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T TODUC TICH

it the presant tine, intarest is great in the use of growth
regulators for cbtaining werioues effects with plants. Kany of these
regulators have provem to be guite useful in industry, for wesd con-
trol, and in investipgations irto the bicchemical and physiological
stadies of plants,

Orowth regulators have a long history of develomemt, In 1758,
Duhamel du Monceau proposed a theory of "descending s#p" eausing root
formation in plants (15, 19), But it was not until 1880, when Sachs put
forth the first theory of subst:nces controlling plant grewth (6, 15, 19)
that any real interest was nroused in this study, Work up to 1880 was
hampared by laock of snalytieal procedures, funds, amd cooperation be-
tween scientists, The investigstive studies that had beem carried out
were mainly concerned with morphologlcasl aspeets of plants, Smchs (15)
felt differentiation of rootes and flowears was dus to minute smounts of
chemicals moving up and down in the plamt. These chemicsls he considered
to be organ forming mubstances which, in minute amounts, direct develop-
ment, He also felt thers was = polar distribution which may be wodified
by external forces, such as light snd gravity (19). Beijerinck (1888
1897) studied gall formutions and came to the conclusion they were formed
by "grovth snzymes"., He stated thzt "form is determined by liquid sub-
stanees, which mo;r- fresly through considerable numbers of e¢ells in growing
tissue® (15, 19).

Charles Darwin bepsme interestad in this atudy, and in 1880.1861 he

began investigs ting the responses of plants to light and gravity. He



sectioned off coleoptile tips of canary-gross seedlings, amd found the
seedlings to have lost their semsitivity to light (6, 15, 19). He
placed great importance to this controlling tip, and when hes reported
his findings, = great desl of controversy was stirred up regarding the
asctuz]l importance of this tip, Thisr was sattled, to some degree, when
Rothert, in 1894, confirmed Darwin's work by showing separate plant
sonss were affected differently by light and gravity (19).

When Fitting found, in Jawa, in 1907-1908, =m extract of orchid
pollen would cause swelling of the orchid ovary, interest was further
stimulated in this avenue of research, Fitting felt polarity wms set
up by light stimuli snd was sprsz=d from osll to cell (6, 14, 15, 19).

The next stride forward was taken by Boysen-Jensen, when, in
1910-1913, in the laboratori®s of W. Pfeffer in Gerwany. he cut off the
tips of oat colsoptiles, replaged them again with a gelatin layer be-
tzreen the tips and the stumps and observed a curvature of the seedlings
(6, 15, 19). Here he showed the phototropic stisulus to be transmitted
noross a wound gap, #nd felt this transmission to & a complex chain of
reactions. Paal (1914, 1919) took the next step aznd showed the stimulus
was hilted when coeca-butter, mics, or platinum foll, rather than the
gelatin was pliced in the gap (6, 15, 19). He also raplaced the tip on
only one side of the stump, theraby producing a curvaturs, showing a
substance or sorrelation earrisr to be present. Soding (1923, 1925)
eonfirmed Paal's conclusions using the strajight grewth method (19).

Cholodny, in 1927, and Went, 1928, came to the comclusion that
phototropism and geotropism are due to & correlation carrier amd that
all troplsms are medimted by a growth hormone system - "Ohne Wuchsstoff,



kein Wechstum®; without auxin, thers is no growth (16).

When Went, again in 1928, finally succeeded in isolating the
elusive Wuchsstof{ by diffusion into #m mgar block, the door w=s opened
to the extsnsive ptudy of plant growth regulators (6). Went proceeded
to establish the sat coleoptile curvatur: as a blo-sasay teat for
growth regulators. Under smecified conditions, & unit of measure was
established, One AE (Avens Einheit) = asmount of material in one block
of mgar, whieh czused a 10° curviture in the coleoptile 2 hours after
treatment (15), Various technicsl modificztions hive besn made in
the original test by such mem as: Van der Weij (1931), Laibach and
Korwann (1933), Heyn (1935), Brecht (1936), Jost and Eeiss (1936),
Soding (1936), Skoog (1936) and others (19). In 1933, Kogl showed
two auxins to be present in the agar block used to obizin the
Wuchsstoff, and named them #Zuxin a and suxin b (6), These twe auxins
proved to be growth stimulators, while up until this time, #ll exiracts
srd chemicals tasted had proven to be inhibitors. Went's iAvena
coleoptile test, along with other tests, such &s the split stem of
per, straight growth test, and the tomaio ovary test (6) all allow
for quantitative mnalysis of chemicals, to est:blish thealr relative
sctivity as growth regulators. Each of these tasts and especially the
Avena eoleoptile tmst, reguirss elaborats manipulztions am procedures
in order to obizin definite results (18). In reviewing this= test and
others, snd seeing the importance of growth regulators, it was
questioned whether or mot another, cuicker, amd easier test could be

designed, which could supplement or compare to the oat colseptile tast,




This paper is devoted to tha investigstion of this problem with the
use of the hypoecotyl hooks of dirk-grown cucumbsr eeedlings, variety

Marketaser,



MATERIALS AND METHODS

Cucumber seedlings ware chosen for this investipation, bwcause
of observations and tests made by some muthors which showed the cucumber
seedling to be ssmsitive to growth substances (9, 11)., Variety
Marketeer wis chosen for thesea tests, =md three approaches were made in

investigating the problem,

SOLUTION METHOD - A stock solution of TIHA was made up at 100 ppm
in water, and a buffer solution of 10 ml M/15 NaghPO, and 190,4 ml M/15
KB,PO;, was added to reach & pH of 5.6 (9). Dilutions were made by &
10:1 ratio to reach concentrations of 10 prm, 1 ppm, .1 ppm, .01 ppm,
The cutimber se##ds were pliced on filter paper in Petri dishes, and
3 ea of eich solution was then plzced in the separate dishes, amnd the
seeds allowed to germinate, FIfter five days, measurements of root
lengtha, and hypocotyl lengths were made, and notations takem on the
degree of effect the solutions had on the angle of bending of the
hypoecotyl, geotropism, and any other abnormalities encountered.

The next two methods made mse of ths fact that cucumbers grown
in the dark, maintain a hook in the hypocotyl, immediately behind the
cotyledons, This hook will remain as long as the& plant is in darkness,
Onee light has had suffieient time to a&t on the hypocotyl, the hook
will strajghten out normally, By traating this hook with various growth
substances, inhibition or stimulation of cell growth is ichiswved,
eausing the hook to straightem out or hook tighter,

Cucumber seeds were placed on moist rmaper towels on vsrmiculite in



plastic trays. Two plastic trays were then placed in a metal water-
proof tray, The metal tray wss them placed in 2 light.proof incubator
at 24° C. The seedlings were illowed to germinate and grow to a height
of 7=10 em., at which height they responded most sctively to tha tasta.
It took from four to six days after placing the seeds on the moist paper
until they reached the proper height,

AGAR METHOD . Agar was prepéred with 100 ppm trans-cinnamic acid,
The agar was placed in Peiri dishes, and allowed to met, The cotyladons
of cueunber seedlings waere them removed, and the top 3 am,of the
smedlings cut from the remainder of the hypocotyls. These hooked
hypocotyl sectione wers them pliced in the Petri dishes, so that the
hooks alone wer® in contaet with the agar, and the rest of the hypocotyl
propped upright sgsinst the sides of the Fetri dishes, Meisurements of
the degree of siraightening or closing of tbe hook angle was then
attempted,

LANOLIN PASTE METHOD - When the seedlings reached their optimum
height range of 7-10 em., they were treatad with various lanolin paste
&pplications , in some cases on top of the hook and in other cases on the
bottom of the hook. The pastes were prepared as iollows: the substances
vere weighed out, dissolved in appropriate solvents, and mixed with melted
lanolin, which upon cooling formad the paste. The stoek concentrations
for this procedure wers 1000 ppm, #nd weare arrived &t by weighing out
10 mg. of the substence, and adding it, dissolved to 10 gm. of pure

anhydrous lamalin, A wetting agent, TWEEN 20 (pelyoxyethelsme sorbitsn

monolaurate), was sdded (1 drop per gm. of lanolin) to insurs prompt




penetration of the growth gsubstances into the hypocotyl hook, If any
dilutions were desired, 1 gm. of the stoeck solutions of 1000 ppm was
gdded to 10 gm. of pure leanolin to form 10C ppm. This procedure was
followed til1l, in some cases, concemtrstions of .01 ppm were arrived
at,

The substsnces used for these experiments were suggested by
several suthors (1, 11, 14, 15, 17). The substsnces, solvents, snd

concentrations used are sz Iollows:

Substrnces Solvent Concentrations (opm)

cA aleohol 1,000; 100; 10; 1; .1;

CCa . 100; 103 1

TIEA " 10,000 1.,000; 100;
103 1

m L “.“‘ 1.“] lm:
i 1

2,4,5.T . 1,000

2.5,6-1‘ o -

coumarin . »

PCA . .

oCL " "

IRE L] ']

41N ] L

.M - [ |

”A - [ ]

fumarie acid - "

pyruvie seid » .

suceinic acid . ]

2,4.D . "

gibberellic 2e¢id . "

eosin " 1000; 100; 10; 1; .1

erythrosin » " . *« n =

melonic acid v Ler .

niecotinic acid o .

phenyl lsctic seid . "

maleie acid » -




Some appliceztions were made using combinations of two of the
previous substances, These combinations are as follows, all concen-
trations being at 1000 ppm:

NPA
"

IBA Eosin
pyruvic acid .
2,4,5-T y
2’4,6"’1‘ i
malonic acid s
4C1N i
fumaric acid "
NAA B
coumarin

nicotinic acid
succinic acid

rhenyl lactic acid
PCA

OCA

TIBA

IAA

eosin

erythrosin

maleie hydrazide
2,4-D

TCA

CCA

GA

TIBA

GA

++ 2+ e d
3

L3R K 3K 3 IR IR S I 2K K R K B0 I SR IR 2R 3K IR K A W

Application of the paste was made to the top of the hooks, in
most cases, with some applications also made on the bottom of the hooks,
The flat ends of toothpicks were used as apvlicators, The seedlings were
allowed 24 hours to respond, and then measured with a protractor designed
so that the complete straightening of the hook constituted a 180° measure-
ment (fig, 1). Comparison was maede in each case with & control group of

untreated seedlings,
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Figure 1. Example of protractor used to memsure the cucumber
hypocotyl hoock angles, The hypocotyl was placed on the
0° line ané the point of applicztion on the hook, at
the center of the circle., Measursment was
made to the angle at which the
cotyledons pointed,
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Figure 2, Diagrammstic representation of cucumbsr hypocotyl
and typical reaction to eosin, a growth inhibitor. h,
hypocotyl; co, cotyledons; p, point of applie=tion
on top side of hook. £, helght of seedling when
treated; B, approximately 2 hours after
treatment; C, 5 houre after treatment
D, 24 hours after treatment,



RESULTS

Using the solution method, it was found that trilodobenzoic
acid ( TIBA) inhibited growth of both hypocotyl and root of the
sucumber seedlings (fig. 3). At a concentration of .01 ppm, the
total growth of the two (hypocotyl and root) was only 0% that of
the control group, This was also true of the .1 ppm concentration,
The 1 ppm concentr:=tion seemed to show a slight stimulus towards in-
creased growth, averaging 74% of the control group., After this, the
concentr:ztions again showed increased inhibition of growth, 10 ppm
averaging 48%, and 100 ppm averaging 43 of the control group's growth,
The angle of bending of the hypocotyl did not seem to indiczte any
particular trend, though all but one of the concentrations showed
less bending than did the control, the 100 ppm concentration showing
sonsiderably more bending than the control group, The measure of
geotropiem in each concentrztion w=s also lower tham that of the con-
trol groupe.

With the agar method, the hypocotyl secticns placed on the agar
and propped up against the sides of the petri dishes, dried up long
before any effect could be shown by the growth substance (TCA)

included in the agar,

10
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Figure 3,
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Cucumber seedling development using various concentrations

of TIBA in solution. h, hypocotyl lemngth; r, root length; c,

length of combination of the hypocotyl amnd root



In prepsring for the treatmemts with lanolin a growth curve under
exparirental conditions was established for the cucumber meedlings (fig. 4).
Treatment with eéosin &t 1000 ppm concimitration wes tham applied to cucumber
seadliings at various heights to determine at what range of the growth
surve the 53:ilings were most semsitive to growth substances (fig. 5).
This range tarmad out to be 7-10 em., which is towards the peak of the
growth eurve, or just at the mnd of the grand period of growth, This
grand period is also ealled the log phase of the growth curve. This is
the point at which maxismm eell elongation is ocourring and just before
the food supply in the dark grown seedlings becomes limiting, If more
food would be available the sensitivity range may hawe been more
eentrally locited in this log phase of the growth,

A time tast was also run to establish a reasonable period to let
the sesedlinge react te the growth substances., IBA, at 1000 ppm was used
and 24 hours was chosen a; the most convenient length of time, though
48 hours, would probably show greater differential responses (fig. 6).

Tests wers run to establish sensitivity of the hypocotyl hooks
to various substsntes at different coneemtrations when applied to the
top of the hook, Results are shown in figs, 7 and 8,

Treatment of the underside or bottom of the lypocotyl hooks and
comparison with the topside treatment of the hooks showed some of the
substances to be translocited, to the bottom of the hook, and others nat.
Stimulation or inhibition of tha translocited ones then took plase at the
bottom of the hook, rather than the top, while the action of thase not
translocated was £t the point of zpplication 2t the top of the hook,

(table 1)




Table 1. Results obtalned by treating cucumber hypocotyl
hooks on the underslde and topside with various growth
subs tances, Concentratlons are all at 1000 ppm. Plus
indicates stimulator and translocation, minus indicates
inhibltor and non-translocation,

Substance Underside Topside Type Translocated

IAA 450 420

+ +
IBA 70 65 * &
NPA 78 63 + +
NAA 70 =73 + -
Eosin -4 136 - -
Erythrosin 5 103 - -
2,4,5-T 44 38 + *
2,4,6-T -10 «10 - +
TIBA 10 50 - -

1480&R
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Figure 4, Growth curve of untreated cucumber
seedlings, under laboratory conditions
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Various substances were applied by themselves on the top of the
hook, NAA showing the greatest neg:=tive curvature, and eosin the
greastest positive curvature (fig, 9). Some of these substances were
then mixed where NAA produced a 0° curvature, 2,4,6-T a 30° curvature,
TIBA a 115° curvature, erythrosin a 160° curvature, and eosin a 196°
curvature, with all the others intermediate betwsen 2,4,6-T and TIBA
(fig. 10), Here too results indicated reinforcement of the KPA

action by translocated stimulators, and non-translocated inhibitors,
while the action of NPA was inhibited by non-translocated stimulators,

and translocated inhibitors,
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of the hook for 24 hours, All concentrations are at 1000
prm. NPA alone produced & 63° opering (dashed line).
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nicotinic acid; 14 - succinic acid;
15 - 2,4,5-T; 16 - coumerin;
17 - CCA; 18 -~ TCA; 19 -
JAA; 20 . IBA; 21 -~ TIBA;
22 - erythrosin; 23 -
eosin
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DISCUSSION

The solution method used involwvad considerable care and time
in preparation, The results were not entirely satisfactory and a
fairly long meriod of time was needed to 2llow the saeds to react to
the growth substance. These facts persuided this investigator to
drop this procedure,

The agar method was also eliminated due to the fact that the
hypocotyl sections placed on the agsr dried up long before any re=-
actions to the growth substance included in the agar could be
Reasured,

The lanolin pasts method proved to be the most effesctive of
the mathods tried, and zlso ssemed to hold the most promise of
positiva results, No difficulty was experienced in preparing the
various concentrations in this paste form, nor in diluting some of
them to various lower concentrations. The main problem was that of
application of the paste to the hypecotyl hook. When applying the
paste to the top of the hook, cars had to be taken to insure that the
applisation would not run down the side of the hook and influence the
results. Application with a #1 artist's brush wis attempted, but
proved to be unsuitable, in that in order to get a drop from the brush,
the 1lmnolin had to be maintained at a very exsct temperature - if too
high, the lanolin would run down tha sides of the hook - if too low, the
lanolin would not form the drop., The method employed wag that of using
the flat end of toothpicks, which allowed easy applieation of the

lanolin at room temperature, This procedurs was used for appliestion



to both top and bottem of the hooks,

The dissolving of the growth substances in proper solvents be-
fore attempting to mix them with the lanolin was necesgary to insure
fast, comrlete diffusion throughout the l2nolin. It was found, by
Leopold (6), that if erystals are dissolved directly into the lanolin,
a solution is obtzined which is 10 times less effiéctive tham if the
crystals are first dissolved in a small amount of alcohol or ether,
This was also borne out in preliminary experiments conducted by this
investigator, whose results showed little activity of some growth
regulators that were placed directly into lanolin, as compared to
fairly active reactions to the growth substzmces which had first been
dissolved in an &ppropriate solvent,

There were many foctors influencing the reaction of the growth
substances snd the hypocotyl hooks. One of these was light, It was
found that though 1ight did cause the hook to straighten out, it took
a considerzble amount of it to do so, and the seedlings could be
treated in subdued 1light for up to S minutes, without csusing tham to
open the hook angle naturally., The seedlings were kept im a2 1ight.
proof incubator the remsinder of the time, and light was therefore
eliminoted &s & varigble. Temperature was £lso a factor to comsider,
The incubator was maintsined at a temperaturs of 24° C, which showed
satisfactory results, Thim is also in the rangs of optimum semsitivity
for the ozt coleoptile test (6). Age of the plant was taken intes con-

gideration as & factor, @ind a range of optimum sensitivity was ugasd for

23



the treatments, These various factors are slse importesnt in other
blo-tssay tests, and in the case of the oat coleoptile test, have been
dealt with very well im attempting to control growing conditions (6).
The waxy surface, or cuticle of the hypocotyl posed a problem at
first, in that the appliecztion of the growth substances did not have a
chamce to penetrate to the interior before the hook grew past the point
ef applicstion, By adding a wettiing agemt, TWEEN 20, the growth sub.
stances were able to reach the interior of the hook and cause an effect of
spening or closing of the hypocotyl angle, Mitechell (14) feels the
effectiveness of the wetting agent, or surface-active substance may be
due, in part, to their ability to spread out the chemical and make it
adhere closely to the plane surfzce, Staniforth and Loomis (14) doubt
that the surface tension is sctuslly reduced appreciably by these agents.
Variations of results from day to day sre probebly due to the
variation of semsitivity of the different plants, and also varistion of
sensitivity of each plant from day to day. This has been mentioned by
Went (19) as & point of variability of the Avens coleoptile test, tos,
ipplication to the hook of the cucumber seedling was decided on
because s reduction or increase of growth at the point of appliecstion
would cause the hook to "spin® in some characteristic mamner, 1In the
case of IiA, the permeability of plant cells is chsnged, snd the cells
tend to take up more water, and grow longer (4), thereby indicating a
growth stimulating effect. Those substances that are most active in
this semse are the substituted phenoxyacetic scids. They 2lso must have
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the proper structure (2),

Varistions with growth substsnces also occur when different
parts of the same plant ere treated (3, 12), roots usually needing
lower concentrations to ghow responses, and stems needing quite high
soncentrations. Most growth substances will have both promoting, or
stimulating, and inhibiting effects (8), depending on place of
application, concentrations used, and other conditions. Coumarin, usually
thought to be an inbibitor of growth, shows some suxin sctivity with
Helianthus at 250 ppm (10).

Comparing the curvature obtained with eosin alone, placed on the
top of the hook, with the standard scale set up by Went for the oat
coleoptile test (15), eosin produced a .1,167 AE, where 1 AE = the smount
of material needed to affect a 10° curvature in 2 hours. The negative
sign 1s indicative of the fact that eosin is a growth inhibiter, and
Went's scale is set up for growth stimulators,

Some results in this research were rather unexpected, NPA,

IAL, end IBA, when applied to the top of the hooks, caused an opening

of the hook angle., ~s these substances are usually considered growth
stimulators, the results proved to be opposite to what might be expected.
On the other hand, NiA 2lso considered 2 growth stimulator, yielded a
strong negstive curvature, or closing of the hook angle when applied to
the top of the hook.

Trestment was then applied to the underside of the hook, im am
sttempt to correlate any results obtained this way with the results



previously obteined, Some definite relationships were established when
the two sets of data were compared, It was seen that JAA, THA, NPA,
2,5,5.T, 2,4,6.T, a1l gave comparable results when used on the under-
side, as compared to results when they were used on the topside, /n
emplanation for this is whem the substances were applied to the top of
the hook, some of them were able to be transloeated rather easily, and
their effect on growth actuslly took place at a site on the underside
of the hook,

The topic of translocation of growth substences iz a complex one
(1). Rste of penetrstion (which in this case, was dealt with with a
wetting agent, to some degree) rate of transport or translocstion, and
rate of inactivation or stimulation of tissues 21l greatly affect the
ultimate response (1), Diserepsncy between results obtained from
trestment on top and treatment on the bottom of the hooks, can in
part be a reflection of slow penetration or trenslocation (1). The
substances ylelding opposite results vhen treatment is at the two
different sites, indicate s nearly complete lack of mobdlity. NAA,
eosin, erythrosin, and TIBA showed strong tendencies to remsin at the point
of application, Fosin produced the grestest sngle opening when applied
to the top, and the grestest angle closing when applied to the bottom,
Erythrosin was next in this respect, TIBEA next, NAA showed strong
stimulatory effects, while not being translocated, The fact that NAA
1s not easily translocsted is substantisted by Audus (1). Comparison of
TAA, IBA and NAA showed them to be approximately the same in activity,



which is suggested by Went and Thimann (19).

Competition tskes place at particular sites in some instances
vhen two substances are applied simultaneously, The substences having
the greater affinity for the site, will oceupy it and greatly reduce the
effect of the competitor (17). Form, physical nature, electronic config.
uration, size, and space filling eepacity are the important properties
to be considered here. ''hen applications of mixtures of substances were
placed on the tops of the hooks, results showed differentis)l translocation
taking place, Sometimes competition would take place, as with NPA =nd
2,4,6.T, where both would be translocated to the bottom of the hook, one
being 2 stimulstor, snd the other sn inhibitor, with a resultant 0°
curveture, Most of the time, the inhibitors remained on top, and the
stimulators were translocsted to the bottom snd the action of the two
reinforced each other, This was true with the inhibitors, eosin,
erythrosin, and TIBA, and the stimulstors IAA, IBA, and NPA, The re.
actions show thuot some of the substences will enhance each other's
activity (17), while others will tend tc inhibit each other's action
(5, M.

Due to the complexity of the reactions taking place in treating
the cucumber hypoeotyl hooks, especizlly that of the transloestion
process, it is felt that at this time the cucumber hypocotyl has limited
use a8 8 bls_assay Lest far provih pubstances, The main point brought
out by this investig-tion was that of the ability of these treatments
to distinguish between sgtimulstors, snd inhibitors, and substinces
capable of being translocated, and not iranslocated, Im this sense,



then, the procedurcs described here are vzluable for these distinetions.
When more is lsarned of the process of translocntion, and the rates at
which it takes place, the cucumber hynocotyl could then be used ag a
bio-assay test, duws to its relative sensitivity to growth substances.



SUMMARY

Three approaches were tried in an attempt to satablish a
simplified growth regulator test using cucumber geedlings. The
first two proved to be unsuitzble,
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A third method, that of using lanolin, with the growth regulators

dissolvad in it, proved to be very effectiva, This paste could bms

applied to the hypocotyl hook, whila the seedling was still growing,
mnd measurements taken on the effect the substance had on the degree
of striaightening of the hook., Various substances could be compared
then to determine their relative activity as growth regulators. It

wisg found that eosin and erythrosin were both highly active inhibitors,

in that they tended to straighten out the hook to a greamt degree.
Other substances wére also used, and some combinztiona of substances
were applied. It was found that some substances usually thought of
as stimulators, acted like inhibitors whem applied to the top of the
hook, ¥hen application was then made to the bottom of the hook,
comparible results were obtained, This indicated a translocation
process taldng place. Those substances, such as IAA, IBA, and KPA
which are thought of as stimulators were found to be translocated to
the bottom of the hook, where they stimulatead growth, resulting in an
ovening of the hyvocotyl hook. Other substances, such as eosin, and
erythrosin remained on the top of the hook, c¢ausing inhibition, and
again opened the hypocotyl hook, MNAA, a stimulator, was not trans-
loeated, and closed the hook, when applied to the top, while opening

it wvhen applied to the bottom.
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The fact that some substances are translocated and others are
not, complicates the picture of using the hypocotyl hook as a blo-assay
for growth substances., It is felt, therefore that the use of the hypocotyl
in this sense is limited, even though the hypocotyl is definitely sen-
sitive to these substances, Though it was not evident for gquite a
while, it became apparent after repeated experimentation that through
the use of applications on top, and then on the bottom of the hook,
growth substances could be categorized as to stimulators, or inhibitors,
and whether or not they were capable of being translocated. Whean the
process of translocation is fully understood, the cucumber hypocotyl
hook may well prove to be a valuable tool as a bio-assay test for growth

regulators, due to its relative sensitivity to the growth regulators,
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