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ABSTRACT

Purpose of the present work was to study whettesettect ofy- radiation doses given to dry an
soaked (where germination initiation has begun)seef Punicagranatum, are carried to the
explants also that are used for in vitro cultureisrit limited to the seedling growth only. To
investigate the effect of - radiation on endogenous level and radiolysi$A&; soaked and dry
seeds were irradiated with 1, 5, 10 and 15 kRyefradiation and germinated in vitro. Callus
was regenerated from various explants of theselisgsd Endogenous level of IAA in root, stem
and callus and radiolysis of IAA in different media. aqueous or cell extract was recordad.
doses, except 1 kR, inhibited the seedling gro@aiius initiation and growth was delayed by 10
and 15 kR, whereas 1 and 5 kR stimulated the cgliowth. Endogenous level of IAA in root,
stem and callus was suppressed by all the dosgs raidiation, except 1 kR; where it was more.
Radiolysis of IAA in aqueous and cell extract wesslIthan radiolysis of IAA crystasl. Higher
doses ofyinhibited growth of seedlings, callus derived frdmem and endogenous level of 1AA.
As compared to pure IAA, IAA present in aqueoustisnl or in cell extract had less radiolysis.
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INTRODUCTION

y-irradiation is known to significantly affect Phg#gical and Biochemical processes in plants
e.g. it disturbs the synthesis of protein [1], homa balance [2], leaf gas-exchange [3 , water
exchange and enzyme activity [4]. Effect)ofadiations on peroxidase and protease activity,
lipid peroxidation, protein content, seed germimatand seedling growth in chick pea have also
been demonstrated [5].

Depending on the doses gf— irradiation given to the seeds, both stimulatasy well as
inhibitory effects on seedling growth [6, 7] haveeb reported. It has been observed that soaked
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seeds oPunica granatumwhen irradiated with 1 kR of— rays had better root growth over the
control, while all the doses above 1 kR were fotmbe inhibitory to shoot and root growth [8].

Since both seedling as well as root growth are weugh dependent on mitotic activity and auxin
content, therefore, analysis of mitotic index amtlagenous level of IAA in the seedlings
germinated from the irradiated seeds was thouggitable for the present work.

Moreover, attempts were made to use the seedlieagged from irradiated seeds as source of
various explants and their callusing capacity. Weée the callus derived from irradiated
seedlings explants had any alteration in IAA conteas also studied.

MATERIALS AND METHODS

y- Irradiation of Seeds:Dry seeds (DIS) as well as seeds soaked (SIS) 4oh &f Punica
granatumL var. Ganesh were irradiated with 1, 5, 10 andk®5of y — rays from®°Co source
(IIT Bombay), which emits 200 megarads/hr. Priouse all seeds were surface sterilized with
0.1% HgC}.

Seed Germination:Hundred irradiated seeds of each dose and contevk vgerminated
aseptically on half strength MS [9] medium af@5n dark for one week and then transferred to
16 hrs light and 8 hrs dark periods. Light intepsias maintained at 3000 Lux. On"38ay
percentage of germination, root and stem lengthiy fihesh and dry weight, number of leaves
and root laterals of germinated seedlings wererdsch

Callus generation form different explantd=rom 35 days old seedlings pfirradiated as well
control; approximately 0.5 cm. segments of rootpdoptyl, cotyledonary node, cotyledon,
internode, node, leaf and shoot tip were cut andutated onto B5 medium [10], augmented
with 0.5 mg 1* 2,4 — D, 3% sucrose and 0.8% agar. Callus wasvedl to grow for 6 weeks.
Seedlings from 15 kR irradiated soaked seeds dithane completely opened leaves; therefore,
the outer most leaf primordia were taken.

IAA Estimation: IAA content in root, shoot and cotyledon of 21 daid seedlings as well as six
weeks old callus derived from 8 different explamtas analyzed by Tang and Bonner’'s method
[11]. 1AA was extracted from tissues in chilled%80methanol. Cell debris from the methanol
extract was removed by centrifugation 44 Clear extract was treated with Salkowski reagent
color was allowed to develop for 30 minutes andoaptiensity was measured at 535 nm

Radiolysis of IAA byy-radiation:

(i) 1AA crystals: 5 mg of IAA crystals was irradiated with 1,5,10 abil kR of -radiation and
then dissolved in 100 ml double distilled watereThmax was recorded between 200 — 300 nm
and was compared with non-irradiated IAA solutidthe same concentration.

(i) IAA aqueous solution In another set of experiment 5 mg of IAA was digsd in HPLC
grade Mili Q water and then irradiated with aboventioned doses af—rays. Theiih. max was
recorded at 200 — 300 nm.

(i) IAA with cell extract solution: 500 mg of seedling tissues (either root or shoatje
macerated on ice and cell content was extractethilled PQ buffer (pH 7) then centrifuged at
0° C at 8000 rpm and supernatant was taken as defloéxSimilarly IAA was extracted from
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callus also. To this extract 2 ml (of 1mg/ml) IAAlgtion was added, it was made up to 20 ml
with PQ, buffer and then irradiated with 1, 5, 10 and 15dfR-rays. Thé. max was recorded at
200 — 300 nm and compared with control.

RESULTS
Seed GerminationEmergence of radical (taken as initiation of geraion) from the 1 and 5
kR SIS and DIS were same as control i.e. 48 hamngreas both 10 and 15 kR SIS and DIS
caused a delay of 24 hours and seeds germinaggdrafhours (Table 1). 100% germination was
observed in control as well as all the treated seed

Figure 1 Effect of various doses of-rays, given to (A) Soaked and (B) Dry seeds on guth of seedlings, as
recorded on 3%' day after treating and sowing in vitro
A
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Table — |. Effect of various doses of - rays given to soaked seeds (SIS) and Dry see@S) of Punica granatumon germination and seedling growth
(Results are mean of 100 values £S.E.)

Germination Germination
Initiation Percentage (%) Seedling growth on 3% day
Sis DIS
Fresh Dry Fresh Dry
- dose
v SIS | Dis sis Root | Shoot | No.Of | No.ofRoot| Wt of | Wt of Root | Shoot |\ ¢ | NO-Of |y " Wt of
DIS | h L h L | | Seedii Seedi length Length L Root Seedli Seedli
(Hr) (Hr) engt engt eaves aterals eedling eedaling (Cm) (Cm) eaves laterals eedaling eediing
(cm) (cm) (9) (9 (9 (9)
Control 530 5.48 15 155.0 15.45 530 548 6.0 15 155.0 15.45
48 48 100 100 | 1008 | =003 | 60%02 +0.07 +0.05 +0.08 +008 | £0.03 +02 | £0.07 | +0.05 +0.08
1KR 5.60 4.80 18 118.0 11.65 5.04 431 6.0 12 151.0 15.0
48 48 100 100 | 1004 | =005 | 6008 +0.01 +0.02 +0.09 +0.05 | +0.08 +08 | £0.07 | +0.05 +0.08
5 kR 411 255 22 93.0 9.10 4.48 332 6.0 13 105.0 10.4
48 48 100 100 | 4006 | =002 | 6005 +0.04 +0.02 +0.09 +0.03 | +0.06 +06 | £0.07 | +0.04 +0.03
10 kR 3.02 1.41 15 88.0 8.55 425 256 6.0 12 93.0 913
2 72 100 100 | 4005 | 2004 | 40%09 +0.06 +0.04 +0.07 +007 | #0.01 +04 | £0.09 | +0.08 +0.02
15 kR 1.08 091 80.0 7.75 415 2.40. 12 86.0 + 8.40
2 2 100 100 | 4003 | +0.09 0 52005 1 4501 +0.02 +0.09 | +0.09 0 +0.04 | 007 +0.04
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Table — II. Fresh & Dry weight of callus (as recoredd on 64" day after inoculation) initiated from different explants from seedlings derived from Soaked ang-irradiated seeds (SIS)

and Dry irradiated seeds (DIS) ofPunica granatumL Var. Ganesh. Initial inoculated fresh weight of @llus was 50 mg (Values are mean + S.E. of 10 saeg)

(C = Control, FW = fresh weight; DW = dry weightMD= % dry mass, Coty = Cotyledon)

y- ray dose
KR Root Callus Hypocotyl Callus Coty. nodes Calllis  tydaeaf Callus Inter-Node Callus| Node Callus Leall@s Shoot Tip Callus
FW ‘ DW| DM FW| DW‘ DM FW| DW‘ DM FW| DW‘ DM FW| DW‘ DM FW| DW‘ DM | FW | DW‘ DM FW| DW‘ DM
SIS
Control 250 | 205 82 | 262 21.2] 8.09| 214] 17.1 | 799 210[ 16.8| 8.0 | 374] 30.0] 8.02| 212 17.0| 8.01] 175 14.1] 8.05] 282] 22.6 | 8.01
* * + + * + + + + + * + + + * *
2.0 | 0.08 5.8 | 0.05 6.8 | 0.02 9.5 | 0.02 97 | 04 57 | 0.07 51 | 0.06 5.8 | 0.05
1 270+ | 21.6| 8.0 | 313 | 255| 8.14| 232 | 185 | 7.97| 315 | 25.7] 8.15| 419 [ 335| 7.99| 235 | 188 8.0 | 206 | 16.4| 7.96 | 289 | 22.5| 7.99
3.0 * + + + + + + + + + + + + + +
0.03 4.8 | 0.07 17 | 0.09 10.5 | 0.07 8.7 | 0.09 2.9 | 0.08 9.1 | 0.09 9.7 | 0.07
5 261+ | 209] 8.0 | 332 | 26.5| 7.98| 250 | 20.1+ | 8.04 | 350 | 28.1] 8.02| 493 | 39.5| 8.01| 266 | 21.3| 8.0 | 214 | 17.3| 8.08| 344 | 27.5] 7.98
2.8 * + + + | 0.01 + + + + + + + + + +
0.01 11 | 0.09 13 10.8 | 0.06 6.7 | 0.02 10.8 | 0.06 6.7 | 0.07 10.5 | 0.06
10 227+| 181 82 | 209 16.8] 8.03| 182] 14.6 | 8.02| 176 14.1| 8.01| 294| 23.6] 8.02| 198 159 8.03| 185 | 148 | 8.0 | 223] 17.8| 7.99
9.8 * + + * + + + + + + + + + + +
0.09 15.4 | 0.01 17 | 0.08 2.9 | 0.03 10.8 | 0.05 12.7 | 0.07 7.9 | 0.01 3.8 | 0.02
15 220+ 18.0| 82 | 189 15.0| 7.93| 171| 13.8 | 8.07| 162 13.0] 8.02 214 | 171
2.7 * + + * + + + - - - - - - - * *
0.04 14.2 | 0.06 11 | 0.05 10.9 | 0.07 9.2 | 0.03
DIS
Control Fw | pw| pm| Fw| bw| bMm| Fw| bpw]| DM| Fw| Dw| DM| Fw| DW| ™M [Fw [DW [ DM | FW [ DW| DM | FW | DW| DM
1 254+ | 20.3] 7.9 [ 295 | 24.0] 8.13| 283 | 23.0 | 8.12| 387 | 31.0| 8.01] 389 | 31.2| 8.02| 299 | 23.2| 8.0 | 185+ | 15.0| 8.10| 300 | 24.0| 8.0
11 * + + + + + + + + + + 120 | =+ + +
0.08 2.8 | 0.07 13 | 0.06 6.8 | 0.09 8.5 | 0.08 6.8 | 0.07 0.05 10.0 | 0.05
5 252+ | 201] 7,9 | 271 | 216 797 | 271 | 22.0 | 8.11| 340 | 27.0| 7.94| 462 | 40.0| 8.00| 339 | 27.2| 8.02| 228 | 183 7.99| 331 | 26.6 | 83
10 * + + + + + + + + + + + + + +
0.08 13.5 | 0.06 11 | 0.04 10.8 | 0.04 2.7 | 0.05 6.2 | 0.08 8.7 | 0.06 14.5 | 0.02
10 232+ 18.7| 81| 246 196 | 7.96| 198 15.9 | 8.03| 285 23.0| 8.07| 320| 25.7| 8.03| 179| 143| 798| 162 | 13.0| 8.02| 193] 155| 8.3
2.4 * + + * + + + + + + + + * * *
0.04 12.4| 0.03 11 | 0.07 6.7 | 0.01 2.9 | 0.07 9.7 | 0.01 9.7 | 0.01 3.7 | 0.07
15 175+| 135 7.7 | 210 16.8| 8.0 | 150| 12.1 | 8.06 | 276| 22.0| 7.97| 281| 22.6 | 8.04| 147| 11.8| 8.02| 130 | 104| 8.0 | 182 146]| 8.7
1.9 * + + * + + + + + + + + + * *
0.05 13.2 | 0.09 10 | 0.03 9.7 | 0.03 8 | 0.02 10.9 | 0.06 10.5 | 0.09 1.8 | 0.01
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Seedling Growth:Data presented in Table 1 shows that none of theatran doses could
enhance the growth of aerial parts viz. shoot, &#af However, an increase in the length of
main root and number of lateral roots was notedeedlings from SIS 1 kR irradiated seeds.
With increaseq — radiation doses there was a decrease in roodf simd leaf growth, even the
size of cotyledonary leaves was slightly reducaduie 1 and Table I). In seedlings from SIS
with 15 kR, leaves did not open up till®2days and remained as part of shoot apex.

Callusing: Callus initiation occurred from all the explantslowever, the time taken for callus
initiation varied in different explants and tlye— radiation doses given to the seeds prior to
germination qable I). All the explants from corit 1 and 5 kR irradiated seeds showed callus
initiation by 7" day, and 10 and 15 kR off &nd 18 days respectively.

Fresh weight of callus (as measured offl 6@y) derived from all the SIS irradiated explants,
showed increase at 1 and 5 kR. It was more in Sr&&ed ones. 10 and 15 kR inhibited the
fresh weight of the callus. However, ratio of freskdry weight i.e. % dry mass remained almost
unaffected i.e. in the range of 7.93% to 8.2%. Adtnsimilar results were obtained from DIS
irradiated set of experiments.

Indole Acetic Acid (IAA) Content in Seedling TisssedlAA content was analyzed in shoot, root,
and cotyledonary leaf of the seedlings from SIS Rl

Root - There was significant increase in IAA content @bty taken from SIS seedlings at 1 kR.
Rest all the doses inhibited IAA contents in thetso But DIS root showed inhibition in IAA
content at all the treatments.

Cotyledonary Leaf and Shoot tip €otyledonary leahad higher amount of IAA than root and
shoot tip. But the impact of-doses was the same as on roots in both SIS andoDIS
cotyledonary leaf and shoot tip.

Increase in I1AA content in 1kR irradiated SIS w&8@3for root 12% for shoot tip and only about
6% for cotyledonary leaf which had highest amourgralogenous level of IAA at 10 and 15 kR
shoots, roots and cotyledonary leaves from (Fi@)r&1S showed much more inhibition than
from DIS treated ones. Control shoots had 0.85grh@nd lowest in shoot was 0.48 md; g
whereas root had 0.58 mg tAA.
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Figure 2. Effect of various doses of-radiation given to (A) Soaked and (B) Dry seeds dfunica granatum var. Ganesion
the endogenous level of IAA in 3 different organsf@5 days old seedlings (Resulta are mean of 10 wes).
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Indole Acetic Acid (IAA) Content in CallusWhen IAA content was assayed in callus derived
from 8 different explants (root, hypocotyl, cotytedhry node, cotyledonary leaf, internode,
node, leaf, shoot tip) from seedling grown frgm- irradiated and control seeds (Figure 3),
maximum IAA was found in callus derived from hypodd0.97 mg g ). It was interesting to
note that IAA content of callus derived from vasoexplants grown frory - irradiated dry or
soaked seeds showed exactly similar response feereht doses (1, 5, 10 and 15 kR)yof
irradiation as shown by seedling tissues; i.e. dnkR increased the endogenous level of IAA in
explants derived from SIS seedlings. Whereas Dtsved more inhibition at 1 and 5 kR doses
of y—rays.
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Figure 3. Effect of various doses of-radiation given to Soaked & Dried seeds dPunica granatum var.
Ganesh on the endogenous level of IAA in callus derivetom 8 different explants of 35 days old seedlings
(Results are mean of 10 values).
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Radiolysis of IAA Crystals:Radiolysis of IAA due toy-rays significantly increased with
increase in doses gfrays. As compared to control (non-irradiated |ARgre was 14%, 26%,
30% and 34% radiolysis of IAA at 1, 5, 10 & 15 kBsds.A max scanning of irradiated IAA
crystals between 200 — 300 nm did not show anyeistd point.

Radiolysis of IAA aqueous solutiontAA in solution also showed increased radiolysighwi
increase in doses gfrays. However, radiolysis of IAA by all doses wasproximately 5 times
less as compared to radiolysis of IAA crystals.

Radiolysis of IAA dissolved in plant extracTiable — 3 shows that there was less radiolysis of
IAA when root extract was added as compared totsidoact.
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Table — lll. Radiolysis of IAA crystals, IAA in agueous solution and IAA in presence of cell extracfsom
root and shoot.

v- dose IAA Crystal IAA Ag. Solution IAA + Root extract  |IAA + Shoot Extract
inkR | pg/ml | Radiolysis| pg/ml| Radiolysis| pg/ml| Radiolysid pg/ml | Radiolysis
0 50 0% 50 0% 100 0% 100 0%

43.3 . 48.4 o 99.4 0 99.2 0
b li003| 184% |io00s| 3 |io0o0s| 9% | s008| O©8%
37.1 47.7 99.4 98.2
5 +0.03 25.8% +0.07 4.6% +0.02 0.8% +0.02 1.8%
35.3 . 47.0 ) 98.94 . 99.0 )
10 +0.07 29.4% +0.02 6.0% +0.04 1.1% +0.04 2.0%
33.6 . 46.5 ) 96.9 0 97.4 0
15 | s009| 328% | 005 0% | s008| 25% | sp0o| 3%

Table — V. Mitotic index of records made from the 0ot apex meristem of seedlings Derived from DIS &IS seeds

v- dose Mitotic Index of Root Meristem of Seedlings Derivedrom
given to
P. granatumseeds SIS DIS
0 kR 2.0 2.0
1kR 25 2.2
5 kR 3.0 25
10 kR 3.6 2.8
15 kR 7.0 35
DISCUSSION

Germination and Seedling growthThough a dose dependent radiation induced seeidijogy

in 8 days old seedlings from irradiated barley sebdve been reported. From the seed
germination data (Table 1), it can be assumed tlages tried in the present work were
apparently not damaging the embryo. Stimulatorgafdf 1 and 5 kR of — radiation on general
seedlings growth oPisum sativumcv. dwarf green and/icia faba respectively have been
reported [7, 12]. But doses above 5 kR were inbipi Whereas in th@unica granatunwe
have found that increase in seedling growth stitiartavas noted only in seedlings derived from
SIS with 1 kR. All the other doses given to SISl @il doses given to DIS were inhibitory.
Inhibitory effect of 1 kR on the seedling growth ®rghum vulgardave also been reported
[13], suggesting that effect g rays on seedlings growth varies from speciepéuies.

In a study of the effect of- irradiation on the subsequent germination anavgrof irradiated
seeds of maize, okra and groundnut it was founat ttite number of germinated seeds and the
growth rate for the crops decrease with increagbearradiation dose the seeds were exposed to
[14]. Inhibitory effects of higher doses of radaation the shoot and root lengths of germinated
seedling of irradiated seeds@icer arietinumLadiz, C. reticulatumLadiz. andC. bijugumK.H.
Rech have also been observed [15]. Receptlyadiation effect on growth dfepidium sativum

L. have been recorded, which showed that whendhdssare irradiated with 20 — 80 kRyef
radiation ; though the seed germination was nothmaféected but the growth of all parts of
seedlings showed declining tendency with increasingadiations [16]. They concluded that
Biochemical parameters like protein contents, @sge peroxidase and lipid peroxidation may
be helpful in early assessment of effectivenesssapériority of irradiation dose.

Callussing: There have been reports of irradiation of cultypht tissues and callus [17, 18].

However, we have not come across any paper wher#irsgs from irradiated seeds were taken
as the source of the explants to generate callus.if@ention was to see whether irradiation
doses given to seed (Soaked or Dry) prior to geatiun cause any variation that can affect the
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in vitro growth of callus. We can deduce that inhibitorpwgh effect (byy-radiation) of
seedling is carried over duririg vitro culture also. Hence the callus growth was inhibigé
higher concentration

IAA Content: Although IAA content increased in all the 3 tissext, shoot and cotyledonary
leaf) of the SIS treated seedling at 1 kR, butirhslated the growth of roots only (Table 1).
Thus suggesting that increased IAA level might hlbeen directed towards growth of root and
lateral roots. The results mentioned above sugdesiat IAA present in soaked seeds (where
initial germination process had begun) must havergdiolyzed at higher doses (10 and 15 kR)
of y—rays. Radiolysis increases with increasing sla$ey - radiation.

Therefore, radiolysis of IAA to which crude extmatf root and shoot was added was also
recorded.

Radiolysis of IAA: The results of IAA content in root shoot and hyggtelearly shows an
inhibition in endogenous level of IAA when treateith higher doses of-radiation. To see
whether it was due to radiolysis of IAA presentilie tissue or not; a set of experiments were
performed where IAA crystals, IAA solution and 1A#ong with root and shoot extract were
irradiated and theik max was recorded. Radiolysis was compared ondhis lof IAA present in
the solution.

Maximum radiolysis was observed when IAA crystatzevirradiated.

Aqueous solution of IAA showed nearly 5 times lesdiolysis than IAA crystals. Radiolysis of
IAA solution treated with such low doses wfays might have broken only the carboxyl and
methyl group of IAA which could have joined backanqueous solution, hence less radiolysis
was observed.

Radiolysis was more pronounced when shoot extrastadded to IAA than the root extract. In
young seedlings, roots have more inherent IAA, oeee, it was noted that (Table 1) irradiated
roots had increased level of IAA.

It has been shown [19] that IAA in aqueous solugets radiolyzed into Indole derivatives with
some of them having properties similar to I1AA; ghd U.V. spectra of irradiated IAA solution
showed 3 isobestic points and absorption at 245 nm.

In present study, when IAA solution was irradiatedly 2 isobestic points were seen, whereas
when IAA was extracted from seed irradiated roatsisobestic point was noted and from
irradiated seeds derived shoot only one isobestiotpvas seen. These results obviously
showed differential effect of — rays on IAA present in a solution and presernhetissues. A
detailed analysis of radiolysis of IAA Iy irradiation is being carried out.

CONCLUSION

In can be concluded thairadiation given to seeds though did not damagesthleryos, as they
allowed 100% germination, but they did have inlubjiteffect on the seedling growth, which
increased with increase in doses. However, roowirovas less inhibited which could be
contributed to mitotic index. Mitosis was more ipited in seedlings derived from SIS than DIS.
Radiolysis of IAA study showed that as comparedristals of IAA, IAA in aqueous solution
and in cell extract showed less radiolysis.
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