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CH PT~R [ 

1 T ODU cTI ON 

1o th n h tu y h s p ss d s in th i' i.r st 

n s t i t i < n s r u · · t i o 11 ff ct o plu1. t s Wc- l' b eg un . 

S in t h n , qr t. d l h e r n , d about .i niz ' ng 

· n the' e l ct r:ous ~ ff e · .s on v · riou· 

t i. now kn wn that sp i difr f: r in ir toler nee 

t o di ti o ..,c1·t a ~n c i t ' · i · huv c · n s t cl J. 1 s h c rl t o 

f:V nsitl v' ty i 1 p l nt · tch us t' J t.: no l' pho lo g i-

c 1 ppt:~ ra 1 . f t. i .. ' 1 l n n . I n n y i n ' . t i c; ~ t1 ~ · .;; h a 

r f rt <I st'u t · Ling fCccL • t1 e . o v· d o s · o f r a d i .. t i o n 

i cu r. h a iq ~ s whi~ c 0 fil • y !. ,)\IJ t h ;, i b l t i. n 

abn o mal · hnp and . · zc f lea cs, .. till crl · ' v lonil c. t f 

r -~ rod a ve ru tur :, ;: may no be s 0 l <; l y ct te t ge ti c 

alter· ti n o ... f~ · lu re in IJ. : s y 1 t 11 P, • s . 1" n s · radi-t " ott -

' nd c (:. inflt8 ce.! bv the 1 ~ : t' _1e1C fR 

me t a o l i s m a . cl i s j r a b i ~ · t 1' t ab sorJ and/ r ut " l iz e ...-----. 
v r· i u 11 u t r i e n t s ( Gun c · l p a r ... o :v l 9 6 l ) • They a l. o 

ohs ~ rv ed t . at i n uc e::i by radillt.orl r . 

ofte n c m p a i e d b y R l t e 1.· 3 t i o n i. n p h · ~ j_ c l o g i c 2 l p r o G IJ s s e s • 

'he s ch ange s ca n ca s c a tl l nt to b e u n ble to . b3or-b o 

l 



utilize certa'n essential nutri nts and d ficiencies of th ese 

elements may be se n as modifications in normal growth or 

appearance of th plants. 

---- The lit rature is scant about the effect of radiation 

on miner· 1 absorption. This investigation will be concerned 

with th absorption of nitrogen and phos horus from intact 

Fenogr k bean s edlings. 

Another asp ct of this study is to inv st i gate th 

effect of post-irra iation washing of s eds on radiation 

damag and mineral uptake. Gong r t ~· (19 6 ) r port a 

n ew class of radiation damage which a p ars independ nt of 

oxyg en ind long-lived radicals. This radiat.ion-indur.e 

damage ~as lirninat d if seeds wer hy rat ed anaerobically 

at 0°C for 18 hours following irradi a tion. It was sug -

gest ed that the damage may b due to some unstable ch mical 

species which may be r em ov d by th e addition of water to 

the · system. With this information, this study will investi-

gate growth and mineral uptake of seedlings from Fenogreek 

bean seeds washed folloving gamma irradiation. 



CHAPTER II 

REVIEW OF LI , ERATURE 

The eff cts pf rudiJtion on plant growth have been 

inv e stigat . d for more than fifty years. The eff e cts are 

largely delet riou~ a nd at hi gh do ses th effect is usually -

l et h al , althOli \Jh diffe· Ht sp e cie s of plu1t., vary in their 

sensitivity to ra i· tion (S;;lx, 19J ). 

Spe cie · differ nc i n r . p o n s e t o a I i o t i o n h a \~ e b e e n 

noted by S · r r o v nd Ch ri · ten n ( 195 ) . T.: J. c ti a ;)nd ___ , ____ _ 
- .i J. i u m s h o w a nt i l d c f . e c t 3 ose r ~t of _o / i whiJe . --· ... 

B r a s s i c n · n G .LJ:!_'i u l u ;:, · 1 ~v n o cl e f · n i t e f r e c t a t d o s '" s 

lower thnn 14 0 and 4 1 OR/ ay. The~ · i. little doubt that 

a large n u ber of f ct or. o perat to d et · min the radi o-

s en s i t i v i t y o f a g i v n · p e c i ~ . ~h n g · s i 1 a t: . . , a d ::f'>l 

as corbic aci l e vel s in i rr !:l 'i a ted p l an s i n icat e that 

these subst nc ~ rnay be invol ved i1 rlet c rmining rad ios e n si-

t 'vity. Sparrow anrl hrist . n · ~ n (19 53) · t;-tte tha t p lants 

such ns ~-· l i tt nt a n cl Yi._ c i a , J h i -~ h ~ l l ~ \i e 1 a r y e 

ch r omosom es , ma y ha ve a high er s en iti 1i. t y to c hr onic ga mm a 

radiation t1an do pl 1ts ~ it t sm all chr um osomes. 

U i f f e r n c e s i n r e s p o n s e t g a m m a r a cl i a t i o n ..; e r e a 1 s o 

r ... ported by SaJ.·ic et ~!..· ( 19 61 ), from experim e nt ... on 

3 
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v r i tie. of vh at s c cJ . t \V rl S found hat th e rcentL\ge 

.f ge rrn."n · ion IJ it h in c a . p i.n dos . 15 0 ' th e 

h · i ht ht 0 cl.lin g f und to 

e action v rleti s to w rd · the s tn, ose r cl i . f re nt. 

Sm 1 l l 0 s up t o h d i.l s t ; nul · r.t f c t lr. co m ari -

so with h co t l' l s . n som var ' e ti ~ s 1 50 R - nd 2 JO 

prou~ c d sti u1!"1Li.n c f c s s y t ut 1' ,0 0 R 

c! h . her roduc d d, 1 ; t e us J fl-cts . 

ny inv s i(j to 

prod c by low 

by S i1 u1 l :::ncl M . t ·h e 

0 1 1, ' h ec t, 

p nt ~ · ~ t 

i'ltJr th 

c rr 

11ys , nd 

0 p t i m m 1· ~ ' t l o u · r 

s t<.lt8 l y 

~ r' cl · 

u 

t ·1 n 

t d ~ ~. ~ 

be 

:lb 

.. ) J 

o u n (I s t m u a t i. . f c t 

n • 1y n ves ti.gati 

ln 1 w d ol x-r y on 

s nf.lo~ r i n i ' + th · t 

a l . c 1 s we us 

I C (! 11 l 0-'00 R 1,\' t; e <J i v ~ !l • 

t 11 n i. t s . 

h T S ll i l :h 

st i m lGtln .ffccts of 1o'. do of x-rnys sult i 9 n 

t l l e r , r 1 o r - b r . l1 e d p 

I w i «j ~ 

t.louble b y i r r d i a· t · n c t h 

nd .1 . tc l /. t in p 

x r r c ia o to ncre 

nt s \ ith gre:-1c. a 'cr~ dry 

rye 

seers . In th t :>am yea Shul l 

nt v verin trv u · or ·h · clde cl 

cro yi lrl . ·n 19 -ll , V t 

o un d h C1 t he at ~, p o e t o 1 o t , o s e .: o f , - r a y .; r u c e 

large r plants th·n d'd ". 1 ~ controls. Sparrovv a1 1 Ch.~.. · ·te: . . e 

( l · ) f o u n d e v e c e o i t t e s t i m • · J t i. n g e · £ ~ , t 0 n g r 0 \ t l1 

0 u b j e c t c c l t o m o d e r a t e i n t e 11 •• • t i e 
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of the gamma-field at the Brookhaven labor a tories. In 

experimentation on y' eld of Kat ahdi n pot at oes af t e r expo -

sure of the tub e rs to varied doses of gamma radiation , 

Sparrow and Christ ensen (1 950 ) fo un d a significant tr~nd 

toward b tt e r germination wh n low doses of gamma radia tion 

were u::, ed . Sim il a r r sults we re reported by Fischnlc h 

~ ~. ( 1961 ) on potat tubers exp osed to x-rays anu gamma 

rays . Radiation giv n in a low dos (10 R) was effe ctive 

in spr out promotion, bu t inhibition o f . sprou ting of t he 

potato tuber occurr d af t . r exposure to high r dos '., of 

x-rays and gumm r ay~ ( 1000-7000 R), 

\\ Sparro a11d Chri s nsen (19 5 3) su ggest d t h t one 

crit er ion to" t: V lu t h e . f .ct of raui. a t ion \ r~ th e ross 

morpho o ical app · a r nc of t h plant, r: n ~ e · ~ .L, a m' ld 
. 

effect m a ns a slight 'c r . as n he i ht or v gor o the 

pla t. A s vere ff t n i c t J s a d . finit e , o t en 

I 3ma tic d vintio f r o m t h e n o r m a l o r c o n 1· o l l a 11 t i. n s i z .... , 

vigo r, an d in many c . e . general m ph ol og y. Th t s , in mb st 

ins t an c e c: , a '' s e vere _ f J c t" i n j_ cates c t e s t at i n g o r 

d~ nr fing fro l hi c h 1. tl p la f!lay or m'"' ., . 0 J 1 0 t Tecov 'r . 

i Ac cor in g to c a · ct t ( l 3) I) e o f t tt e nos t co .1:110 n l y 
; 

us d crit ei·ion of ra i 0 s nsitivi y is s ee ling l . i ht at 

sp e c i 1. i c t i me s o 11 o in ::1 exposure . T h hi he s t e ,' p o sur e s 

s eem tc produce th e l ~a t g rov t h. S o r. e i n v e s t i g a t 0 r s 

believe the r edu ction in see dling he" ght follo , i ng .xpo re 

t o ion izin g ra d i atio ay not be l e l y . ue to f Jil ure in 
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DNA synth e sis but ma y be influ e nc e d by th e cell's general ~ 

me t a bolism and its failure to utilize va rious nutrients 

0 (Gunckel a nd Sparrow, 1961). 

Sparro w (1951) r ported that lo w do se s of gamma r a dia-

tion we r e su f fic i ent to produc e on e or mo re mo r phological 

r es ponses. Th ese includ e d, in a~d ition t o gro wth inhibition, 

s o m e u ~u · J s h a p e s a n d s i z e s o f 1 e a v e s a n d o f r e p r o d u c t i v e 

s tructur e s. H p rt ro phic g r owth in c ert~i n s t ru c tu re s wa s 

fre qu e ntly obs e rv e d. I n s om s p - c ' e s, tumor-li k g r o wth 

Rs we ll as s om a tic mutat ion s we r e ob ·erv d. Dose which 

p r o d uc ed mar k ed morph ol og ic l h n g~ s lso pr o lu ed a 

c o n s i ·1 e r a b e rn o u n t o f c h r o m o s o rna 1 a b r r ~ t · o n s . How v ~ r, 

in c e r co v r y to n :! or m a 1 row t h p t t r ·1 o ccur r n man y 

pllln ts wh ic h h ad previ ou ly show n s ~ v er e ra 'i at 'o n d~ rn ayt: , 

i t waul m that mos t o f the rr.orpholo g i.c l ab ,r r at io ns 

w e 1· e n o t o f g , e t i c n t u r e . I t i s c o . i e r t h t t h y 

l e r e pr obab l y th res ul t of rad ia tio n-i 1rluced p ysiolog i c 1 

chl1nge s alth ugh i t i possible t h t they \ er or \ha t 

re l a t ed to chrom o somal ab ratio ~ (Spnr ow , 1951) . 

T h e s u b ~ . u ~ n t c h a n g e s o 1) s r v e 'n p l nt tissues as 

the res ult o f adia , ion may be due to s e veral l1t e rre l ated 

face t s . ccordi g t o Lott a ~ 'all (19 6 ) , som e nves ti-

u to r s explai n th ese alterations on th e ba~ i s of llnatom ic al 

cha n ge ~ in t he variou m· rnbrane s inv o l• e d. Lo w d o ..., es o f 

r a d i Cl t i o r. m y f f e c t t h e t r a n ~ 1- o r t 1 e c 11 a n i s m s , w h e r 8 a s 

hig her doses may bri ng abo u t p .. y s i c a 1 de struction of t i s sues . 
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So m attrib ut t h mai n r ad i atio n e ff e ct to urowt h depr s ­

sion and no t to p rm ab ility chang s ( Lott a nd Wall, 1968). 

Bas ed on th e ir in v stigat io ns , Lott an d Wa ll be li v r ad i a -

tion produc s a n ff ec t on m tabolic tran sp ort m c h a ni sms . 

Th ch ang s may b e du to a br akdow n in th e anatom ic a l 

int egrity of t h c ll u l a r t r u ct. u r s. -~ 

Min ral Ab o rpt i on 

As r ort d by H· ck tt (19 6 ), Gr gory in 19 7 found 

th a t a b lan d nutri nt su ply p r o lu ed a lin ea r lation-

sh ip betw n dry l ight and nutri n t upt k • I n the a l s n ee 

or pr sene o f c rt a in m·n e ral , or in th cas, of th 

failur 

111 ·taboli 

of a plant to utili z 

111 a c I in y b a 

art i cu l ar min r· s , t h e 

· r J ( St \ art.l , 1963 ). 

The sse n t iality of a n l m nt can b d termin d by 

sev ral factors as withhol di ng or r d ucin g an l em n t to 

d termine if normal growth i e ff ec t ed , if any d ficiency 

diseases are pro duc d , and if c rtain b"oche mical r actions 

ar e alter e d. Mineral absorption may be aff e ct ed by th e 

metabolic activity of the absorbing cells, conc entr ation 

of ions in th e external solution, cell perm ea bility, int e r­

ionic effects of one ion on another, and the kind and natur e 

of the ions (Terry_ and Ward, 1959). Ho we ver, in reports by 

Humphries (1951) ' · and Russell and Martin (1952), it was found 

that the e ffect of one element ·upon the uptake of anoth e r is 

virtually ind e pendent of other ions. 
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Smith (196 2 ) s t tes that thr ough unkno l n mechanisms 

plants have th capacity of sel e ctive absorption. This may 

vary both qualitatively and quantitatively with the species. 

Th e physiological ag of the plant tissu e is probably the 

mo~ t important f· ctor aff cting the mineral composition. 

Each e l m nt ha s a c h r c t ri tic patt er n th t accompanies 

th e ag ing of ti su s . Cone ntrations of nitrog n, phosphorus, 

and potassium r gr ate· in you g tissu s t han in old, while 

t h t n d t o b tru e for som of th e other 1 me nts. 

Red ist ibution o · ments wi. t hin th pla t is a contin-

u . l 1l'OCC"'S , I1 many pl"nts n w growt h is sol , ly cl p n rtt 

o 1 t h ' ' l s o f s to e m i n r a l s • l e ves m y lo to 

3 % O .L til ir ni.troy ~ n 

growth . Youn · J r 

nit r og n mith, 19 ). 

t h 

h s 

l ment mov s 

ior't y on 

irectl into n c 

y b · o r!Jel 

lt is Goncltt t h t t h _ h y p t h e s · s o f n o rn l e x D o n n 

quilibri' m y t m n acc ount for most of the ob r'Jat · ons 

on th J iTii. · 'al absorption o i ons y pl t ells , vh reas a 

proc S' d p nd e nt o n r · p 'r· t'on mus t b postu l at d to exp l a i ,. 

th sub<> _ u t j r r e v -- r ~ · b l . a b ::> o · p t i o 11 o 1:' a c u m 'J 1 a t i n , p r o b -

blj in to the v · ole . Th 'ni tial up ak of 3 ions is much 

l es · than tha of catio · 1ic h is cons ·· t 1 t ~ ith Donna n 

e uilibrium . T1e ca io n e xchang ~n th · ppare nt fr e .s pact: 

\' o u l 11 ! pend o any met b o l :i. c c 1 c n g e s in t 1 e c y top 1 as m 1.1: h i c 1 

i . flu nc the concentration of .i mmo bile ion 

Robe ·t on 1956) . 

(Hope a. 
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Th er i s co nsi derab le evidence th a t the tonopl a st is a 

hig h resi~t a n c~ bou nd ry to th movem nt of fre ions and the 

gro wth of the c ll to pr ed i ctab l e s h ap is in i ca ti ve of a 

spatial or g nizat ion of mol cul s an of c h arg d sit s . 

Evid e nce indic t s t h t th turnov r o f h a rg d sit e s on 

m c rom ol ecu l s is n ral c h a ract ristic of m t bolic 

proc ~ s Th re i s the po ssibi lity th t 1c ti v tr n~port 

i s cons u ne e of th spa t i l o r i t tion of sit s a t 

whic h m t ·:1bo li r t i n s oc ur on m r mo l c ul e in th 

c yt o las m ( I d 1 to n and Ru s ll ' l ) . 

Nitroq n in Pl nts 

[ it . 0 e n s th mo t imp rt n t e l m n t ta k n l by pl 

roots . 1 L s a nac · r u ~ h 0 

aff et c I by a combination f facto 

bsor pL . Oll i · rn r cd ly 

in th m t bol ic pro-

ce s of the 11. Nitrog n n rs nt 

chloro p hyll, prot in , nucl ic acids , 

(Rob ertson , 19 8) . 

th e st uctur of 

d co - cnzym s 

It i s v ry h r , if not i mp o ssibl , to distingu i h 

b ~twee n nit ogenou compou n ds synth siz e in s i tu a nd t o e 

ompoun ~ in Lr nsit from r ea of sy thes is in the root 

an d l ea ves 

l 3, c onc 1 ud 

s repo rL ed y S nson (19 7) , Ha:, ~ 21_ . , i n 

th t the abo -gr o un d part s of corn pla1 ts 

cant lbu te 0% of the to t al n ' t ogen in th e ma ture gra in 

a n d '-l 0% 1- a s c o n t r i b ~t t d i r e c t l b y t 1 c r o o t s . It \· as 

b e li eved that nitra t s were convert rl i t o pro tein -li ke 

substances n t he leaves an d tran lo~ ated to th - gra i n . 

nt 
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According to Sawnson (1957), this statement of the form of 

translocated nitrog e nou~ compounds is in contrast to that of 

Engard, who in 1940 concluded that in the raspberry there 

was no d ~f init e longitudinal translocation of any organic 

nitrogen compounds e ither upward or ownward in the bark. 

The nitrog e n distribution which does occur is in the form 

of nitrates, princip lly in th xyl e m. 

Sawnson (1957) r port ed chromatographic analysis of 

phloem sap in icat I a r lativ ly low concentration of 

nitrogenous compounds. It is not knovn wheth r the low 

cone ntra ti on of nitrog nous c mpounds found in th e phlo m 

.x udate is e vid ne e th t th re is not valid sa~ple of the 

nitro g nous tr a n slocntio n al m teri ls, or wh ther th e lo w 

cone ntr atio n is comp e nsat d by high r tran sl ocation rate, 

or whetlt r th major portion of th e org nic nitrog n com­

pounds are synth s ze in th fruit _i!!. situ from xylem­

s upp li ed min eral s lts a nd phloem -su pp li ed sucrose. 

In v st ig ators suc h as Br on and Gi lla m (19 4 ) have 

suggested that th rocess o ni trogen a ssimilation in the 

pl nt pa ss s through a step involving the r d uc t ion of 

n i t r a t e s t o ·n i t r i t e n f i a 1 l y t o n i t r o g e n c ~} r r i e r s w h i c h 

fu nction in the synthesis of am i o acids and proteins. 

Breo n an d Gillam (1914) des cribe th th~ory , advance in 

102 by Eckerson , ' hich su g e sted that tte r educt ion process 

is govern ed by a r e ductas e hich catalyzes the reduction of 
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nitrat . s to ni t rit e s if c rtain nee ss nry co nd ition ar - met, 

such as th e p r s e ne of hosphorus, pota ss 'um and c r lcium . 

M i 1 e r d f i i n i s are r cognized by · ar iou s p hy ic l 

h ng s in l e f color tion an si z , pla t heig ht, etc . 

( A land r, 19 5 ). n pl nt ~tudi e s by Night 'n l ( 1948 ), 

it v s indict d th t n viron m,nt 1 in lu nc s u ch a s lo w 

t rnp ratur e o r hi h s l t con n trnt ion i th u trat 

m y 1 0 car o h yd r t ccum ul t"o n n fie' ncy of 

ni trog n . ' X s v trag n upt k m y incr s in 

th 1 um b r n t h s i z 0 f c ll s ( 0 v n' 1 o7 ) 

Ph 1 ant s 

Ph · pho · u i n · nuou · l y ircu ting up nd c! ~n 

til e pl81lL. t :1 . ~ p il 0 ..] l 0 . u " l 0 c 110t nlOVt; 

l 11tcrnlly i tlc plant (Sm ' th l 9 6 ) • T h e m s t l · I< 1 y p t ,, 

of phosphate m v m, nt. om pl nt root s ir the transpi 

t .i on tr e m h' i t r · l 1no v nt i thou ht to b r gulat d 

by t h e c mb.ium wh · his bet~ en th xyl m ncl phlo e v 1ls . 

Th anionic hospl or s ou d n nucle'c ac i , phospho -

lip.ius, n d o nzy11 s · 0 and ATP (0 lin, 1 67) . 0 r ' ng 

f c · pi ·a t ion inorgan · c p iO p 1 · te is pic' 8J up r :m the sur -

r o u n I i. n g m e d i u m , p a r t i c u l a r l y b y t h e m · t o c o n d ·: i a d i ncor-

por n ~ed i to DL t o arm TP ( Gilbert, 19 · ) . 

H ket t (196 reported that Gr e gory, in 19 ·17 ) fo 11d 

a l .i n e n r r e l a t i o h i p h c t \ e e d r y t\ e l g t a n 1 n u t r i e t u p t a 1< e 

\ h e . ·b n r l , y \v a s g i v e n ba1an .,ed nutrien "" Upply . 
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symptoms of potassium and phosphorus deficiencies were most 

marked at th e ex trem es of the potassium/phosphorus ratio. 

Vasil e v and Rybalka (1959) reported that Kuzin and 

Strazhevskaia, using Lutescens-t2 wheat, found that the 

roots of 4-day old s ee dlings showed no l a rger depression of 

phosphorus uptake after irradiation with 3,000, 10,000, 

15,000 and 20,000 R than did seedlings receiving 1,000 R 

doses of x-ray. Va sile v and Rubalka us ed Moskovka wheat 

and doses of 1,000, 3,000 and 5,000 R. None of thes e 

doses depressed min ral uptak e . At th 1,000 R l e ve l the 

irradiated plants absorb amounts that were equal, within 

the err ors of the e xp rim nt, to that of the con t rol group. 

Small differ e nc s w re found at the 3,000 and 5,000 R 1 v e ls, 

with th e irradiat rJ s dlings t nding to absorb more tit· n 

the control Th ese dose s stimulated the plants s light ly , 

but the effect soon vanished . Winter wheat given doses of 

10,000 and 50,000 R caused th plants to tak e up less 

mine ral than the controls, though the iffere c in all 

cas e s w rv slig~t . It woul seem that mineral uptake is 

very insensitive to radjation (Vasilev an Rubalka, 1959 ). 

Results of eff ct.) of phosphorus def iciency in 
I 

Spirod e la by Bieleski (1968) dem onstra ted that gro\th 

normally occurs at th e expe ns e of externa l phosphate. 

During deficiency , g r owth is li mited by the rate at wh ich 

phosp hate ca n be translocat ed t1 rou g h the tono plast and 

tis su es to the gro wing points . Growth c ease s , he n the 

supp ly o f non- metab olic· phosphate is ex hausted. 



Studies by Russ e ll and Martin (19 52 ), on the absorp­

tion and utilization of phosphorus by young barley plants, 

revealed that when the external concentration of phosphate 

is reduced, the proportion of absorbed phosphate found in 

the plant is markedly reduced. Plants treated with low 

concentrations of phosphate lose the recently absorbed 

mineral to the out er medium when transferred to phosphate­

free solutions. Pl nts treated with higher cone ntrations 

tend to los e a smaller proportion of the recently absorb ed 

phosphate. Devlin (1967) describes symptoms of phosphate 

deficiency as pr emat ur leaf fa ll, ov er all stunting, dis­

torted l aves , reduced vascul r tissu , incr e se in pith 

cel ls and fewer xyl m an phlo m c e lls whic h have thin 

wa lls. 

13 

When there is a phosphorus deficiency uring growth, 

the plant accumul tes nitrat es in the tissu es ue to an 

inability to utili ze the nitr tes (Breon an Gillam, 19 4). 

Th is caus es the plant to xhibit ef 'ci nci es o f both 

ph osphorus and nit ~age n. T sts with tomato plants, using 

nitrate as a nitrog e n source, exhibited moderate symptoms 

of phosphat~ defici e ncy and showed an accumulation a :· 

nitrate~ in all parts of the plant. According to Breon and 

Gillam (19 ), when plan ts were giv e n d iff erent forms of 

nitrogen at four levels of phospho us , there~ a s no better 

re lative growth on any of th e levels than th e pla nts 

utilizing nitrat e . 

/ 
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Radiation Effects on Plant Growth 

Radiation ffects on the physiology of cells may be 

influenced by a wide range of factors such as: available 

oxygen, amount of water, metabolites, enzyme inhibitors, 

pH, and temperature. Stu ies of glycolysis and respiration 

have not provid ed e vid nee of dir ct int rf renee by radia­

tion with e nzym activity at os es below 10,000-20,000 R 

(Kahn and Hanson, 1957). In 1956, Strazhevskaia an Kuzin 

found that 1,000 R of x-rays ups et them tabolism of 

phosphorus-cant ining compoun s in the roots of wh at 

(Va si l e v an Rybalka, l 9). 

As previously st t by Gunck l an Sparro (1961), 

a nato mica l ch ng e in c by xpos ur to ionizing r ia-

tion ar oft en ccomp ni by alt ration in physiologica l 

proc ss s ss e ntial for norm 1 plant gro\th. R sulting 

from thes e chang s an p rhaps at times contributing to 

additional alt r tions are such factors as the plant's 

ability to utilize avai able minerals or th deficienc y 

of certain e sential nu tr ients. 

Literatur is very can ~ on r ferences to the affect 

of wa shing as it ill b us 2d in th is study . As previous ly 

sta ted, Cong e r~ al. (1968) hav e present ed o me back­

ground information on ~ . ic1 basis post-irr ad iation washing 

may result in benefici l effect on damage induce d by 

radiation. 



CHAP T R III 

MATERIALS AND METHODS 

T h m t r 1 u . ] in t 1 tu i\' Q S th F nog r _ k 

b an - -~T rigon urn Thi p ci has rapi 

seed germination a n fast dlin ro L h . Th s 

g rmir,ate \ 1 1 in iS 0 g TO\ t h pouch s and ar quit 

tol era nt to irra iation. S r individually 1 ct d 

for uniformi ty by w ight 0.02 ± 0.001 mg . Th r r six 

tr ea tm nts an 200 s s per tr atm 11 . . Th e tr atm ~ nts 

wer a follo s : 

Control---S e d s w r e n i the r irra d iate nor \a h 

15,000 R--S ed ve r xpo 
of ga ray , 
wash e • 

to a os e of 15,000 
ut th s eds wer not 

30,000 R--S eds ~ere exposed to a ose of 30,000 R 
of g amma rays, but the s ed s we re not 
wash e • 

Control---See s wer e not irradiate d , but the seeds 
Wash ed were was hed . 

15,000 R--Se ds were exposed to a dose of 15,000 R 
Washed of gamma rays an d th e n the seeds ere 

wash d. 

30,000 R--S eeds \ere exposed to a dose of 30,000 R 
Washed of gamma rays and then the seeds ere 

washed . 

15 
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Th e dry se~ds, containing 6.9% moistur were wrapped 

in on lay r of cellophane wrap and plac ed in a fix e d posi-

tion in th source hold r for expos ur . Co-60 was the 

radintion ource. Th e dose rat was 900R / minut . 

Aft r th proper tim of x osur to ra j iation the 

seeds to b wa h w r pl c d : n running tap wat r for 

a period of 4 hours, an th n th e y w r plac d in DiSpo 

* pouches. S s to b wa he r p l c in running water 

at the sam tim as the unwash e s w r lant d in th 

wet pouch s. 

Ten se ds w re lac in ch DiS o ouch and fiv 

pouch s repr nt fiv r plicat s for ac h tr atme nt. 

Th e r plicat s \ere aTra ng d in a randomiz d block d sig n. 

Th experim ntal unit was a pouch of t n pla nt s . The sam 

arrang ment \as follo\ ed for each har est . S edlings wer e 

harvested 7, 14, 21, and 28 days from planting. 

During gro th, the pouches were placed in a gro th 

chamber set at l5 ° C during an eight hour night and at 25 ° C 

for a sixteen hour day. The light intensity \as set at 

24 kilolux. Equal a~ounts of water and nutrients were 

given the plants at specified intervals (Devlin, 1967, 

Table 27, in the Appendix). 

At each harvest two plants from each pouch were measured 

for length with the measurement being from cro i n to tip. 

*DiSpo pouches are six and one-half inch square, plastic 
contain e·r s containing a paper wick \~ h i c h forms a trough on 
which the seeds may be placed. 
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Th e two plant 

each pouch ( a 

w r samp l d at ran dom . All th plants from 

on unit ) w r m asur d fo r fr sh and dry 

weights . Pl an t root w r w· h d wi th d istill d wate r a nd 

th e n ke pt in a dr yin g ov n at 70° C for a 2 -hour pe rio d . 

Th e plant s w r th - n gro un d \ ith a Wil y l aboratory mill. 

Min ral d termination for th l m nt nitrog n 1d 

phosphoru s w r mad o n th dri sampl 

Nit rog n w s d t rmin d by th P kin - · l m r lo 

Elemental Ana ly z r . Proc u- s u d ar list d in th 

instruction ma nual o f th El m ntal Analyz r. 

l 

Metho ds for ho phoru a n a ly i s ~ r adapt d from 

· O 

me thods scrib y Han a (19 6) . In r li min ry inv s i -

gations , s i milar d ri d p lant sampl r e d i g t in 

nitric and p rchlori c acid a \ ' ll as in sulfuric aci a n 

hydrog e n p roxi d • Compari on of th e t~ o d ig e stion pro-

cedur es in dica t ed th at th e form e r . me tho d gav e b e tt r 

reproducibility for phosphorus d t e rmin a tions . Th absorb­

ance of th e dig e st ed plant solutions at 600 m~ was co mpar d 

with that of a stan da r d s er i es containing 0 to 100 p a rts p e r 

million P0 4 . While the color did not e velop suffici e ntly 

when sulfuric acid and peroxide we r e used , the ma terial 

digested in nitric and perchloric acids produc ed the results 

shown in Table 26 (Appendix). This in d icat ed that th e 

material digested in nitric acid and perchl oric aci d s ~as 

more appropriat e for the det ~rmination of phosphorus. 

Phosphorus determinations we re mad e on a Hitachi Perkin-Elmer 



Model 139 S p ectroph otom eter at a wave l ength of 600 mit· 

Dig e stion p roceJure s were a follows: ad d 5 ml of con-

centr a t ed nit ric a nd l ml 70 % p erc hloric ac i ds to 0.10 g. 

of dried pl a nt ma t rial, t h n heat in a boiling wa t e r 

bath for 30 min or until r duced to on e h a lf volum • 

The diges t was th n brought up to a volume of 23 ml with 

distilled wa t er and th n r ad on th sp c t ro photo me t e r. 

18 



CHA TER IV 

RESULTS 

Rat of Grow h 

S ed ling H 

Th h i ht of Fenogr k lin at v rio us ag s fol -

lowing tr atm nt of radiation a n w shi ng ar pr n t d in 

Tabl 1. Th fi ur s in th la st wo columns r pr n t th 

least signific nt diff r nc in h igh b t n two tr atm e nt 

means within the am _ ag 1 v 1. It is calculat d from 

values of stu ntiz rang at K6 0 (Gol 
' 

tein, 196 ) . 

Table 1 indicat s that at th e ag e of 7 days , s dling 

height was not affect by ra iation. Th wash ing tr at-

ment did reduce seedling he ight, if th e s eed s we r e not 

irradiated (Tabl e 2). 

With one exception, the 1 , 21 an d 28-day ol d seedlings 

given the 30,000 R dose of ga rna ra d iation we re reduced in 

height to a highly significant extent \hen compared\ ith 

the effect of the 15,000 R dose (Tabl e s 1, 3, 4, and 5) 

(Figures 1 and 2). 

The interaction of radiation and washing was seen as 

the seedlings gre~ older (Tables 1, 4, and 5). The low 

19 



Age of 
Seed l.n gs , 

Days 

7 

1 

21 

8 

T BLE 1--SE DLI. G HE GHT OF FE OGREEK 8 AN S IN C 1 
( FIGURt.S A E VE 1 GE ~ OF 10 SEE DL IN GS) 

Lea st Si g nificant 
Ra ng e Be t vee n 2 

Control 1 -~ooo R Tr e atme nt 1 e an s 
Non -

Washed ' a she d At 5% At 1% 

3 . 8 3 . 2 3 . 9 j 5 3. 6 3 . 3 0.6 0.7 

6 . 0 5 .7 6 . l 5 .7 4 . 2 4 .8 0.7 0.9 

10. 4 10.0 7. 9 9¥3 6 . 0 6. 1 1 • 1 1 . 3 

15 . 0 13 . 6 9 . 3 13 7 7. 6 7 . 9 3 . 0 3 . 6 

C\) 

0 



21 

TABLE 2--ANALY I OF VARI ANCE 0· S ED L NG HEIG HT OF 
7-D Y OLD FEN G E·K E NS 

Sourc d • f • s . . M • F v lu 

Total 1 . 64 

Rep licat e .. 9 . 6 * 
Tr atm n t l. 0 tl 0 :\< ( 

Rad . Effect 2 • C) 0 . 7 . 9 

H J .. v • · o u -R cJ • 1 0 . 0 . 0. 

Low RarJ . v • High R d • 1 0 . 0. 28 6::: 

We1 h Effe t 1 .77 2 . 773 16 . 90>i: >:: 

R d • X ~ash . 2 0 . 2 0 . 16 . 98 

Tr e atm n t X R pl i at 2 8 . 29 0. 1 2 . 3* 

Erro r . 93 0.1 6 

!;:s · 0 ni f:l a t a t th c: OL , o l . v l 
~):::~sign· /.i cant a t th 1% l e v 1 . 
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TABLE 3--ANALYS I S OF VARIANCE OF SEEDLING HEIGHT OF 
14-DAY OLD FENOGREEK BEANS 

So urce • f . s . s . M.S . F Valu e 

Total 9 5 4 . 99 

R plicate 1. 7 0. '8 1 . 5 

Treatment 5 . 7. 69 .~ 4 0 19 . 8* 

Rad. Ef fect 2 . 06 12 . 31 42 . 5 1 ~'< 

R a I . v . Non-n 1 . 29 . 29 l . 6 >;< 

Lo w Rad . v. Hig h RacJ . l 1 .77 1 .77 66 . 32~: 

Wash Eff ct 1 0 . l 0 .01 0 .0 

Rad . X Wa.:>h. 2 3 . 62 1 . 808 6 . ' 8 ,c 

Treatm nt X R p lic a t e 20 17 . 6 0 . 3 3. 0 l >:( 

Err or 30 8 . 9 0.28 3 

* igni fi nt t th l% l t 1 . 



TABLE 4--ANALYSIS OF VARIANCE 0 SEEDLING H~IGHT OF 
21-DAY OLD FENOGREEK BE NS 

Source d . f . s . s . M s . F 

Total 59 2 .. 82 

Replicate 1 2 . 63 0.66 

Treatment , 4 .77 .9 5 .l 

23 

Valu e 

1.06 

9. 6o~c 

Rai. Eff ct 2 17 .0 7.52 141.16 >:: 

R ad. v. Non - R d . l 1 i 1 . 111 . 8 17 . 8 1 :;: 

Low Rad. v. High Ra . l 6 6 3 . 6 10 . 52* 

Wash Effect 1 l . 98 1.90 3. 19 

R a I. X Wash. 2 7 .7 5 3 . 86 6 . 22* 

Tr e atment X Repl icate ·o 79.97 .00 6. 5* 

Err or 0 18 5 0.62 

*Signif ·jc nt nt t h e 1% l v 1 . 
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TABLE -- N L YS S OF f • NCE Of SEEDL T G II· IGH 0 
2 - Y OLD rE 0 R7 EK UE N 

o urc d . . s . . M •• F V lu 

Tot l 

Replicnt . 6l 

Tr tm nt 42 . 04 l 1 . 1 

R· d . Effect . 17 218.0 l . 40:;: 

R · d • v • : ! o .1 - 1 a rl • 1 · ~ 9 . 2 29 . 2 '- • l ... 

w Ra . v . lligh R <i. l 1 J 2 . 89 l . [ ) t ( :.:: 

· sh Eff ct l 17.28 17.2 3 . 6 

Had . X Wash. .39 .. ( t1 7 l >;: 

Treatment X epl i ate 20 132.8 6. 6 ·1 1 . l 

E r r 0 1 0. 2 ' . 70 

~:: i. g n i a . t ::1 t . " l ?~ l P. v l . 



1' . J \l . n l · n g h e ights in c m. at v a r i o l l s a 9 c 5 

v; · h in d icat d tr vatment . VeTticQl 
n s on th abscissa in di cat e the lea t 

i gn' f icant diffe r ence between t wo 
ra m nt me ans at th e 5% lev el . 
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radiation dos e a nd th e post-irra diati on w s hing eff•c t 

appeared to r e duce the damage expressed as a result of the 

higher radiation dose (Figur e 2). 

Se e dling Fresh Weights 

The fresh weights of Fe nogr e k see lings at v rlous 

ages following treatm e nts of ra iation n d w hing r shown 

in Table 6. S e v e n da y old s erl lings in d · t that wit h 

increas ed ra d iation dos there w s a deer 

weight (Tabl es 6 and 7). 

In th e 14 - d ay old s ee dli ngs , th . r 

in fr s h 

tion ff ct 

continu ed to reduce fr ~ s h w ight , XC pt in t h dl in gs 

g iv e n the 15,000 R dos and th w s h "n t t m n t J \ h r 

Lh . re wa s a · 1 · h t it c ·c · ·e 

Ther e is more than a 9 5% pro 

l' C J } ~·: C i I • t ( r i) C .) 6 c • n 

i ity , how . v r , th t \as h ·n 

red uc e d fresh weig ht if th e s e Is \ r e n t ir r i t 

(Tnbl e 6, li ne 2 ). 

In the ol de r s d lings , th high r di t ion do s e f c t 

noticeably r ed uced fre s h \ e i g h t ( Ta l s 6 , 9 J n l ) 

(Fi g ur e s 3 and ) • T h e 15 , 0 0 R u o s ap e a r e t o st · mu l a t e 

p l a n t g r o w t h , e ~ p e c i a 1 1 y i n t e ·~ e d s t h t e r e \ ' h e d 

(T a bl e 6) ( Figures 3 and 4 ). 

Seed ling Dry We i q hts 

Dry we ig ht s of th e 7- da y ol I s e d li CJS \e r e r e d ced by 

bo t h .lev e l s of ra d i at ion. This r edu ction i as r eate r, 

how e ve r , in th e s eell lin us r ec e "ving th e h igh e r o se o f 

) . 



TABLE 6 - - F ESH EI GHT OF "' ENOGREEK BE N SEEDLI IGS IN 
G S ( IG JR S AR A 'LRAGES OF 40 SEEDLINGS ) 

Least Significant 
Range Be t\ .. ;ee n 2 

Control l"" . 000 R 30,000 R Tr ea t 1ent e ans - --------- ---
Non- Non - on -

Wash rj Wash t.; d a shed \ ashed At 5% At l% 

7 0 . 178 . 0 . 1611 0 . 1 92 0 . 15 9 0 . 1112 0 . 1280 0 . 03 56 0 . 0 4·11 

l ~ 0 . 4 0 .. :..25 0 . 335 _ 0 . 36 9 0 . 3366 0 . 266 0. 0939 0 . 1163 

1 0 . 68 7 "" o. 5· 5 0 . 7 40 0 . 7 0 . ~j 50 0 . 2940 0 . 17 30 0 . 21 4 2 

8 0 . 7101 0 . 70 90 0 . 768 0 . 8- ·15 . 5'"' 3 0 . 4088 0.2 30 0 . 2638 



TABLE 7--ANALYS I S OF VARIANCE OF FRE II WEIGHTS OF 
7 -UAY OLD FENOGREEK BEAN SEEDLINGS 

Source d . f . s. s. M.S. F 

Total 29 0. 96 1 25 83 

Replicate 4 0.0 7 441 98 0.01 113612 

Treatment 5 0. 7466587 0 . 94 3317 

Rad. Effect 2 0.: 7 · 7 · 08 0. 1 

Ra d . v . Non -R ad . 1 0.3161~ 96 0 . 3161 J' 96 l 

Low Rad. v. High Rad. 1 0.0 17281 0 . 0817281 

Wash Effect 1 0.0 11 44 03 0 .0 4 11 4 03 

Rad. X Wa sh. 2 0.0356 976 0 . 01782 88 

Er ror 20 0. 291 398 0.0 21 5719 

:_'( Significa nt at the 1% 1 vel. 

28 

Val ue 

0 . 67 

II. 2 ~· 

9 . 27* 

.7 3* 

3 . 81 

1.92 

0 .8 3 



TABLE 8--ANALYS I S OF VAR IAN CE OF FR ES H WEI GH TS OF 
14 -DAY OLD FENO GREE K BEA N SEE DL I NGS 

Sou r c e d . f. s. s. M.S. F 

Total 29 9 . 613 0 130 3 

Replicate 4 1 . 2...,3 1/ 57 0. 31 161 1 

Tr e atment 5 5 . 1 • l 0 ,,7 11 

Rad . Ef f ec ? ') 148 ·1 12 

Ra d . v . Non-Ra d . 1 1 . 3 722 8 1 . 3722 3 

Low R ad . v . High Rad . l 0 .. 5970187 0 . 97018 7 

29 

Va lu 

2 . 2 

7 . 8 1 :,'<* 

.0 !t i.~ 

9 . l ** 

6 . 7 5 :!: 

Wash Eff ect 1 l . ,j 5,.. 9 1 1 . - 918 8 10. 25:;.* 

Rad. X Wash . 2 

Er r or 20 

*Significant at th e ~% l eve l . 
**Sign ifi cant at t h e 1% l e ve l . 

1 . 79 

. 8 

53 72 0. 8972 736 6 . 3 1 ~' ~: 

179291 0 . 1 1 0896 



TAB LE 9--ANALYSIS OF VARI ANC· 0 FRE H WEIGHT OF 
21 - DAY OLD FENOGREEK BE. N SEEDL NGS 

Source d • f . s . s. l. . F 

Total 29 4 2 . 9 5 

Replicate 4 . 19 l 1 . 7 . 

Tr ea tm e nt 5 . 9 

R a I. Effec l tl . 7 7 7 . 

Rad . v . Non-Rad . l . 7 6 8 .7 6 

Low Rad . v • High R ad . 1 5 . 77 . 477 

Wash Eff e ct 1 13.3-67 1 67 

R a cJ • X Wash. 2 0. 2 0 . 6 ' 7 

Error 20 9 . 80 1 0 . 190 ' 

*Significant a t the 1% l e ve l. 

30 

v lu 

. l 

. 6 ):: 

1 4 . 9 .. 

17. ,;, 

12. 1 * 

27 0 I 

,,_ 

0. 
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TABLE 10--ANALYSIS OF VARIAN CE OF •RESH WElGII OF 
28-DAY OLD FENOGREEK BEAN S·E OLING 

Sour c e . f. s. s. M. S . F v lu 

Tota l 29 60 .1 89 

Replicate l. 7 7 1 • 14 4 1 • r:. 

Treatment 5 4 . 8 38 . l 1 . 1 

Rad. Effe ct 2 . l 1 1 7 ~t • ... 

Rad. v. Non-Rad . 1 1 . 6 1 • ~ J 2 . 
,. 

Low Rad . v . High Hnd . 1 34 . · 60 Lj • 16 3 li: 

Wash Effect 1 0.2218 0 . 218 0 

Rad. X Wash. 2 4 . 5206 2 . . 603 3. 7 

Error 20 l .71 1 0.7 ~ 70 

:\~ Significant at th e 1% level . 
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F i g u r e s 3 a n cJ cJ - - S e u i n g f r s h t c i g h t · n ~l r m s · t 
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gamma radiation and the washi ng tr atme nt ( Ta l . s 11 and 12 ) 

(Figures 5 and 6). 

In the 14-day ol d s dlings t h J high ff ct \ 

more effectiv e in reducing dry w i h t ' p lly i th 

seeds h ad been washed (T ab l s 11 and 13) s nd ) . 
In the ol d r se lings th r duct ion in l r y w i ht 

as the r e sult of the high radiati n 0 ff 
' 

\ a n 

more appar nt (Tabl es 1 l ' 1 4 ' n 1 (Fi ur n ) . 
In the 21-day old s dlings the f ct va hing r uc 

dry weights in all tr atme nt s ( T a l ll) . Th int r c on 

of th e effect of radiation an w shin is n in h 

28-day old plants, wh r the 15,0 R r u mon tr t 

an incr ease in dry \eight as comp r \ ith th e lants 

given th e high radiation os an th con rol rou (T bl 11) 

(Figure 6). 

Min ral Cont nt* 

Nitrogen 

The mean percentag es of nitrog e n cont n of dry 

Fenogreek bean seedlings are pr s nt d in Ta l e 16. Ge n-

erally, seedlings at all ages d i d not sho• any significant 

differ e nces in nitrog e n cont e nt as th e result of e ith r se ed 

irradiation or washing (Table 16), that is if t\ o treatment 

means are compared. Th e 7-day ol s ed lings in i cated no 

s i g n i f i c a n t c h a n g e i n n i t r o g e n uy t a k e ( T a b 1 s 1 6 a n 17) . 

*In this study cont e ut is expressed as per cent in dry 
seedlings of Fenogreek beans. 



Ag e of 
Seed lings , 

Day s 

7 

14 

2 1 

8 

TABL E l l--D RY WEI GH T OF FEN OGREEK BEAN SE EDLI NGS IN GR AM S 
( FIGURES ARE AVER AGES OF 40 SEE DLI NGS) 

Leas t Si g nificant 
Rang e Be t wee n 2 

Control 15200 0 R 30 2000 R Tr eatment Mean s 
Non- Non - Non -

Washed \ashed Was hed Was e d Wash ed Washed At 5% At 1% 

0 . 01 66 0 . 01 49 0 . 0151 0.0 45 0.0 151 0.01 43 0.0010 0.001 2 

0 . 0 302 0 . 0 226 0 . 02 0 . 0 :2 2 0 . 0256 0 . 0181 0. 006 1 0 . 0 076 

0 . 05 47 0.0 4 11 0 . 0459 0 . 0 28 0.0332 0 .0 20 9 0.0 13 9 0. 0172 

0 . 09 1 0 . 0691 0 . 06 6 0 . 0 70 6 0.0521 0 . 0329 0. 02 4 6 0.0 304 



TAB LE 12 -- AN ALYSIS OF \ AI I C · JF RY ~ · I H S F 
7-D AY OLD FENOG REEK BEA~ S · L NG 

Source d . f . s . s . M • . 

Total 29 0.00 23 7 663 

Replicat e 4 0. 0001 6 28 0 . 00 0 007 

Treatmen t 5 0 . 0010 0 0 . 20 13 

Rad. Ef f ect 2 0 . 00 Ji 7 . 00 1 9 

Had. v. Non-Ra d . 1 0.000 3 7 5 0.0 00 7 

Low Had. v . High Had . 1 0. 00000 3 7 0 . 00000 3 7 

Wash E f fect 1 0 . 000 527 0 0 . 00 0 270 

35 

Val u 

0 . 66 

3 . 33* 

. 1 

6 . 20* 

0 . 0 6 

8 . 71 ** 

Had. X Wash. 2 0.0 00100 8 0 . 000 0 0 5 0 . 83 

Error 20 0.00120 982 0 . 000060 91 

*Significant at t he 5% leve l. 
**Significant at th e 1% l e ve l . 
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TAB L E l 3 - -AN A L Y S I S 0 F A I AN C F 0 l• D ~J. Y W E 1. G 11 T , 
1 4 -D AY OLD F OGH E~K BEAN r.··o LJt (; . 

Source d. f. s. . l· n J t e · 

Total 29 o.o l 4'"5 

Replicate 4 0.0 0 42~1 0 6 l '7 . 71 

Treatment 5 0. 2 10 7 . · ) :.:· 

Rad. Effect 71 8~6 

Rad. v. Non-Rad. l 0. 2 7 • ] :~ 

Low Rad. v. High Rad . l 0. 21 7 9 0 . 00 l 7 tj • 1 

Wash Effect 1 0 . 0 99 7 20 09 7 0 16 . ....... .. .,, 

Rad. X Wash . 2 

Error 20 

*S~gnificant at the 5% l e v 1. 
**Significant at the 1% le e l. 

0.00 3 ' 17 0 . 26 9 . .. ..,.. 

0.01 2 4 02 6 0 . 00 6 01 8 
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TABLE 14- - NALYSIS OF VAR [ANC E F RY £ [ HT F 
21 -D Y OLD F NO REEl BE N 'EE O [N 

Source rl • f . s . . I • lu 

Tota l 0. L5 06. 

Repl icate .:.l 0.0277 .-'27 . 0 ( l :.. . l .. 

Tre tm n t 0 . 2222 : 7:.. • 0 1 1·1 17. 1 ' ·• .- .. 

.., c E f •) . l ! . (\ 6 . 07f ( 7 I 1: ~ l . . :;: 

Rad . v . Non-Rad . l 0 . 10 . 1 ) :- l .- l 3 . { 1 ·:1 

Lo w Rad. v . High Ra ~J . 1 . 0. 0 T 7 .; '2 

Was h Effect 1 

Rad . X Wash . 2 

Error 20 

~Sig ni ficant at t he 1 % l ev 1 . 



TAB LE 1 5 --ANAL YS S OF VARI ANCE OF OH Y W lG fiTS OF 
28-DAY OLD FE OGRFEK 3E , SEED I GS 

3 

Source d. f. s . M. . Va 

Total 29 0 202616 

R plic a t e o. o:37o 2.-o 

Tre a tme nt 0. 707:... i 7. 

d • F.f ec :J 0 . . ·) :-=nr A 

Rad . v • Non - R d • l 0 . . 2 ~ 1 :3 261. 

Lo Rad . v • High Rae! . l 0 . 2007 106 

Was h Effec t 1 0 . 086:2 3 

Rad . X Wash . 2 0 . 09'8715 

Err or 20 

::~s i gn · ficant at the 5% lev e l. 
**S i g ificnnt at t c 1 ~ 1c e l. 

l 

09 27 j • 

. l I l I I ::: ):: 

) ' .( ·~ :i 1:3 l . ( 1::: ·:: 

. ' '- 13261 7.:::: 

.20 ( I 8 ') :_ . . ... ::::: 

0 . 0862 8 .:1 ):: 

• 0 It 08378 .... 1- ... 



ur nd l ' n dry weights in gr ams at 
ag s with indicated tr e at­
y rt 'c al lin e s on the 

: c i · ~a _. 1 d i c L e t 1 ' l eas t s l <J Jl i f i -
t c1 · f f r n c e b e t e n t w o t r e a t m ~~ n t 

% l ev l . 
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TABLE 16 --PE RCE NTAGE S OF NITROGEN I i D Y SEEDLI NGS OF FEN OG REE K BEAN S 
(FIGU ES ARE AVER GES OF FIVE RE PL ICATE S ) 

Least Significant 
Range Be t "l-~< e e n 2 

Ag e of Control 152000 R 302000 R Treatm e nt Me ans 
dlings , on- Non - 1 on -
Days sh e d \ ashed a shed \ a"' he d a shed /a shed 5% l eve l 

7 5 . 47 5.20 5 . 47 5 . 66 5 . 54 5 . 55 1.068 

l 5 . 0 - . 93 5 . - 4 81 5 . 25 1.001 

21 ;.) . 9u . l 6 3 . 79 <-1 . 5 . 78 4 . 63 l . 202 

_8 3 . 12 3 . 3 3 . 3 . 6 . 3 . 90 . 37 l • 1 l 3 
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TABLE 17--ANALYS IS OF VAR I ANCE OF PER CENT Of NITR OGE N 
I N 7-DAY OL D FENOGREEK BE AN SEE DLINGS 

Source d • f . s . s . M. S . F Va lu e 

Total 29 9.9700 

Replicate 4 3 . 02 00 0 . 80 00 3 . 01* 

Tre atment 5 0 . 60 00 0 . 1 2 0 0 . tll 

Had . Eff ec t () • :3 :>,. (- . 16 7 . . 7 

Ra d . v. Non-R ad . l 0 . 3320 0 . 3 20 1 . 1 

Low Rad . v • Hig h Had . 1 0.00 36 0.00 6 0 . 1 2 

Wash Eff e ct l 0 . 00 29 0 . 00 29 0 . 01 

Rad. X Was h. 2 0 . 261 5 0 . 1 0 8 0 . 5 

Er ror 20 5 .8 50 0 0. 29 5 

~;S i gn i f ic a n t at th e c::: % l e ve l . 



The br eak c1 o wn o f t r ea t men t s s Ul tl s o f s q u n r c~ s r e v e a 1 some 

int ere sti ng r es ults . For exampl e , the 11-tlay old s'ecl llngs 

contained a hi gh p e rc en tag , of nitrogen <.1s r es ult of tho 

w a s h i n g e f f e c t . T h e \v a s h e d s e e d s p r o d u c e d s e e cl l i n g s \1 h i c h 

exhibited syst e matically gr eater nit rog' n content (T blc l 

lin e 2 an d Table 18 line 7). 

In th e old e r seed lings an incr e s in rncl · t in clos 

caused a n incr ease in the perc e nt<.1v e of ni trog n (T l e · l 

19 and 20). In oth er word 3 t t h c 2 L · t a 11 tl 2 0 tIt cl · y 

ni tr og e n p e r c e nt a g c s \v c r c h i g h c r i n s e '' 11 i 11 ~ s 3 · · r s u l t o f 

high r ad i at i on I o s e a s co 1n p a r c 1 I L o c i t h c r low r ·1 <I i a L i n or 

no radiation . 

The me · n perc en t ;1 J ' s of p h o p h o r us d t' I r m in' d a · 

phosphat e ont e nt of dry •cnO<Jr'eck ~~ a n : c cl 1 i n q s n r c p r ' -

sented in Table 21. With the , x p t i o n o f t h t, t - < I ( y ld 

se e dlings, ther 

a result o£ the 

w a s n o <I i f f ~, r e n c c i n ') h o · p h r u 

r ad i at i on o r w ;_1 s h i n <J ' f f <' t i f 

tr ea t me nt means were o.11pa1ecl (Ti.lble · -1,:2 

· o n <' n t n -

indi.viclua 

2 ) . I ·1 8 e ; f; · a l L ; , c 7 - ;_ y o l , I .; e c J l i r1 ~J • · J i ' ~ 1 < i t 11 t he 

lo l radiat ion Jose or o radi.<1 tion d mon ·trat rJ an i1crcu·e 

i n p h o s p h 0 r u c 0 n t e n t \' h i c h w a s s i g n i f i c a 11 t , \ h n : o : 1 a r d 

w i t h t h 0 ::, e r =- c c i v i n g t h h i u h r a t l i ·1 t i o n d o s . j h o ;·; «' ' r s u r. h 

a d i f f e r e n c e w a s n o t c o n : i s t e n t i n s u b · f ' q u - n t a iJ 



TABLE 18 - - ANA LYS IS 0 ~ VAR[ANCE OF PER C·NT OF NI R 
IN 14 - DAY OLD FENOGREEK BE N SEEOL[N 

Source d • f . s . s . M. 

Total 29 ll . 1200 

Replicate . 9 lOO 0 . 

T e a tme nt :2 . ·1100 0 18 ;_ 

R d • F.: . f f' t 0.71:: . : .- RO 

Ra cJ. v . No n -R a d . 1 o .. J92 

Lo w RacJ . v . Ili gh H u . l 0 . 12' : . 12 .. 

Was h Eff e ct 1 1 . 1 1 1 . 701 

Rad . X Was h. 2 0 . 9 0 I!)~ 0 

Er ror 20 - . 0700 . 2.-

:; Si gnific an t at t e 
,... Ol 

7o level 

Vn1u 

~~ 

l ' 

1 • 

.... . I 

0 . 1) 

. 7 >:• 



TABLE 19--ANALYS IS OF VARI ANCE OF PER CENT OF NiT 0 E 
IN 21-DAY OLD FENOGREEK UEAN SEEOLl 

Source u. f. s .s 1. s . I• v 

Total 29 16 . 6 10 

R pl icat e tl .:::>700 l . ' 

Treatment 5 3.7600 0 . 7:> 2 . 

l cl • E __ f c .. ·) .... . 7 <)Q 1 . 0\4 n.J 
\.. 

lu 

... 

u· .. 

R ad. v . Non-Rad. 1 0 . 77 6 . 7 7 () 6 .... l2 

.... . 02:... I 2 . ') :... l c: 2 ''• Low RacJ. v. High Rad. 1 .-

Wash Eff ec t l 0.3 2 0 0 . : 26 

Rae!. X W8sh . 2 0.6 ':- 0 o . 17. 7 

Error ~0 7.3100 66 

~(Significant at the ,- 0/ lev 1_. • jf) 



TABLE 20- -ANALYSIS OF VAR[ANCE OF P~R CENT OF IT 0 E 
I N 28 -D Y OLD FE lOGREEK IJE \N SEEOLI S 

Source cJ. f . s. s. d . F v l u 

Total 29 l .:... oo o 

Heplicat e tl :3 . 000 0 7 . ::: 
..... 

Tr e at me t 
;:- I. 0700 <)7 :3. 1 ):: 

Rnd . F f f e t I . '2 :2 0 l 2 . 1 l l 6 . .) ( ):: ,: 

Rad. v. No n -RncJ. 1 10 l 2 . 1 8l 7 . 1 ~:: -. 
Lo Rad . v . Hi g h Rad . 1 1 . { 1 20 l ' l .- . 6 I ::: 

Wash Ef fe ct l . 62 0.62 1 . 

Rad . X Vas h . 2 0. l 2 l 0. 6:.. 1 . l 

Error 20 6 . 1300 . . :_ 1 

".¢S i gn ificant a t the -0/ level . ,o 

: :~ .: S i g n i f i c a n t a t t h e l OL ,o level . 



T BLE 21--PE RCE NTAG S OF P OSPHORUS ( PO ) IN DPY SEEDLING S OF FENOGREEK BEAN S 
(FIGURES ARE A E AGE S 0 FIVE REPLICATE S) 

Least Si gn ificant 
Range Between 2 

Age of Control 302000 R Treatm en t Means 
s edlings, No - Non -

D"ys Wash d v shed tv ash\;, d ~~as ed shed ~ 0/ 
:::> / 0 lev el 

7 0 .7 37 0.662 0 . 7-16 0 . 788 0.672 0 . 509 0 . 223 

l · l . l l 2 0 . 878 0 . 993 l . 0/3 0 . 878 0 . 913 0 . 355 

21 1 .17 0 1 . 039 56 l. 0 t 6 l . 2 0 l . 2 l 0.209 

28 0 . 90-1 0.80~ 0.777 0. 916 0.819 1 . 060 0 • 62 
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TABLE 22--AN ALYSIS OF VAHI NCE OF PER CENT OF PIJ SPIIORUS 
IN 7 -DA Y OLD FENOGREEK IJEAN SE t' lJLI G 

Sourc e rl • f . s . s . ~I. . nlu 

To t a l 29 0.6200 

R p lic ate ll 0.1100 . (). 7 .) •) - . "" 
Treatm e nt 0.2600 0 . I . 1 

R ad Effc r..t 2 (),1_;)) n . ( 7 >. (> • : 6::: 

Ra d . v. Non- Rad . l 0.0020 0.0 ._ • J 

Lo w Ra d . High Rad . l 0. 1 S7 0. 1 70 i ~ " ) !:( 

v. 

Wash Effect 1 . 0:3 2 . 6 l 

Rad . X Wa sh. 2 0.0680 0. 2 .7 

Error 20 0. 2.J0 0 .01~ 

::~s ignific a nt at th l 0/ / 0 level . 



TABLE 23--AN ALYSIS OF VARIANCE OF PER CENT OF PHOSPHORUS 
IN 14-DAY OLD FENOGREEK BEAN SEE DLINGS 

18 

Source d . f . s . s. M.S . F v lue 

Total 29 1.2000 

Replicate 4 0 . 3000 0 . 07.0 

Treatment 5 0 . 2800 0 . 1. 81 

Rnd. Eff e ct 2 o . tlnn . 77 

Had. v . Non-Rad. 1 0 . 00 26 0 . ~6 

Low Ra d . v . High Rad. l 0 .1 07 :1 0 . 107 ,1 . 6 

Wash Effect l 0.0082 0 . 2 0.2 

Rad. X Wash. 2 0 . 161 0 . 80 l 

Error 20 0 . 6 00 0.0310 
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TABLE 24--ANALYS IS OF VARIANCE OF PER CENT OF PHOSPHORUS 
IN 21-DAY OLD FENOGREEK BEAN SEEDLINGS 

Source d • f • s. s. M.S . F Valu e 

Total 29 0.9200 

Replicate 4 0. 4800 0 . 1 00 10.91:\:;.'t 

Treatment 5 0 . 2 00 • Otl 0 tl • 18 ~1 

Rad. Effect 2 O.l :-~ 7 77 7. 7 :;t,;: 

Rad. v . Non-Rad. l 0.0318 0 .0 18 .89 

Low Rad. v . High Ra d . 1 0 . 12. 9 0 . 12 9 11 . 6 lit>:c 

Wash Effect l 0.0630 0.06 0 . 73* 

Rad. X Wash. 2 0 . 0113 0.0056 0.51 

Error 20 0 . 200 0.0110 

~:~significant at the 5% l e vel . 
~~~(Si g nificant nt the l 0~ 

I f) l e vel . 



TABLE 25--AN ALYSIS OF VAHIA Ct OF PEH CE T OF PH SPHORU 
IN 28-D Y OLD FENOGREEI BE 't SEEDLI GS 

so 

Source d • f. L S . F . l u 

Total 9 1 . 00 

Replicat e tl 100 . 0 l () . 1 

Tr e atm e nt c: o . :..7BO r • 0.> I l . 

R n c!. feet •l (' . ( ' () () ') () . 
Rad. v • Non-Rnd. 1 0.01. 0 . l . l 

Lo Rad . v . lli<j Rae! . l .03 <) .0 ) tl 

Wash Ef f ct l .06- 0 . 1 . 

Rad. X Wa h • . 1 .. 1 7 1 . 11 

Error 2 1 . 0 00 . 05 I 



In th e 2 1 -day old sc dl i ngs the radiation ffect 

prod u ced by the high clos w s demon tr· t :'ltl l y n incr s 

in th con tent of pho sphor us but this trend ~ s neit h r 

tru e at th e l~th north . 28th dnys . Th~rc app r d to b 

a reduct io n in th e percentag of phosphorus i ll t h 

w R s h e d t r e a t m e n t s a t t h e a g e o f :.. l u a y s ( T a b l s · l , - · {... Ll 

and 25 ). 

l 



CH PTER V 

DISCUSSION 

B a t o .f G r o \'V t h 

The pres e nt study on s J tiling heig h t r v l s t h t 

radiation damag e mny b exprJ sed ns r duction n 1 i ht 

a s s e e n i n t h e l t [ , 2 l a n d 2 8 - <I n y o l d s c ' d l i. n y ~ . t' d Ll 

t i o n w a s m o r e s v e 1· c .i n s e c , I l i n g · g i v ' n t h h i~jh 'l' uo 

gamma rnclint io n . S · m i 1 r r ~ s u l t s ~ c r c r p o r L < fl by r i " 

~~ · (1961) in th' r' pon· of wh~., t · c dl i nus :.~umm 

rad i ation. Radi a tion tli.cl noL pp 't r o r tlu c h igl t in he 

7- ' u y old seedling s , but s i nce lti s vas 1 · er ;1 p ' l r e n t 

th s ub ~eq u e nt ag group , it auld ' co ~id f I! cj S ' 

de lay d xpre·s i on of rRflintion-inclu e'< l injury . 

c c o r cl i n g t o C a .:J a t t ( 1 9 ( 8) , It i u 1 P t ' x p · u r to 

io nizing rndi t i on produce <luct ' on in gro rth m.to 

criterion of adi.oscnsi.tiv'ty. SjJ rruw (l -l) des ri d 

t h e e f f e t o f l o w d o s :.; s o f u : t rnm a r (I i n t i o 1 s t1e i nhibiti n 

of gro ,, th. 

Gu n c k c 1 Q t l d S p n r r o • · ( l 9 6 1 ) s u v c t cl t. h ' r c I u c t i o i 

h e i g h t m <l y b e p n r t 1 y I u e t o t 1 c ll ' m tabolis an<l in:~bil-

ity to ti li ze r, 'rt i nut rlcllt 1 \'' o u l d a n 1 a r t 1 ll t t h 0 

30,00 0 R d os e was s•.tf!icient to p o luce h ight ret'ucti n 



but not hi gh e nou g h to caus e d · · a ec r as e 1n m1n ral u tak . 

From inv e stig ations by Vasil e v an d Rybnlka (19 9) , u ing 

wheat seedling s, low to moderat e dos s of -irradiation 

stimulate d pho sp horus upt ake . Do · of 50 ,0 00 R w r 

53 

required to pro d uc e e ve n s light d cr as 

tion. 

in min r l b orp-

Although the 1 5 ,000 R caus d r duc ti n in dl ing 

heights, it app eared th at washing th s de:- imm d i . 1 y 

after irradin tion caus ed r cov ry 1 t r n in h 1 

and 28 -day ol d s eed ling s . This r td uct on in ma m y 

the result of th e r emoval of som d l t ri u s f ct r fr m 

the seeds as a r es ul t of the washing t atm n . 

Fresh weights we r e g ne rally d cr r a i a n ' 

with the effect more apparent as th r \ r 

and as the dose incr eased . Thi possibly i th m nif ta-

tion of alter ed metabolic activity as th r s ult of r a i tion . 

An e x c e p t i o n w a s t h e i n c r e a s e i n f r s h ~ · i g h s \\. h n t h 1 o \ 

dose was given and which was eve n mor app a r nt h n th 

seedlings were from see ds wh ich h ad be n \ash P rh a s 

the washing tr eatment remov e d so me ma t e rials fro m th s ed 

which caused the injury to be r ed uc ed . 

In this study the chang es produced in s eed lin g d ry 

weights generally parall e l ed th e chang e s dem onstr at d in 

seedling heights. One expression of ra d i atio n damage may 

be measured as a reduction in se ed ling dry ~e ights. This 



r e d u c t i o n m a y b e e v :i d e n c e o f i n s u f f i c 1. t~ 11 t ., t 1· · t · 1 · u 1 J y w1 t11n 

the se e dling. 

As r ep ort e d by Snr i c ct al. (1 96 1), incr eas in radi -

tion dose caus e d decr e nse in \h at t~ d 1 i n g d r y w i h t 

we ll as h e i g ht. Fang (1969) repartee! a redu tion in <lry 

weights in h e r researc h involving QCl!TIITI[.l-irra li · tetl F no re k 

bea ns. 

The r ed u c t ion i n dry weights in th l- d ' t y o l I dlings 

from wa sh e d s eeds could p erhGps b e nttrib ut ed to th rl m v · l 

by wash .i n g o f some e l ""'m c n t s e1 n d / o r ~ n z ym ' rom t h . (,d. 

th u s r esu lt ' ng i n e1 rl e lay of activity in th< ur in Sf L d-

lings . 

T h e in crease in ury wciu h ts in the :20-clay 1<1 scccll in s 

fr o m s eeus g i ven th e low dose and w:tsh in r 3tm nts ) r, l c l 

t h a t o f th e i n cr e~se i 11 i !]ht <:t • W< '1l u· frf · h \Lig hts . 

This c o uld in d · cut ~ rc overy from racliat ' 11 i II j U r y \'.' h . ., h 

n ot e v i den t in the you ng e · sccdlinCJS . 

S u rn m a r i z i n g t h e c £ f e c t s o f r · 1 I i ~~ t i o n a n <I ' a · h · 1 1J o n 

seed l i ng he i g h t, _Lr e sh i:tn!! clry t. ights , i t is fo n ll Lh t 

\.. . 
' ' 

e x c e p t f o r t h e 7 - d a y o 1 rl · e e d l i n :J s , l' a c1 i t i o n ' f t t I~ 11 d d 

t o decrease se ... ell inl] h 'ight cspc ·ally as th do e 

radiat ion incr e ased. In t he older · ' ed lin s h n·hin 

treat ment :::~ppea cd to be :::~rlv · nta;; eo ts in r 0 r:t 0 i n g r 0 r r y 

p a r t i c u 1 r 1 y ~· l t h 1 o w r a d i. i.l t i o n d o · c . 

Th e fr sh welght were g ~ n e r~-tlly reduc d 3~ th re ult 

of t h e radiation eff ct except in t h old ·eedl in gs that 



were from wash ec l soe cls given th e l o · <lcs T h '- d r y w , i g h t s 

were g e n era ll y cor r s p on cl in g to h t' i g h t s , n n <I \ P r n ot ic ~ nbly 

reduc e d as a r es ult of w· shi n g effects . Th is r tlu t1o 

dry weights may b e , in part, th result of lnr 

cellular spac es in the washed tr eatm' nts (Fr E.e ma 

In her study , which was dono on f .... nogre k b ea ns 

cen tage of in t erccl lul r . paces in th l env s 

s ee::Jlings wa~ found to be c nh ne e< ! by b th th 

radiation and washing. 

r.1 i n c r i.l 1 Co t f' n t 

r i t 

l 

t h ' 

the 

f 

l t h o u g h <I i f f c r en c e . · i n n i t r o g ~ n up t al <! , "', p r .· ::> 

7 

p 

ol 

in 

) . 
r-

r 

pe r c en t of dry Fcn ogreek s '~dllnns ~ere not i niCi · n . ly 

c a : < ed lJ l 1 i. u l ~ . ~ ~ u 1 \j 1.' \' u ..) :; i. i 1 ~; L ll c j'') 1 u r · L' c· d in u 

co n t a i n , d h i 9 h e r n i t r n CJ ~~ n p e P n t ·1 u c s ·1 . · o rn p 'l r u < I ..; i h h 

ol d r p l ants. A c c 0 r cl i n v t 0 H 0 b L . t 0 n ( l C) :> n ) ) · ~ n cl 10 i h 

(1 96 2 ), ni trog e n appenrs i hi gh.:r nCP L t OilS in v 

m e t a b o l .i z i n g t1 1.· c a s o f y o u n g p l n n t s • I n t h ~~ s " g r \ ' i. n 

regions, non vacuolntcd, div i clinu c lls '1 k up q nn le 

of meta oli.c ni.trogcn nne! phosphoru· (}S , ions. Tht old 

p l r 11 t s u s u a ~ l y ,. y 11 ~.- l1 ~' •> i /, t~ c .J r b o h Y <I . ._ ' Ll •, t ' r t h a n n i r o -

g en o us com p o u n (I s , t !1 us r c s u l t in g 

nitrog e n . 

n a lo \·.·t" · entag, f 

inc re se in c1 i. tro en cont"nt ~·hen h l ! -d y 0 l . 

i. s e e d l i n D s . we r e f o m 1.1/ :1 s l ' d s e e d s 

o f t 1 e i r r r y · ,, - i. g h t r e c I u c t .i o t1 • 

";; r h a p s n m a n i f t' t a t i o n 

ll i ·cu ·ed abo thl._; 

d y \' e i g h t s ~ · r ., · 2 < l u c c d J s a r · ll l t. o f \ •J • ' i r g • u·th~rm r 
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the tendency of th e hi g h d o se of rn d i at i o n to cause los s in 

dry weights was associ a t e d wit h in cr a e of ni tr o ge n pe r­

centages in th e 21 a nd 28- d ay old s ee d l ings . Vas il e v a n d 

Rybalka (1959), in stu d i e s of t he e ff e cts o f x - ir r ad i a tion 

on mineral absorption in wh ea t s eed l ing s , f oun d t h at d o s s 

of 3,000 and 5 ,000 R s ti mul at e d th e plants s l ight ly, but 

the effect soon v a ni s h ed . Th es e a u t ho r s , ho we v r , w r e 

referring to min e r a ls oth er th a n n it rog ' n, a s will b m n­

tioned lat e r. Bes i d e s differ e nc e s in r ad i s n s itiv ity 

betvveen whe a t and F e nog r ee k b e arrs , l v 'ls of r 11 t i n ar e 

different. Acc or d i ng to r s c:Q rc h r ~ u h ;:) Shull a n I 

Mitchell (1933), a nu Sp a rro w a nd Chri t n s n (l t ) ' l 

dos e s of rad i a ti o n a ppea r t o s tl mul at t l i . rn n< l nt 

growth in g e n er al, bu t hlg ll t;r do s s J o 1 t . t t; I , 

then, that a s th e s ee d l ings f r m s v r ly i rr llt d 

gre w old e r th e ir dry we ig h ts w r r du e At h 

time, th e i r nit r o g e n co nt e nt i n c r a d omp r to li ng· 

from the no n - i r r ad i a te d or 1 i g l1 t l y i r r ·:1 < l i ate s e tl s • T h i s 

could account f o r hi g he r n i tr og n pcrcentag 

Alt h ou gh t h e p h os p horu s c ant n t i n p r ce n t of ling 

dry we ight s , appe a r e J to incr ase · i th g t 1 st u t il 

th e 21st da y, t h e r e wa s no pa rti cul r pntter n t o in i c te 

ra d iation o r wash in g e f fe cts . Refer ri ng to t h e ct t a il ed 

analysis o f va ri a n c e , hc we ve r, it m y b p o s t ulat th t a 

high d o se of rad ia t i on on s eed s m y r e . uce met b li e c tl v-

ity res ul ting in p h o s phorus up t a ke , h ic h is i 1dicated a s a 
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lo wer phosphoru s p ercentogc in the 7-day old s clllngs frum 

the 30 ,0 00 R gr oup s compar erl to th group recc·vi h 

low e r radi ation dos At t hi s ge, thL t.Jr y eights f 

s ee d 1 in g s are not g rea t l y n f f e c t e cJ by r a {I i ion i n c 

is most l y stor ed food in t h e CP d . 

B y t h e a g e o f l Ll d a y s , t h c e s dlings st rt to h 0\ 

d e layed radi a tion damage , i ndi.c tt l by r <lu , cl tlry ~eigh s , 

thus incr asing t h i r phosphorus co nt nL o a 1 v 1 f n 

signific a nce. At t h c 2 1 . t d y cl y w i g h r ductlon \tS 

further ma nif ested , anrl th cor r p on cl i n g p h horu· ·on n 

increas e b eca me · i g lfl ant . Uy Lh e :...8th <lay th 

p h o s p h o r u s c o n t e n t b c j m c m n l t' r i n t I i · n t i n u n · · ~n ·fi anc 

t ough t ill hig h. 

H 1 g g l n b o t h a rn a n cl ~1 i I< ( L ') !) 1 ) , u v i n CJ x- i r . t I i , t i o n o f 

3 , 0 0 0 t o l 0 0 , 0 0 0 R t o <I i · t; s o f p o t ;1 t Iller , f)und 

m · n r ' l rc l at · ons of t h e tub er tissue~' r · 1 a t i '<' l y ; n · n 

s itive to x-ray . \ t rl 0 0 f :30 ' H' r ur .e r rnin( r. 

·:~ ccumul tio n vnri 'd) but s con i t n ly lt. ·s t . n · n th 

co n tro l s. 

I n Q r e p o t " ,\1 i. n e r <. l r J p t < k by lont Ho ts r 

X -I .l r a .i i:l t i o , '' V a s i 1 , ,, an I H y l ' 1,< 1 ( l 9 ~ 9 ) · t fl c h a t s t utI i ~~ 

o f m i n e r a 1 u p t a k e b y i( u z l n o n <I . · r t1 z h - v . · k <1 i < i n t t.1 ~ 6 

wh ea t se e dl i ngs ancl x-ray anti rndioisotop m")thods 

tha t 1 000 R doss l es enerl pho p1oru~· tptJ~ 
' 

. ll t h 

usinu 

indicat d 

iir t 

\' hourS after l Tall . ;Jt ionJ but ~e· ell i, CJ 
sqb-equ. tly 

e -: o v e r u an d t o o k up r.1 8 t P. ~" i t1 1 s j u s t s r . pidly n· i d t. l ' 



controls. Dos e s of 3 ,000, 10~ 00 0, 15 ,0 00 , an d 20,000 R 

produced no larger d e p re ssion o f p hosp h o ·u s upt a k • Th e s e 

researchers also r e port ed r es ul ts b y Forss b e rg, in 191 3, 

which demonstrat ed th a t radi a tion d i d not a lt r th e upt a ke 

by roots of oat-s ee dlings. Su mmar i z ing th ir own inv es ti-

gations, Vasil e v an d Rybalka sta t e , " Wh t d ling s we r 
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given radiation dos e s of 1000, 2000, 300 , 5000 , 10,000 a nd 

50,000 R; it was fou n d that min e r a l upt a l i s v r y in n-

sitive to radiation, a n d is alm o s t un f ct by t h a bo v 

doses. A slight s ti mul at ion was t a bl aft r d s of 

3000 and 5000; th e effec t oo n v a ni h " 

Such a s ta t em =- nt ab ou t min ra l upt I< m y b 

under th e i r experimenta l con li ti ns n m t 1 . 

1 i 1 -

t s hould 

be ment i on e d h er~ tha t th e i r m urcm nt r Ill I • n · o L 

tips, wh e r e the dry weig h ts ar not a · mp rtan f c t r 

as they ar e in th e c se of the wh o1 

Wa s hing th e s eeds d i d not s m t 

cont e rit o f seed li ngs , thoug h at th ~ · l t 

d ecreas e was o bserv e d . Un l - s t h is au 

Lll i n • 

f t p ho ·r h ru 

y · i ni ic nt 

is criti 

washed gro up with r ;;_g ards to ph pltorus upt 

1 in t 1 

h n n 

obs e rvation ma y b e o ly a chnnc v nt . 

Refe r e nc e c a n b e made to the an tomic 1 fin ng . of 

Fre e ma n (1970), us i ng gamma-irradiat eno r s e lings . 

Ther e wa s a hi gl ly sign i fica t r u t ion in th ~ cl ' am c t r 

of th e xy l em cel l s in the\ a e1 l contr ls , co mpar t 

t h e non- \·vashed co ntrol Both Smith ( l 6 ' ), a d I 



Moorb y (19 69), rep o r t thnt the most likt~ly pnth of 

phospho rus mov eme nt i s up ~1nd 1lown in the tr(.n p i r tio 

str eam . If thi s l at t er assumption is ::tcceptcd , t ca u l 

rn e a n t h a t t h e s e e lll i n g s w i t h ::; m a l l <' r x y 1 t m e l t m 11 t · t n s -

locat e sm a ll er a mount s of phosphates proportion 

siz e of th e i r xyl e m e l ements , thus, r ·sulting in 

perc en t age . 

0 he 

redu Ll 

In relating th e effec t s of rJdintion an1l ~ · sh'n t 

m i n e r a l u p t a k e , i t i s n o t i c e 1 I t h a L m i n l' r 1 

n itrog e n and p h o sp ho rus is directly ff 'l;L 

damage . High d o se of radiation rc ult i 

uptnl e f 

l> y r d l it t · n 

tiP ·r ast d ( ry 

we i g h t o f s e e c1 1 i 11 g s a n d <1 n i n c r c H · e i n llo t h n i L r o u · n <1 n !I 

ph o s ph o r u s p c r e e n t 0 g e s . I f t h t • < s s urn p t i o 11 i s t. r u ~ ~ t h n t 

p ho sph o rus is translocated mainly in tilt Ll'ill:-pit':t i • 

st ream, th e n the uptake of pho·pllorus \OUl1l bt rt·lilt : cl 

the si ze of t e xylem c.l.cmcnt::;. 'l' h c r t f o r t i L i · p o : · i l> l c 

th at th r e r1 u c t i o n i J1 x y 1 c rn c ' l l s i z e p l a y s a o lt! i 11 

r . stricti.ng pro ·phorus uptake 



CHAPTER VI 

SUM MARY AND CONCLUSIONS 

.1. This investig ation propos ed to stu y : ( 1) t h ct 

2. 

3 • 

of gamma ra d iation on se dling h i ht , fr 

weight, nitrog e n and p ho sphorus cant n 

bean se edlings; ( 2) th influ n of p s - irr 

was hin g of seeds on r i ion d m g · n th 

effect of post-irra iat ·an w sh ·n of s ) s n mi 

uptake of nitro g n an phosph ru . 

S ee ds were exposed to two d s 

(15,000 R and 3 , 0 0 R) from 

f v iJ 1 i 11 • r i t i 

Co- H 

k 

i n 

0 

the irr adiated s ds was lant mm ly l \ i 

irradiation, and the oth r h l 

tap water for a 2-1-h our p rio 

growth pouch s . 

Seeds o f a ll tre tm nt , rr g 

randomiz ed bl ocks , re gro n in 

n 

s p 1 ncl r r nn 

h n p1ac in · spa 

n fi .... l i at 

ro \ t h ch ambe un 

n e a r o p t i m u m c o n d i t i o n s • S e d 1 · n s ·v c h r es t d at 

i n t e r v a l s o f 7 , 1 Ll ) 2 1 , a n 8 a s . 

6 

y 



4 . The high dose of r ad i atio n (30,000 R) d cr ses s 

61 

ling 

5 • 

6. 

7. 

8 . 

9 . 

height, fresh we i~ht, a n d dry weig ht , es 

seedlings gr e w old e r . 

c i al l y s th 

In the ol der s eed lings th e high do~ 

strat ed by an incr e a se in nitrog n n 

ff ct s mon-

h sp horu 

cont ent , appar e ntly as a result of ry \ i ht r l uc ion . 

The low radi a tion do s ( 15 , 000 R) ct u 

ling dry we ight, b ut us ually th t wa y n 

expression. Ge n e r a l ly , t h l uo f r i 

accompani e d with t h e w shing t r tm n t r du 

tion injury s o t h t r cov y s ndi d y n ll s 

in s eed ling h e g h t • 

Wh e n the s e d s w r giv n th l 0\ d 0 <j mm r n 

wa s h e d , th e r \ as n rally n in cr 11 l11 l' n ·n 

phosphorus ca nt n t i n th dling 

If th e non- irrad i at ed s h <I he s 11 . 

gen e rally !lowe a d cr i.n h ight fr h \ e h t 

a nd dry we i ght . Th e d cr as ., not signif ' c n t in 

all instanc es . Ho v r ' th e ~ hin t tm n ~ 

r ed uc ed s eedl i ng dry w i ht sig1 ificantly in ry e 

group. 

I n ge n e r al , nit rog n \a s incr ea· d ·hi l p lOS h r S 

cont e nt was uecreas d in se dlin s rom 11011-irra ia 

w a h ed eeds . 
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TABLE 26--PHOSPHO RUS DE TER MI ATIO l~ IN DRI ED FENOGREEK BEAN SEEDLINGS 
DIGESTED IN NITR C-PERCHLOR v ACID S AN D I N SULFURIC ACID ­

HYDRO GE N PER OX I DE 

Nitric - Sul fu ric c i d ' Nitric - S u l fu ri c Acid , 
erchlor ic Hy d ogen Perchlori c Hydrogen 

s mple Ac i d s Peroxide Sample Acids Peroxide 
% ' ;:< %T %T %T 

-l 7 1 . 57 . 5 B - 1 74.5 66.2 

7 • 2 6 . 0 B - 2 75 . 0 60.8 

7 3 . 8 B- 3 7 .o 6 2 . 7 

7:.. . 5 61 . 2 B- 7' . 0 54 . 8 

71 . 0 56 . B -5 71 . 8 58 . 8 

.:·%T s to tr s itt ne e . 



TABLE 27--TH E CO MPOSITION OF NUTRIE T S LOTIO ~ 

Salt 

KN0 3 

Ca(N03)2 

NaH 2P0 4 ·2H 2 0 

MgS04·1H20 

Ferric citr ate 

CuS0 4 ·5H 2 0 

ZnS04·7H20 

H3 Bo 3 

(NH 4 ) 6 Mo 7 o2 · H20 

Coso 4 ·7H 20 

NaCl 

Gr m/L i ter 

0 

• 2 

6 

. 0 

0 . 00 

· 1967 . Pla t Physiol gy . Re inhol Co . )i;Devlin, R.M. 
New York. 

6 
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