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ABSTRACT

Amaranth seeds of lines D-136, K-432 and K-433 wetgected to different gamma irradiation doses. @, 100,
150, 200 and 250 Gy) and germination charactersheke lines were studied at Shahid Chamran UnityerHi
Ahvaz, Iran. The experiment was designed as apdptidesign with three replications. Amaranth Brend gamma-
rays were allocated to main plots and sub-plotsspesetively. The results revealed that seed germimat
percentages and seedling shoot and root lengthedesed with increasing dose of gamma-ray. The 25Qa&yma-
ray dose in particular had a pronounced effect bese germination parameters than others, probablyabse of
injury it might have caused to the seed or seedinifpe amaranth. Although, gamma-ray increasedyégrenination
index of amaranth seeds but the subsequent lerfigthamt and root of seedling were markedly decréaSbere
was a decrease in shoot and root length of amaraa#tling by increase gamma-ray doses. These sasditated
that germination traits of amaranth lines seedseveensitive to increase in gamma-ray, even thoitglexposure
to the lower doses of gamma-rays.
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INTRODUCTION

The study of the effects of Gamma Radiation (GRplamts is a broad and complex field. Work is beiloge in
many areas on a large number of plant species. &Rbéen found to affect the size and weight oftplanmany
radiobiological reactions, the effect of a giversél@epends on the intensity of radiation or themeaim which the
total dose in fractioned (i.e. the time intensiagtbr) [1]. It was generally agreed that low doségamma rays
stimulate call division and growth development iarigus organisms including plants and animals. This
phenomenon, named "hormesis" [2]. Several workess tstudied effect of gamma rays on seed germimatio
gymnosperms and noted that the higher exposureg weually inhibitory, whereas lower exposures were
sometimes stimulatory [3]. Indeed, the morphololgisauctural and the functional changes depentherstrength
and duration of the gamma- irradiation stress T4lerefore, it's pointed out that the results fronme species or
varieties should not be applied to others as diffetypes of responses are to be expected in eiffgrlants or even

at different stages of development in the sametp&imilarly founded that although, exposure to gamradiation
retards seed germination but, its effect differsvamieties as well as species, and it more pronedirat higher
temperatures and higher seed moisture contents [5].

Selim and El-Banna [6] concluded that irradiatioithwow doses of 5 to 50 Gy were the safety dokes ¢an be

used as a perfect tool for pea seed preservatibstamulating seed germination, growth and metahmocesses as
well as increasing seed yield and the nutritiorslue of seeds. On the other side, doses of 1002080200 Gy

were inhibitory doses; doses of 250 up to 400 Gyewethal. Also, other study have shown that reddy low-
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doses GR on plants and photosynthetic microorganama manifested as accelerated cell proliferagermnination
rate, cell growth, enzyme activity, stress resistaand crop yields [7]. In contrary, germinatiosdes up to 38.1 %
have been observed in wheat and sorghum at 2000t@>4% and in corn at 400 to 800 Gy. Gamma radiatigm to
800 Gy caused retardation of shoot and root graygthio one-half to two- thirds that of the untreassetds [8].
Results of gamma radiation studies on rice seederslthat, the speed of germination was actuallyeased by
exposure to GR below 100 Gy. But, stronger expodapgessed germination [9].

Amaranth Amaranthusspp.) as a new crop is an ancient pseudo-cerigg@hating in the Americas and can be used
as a high-protein grain and forage crop or a leafgetable. To date there is no major report stateguse of
gamma irradiation on Amaranth seed. Thus, the dirthie study is investigate the effects of differeloses of
gamma radiation on seed germination parametersafanth cultivars.

MATERIALS AND METHODS

The experiment was conducted in 2008 at the sdmxatdtory of Agricultural faculty of Shahid Chamridniversity,
Ahvaz, Iran. Three Seeds amaramim@ranthus cruentus.) lines included, D-136, K-432 and K-433 whicimddy
obtained from Institute of Agriculture and Natumdesources, University of Nebraska, Lincoln, U.Swlere
exposure to gamma radiation. Seeds were subjectéalit doses of gamma-rays (i.e. 100, 150, 20025® Gy)
and with non- irradiation (i.e. 0 Gy) as a contristadiation was carried out by & cobalt gamma source at
Radiology Medical Center, Gendi-Shahpoor Medicaiversity, Ahvaz, Iran. The experiment was laid ousplit-
plot design, with three replications. Amaranth éingere allocated to main plots and gamma radiatiosub-plot.
Irradiated seeds (50 seeds per 9 cm diameter digies) were put on distilled water (using moisefipapers) and
placed in an incubator for 7 days at®5with the same condition. Emergence of radical taisn as index of seed
germination. Germination parameters were recordefidth control (non-irradiated) and irradiateddsee

The parameters taken into consideration were getinimindex (Gl) percentage of seed germination ¢5)GGroot
and shoot lengths (mm), for all amaranth linesraftdays from germination. Germination index wasasuzed by
following equation.

Gi = 7* M) +(6*N2) +(5* n3) +(4* nd) + (3% n5) +(2* n6) + (L* n7)
7*N

Numbers: days after germination test, nl...n7: Nusbéseeds germinate on day N, N: total seed geatinim

Data were subjected to arc sin transformation faiance uniformity and analyzed by MSTAT-C softwaied
means were compared by Duncan's multiple range test

RESULTS AND DISCUSSION
Germination index
Varieties, radiation doses and interaction betwéeR affected germination index significantly (Taldlg Variation
at one percent level of probability was observed thuvarieties. Germination index of variety K-482s 0.615
followed by D-136, while variety of K-433 had 0.6§28rmination index (Table 2).

Table 1 Analysis of variance regarding differentialsensitivities of three amaranth cultivars seeds tgamma

radiation

Source of variation D.F. Germination index Final germination percentage Shoot length  Root length
Blocks 3 24.86 NS 0.069 NS 30.46 NS  134649.63 NS
Varieties 2 255,95 ** 54.60** 81.42 NS 1112531.75*
Error | 6 6.46 0.242 17.4 210411.62
Radiation 4 8.69* 0.377* 313.27* 215864.77*
VxR 8 0.68 * 0.139* 30.42 NS 18238.98 NS
Error |l 36 2.26 0.059 26.71 80194.67

NS: Non significantly, *: Significantly at 5 perddavel of probability and **: Significantly at 1gocent level of probability.
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Table 2 Effect of gamma radiation on germination inlex of amaranth seeds

Radiation dose Variety
(Gy) “D-136" “K-432" “K-433" Mean
0 0.630 0.608 0.645 0.627 b
100 0.631 0.610 0.648 0.630 ab
150 0.633 0.611 0.650 0.632 ab
200 0.635 0.614 0.653 0.634 ab
250 0.637 0.624 0.655 0.639 a

Collective mean 0.633b 0.613c 0.650a 0.632
Irradiation mean  0.634 0.615 0.652 0.633
Values followed by same letters do not differ digauntly at 1 percent level of probability Using Bzan’s New Multiple Rang Test.

As for radiation treatment, seeds with 250 Gy duse a faster germination index than seeds with @rgamma
radiation. Germination index remained the same &b irradiation treatments but further increaseddiation
dose accelerated germination index. Some resedimingded that gamma-irradiation causes more ragichpation
of seeds. This is probably due to the fact thattslvaves photons (i.e. gamma-rays) are more eriertetn visible
light photons (> 400 nm) and, hence, have a stmoaffect on the surface of plant cells. This caubesultimate
breakdown of seed coating allowing germination ¢orae. But continual exposure to short-waves ramiavill

reduce the vegetative growth, primarily, duo tonso leaf elongation rate, which led to shorteryfudixpanding
leaves [10].

Final germination percentage

Statistical analysis of final germination percemtd@able 3) revealed that differences among vaseind radiation
doses were significant at one percent level of abbdlly. However, VxR interaction was significantfave percent
only (Table 1). Much variation in germination pertevas noted duo to varieties. Variety, K-433 proshl higher
germination percent (Figure 1) than the rest but3R-ranked second while the lowest germination qrerevere
obtained by D-136.

Table 3 Final germination percentage of amaranth sls as affected by gamma radiation

Radiation dose Variety
(Gy) “D-136" “K-432" “K-433"  Mean
0 42 51 70.3 54.4 a
100 41.6 51.3 66 53.2 abc
150 40.9 51.1 64.7 52.3 bc
200 40.4 50.4 63.6 51.5 bc
250 40.2 49.8 63.1 51.1bc
Collective mean 41.02a 50.74b 62.24c 52.46
Irradiation mean  40.8 50.66 64.41 51.93

Values followed by same letters do not differ igatly at 1 percent level of probability Using Bzan’s New Multiple Rang Test.
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Figure 1. Germination percentage of amaranth variges as Figure 2. Germination percentage of amaranth as aéfcted by
affected by gamma radiation various does of gamma rays

By comparing collective and irradiation means dftabkt varieties it may be concluded that the degiom in
germination percent in case of treated seeds idalvadiation (Table 3). This factor is further iomed when the
irradiation mean of treatment were compared throtigh varieties were compared with that of untreatezhn
through the varieties. Gamma radiation significamdduced the germination percent. Highest gernungiercent
were recorded from zero and lowest from the maxindase (Figure 2). However, control and 100 Gy ahge
radiation produced the same FGP statistically,ibeitease in radiation dose beyond 100 Gy reducechigation
percent. Similarly, Hameed et al [11] shown thatkipea cultivars respond differentially to gammadiation and
pointed out that inherent differences in crop eées may be the basis for their differential gewattion response to
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gamma irradiation. For instance, substantial lesgriotein content and peroxidase activity enhancemeere
accrued with increase in gamma radiation from %0800 Gy in one chickpea cultivar, but were notsieeother
cultivar. These results were also reported by €iétt al [12] and Zaka et al [2].

Shoot length

Radiation dose significantly affected the shoogtan(Table 1). Varieties also showed differencestinot length
but these were statistically non-significant. Vaeig K-432 and K-433 had the same shoot length36emm) while
D-136 produced shorter (i.e. 33 mm). Highest shHength was recorded from non-irradiated seeds Vi@t by
seeds from 100 Gy of gamma-rays, but with incréasadiation the seedling shoot length decreasedaached its
lowest length at the highest dose of 250 Gy (TdbleSimilarly, reported that shoot length was dasesl in both

Desi and Kabuli chickpea after all doses of gammradiation of seed [11]. They noted that shoot {ergf seedling
was decreased gradually with increasing dose.

Table 4 Effect of gamma radiation on shoot lengthnim) of amaranth seedling

Radiation dose Variety Mean
(Gy) ‘D-136" “K-432" "K-433"
0 37.6 45.95 40.94 4152 a
100 33.42 35.92 37.6 35.67b
150 33.42 34.25 36.76  34.84 bc
200 31.75 32.58 36.76  33.67 bc
250 30.08 31.24 24.4 30.08 ¢

Collective mean 325a 36.09a 36.76a 35.17
Irradiation mean  32.16 33.58 35.67 33.58
Values followed by same letters do not differ digauntly at 1 percent level of probability Usinguiican’s New Multiple Rang Test.

Maximum decrease in shoot length was accorded tim tlickpea cultivars after irradiation dose of 8. Also,

Kon et al [1] reported that germination percentaget and shoot length and root and shoot dry wieglong Bean
seedling decreased with increasing dose of gammahee 800 Gy gamma ray dose in particular hadoaquinced
effect on these morphological characteristics pobblaecause of injury it might have caused to theds. As a
result, poor growth and development was noticed.

Root length

Both radiation doses and varieties affected roogtle significantly (Table 5). However, interactibatween V x R
was not significant (Table 1). Variation in seedlimot length was recorded for varieties. Variéty433 was on the
top in respect of root length which was 39.5 mniofeed by D-136 and K-432 35.6 and 32.2 mm, respelsti
Root length decreased significantly with increaseddiation doses in all the varieties. An inversitionship
between root length and radiation doses was obdeHigher root length was recorded from non-irréetiaseeds.
With increasing radiation dose, root length decedaznd it was lowest when seeds were treated \Bith@y of
gamma rays. This decrease in root length may bdalthe radiation damage was the same as decreabedting
length. Similarly, Jacks and Thapa [3] reportedt timatwo pinus species, at early stage of growth, root and
hypocotyls elongation were inhibition by gamma-raxposures. This inhibition increased as the désxposure
increased. In fact, in one species more than 5086 elmngation inhibition was induced by 100 Gy esyn@s of
gamma-rays but this exposure was not lethal. Howemeanother species 100 Gy exposures proved tiethal
exposure for root elongation. Also, reported tleatt length decreased after all doses of irradiati®rtompared to
non-irradiated control in all chickpea cultivarsutBthe gamma dose which induced maximum decreaseoin
length was differed between cultivars [11-3].

Table 5 Effect of gamma radiation on root length (mm) of amaranth seedling

Radiation dose Variety
(Gy) "D136°  "K432" “Kasy  Mean
0 39.2 39.73 46.11 41.68 a
100 36.18 34.05 39.37 383lab
150 35.82 30.68 38.84 35.12 bc
200 34.76 29.62 38.84 34.41 bc
250 32.1 27.31 34.41 31.21c
Collective mean 35.65ab 32.28b 39.55a 36.18
Irradiation mean  34.76 30.33 37.6 34.76

Values followed by same letters do not differ igantly at 1 percent level of probability Using Bzan’s New Multiple Rang Test.
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CONCLUSION

Generally, retardation of seedling growth paranseterone of the most common responses of planestdg to
ionizing radiation. Therefore, variations in radiensitivity of plants at interfamily, interspecifemd intraspecific
levels are reported [7]. The results agree with Bednet al [11] and Zaka et al [2] who reported th@thma
radiation decrease the root length. According &séhresults, its reveal that the germination indag significantly
increased in the three amaranth liens with incrahsegamma doses, while the germination percenteae
significantly decreased with increased gamma ddeesdl gamma-rays, the highest and lowest gerrigngtercent
were belonged to K-433 and D-136 lines, respegtiviel addition, in all lines, gamma-rays decreaedshoot and
root length of amaranth seedling. In all gamma-ragsiety of K-433 had the highest germination petage value
while variety of D-136 had the lowest. Also, dif@t in germination index mainly attributed to gécedty
differences of amaranth seed lines. Base on ciledata of this study it seem that both inherdffeiénces in
amaranth varieties and gamma doses more influenmingmaranth seed germination parameters. Theretore
seems that amaranth seeds were sensitive to inggeasgamma-rays even though to the lower dosegaoima
irradiation. Furthermore, degradation of ozone fdayéhich causes increased ionize irradiation (gamma-ray)
seem to be damaging for amaranth seed germinatseedling establishment.
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