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INTRODUCTION 

This is a preliminary work on Citrus to lay the 

foundation for future long term irradiation work which 

would consist mainly of the improvement of the teclmiques. 

methods and types of pre-treatment to be required for 

future radiation-induced mutation work in Cit:rue breeding. 

To effect rare but desira'ble types of genetic .as well as 

somatic change are the ultimate aims of this present 

research. 

Tne investigations reported here deal with 

(i) Dose range effects. 

(ii) Cytological effects. 

(iii) Phenotypical or mo:vphological efi'ects. 
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LIT ERATURE REVIEW 

I. Ionizing 1"adia tions as the poesible sour_ces of producing 

_gaef'ul I:,utat ions at very high fi>eguepcy for crop improvement. 

From t he cytogenetical aspects of mutations, the 

analysis indicates tbat spontaneous and induced mutations 

are not t'ul1damentally different, although their end results 

may turn out di ~ferently from case to case. In both, 

t hree mai n types o~ mutations are encountered: 

(a) chromoso , e brea.l~ges 

(b) intragenic changes (point or true mutation) 

( c) direct rearra _ge• ent of' ch.1"omoso ea ( crossing over) 

The only dif:t'er·ence between t he two cases is theJ.r frequency 

of appearance. In t he latter case, the mutants produced 

are not only higher in t eir frequency of appearance b}lt also 

easily achieved as desired. 

Goodspeed 58) in 1928 showed in his experiments on IUcotiana, 

that ionizing-radiation could greatly increase the mutation 

frequency of genes under certain conditions up to 10,000 

ti mes that of control. Gustafsson (28) in a series of 

experiments maintainea that mutation processes can be 

experi!llentally contr olled; that if cell environment were 

altered in different ways, or that irradiation effects were 

varied, quite different utation and mutant types would arise. 

Thus "drastic" mutants which require a very strong irrad­

iation e 'feot upon the treated seed.a would certainly arise 

without fail. Delaunay (7) in Russia working on ionizing 

radiation in wheat independently, supported the general 

idea that radiation-induced mutations were becoming valuable 

methods of plant breeding. 

II. The types of radiations tbat are being utilized b~ 

radiation biologists for the production of radiation-induced 



fast neutrons and slow neutrons and ultra-violet light. 

The U/V li ght is the only effective non-ionizing type of 

radi ation ,,-,_ ile others mentioned are known ae 1on1zin t ypes. 

2. Types of effects caused by ionizing-radiations, Lea (40) 

puts forward t wo theories for the effects of radiation on 

a biological system:i.The "Target Theory" and ii. The 

" I ndireet Theory". 

( i) Tll e "Tax-get.n or the Direct i mpact theory presupposes tba t 

if a swiftly moving charged particle struck a complex of 

biological material, t he biological f'unction of the complex 

uas altered or destroyed. Thie "direct-hit" is responsible 

for some specific biological effect. It is obvioua to 

connect t his t heory with the chroma tid or chromosome 

breaY.ages caused by the ionizing particles traversing and 

breaking the chromosome or the chromatid.;;1. 

(ii)The second theory 1,e, the 'bidirect effeot"or radiation. 

I t presupposes that the irradiation by ionizing radiation 

of water containing material causes ionizing and excitation of 

a portion of the I\?O molecules, thus highly reactive (H) 

and (OH) radicals are formed and they contribute considerably 

to t he biological effects of ionizing radiation. Hence 

there is an indirect effect of radiation on moist tissue 

caused by these free radicals due to activated water. 
----These radicals are chemically very reactive and can act as 

reducing and cxidizing agents. 

It is believed that the "Indirect" effect of radiation 

causes t he depolymerization of Deoxyribonucleic acid of the 

chromosomes resulting in "Stickiness11 of chromosomes 

(noticeable at metaphase and anapbase). It shall suffice 

to mention that the ~eetruction of DNA is caused by the 

removal of a critical NH4 or OH group of basesp resulting 

i n the cessation of DNA synthesis also caused by the 

destruction of an enzyme which brings about DNA s;ynthesis. 

3. Comparative difference of the different ionizing radiations. 

Brock (3) considers that different ionizing radiations differ 

in the pattern of ionization they produce i n the cell. 



This M:t"f"el'ellce is aasoaie'te.d wf.th their binbgitlell effect,. 

.He.utrons {a:lso a-:parti.oil.es,,) of bigh :ion nensi ty l.'adie.tions 

produce i on::tzat:ion 1n dmise o:::l!:usters., hel'eas X-rays,, Y-raye 

and ~rays of l.ow :ion densi t,y ra.Mat:ions,, produce soo:tt.erso. 

1onizat:ions,. 1'lhen nom:parefl on the bae:is of total dose 

( 1onize:t:ion per •uni.t voluc.e) the high :ion dansi ty radiations 

cause more genetio ellanges than the low ion density 

radiations. ln addition to t his quantitative difference 

there are also di f' fe1•ences in the type of changes to both 

t he genetie and :pbysiologioal systems produced by the different 

radiations. 

4. Ei'fects caused by non-ionizing rediation, As :for thei 

non-ionizing radiation ~Y U/V rays, it causes only excit­

ation a!' d photochemical reaction through selective absorp­

tion by cellular constituents, oootly nucleic acids, 1n 

producing genetic ei::rects. he U/V rays do not penetrate 

tissues a:ppreciably thus it is g;ui te limi tea $0 1 ta use 

onJ.y f or irradiation of pollen grains. 

5. The nractice.1 aspects of the i onizing and non-ionizing 

radiation in t he nroduction of .utations. Ehrenberg and 

co-workers (5?) hold the opinion that X- rays end neutrons 

exert their effects in different mnners - the latter 

chi ef'ly by a direct action on thf:l chr•omosome iJISterial and 

t he former by . . eans of co ibined direct and inclirect effects. 

T"ue end results of t ne irrad:ia~ion will ili.:fi'er widely, 

depending upon the actual metabolic state of the ir~radiated 

uiater:ial (seeds)., tempeJ:ature and o2 pressure dUI"ing irrad­

iation, as well as t ile :ionizing density of the agent used. 

Elliott \11) noted :fro others work tl:mt U/V rays apparently 

i,nduce a higher :frequeitcy of so-called "po:int- muta:tion" per 

ohromosou.a.l aberration than do X-rays. Smith (59) m Ms 

experiz:i.e:at on _maize pollen with U/V Nys and X-rays shore that 

t he f'o:r ~er produce moi-•e fl'equentJ.y, though not e:xolusiveJ:.y,1 

chromatid breaks ar..d so-called oint-mutations ithout assoc-

iating dth poll.en defects. X-rays, on the other hand~ 

induce in this teriaJ.., in many oases,, it not al.ways, 



extragenic alteration incidental to chromosome breakage. 

6. Toe accessibility and the practibility of X-rays and Y­

rays from Cobalt60 source in the production of induced-

mutation. Of all the radiations mentioned, X-rays are 

readily available in a range of energies from coJIIJll.Ercial 

machines. Radioactive Cobalt60 source provides the moat 

widely used source of Y-raye which di:f't'er in energy from 

and are consequently more penetrating than X-rays. Though 

both have ~igh penetration compared with 13- and a-rays, 

X-rays and Y-rays are used to irradiate seeds or vegetative 

parts of the plant and the qosage can be delivered either 

over a short period (acute irradiation of 100r to lOOOr/ 

minute) or by growing plants close to a continuous source 

of radiation, e.g. co60 source, spread over the growing 

period of the plant (chronic irradiation, dose rate of 

a.oar to 2ooor / day). Such differences in technique can 

be important for the genetic effect depends on the total 

dose received whereas the physiological effect, as maintained 

by Br~ck (3). is influenced by the rate aD which the dose 

is received. 

III. Types of Chromosomal aberrations caused by radiations. 

1. Lea (40) and Bacq (1) in their work on ionizing 

radiations conclude that ionizing radiations cause three 

general classes of chromosomal aberration depending 

upon t he stage of nuclear developmBnt at the time of 

irradiation viz: 

(i) Irradiation at resting stage results in chromosomes 

responding as though they were single strands - but at 

eta- and Ana-phase, the induced aberrations involve both 

of the two chromatids. In general, the chromosomes 

aberrations induced are: Dot eletion, rod ~elation, Dicentric 

and Ring chromosomes. Inversion and free translocation 

are also produced but usually are undetectable. 

(11) Irradiation at Prophase results in chromatid aberrations, 



as at t his stage sister chromatids are fol'med. Thus 

bl'eaks can evolve at both or one of t he sietel' chromatide 

at any locus - it may be deletion of only one chl'omatid 

or both chromatids to .1.orm iso-chromatid aberrations. 

The broken sister chroroatids often reunite to form sisteI'-

reunions. In such cases, one of the pairs will be without 

a centromere and is ter ed an acentric fragment. Such 

fragments are inex>t and are left in the cytoplasm having 

no centromere for spindle attachment. Breaks and reunion 

of two chromatids of different chromosomes followed by 

i ll egi timate reunion will form dicentric fragments. 

Sister chrona.tid reunions may form!!!!:!& or exchange 

chromosomes. The chromatid exchange also lmown as ~rans-

location is detectable at metaplw.se, while others such as 

chromatid del~tion, 1so-chromat1de, dicentrics, rings etc. 

are recognizable at meta base or anapbase. 

(iii)Irradiation at veey late prophase or pro-metaphase 

produces half chromatid or "sub-chromatid• aberration such as 

"stickiness" in Tradescantia microspore after irradiation 

of 50r to 400r of X-rays. Thie stickiness persists only 

for a short while dependi ng on the total dose received. 

This i ncludes half' chromatid exchanges between chromatids 

between sister chromatids, rarely, half chI'omatid exchange 

between chroma.tide of different c~omosomes as observed by 

Sax (45), and is usually obser>Ved at anaphase. 

2.The types and the cause of stickiness. 

The stickiness due to adherence of sister chromatide 

is referred to as "clamping" while that due to adherence 

of different chromosomes or chI'omatids is lmown as "stick-

i nees". Darlington (60) postulates that chromosome 

stickiness by irradiation is due to the depolymerization 

of the Deoxyribonucleic acid (DNA) of the chromosomes. 
with 

However, Y.aufmann disagrees/ this hypothesis, he assumes 

that X-ray induced chromosome stickiness can be due to 



partial dissociati on of the nucleoproteins and an alteration 

in t hei r pattern of' or ganization,, 

3. Bri dge f ormati o!!§. and t heir consequences. 

Dicentric chro osomes which survive till the end of 

mitosis usually f orm bridges which join two chromosome 

groups together. However, t hese abnormalities are not 

i mportant as t hey degenerate unperpetuated. Should these 

bridges h realt, howeve1•, and each daughter cell reclaim an 

al most equal amount of chromosome material, ne dicentric 

chromosome~ formed by sieter reunions after t he reduplication 

of t he br oken chrom;)somea, result at t he resting stage. 

Tnese are of genetical i mportance, as t hese rearrangements 

of structure make it possi ble ftor chromosomal material to 

di vi de unequal l y givi ng daug.ii. ter cells ·yhich differ in 

t heir geneti cal composi tion. 

4. Stages of chr omosome sensitivity to ionizing radiation. 

As for the varied degree of sensitivity to ionizing­

radiation of t he chromosome, it shall suffice here to 

emphasise Bacq's (l) fi ndings that the t ~ omosomes at 

resting stage are the most resistant and t hat t heir sensitivity 

i ncreases as t he nucleus enters prophase. It increases sev-

er al f'old at eaz•ly prophase and remains high during prophase 

of ri:.i t otic division. As for meiotic chromosomes, the 

sensitivity is greatest at meiotic propha.se. The diplo­

t ene chromosomes of Trillium sp. show about 60 times the 

sensit ivity oft ose at r esting stage. This shows that 

meiotic chromooomes are ~or~ sensitive than mit•tic chro-

mosomes. Thie differential sensitivity of the chromosomes to 

radiation is &ssumed to be associated with chemical changes 

in t he chromosomes and particularly with the concentration 

o? DNA though it has not been proved. 

5. Di f ere~cea be~ween Intra-genie changes and ordinary 

chromosomes aberrations. 

Finally, ustafsson and co-workers (32) point out that 

that t here is no distinct boundary line between Intra-genie 
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change i.e. point mutation and chromosome break. T".a.ey 

assume t hat a minor duplication, or a minor deficiency 

possibly also a l arge or!e - may certainly originate as the 

cunsequence of i " t:ragenic cha?.ges. In ot her words, gene 

mutation may i nvolve chemically an addition of r,1a terial 

or low of raateri al. 

IV. Factors which :i,nfluence th(;} radioaensitivity ot an 

orc;anism to irradiati on. 

1. Smith (60) in h.is studies with over eighty species of 

plants with i onizing-radiation concludes that the four :factors 

in an organ. that i nfluence radio-sensitivity are its 

ge otype, ace of tissue, sts.L,e of· chromosome and chromosome 

number. 

2. Species differences. Differences 1n r.eeponse to irrad­

iation have been found among species, varieties and genetic 

strains withi n a variety. Fer example, a daily dose of 

3Or/day produced severe effects in the trumpet lily, 

whereas it required a dose of 6,00Or/d.ay to cause comparable 

r~diation damage to gladiolus. Gustafsson (27) in his 

observati ons of radiat ion of seeds of various cultivated 

plants, reports t hat the "critical dosage" ranges :from 

5O00r for seeds of sunflower to 90,OOOr for seeds of ruta-

baga. (liere criti cal dose is referred to as the dose that 

\7hile still pr0ducj_ng a suff'iciently large surviving 

population for :further observation, induces a IlWJCimuri of 

.utation and chromosome rearrange ents). 

3. Seed size di f ferences. Oustafssou (28) also discovered 

t hat seed- size plays an important role i n the sensitivity 

to radiation. Large-seeded varieties suf'fer less f rom 

irradiation t han the small seeded ones especially shown in 

barley grain treatment. 

4. Chromosome size differences. Spar•row and co-workers ( 62) 

discovered that plants with very large chromosomes have a 

hi gh radiosensj_tivity, those with sr.ialler chromosomes tend to 

be less sensitive while t hose with fewer and bigger obromo-



somes are the most sensitive of all. 

5. Differ cee of poly;ploid.y. Polyploids are in general 

more 1esistant to radiation than related diploid.a, however, 

t here are exceptional cases like wheat and oats which show 

that the frequency of induced chlorophyll seedling mutations 

is lower in t he sp. with higher chromosome number. 

v. The effects of pre-treatment to the irradiation of 

plant material. 

1. Pre-soaking of seeds in water, It has been shown that 

pre--soaked seedt-t are more sensitive to X-rays than dry 

dormant sf\eds. Caldecott (5) in his research on "the 

effects of Hyd.rati()n on X-ray sensitivity in Hordeum seeds", 

shows that t his sensitivity decreases as the water content 

of t he embryo increases from 4% to 8%. At this upper 

level a plateau is reached and f'ul'ther addition of water 

to t he embryo (up to 6o%) results in no additional modificat-

ion of sensitivity. lie points out that X-ray tolerance 

can actually be increased by "stepping" at both temperatures 

of 22°0 ano. 0°C. 

2. Ef'fecte of abnormally high o2 pressure as pre-treatment. 

EhrenbeP.g and co-workers (57) show t hat when low doses of 

radiation are applied, chromosome aberrations and mutation 

increase with t he dose and with a yield per dose unit that 

is determined by several factors such as metabolic state 

(moisture content), oxygen pressure and temperature. 

ihen hi ::;her doses were given however, there is a reduction 

in t he frequency of genetical changes due to a cumulative 

physiological killing of t he most radio-sensitive cells. 

It is also shown t hat i n some, cases, certain types of 

mutation can be induced by abnormally high oxygen pressure 

while ot hers are not. In such cases an external concen-

tration of about 2o% 02 is needed. r ked i ncrease in the 

irradiation effects is observed with t he change from air 

to 02 (pure), which is perhaps due to the high oxygen 

consumption of t he germinating seeds. Thie is partioula~ly 



so in the case of X-radiation which effects a mutation rate 

of 2.6 times that of neutron-radiation. 

3. Using Colchioine aa a pretreatment. Gustafsson and 

Nybom (30) in their experiments on combined effects on the 

mutation process of various chemical substances and X-rays, 

claim that X-radiation treatment with colchicine as pre­

treatment can cause the origin of rare mutations which do 

not reanily appear in X-raying of ordinary dormant seeds, 

while t he more common types of mutants appear to be reduced 

b~ such an effect. 

In the case of barley the rare mutants are the xa.ntha 

mutant types which are caused by very low concentrations of 

colchicine as pre-treatment. 

4. Low temperature-pretreatment and its effects. Nilan (61) 

in his findings shows that radiation-induced ttinjury:• as 

measured by seedling height and survival to maturity, was 

reduced by low temperature but not affected either by o2 
He also shows that radiation-induced chromosomal 

aberration f'requ.Lucies were increased by each of t he gases 

applied at room temperature and were reduced by low temp­

erature (-80°C). The combination of either gas with low 

temperature resulted in a much greater reduction. Finally 

he sho s that radiation-induced mutation frequencies as 

measured by chlorophyll deficient seedlings amongst plants 

were not affected by either of t he gaees or by low temperature. 

5. The effectiveness of t he combi_ tion of low temperature 

and gases as pretreatment. That low temperature combined 

with either Co2 or o2 significantly reduces t he irradiation­

induced aberration frequency below that of low temperature 

alone suggests (as Nilan assumes) an interaction of gas and 

lo\v tempera tu.re on the radia t.ion-induced chromosomal aberr-

ation f requency. Nilan t hen puts forward two hypotheses 

to explain t he fact that the induced chromosomal aberration 

frequencies are altered while the mutation rate remains 
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virtually constant, with t he treatments ueed;-

(a) Chromoso3LB.l aberrati ons and "point mutation" are 

independent events, eit her of kind or of degree, and only 

the former are aff ected by t he treatments accorded 1n hie 
work. 

(b) That the amount of ionizing effect, resulting in both 

gross aberration and "point mutation" is unchanged, but 

t he amount of rellllion of' primary breaks is altered. In 

view of the present knowledge, some of which is reviewed, 

hypothesis (b) seems more likely - that the treatments do 

not alter the primary breaks but affect reunion. That is, 

low temperature i n the prasence of air, acts to facilitate 

restitution. Thi~ action is enhanced in t he presence of 

co
2 

and 02 but at room temperature t he presence of the 

gases, or substanceo produced by these gases under X­

radiation, react with the broken ends to reduce restitu1t1on. 

VI. How and wh.v radiations can be beneficially utilized 

to induce useful muta1 --•.on for crop improvement. 

Brock (3) 1n his conclusion states that although we have 

little control over the process of mutation, t he biological 

results can be ini'luenced by manipulation of the envlt'on­

ment, choice of t he material to be treated and the selection 

of techniques used. Variations in the water content of 

seeds or t he gaseous environment and metabolic activity of 

cells are !mown to alter both the physiological and 

chromosomal changes occurring after X-radiation. 

2.The importance of selection of the nlant materials prior 

to radiation treatment for improvement. Thie success of 

any atteillpt at plant improvement by irradiation-induced 

mutation will be greatly influenced by the selection of 

plant material. The type of plant tissue to be treated 

depends upon the type of mutation desired, t he reproductive 

system of t he plant and the selection of technique used. 

More importa_nt still is the selection of the species to be 

improved. Induced mutation provides in the plant a fresh 
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burst of variability which is the restrictive fadtor in 

plant i1,1provement,. In some species, particularly the 

cross-fertili zed, this factor is not the variability but 

lack of' adequate selection techniques - eo the provision 

of' more variability in such plants does little t o improve 

it. However, even in such species t here may be a lack of a 

particular character (e.g. disease r esistance) in which 

case mutation is ju.atif'ied. 

Though most work bas b_een done with self-fertilized 

plants, nevertheless t here are quite a number of cross­

fertilizing species being improved by i nduced mutation. 

Induction of specif ic mutat ione i n vegetatively propagated 

plants of extreme hetero~ygosity and long reproductive 

cycles appears more promising than the conventional methods 

of breeding. Similarly the technique is promising where 

varieties lack a particular desi~able characteristic, 

and in f'lor.ers and other ornamentals where the unusual 

mutant is of commercial value. 

3. The optimistic view for utility of radiation in plant 

improvement. The early aoeptioiam of Stadler of the 

utility of radiation induced mutation for improvement in 

plants has been completely disproved. Nilan (61) in 

his conclusion points out that the effects of radiation 

can be modified differentially, which is of immediate 

practical importance to the plant breedel'B who advocate 

and use ionizing radiations to provide viable and ueef'ul 

mutations. Ilia data indicates that it is posoible to 

maintain a radiation-induced mutation :frequency and at the 

~~me time reduce the induced chromosomal aberratio~ 

fi:equency and injUI"Y• Gustafsson (28) emphasizes that 

the mutation can be experimentally controlled. If cell 

environment is altered in different ways, or the irradiation 

effect is varied, this causes quite different mutations and 

mutant types to arise. 
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4. Production of rare mutations by irradiation. Gustafsson 

(29) claims that some very rare mutations can be induoed 

after pre-treatment with weak colchicine solutions. He 

also claims that irradiation with low and medium dosages 

produees immediate Xi heterosis. 

5. Specific aims which can be obtained by rad1ation­

mutati,m induction. Konzak (37) postulates that induced 

mutation by irradiation can offer the following advantages: 

(a) Improvement in simple characteristics of a variety 

may be induced, such as resistance to diseases and viruses. 

(b) Time required to effect simple improvements may be less 

than for any other method. 

(c) Improvements shou1d seldom be accompanied by undesirable 

alterations in other characteristics; should this happen 

however, a few back-crosses would restore the desired residual 

factors. Some mutants do have pleiotropic effects, but if 

valuable enough, they sometimes can be utilized such as 

X-ray induced good quality tobacco, but low leaf number. 

(d) The possibility of duplication of desired improvement 

in characteristics known to be controlled normally by a number 

of genetic factors, such as induced mutations 1n barley, 

shorten plant height as well as rachis internodes length. 

(e) To render the plants incompatible to disease attack 

through a biochemical action. 

(f) Induction of mutation for early maturity or for hardi­

ness, is quite feasible through a physiological action. 

(g) High frequencies of mutation can be induced in poly­

ploids as well as diploids. iolyploidy is useful for 

genetic buffe~ing and permits the organism to withstand a 

greater amount of genetic damage. 
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VII. Some practical achievements obtained in certair, crop 

improvemen~ by rad1atton-1nduoed mutations. 

1. Rs,re recombinati,im:. The best known work on radiation­

induced mutation is contributed by Sears (49.48). He has 

successfully transferred the leaf-rust (Puccinia t~ilicina) 

resistance of Aeg1lope umbellulata to wheat Triticum aeetivum 

through an amphiploid Triticum dicoccoides x Ae, umbellulata 

which serves as a bridge. Sears finds that the resistance of 

Ae, umbellula;te to leaf-rust is epistatic (dominant) 

to th~ susceptibility of wheat Ill&lterial. The amphiploid 

i.e~ Ae, umbellulata x T. dicoccoides is produced having 

a full 2~ pairs of chromosomes and also a single Aegilops 

chromosome which poesesees t he resistance and also a 

deleterious effect on the plant, paticularly on pollen 

formation. This new amphiploid with an added ieo-chromo-

some involving the resistance-carrier is X-z>ayed ehoz>tly 

before meiosis and then used in cr•ossea with normal T, aeatiyam. 

Of' the 6000 offspring 150 were resistant and were normal; 

which must have invo:'•red most of one arm of Aegilops 

chromosome. 

2. A,_f:f'ecting iplprovement by induced ph.ysiological action 

in the biological systems. Konzak (37) in his studies of 

various diseases o:r plants concludes that obligate parasites 

such as rusts, mildews or ePen viruses must live on, or in, 

and derive food only fl'om specific hosts. Thus, if a 

mutation altered the availability of: a food substance 

required by the pathogen, an incompatible or resistant type 

of host-parasite interaction would result. Such a mechanism 

does operate in nature i n the apple scab fungus Venturia 

inaegualis. Konzak further points out that *hen a 

facultative sapro hyte incites a disease, as in the case 

of t he Victoria blight or root-rot disease of oats 

(Helminthosporium victoria) it appears that the toxic 

substance produced by the f'ungus kills the host tissue prior 
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to the fungus i nvasion. Or in the oase of t he iildfire 

disease of Tobacco, t he pathogenic toxin Reta as an anti­

metabolite to t he pl ant system. Resistance to this type 

of disease i s i nduced by low doses of radiation, thus 

rendering t he plants no longer subject to the to~ic effect 

or t o the metaboli c interference. Konzak recommends 

Wheeler's method of inducing such mutants. The technique 

consists of harvesting the seeds from individual irradiated 

plants. These seeds are rolled in moistened paper towels 

allowed to germinate in a moist chamber for about 2 days, 

and then sprayed with diluted toxin solution, after which 

the seeds are left to germinate for another 3 to 4 days 

at 75°F to so°F; the rolls are then opened, During the 

process t he toxin kills the roots of all sensitive plants 

but does not affect those resistant i ndividuals in the 

same lot. The resistant mutants are then transferred 

to t he soil for 9ropagation. 

3. Induction of heterosia. One of the most striking 

heterotic eff ects of radiation is seen in the case of 

the production of Pim.1ci111um during World War II. From 

natural selection the high yielding strain gives 200 to 

250 units per millilitre of cultured solution, but when 

the strains are X-rayed or treated by U/V radiations, t he 

yield is up to 3000 units. Simila~ly is the case in the 

irradiation induced utante which produce Streptomycine 

:from StreptoLwces griseua. 

4. Inducing very early mat'llI'ity in vegetable cropo (35) 

In Holland in 1967, radiation plant breeders have been 

successful i n producing early- maturing peas :from a normally 

very late v~riety uy X-radiation of a low dosage. The 

late variety normally flowers fro the 16th sten; node, 

but i n the ~utant evolved from the R2 line some flowered 

earlier while some segx>egated back to mother li ne. Some 

which are true to the R3 and~ generation flower at the 

8th and some at the 6th node. This means 13 and 28 days 
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earlier respectively. 

5. I nduced accelerat~on i n init:i al seedling gro thin 

vegetable crop. Kuzin (39) in Russia who worked on the 

"critical 11 dose of X-ra.iiation on vegetable crops found that 

a very narrow optimum dose is essential to stimulate the 

growth or each crop which in tumi has its own critical dose 

and when that particular dose is surpassed will cauae an 

inhibitor-y effect. This accel~ration of the initial stages 

of plant development is of primary importance since it 

may essentially influence the yield 1n the arid districts 

as v,ell as those where "the sowing period is limited. Thie 

acceleration of' growth at the initial stage of plant develoP­

ment results in earlier ripening and a higher yield. 

6. The use of radioactive isotopes in vegetable crop 

improvement. Kuzin (39) also studied the influence of' 

a number of radioactive isotopes upon the growth and 

tevelcpment of pl0-~ta, :oarticularly those on vegetable crops. 

His findi ngs show that prolonged action of diluted solutions 

of' radio-active~ and Y- emitters is mc.e active than that 

of concentrated solutions with a lesser exposure time. 

The best result is with solutions of a mixture of f3- and~ 

emitters with an activity ranging froE 0.2 t o o.5 mc/l.; 

The seeds being soaked for !}4 hours. As a result of 

such treat ent, the flowering of the crops takes place 2-6 

days earlier and their yield increase ranges between 25',o 

to 56% as compared to t he mother strain. 

7. Induction of short culm ~ice by radioactive P32 isotopes. 

Kainde (35) reports that the Japanese radiobiologists have 

been able to <•::,nvert a normally long culm variety of rice 

to short cul m ~or without impairing its productivity by 

treatment with r adio-active P32• Here the seeds germinated 

are grown for 14 clays in aIIP32o4 solution with dose rate 

of 12.5 me (microcuries) per seed which then absorbs the 

radioactive p32. In the progeny test the short culm rice 

breeds true even in the F4(i.e. R4) generation without 

impairing the yielding quality. 
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a. Improvement of rice by X-ray treatment. Kainde (35) 

also reports that in Formosa, radiobiologists experimenting 

with X-rays to induce mutants in Rice,after three years of 

intensive research have evolved 37 promising lines derived 

from 6 of the 10 X-rayed varieties. The said promising 

lines consist of 20 high-y~elding (normally morphologically 

as well as physiologically), 5 short culm, 3 erectoid o~ 

short culm with strong stiffness of culm, 2 early types. ill 

these excelling their mother varieties in yield. When 

subject to varying levels of fertilizer trials especially 

nitrogen, 15 of them showed higher productivity than their 

mother varieties, one suppassing the mother variety by as 

much as 27%. 

9. overcoming the incompatibility factor 1n Brassica speci<l§ 

by irradiation. In the same report (35) is also quoted 

that in the United Kingdom ionizing radiation workers 

exploited the destructive properties of radiation to 

overcome the natural barriers to hybridization that ex.ist 

between many closely related species of plants. In the 

case of the genus Brassica, successful interspecific 

hybrids are produced after irradiation of either male or 

female gametes of one species which are otherwise incompatible 

by the conventional methods of breeding. Likewise, 

incompatibility is overeome in other crops. In 

a hypot hetical explanation of this effect of irradiation is is 

assumed that the effects of certain modifiers, suppressors or 

inhibitors may be changed due to a certain "critical" 

dose of radiation which presumably acts by way of the 

indirect action of ionization (as explained), t hereby 

allowing the expression of new characters with or without 

the heterotic effect. 

10. Retaining a desired genetic complex by irradiation, 

Gregory (23) in hie work with radiation on peanut (Arachie 

h.ypogea} points out that if an organism possesses a complex 

of desired ch~racteristics which might be lost by out-
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crossing, but can be retained by radiation. Thie is very 

:true of certain i nbred lines of corn (Zea maye). 

11. Improvement on apples by ionizing radiation. Bishop (2) 

in Ganada has been working on mutation in apples induced 

by X-radiation. This chiefly consists of dormant scions 

of diploid and polyploid apple varieties. The scions 

are X-rayed prior to grafting on grown trees by the "frame-

work method". In his observations of the mutants he finds 

more morphological changas than genetioal types. The 

morphological changes are of the type due to chromosome 

effects from radiation rather t han gene effects and in 

general did not persist beyond the first season's growth. 

The type of gene mutations. which he gets, as expected, are 

colour changes in fruits or possibly chlorophyll deficiencies 

in the leaves. Of economic importance are the colour 

changes in fruits - the presence of red overcolour. 

has been shown to be due to the action of one or more 

dominant genes. ~hese g~nes, as emphasized by apple 

Thie, 

breeders and geneticists, appear to be additive in their 

effect, so that in varieties which are already partly red 

it is still possible to produce darker red sports. (In 

such varieties it is ..also possible to produce apples of a 
-

l)ghter colour which is a recessive mutstion). These gene 

mutations resulting in bud sports probably arise in 

siLgle meristematic cells of the shoot me~istem and in 

most cases are probably conf'ined to a single layer of the 

plant struct·..U'e. This is the case of periclinal chimeras. 

Thus to affect the skin of an apple one of the outer layers 

of the tissua must be involvedt possible the second. 

A genetic change in one of the internal layers being unseen 

i.s 1,ndetectable. Another striking change seen in fruit 

from the x-rayed scions is that most of them are of giant 

size and very irregular in shape. Some of these X-rayed 

scion branches in the 2nd year produce tlruits of a more 

no~mal size. The explanation for this is that the 1st 



year large sized fruits are produced largely from flower 

buds induced by the X-ray treatment, an a1moI"mal growth; and 

those scions producing norili.al fruits in the 2nd. year are 

largely unattected eo1ons. The spurs producing flower 

buds the first year become vegetative the second year and 

outgrow the stunting effect of the 1st. year's abnormal 

growth. 

12. Cglolll" imnrovement in anplee. Bishop (2) fi nds that 

X-radiation is most useful in the production of deep colour 

sports and that 50% survival dosage being about 5000r of 

i -rays as being the optimal dose for the purpose. 

Granhall (19) in his radiation work on apples and pears 

has produced a tri ploid apple by X-radiation, but in his 

major work he has been suooessf'ul in producing "green­

yellow" striped and brown l"Usseted :f'ruits 1n pea.re which 

are strikingly different from those evolved thl~ough 

s~ontaneous mutations in that these coloured stripes in 

the induced friiite are more pronounced and broader in 

theil"' bands. The manner of i nducing such mutations is 

that of irradiating the scion wood bud prior to grafting. 

13. The need for further investigation into the utility 

of radiation i n fruit crop improve~. Granhal1 et al 

(21) in their evaluation of X-radiation in the improvement 

of fi>uit trees draw the following conclusions: tr.at X-ray 

treatment consequently seems to increase already existing 

abnormal tendencies and on further observation may reveal 

whether t hese types of effects are real vegetative mutations 

or more likely derived from local damge at the points of 

vegetation. The indi"3.t1on of r e.al vegetative w~tation is 

intruf'ficiently investigated in fruit trees but the observations 

made on pears and apples seem to be rather promising. 

For the immediate future, interest ~ill be directed 

especially towards t he investigatioP of mut ation type, 

frequency and utility and also t he use cf other types of 

radiations. If vegetative mutat ions can be induced on a 

M-'\SSEY re, l F.GE LIBRARY 
PAL C :; N z 
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a larger scale in this way it means that single particularly 

important characters or complexes of cri.aracters can be 

changed: e •• colour, size and shape of fi-uits , time of 

ripening and also essential physiological characters like 

wint er hardiness, disease r esistance, vitami n content and 

palatibility. In comparison with the common crossing 

method of effecting variation t he mutation method means 

t hat the mai n mass of genes remains unchanges. 

~.4. The nosaible use of radioactive isotopes 1n horticult-

ural plants. Ehrenberg et al (10) in their investigation 

aim to see if radioactive isotopes, by way of injection into 

t he stem of fruit trees, can be used in :f'ruit tree breeding 

i.e. to see 1f they cause genetical changes and :f'urther 

to study the most suited condition o~ applicat ion. Their 

conclusions for thdlir evaluation has been drawn on the 

comparison with other effects of ionizing radiation. 

fi nd it bard to give a direct comparison. Take :for 

They do 

inst'Ulce~ the tolerance dose for survival for cherry trees, 

which seems to be in t he range of 6000r - 8000r of P32 

treatment. A direct comparison of this figure with 5000~ 

of X-rnys causing a decreased survival of scions cannot be 

mad.e due to t he very different conditi ons of radiation 

application and energy uptake. Scions irradiated by 

X-rays in t he dorw.ant state probably do not die because 

t he buds are damaged but beeause of a decreased ability 

to make new callus f ormation after grafting. The X-ray 

dcse necessary t o kill i ndivi dual dormant buds will 

prcbabl y be hi gher. In t he case of r af io-active isotope 

treatment most of t he radiation occurs in the more sensitive 

state of swelling and growing. 

It &ball suffice to cite that their investig&tion 

demonst:r:atee that it is possible by aid of radioactive 

"If32 and s36 to apply radiation doses in buds of a magnitude 

which from experiments witll X-rays is known to give mutations 

i n frequencies perceptible i n a limited material. From 
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the eJC!)eriences of Ehrenberg in barley it is noted that the 

isotopes exert their effects on the tissue in a state 

more sensitive also from a mutational point of view and its 

mutagenic e:f'f'ects are qualitatively di:f'f'erent from those 

of X-rays (unpublished). 

Thus, radioisotopes seem to constitute a very valuable 

complement to ion~zing radiations in systematic mutation 

work in f'ruit tree improvement. Their value in this 

respect is still more increased through the fact tha~ the emitte, 

emitted radiation is concentrated on to the embryonal parts 

of the trees, leaving the rest relatively undamaged. 

16. Irradiation work on Citrus. As for Citrus, little work has 

been done with it by way of ionizing-radiation treatment for 

its genetical improvement. In 1935 Haskins et al. (34) 

in their work with X-radiation on Citrus primarily to 

investigate into the physi~logical aspects of radiation on 

Citrus, i.e. to see the e~fects of X-rays on growth 

modification in Citrus se~u.lings grown from X-rayed seeds. 

In this case the seeds are soaked in distilled water for 

15 minutes and then left in moisture saturated atmosphere 

for 12 hours prior to irradiation. The seeds are then 

germinated under control temperature and then left in 

the glasshouse for one year for observations. 

16. Effects of radiation on Citl'U.8. The moat striking 
t' �~� 

effect they observe is precocious or premature flowering 

which is effected only three weeks after sprouting of the 

X-rayed seeds. This premature flowering however can be 

had spontaneously but not so effectively early. The 

other abnormalities which they find in the one year 

observation are chlorotic seedlings which are beat known 

as viracent'seedlings. Fasoiation is also commonly 

observed and associated with stuntedness. Almost all the 

'badly affected seedlings do have twisting of t he first 

pair of leaves which usually remains or persists for quite 

a long time. There are other minor abnormalities observed. 
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VIII. The Stud.y of the Genetical Behaviour and Breeding 

Habit of Citrus. 

1. The Iilain purpose of the present research is to investigate 

the possibility of using ionizing radiation to induce 

useful mutation to improve Citrus breeding. Thus it 

would certainly be advantageous to have some idea of the 

unusual genetical behaviour and breeding habit of Citrus. 

2. The genetics of Citrus. Frost (14) in his study of 

the genetics and breeding habit of most of the varieties 

of Citrus finds the occurrence of t he following behaviour 1n 

Citrus: 

(1) The occurrence of nucellar embryony i n most Citrus 

species. That ls the purely vegetative development of 

cells in the nucellus or integument into the embryo 

sporophyte forming a supermumary embryo. 

(2) The occurrence of polyembryonic seedlings in most species 

except Citrus graudie (pumelo) and c, reticulata (mandarin 

orange). That is, the presence of more than one embryo 

in a seed: often one embryo is sexually produced and 

the remainder vegetatively by diploid parthenogenesis. 

(6) There is great genetic diversity resulting in the 

abundance of heterozygosis of citrus varieties and the 

consequent high and extreme variability among the genetic 

pro ies from both selfing and crossing. 

(4) The feasibility of interspecific crosses in the Citrus 

genus, and of intergeneric crosses between related genera 

such as Poncirus, Fortunella and Citrus. 

(5) The tendency towards increased vigour of progenies 

of crosses of unli ke parents and less extreme intergeneric 

crosses. 

Hamilton (33) in his review of literature on inheritance 

of disease resistance in Citrus and related genera, shows 

that various Citrus types and va~ieties show great var­

iation in inheritance of resistance or susceptibility to 

various diseases. In the case of Citrus scab - Sphaceloma 



Kf!woett1, only a few species of Citrus a.~d k.Umquat of 

Fortunella are res1et0.11t and the susceptibility under 

oertain climatic conditions I!laY not be apparent. In 

the oaae of citrus withertip or anthre.cnose - Gloeosporium 
1imetticolum the susceptibility seems not to be a dominant 

character in F1 hybrid progenies. Citrus canker -

Pseudomonas citri quite commonly bas as hoats varieties and 

related genera of Citrus tbat are susceptible, but hybrids 

involving reciprocal crosses between species and genera 

such as Fortunella and Poncirus and C1trus seem to show 

great resistance. Thie is more evident in the backcross 

to the Fortunella and Citrus parentals. 

3. Breeding pa.bit of Citrus. Frost (14) emphasises that 

hybridization in Citrus species and also between related 

genera, contributes a high variability among the gametic 

progenie5 8.lld consists mainly of the visible diffez•ences 

of si~e, shape and colour of leaves and fruit. Genetically 

this variability is due to changes L~ chromosome number and 

structm•e of t he F 
1 

hybrids II such as triploid hybrid", 

from crosses of diploid Citrus and tetraploid Fortunella. 

Moat of t hese polyploidizatio,1S are effeeted mainly in the 

nucellus before any fecundation in the gametic cell. 

Beside polyploidizations, chromosome aberrations arise 

frequently enough to account for the great F1 variability. 

4. P9lyploid.y and its utility in Citrus breedin_gu Polyploidy 

is quite a common occurrence in Citrus and its related 

genera. It occurs more often in the t~traploid form. 

The seedlings of the tetraploida are usually inferior 

phenotypically, the eviden~e being smaller sized fruit 
The aoid 

wi th thick rind and quite m irregular shape. 

and sugar content may be lower as compared to the diploid. 

Fruit maturity and colouratio!i are usually delayed and 

the seedli ngs show a general .retarded growth. However, 

from a breeding point of view, tetraploid plants eXhibit 

a greater fertility tban their diploid counterparts and 



have abundant seed production which is due to the fact that 

autotetraploid.e produce a lesser proportion of pure 

recessive gametes, therefore a much smaller proportion 

of homozygous recessive progenies than do the corresponding 

diploids. The segregation of recessive genes unfavourable 

to vigom• and fertility, which occurs abundantly in poly­

embryonic Citrus seedlings, produces lees sterility in the 

tetraploida than in diploids. This tendency is specially 

marked in tetraploid Lisbon lemon which has a tendency to 

autosynapsie (1,e. the pairing in a polyp1oid of chromosomes 

pbylogenetically derived from the same di~id species.) 

Horticulturally the tetraploids are used for the production 

of triploid seeaiees hybrids by a cross with a diploid. 

5. Spontaneous mutation and its role in Citrus breeding.' 

Spontaneous mutation i n Citrus among gametic seedlings 

does occur but at low frequency, besides it is hard to 

distinguish it from the extremely numerous variation due 

to normal recombination and segregation of genes hetero-

zygo-aa in tl-J.e parents. The more easily noticeable gene 

mutation is under the class of ''bud-mutation" which ie 

capable of perpetuation through bud propagation by 

grafting. Thie ie commonly known as somatic mutation or 

a ''bud-sport". The pbyeiological somatic mutations have 

some horticultural value such as the Washington Navel which 

ie derived from bud sport mutation. 

6. Frost's optimistic view of the use of radiation-induceg 

mutation iB Citrus improvement. Having made the following 

etudy of the genetics and breeding habits of Citrus, Frost 

comes to the conclusion that one of the two methods of more 

systematic breeding of new forms of citrus would be by 

ionizing radiations which have been proved capable of 

inducing gene mutation or other genetic changes in other 

plants. He is of the opinion that varieties like pumelo 

(c, grandie) which :have no nucellar embryony, selfing and 

crossing of selected parents are indicated as deeit>able, 



pooei ol y with ionizing radiation treatment to i ncrease 

variabili t y of desired types as bud variations seem to 

ve rar e in t hese varieties, probably because of a compar­

atively low prevalence of heterozygosis. 

7. Review of Citrus growing i n Cook Island§,. From the 

re _Jort on Ci true growing i n t he Cook Islands b y Fletcher ( 63) 

one sees clearly tbat Citras grown thera exhibit certain 

i nferior qualities compared to t he Citrus grmm i n Australia, 

such as a lackil1g in attractive coiour, keeping quality and 

f lavour. The authority on Citrus L~ Rarotonga (Cook 

Island) seems to believe that t hese poor qualities are the 

consequence of t he tropical and humid eliruate of these 

ialands and seems to be quite pessiillistio about the 

improvement by breeding methods. Thus the concentrated 

work there is not one of genetical breecl_ing which of course 

involves long term work but rather consists of bud selection 

and therefore the emphasis is on the selection of good 

root stock for bud grafting. Here again their choice of 

roct stock is quite limited to a few varieties of Citrus 

and what is more "discoUl'aging" is that all the "supposed" 

suited types of varieties for this area seem to be 

inf'erio1• in one way or anothe1• such as: 

(1) The Rough lemon root atock seems to be th~ most depend­

able one as it is vi gorous in growth, early bearing and 

gives f'lTUite earlier. It is best adapted for nursery 

woz,k and can ''l:ud" 1 th ease and has high z,esistance 

to common citrus virus and disease. The fruits it bears 

are very inferior - low ougar content and acid is poor 

resulting in an insipid flavour. The fruits are often 

coarse in te:;;;ture and poor in rind colour. These 

condi tiona cax1 be aggravated by mineral da1'1oiencies. 

(2) Sweet orange seems to be a better root stock, the t'ruits 

tested are good q;.iality but the dl.-awback is that the 

tree ie slow in growing and a light bearer besides the 

scion bud "take" on t his stock is very poor. 
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(3) f,!andarin root stock a11pears to be v-igorous in growt h, 

has , ood reai tance to 1isea~e and. produces st~ndard sized 

f~uita but acai n i s slow i n ~evelo~ing. / 

(4) Po cirus trif'ol1ata seems to be quite promisin · as it 

bears excellent quality f2•ui ts, bearing is increased, but 

t his species is very susceptible to trace element defio1enoiea 

especi all y i n the Cook I sland.a. 

Such drawbacks undoubtedly can be overc"me either 

by breedi~g by the convcntio· 1 met hods which involve long 

term work or by means of i onizing radiation t o induce suitable 

and desired t ypes of' mutations 1 lich can eliminate such 

i nf'erio1'ity in t he production of' Citrus in the Cook Islands. 

a. Dr B!'ooks' recommendation, Dl. ... BJ:>ooks (4) (through 

persoJal communicat ions) suggested t hat radiation can be 

of great use 1n t he i mprovement of Citrus to ove~come some 

of' t he drawbacks faced by t he Citrus breeders. Atempts 

can be ~ade to i nduce disease resistance particula~ly that 

of rot rot of Citl'U.S by radiating rooted cuttings and 

t he..."1. screening t hem :for resist ance a:fte.1"' 1m_ooulation ¥. l. th 

pathogen toxin. Then attempts can be concentrated on the 

study o:r the hete1~otic eff'octs of i onizing radiation of' 

a specif'ic optimum dosage on t he quali ta ti ,,e aspects of 

Ci tI>us. Of course, t he empl1asis should be placed first 

on the study of' the techniques of' zoadiation and also the 

behaviour of Citrus to ionizing radiation, only then 

i rradiation-induced mutation can be npplied to Citrus 

breeding to great advantage. 



EXPERIMENTAL 

A. A stud.y of the ef'f'ect of different dose ra tee of one 

common total dose of Y~z:ay irradiation on 13-day old 

germinating Lisbon lemon seedlings. 

I.METHOD 

1. Germinating of seeds. 185 healthy Lisbon lemon seeds 

of uniform size (large) were selected and put into germ­

ination in a mixture of moist peat and pumice, (45% and 

55%). The mixture with the seeds was put into a polythene 

bag and buried i n s"twd.uet in an electrically heated frame 

with the temperature maintained at 30°C (±3°). It was kept 

in the :frame for ten da,ys (in College). On the 10th day 

the hole bag was removed from the frame and taken to 

Wellington for irradiation. The bag as then put into a 

special container in a hot water bath prior to irradiation. 

The temperature of the water bath was 30°C (±2.) and maintained 

fo-.r three days. 

2. Sorting of gorminatL~g seeds. On the 13th day the seeds 

\'1ere taken out for el8'.a.rninat::.on and sorting. 

Observation of germinated seeds, 

Rotted 17 percentage 9% 
Non-germinated 56 
Ge1 .. mi na ted 111 II 60% 
Missing 1 

Total 185 

3. Observation of length of difference of germinated (rad1cles) 

1mm to 3mm 22 
3mm to 6mm 20 
5mm to 10mm 20 

10mm to 15:mm 26 
15mm to 20mm 12 
20mm to 25.:nm 3 
above 25mm 7 

Total 1U 

( The 56 non-germinated and those germinated with radicles 

of 1mm t o 3mm length were :put back into water bath at 36°C 

(,±6°) for f'urthe1~ germination for 24 hours, thus giving 

an extra 35% germinatio!l as 19 germj_nated) 

4. Pre-radiation of seedlings with radicles from 5mm to 15mm 



long. Those with straight radicles are selected for 

irradiation for root elongation study while those with crooked 

radicles were for cytogenetical study after irradiation. 

'l"'he seedlings were grouped into four groups each having 

both types of seedlings (straight and crooked radicles), 

6:ne group for control and the other three for the different 

dose rates of Y-radiation as shown ~elow. 

Dose rate 9r/minute L16r/m1n. 184r/min. 

Radiation samples Y-1 

5 1Radiation laboratory detail •. 

Control 

Y-con. 

Source Co60 source, ½life of 5.3 years 

180 Curie source. 

Room temperature 22°c (,±2°) 

Dose rate 9r/min 45r/min 184r/min 

Distance of' 
I •r:;. ·.i a tion 

Total doe~ 

Duration of' 
Irradiation 

Finishing 

58cm 35em 9cm 

11,ooor each 

20hr 4hr 1hr 

All the three samples were timed so as 

to finish at the same time. (While 

Y-1 was being radiated, Y-2 and Y-3 were 

kept in the water bath) 

Seedling conditi$ns 13-day old ~erminating seedlings of 

radicle length between 5mm and 16mm. 

About 15 seedlings foi> each group. 

Method of radiation A.ll seedlings in each group were 

placed in small bottles with moist cotton 

wool and placed at their respective 

distances from the Co60 source. 

6. Samples for cytogenetical stug..y. At 3½ and 36 hours 

after irradiation, aix root tips at each interval of' time 

for each treatment including the control were taken and 

put into Carnoy Fixative solution i'or root-squaah f'or 

oytogenetical observation. (The technique for staining and 

root-squash is described in Appendix I). 



7. Poat-radiation treatment, Af'ter irradiation the seedlings 

of each sample ~ere put in peat and pumiee mixture in the 

~espectivc grouping. The 1st post-1r~adiation meaau.re-

ment of root leni;-th ras tak6n a'.; tlle 2nd day while in 

Wel1 ington. Subsequent measm~ementa were taken after a 

2 or 3 day interval. Two days after irradiation (when 

oack at College) the seedlings were put into the heated 

frame dth temperature maintf;lined at 20°c (± 3°). 

One ·3e0k arter irradiation? the seedlings were put into 

1ater culture in de-ionized water ~ith aui'fioient quantity 

of "Zest" fertilizer. The seedlings were arranged in rows 

i n a nylon-mesh fra.e which just floated ou the water. 

The de-ionized wate~ was warmed to 20°0 lt 3°) before the 

seedlings wero put into it. The changing of the de-

ionized water took lace at four day intervals and with 

each change of watel" a :fresh supply of "Zest" was added., 

.t:i..s t heI'e was no significant recovery of the root, the 

meaeureuent waa stopped at 22 days after irradiation. 

II. RESULTS. 

1.Rate of root elongation, From the various meas'Ul'emente 

of root elongation, the f'ollowing analysis has bee.n made 

to find if there is significant difference between the 3 

tl"eatments. 

(a) Total root length of seedling 22 days after irradiation. 

Aiean in mm 
Standard error 
Variance% 

Control Y-2 

9.7n a.56 
,±0.44 ,±1.12 

20 52 

(b) Rate of increment in ten days. 

mean in mm 
standard error 
variance 

Control 
37.50 
¼3.80 

- 51% 

14.'79 2-42 
+3.90 ,±0.60 
- 100% 109% 

2 .. 67 
.±l.08 

122% 

._.2!e Please ~efer to Table I for more details of root 

elongation on other dates. 



Fig.1. Irradiated and non-irradiated seedlings of Lisbon Lemon, 
This is to show the effects of Y-1'8.diation of three different 
dose rates of one common total dose on 13-day-old germin­
ating seedlings, as shown by the difference of root elong­
ation. The photo was taken eix weeks after radiation. 
(Magnification 0.5x) 

Reference: 
Con: control 
Y-1: 9r per minute 
Y-2:45r per minute 
Y-3: 184!> per minute 

7 
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2• C;rtological observation. From both samples of the 

tips taken 3½ and 36 hours after irradiation the following 

observations were made. 

(1) stickiness of' chromosome (anaphase) ~-
91'/min. 

(11) m:t.cronuclei (resting stage) 

(i) irregular shaped chromosomes in group 

(could be bridges at anaphaee) 

(ii) micronucle1 

(iii) irregular shaped resting cells 

45r/m1n. 

184r/m1n. 

As for control, all chromosomes at various stagea were normal. 

III. CONCLUSION 

(a) 1. For all measurements of root elongation, there is a 

significant difference between (1) control and Y-1 

(11) Y-1 and Y-2 

There is no significant di f ference between Y-2 and Y-3. 

2. Y-1 has a mild e~fect on the root elongation while Y-2 

and Y-3 which ehoil no eignifioant difference between the two 

show "some great11 retardation to root elongat:lon and have 

some lethal effect. 

3. Judging from the curves of Graph "F" which is drawn in 

terms of the Logarithmic scale, Y-2 seems to be a more 

suitable dose rate for the purpose of radiation-mutation 

study on seedlings as it has a smoother curve, while Y-3 

shown a more inhibitory effect on elongaiU.on toward the 

later stage of e;'!tl)eriments. 

4. If ~he experiment had continued longer it is possible 

that there could be some significant difference between 

Y-2 and Y-3. 

5. At two days and sixteen days after 1.Z'radiation the 

coefficients of variance were similar f~r Y-2 and Y-3, but 

after 30 days there vaa an indication that variability was 

leas in Y-3 t .han in Y-2, so that Y-2 may not be ao useful a 

dose rate for examination of root growth in older plants. 



(b)1. Due to the tact that the Citrus chromosomes are very 

small it was bard to draw much conclusion from the 

cytological observations to make any difference cytogenetic­

ally between t he various treatments. 

2. The only inference that could be made would be that 

for Y-1 t here was some stickiness of chromosomes which 

it may be inferred was t he t emporary injury caused by 

ionizing radiation. 

rv. REMARKS. 

From the above observations it could be assumed that 

for the cytological study of chromosome aberrations and 

for the 60% survival of the treated material, a dose rate 

intensity of between 46r/min. and 184r/min., but nearel'" 

to 46r/m1n. is most euitable. 



B. To stud.y the e:f'f'ects of X-rays on 16day-old seedlings 

of Lisbon lemmn and by plotting the curves to find the 
11near" critical dosage qhieh shows- the best growth consist­

ency ;;y_ith the maximum expectation of mutation. 

(This experiment is based on the findings of the previous 

experiment in which the most suitable dosage 'for mutation 

sttUly was bet\veen 45r/min. and 184r/min.) 

I. METHOD. 

1. Germinating o:f' seeds. 220 healthy and freshly extracted 

Lisbon lemon seeds were dried and put into germination in 

a peat and pumice medium (45% and 55%) in polythene bags in a 

heated frame maintained at 20°c {±3°). After ten days 

the whole bag of seeds was taken to Wel lington and placed 

i n a container in a hot water bath at 30°0 (.;t1°) for 4½ 

days more. 

2. Sorting of germinated seedlings after 16 daY.§.• 

Rotted 40 
Lost 16 
Non-germinated 27 
Germinated 138 

Total 220 

18% 
8% 

12% 
62% 

3. Observed difference in radicle length. 

5mm to 10mm 38 
10mm to 20mm 32 
20mm to 26mm 36 
25mm to 36mm 26 
above 35mm 8 

4. Pre-1:adia tion. Seedlings of radicle length between 10mm 

and 25mm were selected for irradiation and 25mm to 36mm 

were used as control and some for post-irradiation ayto-

logical study. The seedlings were to be irradiated with 

one common dose rate intensity but of different total dosages. 

5. Radiation laboratory detail. 

Room temp. 
Source 
Alax. energy 
Current 
Fi ltel' 
Distance from 
Dose rate 

18°0 (,±2°) 
G.E.C. Maxima X-ray Hospital therapy unit 
210 k.r. 
10 m.a. 
0.5mm CU plus 1mm Al 

filter 16.5 cm. 
86r/ min (95%.± 3%) 
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Samples Time of exposure (m1n,) Total Dose 

x-oon 0 
x-011 10 B60r. 
x-022 36 3010r 
x-033 70 6020r 
x-044 105 9030r 

Seedling conditions. 16 day old actively germinating 

seedlings of radiole length between 25mm and 35 mm, about 

35 seedl ings for each group. 

Method of radiation, The seedlings were irradiated in two 

groups at a time, one group occupying t he area of a semi-

circle. They were placed i na tray in the central 

circum:f'erence "B" of the direction of t he beam as shown in 

t he diagram so as to avoid the maxi mum erro1• due to difference 

of soft and hard rays from radiation. The error is about 

Thus the seedlings were placed in the "B" area 

shown in the diagram. This is to cut off the extreme 

effects due to soft or hard ra,s~ 

Diagram 1. Area of on t he tray 

b 

a 

The outer periphery "C" receives mostly soft rays. 

The inner periphery ''A" receives all hard rays. 

The central _periphery "B" receives averagely even mixture 

of rays. 

The calculated dose rate is B6r/min. exposed at a distance 

of 16.5cm. This includes an error of 3 o only. The 

whole beam of exposure on the tray at a specified distance 

is marked by the arrow "ab11
• 

To avoid rapid drying up of t he seedli ngs, a t hin sheet of 

paper was placed over t he tray of seedlings which were 

placed on moist filter paper. 



x-033 and x-044 had split exposures ae the machine had to 

have a compulsory rest of 6 minutes after every 55 minute 

exposure. 

6. Post irradiation treatment. Immediately after irradiation 

the different groups of seedlings were placed separately 

in a moist filter-paper-lined container. Later the 

seedlings in the respective groups were transferred to moist 

peat and pumice mixture when the root length incluaing 

those of the control were taken. 

Those for cytological studies were taken out at 

5 hours and 36 hours after irradiation respectively. Their 

root tips and shoot tips plumulee were taken and put into 

Carnoy fixative solution. 

Two days after irradiation, the seedlings were put into 

watt:::r culture of' de-ionized water with sufficient "Zest" as 

fertilizer. The water temperature was maintained at 20°C 

(.±2°) in the heated frame controlled by a thermostat. The 

seedlings were placed in ~ows of the respective grnu~a in 

a nylon mesh frame. 

Measurement o:f root length was done at five day intervals 

for five consecutive intervals. 

The c!la.nge of de-ionized water is done every se7en days and 

in each change t he water is warmed up to 20°C (±2°) before 

the seedlings were put back. 

warm water). 

(Thie ie done by de-ionizing 

7. Cytological stud.y of the chromosome abermtione caused 

by the radiation treatment was carried out by the modified 

Gomori's Hematoacylin staining and smear of root tips and 

plumuleso This technique has been recommended by Mr de 

La.tour of Grassland Research at Palmereton North. (The 

method of squash or smear is described later). 

II. RESULTS. 

1. lleaewemep.t of rate of root elongation. As general 

inhibition is seen in all samples (including controls) 

t his could be due to the effect of' "over-dose" of Zest 
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f erti lizer. Thus t he last measurement was ~ken at 21 

days after irradiation. From t he four measurements and 

reco~di ngs, the analysis was made. The respective mean 

l engt h o:f root i ncrement with t he respective standard error 

of each are calculated and tabulated below. (The :t.'ull 

detailed analysis is recorded in Table JI as shown at the end) 

Rate ot rogt elon~tion. 

Dates 6 da~ aso g&:£8 15 !Y!D 21 9&1§ 

Treatment 
x-con 7.5j;0.9 8.1±1.2 7.7±1.4 6.24±1.6 
x-011 6.8±1.0 6eO±le0 3.7~.9 3.80.±,1.1 
x-022 2.7.±,0.6 o.sj;0.3 o.a±<).4 0 
x-033 1.7±<).5 0 0 0 

x-044 1.3±0.2 0 0 0 

Footncte. As the controls are t 2,}~en f1•om slightly :faster 

growing seedlings strict comriarison o-f growth rate is not 

quite practicable be~ween t he t r eated and control as tar as 

rate of elongation is concerned, but in other respects such 

aG lethality .and chromosome aberration comparisons are valid. 

2. Cytological obseFVation. 

!
a) 5 hours after irradiation 
i) normal cell divisions - control 
ii) disfigured micronuclei)_ x-Oll 

chromosome stiokinese) 
(i ii) no observable division l 
(due to inhibition of cell div­
ision caused by radiation) 

x-022 
x-033 
x-044 

1) good number of normal cell divisions -!
b) 36 hours after irradiation 

ii) quite a few normal cell divisions 
of metaphasic and anaphasic stages 

(iii) no division encountered • 

III. CONCLUSION. 

(a) Rgot elongation stud,z. 

control 

- x-011 
x-022 
x-•033 
r-044 

1. From the root increment analysis and fro~ the study of 

t he shapes of the curves in Graph I it indicates that 

treat ment x-011 had a very minor effect and behaved quite 

atead.1J,y, while treatment x-022 initially ahow~d a severe 

ef f ect 1n inhibiting the eloncation of the roots at later 

st ages and f inally proves lethal. 
Treatments x-033 and 

x-044 had similar but more severe inhibitory effects and 
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lethality was evident much earlier. 

2. Thus the near critical dosage (needed for mutation study) 

should be between dosages of treatments x-011 and x-022 

(i.e. between 860r and 3000r) but more towards the dosage 

of treatment x-011, as its rate of survival approaches 50%. 

(b) cytological observations. 

1. From the cytological observation of all samples pre­

pared (includi ng t he control) at 5 hours and 36 hours after 

irradiation the following conclusions were made. 

(i) Treatment x-011 seemed to have a temporary effect of 

inhibition which lasted 36 hours. Thus this dose might 

not be suitable to effect the desired t ype of mutation changes. 

(ii) This fact would suggest t hat the optimum dosage 

needed for mutation study would be one above that of 

treatment x-011 (860r) but not much greater. 

Though the next t wo experiments are not directly 

connected to this experiment B, they are nevertheless imp­

ortant in t b2s series of experiments. They are conducted 

to eluc:l.date the effects of Y-radiation and also the 

different mode of action of Y-radiation and X-radiation 

on Citrus seeds. The essence of t hese two experiments 

is to find the ''neJar11 critical dose for Y-radiation for 

Citrus seeds and also the lethal dose for Y-radiation on 

Citrus seeds. 



c. To study the effects of a series o~ dosages of one common 

dose rate on hirth intensity of Y-radiation on seeds of 

~isbon lemon in order to find: 

(1) t he near crit1gal dosage which will produce minimum 

letbal effect but simultaneously nroduce a high r at e of 

mutation (and chromosome aberration). 

(ii) t he lethal dosage for Lisbon lemon seeds. 

I. METHOD. 

1. Pre-radiation. Some 360 Lisbvn lemon seeds of uniform 

size were selected and grouped into six lots. 

dried at room temperature ~rior to irradiation. 

2. Radiation Laboratory detail. 

They were 

Laboratory room temperature 
Source 

2~°C (+2°) 
Co O 180Curies ½life 5.3yrs. 

Dose rate 
Distance from source 
Seed condition 
Method of radie.tion. 

1540r/min. 
2.6cm. 
dry and dormant 

As shown in Diagram II, the source 

is encased in a special cylinder housed in a special l~.Rld 

container. The source as shown i n the diagram consi~ts 

of four rods 11B", while at the centre 0A" is another 

cylinder in which is placed the material for very hi gh 

i nt ensity r adiation. 

hydraulic mechanism. 

the source is 2.5cm. 

Both "A" and 11B11 are operated by a 

The distance from the centre to 

The seeds of each J.ot are :placed in a 

suitable glass container which just f i t e-. into the central 

compartment "A" and by means of the hydraulic system, the 

seeds in "A" compartment are lowered to where the source is. 

~'he glass cylinder has a central partition in the centre so that 

two lots o:f seeds can be irradiated at ·the same time. 

Diagr>am II. To show t he method of radiation by Co
60 

at 
very high density. (A-centre for placing material and B-
site of the four rods). ·.:----

C!)B 

@) A 
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Sample 
"(-con 
Y-01 
Y"-02 
Y-05 
Y-04 
Y-06 
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Total dose 
0 
25,000r 
50,000r 

100,ooor 
150,000r 
200,ooor 

Time in minutes 

16 
32 
64 
96 

128 

Post-radiation. The next day the seeds wer e put to ger­

minate in petri dishes which had moist filter paper at 

the bottom to keep the seeds sufficiently moist. The 

petri dishes were so covered that air coul~ easily flow 

in and out for necessary respiration. They were then buried 

in sa dust in a heated frame at 20°c (±2°). 

Twelve a.aye later the petri dishes were taken out a:t 

night and the seeds were examined quickly una.er ordinary 

red light for the number of seeds germinated, which was 

then recorded.. The germinated seeds were then removed 

and put into separate containers in peat and pumice mixture 

and buried under the same frame. Subsequent examination 

of the germination of seeds and subsequent transference of 

the germinated ones to another container was done at 

two day intervals. 

When the germination of seeds was completed, the 

seedlings in t he respective lots 7ere put into water culture 

using de-ionized w~ter in t he ~eated frame. This was to 

measure and study the rate of' r oot e:.ongation. T!!.e 

seeds were placed in rows ir. nylon mesh frame and tl1e 

measurement of root length te.ken at t ,no day intervals. 

Due to the effect of the black paint applied to the 

nylon mesh, the seedlings rotted, including the controls. 

The experiment terminated two weeks after vhe completion 

From tlle data obtained the 
of germination of the seede. 
analysis of rate of germination and rate of root elongation 

of each treatment was made and tabulated. 
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te of germination 

:;·1 tme..~t Y-cor.1 
Dates -Y 05 

13 days 35% ,±6.2 23.3fc:±5.6 11. 6%±4. 1 3.3fc:±6.1 - -
16 days 66.6%,±6.4 43.3%_t6.4 23.3%_t5.5 15f~ .6 8.3%±3.6 -
17days 73 • 3f-,+6 • 7 58.3%.±6.4 41.6%_t6.4 18.3%±4,.9 21.6%,±5.3 -
21dayB 80.0%_s.2 66.6%.±6.1 56.6%,±6.4 28.3foj:5.8 3Q%±5.9 B.3fo+3• 6 

23days 81.6%,±5.0 71.6 _5.8 66.67'c±6.1 31.6%.±6.0 40%±6.3 6%±4.6 
25days 85 • o<'1;o±4. 6 80.Q%±5.2 70.0%.±5.9 -35 • Qf<>;±6 • 2 41.G'fo.t 64- 116 • 6%.t4-J3 
27days 86.0%±4.6 85.0%±4.6 76.6%,±5.5 43.3%,±6.4 43.$,te.4 21.6%+P.3 

Total root elongation in millmtres. 

Treatment Y-con 
Dates 

17days 7.B_tl.2 

23days 15.8±2.5 

27days 16.1.±1.7 

III .C0NCLUSI0 • 

Y-01 Y-02 Y-03 

3.7±0.5 2.0.±0.1 1.5±0.6 

6.1.;t.0.9 2.0±0.3 1.6_±0.1 

6.4_±0.9 2.3±0.1 2.0±0•1 

ti,Y �~� M~ c;\Nul½S;~ 

1.3,±Q.4 0 

1.3±0.1 1.1.;t.0 

2.o_to.1 1~1±0 

re ~-t Ta.bl-t- .!!L. <.J.,.,..d._ �~� 
c' 

(i)From t he atudy cf the rate of germination and from the 

study o:f' the shape o:f' the curves of Graph E it ohows that even 

the lo est dosage of 25,uOOr would affect the speed of 

eerminat1on initially. Later at the 27th day of the 

com.I!le:ncement of germination t her was virtually no difference 

in the _ ercentage germi nation between the control and the 

treatment Y-01. 

Thus the "near" critical dosage lies between the dosage 

of treatment Y-01 and that of the control. 

(ii) Dosages below the treatment Y-02 (50,000) delay the 

germination without apparently reducing the fina~ germination 

perce."'l tage. Those above the treatment Y-02 h6~e a severe 

effect on final percentage of germination. Therefore dosages 

up to 50.ooor and not above are more suited for radiation study. 

(111) The lethal dosage for Lisbon lemon seeds was evidently 

higher than dosage of Y-05 (i.e. 200,ooor). 

• I 

____,,;.J 
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p,. Ts> pt;ud.v comparatively the effects of the "near" critical 

rgp.ge of doeagee of Y-radiation and X-radiation on germination 

gf seeds and ~oot elongation of the seedlings of Lisbon lemon. 

Also to find the letha,7 doeag~ of Lisbon lemon by Y-radiation. 

(This experiment is based on the findings of the previous 

experiments which indicate that the "near" cr:i.tical dosage 

for Lisbon lemon seeds by Y•radiation is between the control 

and a dosage of 25,000r. That also the lethel dosage for 

the same material is much higher t han 200,ooor). 

I. mTHOD. 

1. ~-radia ti n.Ll o About 500 !IDif'orm sized and healthy 

Lisbon lemon ceeds were selected and di vlded in-to two l ots; 

one for Y-radiat ion and the muxh smaller lot for X-radiation. 

For Y-radiation there ~ere five lots of 65 seeds each and 

for X-rad.ia tion t v10 l ots of 45 each and one lot of 65 seed.a 

for the control. 
The seed.a were dried at rooo temperature prior to irradiation. 

2. Radiation 1aboratory detaili 

Room temperature maintained at 18°C (±2°). 

:(-radiation 
x-radiation 

Source: co60 180 Curie source Source: G.E.C.Ma.Xima X-ray 

hospital therapy unit. 

Filter: ½mm Cu+ 1mm Al 

Max. energy: 210 kv. 

Current: 10ma. 

Dose rate: 205r/min. 
Doee rate: 1540r/min. 

2.5 Cm. Distance from source: 21.4 cm. 
Distance from source: 

�~� Dosage. 
(min.) 

0 
3.25 5,ooor 
6.5 10,ooor 
9.76 15,000r 

Sample 

x-01 
x-02 

Time 

24 
98 

DoeaAA 

s,ooor 
20,ooor 

sample 
Y-con 
Y-06 
Y-07 
v-oa 
Y-09 
Y-10 
Y-11 

13.00 20,ooor 
195.00 300.ooor 
325.00 500,ooor 

In the case of Y-radiation it was 
3. ethod or 1rradiation,1 

t he Previous e:icperimente in which the 
the same method as i n 

in the 
centre surrounded by the source 

materials were placed 

�~� 
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(retel~ to dia m i n previous experiment. 'C'). 

In t e case of X-radiation the seeds were put on a 

tray, ~ell spread in the atea covered by the X-1'8.ys. 

'Lie X-02 treatment bad to have two-split exposure as the 

machine had to have an intermission of five minutes after 

evei--y 55 minutes. 

4. Post rad1at1o,a. The next day after i~radiation, ~he 

seeds were put into petri dishes with moist filter pa.per 

at t:1e bottom. The petr1 dishes having been covered in 

such mauner as to allow free air passage for the oxidation 

of eeeda wei>e then buried under sawdust in the 'eated 

frame wi.Loee temperature was maintained at 20°c (,± 2°). 

Ten days later the seeds were taken out for examination at 

night under red-light. Those germi ted were then put 

into separate vontainers for the respective groups in a 

peat and ~umic0 medium and kept in the same ~rame. 

S'.lbsequent observations were made at two dey intervals and 

at the sa!lle time neasurement of t he root elongation of 

those already germinated wqs taken. 

recorded. 

The data .were then 

The lsst measUI•ement was taken at 30 days after the 

date of putting the seeds into ger mination. This time 

the seedlings instead of being put into water culture 

were put in a moist peat and pumice medium and exposed to 

light in the heated £rame. 

Two months later, the whole box of seed1inge in 

the respective order of treatments was photographed to 

show the apparent difference betweon various groups of 

seedlings of dit'f'erent dosage effect. 
No. • 

II.RESULT. 

Re.fer to photoplate, 

From t he data recorded analysis of the percentage of 

cermina.tion of each lot of treatment with t he respective 

standard error are calculated and tabulated as are the 
By means of these 

results of the r ate of root elongation.. 
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atatistical analyses graphs were drawn to scale to show 

the various dosage effects ae compared to ·i;he control .. 

From the study of theee curves in Graphs A and B conclusions 

were made of the various treatments. From the study of 

these three graphs comparisons were made of the effects of 

t he two types of radiation. 

(a) Rate of germination in days from commencement of 

germination test. (expressed as a percentage) 

Treatments 
Days Y-con 

10 7.6,±4.4 

11 26.2±5.5 

13 55.4_±6.2 

16 81.5,±4,.8 

18 8406.±4.6 

Y-06 Y-07 

13.2,±4.9 30.1±5.6 

:32.4±5.7 44.4,±6.3 

72.5,±5.4 73.1±5.6 

91.0,±_5.0 85.7,±4,.4 

98.5,±1.5 93.7,±3.1 

21 89.2,±3.8 98.5±1.5 98.4,±1.6 

26 - -
39 - -
(continued) 

Treatments 
Days x-01 

10 
11 18.4.±..,..5.5 

13 48.2±7.1 

16 65.3,±6.8 

18 69.4,±6.6 

21 75.5,±6.1 

-
-

x-02 

7.9,±4.4 

18.5,±6.3 

49.5,±6.3 

71.1,±8.1 

86.8,±7.3 

1oo% 

Y-08 Y-09 

21.5±5.3 21.0±5.3 

38.5±6.0 37.1±6.1 

55.4±6.2 57.3±6.3 

86.2,±4.3 77.4±5.3 

90.7,±3.6 83.9±4.7 

92.szs.s\aa.7±4.0 

- -
- -

-
-
-
-
-

6.7±3.7 

20._0,±5.4 

33.3_:t5.7 

26 75.5±6.1 
from the commencement of germination 

~: (i) 0n the 21st daY 

t erminated for Y-con and Y-06 to 
the germination st~dy 

Y-09 as the remaining seeds rotted. 

germination for Y-11 treatment. 
(ii)There was no sign of 
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(b) Rate of root elongation of the ti•ea ted germinated 

seecUinga, measured in milli t meres. 

Samples Y-con Y-06 
nays 

Y-07 

16 6.3±<).6 

21 7.9±0.6 

26 a.1,±0.7 

30 800.;t0.7 

(continued) 

§amplea x ... 01 
Daya 

16 5.6,±0.6 

21 11.6±1.2 

26 9.6.:t<).9 

30 4.7±0.5 

6.3±0.1 3.5,±0.3 

6.8±0.4 2.4,± 0.3 

7.0±0.6 2.5±0.1 

7.6±0.6 3.1±0.2 

x-02 

2.7±0.2 

0.,8,±Q.2 

1.3,±0.2 

0 

Y-08 

1.6,±0.1 

o.3;to.1 

0.6±0.1 

0.7±0.2 

For detailed 'J.Il8.lysis refe~ to Tables 

III. CONCLUSION". 

Y-09 Y-10 

1.4±0.1 0 

0 0 

0 1.6±0.3 

0.6,±0.1 o.7±0.1 

-1\/ �~� Vil 

(a)Germination. (1) From the above analysed data of rate 

of germination of the treated materials including the control 

and also from the study of the curves of Graph B, it 

indicates that the treatments Y-06, Y-07, Y-08 and Y-09 

have definitely accelerated the rate of germination at 
Treatment Y-07 had 

the initial stages of germination. 
a high percentage of ger~ination initially and then maintained 

a constant rate of germir.aticn above that of the control. 

The percentage ger 1naticn of treatment Y-09 is high 
Two weel«3 later its 

initially but slackens later. 
percentage germination does not a.i:i?.i:'er significantly from 

the cont rol. 
(ii) Treat ent X-01 showed a constant lower germination 

that of X-01 eight a.aye later. 

r ate 
1
h1le x-02 showed a more retarded percentage germination 

initially but accelerated the germi nation rate higher than 
At 'c;he later stage of this 

experiment (
39 

a.aye) the percentage germination of X-02 
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Fig.2. 9-weelt-old germinated ee,edlings of the irradiated 
seeds by X-rad1at1on and Y-rad1at1on. 
Thie is to show the rate of germination of the irradiated 
seeds of the various dosages and also to show the rate of 
seedling growth. (Magn1f1oat1on 0.6x) 

Reference: 
Control Con: 

(Y-radiation) Y'-06: 6,000r 
10,ooor II Y'-07: 

II Y'-08: 16,000r 
n Y-09: 20,ooor 
" Y-10: 300,000r 

(X-radiation) X-01& 6,000r 
n X-02: 20,ooor 



i ti M '-- or than that for any other trea.t.ment. 

( 0 ) Root olonwt19n atuQ;t. (i) F - - ror; the anal yA~d data of' 

tho rate of root el01 i;n tion of the seedl ings concerned and 

u1RO from the study of the ~urvee of Gr aph A, treatment x-Ol 

oes accelerate ',.,he rate o? 1~oot elongation very greatly, !llld 
thooe of the other treatment a~e retarded. 

(ii) From the study of the curves of Graph A treatment 

x-01 shows an abnormal mode of action on the elol.gation 

of roots e.g. as indicated below: 

On the 16th fuJ.y the elongation is below trut of conti•ol. 

" " 21st It 

II n 26th " 

II II 31et " 

It 

" 
II 

"is accelerated to twice that of control. 

"acceleration dropped. 
11 was below and half that of control. 

The other treatments show fairly severe effect but relatively 

uniform e:ff'ects on retarding root elongation. 

<111) Treatme.~t Y-07 shows a 50% inhibitory effect compared to 

the control and treatment Y-09. This can be the possible 

"near" critical dosage ·of Y-radiation suitable for mutation 

study of usef'ul mutation. 

(c) The eon::pa;rative stud,v of rate of ge!'lllination caused b:v: 

Y- and Xerad1atiQA. From the st·ndy of the curves in Graphs 

Dl, D2, D3 and D4, the following brief conclusions can 

be made of the comparisons. D1 shows that &ll dosages 

of X-radia t1 n reduce or retard germina t:1.on, while Y­

radia ti on of treatme.nte Y-06 to Y-09 does accelerate the 

initial germination rate. Treat ~ent Y-10 has a greater 

inr.1bitory effect on germination. 

D4 showe that treatments Y-06, 'f-07 and Y-OA of Y-radiation 

increase the final germination percentage. Ouly on this 

date doaa treatment Y-10 show some delayed germination. 

On the other hand treatment x-01 checkS the rate of germination 

but treatment x-02 shows its effect of accelerating the 

to-..rde the later stages of germination. rate of germination ffQ 

I , 
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Prom the above experiment Din which the seeds were being 

1rradiated by Y-rays of a aeries of dosages ranging 

between 5000r and 2011000r, it is indicated that the "near" 

critical dose for suitable mutati on study is between 5000r 

and 10,ooor but more towards 101ooor or Y-radiation. 

However, in the compar ative study of the effects of y_ 

radiation and X-rad1at1on of the same dosage (5000r) 

of t he same experiment, it was shown that X-radiation 

bad a retarding attect on the rate of germination and later 

in the course of the experiment andaccelerating effec~ on 

the rate of root elongation of the seedlings, while 

t he Y-radiation of the same dose accelerated t he rate 

of seed germination. Thie "difference" in t he action of 

Y-radiation and X-radiation on the germinati on of Citrus 

seeds cou1d be due to the two types of "effects" caused by 

ionizing radiation as previously mentioned i n the Literature 

review; one type bF)ing the "direct" effect which causes 

a biological complex to be altered or destroyed (depend-

ing on the dosage); while the second type being the "indirect ii 

effect of a chemical natlll'e causing the depolymerization 

of t he DNA of the chromatid materials. It ha.a been 

strongly maintained that X-radiation does cause more of the 

"indirect" effect while Y-radiation causes mainly the "c,.irect" 

effect. 

Another more probable explanation for the above 

"differences" in action of ~radiation and X--radiation is 

that X-rays consist of soft and bard rays which have a 

th y rays which have a longer wavelength compared to e -
times more penetrating 

very short wave length, but are many 
the "delayed" or 

than the X-rays, thus accounting for 

O
n rate of ger mination 

"retarded" action of X-radiation 

of seeds of Citruso 

it does need a more thorough and 
Whatever i t may be 

1 rand narrower 
oore detailed investigation with a c oae 
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2::week-old germinated seedlings of the irradiated seeds 
by x-rad1at1on and Y-rad1at1on. 
To show the morphological deformities due to irradiation. 
(The moat common of hioh were mosaic pattern of chlorosia 
and leaf serration and irregularly shaped leavea.)(Magn. o.5x) 

Reference: Con: control Y-06: 6000r; Y-07: 10,ooor (Y-rad.) 
X-01: 6000r (X-radiation) 

~=!~J:old germinated seedling of X-ray treated seeds, 
This is to show the -type of chlorotic mutant of the 
morphological nature due to)X-radiation. 

(hlagnification o.76x 
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ranse ot dosages for the similar comparative study of the 

two types of rad1at1on 1n order to draw a str ict conclusion 

of the findings. 

(The next experiments though 'having no direct connection 

~re conducted to investigate whether the different types 

of pretreatments could be of any specific utility when 

radiating any biological materials so as to enhance the 

production of rare mutations of some importance). 

I ' 



-46-

E. Pretreatment stud.y of ionizing radiations on seeds, to 

_v.nd if there can be an.y significant differenne "' caused by 

the effect of high moisture content of dormant seeds when 

1rradiated by X-rays and Y-rays, 

I. METUOD. 

1. Preradiation. About 250 apparently healthy and uniform 

sized seeds ¥ere selected and divided into five lots of 

50 seeds each lot. Two lots of seeds were soaked in 

distilled water and another two lots of seeds were put into 

a deasicator of silica gel (which remains b~ue when c1.ry). 

The soaking and deeeicating of the seeds continued for 

25 hours. The seeds for control were left at room temperature 

and conditions. Just prior to irradiation the soaked seeds 

were removed lot by lot and were surface dried on filter 

paper for a minute or so. 

2. Radiation Laboratory detail. 

Room tmperature: 18°C (±2°) 

Y-radiation 

Source: co60 180 curie 

½life 6.3 yrs. 

Dose rate: 184r/min. 

Distance from source: 9cm. 

Total dose: 30,044r 

Time: 163 min. 

x-radiation 

Source: G.E.C. Maxima X-ray Hosp-

ital therapy unit 

Filter: ½mm CU + 1mm Al 

Max. energy: 210 kV. 

Current: 10 ma. 

Dose rate: 203r/min. 

Distance from source: 21.4cm. 

Total dose: 30,012r 

Time: 142 min. 

In the case of Y-radiation, the 
ethods of radiation. 

1 glass bottles which were placed 
seeds were placed in smal 

the oource and at respective 
on a disc rotating round 

ight round so as to 
half time each bottle was turned r 

give an even Y-radiation to all seeds. 
laced over the 

In the case of x-radiation each lot was P 
uld be placed directly 

circular area on the tray which wo 
In both cases the 

under the X-rays during irradiation. 



seeds were irradiated by fractionated dosages. 

§Gm lea X-ram, 

soaked 

dessicated 

control 

a.osases- 30,0l2r 

Con. 

30,044r o 

4. Post-radiation. The treated seeds and the control were 

put into germi tlon soon after treatment by radiatio"'1.. The 

seeds in the respective lots were pat into petri dishes 

1hicll had soaked cotton wool and filter paper i=-.t the bottom 

and were then covered with some allowance f or air to enter 

forrespiration uf the oeeds. Then they were buried under 

sawdust in tht:1 hea. ted frame at temperature 22 °c 1±2 °) • Ten 

days later th& seeds w~re examined under red light at 

night for t he rate of seed germination. Subsequent 

examinations of seeds were made at two day intervalso 

It was noted that towards the end of germination there 

were q,u.ite a number of seeds rotted in the "treated" as 

well aa the'~ontrol". Thie is probably due to faulty 

seeds and not to the treatment. From the germinat~d 

seedlings, the measurement of t he root length in milli­

metres was taken for t he study of r ate of elongation. 

II. RESULTS• 
1. As there was a great number of seeds rotted the data 

for seed germination could not be dependable for a "strict" 

comparison of rate of germination due to t he various 
Ilowever, for the comparative 

treatments and the control. 
study of the dif f erent treatments, the analyses were 

statistically made from data collected from 
th

e study 

Of t Ld remaining seedlings. 
of elongation of root lengt h 

d half .. ·ee_Jga. 
Root elongation at t hree an a 

Samplea:S-01 S-02 De-1 De-
2 

Type of X-rays 'f-ro.ya X-rays Y-raYf 
Radiation. 

Control 

Mean length and 
Standard error 

7 0 186 07~1.314.5,±2.l 
in mm. 7.4.±1.7 4.3,;t2• 2~ �~� �~�~� ~s·,c, v< fdi> 

I , 
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111. CONCLUSION. 

From the above statistical analysis of the seedlings 

taken at 3½ weeks from the date of commencement of the 

germination teat, the following are the conclusions: 

(1) All treatments retarded the root growth considerably. 

(ii) In the oaee of X.-raya, there was no significant 

difference shown between soaking and dessication. In the 

Y-raye the soaked seeds showed a reduction which was more 

obvious than that of the dessicated at 2% level. (i.e. 

significant at 2% level). 

(iii) There seemed to be no difference between X-rays and 

Y-rays effect by dessication. 

than X...:rays for soaked seeds. 

Y-rays were more severe 

(iv) For soaked seeds Y-raya were likely to be more useful 

for mutation on the basis of higher lethal effect. 

(The aims of the next two experiments are to investigate 

into the possibility of using colchicine as a pre-treatment 

agent for the ionizing-radiation so as to induce rare 

but desirable types of mutation. 
The nature of the work 

suggests that these experiments are only the very fundamental 

steps for the "proposed" investigation that should ultimately 

lead to the future detailed work on the production of 

the r;,anted" mutant). 
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F. To stud.y t1l,e e~~ect of Colch1cine as a 
Pre-treatment for 

! he ionizing radiation of seeds by Y-raya and X-rays. 

I. HOP• 

1. P.i.~e-radiation. About 260 apparently healthy aild good 

Lisbon lemon seeds of uniform size were selected of which 

20 were kept for control. The others were divided into 

t hree lots t o be soaked in theee different concen·crations 

of colchicine of o. , 0.2'~ and 0.5%. They were soaked 
i n the solution for 25 hours. After which, ti1e seeds fI'oIL 

each co c trat\on ere taken out and divided int , four 

f,-roups. Of the four, two 

dosages of 11 500r and 3000r. 

oups \'/~re for Y -radia tiuns of 

The remaining ~vo g:.:>oups 

~ere for Y-1--ae_iation of dosages of 1,500r and 3000r. Fach 

of t ho OU}JB of the respective colclli cine tz>ca tmenta has i ta 

own oup label as shoYJn below. 
- ---- - 1500r 3000r 

25hrs Y-raye A-rays Y-rays X-rays 

0.1% Col-Y'1 Col-Xi Col-Y4 Col-X4 

o.2% Col-Y2 Col-X2 Col-Y6 Col-X5 
o.s,; Col-Y3 Col-Y":3 Col-Y6 Col-X~ 

Prior to irradiation the seeds were surface dri ed on f il t er 

paper for a few minutes. 

2. Radiation Laboratory detail, 

Laboratory room temperature 1880 

60 S urce· G.E.C, Maxima X-ray Source: Co 180 curie aource. 0 • 

Dose rate: 184R/m1n. 

Diat. from source: 9cm. 

Total dose: 

l,500r 

300Qr 

Time. 

16min• 

Hospital therapy unit. 

Filter: ½mm Cu + 1mm Al 

Maxim. energy: 210 kV. 

eurrent: 1c) ma. 

Dose rate 203r/ min. 

Dist. from source: 21.4 cm. 

Total dose 

1,600r 

3ooor 

Time 

7.26m1n. 

14.5min. 



:.7- . ~at-n,d1ation. After irradiation the seeds were sown 
1n rows in a peat and pumice medium 1 n a box and kept 1n 

the heated frame tmder sawdust at tem erature 

Along 1th the tree.ted seeds were the control seeds. 

(It was egpeoted that Colchicine would delay greatly the 

rate of germination of the treated seeds t hus this experiment 

was set up primarily for the study mor•~hologicaJ.ly of 

the combined effects of. oolchicine and radiation. 

respect, t he data for the rate 01' germiAA t;ir,n of the 

treated and that of the control was not needed). 

II .RESULTS. 

In this 

1.:!'J{elye days after sowing. the whole box of seeds with the 

treatee t1nd the control was taKen out for observa.tion. 

'rhe oont:l'ols bad illore than half the number of seeds germ1n­

a ted while forth~ tr~zted, oP..ly two seedlings germinated 

they were: 
(1) Col-Y

1 
- the seedling had unusual enlarged radicle twi ce 

the o1ze of a normal radicle. 

(11) Col-Xi - Similar effect as the above, er.lar ed radicle. 

0.1 closer examination of the non-germinated seeds, there 

were qu1ted a considerable number of seeds that bad rotted 

i n each treated lot including one or two in t he control. 

2. Fifteen days later subsequent observations were made. 

Only a few more seeds from treatment Col-Y1 and Col-Xi 

germinated showing enlarged or swollen radicles. As for 

the other treatments there were signs that the seeds were 

about to germ.1nate. 
As for the seedl i ngs of the trea ente Col-Y1 a

nd 
Col•Xi 

which bad germinated ea~lier, they showed signs of vigorous 

oqth compared to the control. 
The newly elongated portion 

1 i g as they had earlier. 
of the radiclee showed no sign of en arg n 

Con
trol radicles was 16mm while 

The average length of the 

that of Col-Y l was 12mm and 9mm. It 1faB 
observation was made. 

�~� •• Twenty ds.;ys ]_a te,t. another 
Consi

derable ntllllber of seeds in all 
observed that quH,e a 
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treated lote germinated. Theee seedlings did show the 

u ual effects due to coloh1cine tl'eatment i.e. had enlarged 

and swollen radiclee more particularly those seedlings 

from tl1e oolohicine treatment of o.2% and o.6% which also 

eee.med to have reta~ded the root growt h quite significantly. 

while t hose seedlings of treatment Col-Y1 and Col-~ 

(1.e. 0.1% of oolchicine) did show sign of normal growth 

with normal elongation. 

From the count of the germinated, rotted and non-germinat~d 

seeds it was shown that there was a greater number of seeds 

�g �e�r %¡�i�n�a�t�e�d� in the X-ray treatment of dosage 1600r. The 

treatments Col-Y6 and Col-X6 showed the greatest effect of 

delayed germination. 

�~� to show the number of seeds germinated, non-germinated 

and rotted o:f the tx•eated and the control. 

Treatment Germinated Mon-germinated Rotted 

Dosage Control 

1500r Col-Y 1 
Col-Y2 
Col-Y3 

3000r Col-Y 4 

Col-'f6 

Col-Y6 

Total 

1500r Col-Xi 

Col-X:3 

Col-¾ 

3000r Col-X4 
Co1-x6 

Col-X6 

Total 

14 

10 

9 

9 

8 

9 

7 

52 

12 

13 

13 

9 

9 

8 

64 

1 6 

4 6 

4 7 

6 6 

6 6 

6 6 

6 8 

30 38 

3 5 

3 4 

2 6 

5 6 

6 6 

4 8 

23 33 

I) 

.I 
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rrr. CONCLTISIO]f. 

1, Due to the great number of non-gerI!l.inated and rotted 

seeds 1n each of the tl'eated including the control no 

statistical analysis was made to determine the rate of 

Germination - thus no specific or solid conclusion was 

made of t he rate of germi nation due to the various treatments. 

2. However, j udging from t he morphological study of t he 

germinated seedlings of the various t r eatments and from 

the comparison of this study with that of the control the 

following tentative conclusions were made: 

(i) Colchicine did inhibit the elongation of the seedlings 

but did not affect so much t he germination of the seeds 

especially for colchic1ne 0.1 and o.2%. 
(11) Colchicine treated seeds did show unusual swelling 

at the radicle at early germination especially for 0.1%. 
(iii) The more tolerable colchicine concentration for 

pr e-treatment for Citrus was 0,1% and hot higher so as to 

have an option pre-treatment for radiation effect. 

(iv) X-radiation could probably be more suitable than 

Y-radiation for irradiation with colchicine as the pre­

treating agent. 

r) 



o. To etud.y the effect of oolchicine ~s a pretreatment for 

1onifinS radiation on l2 day old germinati - - ng seedlings by 
!:_radiation, (Strictly for morphol i - - og cal and cytological 

studies and not statistical study). 

r. ~:Ill.QR• 
1. Pre-radiation. About 260 good Li sbon lemon seeds were 

put into germination in a peat and pumice medium in a 

heated f~ame at 18°C (,±2°). In seventeen days 100 seeds 

germinated with radicles ranging frow 6mm to 20 i!lill in 

1en h. They were then evenly divided into two groups 

to be pre-treated with Cole cine of concentrations of 

The seedlings were put in the colchicine 

solutions tor pre-treatment for 26 hout,s. 

Samples treated, 

A - 0.,025% 

B - 0.06% l 26 hours. 

These colch1cine pre-treated seedlings along with the control 

were taken down to Wellington and put into a special 

cont-ainer 1n a hot water bath at 26°C (,±2°), 
They were in 

the bath tor t wo days prior to irradiation so as to keep 

the seedlings actively owing. 

2, Radiation IaboratorY detail, 

Room temperature: 18°C (,±2°) 
•·-xima X-ray hospi tal therapy unit. 

Source: G.E.C, 1'lC1. 

Filter: ½mm CU + �~� Al. 

'..ax. energy: 210 kV. 

Current: 10 ma. 

Dose rate: 86r/min• 

Distance fr om source: 32 cm. 

Total dose 

Tim~ (min.) 

Sample 

Control 500r 

6 

Ai 
Bl 

1ooor 

l2 

A2 

B2 -

r) 
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• 1.Qth94 ot rad1at1on. As the seedlings had to be 1 Paced 

, e extreme c,t a considerable distance from t he source th 

effect due to the mixture of soft and hard rays may not 

· , ·e been so ef'i'ect1 ve (as the soft rays could make only 

rt penetration in such thick seeds). In this case the 

t;e • 1ngs ,1ere placed in the centre of the arc of exposure • 

Pin e room .. eating faoili ties we1"e provided and set u · th 

to 1!18.inta1n a oonetant temperature of 18°C (±20) for the 

period of irradiation. 

4. et-radiation. One hour after irradiation th:'eo 

seedlings from each sample were taken and their radicles 

and plUJnules ~ut into Carnoy fixative for cytogenetical 

observation. The other seedlings of the various treatments 

ere put into separate containers and placed in a hot water 

bat h at 20°G (,t2°) for two days before taking them back 

to College and placing them in the heated frame with temp-
In the heated frame the 

erature maintained at 1s0c (,±2°). 
seedli11.gs were put in separate compartments in a wooden box in 

a peat and pumice mediUJD for further morphological observation. 

For the cytological study of the 
5. Cytological stud.Y,. 
effects of pre-treatment and irradiation the materials which 

had been already fixed in Carnoy fixative were taken for 

s~uash by the modified Gomori's Hemato:icylin staining and 

s~uashing method as described later. 

II. RESULTS • 

(a) Cytological.. 
(1) From the 

8
quash peeparation of sample A0 and Bo (i.e. 

th
e 

colchicine treated but non-irradiated) materialS, it was 

found tba t onlY Ao materials bad a few polyploid cells and 

none in Bo• These polyploid cells were those of the 
The chromosome nUJllber of such cells 

diploid n
UJllber of 18 chromosomes. 

exceeded the normal materials showed 

etaphaeic stages. 

2. The squash preparation of samples A1 
ir

re_,, ar resting cells which 

some affected cells which had ~-- " 
Cou].d b

e chromosome "stickiness 
i ndicated that t here 

y) 
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F1g. 6. _c_o~l~2~hi-=c~i=n~e:..,,j,p~r~e-~t~1•~e~a~t~e~du~~ see ~l'.!&8 prior to X-radiation 
Photo phed at 3½ weeks after 1 rradiation. (magnif. 0•25x) 

Reference: Con: control 
Ao: 0.026% colchioine non-irrad. 

A1: 0.026% colchicine, 500r; A2: 0.025% colchicine, lOOOr (X-ray) 
Bo: 0.05% colchicine, non irradiated. 

!3:L: 0.05% colchicine, 500r; B:a: 0.05% colchicine, 1000r (X-ray) 

Fig. 6. Colchicine pre-treated seedling prior to X-radiation. 
Showing the effect of 0.05% colchicine as pre-treating agent 
prio1~ to X-radiat1on of 1000r. Note the unusual swelling of 
the plumule. Photographed at 31 weeks after irradiation. 
( ' gnification 3.5x) 

R f' 0.06•• colchicine, 1ooor (X-ray). e ~rence: &.3: 
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and bridges formed o.t anaphase stages. 

3. The squash preparation of A2, Bi and &.3 materials 

showed a fn irregular cells which could be stickiness. 

4. Polyploid cells were also observed th , ey were more in the 

squash preparation of A1 and A2 materials than , in B1 and 

B2 preparation. • 

(b} orpho,logice,l observation of seedlings. 

1. Four days after irradiation all seedJ.ings showed active 

owth but at the same time still showed the effects d1le 

to colchicine treatment which were different from 7he normal 

untreated control. Treatment A1 showed two to four 

seedlings with active plumule growth while the other seedlings 

in t he group remained leas active with plumules just 

appearing. 

2. Ten days after irradiation. Treatment Ao bad most of 

its seedlings actively showing plumule growth. These 

plumules showed signs of swelling, while treatment B0 bad 

seedlings growing less vigorously than those of A0 • 

Treatment A1 seedlings showed some gradual progress in t heir 

growth, most of which bad their plumules swelling the same 

way as their radicles bad ·behaved earlier. Treatment A2 

had most seedlings showing active growth and most of their 

plumules were swollen. 
Treatment Bi seedlings showed evidence of retarded growth 

with swollen radicles. 
Treatment :88 seedlings showed the 

si milar effect to that of B1 seedlings. 

Control. The seedlings had been growi ng actively and 

their plumules were thin and their first pair of leaves 

They were three times the size of the 
well developed. 

treated. 
In fact none of the 

3. Two months after 1rradiationL 
h i

n height while those of the 
treated seedlings gained muo 

Treatment Ao, A1 and A2 
control had gained extra height. ste!llB were t hick and long. 
showed signs of active growth, t heir 
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F1S• 7. Colchic1ne re-treated se dl 
Showing the effects of 0.026 col~h in r1or to X-radiation. 
pr i or to X-radia tion of lOOOr N icine as pre-treating agent 
of the plumule, the extra leafy ,

0 
e the slight swelling 

cotyledons and the rough texture gzrth at the axil of the 
some cases there were lateral eho~ta

th
~ larger leaves. (In 

cotyledon)• Photographed 3t,reeke ft a 
t h

e axil of the a er irradiation. (Magn.2.5x) 

Reference: ~: 0.025% colchicine, lOOOr (X-ray). 

Fig.a. Colohieine pre-treated seedling prior to X-radiation. 
Showing the effects of o.05% colehieine as pre-treating agent 
prior to X-radiation of 500r. Note the great swelling of 
plumule at its basal end and initial swelling of radicle 
before tapering off. Photographed 3½ weeks after irradiation. 
(N.agnification 3.5x) 

Reference: •• o.06% colehicine, 500r (x-raY) 
B1 
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Treo.t ont Bo, 1 and B2 eeedlingo had lateral • shoots coming 
out f r om the axil of the cotyledons but a few seedlings from 
trsa. tm t A0 also had such lateral shoots which were more 

obvious i n B1 and B2 eeedlinge. There was no si gn of the 

above observed i n the control and A_ -.3 and ~. 

4. FQUI' months later. Seedlings of t reat ments of Ao, Al and 

ec O t he pre-treatment ¾ seemed to have overcome t he eff t f 

and showed signs of active growth. Tn· • .... eir lir st ~air of 

1eaves were gro ting quite actively. "" ~ne seedlL~gs of treat-

oe~ts Bland B2 in particular ere still badly affected and 

checked from further growth; some still with t heir plumules 

swollen and some showed lateral buds f orcing ·;;heir · iay 

out fro the axil of the cotyledons. 

cotyledons turned very gree. 

In all cases the 

III. CONnLUSION. 

1. From the cytological findings it can be concluded that 

colchioine concentrations of 0.26% and 0.06% can effect 

polyploidy in Ci t:rus seedlings at the actively growing stage, 

but 0.025% would be a better concentration which could 

effect polyploidy without adversely affecting the growing 

condition (physiology) of the seedlings. 
This was evidenced 

by the fact that after four months the seedlings of treatments 

B
1 

and B
2 

seemed to be adversely checked in their 

growth, while the seedlings of treatments A1 and~ which 

had 0.025% colchioine pre-treatment were actively growing. 

2. Since the seedlings of treatments A0 , Ai and �~� sh6~
7
ed 

the same active growth after four monthB, it could be in­

ferred that the radiation dosages of 500r and 1000r of 

X-radiation at 86r/min. intensity were below 
th

e optimum 

dosage which would show a 5o% survival necessavy for a 
However, further study of 

s 1itable mutation study. 
trials of various dosages with pre-treatment would be necess­

ary in order to have a better understanding of the effects 

of pre-treatment for ionizing radiation. 
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B • !_o etudY morphologi 11 ea Y the 

9.! x-radiation f'fects of citrus charactere 
- seedlings f 

1,.9mon seede 1rra:d:1:a~t:1:o:1.:!nl:!....Jb~.A....§.!ElruU~..\19fil!~r!!om~Q.;Lti~s;b~on Ya series of -

phenotypical 

Q_ommon dose in:t uosagea of one 
;:;... ==,--:::-=.:!C.---=:~_.\t:en!!ll!el!,;1!,Jt~!Y;o 

I . JJETJ-{OD • 

About 200 healthy and uni 
seeds were selected and for m sized 

dried at room t empe1•a ture arsd 

divided into lots 0 D 25 ,. seeds each. 

7hese seeds were to be ir radiated i n t he Pa.lmerst on ,fort h 

~oapital by X-rays. 

2. Radi at i on laboratory detail. 

Room temperature: 18oc (.-2oc) 

Scource: G.E.c. Maxima hospital 

'!'lx . energy: 210 k'r. 

Filter: ½mm cu + -t- Al ..i..w.u .. 

Current: 10 ma. 

Dose rate: 196~/min. 

Distance :from source: 22cm. 

therapy unit. 

- - - ~ rradia tiQ.U• Samples and the respective doeanea of 1 

Samples Total dose. (r) Time (minutes) 

M 196 
I 

1 

I} 

392 2 

p 
588 3 

'784 4 

R 
980 5 

s 
1176 6 

T 
1470 7.5 

u 
1960 10 

V 
2460 12.5 

w 
2940 16 

X 
3430 17.6 

3920 
20 

4410 
22.5 

y 

3• Metbod o~ radiation. The seeds were spread on the card­

board tray in t he circular area which would be directly under 

the beam of the x-raY• With the exception of a few, most 

of the treatments were two split doses, in fact the 

treatments were done two groups ~z a ti l!le f or each group 

and t he seeds were spread i n a semicircle. 

4• Post-;'adie.tion. All t he treated and the control seeds 

were put into germination i n a peat and pumice medium in 
.I 
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Fig~ 9. re oharaoteristics induced by X-radiation of the 
~• To shocr the u?:.u::;ual branching just below the 1st 
air of leaves. X-A-6 (3000r) had a rou~ stem not round 

i1ko the control. Branching below the first pair of leaves. 
X-Ar/ (BOOr) made a loop before branching below the 1st pair 
of 1eaves. cte the stunted size of the tr~ated compared 
to th<- coJ>t.,..,o1: (con). Photogr-a.phe0. six months after 
germination of treated seeds. (Magnif. 0.5x) 

v_A6:3000r (X-ray); X-Ar,: aoor (X-ray} Reference: A: 

Con: control 

Fig. 10. 
The close-up of X-Ao and X-A7 mutants. ( gnif. o.75x} 



u 10n box. Too oc da of each t :r>ca t rilcnt were aovr.u in a 

Gi.n...,l C !' OW• Tt,e rO\lB iero spaced far enoug~ apart for 

,:-opor obeorv ti?n of the aoedli nga l ater. As i t .-vaa 

c .r::e1• t i e , th..: , hole box r10.s kept i n an -nclosed frrune 

e aay temperature ~as 190c w:'..L,1uut heating i'acili t i es. Th -

(.:t50) and t lle n1 t t emperat ure wae about 150c (±,_5o). 

TM "1ut1i d1 ty in the f rane was very high which kept the 

raeci um moist f or a l on3 time. 

1. Two and a hal f weeks aft er radiation all treatmP.nts bad 

�~� f ew seeds each germinat ed i ncludi ng some of the control. 

One seedling i':t>om treat ment R showed an unusual plumule 

·1hich was split. 

o and a half weeks l~ ter moat of the seeds in all 

t r eat ante ger mi nated (those remaining could have rotted)-

e. very high r ate of germin{l tion. 'fhere were many abnormal 

seedlings (phenotypic mutants) observed in t he following 

treatments. T·.•eatment X bad cne seedling bavir.g four 

~ooplete chlorotic leaves which bad a greenisL ruid-rib, the 

This seedling bad a poor root 
stem was also chlor otic. 

3ystem. 
The seedling was transplanted to a pot in soil 

medium and la lled X-¾. 
"'reatmenta o, VI , and Y bad seedlings showing partial 

oat of t hese bad irregular:t" "ped leaves. 
chloroaie. 
One seedli ng o:f treatment W bad one of its first pair of 

leaves completely chlorotic with green mid rib while the 

ot he • l eaf was norme.l. This seedling was transplanted 
One seedl ing of t~eatment O, X-Ai bad 

·oadl Y shaped a. d ~rinkled. 
its f irst pair of l eaves 

of t he seedl .1r..gs of all treatments 
~. �~� 9 mon~he lat e.£ most 
:iad partial ~luorosiS, i n t he 1st and 2nd pair of 1eaves. 

t he leaf mar gin• Some 
T e chlorotic effect was on or near 

t t and e~me i n strips. 
of t he ef ·ect was in mosaic pa ern 

eff
ects were seen i n Control. 

o_e of t heoe cnlor otic 
, • Ten and a half ,eeks l ater seedling X-A:, which did 
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Fi S• 11. Ra.re gharacteristics 1nd.uced b:y X-ra 
!lote the unusual deformed and curled fi diation of eeede. 
lfh iCh were exceptionally greener than rat pair of leaves 
plant. Thie oondi tion persisted f 0ther leaves of the eame 
graphed six months a~er the ger �~�~ �1� a long period. Photo-
(J.'.asnif1oa t1on 0.76x). m on of the treated seeds. 

eference: X,-A con: Control; X-~: 600r (X-radiation) 

Fig. 12. Chloroeis induqed by x-radiation, Sample x-A3 was 
a complete ohlorotic mutant with four completely cblorotic 
l eaves w1 th greenish midribs and the stem chlorotic. (This 
mutant bad a poor root system and survived ten and a half weeks 
only). Sample X.-½ was a partial chlorotic mutant which had 
only one of its first pair of leaves completely chlorotic while 
the other leaf was completely normal. The oblorotic leaf 
later defoliated. (The second pair of leaves had a mosaic 
pattern of chlorosis with a whitish midrib as shown 1n Fig. 4) 
Itotographed eight weeks after germination. (Ma.gn. o.5x) 

Reference: Con:. control~ di tion~ 
X- A2: 34301' x-ra a 
X-A

3
: 392or x-radiation 
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FiS• 13. Pre-mature flo ering 1n Citrus nlants. 
This ,ras a six-month-old seedling of t he Jamaican Grapefruit • 
�~� . 8 precocious mutant, however, was not fr-om the group of mut-
n~s induced by radiation, it had .mtttated spontaneously. 

ante the height of the plant. The flower which was quite 
~~rmal however was not fertilized. 
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not sho sign of any growth died. 

5. ~ee months later from treatment v one seedling had 

1ts plumule looped in a cir cle and then branched before 

the fi rst pair of leaves appeared, it was repotted and 

labelled X-A5• In treatment P one seedling X-Ar, had a very 

unusually shaped stem which had branched about 1.5 cm. above 

the cotyledons. The X...A2 seedling had its single chlorotic 

leaf defoliated, ~hile its 2nd pair of leaves had a mosaic 

pattern of chloroais with whitish midrib which was more 

clear at t he leaf base. Its normal leaf still remained 

green and normal. 

chimeral mutant). 

(This could have been a sectorial 

The seedling X-.Ai still had its 1st 

pair of wrinkled and deformed leaves growing more green 

than before hile its second pair of le4ves grew and developed 

~ite normally. (Refer to photopl ates of t he various 

seedlings): 

III. COiCLUSION. 

1. oat of the phenotypic effects of X-radiation of 

dosages of 2000r to 25,000r were in the f orm of partial 

or complete chlorosis and ~uite often accompnaied by 

serration and irregularly shaped leaves. These -aere 

in the firs t pair of leaves but quite often 
normally found 

these could be found in the 2nd pair. 
1·t stem branching 

2. Some other deformativee such as 8P·-1 
· 

before the formation of the first pair of leaves wore 

also seen. 

3. Sectorial chimeral mutants were aloo seen. 

, 
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DIOCl:SSION 

From the doae rAte trials of Y-radiation on young 
acti velY growing Ci truo seedlin . gs, there is evidence to 

8110w .tbat dose rates bet ween 45r/min (t , • ,reatm&nt Y-2; and 
184r/min. (treatment Y -3) are more eui t , 1 ao e f or effecting 

a'flY mutation and that dose rates below 45r/min. seem to 

show a temporary effect followed by a <n>adual ... e r:,• ... �~� covery ae is 

evidenced by the cytologi cal st udies of the root squash of 

the treated ma teri1ale • ( Please r efer to Graph F). As for 

the optimum total dose which would cause the best growth 

consistency with maximum expectation of mutation, it lies 

between the dosages of 860r (treat ment X-011) and 3000r 

(tretme.~t X-022), but closer t o the dose of 860r as the 

materials (from cytolo~ cal studies) of this dosage treatment 

di d show a gradual recovery from the radiation effect. 

(Please refer to Graph I). 

In t he treatme:at of seeds by radiation it is f?und that 

Citrus seeds (Lisbon lemon) can withstand ver y 11izh dosage 

of very high dose rate of Y-radiation. The let:hal dosage 

seems to be bepeen dosages of 300,000r (treatment Y-10) 

and 500,000r ( treatment Y-11) but the "near critical" 

dosage t o effect useful mutation lies between 5000r (treatment 

Y-06) and 10,ooor (treatment Y-01), more towards the 10,ooor 

dose. (Please refer to Graph B and Table VII). 

It i s of interest to note that there is a contrast of ef ects 

being ca11eed by Y-radiation and x-radiation of the same 

total dose on Citrus material, for example: when th8 saeds 

5000 it is fou.~u 
are radiated by a same total dose of r, 

Of ger nu·nation of the treated 
that in t he oaee of rate 

e10rating effect 
seeds, Y-rad1at1on seems to have an ace 

. - ~ibits retardation on the 
ini t1ally, while X-radia don e=• 

d to the control. In 
&trmination rate initially when compare · 

ti of th~ same seedlings 
the case of the rate of root elonga on . · 

t tal dose does show a 
treated, Y-radiat1on of the same 

0 

gh 
t the duration of the 

steady inhibitory effect thrOU ou 



experiments• while X-radiation exhibits a very abnormal mode 
of action on t he rate of rot 1 0 e ongation. e.g. at the 16th 
day t'rom the commencement of i germ_nation, t he rate of root 

elongation of t he seedlings of thi s particular dosage 

treatment ie below that of th e control. Then at 21st day 

the rate is accelerated to twice t hat of t he 

t he 26th day its acoeler~tion dropped and by 

control, but on 

the 31st day 

t he .!'ate of root elon.,...tion of this 500 .,,,.... Or X-ray treatment 

was half that of control. (Pl ease refer to Graph A of 

Experiment D and Table IV). This abnormal effect of x-rad­

ia tion can be attributed to the effects of the mixture 

of the soft and bard rays emmitted by X-radiation. 

From the study of the pre-treatment by hydration and 

dessication of theCitrus seeds prior to irradiation• it 

is evident that hydrated seeds when irradiated will be 

affected with a hi gher frequency of mutation than dessicated 

seeds. Thie ie due to t he fact that hydration does cause 

or ini t iate the activation and germination of seeds, thereby 

w..ha.ncing a higher rate of mutation, while dessication 

does keep t he seed dormant, thus accounting for the lowe1• 

rate of mutation. In this con..~ection it is necessary t o 

recall what has been stated earlier in the review of 

literature, that the higher rate of mutation encountered by 

radiation biologists in the study of irradiation effects 

on plant material is found in most actively growing materials 

where there 18 a maximum number of cells undergoing 

mitosis or meiosis, while resting cells show a greate~ 

resistance to radiation, thus having a lower t;requency of 

mutation in t he form of chro@osome aberrations. (Please 

refer to Table v ) ~ On comparing the effects of Y-rays and 

x-raye on the pre-treated seeds, it is foTu.~d that Y-rays 

seem to be more effective than X-rays in terms of inhibiting 
This can be explained :f'l,om the 

the root elongation. 
v 

6 
due to their shorter wavelength 

point of pact that ,-raY, 
t ting thall x-rays which consist 

are many times more pene ra 
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of a mixt'Ul'e of soft and hard rays. Thie mixture however, 
is not found 1n Y-raye. (H owever, i'urther experimental 

studies on the d'Ul'ation of hydration and percentage of 

moisture oontent in the seeds prior to irradiation will 

be of beneficial importance for the production of usefu1 

mutation in Citrus). 

In the study of the different doncentratione of 

colchicine ae a pre-treatment for ionizing radiation, it 

is found that a concentration of 0.1% of Colchicine is 

most suitable as a pre-treatment for the irradiation of 

Citrue seeds to effect rare types of mutation. Concentrations 

higher tbat 0.1% seem to have a severe inhibitory effect 

on germination, while that of 0.1% is a more tolerable one 

in which the pre-treated seedlings did show the usual 

abnormal effects of colhchicine treatment at the same time 

they also exhibited a fairly active e;rowth. Of t he two 

radiations tried (Y-rays nnd X-rays) X•rays saem to be 

the more probable radiation to be used wi th colchicine 

ae pNtreatmentto effect the production of rare mutation. 

As for the use of colchicine as A pre-treatment for the 

irradiation of two-week old Citrus seedlings it ia 

foood that a concentration of 0.025% ia t he more tolerable 

concentration than that of 0.05%. Though both seem to 

have effected polyploidization of the seedlings, how~ver, 

the pre-treatment of 0.025% concentration seems to show 

no adverse effect on the growinB condition which is S98T.l 1n 

the case of the seedlings of the 0.06% concentration 

pre-treatment. 
From the morphological study of all the seedlings 

ro.ieM from irradiated seeds, a var:tety of morphological 

d the most co1:mnn of which are the 
deformaties are observe; 
chlorotic types most of which were showtng mosaic pattern 

th 
were a couple of seedli ngs showing 

of chloroeie, but ere 
one of the seedlings had all 

complete chlorotic leaves. 
d lived for onlY a few weekS. 

leaves completely chlorotio an 
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Other forms of deformati es encotmtered are twisting 
of the 1st pair of leaves and most of t he leaf margins 
were serrateu. 6:r 1 epec al interest is the splitting 
of t he plumule before t he f ormation of the 1st pair of 

true leaves. In one case t he 1 P umule looped first before 

splittin g. 

These observed morp..~ological deformaties and changes 

do not differ m~ch from those observed by Hualtin and oore 

who assumed these cha.naas to be th -u e gener&l effectsoof 

radiation, most of which are not per t manen changes .. 

However, it 1a unf'ortunate n~t to have encountered any 

premature flowering. 

From the experiments conducted as well as some earlier 

experiments carried out on some six-month-old seedlings, 

t he data of whjch, however, were not recorded, there is 

_ood i ndication that t he treatment of seedlings or well 

developed vegetative growth by i01dzing radiation for the 

improvement of Citrus could achieve promising results. In 

this connection it may be worth the trouble of trying to 

irradiate the eci~m bud wooa wb.ich has just broken out from 

dormanoy. This method of irradiation can enhance the 

induction of sports mutation for colour changes in the rind 

(as had been achieved by Bishop (2) in his attempt to improve 

the oolour of apples). 
Similarly root-rot resistance 

in Citrus might also be effected by radiation of the 

rooted cuttings followed by 1nnoculation of the pathogen. 

This method is also useful in improving the r oot-stock 

varieties which are susceptible to root-rot diseases. 

Whatever may be t he aim i n the radiation work 1t is 

very essential t o fi nd out t he "narrow critical
11 

dosage nec-

essary ~or each re.diatio..n treatment. 

fl.nother method of irradiation that would effect true 

gene or point mutation and be of value from t he breeding 
. , 1 the treatment of pollen .. 

and genetical poi nt of vie. 6 

grains just before the opening of tlle flower bud. There 



may be a great poeeib11ity that this method of irradiation 

could overcome certain d1fficulties encountered in the 
breeding of Citrus s~ch a 1 s nuce lar embryony, polyembryony 

and high and extreme variabilities among genetic progenies 

from both eelfing and croe i a ng as discovered by Frost (16,14). 
Such methods can also effect rare ibi recom nation by trane-
location. Thie of course is meant to be a long term 

work involving entirely different techniques and approach 

in the treatment. A more useful purpose of this me,thod 

is the transference of rare but horticulturally i~portant 

characteristics of one species to another species of Citrus 

without introducing any undesirable characteristics of 

the former. Thie however is certainly not achieved by 

ordinary conventional roethods of breeding Citrus. Thus, 

irradiation of anthers prior to fertilization will certainly 

be of great use in the breeding of new and rare varieties 

that can be acclimatized in any unfavourable climate. 

It is known that the "Rarotonga seedless" variety of 

oranges from the Cook Islands are as sweet as the Australillll 

"Murray River" but unfortunately the former lack the rind 

colour as caused by a climatic factor - lacking the optimum 

daylight for ri pening. For this reason "Rarotonga seedless" 

has an inferior commercial value compared to the "WrraY 

·vertt oranges. Aleo, there is the II orrieons Seed.lees" 

pe:fruit in New Zealand. It lacks only tne sweetness, 

otherwise it would have been an excellent fruit, even so 

it is still popular commercially. 

The Citrus breeding in New Zealand faces not only a 

disadvantage in the f'ru1 t quantity but &:;.so the dif'ficul ties 

of getting a suitable root stock which could produce 
t the same time possessing the 

a ~eonably good harvest a 

Charac
- t_e_r_i_s_t.-i-c_s_ o_f_ r_o_o~t- stock--fl'Olll --the--­

desired good 
It is thus very likely that 

propagation point of view. 
di tion t~ese two main disadvantages 

by the u.ee of ionizing ra a 
d excellent quality 

can be overcome in °rder to pro uoe 
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Ci true :f'ru1 te 1n N .z • and at the same time can excell in 

the competition with foreign Citrus fruits commercially. 



s 

The aim of these experiments is primarily to investigate 
into the behaViour of' Citrus to ionizing radiation and 
also lay the foundation f'or fut ure intensive work on 
radiation induced mutati on in Citrus so as to create new and 

rare varieties of' Citrus of' commercial value. 

To sum up, the results of the expe~iments conducted are 

as follows: 

1. The irradiation of' 13-day-old germinating Lisbon lemon 

seedlings showed that the dose rate f'or mutation study of 

severe aberration with about 50% survival was between 46r 

and 184r/m1n. but nearer to 45r/min. 

2. In another treatment of' two-week-old seedlings it was 

found that the optimum dosage needed to induce a 60% 
survi~l suitable for inducing maximum mutation was about 860r. 

3. In the treatment of dormant seeds with high dose rate 

of Y-radiation, tAe letbal dosage -was higher than 200,ooor 

and the dosage of 500,000r seemed to have delayed the 

percentage of germination initially of' t he treated seeds 

without apparently reducing the final germination percent­

age. The effect was slight at 25,000r. 

4. The lethal dosage of dormant seeds by Y-radiation at very 

high intensity between 300,ooor and 500,000F was found. In 

the case of Y-radiation, the critical dosage was between 6000r 

and 16,000r. These dosages showed an acceleration of the 

rate of germination at the initial stages when compared to 

the control. The same dosages of Y-radiation did reta;>d 

the elongation of the root length of the seedlings of the 

treated seeds, while 5000r of x-radiatior. showed a retarded 

rate of germination and an accele~:ting effect on the 

elongation of the roots of the seedlings of the same lot 

of treatment. 
However, this "contrasting" e:ffect 

Shown 
to be quite abnormal as shown 

of X-radiation was 

by the graphs. 
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6. In the study of hydration and dessication of the Citrus 
seeds as pre-treatment f or radiation it w~s shorm that there 

as significant eff'ect in both types of' pre-treatments for 

bith types of adiat· i ion .e. X-radiation and Y-radiation. 

However, there was no signifi~a~t .._.. difference shown between 
soaking and «eseication. 

In the oaee of Y-raye, hydration showed more effect than 

dessication, . the significance was at 2% level. For 

dessicated eeede, Y-radiation seemed to be more ~eaf'ul 

for the induction of mutation on the ba~ia of inducing a 

higher lethality to the seeds. 

6. In the use of colchicine as a pre-treatment for the 

radiation of Citrus seeds by X-rays and Y-rays, it is shown 

that concentrations of 0.1%, o.2% and o.6% did show the 

inhibitory effect on germination and root elongation. 

The seedlings of the colchicine pre-treated seeds sho\'led 

unusual bulging of t he radicles at early germination. 

The more tolerable colcllicine concent1--ation for pre-

treatme11t purposes was 0.1% and not higher. This could 

effect the optimum change needed for irradiation. 

Of the two types of radiation, X-rays seemed to be the 

more suitable for radiation with colchic1ne as pre-treatment 

agent. 
7. In the colohicine pre-treatment of two-week-old Citrus 

seedlings for irradiation, concentrations of 0.025% and 

o.05% did effect polyploidization but o.026% seemed to be a 

better concentration as it did not adversely affect the 

owing conditions of t he seedlings while the 0.06% did 
rnoowth for nuite a long period of time. 

i nirl.bi t the seedling - .... 
It showed that the radiation of the pre-treated eoeds with 

d d loo
or at 86r/min. intensity were below 

osegee of 600r an 
the optimum which should ha.Ve a 6o% surtJ'ival necessary 

for a suitable mutation study. 



a. In the study morphologically of the effects of ionizing 

radiation on Citrus it was shown that moat of the phen"­

typ1cal results of X-radiation of dosages of 200r to 26,000r 

were in the forms of partial and complete chloroais1 more 

often of deformed shapes of the first pair of leaves, but 

these chlorotic effects were also observed in the 2nd 

and 3rd pair of leaves. 

Other effects of radiation were ap11t stem and branchin~ 

before the formation of let pair of leaves; these were 

particularly so in the case of seed.lines of the treatment 

at higher dosageso 
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APPIDmrx 

Comntent on the o;ytological t - echnigue. 
1. er teohni uee used in the et 

of Citrus chromosomes. 
Kung (64) in hie study of the chromosome number of Citrus 

and related genera has mentioned the use of a modified 

root tip smear technique described by Brovm c65). All who 

work in the cytogenetical study of C1t:rue chromosomes find 

that theee chromosomes, 18 in number in the whole complement 

in the diploid, ~re exceptionally small, uesides which 

they fail to take stain or else stain very porrly in smear 

preparations prepared by any of the usual smear methods. 

Thus Brown bas recommended a new revised method of smearing 

for Citrus first used by Warmke (66) in 1935. Thie method 

proves quite satisfactory. The essence of this technique 

consists mainly in the killing l:lD.d fixing of root tips for 

12 hours in glacial acetic acid and absolute alcohol 1n the 

:ratio of 1:3. The materials are then depectenized 

by a solution of 95% alcohol and cone. HCl (equal parts) 

for 5 to 10 minutes. After which, the materials are 

trans~erred to Carney's fluid for 5 minutes before they are 

ready for the emea on the elide under a cover slip. 

2. The latest techn,._q_ue recommended for the stud.y of' C1 trus 

chromosomes. However, for the present cytological study 

0 ~ t he chromosomes of Citrus treated by radiation, a more 

recent modified method of the root tip smear (squash) 

"the Fuchsin-Orcein smear method" has been recommended 

by • de Iatour a cytologist of the Grasslands Research 

Department at Palmerston North. 

The schedule is as follows: 

(1) Fixation of' the materials (root tips or leaf buds) in 
of 3 hours (preferable carried 

Carney's fixative for a minimum 

Carnoy's fimtive consists of: 
out over night). The 

Abe. alcohol 6o% 
Glacial acetic 30% 
Chloroform 1o% 



(2) Replacing f1xa ti ve with 7rv11_ 1 
v~ a cohol, 50% alcohol and 

finally d.1et1llsd water al, 1 , -O~ ng a couple of minutes in 
each. The materials should be well immersed in each solution 
(3) the distilled water is replaced by 1N HCl • in a vial and 
it is hydrolysed at 500c for 16 minutes. (This is to soften 
t he tissue). 

(4) The aoid is poured off and replaced with leuco-ba~ic 

Fuchs1n stain and is then placad in the dark for a minimum 

of one hour. 

(6) The material is then removed from the L.B.F. stain and 

placed in a ema.11 amount of tap water for only about a 

minute and not more. This is to increase the intensity 

of the L.B.Fe staining. 

(6) The material 1s then placed on a slide. Under an 

ordinary dissecting microscope the smallest and most stained 

portion of' the material is dissected out. (This is the 

most actively growing part of the material). For critical 

work this most deeply stained part of the root tip is c~t 

again into two longitudinal portions for two separate 

smears (as the smaller the material the better will be the smear 

or equaeh to produce a very :flat slide.) 

(7) Thie small dissected portion of the r oot tip is then 

transferred to a drop of 0.5% or 1.o% orcein in 46% aoet1c 

acid on a clean slide. Then slowly with the aid of a 

dissecting needle a clean cover slip is placed ove~ the 

material and it ie ready for eq_uashing by means of a gentle 

tap· ing with the needle handle a..YJ.d in between pressing 
The slide 1s warmed 

under th1o1l folds of filter paper. 

gently oVDr a spirit lamp and occae5.ona11Y is observed 

under a microscope to see it it is p~operly flattened. 

(8) When properly flattened the slide is sealed by nail polish. 

It must be born in mind that the above improved method of 

smear is primarily used for Lotus. 

Citrus and trials on the dUlfstion of 

solution and also the percer1tase of 

Th'.18 it is tried for 

fixation in Carnoy 

orcein used were 



carried out wit h Citrus root ti_ns as well as leaf buds. 

From these tria.le the foll owilF-' con"l u i c. ~- s ons were made: 
(i) Fixation i n Carnoy soluti on i s best between 5 hour~ ., and 

six hours duration and certainly not below three hours. 

(11) That 0.6% orcein i ei most muted for s -'-u,~•r 0 .,, "'-u '-'.,) i CJ.U.-omosomee 

i n metaphaee, anaphase and telophase while 1.0% is ood 

only for metaphase espeuially when it is necessary to co1mt 

t he ch.romo omes as t hey stained deeply in 1.0% orcein, 

but those at ar..aphase and tel.:)phase looked quite blurred and 

t he ehapee of the chromosomes were not clear. 

(iii) If a good and well flattened slide has to be made the 

orcein solution has to be filte r ed as it tends to deposit 

sediment which prevents flattening of th~ cells. 

Thus t:!:>..is Fuchain-Or~ein (double staining) method does 

not really seem the best method f or the otudy of Citrus 

chromosomes. 

3. A better and modified tec~migue adapted.for the use of 

the etud.y of aberrent chromosomes in Citrus,. 

1lr de Le.tour further recommends a trial of the Gomoris 

Hematoxylin squash method which consists of two things. 

the preparation of the Gomorie Hematoxylin stain and then 

the equaeh schedule. 

II S 
... ~_{n consists of mixing equal parts 

2:,Th~esuma.~}d,~i.!ln!Llfl....£:!O.:.f~th~e~G:W•l.:!.ll•~~=.,.-== 
�~� solut~_on of hematoxylin and 3% aqueous solution 

cf 1;, ag_ueous ' 
of chrome alum. Added to each 100 ml of the mixture is 

Solution 
of potassium dichl'.'omate and 2 ml 

2 ml 5% aqueous 

0.5N ¾804,. 
This mixture can be used after onJ.Y two 

· f fortnight before uee 
days standing but is best kept or a 

A good solution is 
and is usually kept away from heat. 

11 lustre on its surface 
covered by a tilm of a metal e 

The stain has to be f iltered 
after ono day's standine;. 

immediately before use. 

1 s follgJl.S• 
(This 1s also slightly 

The sgµaeh schedule s a 
hromoemes of Citrus). 

modified to suit swll c 



-72-

(1) Fixation in either Carnoy solution (6:3:1) or 1n 

acetic alcohol (1:3) for a minimum or 3 hours. 

(2) It 1s then transferred to 70% and 60% alaohol and 

then through distilled water. The mn.terial is in each 

solution ror a minute or two only. 

(5) Hydrolysis in 1N HCl at 60°C (±1°) for 15 minutes. 

The vial ie immedi~tely dipped into cold water after 16 

mL~utes of hydrolysis. 

(4) The lliSterial is rw..sed in distilled water before trans­

ferring to the o.H. stain. 

(6) The material is stained in G.H. stain at 60°0 (±1°) 

for 30 mnutee. 

(6) After 30 minutes of staining the ~terial is deetainea 

1n 46% acetic acid fer another 30 reinutee at 60°C (±1°). 

(7) The material is dissected under a disseetion microscope 

and then squaahed in 45% acetic acid. (Method of sqi1ashing 

is same as that UBed in Fuchain-Orcein metl1cd). 

4. The need for fUrther inveeti gation to improve thia 

Gomoris Hematoxylin method of staining and sgu.ashinp:. 

The above schedule does seem more suited for the Citrus 

chromosor1e study, nevertheless there is the need to modify 

and improve it 80 trials on the fixation of the material - , 
before staining and al so trials on the destaining were 

conducted in the present investigation. 

1 the a1~..,_ was to test which 1~ the 
From the fixation tria e �~� 

better fixative - acetic alcohol or Carnoy and also to 

see 1f the J:18.terials could be stor ed i n the f ixative for a 

longer period th!ln overnight. 

( ) i alcohol (absolute) fixative• 
The trials are A P..cet c 

(12 hours overnight) 

(B) Carnoy fixative (12 hOUI'B overnight) 
. e (36 hours) 

(C) Acetic alcohol fixative st0rag 
e (36 hour.a) 

(D) Carnoy's fixa t ive st0rag 
( t tips and leaf buds) made 

The slides of materials roo 
kept over a month after which 

from the above trials were 



theY were examined. From the exainiD.ati on of t hese slides 

all the fo'llI' aro~ps 0howcQ 7 00., a. u ~n clear chromosomes of 

t.11e metaphasio stage rmd of -~he ha . u unap a~c stage. There 

seemed to be no d.i.ffere.n0e ,,etween th t . 
WV e wo fixations ~nd it 

nl so ohouod that the materials can be stored in these 

fixatives for a coupJ.e of days without showing signs of 

deterioration. 

From the destaining trials from a r~nge of timings of 

15, 30, 50, 60 and 90 minutes at 60°C (~1°), it was found 

that a.estaining a. t 60° · (±1 ° ) fol~ 50 Jninutes was the best 

as the ohro osomee: of the anaphasic stage seemed to be 

the clearest. 'i'imin::s below 50 t.inutes still left the 

clll'omosomeo deeply stained - so much 60 that it was difficult 

to c ist.inguisl, t e J:>l~oper s. ape oi' t be c!lromosomes. 

Treatment for longer than 50 minutes makes tue chromosomes 

over deoteined. 

5. Conclusione on the trials made. Compo.ring the two types 

of ~tainin~ an~ smear i ng, that is the Fuohsln-Orcain 

staining and the 'lomo1~i I s Hema toxylin staining, it is found 

that t ~e latter is t he uetter of the t wo for the following 

reasons: 
(i) it roa.kea a clroner slide \V i thout an:y stain sediments 

(as those foun L--i. the FuchsiH-Orcmin stainLYJ. ) 

as the materials are 
�('”� ) it is easier tc male tllc smear 

softened three t imes at 60°G (;t1°)• 

St
..,ini_'.

1
., n-nd sn-wishing can be followed by 

( ii) this method o~ �~� • =· �~� 

Dre
-n<>re the slicl.e for pe1•manent mounting. 

a proced.u.re t o �~� ,,.-
This met od of _permanent mounting has i•ecently been 

moaified by Bradley (67) of Dept. of Botany - Univ. of 

me
thod does not neoef\aitate the removal 

Cali:f.'ornia. This 
the t eobnique consists of the exchange 

of the cover s:i.ip, 
,. l cobol vapour chamber• 

of the reaaenta in ar. abaolui;e a 
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