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Preface 

Pl an t hormones , as rela ted to COi!l.IIlerci 9.l crop s , i s a 

r el a tively new fiel d of p l an t physiology . _ ecen tly t h ere has 

b een a t r end towa r d c o!.unerci aliza tion of pl ant h ormones f or 

agricultural crops , but a s y et many far mers are i gnorant of 

the g rea t Jen ef its t hat ar e to b e derived f rom plant h ormon es . 

Al s o a s i n any ne field of sceince much tedious exp eri~ental 

ork has to be don e bef ore such a product for a ll t ypes of 

comrn.erci a l u s e cou l d pos s ibly be i n tel lig en tly and efficiently 

used . ~ ith t his in mi nd and with t h e h op e t hat I could 

con tribu te even one small p iece to t hi s larg e puz z le , I ch oose 

for my experimen t t h e effects of different co,ncentra tions of 

rooton e, a commercially prepared h ormone consisting of a-napht hal 

acetamide, and t h ioarea i n a talc ba s e , on t h e root and shoot 

growt h of t h e soy bean . Th e rooto,ne is produced commercially 

by the horticultural division of t h e American Ch emical Paint 

Company in Ambler, Pa . 

Th e follo ring paper is divisible into thr e e parts , the 

firs t a ttemp ting to g ive t h e reader a f ew g eneral concep t s of 

plant h ormones and plant physiology , t h e second dealing with 

the actual exp eriment , a nd t h e t h ird , c onclustons t hat are 

drawn from t h e actual experiment . 

I wish to express my appreciation to Dr . Brownbac k, head 

of t h e Biology Department at Ursinus alleg e , and to Dr . Jones 

of t h e American h emi c a l Paint Company for t heir h elpful 

criticisms and suggestions . 



Introduction 

SEEDS 

Seeds. are among t h e mos t v a ri a ble structures produced by 

p l an t s . Th ey exhi b it a wi d e rang e of si ze, shap e, color, a n d 

surface a natomy , amount and nature of reserve food, de t a i ls of 

the embryo, met~1od of germinati on , l eng t h of l ife , and s o on . 

In sp i te o f t h e variety of assoc i a ted detai ls we ay formula te 

a fai rly u s eful g enera l d i s c uss ion of s eeds . Ji!very nor a l s eed 

cons ist s of at leas t t wo par t s , t h e s e ed c oat and t h e embr y o , 

and i n many seed s a t h ird s i g nificant fea t u re , t h e endosper_ 1, 

is p re s en t. 

The s eed coa t or coat s are usual l y mad e u p of ti s sues with 

g r e tly t h ic .. ened a nd har dened cell we,ll s , wh ich are ma inly the 

transfo r rned· ti s sue s of t h e i n te unen t or i ntegument s of t h e 

o l d ovule . The p rincipa l value of t h is par t of t h e s e ed lies 

i n its effective protect ion. The ou t e r s eed coat i s often 

ex t remely t h ick ~nd res i stant. The inner s eed c oat , i f this 

coat i s p resen t at a ll , i s t h i n and muc h les s i mporta n t. 

1'/tany seeds show a d efinite s p o t or scar on t h e surfa c e , 

mar k i ng t h e place a t which the s eed bro k e from t h e funiculus 

or stalk . Th i s is t h e h ilwn . 

co p ius end o sper m i s p re s e n t i n many seeds . This t i s sue 

i s commonly pac k ed with f ood whi c h may be used by t h e e bryo 

and s e edl i ng dur ing er mi nation . 



'fh e r ud i r:'len t a r y p l ant, t h e embry o of t h e s eed , may b e 

ver y smal l a nd more or les s emb edded in t h e end o s p er· , or i n 

s eed s rith ou t end osp erm t h e embry o may f i ll t h e whole spa c e . 

Structually , t,h e embr y o con sists of a c entra l axis with a 

rud i men t a r y r oo t , t h e rad icle , and a rud i men tary shoot or bud , 

the p lumule, t og ether wi t h a n i n t e r med i a te s eg . e n t , t h e h ypo 

coty e , and on e or tv o later 11 s e ed lea ves 11 , t h e coty l edon s . 

'rl!. e coty led on s a re usu a lly eph emera l ( s h rt - lived) , a nd i n 

certai n s eed s tl1ey nev er esc ap e f rom t h e s eed coat s or r eac _ 

t h e li-h t a ove t h e ~ round . L e coty led ons of n ume r ous other 

e ~d ·s r each t h e light t h r u t h e e l ong a tio n of t h e shoot , and 

t h en t hey u s u a lly d evelop e c h l or opl asts which e na bl e t h em t o 

photo synt h esize sug a r as do t h e t h e u sua l s econda ry. leav e s . 

hat t h ere a r e va l uable food s i n s eeds wi l l b e recog n ized 

wl e n we r ec a l l h ow f requ ently a nd i n wh t v a st qu a ntiti es man 

a nd o t h r a n i ma l s utilize seed s as f o od in daily us e . The 

a ccumul a tion of food s in seed s ena le s p l a nts to live t h ru 

per i od s of ina c tivity or d ormanc y and when renew t h eir act ivi 

ties and row wh en f avo r a ble cond i tions return . 

niong t h e variou s c a rbohyd r ate food s t.he s t a rch es are t he 

mo s t co . onl y p resent in f rui ts a nd seeds , a nd t h ey often occ ur 

in la~ e quantity in th e cel ls o f either t h e endo s p erm or t h e 

embry o . 

any p l a n t s s tore sug ars i n t hei r seeds , but t h ese are n ot 

as abunda n t in seed s i n g en eral as a r e t h e starch es . 

Veg eta b les fats a n d oil s o f g reat v ariety a re abunda n t in 

seed s . 



h ese foods a re usually most abundant in the embryo , but they 

a lso occur i n the end osp erm. 

The prot e i ns ar e high l y complex and ar e pos ses sed of ex 

t remely various ch emical and phys ic a l prop erties . They enter 

into t h e regular composition of p rotopl asm, and t h ey are found 

as s tor ed soods i n pr oba l y all s eeds . The seeds of le0 umes 

(soy bean) a re often rich in proteins . Stored proteins occur 

in s olu tion or i n t h e f orm of grai ns of crystals. Suppl ies of 

stored pr ot ei ns are of grea t v alue to t h e plant a t t h e time of 

seed ger mina tion and early growt h when new protopl a sm must be 

formed· i n t h e growi ng tips of the root and sho ot . 

G~ -~IN TION 

A n ew plant actually b eg i ns with t h e fer tilization of an 

egg i n t h e ovule and t her e it continues to grovv f or a time as 

t h e ovule rip ens into a se ed. Growt h of t h e embry o pr actical l y 

cea ses aft er a c ertain stag e evelop ement, duri ng which p eri od 

a supply of fo od accumulates in the s eed and the s eed coats 

become thic k and resistant. The seed is t h en mature, and when 

it finally separates from t h e parent it is well equipp ed to 

endure environmen~al conditions that may be unfavorable to 

i mmediate furth er growt h . When suitable conditions again appear 

the embryo may resume its growth . Th en the seed coats are 

brok en, the radicle and t h e hypocotyle emerg e, and t he seed is 

said to have ger mina ted. 'rhus we see that seed g ermi nation is 

noth ing essentially new in the life of the plant, it is the 

r esump tion of activities t hat had been temporarily reduced or 

susp ended as t he seed ripened on the parent plant . 



Cer t a i n ext e r n a l cond i t i ons a n d ma teri a l s a s we l l a s cer t a i n 

i nterna l ch anses a re nec es s ry to g err1i n a. t ion . h e p r oc ess es 

i nv ol ved oc c u r i n s i d e the s eed , and hav e t o d o with t h e de ai ls 

of water abso r p tion , d i . est ion by mea n s o f enzyme s , mov ement of 

f oods , res p ira t i on , a n d a ss i milat ion . 

mhe mos t i mp or t an t ou ts i d e c ond itions which mus t be - et 

i nc l u d e a n a d equ a t e supply of oxyg en . 

Th e d eath of a l l s e eds when s tor ed t oo l o ~ , a nd t h e ' f a ct 

t h at some k i nd s g e r mi ng,t e better af t er mod r at e s to ra~~ e t h an 

-vhen new, show t hat some p roc es ses 0 0 on i n the s eed even whi le 

d r y . Bu t s u c h p roc e s ses a re s low and i ncon spic u ous . ~fut er i s 

nee e ssar y to s t a r t t h e :pro top lasm and enzy-.me s of the seed i n to 

a ctiv ity , with the c on s e quen t takin~ i n of OArygen , a nd t o 

t ran s p ort fo od i; ith i n the s eed t o t h e 0 rowi n0 part . Wa t er a l s o 

s of tens h e s e ed coa ts; a n d a s soon as t~e seed b ecome s abl e t o 

h o l d muc h more wat e r t han i t c onta i ned durin0 i t s devel op emen t , 

the bulk i ne s s of t h e wa t e r burs ts t h e coa t s . 

v er y v i t a l p roc e ss o f c ells a nd of or a n i sms i s cl osel y 

rel at ed t o temp er a tur e . h e t emp e r atur e ma y be t oo low or t oo 

l i h , u t the r e is a l wa y s a most favorable i ntermed i a te , or 

op t i mum , f or ea c h act i v i t y a nd fo r 0 rowt h a s a whol e . h e 

maxi mum and t h e mi n i mum , as well a s t he favorable t emp er a t u re _ 

for t h e mos t activ e g ermi n a:t i on of t h e se eds , v a r y g rea t l y f or 

d iff eren t p l a n t s . 

e s1J i ra tion is ess en ti a l to life anci a c t i v i t y in ev ery 

livi ng c el l , nd a s u pp l y of oxy0 en is absolu tely necessa r y f or 

t h i s vital phenomena . Cellu l a r a c tivities , r esp ira t ion , a s s

i mila tio n , mitosis , a nd rowth occu r vig orou sly i n g erminat i n 0 

seeds , and on t h is a c c ount an adequat e supply of oxy0 en is a n 

a bso l ut e e s sential. The :prop er d ep t h to wh ich s eeds shou l d 



b e p l an t ed is l i k e l y t o be o l o ely reih.a ted to t h e OX'J g en s u _)p l y , 

ot 1e r cond itions e i nG uniform. 

G~ O'./ _f-:i: 0:5 'L_r::; :;::;JJT YO .. . l'ID u:JEDLING 

• s a result o f t h e above cond it i ons and activiti es t J. e 

embryo , e '.:, i s to :s row once mor e . I'h e cel l s of t e emb r yo a re 

enl~r~~d on ac count of t h e a · s o r~ tion of wat er by t h e cell wa lls 

c ne v a c uole s , a nd t h e embr y o enl a r es rap i d l y by the for:.na ion of 

new cel ls by mito s i s , particula r l y i n h e radicl e , _ypocotly , 

and p l umul e . 

h e r 3.d icle i s usual l y the f ir st struc tur e to emer ge f rorn the 

c left fo r med i n the seed c oat s , a n d it continues at onc e to 

develop e . Th e rov t h of t· e root i s o f ten s u p risin0 l y p r o--' inent 

b efore the cotyled ons h " _ ocoty l , a.nd p l u mule escape from t h e 

se ed . Th e elon~ation of the hypocoty l soon pushes the coty led ons 

a s ·.: ell as t h e plumul e t o the surfa c e where c h lorop hyll is s oon 

d eveloped in the coty l edons , secondary leaves , a nd stem of t h e 

se edli ng . h e rowing p l a ntl et so on becomes i ndependent of t • e 

foo d supply in t h e old seed and well rooted i n the s oil , and a t 

t hat" point t he se ed l in0 stag e i s ended . 

Incidentally , pla n t s mus t b e supplied i; ith t h e n ecessa ry 

nu tri ents for meta bolic pur p os es , in my ex perimen t a nu tri en t 

solution i s a dd ed t o h l f t h e nUc1 e r s o f pl a nts . ~ 11 the 

nec essary and essent i a l el ements for rov t h of plant s a re as 

follows: boron , c alci um , iron , ma 0 ne s ium, man0 a n ese , phosphorou s , 

:potas siurn , s u i f L1.r , a arbon , hydrogen , ni tro en , z i nc , copper , 

and ox: 0 en . Th e. e e lement s vii t h sou e mineral s a lt s fulfill one 

or o or e of thr ee functions: first, they a re n tritive and used 

i n the chemic a l c ompositio1 of th e plant body; secon d , they are 

c a t a l y tic , causing rea c t ions to occu r with out en t eri ng i n to t hem, 



and t h ird, tl ey are a lancing , a nt agoni z i ng ha r mful effec t s 

pro duced by oth er salts . Or t h ey may cause a medium of t he 

pro p er acidity for optimum growth and developement. 

hO. '~ON S OR 1XI Nd 

At present, t h e term 11 h or mone, 11 introduced to science in 

1 905 by t h e a n i mal physiolog ist St arl i ng , des i g nates a fairly 

l a r g e grouy of subs t a nc es elabor a ted by the or ganism and 

poss essing the cap acity of d i recti ng and regulaing the course 

of different vital proces ses . In common with enzymes , they 

possess a very high activity at exc eeding ly low concen t r ati ons, 

bu t they a r e dist i nguished by a g reater s t ability in respect to 

heat and oth er sestruc tive agents. 

Much exper i men t a l wor k has been do ne with plant hormones 

and results indicate t h e hormones ar e c apabl e of moving t hrough 

t h e plant in only one d irection , from the proximal end to t he 

ba se, and t hat hormones seem to act best in an acid medium, 

a l kaline soils seem to in activate hormones. At h i gh streng ths 

hormones always stunt growth, while at low s treng ths t hey force 

growth. These hormones a re s tored in seeds and a re of g reat 

significance in g ermination and seedling g rowth . As g rowth of 

the seedling continue s the concentratio1n of t h e store hormone 

decrea ses. 

DuBuy summarizes most of the work to date in the following 

statement in a recent magazine article. 11 The :plant 'hormones' , 

also called growth substances, growth regulators or auxins, 

belong either to t h e indole-or naphthalene-group such as indole-

3-acetic acid, indole-3-propionic acid, etc., and a-naphthyl 

acetic acid, naphthyl propionic acid and t h eir amides, (such as 

naph thyl acetamide--Ed.). Or else they belong to the vitamin 

g roup , lik e Vitamin B-1, Vitamin B-6 , nicotinic acid and Vitamin C. 



lso s or:ie oth er c h emic a l s s u c h a s t h iourea have siL i l a r e f fec ts . " 

T:rf2 :::..::- ;- 'h "l"F!NT 

The sand c u ltu re method of =>ro\i t h "\as- used i n t h i s exp er i :nent . 

'h e s and was thoroughl y washed with .hot .va t e r t o remov e al l ions , 

a nd t h en s uper h ea t ed ov er a Bun sen f lame to ma1<: e s ure t hat all 

or0 anis~ a nd b a cteria p resent wou l d b e d estroyed . ~ ft er the 

sa,md cooled it :vas :p l a c ed i nto e i g h t b ox es , e,pp rox i m.q, tely 4 11 x 14 1' , 

and a s wa t ered p ri or to p l a n t in • 

The seed s u s ed wer e p ic k ed for t h ei r u n ifo rmi t y in s i ze a nd 

we i ght . They we r e t h en we i ghted a nd p ortion s o f ro otone in 

prop er concentra tion w~re p repar ed . Th i s g a ve t went y - four 

trea ted with 1: 960 conc en tra tion rootone , t went y - f ou r t r ea ted 

with 1: 480 conc entra tion rooto n e , and t wenty- f our trea ted wi th 

1: 24 0 concen t r at ion ro o to n e . Th e r ema ining t wenty- four seeds 

\Tere used for the control g roup . In order to trea t t h e seed a 

standa r d nd a cce9 ted meth od was u s ed - t h ey wer e p l a c ed i n a 

j a r 1:ri t h the d r y rooto n e p o¥ der a nd shak en . h e p owd er coa ted t h e 

see d . 

Into ea ch sand filled bo x ~welve s e eds , t wo rows of six ea c h 

;; ere planted 3/ 4 11 b elow t h e sur ~·ace . Thi s gav e t wo t ax es pla n ted 

with ea c h type of t r eated seed 1 entioned above . In each case onE 

of t h e b ox es was watered with 1 0 ml . of wat er , while the 

s ec ond box was a t ered only on every other day ; on t -1e i n ter v ening 

days 100 ml . of an a queous , nu trien t solution was added t o t h ese 

box es so that ~1 e e f fec ts of t h ese inorg anic ions could b e studied . 

I. H. G. D uy , 11 I s Th is New dcience ·worthwhiie? , · ou t h en n 

' e edsman , 5:2 , F ebrua,r y , 1 9 '±2 , p . 1 4 . 



The nutrient solution u s ed had t he foll owing composition: 

1 cc. 
6 cc. 
4 cc. 
2 cc. 
1 cc. 

M arrnnonium acid phospha te (NH4H2P04) 
M pota~sium nitra te ( Kl'W 3~ 
M calcium nitrat e (Ca (N03 J2 ) 
J.J[ ~a,gnesium sulfa te (MgS04) 

H3B0 3 
MnC12 
ZnS04 . 7H20 

u 04 . 5H20 
986 cc. water 

~ith the add ition of t hi s nutri en t solution as a factor , 

t h e followi ng arr angement existed: 

Box 1 - Ro otone treated seeds - 1 part :240 parts . 
Box 2 - Ro otone trea ted seeds - 1 part: 240 parts , 

p lus nu trient. 
Box 3 - Rootone treated seeds - 1 part : 480 parts . 
Box 4 - ooton e trea ted seeds - 1 pa r t : 480 parts, 

p lus nutrient. 
Box 5 - Roo to ne treated seeds - 1 p a rt : 960 part s . 
Box 6 - _ oo tone trea ted seeds - 1 part : 960 par ts , 

rili.;_ s n...l tri en t . 
_ox 7-- Untr eated with ou t 
Box 8 - - Untrea ted with out 

nu trient. 

ootone or nutrient . 
ootone, but trea ted with 

Th e box es were p l aced on a moveable tabl e nea r a wi nd ow 

~1ere plenty of uniform light and h eat struck a l l p l ants . Each 

day ·t £1e t able was revers ed to neu tra lize t h e effect of photo -

trop ism on b ending of plants . s rowt h progressed , observa tions 

and measuremen t s wer e made , t h e measurements b e i ng made with a 

metric r ule . 

T1e seeds were planted on F ebruary 22 nd and on t h e fifth 

day th e fi r s t sprouts a~p eared . ~ 11 seeds seemed to b e equal 

in t h is t h eir fdirst g r ovvt h stage . It was observed later t hat 

t h e untreated s eed s seemed to be a littl e better in t h eir to9 

rov1t h ; t h is i s du e to t h e fac t t~1at all t h e nourishment of the 

pl a t 1J en t into to:p rowt h and no t t he ro ot g rowt h . But i n the 

trea ted seeds and especi ally t he 1 : 9?0 ; t h e nutrient and nour -

ish:.rnent went i n to r oo t g rowt h i:md not top s r owth . I ncid er:i t a lly , 

the vigor , streng t h and vitali t y of t h e plant depends upon its 



root sys tem and not upon it s top rov t h . 

The c hart s fotlo -i,dng "..,his sec ti on show the a ctua l u easure

men t s on t op gro ~th and r oot ~r owth . • very b i g d i ferenc e was 

a l so noted etween t e t ootone trea ted seeds and t h e untreated 

ones . The l atera l s of t h e trea ted vrere l on>::> er , thic er , a nd 

s tro n.:; e r , had reater num er of root h ir s , and h ad great er 

tur i d i t e,s comp a red wi th t h e untreated . 

_ fter s i xt e en d ays g ro vt h observation~ s owed t '1a t t h e r o otone 

tre <.-i, ted seeds , 1 : 96 0 , h ad by far t h e h eaviest lat er a l root g rowt h , 

a n d mo s t t u r 0 i d root sys tem. T~ e rootone 1: 480 , showed t h e next 

est dev elop ement . I nal l observat i ons the nutr i en t fed p l an ts 

vere about the same as thos e trea t ed with p l a in water . Thi s is 

b ec aus e t he soy be n seed has stored in it en ough nutrient f or 

develop ement and mor e is not necessary or adv a ntag eous as far as 

,.:> rowt h i s conc erned i n t h is exp erL':nen t . 

On t he wh ole t h e rooton e treated seeds and e s p ecial l y the 

1: 960 treated s eed s showed t h e best r oot growt h , t h is was 

fol l owed by t he 1 : 480 a nd i n turn wa s followed i n ro o t rowt h 

y t h e 1 : 240 trea ted . Th e untreated s h owed a d efin ite inferi or 

d evelop ement i n their root g r owt h , but as c onc erns t heir sho ot 

rowt h they wer e just abou t the same as t h e t rea t ed . 
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GEr;;ERAJ.., SU'.i:d11JJARY AND CONCLUSIONS 

The advantageous effects of plant hormones are unmis 

takeably indicated in t his experiment. .In g eneral hormones 

u sually s timul a te shoot and especially root g rowt h . In all 

cases the rootone trea t ed seeds gave forth plants t hat had 

well developed and exceedingly strong root systems. This is 

an i mportant factor because t h e plants future developement 

depends primarily on its root system - espiecially under adverse 

conditions or when t h e growing season is short. 

Also in all rootone treated seeds t h e di.cotyledons or 

embryonic leaves were much stronger, greener, and turgid thqn 

the untreated. This means that the rootone seed treated plants 

have more chlorophyll t h EJn t hose untreated; and as a direct 

result the rootone treated plants will have extensive shoot 

growth immediately following :Lt.s root developement. 

This combined growth of first root system and also shoot 

system will result in a great gain in the amount of plants 

surviving , in the number of flowers and fruits they bear, and 

in .the general vitality of the complete crop~' The benefits 

of rootone treated (hormones) seeds are cl early indi cated in 

thi s exp eril en t . 
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