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SOLID QUANTITATIVE AND 2ULLITATIVE STU2ICS O PLANT HOTID IS

4

I:TECDUCTION

Growth is a mysterious phenomenon of nature. A crystal grovs,
increasing its size quartitatively. The root and shoot of & germinated
corn seed grow at the expense of the plant's own storsd energy, while at
it's maturation phase the milky substances a:e condensed with a loss of
volume and thus energy is stored in the form of food in the seeds. Yhen
a mosquito bites our hand a swelling occurs, but no zoologist woulsl
designate this as growth, but meny workers with ;lant hormones consider
that the swelling of the plant body cammed by biting insects or that due
to any other causes, is the result of growth associated with hormones.

p)

llany invasiigetors are tryin: to demonstrate that the comnhlex nheromenon
of zrowth is thoeresult of the presence of some one or more hormones, even
though there has been offered no definite nor satisfactory proof of their
existence up to date. It is of course a difficult matter to d=termine
whether or not all the phenomena relsted to growih can be attributed to
the presence of hormonns since growth is one manifestation of life itself.
Voluminous rzvorts u-on ™plant hormones™ have bLeen published in
recent years. There are iwo apparent reasons why 30 many workers are
entering this fleld. Iany complicated growth reactions such as tropisms,
curvatures, abrormal growths, correlations, metaxenis, etc., may be
explained by r~ostulating the presence of hormore-like sutustances. 3Since

horziones or cheniical m ssengers hav: been demonstrated in the animal

world, it would be desirable, 1if possible, to extend the idea to the

plant world.
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The term "hormore" in the vegetatle world 1is used very ambiguously.
The word was first sugsested in connection with plants by Fitting (23)
who found that a substance prasent in orchid pollen caused svielling of the
gynostemiun in the orchid flower. Starling (54) defined ™hormone" ss
"any substance normally produced in the cells of some part of the body
and carried to distant parts which it effects for the good of the boéy as
a vhole." oogl (30) pronosed the inclusive term ™auxin™ for growth sub-
stances that bring about cell enlargement. In comparatively recent years
a number of terms not well definsd havs been referred to by various workers
as gro-th hormores, phytohormones, auxins, plant homones, etc. Hovever,
Poysen-Jensen (11) wrote thet to determine the horm>nal function is more
i portant than to dé&fine horumione itself. In this paper the term hormane
is used to include (a) laboratory synthesized chemicals which stinulate
growth or cause bending of the coleontile and, (b) chemically unknovn
suvstances extiracted from plants which stimulate growth and produce
curvatures.

The present pzper is chiefly confined to the studies of the fi:st
type, for <xample, indole butyric acid end naphthalene acetic acid. A
limited nwiber of experiments have been performed bvoth in the greenhouse

and the fleld to determine the practical value of usinz these chemicals

in the form of dusts on various seed and plant parts.
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HISTORICAL RTVIET

For the sake of clarity an effort has been made to arrange this
review according to functional evidence and only those papers considered
pertinent to the present problem will be discussed. Plants res-ond to
certain stimuli such as chemical, thermal, mechanical, gravity, lizht,
etc. Among these the reaction to light, known as phototropism, has stood
out as a well known example since the time of Darwin. Darwin (21) car-

ried on experiments with the coleoptile of Phalaris csnariensis and

concluded that the phototropic stiiiulus must be transaitted from the tip

tovard the base. Tven today nhis demonstration of phototropism apnears

in various texzt books of ~eneral botany. Recently, Foysen-Jensen (11)

demonstrated that the transiiission of a stimulus from the lizhted side

to the shaded one in the Zvena coleoptile could be stopped by an incision.
In 1938, Vent (63) renorted that an agar diffusible substance from

other plants caused bending of the Lvena coleoptile when unilaterally

applied. Iie also demonstrated the existence of a quantitative relation-

ship Dbetween the concentrstion of the substance and the dzgree of bending.

If the function of a hormone 1s to czuse curvature in certain parts of

a plant body, then 'ent rnuust be given the credit of discovering "phyto-

hormones." Rothert (47) rsoorted that the removal of the coleontile

tip reduced srowth in the stump. After 10 to 14 hours growth began

agein and the sugrestion was made that this might be due to regereration

of the tip. Theorizinz from this observation Boysen-Jensen (1ll1) con-

cluded that & substance is dispersed from the tip which promotes growth

in the besal region. The writer believes, however, that it is probable

that the tenporary cessation of growth was due to the direct effect of
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Weij (62) showed that if two agar blocks containing a growth-pro-
moting substance were placed on eitherend of a cut coleoptile cylinder
2 mm. long, a decrease in growth substance took place in the urper “lock,
but no increase was denionstrated in the lower blocz. "The most likely
explanation of this and numerious similar obser.ations is that it is con-
sumed in zrewth, ™ wrote Boysen-Jensen (11). The prosent writer believes
it is just as probablethat the hor.one can te, so to speack, consumed
throuzh chemical rezction,

In 1934 Vent offer=d the "Pea test method™ for measuring *he con-
centration of growth hormone in th= sol:tion form, and announced that it
vas just as reliable as the Avena test. Du Buy (15) reported that growth
in the coleoptile is gradually retarded when the endosperm is reiiovede.
Sore hormone workers (1ll) emphasized the importance of th2 sup»hly of rsrowth
su.:stance from the endosperi, and vhen this was absent, throu-h being cut
out, growth was reterded. The author sugzests that the retarded growth
may be due to a direct effect of injury rather than the removal of any
hormone. Although Avena curvature occurs with the use of many synthetic
chenicals and ager diffusible suvstaness from livinz vlant tissues, the
response is, hovever, not alvays of the sams nature nor aliays cou:stant,
and therefore "the use of Avena curvature values is not a reliavle cri-
terion either for the action or for the transhort of growth substance in
the tissue of other plants,”™ wrote Sloog (50) recently{1938).

Very little is krown of the chemical nature of hormones found in
plants. At the present tine the compounds vhich are obtained from plants

and which stimulate Avena curvature are cnly three in number, Auxin "a",



Auxin "b", and heteroauxin. All of then were found first b~ Foogl and
h:s co-workers. Auxin "a" (Auxentriolic acid) was isolated in 1933, from
urine (%1). It is characterized as follows: molecular fornula C18H5206,
molecular weight 248, crystals hexa:onal, and sta le in acii. The name
Auxin "a" -~ as given aftar Auxin ™" was found. Auxin "b" (ifkenolonic
acid) was isolated from maize germ oil (32), with a molecular formula
18H5004, molecular weizht 310, melting point 1835, and is unstable to

both acid and alkali, and easily decompos=d by peroxides. D2oth Auxin "a"

C

and "b" have recently been extracted from higher plants; for example nelt,
raize, peanut, sunflover, muslard, ani linseed oils. Hetroauxin (J-indole-
acetic acid) wes preparcd from urine (35) and also later fond in yeest.
Its moleéular fornmula is ClOH9 Ozﬁ.

The presencz of hormones in living tissues is at the present tine
cheniically undetectable, and no quantitative or qualitative chemicz2l tests
are therefore available. For the determination of synthztic horrones,
when diffused or injected into plants, Hitchcock and his co-worker (29)
in 1938 report d that the Avena tzst or other seedling tip test were not
reliable but that thé Winkler and Petersen colormetrie method (indole
group test) was quite suitable., Identification of indole-'utyric acid by
th: spectroscopic method is most ap licable for such siiall quantities
apylied (E59).

A mechanisin for the formation of horiuone-like suustances has been
offered by several workers. In 1952 Sakamura (486) rsported that the for-
mation of some growth substances was accelsr-ted by temperature, and also

by feeding amino acid in the ¢ se where lover plants vere used, In higher

plants, hoviever, wvery little is rovn of how the hormones are produced or



the conditions which facilitate their developmsnt. In 1957 Avery (3)
reported that hormone content was prorortional to li~ht intensity anrd also
to concentration of COp. It is clear ihat some substance which causes
Avene curvature is ineresased, but whether the substance obtained by agar
diffusion is a resl hormone or merely some chemical by-product is not yet
clear.

In 1934 Bonnzr (7) reported that mirneral acids alone would cause curvatur:
or would accelerate normel zrowth in Avena coleoptiles under certein
conditions. Hitchcock (29) recently concluded thect "There appears to
be né specificity of action for plant hormones.™ In 1937, Bonaer
(€) carried out a2 very interesting exzperiiient. Decapitated r-ot tips af
the pea, growingz in nutrient solution, were cut and transferred into new
cultures to eliminzte the oricinal thiamine (Vitamin By) thet remained in
the tissue. After repeating this transfer several times cell develonnent
was nearly stopped. Tpon the appiication of Vitamin B,, growth again ster-
ted. This experiment was designed to rive some idea of whethzr or not any
other hormone was necessury for the growth of roots. Fowever, Thimann and
his co-worker (£3) concluded, regzrding this work, thzt there was no doubt
that Vitamin B; was a growth hormone, "because it stimulates root srowth.”
If one is led to believe from this that Vitamin By is specific in its
action on roots, it nust be erphasized that up to date ph7tohormones have
not been shown to be specific.

Cell division by hormones has been reported by several workers.

In 1935, Snow (52) reported thazt the a»plication of Auxin and B-indole
acetic acid (heteroauzin) to the urper ends of deczpiltated Felisnthus
se2edlings caused growth in thickness throuch cambial division. Rut

other vorkers have postul-tel the existence of other specizl hormones for
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cell di ision (79)e. The role offzertiin substinece, .ios, which "appa-
rently does not telonz in the same catezory with auxins® has been des-
cribed by many investigators (43). The sucgestion that hormones may
act upon cell division has not yet veen satisfactorily demonstrated (11).
"tiost investigators agree u on the inhibiting effect of hormones unon
the growth of lateral buds. In 195€, Albaum (1) reportzsd that, when a
1 per cent indole ac 'tic acid in lanolin paste was apnlied to the apical
cut surfacé of certain prothallia it irhitited adventitio.s outgrowths,
while removal of the lanolin paste by excislon caused the resumption of
growti. This czxperiment is very interestinz, because the inhitvition by
indole scetic acid in lanolin paste could be rerioved by the excision of
the part of the plant upon vhich it wus epnlied. This hormone seems to
retard budding without much appaerent diffusion into the tissue. Thus
even if diffusion occurs at éll, it must be very small and maeinly limited
to the point of apnlicetion.’/ One hormone '.orker reported by Boysen-Jensen
(11) mentions the presence of a hormone, produced by the terminal bud
that promoted its own growth but inhibited lateral buds., If this is so,
then one may ask how is it possibls th-.t a sinzle hor one can s=rve dusl
purnoses? IHitchcock (2€) has shown that lateral btud inhilition ean be
brouzht about by the use of indole acetiec and indole pronionic acids, as
well as with ethylene and prosylene wzases when apnlizd to decanitated
tobacco plants. Therefure bud inhivition is not due to & snecific
hormone because ths inhibition may be caused ty many other cheumicalse.
slaize seedlings grovinz in darkness usually show sisnificant elong-
ation of the first internode. Inge (86) resorted tiet heatinz to 510C

one hour stopped the elon—ation, and from that hz co cludel gr wth inhi-
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tion was due to the destructicn of the hormone. Such conclusions, often
found in the reports of hormone worksrs (l1), are irnacdequate and unjust-
ified from the exmerinental evidence prezented. Some aniarently do not
take into consideration the fact that conditions such as varistions in
tenpera ture or treat.ent with x-rars have their direct effects u~on pro-
toplasn ani nmust therefore be evaluated.

In 19035, Thimann (Z¢) observed inhibition of root elonration and at
the same time the initiation of new roots by the 2 mlication of the sana-
lorous compounds such &s indole acetic acid, 3-inlene acetic and l-couna-
ryl acetic acid. Tn 1235, Zirviemucn and his co-worler (67, €8) renorted
that several hc mones, beta ranhthalerne acetic, 5-aceto nap-thalene
acetic, indole butyriec, phenol acetic, fliiorene acetic, anthra-ene szcetic
acid, and zlhha naphthalene acetonitrile, irduced the formation of rosis,
Anmone~ them, alnha naphtholene acetic acid and indole but:ric acid were
the rmost effective rout producing substances. Timaermann (66) showed
that eth:rlene =znd propylere were €rffective in causing cgrvature of lwera
colzoptile. Carbon monoiide and ethrlene also induced roots on stems in
numerous srecies of plants when a lied in lanolin paste. This further
suznorts the non-specificity of horionzs for root initiation,

Several workers have regorted thot ruct ~rowth was also increaczed
by decanitation. Choloiny (lZ) concluded that Ycize root tips yproduced
a growth substance vwiich inhibitel its devaloprent and thzot if the root

tip was removed, incranse in lentth of the stump t ok place. The root
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ard choct grow in symbtiotic relationship and one b
The root is paracitic on the shcot for its c-rbol-irates and noszirtly

Titonmin Bl (52)e Cn the other hanl it misht be hindered by the pressnce

of the shoot. =Rooits are ezzil;r cultivated on srecial media end root ~rowth






vithout zhoots co.ll e =timulatel uncer 1izal c:nditiins. "Thetler shoot
srowih eould be stimulated unier ideal conditions is pro lemastical but
theoretically pos itle. Shoot growth without roots and rcot growth without
zhoot when the inkitvitinz effect ol the other is ro.oved 1ay be stinulated
althoussh this may .:oly ve lemporary.

In 134, Laiach (37) resoriel thet czllus for.stion appesred after
the epplication of lanulin paste conteining an extract obtained from orchid
poliiria or human urine. Thore are muny renoris concernine: ca2llus or
twior formati.ns ana hor.wje enthusiasts have teen tr;ing to sho: that such
aLAorﬁal grovti pheroienon ars connected with the nresence of 2 horaine,

znecially in the case of tumor foraation of leuminous plants. Taese

(o]

aznorzal groviths, hovever, are rot due to s definite horiore for such
grovith mey be ovtained with the use of meny kinds of cheaiicals (11).
Farthenoczrpy induced ty horicpme applicztion has been reported by several
vorksrs. In 193., Gustafson (27) fegorted that definite chemicel sub-
starces, which are not specific, caused the ovary of a flover to develon
into the friit without fertilization, He thousht these substanges wer:2
closely related to the auxinse

It was suz esieﬁ that if horuones affected metabolisin in the plant
body, they might affect the processes other than growth, such for exam le
as respiration. In 1908, Pratt (45) reported tlmt a concentration of
heteroauzin varying from 0.000077% to 0.02;, markedly acceleratedi the res-
piration of the Triticum e.bryo ani stroagly depre-zed zrowth. It seeus
th- ¥t hetercauxin is canable of mark=dly acceler.iing some metabolic
reactions of ularts out decreases others, th.refore, the cause czuld jist
as well be related to something other than grovth prowoiinz substarces.

Further, Borsen-Jensen and his co=-wo:lier (10) studied the effect of
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dacapitation on the intensity of respiration in Lvena colsoptile- end
finally concluded that th-o1e was no eflect of rowth substances unon
respiration. Thus higzh:r c'ncentration of hormones me;y caucze ch: ical
injury while lower cozncentration of horiiines exhibits no effect on res-
piraticn.

There are al=o numerous rezorts on the effect of hor.ones in normal
plant grovth. In 1556, Loehwinz ani his co-worker (49) pudblished the only
report, so Thimann and his covorker (59) sey, that showed any marked
increase in the elon_ation of the stem duc to heterocsuxin apwulication.
The; deimonstrated that intact stock seedlinzs could grow in aquecus
solution of a growth substance (0.077) or in the soil, tiveat d@ with
certain grovth suistarces. They also reported slizht i:crease in top
elongation of Avena seedlings grown in solution culture with heteroeauzdin,
In 1957, Crace (24) owserved increases in growth of wheat and sever:l
other ;oung plants tr:ated with hormone i: ths solution or in the n»ovéer
form. l'armer (<l) apnlied a wide ranse of concentrations of hormones.
Ler results shoved no stimulation in =srowth for whea: seedlings, but a
decrease of priiary roots and an increase in nunber of secordary roots,
Thimenn and his covorker (60) have r~cently report d that auxin treat-
ment (irdole acetic acid 0.0l sclution) hastened the development of the
photosynthetic area at a given tiime by 50-907. The cozditions urnder
which this stimulating effect vwi.s olLtained in the ¢ se of towato plants,
vere not fully cdescrived, for in other series of the same eixpe:iment no
effect upon growth was apparent. The variatior micght have been connected
in some "ay with wat:r relations. Finally, Hitchcock and his coworxers

cor.cluded that Vent's sxdom, ™7ithout grovth substance, no ecrowth," is
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dificult to prove ecsuse of the limitation of e:merimenial methodse
To nuote furth r from thes= authors, the abovs szxiom 1s essertizlly no
differert from that proposed by Avery, ™. 0 nitroren, no growith," and
coulé be said of oth=r im ortant sutsirnces such as P, X, Ca, Fe, etc.

The effects of hurmozes unon norwal plant -rowvth have teen rerorted
with conflictinz results, some ositive and others nesative. Several
voriiers have at:iemipted to ex lain these variable results. Greenfield
(26) proposed the hypothesis that "auxia satiated plants™ have already
sufficient auxin, and therefore an additis:al sup ly causes injury and
conseguently no growth. On the other hand "auxi. unsatiated plants"”
have not enough hormone, and co~sequently could take up an additional
supply and increase grovwth., 'heat seecdli gs were taxen as an example of
"auxin satiated plants,™ as thelr growth was n-t stimulated over a wide
range of concentrations of seve®al different growth substances. Clio-
lodny (17) prese:ted the hypothesis that growth subsiances promoted the
rate of development of growing cells but shortened the length of their
individusl life cycles. In the case of the cells in the root thess
netured quickly without increasing in length, an” therefore resulted in
retardation of growth. In the stem, on the other hand, the zone of cell
stretching was greater, and growth continued for a relatively longer ti.:.
Hovever, there is insufficient evidernce to sunport this hynothesis at
the present time (11).

Grovith in plants, induced through the use of so-called plant hor-
mones, has not indicated that any of them are specific, and therefore
it naturally follows that the results are due to stimuli of chemical,
electrical and mechanical, etc¢.,nature, In 1937, Leonian (4€) concluded

that heteroauxin was a growth inhibiting rather than a growth pro oting
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sutst nce. Ge interpreted many reports, includinz Aven2 coleoptile
curvature, as plant responses tc irritation wvhich are equivalent to me-
chanical irjury or to parasitic invasion. Purdy (46) reported for Avena
that the initial curvatire caused by wounaing vas nositive and then was
negztive and for a secoxzd time btecame positive. :-arotta (40) reported
that sprouts of Zea mays rrew readily in nutrient solution. If, howev T,
the sprouts were slit (1l m..) new roots would then appear. Also on ad-
dition of a Pb=salt to the nutrient solution, a ratariation in gro-th
occurrsd for the firsi few days, but after 1l days root growth was ac-
celerated.,

Recently, in 133€, Thimann and his coworker (6C) reported a very ine
teresting study. They vernalized Avena and Triticum seed by the cold
treatment and c.mpared their growth with hormone treated seedlings
(C.0l: indole acetic acid in solution.) The result shoved similarity of
growth vetween the two tre-tments. Reviewing the literature and evalu-
ating their results, they concluded that at first root inhibvition was
doubtless a general property of all auxin activity, but that later,
growth wus accelerated. Avena plarts from horuone treated seeds, these
authors found, would flowzr from fhree days to one week earlier than the
controls. The writers believed tliat the growth of a plant espsacially in
the early stage is dependent on the amount of water evailabide, and there-
fore any increzase in the amount of absorbing surface would naturally
cai:se an increzse in growth. In the case of Triticum, a.xin treatment
at an early developmental stage produced marked reduction in the size of
tae first leaf, In general it vus found that the gr-ater this reduction
in size the grezater was the subseq.enl acceleration of growth in the older

leaves., The authors tentatively sugrgested that the vegetative effedéts of
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vernelization were due to the prolorzed e posure of the seed to its

internal auxin supgolye.

CATTRIALS ALY VETESTS

l'aterials used in these experinenis are lis.ed in table 1. Iormo:e

dusts were mal: Ty uiiin Tiiely crotol lodTot oL otel

-
~v o v ~

I Tale mowder.
Jixing wss faecilitat=d vy the use of a rotating machine run usually for a
period o7 20 hours at a tine. Two coancentrations of 3-indole-butyric acid
(1 per cent and 20 per ceant) were first made up and from these all the
other concentrations were prepared (table 2). Then very low concentrat-
ions were desired, a relatively high concentration was selected and the
weaker ones made by dilution with tale powder, Lanolin pastes were pre-
pared by mixins finely powdered erystals with lanolin. A ten percent
paste was first iade and from tals a three percent and a 0.1 percent were
then prepared.

For practical purwoses, it is important to lmow the optimum amount
of dust adsorbed by seeds befor: using the seed dusting method. The
amour.t adsorbed, as it is seen in table 3, is not constaut, and therefore
merely adding an excess amu .nt of dust and shakins this off would not give
the exact amount taken up by the seeds. Bernburg (5) reported a method
for deteruining the ontinum dust adsorbing pover of £ gram quantities of
seeds. His method is not apslicable for larger amounts of seeds, as for

axarnle a 100 gram samnle. After sev-ral trials the following method was
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adopted. Various an unts of talc were added to various 100 ~ram samples
of seeds. These vere then mixed in a vottle, s alken vig.rously by hand
for five to ten minutes, and then transferrei to & sieve ani the excess
powder remcved with violent shakins for one minute. Tae results of this
test a2 given in table 3, and tie curvas are shown in fig. 1. The prin-
ci le is this; the ooti:ium point of adsorptiocn is assumed to be that point
where the amount added (Y) equale the amdunt adsorved. Tacre is therefore
no excess (X), conseguently the value of Y at X = O and this naturally is
the optimum aisorption noint. In the case o buckwheat the opnptiaum point
was calculated by solving the normal equation, which is given in table 4,
and run-iuz through the calculations which a e found in the subsequent
paragraph. All the reults for optimum quantities of dust adsorted Dby

100 gram sample are given in table 5.

Fron table 4 tiie following data are o:iained for buckvheat
n=>5
S y = 11.57 S x7 = 31.48
z x = £.78 $ Xy = 24,37,

The prelicted equetion is

x=-a*by,
where a and b are constants and x is excess dust renai-ins after mixing.
The normal equations arve

na+4+dbly= x

; 2
a2y ¥+0o2y” -1y,
Substituting kxanown values from the table, ths normnl equations are

8a 4 11.57 b = £.78



T



11.57 a ¥ 21.45 b = 24.57.

Solvinz above eg ations alternztely, ths constants for the predicted
eguation are found, a =z - C,27¢ and b = 0.€76. The theoretical
equation must be

XxX= =-0.288 + O0.£7€7.
Then dust is completely adsorb-d there will be no excess a .ount remaining
after mixing it with the seeds, that is, at this point x = O, and the equa-
tion becomes

0= - 0.208 4 0.€78y.
Froa this, the optimwn edount adsorbzd (y) is solved,

y = 0.305 z./100z. seeds.

In the case of corn, larce petri dishes (15 em to 23 em in diameter)
covered with bell-jars, were used as nmoist chambers for germinating
purposes. Filter paper was placed in the dishe- on round glass plates
ad justed to an angle éf about 50°, This afforded more normal conditions
for root growth. et cotion was placed around the glass plate to main-
tain moisture corditions. Ten or 15 seeds were placed on the filter paper
near the urper edge. The tottom of the fish was covered with tap water,
about one centimeter deep. Soon after germination had occurred only five
to ten uniformly zerminated seelds were lined up at definite dista:ices on
the filter paper. The whole set, arranged in an orderly mannsr, was
placed on the teble under dif used light. At a later date it was found
convenient to use & much larzer moist chamber, which is shown in Plate 1.
The inside of this gliss box or Wardian case (11x70x90 cm.) was lined
with cloth to retain moisture, and the roof part was so hinged that ad=-
justment could be made for temperature. The case was set unrizht ia a

galvanized iron pen in which about 5 centii.eter of water was maintained,
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01 one end of thz case there is a swin:ing door. Seeds were nounted on
filter pa-er restin= on tilted glass plat:s placed in a suiall pzn (%0 x
50 % 10 cm.) shown to the le”t of the VWardian case in Fig. 1. This small
pan was kKept in thes moist chemver durinz an exrerinient. All measurements
of whatev r nzture wer: mdde in this chamler to prevent drring of young
roots or root hairs., The case was placed in the botan; greenhouse.
Further details for other methodés or modifications of the same will be

given under each experinent.

Gr-ce (24) and others have ‘ecentaly advocated tﬁe use of hormone
dust on seeds and have reported increases in gro.th of roots and tops of
certain species of plants. Kormone in the powder or dust form is said
to be better than the liquid form esnecially on soil or sand cultures
since the sur;ly is available at zreater dilution and over a lon=-er pari-
od. A study of the literature fails to reveal the most ef”ective hortioyges
or their test opar:til g concentrati ns. It seems, hovever, that navh=-
thalene acetic acid and indole-3-butyric acid are tvo of the best sub-
stanrces for root develcpmexnt (1l1). In 1938, Eitchcock and his cowor'er
(29) reported that species o” the same genus did not respozd alike %o a
given treatment, and the samz misht be said of diffcrent verieties of
the szme species. Eoviever, they reported that in most cases the optimum

concentration of indole hutyric acid in solution was 0.05 percent or
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less, and this was esjecially true for root producticn. According to
Grace (24) wheat seeds dusted with 2:1,000,000 of indole-3-acetic ecid

(2 paris of hor.one per rillion parts of seeds) incre-sel root srowth &5
percent at the end of a 30 day »noriod and that sor bean seeds treated with
10:1,003,000 naphth lene acetic acid yielded creztest top growth.

In a prelininary experiment the gro-tn of barle;” and corn roots was
stucdied carefully in petri dish cultures every day for several days, but
no sirmificant diff:rences could bte detected at low comncentrations such
as 0.05-4 p.p.me (prots pzr nmillion parts seeds) when indole dutrrie
acid vias used. These studies showed the necessity of adhering to c-rtain
definite procedures in such eiperimentation., The seeds are very seansi-
tive to variations in external conlditions, such as moisture ard termpera-
ture, anl secmincly more so than to hormicme treat.ents,

“men seeds are placed too fur from or too close to the water level,
gerii:ation is retarde’, In tho case of corn there is a day zained in
gerriizetion when the sesd is placed with the enmbryo next to the wet
filter paper rather than in the reverse position. It was found necessary
to adopt some definite procedure for observing root growth. =uel tine
periods for ouservations, and photozraphic exnosures, etc. ware selected,
Tie cultur:zc were arran ed accordinz to concentrations, or according to
age, etc. By such mecns othar Workgrs might 25s8ily be able to revp=at
the experimernts. Root hairs of youns seedlings are particularly sensitive
to moisture chanrese A 20-minutes exnosure to dry air is sufficient to
ruin seedliizs for experimental surposes. Scedlings which have a deli-
cate root systeu such as wheat or barley are not very suitable for experi-
nents on root growth uncsr the conditions obtaianing. For such reasons
riost of thie exposriments were conducted with corn which ssemed relatively

mcr 2 resigtant to changes in moisture conditionse






The relatively few seeds us=d in any one e periient may seem insuf-
Ticient from wihich to draw covclisions, yet the nature of the experiment
precludes the use of larger n.nibers of corn sesds in any one exrerinent .
To increase the numter of secds, for exanple, viould increase the timc +to
make the necessary neasuremants anil this in turn would produce greater
variations in temperature, molsture and other éonditi;ns and vould
lencthen the time period for the study of each culture. Consequently
the experiments werg Tugez oL 2 Lavde Ll e 0l Ploa., T Uil ozl
ihe exgperiments with corn seedlings on filter pap:.T werd repcated twrenly
times or more.

The use of any chenicals for disirnfection was avoided for fear of
secondary reactions arisinc. The ef'ect of these mizht be difficult to
distinguish frooi those due to hormones. Secds were carefully selected
and brushed with 8 clecan dry cloth. If any molds appear«d in the cultures
the cultures vwere discarded. All filter pap-rs were sterilized in dry

heat and all glassviare and Cishas first clencred with formaldehyde and thie

treatcd to dry sterilizetione
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Before‘d:sting, all seeds Tere fanned, cleaned, and oliched in a
cloth sac, OSamples of 100 grums of sexzds were mized with dust in small
€ to 12 oz. bottles and lept therea®™t r in the saine containers. DPusting
noruore povicr on the filter papers vwas acconplished Ly spreadirg the

stock powier on =s evenly as possibly with a spztula.
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The data for tho grewth of Dent corn on filier paper treared with
horzione are shown in tablz ¢ and plete 7 illustrate the condition of
grovthe It is seen from the tsbtle tiat geraincticn —as slightly retar-
ded at tie higher concentreation, for exaiple 0.2 m:/paper, ead elso
thet rcot gre th was 1ihivitel si nificantly at e higher concentraticn
than 0.02 mz/papre Theoreticslly, horuones incresse cro th, conse-
quertly there should bte & cartain proportionality between ro.th increuses
and incrceasing concentratiins, Lut no such evidence wac apnarent. It
would appear tiuen thatl one mi-ht just as wellattri.ute the slizht veria-
tions to chance ani not to hormone tresuuen s, [loruozne tr ztsd seads
do not show anr uari=d tesndency towards Increasel growth at low concent-
ration, such as 0.0Z-2 p.p.s. (table 7). ZRelativaly yo n er stages of
grovth are presented in these cnses, beceuce with older se=dlings seconi-
ery factors w uld enter in, such as a limitation of stored food in the
endospen:, for erample.

In ta®le € can ie found the dala of aznother corn exmperi.ent vhere
in this case there is definite eviderce of grovwth accelaration in both
tops and roots where the concentratiors of hormone w-re low. At hizh
concetnrations growth a&s si-nificantly retoided. Fig. 2 shows the
curv.s plotted from data in table €. The cgraph shows that the inhibition
in root growth is greater tien that of to . growthe. This was repc:atedly
observed in the different experiiients, In talble 9 will be frund the "ata
for seeds treat d with horuore coneentr.tions varyin~ from 20-200 parts
of hormone to a :million parts of se-"s. Top growth is not much affected
but root growth is significantly inhitited at higher concentraticn,

At hizhsr concentr-tions (2000 p.p.n.) as shown in lable 10 both
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both tops and roots were si znificrntlyinhidited while at 200 p.p.i. only
the roots vere imiilited. It was reveatl..l; :.ticed t:.et when root zrowth
was izhioited n .ierous secrn ary roots developed fron hear the seed. It
vas also ouserved that nunercas roct hairs de.elo ed on returded primery
roots. It seems tiat the root hair is niore resistant to chemical injury
of hormoues. lecsters (23) renorted, "The root haii's are less sensitive
to the growth substance."™ The procduction of dense root hairs muy e
ac-cunted for through the fact that horrion:s are not Lelieved to affect
cell division but will modify cell elonzations. Others affirm that hor-
nores inhibit Loth cell division end elonzation, and if this is so,
root heir growth might then bs stimulated. Vithout furth r anatomical
study other sug-estions viould have little value. Various stages of de-
velopuernt in certain S.eet corn seedlings can be seen in plates 3,4, a-d
Se

Table 11 shovis the effect of lizht upon the Sveet corn seedlincs
growing on hormene treat:.:d filter paper. Ilarxed differenc s can bz seen
in the lensth of the first int~rncde. Darkness seemns to favor elon-
gation. Innitbitiors of top and root growth tir.u h hormwone activity is
less in darkness than in diffus=d light. These reactions could just as
viell be due to effects of darimess or to sev:ral other possible favorable
or unfavorable co.ditions. !lany otuscrvatiors have led the author to
conclude that hormone treatuient has not significantly modified the growth
of the first internode, whether in darkness or in diffused light. The
lerngth of the coleoptile vias constart resardless of hormone treatment or
light variation. It is sugzeste that retardation of germiation while

in darkness is due chiefly to alowering of the temneruturs.
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The effect of hormore on the 1rovith of buckwheat 1s shown in table
12, Buckwheat roots are also sensitive to variations in moisture, etc.,
and if exposed for evern 20 minutes to room temperatuee greowth will have
ceased at the end of twenty-f.our hours. Lacer experiments vwith buckwleat
were cond.cted in the 7erdian case describad above. 3ucitileat seedliiss
show considerable variavility in their growth habits. It was very dif-
ficult to obtain seedlirngs of urniform length and apparent egqual visor,
as was possible to do with vh:uat or barley. The results of such experi=-
ments are plotted and shown in Fig. 3. At lorer corcentrations the curve
indicated stimulation but this vas found not to "e the ceneral rule
when the experiment was repeated six times. At tilie hizher concentrations
there wos alwa:s a retardation of top ani root growth in the younzer
plants. At hi her concentration (30C-300C:1,00C,CC0) both roots and tops
were retarded; the former much more so. At a later date growth retar-
dation of both tops and roots was gr-atly diainished, and coriplete re=-
covery finally resulted.

Pla<es 8 to 1l show the various stages in the development of bucke
wheat seedlings, It followed inev;tably that at higher concentration
when primary roots vere inhibited there was a heavy proiuction of se-
condary ryots which developed from the tase of the stem. As compared
with check plants, the total functional root mass was thesame or in
sone cases better, This cen be seen on a study of plate 12, Ix-eri-

ment 1 is swmarized in tatle 13.
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Plants were grovn in pots or wooden flats ani placed in concrete
benches in the rreenhouse. ™aterinz wes carefully done from below by
ru ning vaeter into the bench until it reached a heisht of 5 to 10 cm.
At the end of a few hours the vater was drained off. ™ater iizs never
applied on the to: of the soil., As a result of preliminary stucdies it
was found wise to dilute the hormone dust with 100 to 2C0 —ram of dry
soil and to distribute this as uriformly as nossible over the surface
of the soil. 3Seeds were then plac=d directl; on this layer of soil and
covered with apvroxiriately 2 cua. of sand. The soll used in these ex-
periments was a ldchi-an sandy loam. Lllore experim»nts were conducted
with higher concentrations than with lover ones, since the latter had
not been sho.n to have a stiaul ting effecte.

In one of many exneriments with buckwheat it vias observed that
growth of ssedlings was greetly inhibited at 20 mg/pot co-centration,
but that when the flower sta:ze ias reached the rate of growth was marie-
edly increased. At maturation the hei:ht of the plants was slightly
more than in the case of the controls. Some of the possible explanat-
ions for this effect mey be found by (a) assuminz as some enthusiast
would, that it is a direct result of hormone treatment; that (b) jaro-
vization (1C), is a likely ceuse; that (c¢) injury of a mechanical
(46, 40) or chemical nature is operative; or that (d) it is a matter of
chace, In view of thz fect that stimulation effects are not usually
indicated, this would point to the ccnclusion that nstural ch-nce
might be the explanation. If jarovization is effeciive, then in the

earlier stuges of growth inhitition sh-ould be evidernt, and in the later
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ztazes accelerations of growth would obtain. In this tuckwheat experi-
ment 1t appears that jarovization nmight afford the e.planation, Lut
clos:r study shovwis thst this 1s not probable, since the most signifi-
cant characteristic feature of this type of ve-etative modificution
is the fuct that it hestens maturstion. In the case of these bucichest
seedlings, maturation was retarded. A further consideration of jaro-
vizetion leads one to wonder whether suchtreatients as imnlied would
be conducive to normzl growth. It wos or-inally claimed thgt yields of
winfer varieties viere increased but in a number of recszt tests s
Ten et Yoor renliT G

Stimulation of growth through mechaniecal, chemical, and electrical
injury, is admittedly possitle., In some cases the mechanism anpears
to be one of enzimatic activity or oxidati-on while in other instances it
seems impossible to l:arn the cause. Jurovization mizht also be clas=-
sed under theh2ading of injury since the naeture of treatment is one
similar to mechanical and chemical injury. It has often “een observed
in biological exserimentation that unfavorable conditions of temperuture
and ciemical proportions, etc.,do induce accelerated growth either
directly or irndire tly, providins the injurious factors are not ~ery
stronz. Livin: or-ans or‘tissues szne vines show an increased resist-
ance a ainst a poison and later not only recover their original zctivity
tut in somes cases become nore active. Eut these exzmples are scarce,
eand it is rarely possible to find in natura all the optimum conditions
at one time in on= place to bring about the desired ef’ects, or even
to produce them artifiecially (11).

If the unfavorable stimull are not severe, one will first notice

inhibited growth wliich will soon he replsced by accelerated growth,



T e WA

TETE R d



ow if this is continually meintained to meturity then obviously we
have a trus case of accelera'ed growth., Howew r, cornditions are rarely
so c:mbined that an increased gfort-“ate can be contirnually maintained.
llornmal plants can sometimes be mad2 into dwarfs by drastic chances in
environmenital conditions but thls is ot common under the gener=l run
of éonditions for there are certain gen-tical limitetions,

To conduct further experiments, it is im-ortant to determine
wrether or not hormone is essential for normal growth. If hormones
are necessary then Tent's (£3) state.ent ™7ithout auxin no growth,"
is corre:t. On the other hand if hormones are not essential for normal
growth then Leonien (Y€) has the right interpretation.

Sweet corn seeds treated with hormone dust ani grown in the ~reen-
house showsd mark-d inhibition of growth at the early stages but later
norrel growth w:s attained. This is shown in table 15 and plate 14,
The results with buckwheat are shown in iables 18 end 17, and summa-
rized in table 1€, The exweriment shd>ws that buckwheat at earlier stages
of develooment was marxedly inhi-ited by thz hi—-her concentration
(100 mg ver pot) wvhile at a later date zrowth was only slichtly cliecked.
Low dry weight yields were owtain=d at hi~h concentrati:n. FPlate 15
shovwis the ap earcance of ths plants at the begianing of ths flowering
stage. The conclusion drawn from this experiment is that buckwheat in
the seedling stage is retarded in its growth approximately 40 per cent
when comp-red with checks. The concentration of hormone dust in this

case vwas 0.l gram indole vutyric acid par pot. After the flowering
st ge and up to maturation there was a marked increase in growth. At

naturation the hei *ht end vigor of the plant was like that of the check.






et there wes a decrease in dry wei~ht, vhich decrease is belisved t-
be due Lo the deeresuse in :rowth durinz the seedling s -age which in turn
was de to the hormone treatinent.

Growth of the lean seedli.izs was markedly inhibited at 2000 p.p.m. of
seed as shovn in tatle 19, Germiration was delared two days Uehind thst
of the check in the field, while in the ~reenh-use it was delayed for
seven days, It is s.g=ested that the explanation of this lies in the
mechanical remval of hormone in the field experiment. Grace (24) re-
ported marked increase in growth of bean plants at 10 n.p.». nachthalene
acetic zcid. In this exverimert at t.ie same concentrati.n as in Grace's
exneri ent only three percont increase in length and dry weicht wvas
obtained and this is not considered significont. This is within the 1li-
mits of natural chance. In the case of hizh r concentratisn (200 p.p.m.)
inhibition was marked and significant.

Results for tomato seedlings treated with "Rootone™ (naphthalene
acetic acid) are found in table 20, The tomato plants we-e started from
szeds planted in € cm. pots. When these were about 15 em. hizh they were
transplanted (Octouer 4) into 25 cu. -ots containing sandy loam. Root ne
powder ias added to the soil ar.und the r 0 .se TwoO vieeks after, marked
inhibi ion was obzerved in the Rootone treated seedlings. Tiis inhibi-
tion was obszrved in the Rootone treated seedlinss. This inhibition
consisted in a reduction of growth in heicsht and nuiber of tranches.

The photozraph (plate 17) was taiken one month after transpla-tin-.
About 6 weeks later, on Deceuwber 20, the treateod nlent hed not yet re-
covered, |

In table 21 can te fond the data for growth of wheat and millet in



vooden flats £Cx35x10 cn. in thes -reenhouse. Rootone treated seeds

were sovn on the soil in the flats. “hen the plants were ahout 2 cu.
tallthey were thinned out %o 5 rows 3% cire lonz and 10 em, apart. The
results at the end of a period of one rionth indicated that millet at
higher concentrati:ns was marikedly retarded in its srowth, vwhile wheat
showe.! an increase in dry weizht in the lower concentration amountinzs to
about seven per cent. The roo% svstem of the millet plants was £ und to
be different from that of the control. The roots were increased in
number but redueced in len-th in hisher concentration (6C). In the

fielld experiments with wheat it was noted that tille.inz wes bvetter in
treated plants. In this cxp=rizent increcsed tillering was noticed and
it was determained that the number of tillers is also correlated with

the dry weight. At the end of a period of one month 40 plants from
each grou~ were classed accordinz to the nuiber of tillers. The creat-
est n nber of tillers wzs three, but this hish number occurred in fever
plarts. The larger nunb=r of plants had one or two tillers., The cata
re shown in table 22. The numter of tiliers are found in colurmin headed
(n) and the naber of plants in each class under the column headed (7).
The swimation of these values (% ni7) will give the total nuitcr of tillors
in each zroup. The value of (¥ ni’) e¥nressed in percantases, hased on
check is the relative value of total tillerin~ for the group. This is
given in t@e last column (table 22), It is seen that the nwiber of
tillzrs is correlated with dry weight. The dry weizht figures are

found in the list column in tedbls 21,

This experiient shows that incrense. dry weizht throush hormone

reatinent (0.3z. Rootones per 100z. sezds) resulied Lecause of the inc-



-

rcase in the nuib r» of tillers. In other vords, hormonz treatment inc-
rzased the dry weisht of wheat seedlinzs throuch incressin- tillers,

The writer finds no reference in the literature on this nariiculer

ot

feeture. It is sug-:sted thaot tihils increase of dry welrht can lLe ex=-
pleired in the followins wey. At first gro-th is retarded due to hormon
treat ent and then this in turn stimulated tiller fornation. These
results were obtained on one ronth old plants. If the plants had been
selected at a much later date ard the data collected, the above resuits
mizht not have "een ovtained. It Is quite prohable t:at then the dif-
farence micit nct be so anparent. Cases are plentiful where the stinu-
latinz effects of hormone treatinents wecar of”, so to sneai, and the
plaris are no better than thz ci:ecks. In the case where inhi  itions
have been re orted later test would i-dicate recov:ry and both trected

and cihecx plants would ield alile.
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Trorn his res.lts in the :reenhouse, Grace (24) su
of dustel seeds for field nlantiszsse This led to ocur Tield e:meriieunts
with d:sted corn seczds. The seeds wer= plinted ur aand in rovws 3 feet
anart. The hills in encli row v re also J Teet apart. Tach row was avont

viere
15 feet longe. ecan, buclarheat, and tLeeth?lso plantel in the field.

Deta verz coliecte: in sich form as to be utilized for statistical troet-

mert if necessary.
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The data in tavle 2o sh.w that Dent corn wes slishtly retaxrd=d in
gerul etion and significantly inhibit d in its growth in hei ‘bt at 200
perts of indole bui ric ecid per ::il’lion perts of seed, bLut not affect=d
at lover c5 centraticns. The results for Sieet corn (table 24) treated
in the same mainer show v:ry plainly that et cerlier stages, of growth,
inhibition is signific nt at the hi-her corcexntr.ti n. Observati:ns

4

€ weexs later showzd that t.e effecls of Inhivition had disappecred.

Table 25 contains the data relative to the gro.-th of buclksieat up
to floweri.z time. At the higher coucentration (3,000 pepe.), inhibi-
tion is aparent. A7ter this period and during maturetion no differoence
beive:n c:ecx and treated plants was noticeable. At concentrati ns
0.15 to &€ p.p«ane. &arna &t the tim the e:peri .ent was complcoted, tiere
wus foond to be &n increzse in hei_ht smounting to an everage of 5 percant
and an increase iz dry weicht of about 4 percent. These differsnces
in favor of hormo:e t_ -eat.ient are of no practicel si mificunce,.

Fislier's M™analysis of variance® wes applied to the data for hor.ome

treated corn as found in tabvle 26« From the data in tamle 26 the follow-

ing table of aral sis of variance has been prspared.
~~ p &

Analycsi: of Variance for Testi-g Gr vwth in Length of Corn.

Source.: of Variarnce Dezrees of Sun of Vari- Siandard
freedon S1UATES arice deviation
Total 23 G21° .0 -- -
Between means of treat. 4 1303 .8 4C1.,4%0 -
Bztieen lines. 19 1014.0 £5.5068 --
Error . 75 0527 .2 47,352 6 .89
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The sturdard e.ror, S, of the differerce betivecn any pair of means is

S m 6.59 (2/20)F = 2.ldeq.
Variability between trectnients: the value of F in Fishert's tzble, cor-
resronding to the degrees of freedom for 4 and 76 is, ¥ = 3.58, =while
that for the sanple is

T = 401.,45/47.33 = €.47.

The value, €,.,47 deonstrates that variability between trectrments is
highly significant.

To determine the veriability between line means or locection means
the followingz procedure is given. From Fisher's t-tle, F = 1.67, and
F sample = 63.388/47.33 = 1.12., This shows that variability between
line mesws or locction :eeans is not siznificant, since the calculatad
value T is smnller than 1.67. The test for significance hetween tvo
means is also given. TFor 76 de-rees of freedom the values of the 5
and 17 levels sre resjectively t = 1.99 and 2.65. Tence a difference
between treatment as large as 2,17 X 1.99 = 4,32 is significant,
an’ a difference as larze as 2.17 x 2.65 = 5,76 is hizhly sicnificant.
This shows that any mean difference gceater than 4.32 is sicnificant,
and any greater than 4.76 is hi~hly si-nificant. Theze data show
that homione treatments 2C or 16 are si~nificant in causing ~rowth

inhivitions when compared to checls.
A study of tzble 27 chows that in general hormone treatmnent has
little or no effect excent in the case of soy bean at the concentration

of 2CCO parts per million parts of se=ds, and wheat seedlingss which

irdicated slisnhtly nore tillerirng imder hormone treat.ent. In table
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27 a gencral zummary >f several precedinsg tables is fougd.

l'arked secondary root developnent vias indicated in the laboratory
and zreenhouse experiments and it wus noticeable in the field experi-
mert, This is rnot dus to homione treatiient nececsarily but is a natural
deyelopment in the rowth of corn. The original main root s stem of the
seeili ¢ soon dics uani a larsz nuwit T of roots develo» from the crown
and these are responsivle for the nutrition of the corn plant eand its
later development. This loss of séminal roots and the heavy procuction
of crown roots wes studied for the writer's own setisfaction b- diz~ing
up at the end of the season abo:t 50 Sweet corn and 20 Dent corn plants.

Later, ~hotorraphs were taken and same rnay be seen in pl=tes 19 and 20.

TPIRDENT IV, T Z BT 7iCT3 O HORIOUE oI PLALTS YIIEN APPLITD

IN THE FORS CF LALOLIIT PAS T,

laphthalene acetic acid .mixed with lanolin paste was injected below
the e.id=rmal cellis on steus, petioles, and leaves of buckwheat plants
at various stages of zrowth. These experiments viere cond:icted in the
greenh use., In most all cases roots were produceé& at the poiat of in-
Jection. The effects were not so differ:nt except at the hishest con-
centrations where crackinz or bendinz of stem or petiole ocurred. After

10 dags the wounds were healed, ani =fter 2 weeks marked swelling ap-
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peared. Then several enider.al cells would form knobs, showing thet
the rcots would scor push throu-h. Conseguently after 3 weeks, espe-
cially during the sum-er period tlie roots formed w uld be about 2 cm.
lonz. In the winter period the elongation of these roots wes very slow.
However, root initistion followed anplication of hormones.

Significantbud inhiviti:n was observed in hormone treated plants
growing in the greenhouse, and plate 25 shows this. Tomato plants
crowing in 25 cm. pots in the greerhouse, with the tewmperature varrying
bstween 20-279%,, were treatcd with the lanolin paste (0.1 naphthalene
Yacetic acid) on November 1. The averace heicht of the plants at that tinme
was 5 cm. (plate 22).

To study coleoptile bernding, Zea rays was selected be:ause this
was found (Zxpe. 1) to Le more resistant to moisture and temperature
variations than !vena in its early seedling stage. In this experimen
naphthalene acetic acid mixed with lanolin was apnlied on the coleoptile
with a needle. At first the exnerinents were carried out in the dark
room but the results viere so irregular thet the method was revised.
At the hizher concentration (10 percent) the bend was negative. The same
was true at the lower concentration (3 percent, table 29). Later it was
found that moisture and tenperature conditions wcre very important for
coleoptile curvature. The new method of procedure was as follows.
Glass vials viere filled with moist sand arnd one day old reraiinated Zea
. seedlincs were planted in these (plate 20). Twenty-five vials were placed
in a dish containinz 2 to 3 cm. of vater. They were covered with an
inverted flower pot. This afforded the proper moisture conditions.
"hen coleoptiles were up to 2 to 3 cr. in heirht lenolin hormone paste vas

applied at vartous hei:hts upon the coleoptile. The teperature (25-27°






C) wss hirher then thist iz the durl: roem 2nd more £ vor: le for coleo-
ptile crovwta, In talle 30 the eculis are chovn. Applicztions ¢t ths
node are 1ove effe tive and for a lonrer period, than those on any other

t of the coleo:tile. i"suzlly afier 24 hours the colzortile retirned

[6]
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to itz orizinal position if the hormone paste, hud not vte:n too concent-
roted or the huznidity teoo low.

The che:sge ia the dir cticn of curvetire and the dezre> of curva-

ure was found to be controlled more or lesn by are of part, the auo:nt
hormione pzste, veriations in moisture conditions, and changes in tem-
perat ire. omt a consideration of ths chove facts the author believas
that the phenomnenon is one of polarity rather than hormone activity.
This will be discussed rnorz in detail later.

The writer has noticcd that under certain conditiors the rate cof
grevrth of the colecptiile apd seedling lenf enclos=d is concur—ent, but
under other conditicns just the opposite is true so that the coleoptile
sonetiies is emptyr. The lat er corndition ottains en hormore past:
has teen ap lied. This p-ste «ff-cts the to structures differently.
The erclos 4 leaf is sersitive to the paste ani its growth rate is
reauced while the coleontile iz sore resistant (tzvle 31). It is more
reosictant also to che iezl injur: then the plw.ule (plates 23).

The effect of varyinz co—-cextrations apnlicd on Zea coleoptile
vigs studied. Thz results are given in tabtle 32, Ilicher concentrations
often caus:d rnore curvatura tut the cirvature due to a~e was nore sicni-
ficent than the variations caiszd Uy concentreticn diffsrencss. Th

si-niflceant e fects at hisher concentraticn were more probatly after
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2etse Wt higher concentraticn ths curvatir-s resained lsonrcer and

ey

el
recovery was g8lovar, It vas fouwd elso that recewvery vas slov'r when

tlhe paste was 2p lied on the interncde. If hormone niste was placed

rd

srmumatriezlly on intzet coleo~tiles It resultel in ~rovth irkirition of

tie tip of the plu ule arnl resultzd in e ntr coleontiles (plate 24).

Ziperi e2nts with d-cnritatel coleoptilas are resorte’ in talle

Fe

53. Decuaritation was carefilly don2 vy cotiins the colzortile t
(0.7 to Cu4 ci.) with a razor tlode. Tior one pucte vwos placsd orn

thz cuat surface uniloterallr. The 4if ere-c in th2 rooccetic .z to hor-

more paste bteticen irntact anl decapitatad coleirtiles was one of fecree

tation expaurs to nalte the cole ntile sensitive to hor.cne trestuent.
The cpti o time for cirvature devends upon co:dit’ons, 2n? & to 1°
hours in thct of deco itat=d ccleoptiles.

Cld ccleontiles do not rezet at ary” ¢ ncentration of horicne
vhile youne onss will. 3iace gimrietrical =pnlication of hormone 4id
rot chanze the zrowth of th2 cole-ntile, it is an immcrt nt matter to
docide whethier or rot lcndias is due to sro-th. Reports ere nulierous
that the venling of the coleontile is due to the activity of a phyto-
hormorne. Tevwr are the reports as to the direction of the curvature.
This to the writer ~»pears more import.nt thaa the dezree of curv ture.
ent anl his cosorker (CE) rzrorted trat ususlly in the cace of

nhctotrotisy Lvera curvature was positive, tu.t is towzrds th:s lisht



source, wut if the lisht internsitys wore hich, thon th: curvature vas
nz2retive, Thoey conelud:d thst this differerce in re-cction was due to
thz concentraiion of horosne. In thz first czse the hor.one cozcernt-
ration was higher on the sh-l2d side whils in th: szcornd cr.se it vas
higher on thz 1illu inzte  side.

)

¥ and his covorler (2Z) reported that it ves fricult to

*.h
y
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rrelict the direction or de~iee of bveniin~ of varicus plant structur:s
“en o one parcent S=n=nro:icnic acid in lennlin poste wos ap-lied,

Lostudy of terdinz and cell elonsaticon of various stur:ctires indicated

thet it 7as difficult to predict the direction or th- Ze~ree of ben=-

dizg. The resp: nce to horione trestrert viried for the same tissuss
unier dif“erent co-ditio~<s of tempercture, light, etc.e In gerorsl,

th: youngor and uore rﬁpiily grovins nurts proliuced ¢ o rvatures sooner.

The prese:t ex»-rinent is in arreenent with this concentio-.
Tn cenzral it is helieved thut the re-ative curvatire (invwerd) is

dus to 4ir-wct in ury end not to horuore tr .tient, since it las deen

noiat-
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repzatedly o serv 4 that thz coleoptile e place
ure conlitions 2u 1vits & ne-etive curvature, ani especially =0 whan
~t higher concent::tion. & shriniiins of the tissue on the concave
side is apzrent. The authcr concludes therefuie thut nezztive cur-
vature is due to the injury of the tissue on the concave side. 1In
the case of pocitive curvatu. e, 1t is sus~ested that this is relatcd
to chenico-physicel polarity. This will be considered lzter.

A swaiary of tha exv:riuents with the Zea coleoptiles is siven

below.
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l. =Huaidity is on2 of the i port nt factors in causing a chzn e
in the direction of curvature. Lo humidity often produces ne-ative

¢ rveties, which ths author elievss is due to injury, probably cheni-
cal in nature,

2. The after-effects “risinc from tae curvature arz ~reater when
the horm.ne is ap lied on the node than on eny other part of the coleo=-
ptile.

3. Snmall veristions in the amount of lenolin paste used, had no
. Visible e’fects vn ¢ rvature, but vwhen the amount w s increased to ten
or more times, then the direction of curvature was change:.

4. The age of the coleo tile is an important factor in the tyre
of curvature made. <ouns parts react better than oldxr parts.

5. Tuen the conceniintiionof the homaone was iacrezsed, recovery
s that much mors retarded.

8. The decauit-ted coleoptile is slishtly nmore sensitive tizn the
intact coleu:stile when the hormone is applied in the form of lanolin
paste.,

7. S:meetrically ap lied hormone on decapitated Zea coleoptiles
had no effect on the elonsation of the ccleoptile but often inhitited

the elongation of thz l:af within.
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The effect of a C.1l parc nt nuphthol ne sce lc acid in the form of
a dust (Roctone) on the rootin: of cutti.g. wos stuiizd. Steas of c.rtsin
pluintz w:re cut in lenths o2 & . 10 ¢, and 2ll leaves w re stzi-ped
off exc:ut a fer at thz tiv. The cut exd: wore 1 im2rs=d ia the "R.otone”
and the excess 0. der sazien of e The cuttiigs w.re then planted in sand
in flzts to a depth of fo r or five cii. on Cctolzr 4, and piaced in the
gresnnouse, In sdte cases C.2 - "lootone™ vis scat crei alon: the
rovs (o€ cm. long) clore to the cutti .zs and then coverel with saud.
Taterins was alwarrs done fron below end nev r from the top, in order to
prevent ans pos-ible raidv 1 of the hormione. At thz end of forty ders
(Zove 17), &ll thes plants were anh,u out of the sand and classified into
groups (plat:s 22, 27, ani 2£), according to the abuiance of roots.
A11 cuttiigzs witi: n2n well develosed rodots were »nlaced in ~rou: A,

“hen a fewer n.mbsr of roots hut rniore than 5 were present and oaly rio-
derate de elopment v=s indic.tel these were placad in croup 3. Those
c.ttings with less than 5 roots, were put into grous 7, auw in Zhe Tioal
Slaapy Ly w202 2uot Uiz cattings that were alive tut had no roots. The
results of the study of the grou-s are eixpressed in pe-centagces and are

found in table 34, Percentazes are ofseu\on tot 1 number of plants
elive.. DSome of the pla tz di=d vut their death wes due W causes
other thien tlhe horione treutment. The plaunts treated were Chrrsantho-
Tan, Ioesecibrranthemun, llydrenses, Azalca, Kleinia, end Crassula.
lesemtryanthemunm rave a tetier root devslop.ent bul ronz of the

O0th s —ere sir:ifica tly be «fitts? Ly ths hor .one treaiisnt. Thether

rootizz in tais case w42 to the hornwohe treutient. or so .e fertuitous
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facior should be tosted further br rapea ing the e.owri ent. It appours

hoever thet the trectients i.crcesel the nooiber of roots in cluss 3 but
did nct accelerzte root srowih ex-est in tha case of Tezaxhrrarthenunm
(table J5). Cuttincs whosc ro-ts were extren:zly s:unt, such as in uveny
huriwocds or in Acs:lea, were rcnerally lit:le improved with this nmarticular

hermonz tre:tuent (20). Roctonz Las not been widel; used to date end its

e fectiveress has n't ‘een ec:igtlish 4.
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Colihicine tre-tod Zea sasszdlincs usually form tulbous tips on all

toe roots, and root elonatlion is markediy retrrisd. Th's svuelling of

tissuese.
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Cue day o0ld Jeunt cors secdli zs were scali:d for 20 hours in Colcehi-
cize. Those trezte: cexdlings, vwhich at tais ti e showvel iz ked svelliings,
vere then washed in ruziin tep vt r for 24 hoars. They were now trans—
ferred ints varying concentrotions of saphthzlens acetic acid in solution.

hey remairzd in this for 20 hours and then were w chel in ruanin: tap

]

=1

eter for 4 hours. Th:ir furtier zre th wes studied in peiri dish cul-
tires. OCn observation the ne:it day no grovtii had occurred in 0.4 nercant
concentrati on, a:d no marksd chan-e in concantretion of 0.004 pe cent.
That is, the former wa: too stronz znd the latter too wezk t. cause

()

~ro.th or rost devol. ment. At 0.04 -ercernt couceniration, ho ev T,



M




2w roots developed from the prim

concentration then stinul~ted secondzry root

roots.

the polyrloid tissue as we

due to terainatinzg the

The tre=tment, hovever, ¢id not

zry root rerr the se=d., The ~roper

Jevelornent on the »ri-ary

-

induce any further chnn~e in

s horned, %®ut perheps this misht h-ve becn

experinent too soon. Treatnme:n obscrvations

are tubulated (table 36).
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The advantczes in
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of seedling

chamters (petri dishes
(60 x 30 x 15 em.) and

ously treated with indole butiric acid in dust form.
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darkrness. The other cide
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the use of & box vith a glass side for otservetion

~~narent. Cne day old seedlings, —er:inated iz noist
), were placed on the gla s sils of the box
covered with moict sand. Seesds had been previ-

The left side of

box vas covered with black paps

2s exposed to the licht the ~r>»enhouse,

“hoto x+nhs vwere talten doily until the plumules had ~rovn ahove the ton
of t.e soil surface. Threz such n~hoto-rcphs are presonted (plztes 30,
21, a=d o).
The cwrer, of this e:merinient follows:
1. Darlmezs favors the elor-aticn of tops, and ecrecially the

internode; for root

2. Lizht retards

i~

crowth

tor ~ro~th of oung



due to the preventicn of rowth of the first intermode. Tlonznticn
tezes lace to a greatzr externt in thedark than in the light.

3. “ormore trestient (indcle butiric acid 2000 pep..s.) innitit:ad
prinary root ~rowth end stinulated the develonment of mary laters
ro0ots, and zlso root hairs.

4, raxinan root develo- ment of younrer seedlinss was attained in
about 1C days. iofter this reriol erowa rocots start develoninze The:se
now fu-ction in the nutrition and developmont of the corn plant.

5. Retardation of growth in the hi hest concentration ol hormone
(20C0 p.p.m1.) was observed as early as twenty days after the experiient

~ AN

wes started (plate CZ).
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The effect of naphtialene acetic acid on the dec mposition of hydro-
gen peroxide by ferric salts wnas studied. The importznce of the czta-
l7tic effects of ferric relts in bioche.dstry have recertly teen noted
(20)s The poscible effects of hormiones on cetalytic reactions in cene-
ral have not Leen studied, as far as the writer is aware. The experi-
ment deseribed here was curried on accordirz to the procelure of Daniel
and his co-workers (20).

4 044 percent narhthulene acetic acid solution was prepared by

dissolving CeZlg.

of t-e crrstels with 5 cec of 95 percent ethyl alcohol,






and finelly dilutin- this with distilled water. A 0.04 psicert zolution
was prep.red by dilutin: S cc of a C.4 percesxt solution with distilled

water. The excess alcohol in the s.

H

>r.zer solution was driven off Ly

1

gentle voilinz for 10 .iinutes while in the

[¢)

v 2aker solution %hoiling vwas
continued for 10 minutes lormger u=fore dilutions with water were co p-
leted.

The soluti-ns us=d i1 this experinent are indic=t2d below.

l. 0.5 1l FeClz + 0.5 11 nCl.

2. (1) + C.047 raphthnlene acetic acid.

3. (1) + 0.4 nashthalene acetic acid.

4, 0.0% naphthalen ac tic scid.
The first contains Fe as the catalyst. The second has the ¥e catalyst

and a veak solutisn of the hormore. The third is the same as the second

but the hormore 1is ten tinies as corcentrated. The last solution coztains
the hormone without the catalyst. In pr:paration for a series of tit-
rations, coumercial HoOg was diluted appro.inately to z 0.3 percent con=-
centratio:, and concentrated HpSO4 was diluted (1:4). Distilled water
was .1ade ready at hand. Five nminutes vefore titrations were started

10 cc of H202 viere mixed with 15 e¢c of the various solutions to be :e~ted,
From each of these vias wiithdrawn 5 cc which wes pipetted into Erlenmeyer
flusks each conteiningz 15 cc of diluted (1:4) H,80, and 10 cc of distiiled
watzr. At the proper time periods indie~ted in table 58 titrations vers
made. These data anpsar in table 5€. Curves ere plotted for esch solu-
tion as well &s for the check "O" and are shown in fig. 4. Curve "0O"
shows the amount of iI'n0, uscd to titrate the HgOp solution alone and

the value is found to be constant tarou-hout. Curve "1" shows the de=-



composition of 1302 at succeadin: titration periods and here the effe:t
of the ferric salt is clearly indicsted. Curve "2" shows th=t th> rate
of decommosition is ret:1ded and this :mst bte due to the prese ce of na-
phtielene ece.ic acid. Curve "3" shovs that decorposition has almost
stopped. In this case ien tines ss mich naphthclene acetic acid was used
as in the scluticn represerted in curve "2", Curve "4'" represents w:at
hapiens vhen no ferric salt is pre ent. llo decoiposition is apparent.
If there is no chemical reaction betieen I n04 arnd najhthelene acetic acid,
then all the curves should meet on line "O" at zero tine. 'hile curves
wyie, mwan, m37, and "4" do no#geet at zero ti.e, this may mean that either
tie alcohol used .s a solvent, or the irmpurities in the naphthalene acetic
acid, or the latter itself, may account for the slizht discrepancies,
Since the effect is greater the hicher the concentration of naphthalene
acetic acid used, it is believed that this is the cause of the result
obttained rather than the little alcohol or the =minute impuriti=ss.
Further studies are pleanned. |

The data nlotiel on loguritlhenic p-.psr show that curves "1™ and 2"
are of unimolecular form, thet is, the rate of cranze dC/dt is propor-

tional to the concentration "C" of 505 at a ‘iven time, "t"

]

- ac/at o0 C
or - dac/at = ¥ C. ‘

Diffe-entiati~g bot.een initizl concentration C, and corcentration C

c
-j ac/c = x dat
c

0

at tive t,
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or Lo (2o/C) = X t,

where I is the reuction conctant which varies with the t:pe of curve.
The value of ¥ was calculatzd from the =zbove ecuation, and is shovn in
tzble €9, In thesecalculations initial concentration "C," wes deter:ined

for each catalyst from the curves at zero time respectively.

Germinaticn of corm wus ot sizmdlicanily sll2ried ewcept when hormone
concentrs . .ions were too high (2000 vp.p.m.) and then it was rcdiced. These
results do not confirm those of other workers. Cora embr;os se~m to be
more resistant to hormone ti:catiuent thrn the sesdlings. Soon after germ=-
inati.n has started irnnibition bersins to appear. Thiann (60) rezorted
that Avena s22ds trest:d with indole acetic acid solution (0. 0l percent)
for 24 hours s"owed an incrense in germination. The author has noticed
that unier ideal condition (temserziure, moisture, and freedom from
nicroorzanisus, e c.) good zeed of corn and “heat will nearly alisys
geruiinate 100 percent. This is possible when the embrro side of the corn
kernel is kept nmoist uatil germination takes place. This is more in-
portant then reeping the endoaverm alii:ys wete.

vhen concentrations were higher than 100 p.p.=n. (indole-hutyric

acid) the gzrowth of the primary roots of toth corn and b.ckrheat was

reduced., Durinz a period of two to seven days this reduction anouwat 4
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to fifty per cent but it wis accorpeani=d U an increszed proluction
of seccndary roots and root hairs. At the 2nd o a weex the guantity
of root growth was often rencriable. At this tine rerariless of tho
treatient, crovn roots desveloned and the further growth of the plant
den=2nded upon thesze roots and ot on the »rimary seni-nl roots. Tp

the caze of corn the pri:ary root srstem has only a temporary function

and, therefore, ex2rts very little iafluence on plant growth (fiz. 19

Zornone epplication to cuttinss may be siitcble for the succulent
t;pe of plant “ut not for the woody kind according to these stuiies.
T‘eohth-lene acetic acid has very little eflfect on rootinz (tauvle S8).
Llorriones inerssse rocti:z on younr, suceulent cuttings in the non-
Zommiant conditions, cvut produce very little or no effect on root
elonration. The initiation could te sttributel to chemicel siiile=-
tion of ccll divisione To destermiine tlils mornholozical investigations
are nReCASSATY.

If root systens are benefitted -y hororne treatinents, then
naturally top growth shoulld also bexxfit, and increaseld growth should
follow. This is the orinion of nany workers (ll). The writer agrees
with the statement that hormone tre tnent - 111 initizte secondary root
develonment but will izhinit »rinaery root growth (£9). 4s rerards tos
sro th the a2uthor believes that in most if not all of these cases the
e:mla.ation is due to son2 other cause or group of causes. :ost of
the horm:ones are more or less difficultly solubles and of low diffua-

ility. T~any hormone tresatments have Leen nerforied in solution
anl the effects on the root are riore direct vhile the effect on the

top is indire:t. _ The



o

concentrations r aching the tops ars probably too weak to be efrective,

It 1s well raco-nized that iincreased growth can be brought about
by chemicz2l, thermal ani mechanical stimuli, end even br jarovisation.
The latter is of limited value, however, en: can have ‘ut little pra-
ctical significance for the farmer. The writer has never heard of far-
mers raking money by utilizing the method of jerovisation.

In the wheat experiment (Exp. 11) it will be remembsred that til-
lering was inereused end some might attribute this to hormone treatment,
but such effects can be accouplished by chemical and mechanical meazns,
In the northern part of Japan certain experiment station workers have
advised farmers to tread upon seedlings of winter wheat in the field,
in the hove that the pressiure of the foot would induce tillering later.
This proved to be a costly operation and never practical, Thars are
many factors (genetic, nutritio al, soil, climatic, ete.) that can ex-
plai~ boneficial results on normal growth other than relying on hormones
to brinz about norm=ml growth,

The most important studies of phytohor: nes has centered around the
study of the effect of these growth substances on coleostile curvatures
and growth in lensth., If ho: nmones do not increase groi th of colenptile
(4, 34, 41), then there is very little to supnort the theory. In ex-
periment 1V (table 33), it was found that a C.l percent maphti:lene
acetic acid in lanolin paste applied syrinetricclly on decapitated Zea
coleontiles resulted in an elonrnzatiion of 50 porcent ~fter 12 hours,
but that in ths case of the check it wes 9C pzxzcent. Instead of acce-
leratinz grovwth, it re’uced it. If these resu.ts are correct, as the

writer believes, then hormoresare of do ' tful value. In the csse of



plznts, Smith (1) insistel "growth is the normal function of cells,

They are alwars multislyrin: vhen ther ere not irnhitited b one thin-

or =rother." TI[‘is conceptinn sives us a very zood idea of what norm=1l
growth 1is,

Even auxin a, and b, and heteroauxdn are a.sent from green tissues
of higher plants (29). Iany experi.ents with higher plants show tmt
a sup.ly of hormone for normal growth is not necessary. Thers is
conclusive proof that ohrtohormones are specific, dbut specificity of
animel hormcnz2s is estatlished witho .t doubt. It is well known that root
i hivition, root hair development, top growt , bal irhibitisn, interrodal
growth, coleontile vendin::, ani psrthenocarpy, etc., c¢'n be inluced by
varic.s chemical, mechanical, thermal and elz=ct.ical means.,

It is necessary 1o maoke clear now what is meant by the term hormone.
Reasonin;: from xnowvn facts in animeal phrsioclozy one would exnect phyto-
hormcnes to ve specifie, but they are not. Conseguently the term phyto=-
hor:one is not justified. ¥:ogl (45) has recerntly com~lained that "the
term must be limited to biological catalystis of orgtuic nature which are
used by the orzanicm itself to bring about the various physiologiezl
effects."” If plents possess hornoncs these nust be quite different fronm
thie ~animal ty e, sires the functionsl variations between animals and
rlants are great. It night be asked, can lover unicellular ani.mls
possess any or all of the homronss found in the higheor anim=ls? This is
doubtful, since hormones in high.r animuls are not merely by products,
but secretions from special orrans fusnctioning in a definite way to c.n-
trol ti:ie hi-hly orsnniz:d animel body. *ithout hormones the mrintenarce
of life is iwpossible. For hizher aninals the nervous s, sterl actis as

a telecraph, the circulatory system serv-s s a traffic srsten, “hile the



hormones funcii.n as messenzers. . ithout these hormonss the various
systems are not properly orzanized and the livin~ eninsl eszn not enist,
Could life be eupected in & i1n's less or h:ad picked up from a battle
fi21ld and stuck into a nutrient solution? In certain conditio.s, cer-
tain parts of plauts can live and grow in a nutrient soluticn, anl so
also can c.r .ain definite tissues from highar anincls be cultured.
Growth proriotin:: suistances mizht be similar in their action to

enzymes, salts, suzars, or so.> polar c.ucounds which affect the free
aergy of surfacss. Muny phrsiologieal processes in plants ar- carried
on throu h surface ».undaries vihich are well nown sources of ener~y for
the plants. The writer feels that the yosition taken by those =2dvocating
the existe.ee of phytoliormones is not well f . unded., ZFrom a functional
and morphrologic.l vizw poi t, the high-:r plant is = much nwre simnle

or:sunisia then the animel and the correlztions tetreen the different

]

parts and its her onss if uny a:> also of a simpler type. The plant has
no rervous system, or a circulatory srstem like the animal, ani no che=-
nical messenzer:z se-m necess.ry to resulete and coordinate its various
more or less sinple reactions,

The =utior has made a list of those sutstarnces nost often renorted aos
exiiiviting grovth proiotins characreristies, so s to malze a stuldy of
tieir chemical structure. Tuess are presesnted in table 40, They nos=
ses: ective grou-s, -COOH, =Cf, etc., thich have hizh aef”ipity for ws=ter,
ani elso nonactive groups, such as carbon cluains or rin's which have
high df“inlt{or fat solvents, but not for water. The su~gestion is

offered that when such polar c¢ npounds ar: applied unilaterally, they

penetr-.te into the cell, Tolar compounds bty natwre cianz the frez enerz
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of the suirface and thus indace varistions in »ermiesbility, chzn~es in
conezatrztion, modificati.ns in turgor pressure, etc., on ore side of
the coleontile where np-lield, and thus bring cbout curveture. In cédi-
izn to this funetion of polar commods in modifyins surfece tension

throush molecular orientztion, they also re-ilote and ori~incte electro-
riotive forezs (e.m.f.) in the rlent bod;, since the totsl eum.f. of a
rlant is the =um of the e.a.f.'s of tlie unit cells (1€). 3ince a -lant
is nmcle uap of many cells, & s.:2ll chznge in eanef. iIn a unit cell will
brinz about a large charge in the whole plarnt. The penetrction of these
polar compounds must be very slow and when they 2o nenetrate, their
effects are larzely limited. The first effects are near or on the
polar compound an eJii.fe is crected, it is probatlz thet some polsr comroun:cs
end ions already present will nicsrate from -~ne side of the coleoptile
to thet which was chenicelly treated. In this way curvature would
result throush ncdification of turzidi

From the time of Vochting (Went and Thimann onozraph) (1lE76-
190€) to the present the existence of polarity in correlation phenouiens
has been definitely proven. This is not only szo in the case of whole
orrans lile cne of the hrigher zrzen nlants, but for its parts, such as
lezves, stems, root and fruit. Iven each szparate cell exhibits polarity.
In more recent times electro-polarit:r has be=n demonztrated and is now
Generally concedled.

L nunber of possible differerces in potertials existing in living
plants together with their probahle causes, are listed below:

1. Concentration potentials cxist betveen solutions of different
corncentraztions. 3uch are mossible in the cell sap of difforent tissves,

2, Diffusion potentials are set up when nmiscible solutions diffuse



o Linuil jJurcti n potentlals, ™hen linudd A is Jizsolvad in g
\

.2 ~ ~T 4 o~ B 2 =t S N < 1 . - vy
mirxed solution of ©Two im.iscible s stances anl C, then A iz uzernlly

anl T ani ccnoenuerntly a potenticzl difference i- touand

4, Tlerlrare votentlals are rovelent in nlonise They nay arise
tar.ush (1) urezuzl éi-tribuation of th= i.ns on ei her side of the
mombrane cai (2) by the une-ucl penctraticn or diffusion of tha ion
throu-h ths ne..rane..

£. Injury pocentiuls. I . somz casos thz mecharisa is unimovin,

In otuer cases 1t is suspected to be due to stimuli. At tiiz mciient of
injury the potentizl is high ani t.en fudes aay. The irnjursd pzrt is
nerative to th: uiinjured, due, indirectl;, as soue thlik, to i-creasin

-

acidity.

n

©e Oxidetion-resducti n potentizl, In tissues metatolic procssses
ars occurring et diffar-at rates anl are rot uniform. In co cciuence
potentials rise. Cne can ouzsrve this under the microscope. Dres suen
as metiylenedblue can bs i..jected into tissucs zcod thelr further changes
ovserved. !‘ethrlene bluec changes to the colorless f .1m when reducsad.
Some living tissues or organisus contuin pigasnts Twaed cuuige o tie
leu-o forti on reduction. Cuantitative tests can thus Le sede.

7. Electro ki-elic poteorntialse. These notentials arise from certadin

surface hernomenz, such ss seleciive adsorption an. ionizeiion of pro-

s Potenliul veriati:ns within a cell are very well knovn. Zince

the nucleus is more nezative thizn the cytoplusm the cell as a wholz is
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chnroet neratively, for —lample:

Trotoplusn is said nomanlly to iz ol ciro nesative an’ throush stinu-
lation couli 1 .crease this clarze in th- part eicit=d and thucrefore in-
crezsinzt the sotential an’ rakin: the protoplasm or cer ain narts of

thie plant mor- active., Tolarity mizsht be affseted in this wey. The
presence of & 521t or sicar [89) iany elso affe -t polarity and iy analogy
the bendiig of the colesu:tile., Tor, as is well knowxn, salts cnnnze the
ionization rate anl fory, an’ sugor stabilizes the collcidal niicellas
tentials.

(Ef}. Iniirectly the:, polarit is zffected vy electric no
Tuimann and his coworksr (ZZ) s.ocest:d that the activity of 2 horuone
iz due to its double bLond. But doulle bonls zppear to be of little
iportince in shysislozical ;rocesqes, 1i-Cownaryl ac:tic acid, has
Leen roported (T¢) to affect root initation but not Avens curvature.
Since this coupound hes tio active groups, -CClI an’ =-C3E in ths struc-
Lure, its solubi ity nmwust Lo toco hirsh to te wolar. It diffu-es too
2o5ily in all dirsctiovns and hence can not uring about the elonzation
of ine side of the colecptile, Thz2 compound, L7 1i's e’fects, nst be
less polsr.
Further cxzalunztion of the :echanism of polarity and of polar
coupound: is Uzond the scope of this pap-r LUt the autior would like
to iniroduce hore scveral brief reporis which 2ffirm the nolar theory
end the exist:ence of electric potentinis. Trauner (13), in 1923,
reported that in th: cuse of horizontally placel plant parts the lo er

side bacmue electro pusitive to the upper side. Tha shedod side of the
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stam vs ¢l-ciro-nositive to tihe illuaiinated side. hoto
enrror, it omey Lo oszid,) hrns lesn tronsfo mel 1..to rotvzitial coeriy.
Trauner cunl his covorier (L4), in 1300, reportad thot Avena
coleoptiiles curved to:rl the nositive pole in an elreiric field. There-
fore the convex side nust Lo yositiveto thz conesve side.
In 1507, Clark (17) stulied the  olavity of _lant psrts in ccn:id-
crzble dctzil. The polur Jres can 2 cleszified, (a) into acid 4 es,

lizht zreern, ccid greern, :e‘h’l orar e, eic.,and (%) irito busic d;es,

safranin, meth 1l violet, neutral red, gentien violet, etec.

)
w
s
i
i)
w

Zura roots wore 1 jected with ltasic dres (positivelyr charzzd), th
accuialated on the concave side. These drer are rotably toixic end it
vi.uld sezm thet the stimulus and hizgh not=rtials w:uld ne-ctive awy
rezults. Clark also re orted thet the intact Avena tip is elcetro ne-
g=tive to> the bassz.

In 195 Czaja (19) diccusced the neclanisn of menbrane polerit;.
Cell walls of lover and hizh:»r plants sho ed affinrity for wusic dyes.
In Spirocsyra cells, the cation of ‘asic dres was first adscried by the
cell wall and tien as a dye szolt pasced into the cytoplasm. “ith
diluted solutions of .zsic dyesz, nearly the wihole of the anion remeined
in the external soluti.n. Adsornticn of epsropriate salts into the basic
Gre solution retarded the adsorption of the cation ani inhibited its
passaze into the cell.

Thimann and his coworizir (09) st ted that the formetion f the szrowth
pro.otins substances vhich af” ect Ave““cuAvatdre is liiited to the tip,

but when the tip had teen remcved, a new zonz of zuxin formation w s

produced at the apex of th: strp aftsr two to three hours. This






re-cnerated tip showed no histolooie:l differontiaticn, so that suxin
formetion was not necessaril, ascociated with special cells, This fact
it seenis would irndiecute thaot the coleontile its:1f ezxhibited electro
polarity, andi accunulatsd souie chemicals wiich affected thie bending of
the coleostile.

“ovievor, curvatures prodaced b external apnlication of chemieals

a

are tenporary, 5sA;ule, at lover corcentraiion, but at higher concaent-
rati.ns permarent injury results. Zlectro polarity will not entirely

accournt for curvatures, yet it appears to be the teczt eixplarcziion for

many toropisas.

~ - Ty

Dol saanl

l. The gemiiration of certain seeds was not af’.cted ty the

"shyto-horiacnss®™ used unless the concentration vas very high and then it
vas uarzedly r.dw.ced. Two auttoriiies have clained that zermidnstion is
-ecded to such an extent as to be of procetical value,

2. Primary root develonuert -&s sinifie=ntly reduced when higher
concentrations w.re used but was in no weay affected at lower concent-
rations. At concentrations high encuch to be effective but not too

hizh to be deleterious secondary root growth erd root hair development

vas stimulateds In corn tihe seuwinal roots were highly acczlerated in






their ~rowth by hormonz treatmant but the crown roots which renlaced
these later vere not affectzd. Conseqguently the plant showed no later
inmrrovanment.

Top growth of younz plants was not affectsd by horrione treatment
unless concentrated solutions were used and then inhitition ocecirreld
in the roots as well as in the tops. ''hen the hirh concentrations
*id not ¥ill the root, but both the root grd tops were only inhibited
there was later a recovery so thct no si~nificent difference could be
detected in rield of fruit, dry wei-sht, or a-pearance vwhen compared to
checks. This was true of planis raised to maturity either in the rrecn-
house or in the field. 7This is rnot in egreem.nt with the stulies of
Grace. Treatnent of sezds —ith hormons in the form of dust before plant-
inz in the field will not give results of any practicsl velue to the
farmer,

3. %Then the hormone was aprlied to petioles, stems, and leaves
(buckwheat) in the form of lanolin pacte, roots w=zre produced. Such
root initiation has been obs:rved on other spécies. Si-nifiecsnt bud
inhibition was also obtained in the cace of tomato. This confirms
other workers' finliinzs in the casze of other species. "milateral
anplication of hormonized lenolin paste on Zea coleoptiles at differan

levels was more e“fective on curvatures when apnlied at the node than at

eny other nlace. Hormone lanolin p2a te a=plied to the coleontile has 1ittle

=

or no effect on elonration but does inhibit that of the leaf within.
After such tr:.atnent the coleortile aprears enpty. 170 report of such
a reaction by the plunule has “e=n ohserved by the writer.

Certain parts of »lants stem to me more rescistant to horaone treatrient.



The orcer below starts with th: most resista:t;

First i;ternad;;7 coleoptiLa:>Iuot hairj;>plunule\;7

secondory root7 pri. arr root.

4, rtiormone treatuient of -.o.dr cuttings has little or no practicsl
val.ue. S01m0ne tro- tient of vegetgtive cutti-gs produces i most cases
few roots which 4o not elong.te to any extent.

5. ‘a hthzlens acetic acld inhidited the decowposition of Hs0p
by a ferric salt.

6e Cremicul me seners {(horuones) of the tyze ocecur:iig in anials
have not yet teen demovnstrated in plents.

7. The m-st plausible explanation of coleoptile curvatures and
rel ted »henomera is that of (a) chemical etc. injury and (b) elzsctro-

p-larity,
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Tatle 1, Descriptlion of Chemwlcals

and Plants Used.

Substances

From

OTLCNZS AND CHENLICALS:
3-Indole-butyric aclid (5g.)
Naphthalene acetlc acid (1lg.)
Talc powder (500g.)
Colchicine (C.Bg.)
Colecrnicine 4% solution
Lanolin paste
Rootone(naphthalene acetic acid)

SEEDS: |
Zea mays (Dent corn) 1937
Triticum vulgare (wheat) "
Fagooyrum esculentum(ocuckvheat)"

Panicum mwiliaceum (millet) "

Phacgeolus sp. (kidney bean)

Pisur sativun (pea) "

Zea mzys (sweet corn) "

Soya max (soy bean) "

Lactuca sativa (lettiuce) "
CUTITIIGS:

Lycopersicon esculentum (tomato)

Chrysanthemum

ydrangea opuloides

Azalea sp.

rMeseubryanthemum crystallinum

Kleinia revens

Crasgssula arborescens

Dr.R.F. Hibuard, Bot.Dept.

Dr.E.H. Newcomer,Bot.Depnt.
Stock room, Bot.Dept.

American Chemn., Falnt Co.

Or.R.P. Hiobard, Bot.Dept.

" 1]
n - n
] (1]
" n
] "

Farm crop dept.

H

Ferry-iorse Seed Co.Detrolt.

Dr.R.P. Hibvard, Bot.rCept.
I'r.W.A, Frost, Hort.Dept.
Préf. C.E. Wildon, "
" "
Prof.H.C. Beegkow, Bot.Dept.
" L1}

f "
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Table 2, Dast Number Parts of Hormone per Million of Zeed,
Percentage of Hormone and Quantities of Inert Dust Used

to iake up liixtures.

Wwt. dust {
Dust No. riormone e Q0g. Hormone
P§Leds"e in dust
DeDe e g %
CORI*
1 0.00 0.2 0.0
2 0.05 0.0025
3 0. 10 0. 0050
4 2 0.1
5 6 " 0.3
6 10 0.5
7 20 1.0
8 40 2
9 60 3
10 80 4
11 100 " 5
12 120 6
13 150 T
14 160 8
15 180 9o
16 200 10
17 400 20
18 1000 0.1 100
19 1600 0.16 100
20 2000 0.2 100
BUCKWHE AT #
1l 0.0 0.3 0.0000
2 0.075 0.0025
3 0.15 0. 0050
4 3 0.1000
5 30 " 1
6 300 10
T 3000 100
SOY ZBE Anitd#
1l 0 0.2 0.0
2 2 0.1
3 10 " 0.5
4 20 1.0
5 2000 100,0

# Indole butyric acid.
## Alpha-naphtnalene acetlc acid.
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Table 3. Optimum Dust Adsorbineg Capacity of 100 g. of Seeds.

Seeds n Y X Adsorbed
~(added) (excesgs)
ge ge Ee
Dent Corn 1 0.507 0.245 0.262
2 1.053 0.735 0.268
3 1.557 1.269 0.283
4 2,065 1.775 0.290
5 3.082 2.736 0.296
Soy Bean 1 2.001 1.750 0.251
2 2.554 2.301 0.253
3 3.215 2.958 0.257
4 3. 754 3.500 0.260
5 4.790 4,496 0.294
Buckwheat 1 1,054 0.571 0.483
2 1.990 1.505 0.484
3 2.010 1.5¢0 0.483
4 2.510 1.853 0.652
5 4,010 3.270 0.720




Table 4. Calculations for the Determination of Optimum

Dust Adsorblng Capacity of 100 Gram Samples of

Buckwheat Seeds.

Actual weights

Weights from equation

" (adged) (excess) i ( X
g g g 3

1 1.054 0.571 0.305 0.0

2 1.990 1.505 1.050 Q. 654

3 2.010 1.560 2.010 1.490

4 2.510 1.358 4.010 3.250

5 4,010 3,270 - --

Table 5., Optiwum Dust Adsorbing Capacity of 100

gram Seed Samples.

Wt. of Dust per 100g. seeds
Seeds Opt imum Aoplied
g g
Dent Corn 0.26 0.2
Soy Bean 0.24 . 0.2
Buckwheat 0. 305 0.3
Wheat 0, 3% 0.3

# Approximate value.
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Table 6. Growth of Dent Corn Roots on Hormone Dusted
Filter Paper. Seeds previously socaked 12 hours
and set on dusted filter paper (120 cm?2) with 0.02g.
indole butyric acid, April 23. Room temperature 22-

27°C. Germination Apr. 25. Apr. 26 for No. 7.
Xean of 10 plants.

Hormone
Concentrations Root length
No. mg/paper Apr.27 (2) Apr.23 (3) Apr.29 (4)
, cm % cm % cm A
1 O.bO T3 100 13.5 100 16.0 lOC
2 0.0005 7.2 99 11.3 % 135 84
3 0.001 7.2 99 10.5 78 11.0 69
4 0.02 6.0 82 8.0 60 9.5 59
5 0.06 4.3 59 6.5 48 9.2 58
6 0.1 3.0 41 6.2 46 8.8 55
T 0.2 3.0 41 5.5 51 T.2 45

(2) = Age in days, after germinatilon.






Table 7. Growth of Dusted Deat Corn Seeds Set on Filter
Paper. Hormone used, indole butyric acid. Set
in petri dish cultures Nay 7. Gerzination Liay 10.

Room temperature 22-25°C, Mean of 10 plants.

Hormone Length of Top (T) & Root (R)
Concentrations (O) %% (10)
May 13 (3) Lay 15 (5) NMay 18 May 20
o. p.o.m. T R T R T T
cm cm cm cm cm cm
1 0.0 6.7 14.1 12.9 19.1 18.5 20.1
2 0.05 7.5 13.5 13.1 13.C 17.0 18.5
3 0.1 5.5 12.9 12,2 16.5 19.0 22.2
4 2 6.0 13.0 12.4 19.0 17.0 17.5
6 10 7.3 14,0 12,3 18,7 16.0 21.1
7 20 6.3 11,0¢ 12,2 16.2 13.8 21.3
T i 4 % % % 4
1 0.0 100 100 100 100 100 100
2 0.05 112 96 102 94 92 92
3 0.1 82 91 94 86 103 110
4 2 90 92 96 99 92 87
6 10 107 100 95 99 86 104
T 20 102 78 94 85 102 106

# Secondary roots appearing.
#% Root branching on primary root.
(3) = Age in days after germination.
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Table 8. Growth of Dent Corn on Hormone Dusted Filter
Paper. Seeds previously soaked 4 hours and

set on paper May 7. Germination i’ay 10. formone, indole

butyric acid 0.02 g. on fllter paper (120cm®). Room

temperature 22-250C, Mean of 10 plants.

Hormone Length of Yop (T) & Root (R)
Concentration ¥ay 13 (3) Vay 15 (5) Mgg)IS Méidgo
No. mg/paper T R T R T T

cm  cm cm cm cm cm
1 0.0 7.5 12.3 13.6 16.1 20.3 26.2
2 0.0005 7.1 10.5 13.5 14,2 17.2 ———
3 0.001 7.0 9.5 14.1 14.5 21l.1 26.5
4 0.02 4,5 5.2 941 7.5 19.0 26.1
6 0.1 5.2 3.2 9.2 3.9% 16,2 19.5
[ 0.2 5.1 2.5 8.3 3.T* 13.9 15.0
— T
1 0.0 100 100 100 100 100 100
2 0.0005 95 86 99 83 85 --
3 0.001 93 7 104 90 104 101
4 0.02 69 42 67 45 94 100
6 0.1 67 26 68 24 80 75
7 0.2 68 20 61 23 68 87

# lany secondary roots
(3) = Age in days after germinatlon.



Table 9. Growth of Hormone Dusted Dent Corn on Filter
Paper. Seeds treatc¢d with indole butyric acid
dust. Planted kay 29. Germination May 30. Room tempe-

rature 24-27°C. iean of 10 plants.

Length of Top (T) & Root (R)

(11) (15)
Concent. June 1 (2) June 2 (3) June 3(4) Jun 10 Jun 14

Hormone

No. p.p.m. T R T R T R T T
cm cm cm cm cm cm cm cm
1l 0 1.0 4,2 3,2 7.3 5.2 10.3 26.9 29.5

T 20 0.8 4.3 3.1 7.4 5.1 10.3 27.2 30.0

20 80 102 97 101 96 116 101 102
12 120 80 55 100 69 87 51 == -
16 200 100 52 87 55 96 59 86 92

(2) = Age in days after germination.



Table 10. Growth of Dusted Sweet Corn Seeds on Filter

Paper. Seeds treated with indole butyric acid.
Set June 30. Germination July 4, and July 5 for number
20. Room temperature 20-22°C. MNean of 10 plantg.

Length of Top (T) & Root (R)
Hormone .

Concentration July 6 (2) July 7 (3) July 8 (4)

NO. D.D.M. T R T R T R
C.l Ci Cit Ci CM CM
1 0 2.8 7.0 8.1 11.8 12.1 16.2
4 2 2.5 7.1 8.3 12.3 10.5 14.6
7 20 3.0 6.9 8.7 8.6 11l.6 12.8
16 200 2.6 2.6 8.6 3.2 11.8 6.6
20 2000 1.7 1.5 4.5 1.8 5.9 1.8
T 7 % % % %
1 0 100 100 100 120 100 100
4 2 89 101 102 104 87 90
7 20 107 99 105 73 96 79
15 200 93 37 106 27 98 41
20 2000 61 21 55 15 49 13

(2) = Age in days after germination,




Table 1ll1. Growth of Sweet Corn Seeds on bLusted Filter
Faper. Uerminated seedlings exvosed to dif-
fuged light (A) and darkness (B). Indole butyric acid
(0.1 g.) dust on filter paper (250 cm?). Set July 28.
Covered with bell-jar (A), and inverted not (B). Ger-
mination for (A) July 1, and July 2 for No. 16 and 20;

for (B) July 2,.and July 3 for Number 16 and 20. ilean of

10 plants.
Hormone Yeasurement (July 17) of
Concentraticn gixteen d27 old seedlings
Inter Coleo-
No. mz/paper Tov Root node ptile
cm % cn % cm cnm
(4)
1. 0.0 31.0 100 30.2 100 1.1 4.2
4 0.1 27.8 90 27.0 89 1.0 4.5
T 1.0 30.2 97 17.3 59 1.2 4.3
16 10.0 15.0 84 17.1 57 1.2 4,2
20 100.0 5.8 19 1.0 3 1.3 3,8
Av, 1.2 4,2
(B)
1 0.0 33,0 100 20.4 100 6.8 4.5
4 0.1 31.5 91 20.0 98 6.2 4.4
T 1.0 28.8 32 19.1 93 6.0 4.4
16 10.0 29.0 85 13.1 83 7.3 4.3
20 100.0 15.9 44 0.5 3 T.1 4.5

Ay, 6.7 4,4




Table 12. Growth of Dusted Buckwhea! Seeds on Filter
faper. Seeds treated with indole butyric acid

dust. Set Aug. 15, in moist chambers in greenhouse.

Temperature 23-279C, Huwidity 99-100 percent. Germi-

nation Aug. 17. Number 7 slightly poor in <ermination.

Hormone Top length Root length
No. p.p.md. Aug, 21 Aug.23 Aug.25 Aug.2l Aug.23 Aug.25
cm cm cm cm cm cm

1 0 6.7 8.7 11.0 15.6 16.7 20.7

3 0.15 7.1 9.8 11.6 16.2 17.6 21.3

5 30 6.5 8.8 10.3 14.6 15.1 15.8

6 300 €.2 8.8 11.5 T.0%  9.9%#x 15,9#
7 3000 3.4 8.3 11.0 34w 8.6 10,34
T i % % % & &
1 0 100 100 100 100 100 100

3 0.15 106 102 105 104 105 103

5 30 95 101 94 94 91 T7

6 300 93 101 105 45 54 7

7 3000 51 96 100 22 52 50

# Primary roots about O.7cm. ieasured lon%est sesondary roo t
#% Primary root completed grwoth. "

#%% Some primary roots completed growth,
# VWhen primary root 1s short more seconcary roots develone.
## Number of secondary roots 6 to 15.



Table 13. Summary of Experiment 1, Effect of Hormone

Treatments on the Growth 1in Length of Seedlings.

Hormone ckonzentration & per-

Plants Table Age Part cent oi growth based on check.
2 20 120 200 2000%
Dent Corn 9 2 T -- 80 80 100
" 4 n - 96 87 96
" 2 R - 102 55 52
" 4 -- 116 51 59
Sweet Corn 10 2 T 89 107 - 93 61
" 4 87 96 - 98 49
" 2 R 101 99 - 37 21
4 90 79 -- 41 13

0.15 30 300 3000%

T 106 95 93 51
" 105 94 105 100
104 94 45 22
" 103 17 77 ___ 50
0.0005 0.001 0.02 0.1 O,2%x

Buckwheat 12

@ &
o

Dent Corn 8 3 T 95 93 69 67 68
no5 99 104 67 68 61
n 8 " 85 104 94 80 68
" 3 R 86 77 42 26 20
n 5 " 83 90 45 24 23
0.1 1.0 10 100
Sveet Corn
Light 11 16 T 90 97 84 19
Dark n n T 91 82 85 44
noou "
Light v n R 89 59 57 3
Dark n » " 98 93 88 3

Hormone, indole butyric acid.
Age in days after germination.
T = top length.

R = root length.

* p.p.m. 5
#*% Hormone in 0.2 mg. on 120 cm< paper



Table 14. Some Prelizinary Observation of Plants Growing
in Hormone Treated Soil in the Greenhouse.
Seeds planted after soaking 4 hours, June 18; sand was
added on top to the depth of 2.5 cm., after roots were
out; pot covered with glass. Greenhouse temperature 27-

32°C. Plants per pot, 5, but 10 for millet. Treatment

duplicated.
Date of
Hormone emergence
Date of Measure.
Plants No. Conc. Root Top Flowering Sep. 17.
P.P.m. June June July* Top length
Sweet 1 0 21 23 22 55 cm.
Corn 4 2 " " " 54
7 20 " H " 55
16 200 " " " 53
20x% 2000 " " " 33
ng/oot Alr dry wt.
Buck- 1 0 20 22 16 45,.5¢g.
wheat 4 0.2 " " 17 38.2
7 2 " " 20 41.0
16 20 " 23 22 21.2
20%%#% 200 " 29 - -
ng/pot '
Soy Bean 1 0 -- 22 27
4 0.2 -- n 25
7 2 -— ] 25
16# 20 -- 28 26
20#4 200 - 30 -
mg/pot
“illet 1 0 20 22
4 0.2 " "
7 2 " "
16*# 20 " "
20 200 " "

# Date tassel appeared on corn.
%% Dwarfed at maturation.
### Rapld growth after flower formatlon.
# Growth inhlibited.
## Dead July 10. ## Younger stage only inhibited.



Table 15. Growth of Dusted Sweet Corn Seeds in the

Greenhouse., Seeds with indole butyric acid
dust. Planted Oct. 1, in 25 cm. pots. Germination began
Oct. T, but later in number 20 which was very poor.

Temperature 20-270C., Mean of 10 plants.

Hormone 511k Heisht
NO. Dp.p.m. Oct. 21 Nov. 23
cm % cm %
1 0 Nove. 23 35.2 100 61.5 100
4 2 " 38.8 110 61.7 100
16 200 " 32.5 93 60.8 99

20 2000 24 30.7 87 59.6 98







Tables 16, 17. Growth of 3uckwheit in Dusted Soil in
Greenhouse. Surfa-e of the soll ia vpots (25cm in
dia.) was covered uniformely with the 200 g. ailr

dry soil wmixed with dust contalining rertain coucentrations

of hormone; seeds were on the surface of thils soil, and

then covered with dry sand, to 2 denth of 2cm, Oct. 1l.

Temnerature 27°C, fiunidity 66-84%., Toos, ovendried at

85°C on Nov. 19. iean of 10 plants per pot.

Hormone nnelgnt and date of measurement.
Ho. mgz /oot Oct. er Nov. 19 Oven 2ry vit,
cia 70 Ciit o g %

PCT A

1 0.0 13.5 100 53.2 100 3. 59 100
2 0.1 13.5 101 55.3 94 3. 34 36
3 1.0 18.2 93 59.0 100 3.54 91
4 10.0 17.0 92 54.1 91 3.006 3
5 100.0 11.7 63 50.5 35 2.11 54
R 0.3 13.4 939 56.8 96 3.64 94
R 3.0 12.1 66 52.1 33 2,22 83
poT s T

1 0.0 13.2 100 51.5 100 3. 46 100
2 0.1l 13.7 93 5l.7 100 3.52 102
3 1.0 1-5.4 96 52.1 101 3. 43 100
4 10.0 17.2 90 45.3 39 3,02 33
5 10C.0 11.1 53 44,7 37 1.63 49
R 0.3 13.8 98 51.5 100 2.58 75
R' 3,0 12.56 66 495.3 97 2.5%4 T4
Dugt l'o. 1=5 = indole butyric acld

R = Zootone 0.3 g. per pot
rR' = " 2.0 g. per pot.

Ceriination vegan O~t. 6, except for l'lo. 5 and R which
gercisatel on Oct. 7.






Table 13. Grouwta of _Luckwrezt on Dusted Soil.
Sum:zary from tables 16 and 17. Average percen-

tages 1n helght based on check 29 100 perrent.

'b—i
.

o+ IERERVS ) IR S GV n -

j2v)

Hormcne Helght vry vit.
0. T~ /rct Oct.gl Mov, }9 Novse 19
P 7o Go

0.0 160 100 100

0.1 99 o7 94

1.0 93 100 95

10.0 91 g0 84

100.0 6l 2s 51

0.3 99 93 35

ERe €6 93 79







Table 19. Grewth of Dustcd Soy Zean Seeds in Greenhouse,
Yaphthalene acetic acld wmixed with dust. Seeds
plaanted in 25cm pot, Oct. 1. Geruiration Oct. 8 and Cect.
15, for number 5 (Lo. 5). Teaperature of greeniiouse 20-
27°C. Harvested Nov. 10. FEcots carefully washed; roots

and tcps dried togetrer 1 oven. Illean of 10 plaats.

rormo.ie lieight aud date Oven dry wt.

No. D.C. 7. Oct. 21 wove. 10 _ Nov. 10
Ciil Jo ci 7o g 7

1 0 15.5 100 56 1C0 3. 33 100
3 10 20.7 106 58 103 3.48 1C3
4 20 16.1 83 56 100 2.54 &4
5 2000 4.6 23 * -- 1.06 31

# Dead llov. 1.



Tavle 20, Grewtli of Rootone Treated Tomato Flaunts in
Greenhcusc. Rootone pewder (0.2 gram) per
pla.t vlaced around roots. Flovwers appe=zrrd (50 perceant)
Nov. 3, 1a check plauts, and Decc. 15 1in roctoune trezted
plasts. Temperature £C=-279C., lielgnt measureient to tip

of leaves. Lean cof 6 plants.

Date Check Rootone (0.2g/plaat)
¢ % ClLi %
October 4 15.6 100 16.7 1C7
" 21 43,3 100 36.3 76

ov, 29 136.3 100 93,2 70




~Table 21.

Growth of Rootoue Mugted Vheat and iillet

Seeds in Creenhousc.

i.ean of 40 plants.

Teroerature 20-27°C.

Rootone Late of Helgnt Tcp of plaut
Yo. /100 Luercence Cect.21 Nov, dry weight
Begin E£0% Ci % CIL % g %
wheat:
1 0.0 Oct.6 Oct.7 33.3 100 4z2.6 100 6.11 100
2 C.3 " " 3£.1 1cS 45.3 106 6.28 102
3 3.0 * 8 33.5 100 44,1 104 6.08 99
illets
1 0.0 Cct.7 Cet.9 11.1 100 26.9 100 4,62 100
2 0.3 " "10.,8 63 30,1 112 4,70 102
3 3.0 * "10.9 99 27.9 100 1.98 43

# Cermination, poor or nearly one day benind.

£/100 = grams of Rootone per 100 grzus of geeds.



Table 22. Calculat’on for the Significance of Rootone

Treatment of Tlller Producticn of Wheat.

lormone n N ni ni %
conc. Nunber of Number of
£/100 tillera* plants
g.
0 1 20 20
" 2 12 24
" 3 8 24
53 68 100
0.3 1 13 13
" 2 17 34
" 3 10 0
T 7 103
3.0 1 14 14
" 2 20 40
1" 3 6 18
T2 T2 99

* Total nunber of tillers per plants
Number of plante for each group 40,
nN = Total number of tillers in 40 plants.

g/100 = Urams of Rootone p-r huadred grams of seeds.



Table 2%, Growth of Dent Corn Dusted Seeds in the Fileld.
Hormone , indole butyric acid. Flaanted June 3.
thmergence June 9. *easurement to the ton of flo-

vering tassel on adug. 8. iiean of 20 plants.

Hormone

' iagsels# Flouer Height

No. D.N. T, in full
cm %
1 0 Aug. 3 Aug. 8 212 0]
4 2 " " 215+ 1
7 20 " " 215 + 1
10 30 " " 218 + 3
12 120 " " 206 - 3
14 160 " " 207 - 2
16 200 e " 195% =3

# Statletically sienlflicant.
# Tagnel appeared in 80 % of plaats.

% Percentage difference from check.



Table 24. Growth of Sweet Corn Dusted Seeds in the Fileld.

Hormone, indole butyric acid. Plaated July 5.
Emergence from ground July 10 except for number 20 which
wag one day behind. Tassel appeared in 80% of plaants Aug.
8. Flover in full Aug. 18. Height measurement to the

ton of flowering tassel, Aug. 20. Lean of 20 plants.

Hormone deight
No, vD.p.M. July 18 Aues, 8 Aug. 20#
1 0 21.7 O 75.7 O 107.2 @
4 2 21,2 -2 79.8% +5 106.3 -1
7 20 21.5 =1 T4.1 -2 105.6 -2
16 200 21.5 =1 68.5% -10 106.5 -1
20 2000  17.6 -12 Tl.4% -7 109.3 +1

# Statistically significant.

* " highly significant.

# Variation within the row vas statistically sigaificant.



Table 25. Growth of Dusted Buckwheat Seeds in the Field.
Hoemone, 1ndole butyric acid. Plaanted June 30,
Emergence from ground Aug. 6, except number 7 which was

one day delayed. Flower start Aug. 23. iean of 20

plants.
Hormone Helght

No. p.D.m. Aug. 8 Oct. 3 Dry wt.
em » ca % g %

1 0.0 5.5 0 35.2 0 192.6 0

2 0.075% 5.4 -2 82.8 -3 135.1 -3

3 0.15 5.8 +5 90.0 +5 200.2 +4

4 3.0 5.3 -4 90.2 +5 202.1 -4

5 30.0 5.3 -4 383.1 -3 185.5 -4

6 300.0 5.4 -2 8l.5 -5 195.6 -4

7  3000.0 5.1% -7 86.1 +1  194.4  +1

% ~longation retarded significantly.
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Table Z€. Leasurements of Helcht of Flants Grown from

Dusted Sweet Corn Seeds in the Field (Aug.3,Table 24).

Hormone conc. and mcasurements

Lines 1 4 7 15 20
Cl cl cm cno cm
1 69 85 72 63 69
3 70 =8 3 68 68
5 33 91 T4 72 63
7 87 90 80 72 63
9 86 90 80 73 73
11l 82 g9 78 65 70
13 €1 82 7 64 73
15 71 &7 77 71 82
17 T2 33 T4 64 84
19 7 73 73 70 73
21 T7 T4 72 70 81
23 7 76 1 64 €83
25 80 75 76 66 65
27 <0 £5 &2 72 81
29 75 84 78 67 61
31 T4 53 65 53 78
33 54 €9 &7 69 69
35 67 70 67 68 68
37 75 71 39 76 €2
b)) 64 87 - 683 72
Ave. 75.7  T9.9% Th4.1l  68.0%% Tl

# Staticsticaly significant.
3t " highly significant.



Table 27. Ohservation on Different Seedlings Treated

with Hormone Dust.

field, Aug. 20.

Seeds planted in the

Hormone
Plants concent.

Germination
Start

Remarks

P.pP.M.
Soy bean o
2

10

20

2000

Wheat Check
1 1let Check

Pea Check
R
KldAney bean Check
R
let tuce Check

R
\

Aug.27

(1]
24
1]
"
"w o

27

26

27

Aug. 28

"
"

30
28
26

"

"

Germination poor.

Tillering appeared
Sep. 15.

Soy bean seeds were dusted witn napthalene acetic acld

ml}ied with tale. R = Seeds dusted with Rootone and

€XCegg ghaken off.



Table 28. Summary of Exp. 1ll.

Percentage differences based on check

Dent
Plant corn Sweet corn Buckwheat
Table 23 24 25
Aze (days) 30 8 20 40 2 40 40
p.pum. 2 °o R o o o %
2 to.3 +1 -2 +5 -1 -4 +5 +4
20-30 +1 -1 a2 -2 -4 +3 -4
200-300 -Om -1 -10%#% -1 -2 -5 -4
2000-3000 -——- -12%% 7% +1 =T* +1 +1

# Significant.

# ¥

Highly significant.






Table 29. Degrees and Direction of Curvatures of Zea

Coleoptile at Low Humidity.

Deggr-ee Number of
Hormone of cur- tip eumpty
Plants concent. vature colecptiles
%
6 0 0 ormal
" 0.1 +68 Normal
" 3 -33 4 (0.5cm)
" 10 =325 5 (0.4cm)

Place, dark room. Cultures covered with pasteboard
box. Temperature of room 21-25°C. Humicity low
(22-42%). Coleoptiles were used when length was 2 to
3 cm, aﬁd hormone application in the form of lanolin
paste at the mlddle. Iieasurements taken 10 hours
after application. Date of observation Sept. 24
(12:10 A.X). Degree of curvature determined by means
of shaGOngaphs on bromide paper. Poslitive curva-
tures are indicated by (+) and negative by (-).

Hormone used naphthilene acetic acid.
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Table 30. &ffects of Naphthalene Acetic Acid in the
Form of Lanolin Paste Applied at Various

Points of Zea Seedlings.

Hours after apnlication

No. Location 8 hrs 1l2hrs 20hrs 34 hrs

1 Check . Plumule appeared
2 O0.5cm from tip ++ @ ++% + Lpop, +-

3 Mid. coleon. ++ P ++% + Emp +-

4 Node ++ P ++ 4+ ++

5 Mid. internode ++ ++ + +-+

Experliment conducted 1in laboratory in porous pot damp

chambers. Room temperature 23-27°C, Humidity of se-ed-
iing environment high. Hormone ap~-lied Oct. 12 (10

A.27). Length of coleoptile 2 to 3 cm. Number of seed-
lings used 40. Positive curvatuge indicated as (+),

negative curvature as (-), and recov:ry indicated (+-).

P. means sharp curvature at point of apvlicatio..

Empty coleoptiles indicated by Emn. Two negatilve

curvatures recorded here also(*).






Table 31. The Effects of Quantity of Hormone and Age

of Coleontiles on Direction of Curvature.

Group. A B C ©
Av. Length Coleop.
at start (cm) 3.5 3.0 2.7 2.0
Quantity of paste L s L S8 L 8 L s
Curve after 12 hrs 0 0 - o+ - + - +
- + - +
- +

Hormone used, 3 percent naphthalene acetic acid in lano-
lin pa2ste. Room temperature 23-270C, Number of plauts
32, Hormone paste apnlied at middle of coleoontile.

Positive curvature (+), and negative (-). See plate 23,

Table %2, The Effec:s of Various Con-entration of Hormone

in Lanolin Paste on Zea Coleoptile.

No. ) 1 2 3 4 5 6
BothSide Imter:node

Percent Hormone 0 0.1l 3.0 10 0.1 10

Cur¥€ a2fter 12 hrs 0 ++ ++ ++ 0 ++

" " 24 " 0 4= 4= + o) ++

Number of plants and conditiong of the experiment similar
to that recorded in table 30. Place of hormone application
0.5 cm below tip. Plus siens indicate medium or strong
curvature. Plus and minus signs together indicate reco-
very. See plate Z27.



Table 33. The hftects o: Hormone in Lanolin Paste on

Decapitated Zea Coleoptiles.

Hormone Older colecp. Younger coleon,
No. Cone. Berin 24 hrsg Segin. 12 hrg 24 hrs
ca c.u cm cm

1 0.0 3.3 3.7 1.3 2.5 0 3.5 0

2 0.1 2.8 3.2 1.4 3.3 ++ 3.3 4=
3 3.0 2.9 3.4 1.6 2.8 ++ 3.5 +-
4 10.0 3.3 3.9 1.7 2.7 ++ 3.6  +-+
o 10.0 2.8 3.4 1.7 2.7 ++ 3.7 ++
g% 0.1 2.7 3.4 1.5 2.6 0 3.4 0

Plants and codditlons of the experime:t similar to that
shown 1n table 30.

# Lanolin paste apnlied at internode,

## [,anolin p:ste applied symmetrically on decapitated
coleoptiles. Plus indicates vositive, and minus negative

curvatures., No effects indicated by 0, and recovery by

("")o
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Table 34, Rootling &ffects on Cuttings Throush the Use of
Rootone. Temperature of the greenhouse 25-32°%,

Placed in propagating bench Oct. 4. Exanined Nov. 15,

Yutber of nlants Total plantsg
Plants Rootone A 3 C D Alive Uged
Chrysanthemum Check 26 6 7 0 39  40-50
" Tal-S 20 0 8 4 32 "
" R 21 18 6 0 45 "
" R-S 16 12 8 2 33 "
kegeubryanthe- Check 12 12 8 4 36 30-40
" o R 15% 15 0 0 30 "
Hy drangea Checx 21 8 6 0 35 40
" R 20 12 6 0 33 "
Kleinia Stem Check 12 6 6 8 32 30-40
" " R 8 10 5 7 30 "
" Leaf Check 6 7 7 9 29 "
oo R ‘s 9 6 8 28 "
Cragsula Stem ‘Vheck 10 12 3 0 23 25
" " R 9 14 3 0 26 "
" Leaf Check 12 8 0 0 20 "
" " R 11 | 10 0 0 21 "
Azalea Check 0 0] 0 0 20 40
" R 0 0 0 0 10 "

# Root development significant.

Class A = wany roots well develooed.
B = Medium developement of roots, more than 5, rather short.
C = Few roots, 1-5.
D = o roots.

R = Rootone.

R-S = 0.2¢. Rootone for each row (35cm) in flat.

T®1-S = 0.2¢. talc powder without hormone for 35cm rows.



Table 35. Kooting Effects of Cuttings Due to Rootone
Calculated in Percentages Based on Total Cuttings
Alive. Data from Table 34,

Fercentage of plant rooting Plants

Plants Rootone A B c D alive
7o 7 % 7 7
Chrysanthemum Check 66 15 18 0 100
" Tal-S 63 0 25 13 100
" R 47 40 13 0 100
" R-S 42 31 21 5 100
llesembryanthe- Check 33 33 22 11 100
" e R 40 50 0 0 100
Hydrangea Check 60 23 17 0 100
" R 53 32 16 0 100
Kleinla Stem Check 37 19 19 25 100
o R 27 33 17 23 100
" Leaf Vneck 21 24 24 31 100
" " R 13 32 22 29 100
Crassula Stem Check 44 52 13 0] 100
"o R 35 54 12 0 100
! Leaf Check 60 40 0 0 100
" " R 53 48 0 o] 100
Azalea Check 0 0 0 0] 100
" R 0 0 0 0 100

R = Rootone
R-S = Rootone on soil.
Tdl-S = 1ale without hormone.



Table 35, &ffects of Hormone on Corn Seedlings Previously
Treated with Colchicine. Lavoratory temneratures

20-25°C, Plants in petri dish moist chahbers.

Treatment & Observation Check Hormone
treated.
Seeds germinated Nov. 1 Nov. 1
Colchicine 0.1% sol. Nov., 3 Nov, 3
Washing (tap water) 4 hrs 4 hrs
Hormone (0.04% naphthalene) -=- Nov.4 (20hrs)
washing - 4 nhrs
Fetril dish culture Nov. 3 Nov. 5
Lateral roots appeared Nov. 8 Nov. T
Lateral rooted plants 2 12

" " " % 10 60




Table 37.

Solution Mixtures With and Without Catalyst.

No. 0 1 2 3 4
(0.5M) (0.5u) (0.04%)  (0.4%) (0.04%)
Blank FeClB + HC1 1l + Naph. 1 ¢ Naph. Naph;
cc cc cc cc ce
FeClB+ HC1 0 10 10 10 o
Naph. 0.04% 0 0 5 0
" 0.4% 0 0 0 5 0
HOH _15 _5 _o _0 10
Total cc. 15 15 15 15 15
Table 38. Titration for Decomposition HpO2.
Mean of four titrations with 0.1 N KinO4; room temp. 250¢.
No. 0 1 2 3 4
Minutes cc cc cc cc cc
5 15,10 14.50 15.20 16.50 15.85
15 15.15 12.50 14,00 1 6.65 15.90
30 15.10 10.20 12.20 16.72 16.88
45 15.10 7.90 10.95 16.70 15.82
60 16.20 6.35 10,00 16.69 15.80
90 15.20 4,20 8.10 16.65 15.86
120 15.17 2.90 6.60 16.50 15.85
130 15.10 1.25 4,25 16.50 15.84
240 15.17 0.60 2.85 16.43 15.86
Ave 15.14 15.85






Table 38. <Litration for Decomposition HpOp,
i‘ean of four titrations with 0.1 N KinO4.
Room temperature 25°C.
No. 0 1 2 3 4
Yinutes cc cc cc cc cc
5 15.10 14,50 15.20 16.70 15.85
15 15.15 12.50 14,00 16.65 15.90
30 15.10 10,20 12,20 16.70 15.88
45 15.10 T.20 10.95 16.70 15.32
60 15.20 6.35 10.00 16.869 15.30
90 15,20 4,20 8.10 16.65 15.36
120 15.17 2.90 6.60 16.50 15.35
130 15.10 1.25 4,25 16.50 15. 34
240 15.17 0.60 2.85 16.43 15.86
Av, 15,14 ~15.85
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Table 39. KReaction Velocity Constant for Decomposition

H202,

No. 1l 2
Co 15.14 15.85x10™%
sinutes K X

5 87.7 78.5
15 84 85.5
30 108 85.4
45 131 82.0
60 172 177.3
90 - 132 73.0
120 133 ' 74.0
130 135 T73.4
240 139 70.0

Av. 107x10-4 78%10

-4






Table 40. Chemicalé Reported as flormone or as
Hormonelike in Activity.
Chemicals Stimulat; Cii Reported by
Auxin a Avena test Koogl (1935)
Auxin b " "
Setero@uxin " "

1-llethyl-3-acetic acid "
O -3-indole prooionlc acid "

.Pyruvic acid

3-Indole pyruvic acld Avena test

Phenyl acetlic aciad "
Phewyl prorionic acid "

Igatinic acid "

2-Indole acetic acid Pea test &
gomz Avena test
& (b)-liaphthalene acetic "
*r-3-Indole butyric acid "
Indole proplonic acld "
Fhenyl acetlc acid "
Fluorene acetic acid "
Anthracene acetic acid "
> -.aphthyl acetonitrile "
Ethy lené gas Root, Stem.
Glutatnion Root
Sulohanilazide Root

n

> -Pnenyl butyric acid

Ascorbic acid (vit.C) rea seedling

daagen Siit
& went (1935)

"

Zimmnerman &
nilcoxon (1935)

ft

Croker, Zimiermank
sitcacock (1935)

Grace, H.H. (1937)

"

Hausen, S.V. (1935)

1-Coumaryl acetic acid(Root initiate but Talmann,K.V.(1935)
not Avenacoleoplile)
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Plate 1

LARGE MOIST CHAVMBER AND PAN FOR GERMIN AT IOV

2

~

Right: Molist chamber (100x70x90cm).
Left: Pan (50x50x1Ocm) containing filter paper
on glass plates for germination of seeds.



Plate 2

POROUS POT WOIC™ CHAMB*R




Plate 3

SEEDLINGS FROM HORMONE DUSTER SWEET CORN
SEEDS GROWING ON FILTER PAPER

(July 5=-Table 10)

.
- ———

Indole acetic acid dust.

G 1 = Check
G &= 2 P.P.M.*
G T= 20
G 16 = 200
G 20 = 2000

# p.p.m, = Parts hormone to million
parts of seeds.



Plate 4

SEEDLINGS FROM HORMONE DUSTED SWEET CORN

SEEDS GROWING ON FILTER PAPER

The same seedlings as in plate 3, but
older. Rrimary root growth inhibited
but root hairs developing.



Plate 5

SEEDLINGS FROM HORNONE DUSTED SWEET CORN
SEEDS GROWING ON FILTER PAPER

(July 8-Table 10)

The same secdlings as in plate 3, but
older. Secondary roots are appearing.



Plate 6

SWEET CORN SEEDLINGS GROWING ON
HORMONE DUSTED FIILTER PAPER UNDER DIFFUSED LIGHT.

(July 17-Table 11)

Indole butyriec acid dust spread
on filter paper (r = 9cm)

1l = Check

4 = 0,1 mg/paper
T = 1.0
10 = 10,0
20 = 100,0
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Plate 7

SWEET CORN SEEDLINGS GROWING ON
HORVONE DUSTED FILTER PAPER IN DARKNESS.

(July 17-Table 11)

Indole butyric acid dust spread
on filter paper (r = 9cm)

1 = Check
4 = 0.1 mg/paper
T = 1.0
10 = 10,0
20 = 100.0



Plate 8

SEEDLINGS FROM HORMONE DUSTED BUCKWHEAT SEEDS
GROWING ON FILTER PAPER
(Aug. 15-Table 12)

r\‘ \\ ‘~"~\47‘.(r'
?7/“"‘“"6‘ S‘“m‘nrw‘r-w‘-wm\ .

SRR

mw mmu
RIRISTIERRAN I

( t

Indole butyric acid dust spread
on filter paper (r = 9cm)

1l = Check

3 = 0.15 p.p.m.
B = 30.00

6 = 300,00

7 = 3000,00






Plate 9

SEEDLINGS FROM HORMONE DUSTED BUCKWHEAT SEEDS
GROWING ON FILTER PAPER

(Aug. 19-Table 12)

Same seedlings as in plate 8
but older., Indole butyric acid
dust spread on filter paper

(r = 9¢cm).
1 = Check.
3= 0.15 p.p.m.
5= 30,00
6 = 300,00
7 = 3000.00



Plate 10

SEEDLINGS FROM HORMONE DUSTED BUCKWHEAT SEEDS
GROWING ON FILTER P APER

(Aug. 21-Table 12)

Same seedlings as those in plate 9
but older. Indole butyric acid dust
spread on filter paper (r = 9¢m).

1l = Check

3= 0.15 p.p.m.
5 = 30.00

6 = 300,00

T = 3000.00



Plate 11

SEEDLINGS FROM HORMONE DJSTED BUCKWHEAT SEEDS

GROWING ON FILTER PAPER

(Aug. 23-Table 12)

Same seedlings as those in plate O
but older. Indole butyric acid dust
spread on filter paper (r = 9cm).

1 = Check.

3 = 0.15 popomo
5 = 30.00

6 = 300,00

7 = 3000.00



Plate 12

SEEDLINGS FROM HORMONE DUSTED BUCKWHEAT SEEDS
GROWING ON FILTER PAPER

(Aug. 23-Table 12)

Seedlings 6 and 7 from plate 1l1l.
Showing primary roots.

Left: 300 p.p.m.
Right: 3000 p.p.m.



Plate 13

SEEDLINGS FROM HORMONE DUSTED BUCKWHEAT SEEDS
GROWING ON FILTER PAPER
(Aug. 25-Table 12)

Seedlings 1 and 7 from plate 1ll.

Left: Check
Right: 3000 p.p.m.






Plate 14

SEEDLINGS FROM HORMONE DUSTED SWEET CORN SEEDS
GROWING IN THE GREENHOUSE

(Nov., 5-Table 15)

Indole butyric acld.

Left: Check
Middle: 2 p.p.m.
Right: 20000 p.p.m.



Plate 15

BUCKWHEAT GROWING IN HORMONE DUSTED SOIL.
(Nov, 6-Table 16)

Left: Check

Middle: Indole butyric acid 100 mg/pot.

Right: Rootone (0.1% naphthalene acetic
acid) 3g/pot.



Plate 16

S0Y BEAN PLANTS GROWN FROM HORMONE DUSTED

SEEDS GROWING IN THE GREENHOUSE

(Nov. 5-Table 19)

Left: Check.

Middle: 20 p.p.m.

Right: 2000 p.p.m.

All seedlings in right hand pot
dead Nov. 11,



Plate 17

ROOTONE TREATED TOMATO SEEDLINGS
GROWING IN POTS IN THE GREENHOUSE

(Nov. 5-Table 20)

Left: Check.
Right: 0.2g. Rootone spread on
soil around roots.



Plate 18

ROOT SYST:iM OF MILLET GROWN FROM ROOTONE TREATED SEEDS

(Nov. 8-Table 22)

Left: Check.
Right: 3g. Rootone/1l00g. seeds.



Plate 19

ROOT SYSTEM OF SWEET CORN GROWN IN THE FILD
(Oct. 6-Table 24)

Showing the point of attachment of the
seed. Crowm roots have developed, and
the primary root has completed its deve-
lopment.

A = Check.
B = Indole butyric acid, 2000 p.p.m.



Plate 20

ROOT SYSTEM OF DENT CORN GROWN IN THE FIELD
(Oct. 6-Tapnle 23)

Showing seed attachment from which primary
roots developed.

A = Check.
B = Roots of plant grown from seed dusted

with indole butyric aeid (200 p.p.m.)



Plate 21

AERIAL ROOTS PRODUCED ON 3UCKWHEAT STEMS
AND PETIOLES BY APPLICATION OF HORIMONE

IN LANOLIN PASTE

(NOVQ 20"EX:O. lV-A)

Hormone in lanolin paste injected, Nov. 1l1l.
Plants growing in 25cm. pots in the green-
house. Temperature 20-27°C,

A = Check, lanolin paste only.

B = 0.1% Naphthalene acetic aeid 1in
lanolin paste.

C = 10% Naphthalene acetic acid in

lanolin paste.



Plate 22

EFFECTS OF HORMONE IN LANOLIN PASTE ON TOMATO: PLANTS
(Nov. 18-Exp. 1V-B)

Right: Inhibition of terminal bud through
treatment with 0.1% naphthalene acetic acid
in lanolin paste. Lateral shoot growth
increased.

Left: Tip untreated, but axial treatment
with the same hormone in lanolin paste.
Lateral shoot growth was retarded.



Plate 23

EFFECTS OF QJANTITY OF LANOLIN PASTf
APPLIED AND THE AGE OF ZEA COLEOPTILES

(Table 23)

/ "3 4
3 W o
n
* b
D C B A
— Pl

Three percent naphthalene acetic acid in
lanolin paste applied at points indicated by
arrows, Older coleoptiles at right. Right
hand coleoptile of each group received the
heavier apvplication. Photograph taken 12
hours after application of the paste.



Plate 24

THE EFFECTS OF VARIOUS CONCENTRAT ION OF
HORMONE IN RLANOLIN PASTE ON ZEA COLEOPT ILES.

(Table 32)

Photograph taken 20 hoursafter appli-
cation of naphthalene acetic acid paste.

Check.

0.1k

b7

10%

0.1% (applied on both side)
10% (applied on internode)

O\ il N
Huuwunun



Plate 25

THE EFFECTS OF HORMONE IN LANOLIN PAST™
ON DECAPITATED ZEA COLEOPTILES
(Table 33)

Photograoh taken 24 hours after application
of naphthalene acetic acid paste,

No. 1 2 3 4 5
Conc. paste, 0, 0.k 3 10 10'%

Group on left are older coleoptiles.
Group on right are younger coleoptiles.

THRR1RE sggntads AithodgR #RE 398elioP8fen
at later stage and most of coleoptiles
recoverd from bendings, yet bendings are
seen on younger group (right); No. 5 were
treated on inter-nod.



Plate 26

THE EFFECTS OF ROOTONE ON ROOTING
OF CUTTINGS OF CHRYSANTHEMUM
(Table 34)

Left: Check.
Middle: Cut stem treated with Rootone.
Right: Rootone applied to soil, about

the cut end of stem.
Classification:

A = Many roots well developed.
B = Medium developed roots, 5 to 10, short.
C = Few roots, 1 to 5.



Plate 27

THE EFFEC.S OF ROOTONE ON ROOTING OF
MESENBRYANTHEMUM AND KLEINIA CUTTINGS.
(Table 34)

Many roots were developed.

Medium developed roots but short,

5 to 10 in number.

Few roots poorly develooed and 1 to
5 in number.

w >

Q
1}

Mesembryanthemum, check.
n Rootone treated.
Kleinia repens, stem Rootone treated.
" " leaf Rootone treated.

Qa0 UP
T [ 1}



Plate 28

THE EFFECTS OF ROOTONE ON THE ROCTING
OF HYDRANGEA AND CRASSULA CUTTINGS.

(Table 34)

Top row:; Hydrangea cuttings.
Middle row: Crassula leaf.
Bodtom row: Crassula stem.

A = Many roots well develoned.

B = Medium developned roots, but short
and 5 to 10 in number.

¢ = Few roots, poorly developed and

less than 5 in number.



Plate 29

SEEDLING S FROM COLCHICIN <ITEEATED DENT CORN

SEEDS RETREATED WITH HORMONE SOLUTION
(Table 36)

All four seedlings treated with 0.1% col-
chicine at the beginning. Later the two
on the left given an additional treatment
of naphthalene acetic acid (0.04%). The
two on the right not treated with naohth-
alene acetic acid.



Plate 30

DENT CORN SEEDLINGS GROWING IN BOXES
WI'H ONE SIDE PROVIDED WITH GLASS

(Nov. T7-Exp. V11)

'Top: Check.
Bottom: Seeds dusted with indole butyric
acid (2000 p.p.m.)
Left side of each glass face was covered
with black paper to exclude light.
Right side remained uncovered.

Planted Nov. 3. Greenhouse temperature



Plate 31

DENT CORN SEEDLINGS GROWING IN BOXES
WITH ONE SIDE PROVIDED WITH GLASS.

(Nov. 10-Exp. V11)

Same cultures as in plate 30 but seedlings
are 3 days older.

Top: Check.

Bottom: Seeds were dusted with indole acetie
acid in talec.

Left side of each glass face was covered to
exclude light. Right side left uncovered.



Plate 32

DENT CORN SEEDLINGS GROWING IN BOXES
WITH ONE SIDE PROVIDED WITH GLASS.

(Oct. 30-Exp. V11)

Left box: Sand only.
Right box: Sandy loam.
Left face of each culture covered; right
face left uncovered.
For each group plants (10 plants)
Left 5 plants: Check.
Right 5 plants: Indole butyric acid
(2000 p.p.m.)
Planted Oct. 10. Greenhouse temperature
22-26°¢C.



WSY oM USE ONLY

w2248







IES

i




