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Abstract: The study aimed to compare the changes in physiological parameters, product components and
grain quality in Vugar durum wheat genotype (Triticum durum Desf.) exposed to gamma radiation before
sowing in drought and irrigated variants.

It was found that irradiation of seeds with radioactive rays increased their chlorophyll synthesis in
drought conditions. The number of carotenoids remained the same for the irrigated and drought variants
at a radiation dose of 10 Gy. In this case, a radiation dose of 10 Gy compensates for the drought effects.
In the irrigated variant, the increase in gamma radiation dose leads to a linear decrease in the amount of
proline compared to the control plant. In the drought variant, the amount of proline decreased by 50% at a
dose of 50 Gy compared to the control sample and increased by 2.75 times at 10 Gy. This result can be
considered as the elimination of the effect of drought stress during the joint effects of drought and
radiation stresses. Although the increase in gamma radiation affected some physiological parameters, it
did not significantly affect the grain quality and the product components.

Keywords: gamma radiation, drought, durum wheat, photosynthetic pigments, proline, spike elements,
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1. Introduction

One of the many application fields of nuclear technology is agriculture. This technology
is used in agriculture for various purposes. lonizing radiation is also used to increase the
therapeutic properties of medicinal plants, increasing productivity, obtaining better quality
products, obtaining plant genotypes that are more resistant to various stress factors and diseases,
and so on [1, 11]. Some authors suggest that gamma radiation can also be used to change the
physiological characteristics of plants [4, 6, 7, 9].

Other studies show that irradiation of wheat seeds reduces the length of the root and stem
during its development [3]. Depending on the radiation dose, radioactive radiation has different
effects on the morphology, anatomy, biochemistry and physiology of plants [10]. These effects
result in changes in plant metabolism and cell structure. For example, enlargement of thylocoid
membranes, changes in photosynthesis, modulation of the antioxidant system, and accumulation
of phenolic compounds. Today, mutations have become a popular method in plant breeding.
With this method, it is possible to obtain genotypes with specific characteristics [5].

The study aimed to compare the changes in physiological parameters, product
components and grain quality in Vugar durum wheat genotype (Triticum durum Desf.) exposed
to gamma radiation before sowing in drought and irrigated variants.
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2. Materials and methods

Dried seeds from Vugar durum wheat genotype (Triticum durum Desf.), selected as the
object of study were irradiated at two different radiation doses of 10Gy and 50Gy. The
irradiation process was carried out using of Co-60 isotope radiation source in RUXUND-20000
device in “Isotopic Radiation Source” Scientific-Experimental Complex of the Institute of
Radiation Problems of ANAS. The power of the source during that period was 0.342 Rad/sec.

Irradiated seeds (10Gy and 50Gy) and control plant samples (0 Gy) were planted in the
open field in the experimental field at the Agricultural Research Institute. The sown area is
divided into two parts, one irrigated and the other arid. The number of green pigments,
carotenoids and proline were determined in the samples taken from the green masses of these
plants.

The number of chlorophylls and carotenoids was determined using the Lichtenthaler
(1987) [8] method.

Proline was determined based on Bates L. et. al. (1973) [2].

At the end of the vegetation period of the plants, the product components were
determined on the fully ripe wheat-ears.

After the harvest, a grain quality analysis was performed.

3. Results and discussion

As can be seen from Figure 1a, in the irrigated variant, the amount of chlorophyll a and
chlorophyll b in the leaves decreased due to radiation. At a dose of 10 Gy, the amount of chl
(a+b) is reduced by 42% compared to the control plant. This change is 33% at a dose of 50 Gy.
The decrease in carotenoids was higher than in chl (a+b). Carotenoids were reduced by 40% at
10 Gy and 50 Gy compared to the control plant. Dose dependence was observed. chl (a+b)/carot.
did not change in the radiation exposed variants. Since both chl a and chl b are approximately
equally reduced by the effects of radiation, the chl (a+b)/carot. ratio is almost unchanged. There
is a slight decrease in the chl a/b ratio. This is because that chl a was more sensitive to radiation
than chl b.

As can be seen from Figure 1b, if we compare the results for the 0 Gy, 10 Gy and 50 Gy
radiation doses in the drought variant, we’ll see that there is an approximately 17% decrease in
the amount of chl a due to radiation. If we compare the results for all three radiation doses taken
from the drought area with the irrigated variant, we’ll see that the amount of chl a in the 0Gy
drought variant is 25% lower than in the OGy irrigated variant, while the amount of chl a in the
10 Gy and 50 Gy doses remains approximately the same.

The amount of Chl b increased by 35% and 40%, respectively, in the drought variant for
10 Gy and 50 Gy radiation than the irrigated variant.

This can be considered as a process that took place under the influence of radiation. That
is, irradiation of seeds with radioactive rays increased their chlorophyll synthesis in drought
conditions. An increase in the amount of chlorophyll and carotenoids was also observed in a
study conducted by Sumira J., Talat P. et al. [13].

Radiation-dependent changes in the number of carotenoids for the arid area were almost
not observed. However, comparing the results for the 0 Gy, 10 Gy, and 50 Gy radiation doses in
the drought variant with irrigated variants, we’ll see the following: in the drought variant, the
amount of carotenoids decreased by 48% at 0Gy compared to irrigate one, at 50 Gy, the decrease
was 30%. At 10 Gy, the change was very small. If we do not take this into account, we can say
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that the number of carotenoids at 10 Gy for irrigated and a drought variant has not changed. In
this case, the radiation dose of 10 Gy compensates for the drought effects.

Figure 2 shows the change in the amount of proline, an osmoprotective compound for
both irrigated and drought variants, due to gamma radiation. As can be seen, the increase in
gamma radiation dose in the irrigated variant leads to a linear decrease in the amount of proline
compared to the control plant. This can be explained by the fact that radiation disrupts amino
acid synthesis and reduces the number of compounds that initiate proline.

In the drought variant, a different result is observed. At a dose of 50 Gy, the amount of
proline decreased by 50% compared to the control plant, while increased by 2.75 times at 10 Gy.
Given that proline is not only an osmoprotective but also an antioxidant, this result can be
considered as the elimination of the effects of drought stress by radiation during the combined
effects of drought and radiation stresses.

There are several literature materials on the increase of the resistance to other stresses
after exposure to one abiotic factor. For example, the processing of seeds with radioactive rays
and various chemicals can lead to an increase in the resistance of plants to diseases, drought,
heavy metals, salinity, high temperatures, cold and other abiotic stresses during the subsequent
growth of plants.

The results we obtained are consistent with this literature material. Such effects, which
occur when plants are exposed to several stresses together, are called cross-adaptation. It is
shown that one of the main reasons for this is the multifunctionality of stress protection systems
(for example, the antioxidant system) [14].

As it is known, cross-adaptation means the formation of resistance to the influence of
another stress factor after the weak influence of one stress factor. One of the main reasons for
this is that multifunctional stress protection systems (such as the antioxidant system) [12, 15].
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Fig. 1a. Effect of gamma radiation on the number of pigments in Vugar durum wheat genotype (Triticum
durum Desf.) planted in the irrigated areas.
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Fig. 1b. Effect of gamma radiation on the amount of pigments in Vugar durum wheat genotype (Triticum
durum Desf.) planted in the drought area.
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Fig. 2. Changes in the number of proline depending on the radiation dose in Vugar durum wheat
genotype (Triticum durum Desf.), planted in the irrigated and drought areas.
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Table 1 shows the technological quality of grain depending on the radiation dose in
Vugar durum wheat genotype (Triticum durum Desf.) for both irrigated and drought variants.

First of all, let's make a comparative analysis of the quality of grain formed in plants
exposed to gamma radiation doses of 10 Gy and 50 Gy than control plants for irrigated variants.
As shown in the table, the vitreousness did not depend on the dose. The amount of gluten was
reduced at a dose of 50 Gy compared to the control plant. Although the deformation coefficient
of gluten (DCG) was close to the control variant at a dose of 10 Gy, it increased at a dose of
50Gy. Sedimentation equally decreased in the irradiated samples compared to the control plant.
The amount of protein was increased at a radiation dose of 10 Gy compared to control plants and
it decreased at a radiation dose of 50 Gy. It was found an increase in the mass of 1000 grains at
doses of 10Gy and 50Gy d compared with the control plant.

If we do not take into account the slight differences between the parameters of the
technological quality of the grain in the drought variant, we can say that the effect of radioactive
radiation was not noticed.

When comparing the drought and irrigated variants, respectively, the change tendency at
10 Gy and 50 Gy was maintained as in 0 Gy. The effect of the radiation did not make any
difference.

Table 2 shows the results of the effect of gamma radiation on product components
depending on the radiation dose in Vugar durum wheat genotype (Triticum durum Desf.) for
both irrigated and drought variants. As can be seen, there was no change in the linear dimensions
in length and width of the spike at a dose of 10 Gy compared to the control plant in the irrigated
variants. Due to the effects of radiation, the number of spikes in the spike has increased slightly.
At a dose of 10 Gy, the weight of the spike was reduced by 33%. At a dose of 50 Gy, the mass of
the spike got the value close to the control plant. Compared to control plants, the number and
weight of grains in the spike increased slightly at doses of 10 Gy and 50 Gy of gamma radiation.
Considering that slight changes are within error, we can say that the effect of radiation on
product components in the irrigated area was not observed. The same can be said for the drought
area.

Although the increase in gamma radiation affected some physiological parameters, it did
not significantly affect the grain quality and the product components.

Table 1
Technological quality indicators of grain depending on the radiation dose in Vugar durum wheat
genotype (Triticum status Desf.)

Ne Experiment Vitreou | Gluten, % | DCG, the | Sedimentati | Protein, % | 1000
variant sness, elasticity on, ml grains
% of the mass,
dough, gr

c.u.
1| 0Gy | Irrigated 100 32.8 104.7 16.5 14,797 32.8
Drought 100 31.2 100.4 13.5 13.784 31
2 | 10Gy | Irrigated 100 33.2 105.8 15 15.203 34.2
Drought 96 30.8 92.8 15 15.203 324
3| 50Gy | lIrrigated 100 29.6 108.4 15 14.392 36.4
Drought 100 30.4 101.8 15 14.797 28.6
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Table 2
Effect of radiation dose on product components in Vugar durum wheat genotype (Triticum
durum Desf.)

Ne| Experiment variant | Spike Spike Number | Spike Number of | Grain
width, | length, cm | of mass, grains in mass in
cm spikes, ar spike, spike,

number number ar

1| 0Gy Irrigated 1.56 6.56 14 2.42 44 1.7

Drought 1.34 5.62 14 1.68 35 1.18

2 | 10Gy | Irrigated 1.56 6.58 15 1.67 45 1.84

Drought 1.46 6.08 15 1.69 37 1.11
3 | 50Gy | Irrigated 1.54 6.6 15 2.64 46 2.02
Drought 1.20 5.36 13 1.65 33 1.13

Conclusion: A dose of 50Gy compared to a 10Gy dose of radiation resulted in a sharp
decrease in the amount of photosynthetic pigments and proline in the plants affected by the
irrigated and drought stresses.
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U3YUEHUE BO3JIEHCTBUS CTPECCOBBIX ®AKTOPOB PATMAIIUU U 3ACYXH
HA HEKOTOPBIE ®U3NOJOTNMYECKHUE U TEXHOJIOI'NYECKHE
XAPAKTEPUCTUKHU B TEHOTHUIIE TBEPJOM MIIEHUIIBI BYTAP

x.P. Opyn:xeBa, T.U. Autaxsepaues

Peztome: llenb unccnenoBaHusl HM3ydeHHE H3MEHEHHH (DH3HOJIOTMYECKUX I[apaMeTpoB, KOMIIOHEHTOB
NPOM3BOAMTEILHOCTH M KauecTBa 3€pHa TBEpAOHW muieHusl Byrap ramma-oOaydeHHBIX 10 IOCEBa B
BapHaHTaX 3aCyXH U OPOIICHUS.

BrisiBieno, uro obmydeHre paaroOaKTHBHBIMH JIydaMHU YCHIIAJI CHHTE3 Xyopodmuia B HUX. [Ipu
noze msnydeHuss 10Gy 1yt BapuaHTOB NOJMBHBIX M 3aCyXH KOJHMYECTBO KapOTHHOMIOB OCTaJCA
OIMHAKOBBIM. B 3TOM ciydae moza m3nyuenus 10GYy xommeHcupoBanl AelcTBHE 3acyxu. B Bapuante
MIOJIUBHBIX 110 CPABHEHHUIO C KOHTPOJIBHBIM PAaCTEeHHEM IOBBIIIEHHE J03bI FraMMa-U3Iy4eHUs] PUBOJIUT K
JMHEHHOMY CHIDKCHHUIO KOJHMYECTBA MPOJHMHA. A B BapHaHTEe 3acyxu npu no3e oOmyueHus 5S0Gy
KOJINYECTBO MPOJIMHA IO CPABHEHHIO ¢ KOHTpojeM cHu3mics Ha 50%, Toraa kak npu no3e oomyuenus 10
Gy mnosbicuiicss B 2,75 pa3a. DTOT pe3yiabTaT MOXKHO OOBSICHHTH, KaK YCTPaHEHHE CTpecca 3acyXH
paauanueil mpu COBMECTHOM BO3JAEHCTBHM OOOWX CTPECCOBBIX (DaKTOPOB - 3aCyXd W paJHaldu.
Hecmotpss Ha TO, 4YTO yBenW4yeHHWE M03bI TramMMa-oONydeHHs TOACHCTBOBAIO Ha HEKOTOpHIC
¢du3noNIOTNYecKre apaMeTphl 3epHa, HO Ha KaYeCTBEHHBIC [TOKA3aTEN U KOMIIOHEHTHI IPOTyKTUBHOCTH
3HAYUTEIHHO HE MOBJIHSLIO.

Knwouesvie cnoea: ramma-o0iyueHue, 3acyxa, TBepAas NIICHHWLA, (OTOCHHTE3UPYIOIIUE MUTMEHTHI,
IIPOJIMH, BJIEMEHTHI KOJIOCA, IIOKA3aTeNId TEXHOJIOIMUECKON XapaKTePUCTHKH 3epHa
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VUQAR BORK BUGDA GENOTIPINDO RADIASiYA VO QURAQLIQ
STRESLORININ BOZi FiZiOLOJi VO TEXNOLOJi OLAMOTLORO TOSIiRININ
OYRONILMOSI

C.R. Orucova, T.I. Allahverdiyev

Xiilasa: Tadqigatin mogsadi toxumlar1 sapindan avval gamma-giialanmanin tasirine moaruz galmis Viigar
bork bugda (Triticum durum Desf.) genotipinds fizioloji parametrlarin, mahsul komponentlarinin va doanin
keyfiyyatindo bas veron doayisikliklorin quraqliq vo suvarilan variantlarda miiqayisoli Gyranilmasi
olmusdur.

Miioyyon edilmisdir ki, radiaktiv stialarla toxumlarin siialandirilmasi onlarda quraqliq soraitinds
xlorofill sintezini artirmisdir.10 Gy siialanma dozasinda suvarilan vo quraqliq variantlar {igiin
karotinoidlorin migdar1 eyni qalib. Bu halda da 10 Gy siialanma dozasi quraqhigin tasirini kompensasiya
etmis olur. Suvarilan variantda nazarat bitkisi ilo miiqayisado gamma-siialanma dozasinin artmasi prolinin
miqdarmin xatti azalmasina sobab olur.Quraqliq variantda iso 50Gy siialanma dozasinda prolinin miqdari
kontrola nisbaton 50% azaldig1 halda, 10 Gy siialanmada isa 2,75 dofo artmigdir. Bu noticoni quraqliq va
radiasiya stresslorinin birgs tosiri zamani radiasiyanin quraqliq stresinin tosirini aradan qaldirmast kimi
gobul etmoak olar.

Baxmayaraq ki, gamma-siialanmanin artmasi bazi bazi fizioloji parametrlorina tosir gostorsa do donin
keyfiyyat gostaricilarine vo mahsul komponentlarina shomiyyatli tasir etmomisdir.

Acar sozlor: damma-siialanma, quraqliq, bork bugda, fotosintezedici piqmentlor, prolin, siinbiil
elementlori, donin texnoloji olamot gostaricilori
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