOXKeCTBO MaKpo- I MUKPOD1eMeHTOB. I'prOKoBble MHQeKIINI AMCTheB, TaKue KakK
IISITHUCTOCTh AMCTBEB, BbI3bIBaeMasi Septoria tritici, m 0oae3Hm p>kaBumMHBI, BhI3bIBaeMble Puccinia
graminis, Puccinia striiformis u Puccinia triticina, Tak>xe mpeAcraBAsIoT 9Ty mpodaemy. Hezasnucumo ot
3aCyIIAMBOIO KAMMaTa, poCT BOCIIPUMMYMBBIX COPTOB IIPUBOAUT K DIMAEMUAM AUCTOBON P>KaBUMHBI B
CcpedHeM depe3 YeThIpe roga, Hopaxkas 0oaee 1 M1AAMOHa IreKTapoB C IIpeArioAaraeMbIMI IIOTePsIMU B
25-30 mponentos. CaaniinaoBasl U CAaHIeBasl KMCAOTHI CIIOCOOCTBYIOT pocTy pacrenuii. IIposepsiem,
MOIYT AU OHU IIOAOKUTEABHO NOBAMATH Ha YypoXKail IIIIeHUIIBI B ycAOBMsIX Ooae3Hn. Bueypounas
00paboTKa CeMsH CaAUINAOBOI KIMCAOTON U KICAOTaMI Y COPTOB MINEeHNUIIBI IIPUBOANUT K ITOBBIIIIEHNIO
00111el1 TPOAYKTUBHOCTY pacTeHMIl U 3HaUUTeABHOMY yBeAMYEeHMIO ypoyKaitHOCTU. KoMIToHeHTsI AByx
serrjects (SC u OA) BAUAIOT Ha ypo>Kali IIIIIeHUITH B 000X HaIlpaBAeHMsX, TP 00paboTKe CeMsTH I
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OIIPBICKMBAHUM AVCTbEB, KOTOpble, KaK CuMTaeTcs, 001ajaloT CBOMCTBAMM CTUMYAMPOBaHMS pOCTa
pacrennit. O6pasust 0,2 MM OA n 0,5 MM CK + 0,1 MM OA noxazaan xopoline pe3yAbTaTbl KaK IIpU
00paboTKe ceMsH, TaK U IIpU ONPBICKUBAHUN AMICTHEB 10 BCeM XapaKTepUCTUKaM YpO>KaifHOCTI copTa
Apaii 10 cpaBHEHMIO C KOHTPOABHBIMU. PesyabTaThl 9TOro nccaejoBanns OyAyT IOA€3HbI 445 OOPBOBI C
IpUOKOBBIMIU 3a00A€BaHMSIMMI IIITI€HUIIEI.

KaioueBnie caoBa: miieHmiia, 0oae3Hb, p>KaBuMHa, CHCTE@MHas YCTOMYMBOCTD, CAAUIINAOBAS
KICAOTA, CAaHIIeBas KMCAOTa.

CokpameHuns: caannunAoBas KIcAoTa - SA, caaHuesast Kucaota - OA, cucreMHast pe3UICTEHTHOCTb
- SR, mHAynIMpoBaHHas cucTeMHasl pe3MCTeHTHOCTS - ISR.
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