


9.1 nisdiu d~~*jU<idrnuSB~u~~~na"U - 
a d d  

nisuaun%~$anisuauhu (backcrossing) 18~?mdi~~~nf l~un8 i i l I Id~d  
I - ed douuwu~fl~aiu q nfd ~ ~ o l ~ n w r r ~ n o d i d ~ ~ ~ o u 6 u d o ~ L ~  ud~iur~nunr: 

i~~lds~a~nirCiuuisaaIa"bu!"~~r~'u~ 
Y w -  n i s d ? u d ~ ~ w ' u ~ ~ r u u u a u n ~ ~ u ~ ~ n u u i n ~  (isunii line 

breeding) &l$~uuinnh% nd L I  Harlan uar Pope 16~u9i%nisffuildu 
+QdY d 

nisdilds~w'ua'fi"111ud q q 1992 ~ ~ r ~ u a h t u  Briggs b%adzfaaw rwod?ud?d 
Y d  

~u tX~au i i r a  q u' aa~$iamQlos'6iuwiubsn lu~aa~uffii,oul.a"7"anisu q ~wn 1 6 u i i  

n~sd?ud~trJ'ua'~~uuih q q ~~nnishh$i~1u^7#nis&ad?u ds~cinwnrrdiu q q 

~biud 1-2 ~nwnr:lu~u?$5iodu<a q PI 

9.2 ~ ~ n ~ % w a u n g u  
B nirwaungua:b~da~Ad~:noudh$i~ Ao Gar'u (recurrent went)  qrd 

d.4 a ~ ~ u r i o v i z a u r i w i ~ ~ ~ ~ d i ~ o ~ a n ~ ~ ~ ~ a i u ~ o ~ o J ' u n c i u u i ~ a u ~ ~ o l ~ ~ ~ ~ n w n r ~ w m ~ n ~ u  q . P I  

haumrail? uazar~'o~1iluwitfl~wauim~~muisnd?uGal65iluw'o~du~u q 7 Ri 
ed.4 - W (donor parent) ~ i l u w l ~ ~ w ~ a n u n r : f i ~ ~ w d ~ o d n i s  & ~ r i 5 ~ u ~ i ? u  ru:dodnls 

ardiuwoa~nunrrd~'o~nis~dla"buGa?u ' 
a aan isuaunL~~d?ud~~w 'u~ ! "11 lmw~w~~au~a~~~~1ar4"11~au~ iu  6i w t  a dau 

9 

k ~ h ~ r l ~ ~ ~ o ~ a i u ~ n w n r t u i ~ ~ d i ~ d ~ i ~ ~ ~ ~ ~ ~ i ) ~ ~ i j ~ ~ ~ ~ $ a l o s ' a u u s & ~ u  9 PI Tau - nd d ~awiradi~~~cinunr:uo~na~u$iuwiubsn ~do~~cluiiniswaunainuaanisuuwn 
nd dst?iiiaariim~sau~~$a aanisuuuuaunairrilsa~~ni~dmaisnnia~~~uwaia~ 

M$I~$ (predida ble) ua~muimdarr l i~ i1~~6~aoonuib~dou1~u~nnfd  

(repeatable) 
ad d P I - -  d d  amisu~un~arlos'war~uc(walan"d~~uou~asuw ~numzdviin~niiuwom 

t 
ain~a'bos'ar~'o~n~d~&a~nrlinis~aun~u~d~aiu q nsd uata t $ o ~ S  expressivity 

2 t fp u o m i n u ~ ~ k  diua~n~~11~~nisu~~n~ua~6~~uinwddar?nu1b~is~'nunrz"~a~ 

Ga?ulflG 



Caa'Y (A) x nil< (B) 



~ l s ' Y  (A) X &W (B) 



9.3 n i s ~ i u d s ~ ~ ~ $ 3 a h n i s a ' n d i ~ 8 ~ i S m n i ~ n ~ i ~ w " ~ ~  q 

ni~na1~1w"Uf (mutation) ~ ~ i u d d n i s r d i u ~ r r d a d ~ d i d n ~ = : n ' u ~ i u ~ ~ ~ d m ~  

~rmnuuatmuisodiun~a1dt~"dwn~a7~~& q qJ nis~d~uurrda~si~ndia~i~a'nuat 
'Y d ~ n ~ n r t a z ) r l d d r d i o u u d s a ~ n i s n a i u h f  q olarfiauuruo~ainnis~dduuuda~ 

~ i u ~ d n l ~ l ~ u ~ i o n i s r d i  ou~~dadlfl  ~ d d l d 2 1  Q d h  s l u h u  &and1 chromosome 
d ' d  

mutation ) r l ~ o a i ~ r f i ~ ~ u m o ~ a i n n i ~ r d ~ u u r r ~ 1 a ~ ~ ~ ~ " u u  (gene rnutdon) fl6 
n i s n a i u k f a i o  t f i a u ' u l 6 ~ o ~ a i u m u q 7 ~  ,6undi spontaneous mutation )rl% 

w e  ola ~ f i a ~ i n i ~ n ~ i M i i n n i s n ~ i u r ( u ~  (induced mutation 6 n i 3 n l l u h f l f i  q 

rfiacinrtatl~i 7 BUIM~TIIPR~IJ q ~ ~ r ~ u n i s r ~ u ~ a i u u d n h ? u n i ~ w " u ~ n ~ ~ ~  

niu~ufl.aifu 7 u~na~n~nisna~uw"ufoiat%7~ddni~~&w"u~ U u u ' i i h u l ~ d u a i  
u ' n o t ~ ~ n w m t # ~ i ~ d 6 o d n ~ s n " f l i ; u  h 4 i n i s d m  uwifidst1uqtb"ltbni q sdr'udsd q 

w"uPq 

~ u a o u h ~ a n ~ d  20 Hugo de Vries ~ ~ a r u r a o i u a u f l a ~ n w ~ ~ ~ ~ n u i n  
a+ .un~nirnawwi~ido~?"wuinim~d~a~~a~~aa H.J.Muller (1927) f i p u i g r i u  

L ~ l ~ f l f d ~ s n i l  ionizing radiation muim~i~f ianisnaiuw"u~a~urruad)r l~ d ~ u i  
Stadler (1928) ~ ~ ~ ~ ~ D J ~ ~ ~ ~ ~ " I I ~ ~ ~ ~ ' I I ~ J ~ ~ ~ ~ ~ L L w ~ ~ " J ~ L ~ ~ ~ I  a'nciilrirfinnisn 
W I U W ' M ~ ~ ~ ~ U ' I ~ Y I ~ L W  q 6~~~t 'UV7al~a  Iustu t d o uiCn dCds~rJ"'ffi'111fl.n' q 



dduarlointtran(aaunis+nt~~~loti~Aanisn~~i~~uf u~~ccnuirnd?udsaKnww q - 0 
hn'cyn7ar~sw~fial6~~~1 u a d i d  rdu d % d ~  ~ ~ U I B ~ S J ~  %I 91 w aura ul.a'iun SJI uwu l  

d d Y  

"Chlorina" dalii~~nmniwlu q s i p  L L S J : : ~ ? ~  d7a.N'u~i3u7i~n u' aau SJnlrm::6Iw 
w d  a niulsnnril h a  ~ q u h  Gustafsson (1 947) riur0ucjnuunumu7nlunisd?u 

dy.N'ufin Iasn~s+n~~lotirAan~sn~~~~.N'u~uu'~~~~i~au' rdu hAirrr#a usa 
d dd 

(stiffness of straw) aauaalj~ndl erectoides rfh.6~ 
n ~ ~ u h ~ i a l u n ~ r d ? u d s a r i u d l a l a a n ~ s r i a n a ~ u r i u f i i u ~ n u ~ ~  q q 

WY d U  0 
Sigurbjarnsson and Micke (1974) ~6mdwan1s~asaa~on~~an11~wu~ q dnnpdi 
l$i.N'%fl~d 9 86 .N"6 9 ni~~#?atrrnud1~6.N'ufl~d 9 27 W°Mg 9 ?dfi?~f a d 8  1 7 

0 Y  dd .N'u% q saaau q 6 q ua:msrnflli1l%rfi~n1sn~~i~.N'ua^l6 q 9 q a'nwmrfi6 

?Unl~d?~d~~d?~1~df i ' 11 l~ f i ' d~~d7$  l6r~n' uolwh n1s61uniud aniscn'nl 

nis61uniulsn aiqA hrL ua:nmni rmaau~~u q rUu6u R i a h a  
& l l m ~ d l a  q ~ ~ ~ ? U ~ I ~ J ? ~ ~ ; ~ ~ R U ~ = : ~ I T ~ Q ~ S J I U . N ' M ~ Q ~ ~ % U I ~ ~ Q ~  q 

9.4 &rionniuw"4 (mutagens) 

krionsiu~ua'a~ouunI$ibilu q 2 dsernnl~qj q t o  

1. ?at (radiation) D I O U U ~ ~ ~ U  2 t o  

1 .I ionizing radiation Igbrri Atrani (x-rays) kfiunud~ (y-rays) 
Y  dn ? I  r a  usrsammsou r0uRic 

1.2 nonionizing radiation A ~ U U ~ ~ ~ Q ~ L F I U J ~ G R L ~ O ~ ~ ~ ~ ~ S J ~ T I ~ ~ ~ Q  
LSJcTI (ultravioletrays) 

W Y d '  
2. mtrnii (chemical mutagens) Aii~uIaumau 

2.1 Alkalating agents bdu EMS (ethyl methane sulfonate), 

mustards, expoxides LLSJ:: ethylene imines r0u6ai 

2.2 Alkaloids l h r i  morphine, scopolanine NSJ:: heliotrin r h . &  

2.3 Peroxides l6~~ri' hydrogen pmxides Rae tertiary-butyl hydro- 

peroxide bflu6u 



2.4 Acridines l6LLn' pdavin uat pymnin 

2.5 Base analogs 1iillr-i 5-bmmouracil UR:: 2aminopurine 
d 

2.6 RlJOu q ~d1.4 nitrous acid, hydbxylamine LLne formaldehyde 

~ 3 u h  

- d l  a FY luussclis~crsn~ q zu i~"Rlond~tlulbi iuuqn4~m n ~ u a i o ~ ~ u ~ w n t i j ~ n $ o ~  
i i o a h 8 o $ n " ? ~  ibi iuuaenauquhe % R a n  ionizing dd iu ion isn tqneaa~~d  

t / a u ~ H ~ r i o ~ $ ~ i i m n ~ s r d i u u a d a d y o d ~ n i s ~ u ~ r u f i i ~ ~ ~ n s ~ u ~ a u ~ i n d n i  

(chromosoms aberation) ~du translocation, duplication, deletion ua: inversion 

~ g u h  u a n o ~ n u ' u ' ~ a ~ d o ~ % ~ ~ m n ~ f ~ d ~  u u ~ ~ d a d  DNA a d  k w a ~ ~ ~ f i f l n q s b d i e u  
a d u d e ~ b u h ~ o ~  rhuwanQ'. .nonionizing rdu q n a n l a ~ o ~ a n u u u h u i n  rqnraad 

91 

I, 
lAiiau~aaciuo~~aotmmr'~9~u"ild~~,Yan'o2~~Amnirnaiuw'uf ! ihr iaul~qjart~unis 

d ~ u u u d ~ ~ ~  o ~ ~ u u i n n i ~ n i s ~ d i u u ~ ~ d a . ~ ' b f i s ~ u ~ u  n a d , % ~ ~ v C ~ w " n ' u h u ~ g n  7 
r o d l a  idu arooanlts LFIuRS( 1/l~ium~~n~~umui~n.a'nt%~1%~iimn~sn6~iuw'uf 

l < ' l f d I ~ ~ " , &  bwua t'bfl31~'bcflU 



a d gadon w 8ndr:oin ruanunaiu~anGi j i W  ~ i n a i u ~ u I m u i ~ i a u i a a ~ i u  
& "  

datnauRiuniadiruiinuiun~rs"ar~iiumunra~31~C~~a" riludi~rinriourlilrs"brrs"d 

oin~u3i~uiin1Jou1u6oud~m~~~ PI 130 o,qcli~.aarirur ~ ~ u ~ a n i  60 uifl d l  
cY 

&o didduna:dunbb~auifiilrs"rfiulubm%n~n baa (desiccator) $iirnagmnaiuau 
6 2 

ldu ~na~#uunwob6 rPSor~nafiuuoon1m ~SYbadbu~n~n~n~mo$adi~~~u 20 
,at, " 

uifl ~ ~ d i u i $ ~ 3 i ~ ~ n m r ~ i o d i ~ 1 ~  d ~ ~ a ~ i ~ a ~ ~ i ~ a i u a ' u ' b u ~ u 6 n o i n ~  

~ I ~ ~ H ~ ' ~ ~ ~ Q L ~ I J ~ ~ @ I T ~ O M O ~ J L . L $ ~  - $ ~ ~ ~ ~ ~ ~ Q ~ ~ J ~ @ I H R Y J o ~ ~ L $ J  X 100 

% ~ ~ ~ I U # ' U ~ ~ O J ~ U R * @ I  = 

$ i ~ M Y n ~ ~ i ? o d i ~ ~ ~ r i i i ~ o ~ ~ ~ $ ~  

9.6 nimi~~?uim%~iId r~uirnu 

bia~dntairndn2iu'badoQdQ (radiosensitivity) ~mnt i idwd t?nltmtn?iu 
w  ddy ~~~"r6iuwiu6 oasmuo dn"El'hCu~ai PI uJa:nia t?nnumrGi~~iu~"5aI2eioQdS 

rhu~dmau~uInu5umuianriiun~nni~naauw'~fl6 niafi oismil.a"% 91% 
no. dud f i~iNbdilf l$dbb~~i:~l l~ uili~uoio~un?ioio w ~ ~ i u ~ o u n ~ o u ~ i I a "  M~QU~ZGI  

~munuadniawkdiudauiqat~iidd~zbncl (IAEA. 1977) ij$ofladiui<uriauaiJ 

uin'bu6iuniaJQu Ja~w'uanuQdi 9 9 ~dazdai?ul~icini~~hmu~~uari~uu~ini~~~u PI 

(lethal dose 50) M$Q OR50 (growth reduction-50) yo~~u~nbi~ddiuiaiuQd3'bG 

i3niaduniunidi ru8nbiaui~i u ? ~ ~ l u f i u i ~ i  q nir ihrsifiuimdi 
w  d d  

oul~fiuimadrwpuin q ou$ilrs"~iinniaaiu I 00 doiQwd J anru5mlu PI 

n~zuz~wirdi Jpnriluuna diuauunaniufluiaiJ8 idu o ('bdaiui~fi). lo .  20. 

30.40. 50 .I& fiIlk3G'l LSQQI~JFUIN 30 7% H I L ~ Q ~ ~ ~ w ~ ~ ? I U Q ~ ~ Q ~ ~ D ~ &  

n i i a d f i u i ~ l i ~ i i i ~  7 nir ftnmfluu~ilwrJoi~h6~o~noulnaa (wand1ril~~iu 
u d ?dB) d~~rs"diuaumunndsonyo~nou~naa~~u PI 100 ~Joir$u6 ~ i r i i na iu  

WdW ~ w i ~ o ~ f i u i ~ m a ~ m u  bdoir6uinia-a i a o m  odgunh ~mdfifiuim?d~oduu PI 

unu x do$r~u6naiuodaomoJuu~~nu PI Y o i n ? ~  50 ~ d ~ ~ b ~ ~ 6 ~ ~ d b b n ~  Y nin 



rAuoonuiRkrAudair5u6naiuo$soa ~ ~ ~ ~ i n ~ ~ u ~ ~ a d ~ ~ o ~ e l " r u ~ ~ ? ~ i ~ u r ~ n ~  x 
r d d  or jahuwunu X r~uf iu i~dcm~i l rk f l "~~ot l ' ioa  91 50 rdoir5uR' ~?oa ia  50 

w ud', rJoir+rud fionfiu~w~damid7 LD50 sdd 91 , n ~ n d ~  GR50 6fli%'rdu 

r loan ic  l ~ o r d ~ o u ~ i n n i ~ a r d o ~ r ~ u h 1 . r o r i s a a u a ~ 6 u n ~ ~ u i r 1 l u n m k n i ~ ~ ~ ~ ~  PI 

LGUIPI rdu ? ~ ~ ~ I u ~ v B J ~ M ~ &  &~~ninRa.~odsiun$7 c l i a $ i ~ ~ n ~ r ~ j y a ~ s i ~  
weld  nai riluiru r d u ~ u ~ l u s d a n f l ~ ~ 6 ? 7 u ~ d ~ a 1 d n ~ d ~ d d ~ o d ~ a u b s  91 ;a d l  

w eld w eld o 

GR50 fiu7wsdan r ~ u ~ t r u d r r u t o % 7 ~ ~ ~ ~ ~ 1 ~ d ? ~ l d ~ ~ w ' r u f  Rafiuirus~inRnnilkRa 

nisal ~J?%.I~u!"II 30-50 Ld o i r h n '  (LD30-LD50) 

Genus Species Useful dose range for 

mutation breeding (Krad) 

Gramineae Avena sativa 1 0-25 

Hordeum vuigare 10-25 

Oryza sativa 

(a) Japonica 1 2-25 

(b) indica 15-30 

Secale cereale 9 0-20 

Sorghunm durum 20-30 

Triticum aestivum 10-25 

Zea mays ,15-30 

Capsicum annofim 1 5-25 

Lycopersicum ~SCulenfum 30-40 

Nicotiana tabaccum 20-35 

Solanum tubemsum 20-40 



Cruciferae Brassicanapus oleifera 

Chenopodiaceae Spinacia oleracea 
i Umbelliferae Daucus carota 

Liliaceae Allium cepa 10-20 

~ucurbitaceie Cucumis melo 15-30 

Cucumis sativus 20-35 

Cucabita maxima 20-35 - 
Leguminosae Arachis hypogaea 20-30 

Cajanus cajan 8-14 

Cocer aroetomi, 12.18 

Glycine max 10-20 

Lens esculenta 10-17 

Lupinus albus 15-25 

Medicago sativa 40-60 

Melilotus albus 50-70 

Phaseolus lunatus 5-1 0 

Phaseolus vulgaris 8-1 5 

Pisum sativum 

Vigna unguiculata 15-25 

Vigna radiata 



dm d u  
9.8 4 8 n 1 r d i u d ~ ~ w ~ w ~ w ~ n ~ ~ ~ ~ ~ n ^ ~ n ~ a n a ~ ~ w ' w ~ ~ w w " % d ~ 1 ~ ~ ~ w ' w ~ ~ ~ ~ d  

€ll& b ~ f l  

nis~i~uci?da~dain~~~sz~~~uim?d~u~lndidn'u\d nhuciaimuodia 
u d d  fiuims~anrvluizua~dIa"bue7indn" 9.2 

-4- LY d  lunisaius~anud~u~a~iadelaznou6a obacl haiu~aclri rdu buo ~uo~aiy 

JcliuuomfiiUiia'ln~~m (chimera) aiim ~ammoliscl (sectorial chimera) fiDbu?cl 
n 2 
luoa (mericlinal chimera) uu~ou~bflrii~i~lllu~uim~~~u"ubflubw~m~~~cl~m bu 

a d d  - c- n (periclinal chimera) \~8~nlo%gd ~r61adnl~uo~oonncliuwuaunozo~uiislanr 
ri?u~rflu~iu~o~som~"so6udiiu~~~s~qo?~~ liunii  son MIVI &a 2iU MIVI 

~ d o i i n i s ~ o i ~ t l u ~ ~ t ~ u B ~ u a ~ ~ ~ u " u ~ d ~ ~ ~ d c l ~ o u ~ m ~ o u  q buraaridniiiinisuid 
L Y d d  b l r ~ ~ n 8 ~ n i ~ d ~ ~ ~ 6 ; b ~ ~ ~ i ~ a ~ e % ~ ~  ~i~doiidsamb5 hu~~flu~uoruonnsi~ 

e dd wi+ncllubilu~lrnbelor nauu~nra'nrbazjn~in'mu~bam'bflo~~sd~auu~~ basal bud 

uodnom MIVI iuro~ c $ i a e r ~ q ~ n i s c l i t l ~ ~ f ~ a u l ~ ~ c f t ~ m ~ ~ o i n n i s ~ ~ d u a ~ i  - da 69 uu~~o~~rycliuM6 bdodain basal bud u0d w % ~ ( ~ ~ I ~ ~ Q % J L ~ ~ L ~ u u  apical 

dominance h ~ ~ u i s n  5 a Iufladiimno'nyu~uu apical dominance d l  

~?lurlinisk6~v~nuom (pruning Ylfo decapitation) uo~  M1V1 b~eo!%awir 



d d  ci?uva~A~nu basal bud o $ h ~ i t u  2-3 m i  lunis~m udd6ddilfll"mid rfim~$ 

lisranraonbum iininairy$uuiriludauv~~u~mrrw::~~lG 
I n mi~1a46u MIVI  nasdmruunoonuilmu^af doid~sommmi ridol$!nis 

roirywi~lu7t~u6u~"aan'd MIVI r i ; a ~ o i n m n w n i i u ~ ~ n u i o ~ ~ u ~ m r ~ u  (MIVI) 
der w d a u ~ f l m * ~ ~ ; 5 o ~ ~ ~  MIVI n u ~ n ~ 0 ~ z ~ i ~ ~ ~ i ~ ~ ~ i r ~ u o n c S i ~ ~ m ~ 6 u  #a MIVI UR:: 

a d d  dqudr~wran rmafdd~nau~auruaruann~iuwird q G Y ~ ~ I H ~ G U  dau~rimuim 

hwuhudrf imnisnaiu~u~& 
L ,a 

wan~indusiuw'uf6au~n"ado~lm~u rdu $a~nliiu (tuber) uodGuclw~so 
d  d msoruor ruorl.iuiaiuRI nisr~~~rodmirilurruu basal dominance h h u  

uonra?ry uialn bdsal bud ~dtikmiuam (apical bud) ~unnS~(uamd ~~m~~da::~n'm 
a d d  ainuinm#rilud~uaoruonnwiuwi~r~oaini~#~~mums~ q ~~'bdir i luRb~iinis 

u d ~ 6 ~ d o ~ i n i ~ u u n m i o o n u ~ ~ i n G u r G u  #umou~wnisnkfion~'uf~""~~A~a~i~~ 
r f i m n i s n a i u w i ~ ~ ~ n d v u i u w " t b ~ m u ! i ~ i ~ u ~ w  v.~d PI 

a d 8  
n l ~ ~ ~ w " ~ f ~ l ~ ~ f i ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ b ~ ~ ~ ~ ~ ~ ~ ~ d ~ " a ~ b f i ~ $ ~ ~ ~ ~ ~ n ' ~ n " d  2 & 

u d  LY d  cd er uC: 2' 
H"ao 3 <% f l m  wruoruor~diu"&aubfimdsln~nisw~~~un~~ chimera lmndru 

) 

w d d  m i n ~ d  9. r l i u iw rm r~u izauu~ zdauv a~~"11dl.a"aiur'~51~findvui0w'~iia~~1!d q 

~ l t n ' u  l w f l  (IAEA, 1977) 
I 

Species ' Plant material treated Dose(roentgen) 

I. Ornamentals 

Achimenes " Detached leaves 3 ItR 

Alstroemeria Rhizomes 400-600 R 

Azalea Rooted cuttings 1-2 kR 

Begonia Detached leves 1.5-2.5 kR 

Canna Rhizomes 1-3 kR 

Chrysanthemum Rooted cuttibing 1.5-2 kR 



Clematlis Rooted cufflbing 200-500 R 

Conifers Rooted cuttibing 50-500 R ' 

Cosmos Rooted cult1 bing 2 kR 

Dahlia Freshly .harvested tubers 1.5-2.5 kR 

Dianthus Rooted cuttings 4-6 kR 

Euphorbia Rooted cuttings 3-5 kR 

Forsythia Rooted cuttings 4-8 kR 

Gladiolus Dormant corms (2n) 4 kR 

Hyacinthus Bulbs, Before wounding basis 200-500 kR 

Kalanchos Detached leaves 1.5-2 kR 

Lilium Bulbactl.les 250 R 

Malus Just grafted plants . 2-3 kR 

Narcissus Dormant bulbs, directly after harvest500-1000 R 

Omithogalum Detached leaves 500-1000 R 

Prunus Jusf grafted plants 2-3 kR 

Rhododendron Rooted cutting 3-5 kR 

Roses Budding wood 2-4 kR 

Saintpaulia Detached leaves 3-4 kR 

Streptocarpus Detached 'leaves 3 kR 

Tulip Dormant bulbs, directly after harvest300-500 R 

II. Fruit Crops 

Apple 

Banana 

Grafts 

Corma 

Blackberry Young dormant plants 6-8 kR 

Cherry Grafts . 2-3 kR 

Grape Dormant buds 



Lemon tree Cuttings 

Orange tree Dormant scions ca. 5kR 

Peach Summer buds 1-4 kR 

Strawberry Young runner plant 

Ill. Other crop plants 

Cacao Buds 1-2 kR 

C ssava a Nodes , 3 kR 

Potato Dormant bulb parts 2-3 kR 

Sugar cane Buds 2-6 kR 

Sweet potato 1 Detached leaves ' 3-4 kR 

Tes Rooted cutting 4-6 kR 

9.9 S r S n ~ ~ u h i l y ~ q I m ~ u s q  
~ ~ o a a ~ ~ ~ i m % f i a ~ c 1 t u ' ~ 1 n ~ ~ ~ ~ n i s ~ i ~ s ' d ~ ' b 9 n " n ' u  dauuimi~ duuin~%f 

L Y d  v- dY ihu1uot~lo6iuw'a d$~uruoi%lan~u 
- a -  

1. 6 o n ~ ~ i h i s a i o s ~ ~ n u d a u u o ~ ~ u i ~ d ~ n i ~  adventitious bud 

hadid~du Saintpaulia, Streptocarpus, Kalanchoe La:: Begonia MinL~~luuifln . 

didnistfiauo~ adventitious bud ainuin~puuodriiu!u~~artfiaiui"duuim~~n 
u d 

LuoJOin apex uQd adventitious bud ddl ~iiaui'ain~qta$ epidermis 1 tqtsfi 
u d n  aunLnauioin adventitious bud ~dijfi~u~nd~~ijaun'un"d6u~d~ilu~fl bum ma$ 

& n ( i i a ~ ~ i i ~ n i ~ n a i ~ 1 ~ u f ~ ~ ~ ~ i ~ 9 n " ~ u i T d ~ i i ~ u i ~ i n ~ ~ a ~ ~ n a i ~ ~ f l u w ' ~ ~ n a i U ~ d  
u- 4 6% (solid mutant) lanun lava1 U T $ ~  dmm ~itlGufi66a u adventitious bud 

~ d ~ i n ~ i r n n ~ n i s ~ i ~ ~ d f i  adventitious bud uil~~raailry~inis~iia~m~umld 

2. t6onlfi%nisai o?dfi'bufiuimdgd (high dose) lugandid (high 
0d 4 

dose rate) ~a~dn~ai~oa~ijoai~iddsrnou~at1~~a~iu6u'1r(ai~~~aanudaufau 

ni~unisroi~~uriluuow nisl&~nisai ilQ~fi'bufiui~d~d~~ar~.a'~wmd p u i n  q 



rli~~~'lsas~rt~da~mu~aio~ra8~~u~r~a6r~u~C(mui~nd~~~a~udi~~'~b~uui 

rfIudauuo~uonl6 a i n ~ a a ~ d n  h?rIluiq~~;dn aiuw'ud q f ioz~$i#u$a~d~ur~u 

widnaiu q l un isa i t l~~ ' I~1Pru ia~~nz~~~nmd1~uin  91 o io~ddi l rk~aa62i~niu~K~~d 
c d ~~a&~i~~ur f i~n isnniuw'sa$dwfou q nir ~at6dnsiuwif~gafln~ganaudoiai 

n~iumuisnraQo ma6iu q ~ u n i s ~ ~ d ~ ~ i ~ ~ u d i u ? u ~ ~ n r ~ ~ ~ u ~ ~ i i u u o m a ~ o ~ ~ u ~ u  
d. dd 

$9 ~ I ~ M ~ ~ ~ M # " I I ~ L ~ M ~ M ~ ' ~ ~ I U ~ " ~ G U I ~  q ~ ~ d l d ~ i ~ ~ ~ ~ ' L ~ u " ~ c h d ~ ~ ~ i ~ ' b 4 a ' ~ d ~ ' I ~  

~ u i t u ~ ~ u n r ~ n ? d ~ ~ d u i ~ i u ~ ? s ~ ' u d ~ d ~ V b 6 ~ ~ u n r o i ~ i ~ ~ u a o n u ~ ?  n i u ~ k n i s  
ad dd a~us~~unistoirymo~uonoonui ~lo~doonuiluszerum q nimajniraiuiJQlC 

s r ~ d d ~ ~ ~  L ~ ~ U L Q W I ~ L I ~ R ~ L A R Y ' M ~ I ~ M ~ ~  o~nnisa~~?~fi~~hWM"ouncii 3 fiau 
c r ( l u i i i n w u a ~ ~ ~ i a o n ~ n w m z d n a i ~ w ~ b ~  ~onAt~nlu-rruzurn 7 uiaingmrairydii 

~gaiaaiuma6 1 d r l i l ~ i ~ ~ c l i b  ~ u n I &  t~duooldGauiuilustuza~d rhulaqjaz 

~fisloin ~ani~f i t l~~ '11~&6i t ra  
ad d d  ~u1ddL.d ofCv.6 (Mentha poperita) 13 dormant stolon u l ~ ?  ~ d r m f i u i m  

~nudnR6aazilns~ulau diu?u 2 an q od~usdaod 91 91 diploid uciiGa4n 

d i u a u u i n d ~ l f i ~ l u h u u i n ~  2 7. ~du,oiccr$ 3,4. 5. 6 %%I 0 y h d i i  
a d d  ~nslukut~ i iou~uaaiu~n 60n-51 polyploid uonaind polyplaid Ujaulun~man 

fidqu?dnslulruunndidYbdain diploid ~duoioitCtu~~n~iio? isun4-1 

rnonoploid ~ ~ ~ d ~ a s ~ u ~ ~ u m i ( ~ ~ ~ o r f i u u ~ ~ ~ o d ~ a ~ ~ u a ~ ~ ~ ~ ~ ~  lf if lu~~uduFu 

(basic chromosome number) 1 p'dcn o u ~ i u ~ n s ~ ~ k u ~ ~ x i ~ ~ f i o u n ' u ~ a  udiu3u 
d 

uln$~~~g?L~df l~bbcf l~~df i"~~ ~?un.Ii uluu (genome) &ltiarycinwd~ilu x 



A B 
d iuadns~uhuro~ gamete (gametic chromosome number) $ J L ~ U ~ ~ J M W J ~ ~ J  

6%doud anuii?uKnwr n 616alDu diploid l aw  %I?IWRGIRSIUI~U~~M~J~~ 20 

polyploid bdw % i a c n ~ l ~ u  hexaploid ~ ~ n 3 ~ u ~ ~ u ~ M f i o u ~ a i  6 2n = 6x = 42 

bbds dl2109 x LLWZ n "l.a~~Viin"u 60 n = 21 bbar n = 7 b~ris 

~iaC(dd iu~u~ns~u~.auv in~"so~ i iu~dn"~~n~uni i  Euploid 617pvoc 
d i  rY ln~lul.aunrrtuuur~~ou~n~~ub"aun4~u"ua'i autopolyploid M% autoploid adf i  

~nnisdutsluku~duuioinijruu~ditnic l iun i i  allopolyploid  so autoploid 

wan euploid, monoploid ordh~lu lau ~flac~clr~ua~uumrcrd triploid ~ r d  
ln3lul.au 3 aa 

ii aneuploid 6 ~ C ( C ( i j l ~ 3 ~ ~ ~ ~ ~ b M d 0 ~ n ' ~ 2 1 i ~ ~ d  2 L L ~ J  Gunii nullisomics 51 
211flbflfJ9bbYi9b; uab"auna'i monosomics LLQ: trisomics ~tGInbIa~I~s~riiwui~~%~s 

1 bbYi9 

Y 
9.11 R~sSmaasbbu8waaun 

crdd 
~ ~ ~ ~ ~ 0 0 ~ ~ 1 ~ 1 3 ~ ~ ~ 1 l ~ ~ b ~ ~ " l . ~ ~ c l ~ 1 ~ 1 7 3  L A U ~ U ~ ~ R U U ~ G U & ~ I S H ~ I ~  

d d a  
spindle fiber ~%3:~-hdnI3ki9laaR' i3I3bnunuf.Ja.Jlg?ona~%lu (colchicine) $9 

b~urnr alkaloid C(m~nI0i9in~uBn~iogj;avo~&u autumn crows (Colchicum 

autumnale) MioolO~.a"697'5lFId $9 lm31 tMr colecmid 816 
I 

ed a a ~ ~ m s n o s ~ ~ u o i o ~ d w ~ d ~ i a a t ~ ~ u ~ u n ~ ~ u w u n n d o u ~ ~ o E m v i u  ~ + o w ~ u  

1 w B i : d ~ ~ i r 0 1 ~ ~ u ~ a w r o 9 m i ' b ~  ~ o a ~ ~ w o z d d ~ ~ ~ ~ n i w ~ i n ~ ~ ~ o ' b . a " n ' ~ ~ ~ u ~ m n " ~ i ~ ~  

o:mn 6wnriidou n n  ~~oum:lQ ~~td7~13a id lQ~n3 
w a d  ~nunL? q %humwrn~fh diploid 1zto^sryriiuln"l.6~ndi autoploid bbd6a 

~ i d ~ ~ f l d b ~ u  diploid o:\d~ilwd&snis~o~~u7finn 91 bdu n h u i t ~ u  diploid o r  

i iwiauin nhuC(rainuou&don~a~d~~u triploid 4h"l.dd~u~ln ~aaiimdou q 

db~u autoploid 16~~t-i iYa4aYIi &GM ~ i ( d &  n i ~ d  ~andiu'ria u ~ D w  



tetraploid Aiiqrunurjii~nii diploid $d&.b ~ a 6 ( ~ n & d ' l ~ d u  autonloid hoz! 
a oknn1s~3u~uirn.s 91 n~sftn i,uAnrSau oeldiieufliluiadp~?Inm~u8e\ i,i,dezii 

dszIoarluinluiadr?Inml~~ idu Cn Gtafi Gaoi~iscicli uazwanlu'nonlu' 

ds tha i in  did 7 unnoin$~tk autoplold ~ i o ~ ~ ~ ~ u n z w i  WL$OU (bridge) hmis  

~~uw'uffiiuafim idu n is~~uanuo~ Ims luku~a~~~w" tb fd i~ in  q diploid l%i,fIu 
A d 

tetraploid i ,wnnez\~~au~u~~u~d^a~dw'ufbwiz din dd~flu tetraploid 16thL.% 
c ~ C  n dsi uazmuisncr^a~lwic~naa~~~umaiu~iu~iulsm~~az~~ua~l6aeii~auysd 

ai~ i rdsdual iuoc allopolyploid $u muisn~~uni~6nwi5a'au1nis~a~ 
Iv'l.6 u a n o i n ~ ~ ~ u n i s n ~ i ~ G a a f i m l ~ a i  q ~ l r i ! l u m s u a ~ G ~ u u ~ l  i,du nls 

n i i ~ n 5 G m ~ a  (triticale) o1ngnw~usm.ji~51~m"wn"~QialseJ' i,ilu$u (nindf! 9.3) 

n ~ n d  9.3 ~wlwaou~ai indw q 

Euploids 

monoploid ABC 

triploid 3x ABC. ABC. ABC 

autotetraploid 4x ABC. ABC. ABC. ABC 

allotetraploid 2x + 2x ABC. ABC.A'B1C'.A'B'C' 

Aneuploids 

nullisomic 2x - 2 AB.AB 

monosomic . 2x - 1 ABC.AB 

double monosomic 2 x - 1 - 1  AB.AC 

trisomic 2x + 1 ABC.ABC.A 

double trisomic 

tetrasomic 

monosomic-trisomic 2 x - 1 + 1  ABC.AB.A. 



&er $7 142 MTR aTa~T9rru flTuu Bo~IQ 
(2n) 

Secale cereale 14 RR rye 

~riticu'm turgidum 28 AABB durum wheat 

Triticum aestivum 42 AABBDD common wheat 

Triticosecale(hexaploid) 42 AABBRR triticale 

Triticosecale(octaploid) 56 AABBDDRR triticale 

dni : Poehlman and Sleper (1995) 

I d 
Alloploid Iufia~ln id1 wd~~(lfl%@3:n65 91 Br@ssica q d  ~~~md~aingu%u# 

c~ii~w'a~~~uuuaeii~iuaubfi~1~~'b~11udi~n'u l o  Brassica oleracea, B. nigra uar 

B.campestn's b ~ u u ~ l n f n i  8, 9 rnr 10 RIU~/I&J B. Juncea 

(AABB) rib amphidiploid 6rfin$uflinmusi8 'In'a~nnlsuausr~ild 

B.campestris (AA) bbar B.nigra (BB). B.napua (AACC) LbWr B. carinata (BBCC) 

r f i n @ ~ u r n r u ~ ~ ~ r ~ u e r w u ~ o i n n ~ ~ f a u ~ a ~ o d  B.campestris (AA) 6b B.oleracea 

(CC) uar B.nigm (66) {U B.oleracea (CC) RIU~/ I~U 6d3dd 9.1 v?Iu&%~# 

u"r%nii triangle of u rfhrfiosCuri Nagaharu U. cininoi~.ian%iaQ~u 

fl.ar~sw~fioafimSu q drauwan alloploid 'Idilrri fiami3 i11u , uazniR 
P Y Y  a a: w a nla hn?~m$6n1raumd~unfd rr f  n'bmu W. Rimpan ~~LLIQIUUU rrard$ui%ii 



Black mustard 

B. Juncea 

Abyssinian 

mustard n =18 Indian mustard 

B.napus - n = 19 n =  10 

Kale, Cabbage Rape Turnip, rape 

aneuploid 

~ f l u w a n d ~ i ~ n b s l u l v u l ~ ~ u ~ s ~  rdu monosomic MX-1 ) trisomic (2x+l) 

~iludiu dsduaho~ aneuploid o::~.a"bunis41 uunfiuda dudnsluhru 91 man 
trisomic ~cbhmrdi  u~un linkage . n o ~ a ' n a a z d i ~  q ~u#awan$ialwn h a  

cd d 
~ I J  aiauii~ai u z ~ 5 i o m ~  ln~~.a'%lpdu trisomic dwi~lu14'uuiInu ~ ~ w i z  
u n m n u r i u o ~ ~ ~ s ~ u ~ a u ~ u u ~ ~ u ~ ~ i f a  91 i ~ u ~ u 3 i a C ( ( i ~ ~ n i ~ f l n w ~ ~ ~ z ~ 0 u  deploid 

h g n  W " A U ~ U ~ U  F2 ~zfin7snszllu&uqndi~ld';ilin F2 Y Q J ~ ! ~  diploid nj? q - 

Id ~ ~ ~ ~ d s z ~ u m i a i n n i m m ~ u ~ ~ ~ ~ ~ u ' d i  uun8udatJu d n s l u l a u ~  



I 

haploidy 

l a d  tflu haploid ~fin%Uoinr~cl~~uw'u~w~~oincln4iuaufinsfiu~~ucl~n"r~ 
W Z d  wd~ rrga monoploid Q Z ~ ~ ~ ~ U L ~ ~ I I J ~ R L W  ua FIJUWU~UUUBJ monoploid ~Jn ' l J9 ln  

d d  a haploid ' l~nzll(wrdu~ws~wsou~rwnt haploid oei i i~uu?nai in (ndiidiuau 
w z  & d  d 

h 5 b . h ~  = n) nJuuuiJnsJsJisun polyhaploids 

haploid r i i n t u ~ ~ i o ~ ~ u m s u a i t  rdu 'l%#aw?n&7 $i?lwn u iad iJ  
d w 

iham8 ~ i a u i i r c l d  Gialsd u i t u  t j iu  ~ ~ a ~ r n m i O ~ n ~ u i n 0 j ~ ~ r 8 n n i i d n t  

w~annoaou~nu~u4iuau~na~u~~uoindclie~nn d s t l u a i h o ~  haploid Ranisla' 

~hWaw'~fbbw" (homozygous dipoloid) ~ ~ u ~ a w l t ' l ~ ~ a i ~ i l u  self-incompatibility 

I~un idnu lw; inssuuo~'uu (Iutdu. BuZinu) w~ol%riluarwiur~oulfs"niswau 

f i uaGnds tauna iu~ i  b?8)b6 

9.12 n~suFimssmsTaJ1SiisaJa"a 
W d Y  . 

iiu"umounis+iin~u 

1) 'i6i~rrm~lu 4x ~ ~ ~ ' l a ' f l ~ c l % G ~  0.2 rdo64u6 ~~oRuQRKu~BY'I 2x 
t 

laur iau~otr i iu i ' la 'u~n 4x $u 6% 2x nasciiuniswauRjm~wcliu 7 nsJ uclt 
W a ,  

~ l U ~ l ~ ~ ~ ~ ~ ~ ~ l ~ ~ i ~ l ~ n i ~ ~ ~ ~ ~ ~ ~ a ' b d  (general combining ability) aJldi?3u 

2) u8mwBn 3 ~ l n u ' l a ' 6 ~  4x rilusiuuirJgnaCun'urrmafiu 2x ( 6 ~ 4 ~ )  gn 

dkk~ inn ic  4x ot~iluru5lm3x ~ i t ~ m ~ l u h i ] ~  4x o t ~ r n n ~ & i n w ~ ~ w u o n u o m n ~ c l ~  
.d 
auogalusturusn n i u o n o r a ~ n n i n s i y r i i u l ~  d a u i ~ ~ i n d i G u  'lu ~c l t .n~no t  

d d  d k t j n i i d n g  lucluiuar~uar$~rwntiifiuinmclolswsiauin 

3) nisuimrm~lubiiru8n+ii!~mud~nn'u 91 3x 4 una ugun'un'u 2x 1 

an? wclirfiuIdipin 3x otri]ur~nirIuIiriiruin dwaud5inas~mrnnaoumw 

m u i m ' l u m m u h r a w i t  (specific combining abillgy) uir iou 16oa~i7i"lJ$nwauiii 

q n m i w l  un~luliriiru~niPTil 7 ~ r ( ~ ? ~ r f i r u l i n ~ f i ~ ~ ~ ~ ~ ~ i i ~ u ~ m l d ~ ~ ~ ~ u i  r~ii$u GJ$U 

ku~lqnlcrjiuiwnt~ua'milonun uono in~r r~~~ (~~~u~ i~ rua 'nkc la iun i idn i "on  

282 BO 453 



&u f i isw8~~~~d~u 'L iGiu~m~tadqu~dnd7dni  ~w~e&~~ i~a iuY" tbmou  tbanQin 

ifi~ainl8a 3x i%~fiuinr$~undlrun"fldfl@ dscuinr 3-4 t r i i n i  

9.1 3 unqd 
a: a ,ad msu~unriu~5onisuaufiauuuno~an$i~nnKu~wau5uciwrl~~~i$tb~ 

~aiunfd ~ d o ~ ' o ~ n i s ~ n ~ ~ z d ~ ~ n 8 t i i ~ ~ y 1 d o u 6 ~ ~ j ~ ~ ~ d ~ ~  uaz&~fio~n' 
U U .  d s m a ~ d h 6 ~ s n ~ a d ~ ~ 5 i o  masu (recurrent parent) umziYabJi' (donor parent) 4 4 .  

dd u d d  - nisaaunriu6~i~~unI.G 2 tlszvln $0 f l 3 ~ R q l Q n n ? ~ ? u & ~ d ~ i d ~ ~ ~ f  nsnrnaa 
l$gnnauquRiedwcroIIu6~u 

rinin u i~ i~ol f r~a. j in isn~37 uw'~dutuuan~in~fim~1in~n~wmu'111~~ci~ q 

- 4  d C - d  &muisotiiml6qinm LH~MQIOQL~IJ tdu 74. a~l&~tri i'irtana uranul i i  

annjiRtu2ii cflugu mstniisii~ q mitri ~on^an G~mrGnlrl~un ua53u an: 
rk: - Ialmrrauid ofoanIa6 tilufi uonoin~n~mniu~m~u~ds=:bu~d~ian~s  q \ 

d r  rr d ~ u d s ~ ~ u n n u ~ ~ ~ ~ n ~ u ~ ~ u ~ ' I I ~ ~ ~ n n ~ m ~ n w ' I I u ~ ~ ~ ~ u ~ a u ~ ~ ~ ~ ] u n ' ~  q q 

d r d r r o  ~niurmwonoind~~s?uo~wanusiu?dnslulauunndi~~da~n~wnouflu q 

C d  d 
~cnnnwgon8'u 

uuud.srsfiuwaX~erun 1 

~ d ~ ~ n n d l c l ~ ~ d ~ n & d d ~ @ ~ $ 0 d u ' ~ b ~ 1 1 ~  91 

I. rn~~gn~.inaiuGu~o~w""~~~n^a~~nm~~~la 

, I ) chromosome mutation 2) spontaneous mutation 

3) gene mutation 4) nn$odnn$o 
91 9 

2. ?~'jaircllndriolG~ii~lnisnai o%tbfltb$"d'L~ q ? 

I ) T ' ; r~ i~an@I f  2) ?d~LlJ$i7 

3) ?Z~unuii 4) inQ~qnQ 
3. rnanGafimladrinl~~ii~nisn~iuG~fl6? 

1) EMS 2) nitrous acid 

3) morphine 4) gnhdqnu'o 
4. o?uazhubuo~~~di iuu~ iu? .~8  ? 



1 ) Euploid 2) Autoploid 

3) Alloploid 4) Autopolyploid 
O a  d d - U  t: 

7. niwauacl~ns~u~aud~du~u~n~ouam~~u q q ~ ~ ~ s ~ ~ n w a u u . j i o z I s  

1 ) Euploid 2) Autoploid 
\ 

I 

3) Autopolyploid 4) $8 2 ~urz 3 i n d o d  

8. msaGmlmA5~ ul#~nto.~l$~fim Polyploid vri $a ? 
I ' 

1 ) Colchicine 2) Amine 

3) Nitrous 4) ABA 

9. msdrio~$$a~fim~w~wao~~R'w"u~r:~dvfid~n^s~~in'uhu~m~u~~~s~'~% 7 

1 ) Vacuole 2) Spindle fiber 
- - 

3) Mitochondria 4) Lysosome 


