>
A\\m
)

| L

- A‘ .

g -— ' -~

—
-7

EFFECT OF RADIATION ON PEAS
(FPISUM SATIVUM)

Q -~

=

OMAR EL-GIBALI AL! EL-GIBALI
B.Sc. (Agric.), Ain Shams University, 1965

By

THESIS

Submitted in Partiol Fulfilment of the Requirements
for the Degree of

MASTER OF SCIENCE
in

GENETICS
4t Department of Genetics

O , A Faculty of Agriculture
Ain Shams University

1971

Approved by : A D, Omarn. . Yua .y

Committee in Charge
Date | | 1971

Central Library - Ain Shams University



ACKHNOWLEDGENMNAMNT

The sutho: wishes to exp:ress his sincere gratitude to
Ixr. Abdel-Aziz k. Omar, Emeritus Professor and Fammer Head
of the Depsrtmont of Genetics, Ur.Mohamad Abdel-hsksoud,
Profegsor of Vege table Crops, Departmept of Horticulturse
and Dr.Mahmoud Abdel-Kahim Marwan, Former lacturer of
Genetice, Faculty of Agricultwe, Ain Shaans University, for
suggesting the pioblem, kind guidunce and ¢ncowagement
during th: progress of the study.

He 18 alpo vaiy gratafull to Dr.Abmed Ksmel Abdclleh
Selim, Prof3spo:r of Genetics apnd Head of Genetics Department,
Faculty of Agriculture, Ain Shams University who gave ungpair-
ingly of his time «nd advioce for the accomplishment of this

work.
The writer is greatly indebted to Dr.imin Khalifa A.

Okasha, ILecturer of Genetics, Paculty of Agriculture, Ain
Shams University, for bis immense effort and kind help during
the preparation of ths manuscript.

The author is also thankfull to the National Research
Centre, U.A.K., for the award of a scholarship and the
facilities provided.

Thapks are also dus to the Atomic Bnergy Establishment
Staff at Inshaeg for their belp ip exposing ths material to
the radioactivz cobalt.

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



IABLE OF CONTENTS

I" INTIDWCTION Qc--.oo-.c-oo.coanoaooooo.uoaoa.o
II"' REVI.E' 0? IIITEmm 0....0:---1-.-.....-...

1~ Yield and Yield Components R S
"' Yiﬂld ..--.oo...--c.o-loo.n.o.--oo..'.
B"’I’-.M Nﬂpon.ntl .-c.-oon.oc-----o-...

i1~ Number ot bl‘ll‘.IOh.l Sesesrtesennancas
2« mbor of md. $P0r00ve0srsccnnsas
3- mb.r Of soeds porxr md *asserasae
4'.' se.d '.1@t ..lt.oo-'ooo.-oooon...

C- Correl&tion "hldiOS ccco-.o-----nooo..
2~ Physiologioal Responses 'Pigmentation' aee

III-mm‘.m ‘,ND mom l--oo--oonn--.--ouoo..

1- ht‘ﬂ.lﬂ -...0.0....-..-..-..to..-.-..c..
2- Kethod. 0....0......00-.0.uo.-.u.cool.-o..

IV- mmu RESUIITS Stesvansvecrsrensvnncnas.

1- Yteld and Yteld Components ...............
A- ﬁom .......-..O...-l..'..l..l.lll...
B~ Yield ocomponents tetetetcnctttitnncans

1“" mberOf brmhﬂﬂ ®reas v vrveanranae
2“ m.ber Of mdﬂ .---oo.othoo.-.-nno
3- Fumber of peeds per pod .........,
4" Seed 'eight oao-o.o-voo.--o.....-.

C- Correlation ptudies *eccesecsistetncns
2- Physiologioal Responses 'Pigmentation® nee

v- MWUSSION ...‘.‘.I..'.‘..Q".."Q..‘.‘..D.‘O.

---00900...

Central Library - Ain Shams University

25
25
25
28

28
34
38
41

43
51

63

79



I.INTRODUGTION

It was estadlished by Muller and Stadler in the late
1920's that hereditary ohanges similar to those occurring
naturally oould be induced in animals and plants by radiation.
Since that tiase, radiation has been applied extensively in
Cenetio and plant breeding resesrch. In spite of the great
amount of work already done in this field, relatively few,
however, .1ave been reporxted on the beonefioial effeots of rad-
iation in the improvement of plants. This could be &ue to
the faoct that most of the mimute useful modiffcations could
not be easily deteoted. MNoreover, the unfavourable modific-
ations which represent the majority of irradiation induced
variants generally shift the'nem of the studied ch:aracters
towards the negative direction. This led to t1e belief that
radiation apparently causes only destmuctive genetio elanges
especially in quantitative characters.

From more recent work done by seversl investigators,
especially in self-pollinated plants, 1t has now become cleax
that mutations in polygenic system do ocour towards both
positive and negative divections. The inciced wvariability
thue oreated could be fixed by selection and thereby serve
to shift the means of homosygous ‘1:!.nes favourably.

-
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The present exporimont was dosigned to study tuo
offect of 4ifforent doses of gamma-rays on oomo quantit-
ative oharacters including the yteld and its componnte as
woll as their interrelationships on peas (Pisum sativum).
B:sildes, the physiological rosponses to irradiation ‘ronat-
uants with rospeot to the pigment ocontont of the seeds was
studicd. The two pea varieties little Marvel and Iinooln
were used.s The variety Iittle Marvel was used to pain
information on the effeot of irradiation on the yleld and
its ocomponents wheroas both of the two varicties werc used
for the study of pigmentation. Treated plants were fol-
lowed through two gencerations.
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I1- REVIEW OF LITERATURE

i~ Yield and Yield Components :
A- Yield :

The suoccess of a dreeding programme is depe.:dent upon
cufficient genetio variability among the gemotypes to per-
nit effective seleotion. Several investigators have util-
ized 1onizing irradiation to inorease the variability load
in their populations (Gregory, 1955 (20), offut, 1962 (30),
Palenzona, 1963 (31), Dislex, 1966 (9), Balint et al.,1968
(4) and Vasudevan ot al., 1969 (46) ). This increase in
“z.xriability within populations gave them better basis for
selection of improved types of plants.

Gelin ( 1954 ), obtained pea mutants that gave 2.5%
hizher yield than the original material by using sceds
irradiated with 15 K rad of x-ray (13). Im 1955, Gresgory
rstimated the total genetic variance and measured the effect
cf selection on yleld among progenies of randomly selected,
norral appearing x-ray treated plants and in control popul-
ations of Virginia Banch pearmts (20). He found that the
estimated genetié variance of the irradiated groups was
erproximstely four times that of the control. Several
high yielding irradiation induced mitants wexre recovered
from the populations studied.
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Similay results were obtained by Rawlings et al.
(1958) in Adsms and Hawkeye soybeans (34). They utilirved
five x-ray doSes ranging from 7,500 r %o 20,000 r and seven
doses of thermsl neutrons remging from 5.6 x 1012 %8 0n?,
o 2.4 x 1017 ¥*B/cn?, They found that the irrsdiation
trestments significantly inoressed the genetic variability
with Tespect %o yield, plant height, maturity end seed sizc.
The estimstes of cn‘&r the irradiation trestwents were
about five times greater than those of the ocontrols, The
predicted genetic gains from selection indicated that an
advanoce ¢ould be made within eadch population for all +tho

characters studied exoept plant height.

Teelishohov and Moglevkin { 1958 ), found & deorease
in seed yield of some orop plants as a remsult of seed treat-
ments with 2.2 x 1012 $¢ 66.0 x 1012 nentrons/on® and
gamma-radiation intensities from 1.5 x 10° to 45 x 10° (44).
The plants varied in their rediosensitivity as detormined
by the decrease in seod yileld in the following ascending
order; mstard, radish, millet, soybeamn, oats, wheat, beans,
poas. Nevertheless, Svejda ( 1961 ), veported that the
average yields of X3 and x, balks remiting from x-1ay
irradiatod pea seeds of the variety Chancellor were oonsid-
exabtly higher than that of the control (41). Yhelr average
increase in yleld over the untreated variely was atiributed
toa]a:gembuoiwneldingtypeamﬁmzs and
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X, bulks. However, no oonsistent relationahip between x-ray
doees and yisld was deteocted.

offut ( 1962 ), studied the offeot of gamme-ray dos-
ages ranging from 40 to 80 Kr. and the effeots of the expos-
ure to themmal neutrons for 1-8 hours on some characters of
Korean Lespedess inoclunding yield (30). All dosages redunoed
sced yield of n1 progenies s compered with their controls.
Seed ylelds of six of the R, lines were significantly
highor than that of the control, and nine were significantly
lower. The range of variability of all oharaoters studied
has fluotuated above as well as below that of the contxol,
indicating that worth-whils advances in the improvement of
this crop ocan be made through the use of irrediation.

Dedbely] ( 1963 ), seleoted some lines of the pea
variety Nemoinovka 51 treated with thewmal neutrons that
exceeded the untreated controls in totsl yleld in tho_B._\_ and.
later generstions (5). He recommended carrying out selec-
tion for higher yleld in the 31 generation. Comsequently
in { 1964 ), he was able to introduce high-yilslding mutante
of the pea Mosoow 572 and Nemeinovka 51 which were obtained
by means of gaumo-irradiation (6).

In wheat, Palensona ( 1963 ) studled 14 guantitative
cmmmmmnamnsofplmkatmtedﬂthmh
of x-ray (31). A signifiezmt increase was found in the
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variability of B, as oompared with the untreated ocontrols.
Nevertheless, no inoreass was detected in the Ry. These
results led Palsnsonsa %¢ oonclude that the increase 1in
variability was due %0 matations in a mltifactorial system
rather than in the major genes. In Impinus termis, Amer
and Hakeem ( 1964 ) found that the 12 Xr treainent of gamma-
rays resulted in more fyuits than the oontrol (1).

Gottechalk ( 1964 ), mentioned that air dry pea seeds
variety Dippes Gelbe Viestoria, subjected to x-ray doses of
5-15 Kr gave an inoxease in seed yisld of 15.1%, higher
than the untreated controls (16). HNevertheless, he found
that higher x-rey doses cmused reduction in seed yield. On .
the other hand, Herings ( 1964 ), found thet the yisld of
Poa plants was reduced as a remilt of Ary seed treatment
with x-rays and nextrons (23).

Vik ( 1964 ), reported that vartetios of peas and
Yiois fabp were found to be very susceptible to gmma~
rays and that the low doses produced some mntants of ‘econ-
omlc use (47). %hese included a mutant of the pea Raman,
which was characterised dy its dwerf growth, earliness and
high yleld. In 1965, Iadinin and Bvostova reported a nmmbex
of radiomutants in different plant species which were euit-
abie for direct introdnotion and hybridisatior for improve-
nent of existing varieties (10). In harieot bean, two
gamea~ray indnced mutants cubyielded the oxiginal varicties
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by 60-90%. MNeanwhile, the radicemtants Universal and Gudo
Grust 1in soybesn gave 850 kg. and 1160 kg. inorease 1n
yisld per hektar over the recommended varieties.

Seversl high-yielding mutants of garden pea were
obtained by Hangildin in 1965 by irradisting seeds of six
different cultivars with 10 Xr. of x-rays (21). One of
the mutants exoeeded the parental variety Cimminsky Ranny
by 13% 1in seed yield, although the parent was the most
produative loocal variety.

Sidorove et gl. ( 1965 ), used chemiocal mutagenios
snd gamma-rays in separate treatments on the two pea var-
1etios Torsdag snd Falenki 24 (27). They were able to
select 26 mutants fxom Torsdag and 14 from Falenki 24
which exoeeded the parental variety by 5-25% in seed yield.
Tedorads ( 1965 ), obtained 18 A, plants from seeds of three
cultivars of French besn treated with doses of gamma-rays
ranging from 5 to 30 Kr (42). These plants showed an inor-
ease of about 747 xg. per hectar over their controls. One
mutant of Canva 3 gave @& yield of 1640 kg. per hectar where-
as the control gave only 893 kg.

Teresenko ( 1965 ), reported that the 5 Kr. treat-
ment of gamma-rays gave the greatest mumber of plants with
promising agronomio festures in the pea varlety Konknrany)
(43). He ioolsted aix families from the R, that excseded
the control by 26-100%,
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Disler ( 1966 ), found that the rango of spontaneous
variability in plant height and mumder of pods and sceds
per plant has inoreased in a mutated oultivar of ficld bean
by means of irradiation with gamma-rays (9). He pointed
out that 0,5 Xr. gaama-rays was more offective tham 1.0 or
3.0 Kx. He selectsd some By plants whioh showed 34% inox-
ease 1n the mmbder of seeds per plant over the controls.

Webexr and Fehr ( 1967 ), compared soxme quantitad’—e
charsoters of soybean in untreated lines derived from the
oroes Idndarin x 4,-3159 and lines derived from the same
oross irradiated with 1,62 x ].0]'3 thomal neutrons per an2
(48). They found that seced yield wes significantly lower
in the irrsdiated popnlstions and aversaged 118 pounds per
acre lees than the oontrol.

Badr ( 1968 ), reported that the low doses of gamma-
rays ( from 1 to 5 Ex ) had a stimmletive effect on the
total yleld of the pea variety ILittls Marvel whercas higher
doses { from 10 to 30 Kr ) were depressive (2). He attrib-
uted the decrease in yleld at the higher doses to the sup-
pressive effect of radiation on yleld components, which
depended on the lovel of the dose. He furthor reporied
that the stimmlative effect of the low doses ocould be attxib-
uted to the increase in the mumber of bacterial nodnles on
$+he wots of mdtphﬁ‘tnamlh‘hoimease ot leafl aves.

ot e . T B ]
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Balint gt gl. ( 1968 ), found that x-ray treatmocts
at 700 r has inoreased the phenotypic variability for scie
characters in the B., goneration in tho variety Pitit
Provencel of Pleum sptivap (4). Thoy also recorded an
inoroase in variability of some charactors of the irrad-
iated plants whioh otherwise showed little or no genetio
variability in the untreated ocontrols.

Hanng ( 1969 ), in a study of the effect of post-
irradiation storage on Yiolis fabe seeds variety Gisa 1,
found that the low doses ( 1 Kxr ) of geama-rays had a stinm-
ulative effect on yield whereas thd higher doses were dep-
resaive (22).

In 1969, Vasndsvan gt al. tirradisted barley seeds
of the variety C. 136-2 with x-ray doses xanging fyxom 4,000r
to 16,500 r (46). They found that the ooefficient of var-
jation for grain yield inoreased fxom 20¥ in the comtrol
population to 28.65 and 27.95% in the R, of plants treated
with 8,250 and 16.500 r respectively.

In 1956, Iemprecht prodnced an r-ray mutant n
peas which had an average of 10 branches per plant eemp-
mummmmtwmmusmmmépx4
branches (25). Similaxly, Hamgildin ( 1965 ) selected
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soveral mtants with greater mumber of branches from the
progeny of six different varietios of garden peas irradisted
with 10 EKr of x-ray (21).

Badr ( 1968 ), reported that gemma-irradiation inecr-
eased the mmber of branches per plant in the pea variety
Iittle Marvel (2). Nevertheless, he found that the inor-
case in the number of branches was not linear with the inox-

oase in the level of the given doses.

In wheat, El-Barhamtoushy ( 1964 ), found that the
mumber of tillers per plant im the variety Einocom increased
with the inoresse in the radiation dose from 5000 r %o
30,000 r of gamma rays (11). MNeanwhile, Hanna ( 1969 ),
showed that the relatively low doses of gemma-xays ( 1 and
3 Er ) increased the mmber of branches per plant in Viciae
faba varicty Gisa 1, whereas higher doses ( 5 and 10 Kkr )
reduced the mumber of branches per plant (22).

2- Number of pods
sidorova ( 1965 ), reported mutations with inoreased
pod mmber resulted from gamms-ray treatments of the pea
variety Torsdag (37).

By irradiating seeds with gamma-ray dosages ranging
from S5 to 30 Xr, Tedoradse ( 1965 ) was able to obtain a
mutent of the variety Canava 3 of French besn that had 14-18%
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sore pods per plant than the untreated stook (42), On the
other hand, Pinchinat and Adams ( 1966 ), found that neutron
irradiation at 739 rep. for 30 mimites had no marked effect
on “he mumber of pods per plant in the sere crop (32).

Disler ( 1966 ), reported mutants in Vigia faba that
hed up to 100% higher inorease in the mumber of pods per
plant as & result of irradiation trestments with gamma-ray
dosages of 0.5, 1.0 and 3.0 Kr (9).

Balint et g). ( 1968 ), found that the mean values
for the mumber of pods per plant inoreased in the 31 and
R, progenies of the pea variety Pitit Provencal which was
treated with TO00 x x-ray (4).

Debely] ( 1968 ), selected a plant which surpassed
the parent variety in number of pods from an R, family of
Nemoinovaky 766 pea treated with 7 Kr of gauma-rays (7).

Harna ( 1969 ), reported that gamms-ray treatmentis
of the seeds of the varlety Gisza 1 with doses of ) or 3 Kr
had no effeot on the mmber of pods per plant, whereas the
treatment with 5 and 10 Kr deoreased the mumber of pods by
22 and 39% relative to the control respectively (22).

3~ Fumber of seeds per pod
In 1965, Tedorafime obtained a bean mutant which had
1-2 more seeds per pod resuliing from seed irradiation with
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