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ABSTRACT

The effects of exogenous applications of hormones on tr%pSIOCation of

radioactiQe sugars were studied in intact plants of Phaseolus vulgaris L.
Indoieacetic‘acid (IAA) faciiitated’the uptake of labelléd suéars in the fed
leaf and promoted basipetal transport of the label in the petiole and stemn.
Acropetal transport of the label, in contrast, was unaffected. The site of
hormone application had a marked effect on the uptake and subsequeti® basipetal
transport of the label. Higher coﬁcentrations of th; hormone (1000 ppﬁ rather
" than 100 ppm) and longer durations of treatment (96 h vs. 72 h) had a further
promotive effect. The addition‘of gibberellic acid (GA3) did .not have any
enhancement effect on basipetal transport but facilitated the uptake of the
label, presumably by ;reation of a "sink". The synthetic auxin, 2,4-
dichlorophenoxyacetic acid.(Z,A-D) had no promotive effect on basipetal trans-
port. Application of 2, 3, 5 -~ triiodobenzoic acid (TIBA) decreased the
basipetal transport of sugars and this effect was pa¥t1y overcome by/applica-
) tion of TAA following TIBA appligation. TIBA, howéver, did not toally inhibit
xthe basipetal transport of légﬂiQIAA. Data on translocation to sink ;reas

- and mature tissues are also presented. In all these experiments only a small
amount ?f the fed label was actdally translocated, the highest values for
;ranslocation being obtained when IAA was applied for 48 or more h at the

site of subsequent feeding of labelled sugar. For highly colored leaf samples,
a change’from the normal ethanol extraction to NCS solubilizationLof ethanol

extracts revealed that a good deal of label was not available for counting.

iid
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Introduction ,,\

Translocation of photoassimilates is aucomplex phenomenon involving at
least three sifes. In a green leaf photosynthesis is carried out in the
chloroplast-containing mesophyll cells, \PhloemAstrands end more or less

- ¢

blindly among the mésophyll cells and, consequently, among the first processes

is the loading of phbtoassimilate from the mesophyll and 1ntérvening parenchymna

-
o

cells into the sieve clements. The photoassimilate then moves to the other
plant tissues including roots anc growing meristens, This movement, the
long‘diétanée transport, is believed to occur in the longitudinal files of .
sieve elements. Periodically, from the longitudinally moving stream, the
photoassimiladte is unloaded via parenchyna cells and noved to metabolic sinks
where it is utilized. It is generally agreed. that the intercellular transfer
of assimilate between parenchyma ceils‘and the phenomena of loading and un-
loading are energy-requiring processes. The mechenism of‘long—distance trans-
port in the sieve elements, ih éontrast, is a highly controversial topic.
ghheggiﬁe intensive research on the 5tructure<of sieve elements, constit:tion of
the sieve tube sap, and measurement of rates and velocities of transport
under different conditioné there is ﬁo concensus at the present time on the
exact mechanism of long distance transport (see reviews by Canny, 1963, 1971;
Crafts and Crisp, 1971; Esau, 1969; Esau, Currier and Cheadle, 1957; MacRobbié:
1971; Weatherley aqd Johnson, 19g§Q§sd‘Zimmermann, 1960).

Plant hormones such as auxins, gibberellins and cytokinins are known to -
affect various processes of growth and development (Cleland, 1961; Goldsmith,
1969; Kende, 1971 and Thimann,.l972). They are also known to affect the
translocation of photoassimilates though this effect is much less investigated;

such of the work on translocation_of hormones and the effect of hormones on

Ay

the translocation of photoassimila ;gzhas been done on isolated segments of
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stens or petioles but these studiés, while yielding-valuable data on veloci-

~- &

: _ ‘ ;
ties and polarity of transport, do not provide information pertinent to intact

plants. Accordingly, in this thesis, an attempt is made to stu;;zihe effect

gL
ST

of selected hormones on translocation of radioactive sugars in intact bean

plants. The data presented in this thesis indicate that an §ux1n, indole-

Acetic acid (IAA) enhahces the basipetal transport of labelled sugars and aléo

affects the profile of distribution of the label in various parts of the
plant. The data also indicate that among the hormones tested this effect is
specific for IAA and that there is a close parallelism betwcen the movement

of IAA itself and the translocation of labelled sugars.

Literature review

In the following ~eview some of the important information on the consti-

tution of the sieve-tube sap and kinetics of transport are surmarized for
background information. The translocation of hormones .and the effects of

normones on translocation of assimilates are reviewed in detail.

Composition of the sieve tube sap

The analysis of sieve-iube sap in higher plants, obtained by tapping'the
barkvnear the base of the stem (Zirmermann, 1964) or by aphid stylet. method
(Mittler,A1953), has consistently shown thaﬁ the principal sugar translocated
in the majority bf highef»ﬁlants is sucrose which may occur in concentrations
as high as 20% w/v. _Zimmermann (1960) also noted small amounts of raffinose
and related sugars in the sieve-~tube sap of Varioﬁs trees, but reported that
hexoses and sugar phosphates were.abseht. Amino acids (10-100 mﬁ) as well

as various cations, 20-85 mM K+, 2.3-23 mM Mg++, 0.06-0.3 mM Na+ and 0.25-
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0.5 n}' Ca++, are present (MacRobbie, 1971). Horq re§ent1y, several phosphory-
lated ﬁroducts including ATP have been shown gg;be:formed by 1ngubation of

the sieve-tube exudatc with 32p (Becker et al, 1971; ilo and Peell, 1969; féel s
et a}, 1969, and Ziegler,‘1956: see also Schmitz and érivastadé, 1974).

Th; formation of these products indicates the presence of several enzymes in
the sieve-tube sap. Gilder and Cronsh;w (1973) have shown cytochgmically‘thel
presence of ATPase on various membrancs in the sieve-tubes of Cucurbita.

These and various aher studies indicate that whereas sucrose is the princi-
pal sugar translocated in the higher plants, various nitrogenous compounds"
including enzymes may be translocated and still other enzymes may occur bound

to membranes in the sieve tubes.

Rates and Velocities of Translocation

TableLI represcents data compiled ty Canny (1i560) for the specific mass
transfer and transport velocities of labélled cémpound§ in various plants.
It 1s clear that substantial amounts of material are transported at fairly
high velocities. Various factors including environmental factogs influence
the rates and velocities of translocation (see review by Zlammermann, 1969).
In adéition; it has been calcu%ﬁtcd that if the dose of radioactivity is
doubled there is a 30% increase in distance of the 'front' of activity down
the stem and if the dose is squared in valuec the distance of the front is
doubled (Canny, 1960). Vélocity measurcments therefore, should be viewed in

conjunction with isotope information.

Theories of Translocation

Data from velocity and specific mass transfer experiments preclude pro-

toplasmic strcaming as the mechanism for long‘distance transport for, under

S,

e
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TABLE I - RATES AND VELOCITIES OF TRAJSLOCATION IN PHLOEM

1. Rate of translocation as measured by mass transfer of dry weight

Plant System - Specific mass transfer

(g dry w/cm2 phloem/h)
- Stems A (EDL\\\\

Solanum tuber . 4
Dioscorea tuber . , . 4
Solanum ] - ' 2.
- 2

3

4

Kegelia fruit peduncle
Cucurbita fruit peduncle
Cucurbita fruit peduncle

Petioles
Phaseolus .56
Phaseolus , . .70
Tropaeolum .70

2. Velocities of translocation as determined by the use of radioactive

tracers

Plant System Velocity (cm/h)

Phaseolus vulgaris ‘ 107

Beta vulparis ' 85-100

» Vitus labrusca (Concord) 60

: Salix sp. 100

Saccharum of ficinarum 270

Saccharum officinarum 84

Cucurbita melopepo 290

Glycine max 86

Cucurbita pepo 40-60

Note:

Rate = weight transfer per unit time

Velocity = distance travelled per unit time

a. The data for specific mass trangfer were obtained by calculating the
change in fresh weight over time divided by cross sectional area of
phloem,

b. In most of these experiments 14COZ was supplied to the leaflet, activity
measured in. plant parts distal to fed leaf.

‘Adapied from Canny, M.J. 1960 The rate of translocation, Biol. Rev.
35: 507-535. )
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the begt of conditions,'vélocities of morerphan 5 em/h héve not been récotded
for protoplasmic streaming (see.M;cRobb;e3 1971; and Weathérély and Johnson,
1968).i Furthermore, reports on pfotoplasmic streaming in 'mature' sieve
elements‘are\contradictory.; Currier, Esau and Cheadle (1955) 1nvestigated a
number of planté at yarioﬁs times of the year and observed no streaming, but

Fensom (1972) reported streaming within individual sieve elements of Heracleum

mantegaziianum at vélocities of 1.5-2.5 cm/h, occasionally up to 5.0 cm/hl

Alternative mechanisms for long distance transport include the pressure or
mass flow hyﬁothesis of Munch (1930). According to this hypothesis, ac;umu- .
lation of photoassimilates fn the 'source’ regioﬁ creates a gradiént in

turgor pressure relative to 'sink' areas, where assimilates are utilized, Qiih
a resultant mass flow of solution through the phloem system. fhis flow re-
.quires th; presence of open pores in the sieve plates_of the sieve-tubes. In
many studies, pores have been reporte& to be filled by fibriliar material;
also the parenchyma cells associated with sieve elements have been reported
t; be rich in mitochondria. These studies and others which sﬁo' the presence
of enzymes‘in sieve-tubes have led many authors to question the pressure flow
hypothesis. An activated diffusion process especially across the sieve
plates has been postulated by Fensom (1972) and Spaﬁner (1958). iejnowicz
(1970) has visualized the generation of electrical waves on microfibrils
longitudinally oriented in sieve elements, and recently a theory, the geci—

procating flow hypothesis, involving protoplasmic streaming and osmotically

driven magg flow was put forward by Millers 1973).



Translocation of Hormones

A. Indoleacetic acid (IAA)

It is well known that IAA is transportedlin a polar fashion toward the
base of the plant (Goldsmith, 1969). ‘Most work on IAA transport, however,

" has been done witﬁ isolated segments oEApetiples or stems which are 'capped‘
'.byiagar blocks containing labelled auxin (McCready, 1968;jcoldsmith, 1968) .
These studies, while confirming the poiar transport of IAA toward the morpth
logical base of the seggept,bfurther reveal that the segment length and aux;n :
concéntration affect the degree of polar movement., It appears that high
concentrations of IAA, that is above the physiological range of 3.5—8.8 mgIAA/l
lanolin, decrease whe?eas longer segments increase fhe degree of polar move-
ment in bean stem segments (McCready, 1968; McCready and Jacobs, 1963).

Similar results are reported for Avena stem segments by Goldsmith (1963).

The rates and velocities of auxin transpoft have been investigated by
various authors. Thimann (1972) reported a specific mass transfer of labelled
IAA, applied at a concentration of 5;2 mg/l, of 0.21 g/h/cm2 in Avena stem
segments. The velocity of IAA tranmsport as'Teasuted by different authors in
different systems varies widely from 5.7 to 14 mm/h (see review by Goldsmith,

1969) . Some of the more recent papers have given similar velocities. For

example, Smith and Jacobs (1969) and Jacobs (1970) reported velocities of 5.7

rmm/h and 5.3-5.8 mm/h in pe€1ole segments of Phaseolus vulgaris and of Coleus

>stem segments, respectively. In contrast to these reports, Newman (1970)

found a much higher velocity of 9.5 cm/h for 14C-IAA in Avena stem segments.
Velocities of IAA transport may be different for intact plqnts versus

isolated segments. For instance, Little and Blackman (1963) reported a
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velocity of 20-24 cm/h for intact hypocotyls of Phaseolus vulgarig but anly

6 mm/h for excised petioles., The movement of IAA 1s affected by various
other factors including age of the tissue, light :and da;kngss, and length of
fime the plant segment has‘Been’excised.‘ For example, éhe basipetal compon-
ent of IAA transport is reported to decline in bean stems as the plant ages
(McCready and Jaéb@s, 1963; Smith and Jacobé, 1969). By appropriate dafken-‘
i;g of plant parts the usual basipetal transport of photoassimilate can be
reversed>to'an acropetal transport (see Hartt, 1965)., Under the same‘experi—
mental conditions a'reversal from basipetal to acropetal transport of 14C--
IAA has also been reﬁorfed (see Wardlaw, 1968). In Coleus, the vegetative
shoots had a basipetal/acropetal transport ratio of 3 whereas floral shoots

had values of 1.3 (Naqvi and Gordon, 1965). Osborne and Mullins (1969)

reported that, 5 h after excision, the petiole segments of Phaseolus vulearis

showed a 507 decrease in the basipetal transport of IAA; after a 10 h period,
the basipetal IAA transport was reduced to 10X of its original value.

One of the important aspects of the polar transport of IAA in isolated
segmentg ig that this transport is independent of the concentration gradient. -
For instance, IAA continues to accumulafe at the morphological base of the
segment irrespective of the fact that the concentration of IAA at the basé is
much higher than at the apex (Lcopold, 1967). This rules out a éimple ’
passiverdiffusion and indicates a cellular control over the movement of IAA.
It 18 not known whether the movement of IAA in intact plants is independent
of the concentration gr;dient;

Most people think that IAA moves in living parcnchyma cells of the
vascular tissues though movement in sieQe elements and tracheary cells is not
ruled out ( dela Fuenta and Leopold, 1966; Goldsmith, 1969; Leopold, 1967

and Salisbury and Ross, 1969, pg. 454).
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B. 2,4-dichlorophenoxyacetic acid (2,4-D)

In comﬁénﬁson with IAA, the syqthetic auxin 2,4-D isirelativelykstable
molecule., Furthermore it has been- shown. to be absorbed‘continuously in a
linear fashion ovér the'concentrat;on ﬁgnge of 0.1—206 ng/l lanoiiﬁ ove£ é
period of 24 ﬁ (Audus, 1964; Pallas and Williams, 1962; and Yamaguchi, 1965).
For these reasons,\Z,a—D is the synthetic auxin that is most often used for
investigations,

The velocity of 2,4=D transport varies but is gcnera%}y lower than that

for IAA. McCready (1963) and McCready and Jacobs (1963) used petiolar seg-

ments of Phaseolus vu%gpris and reported velocities of 0.6-1.0 mm/h for 2,4-D
14

and 6 mm/h for IAA in comphrable eXperiments. Application of C-2,4-D to

the cotyledonary node of Phaseolus vulgaris gave a velocity of .10-12 cm/h;

and for l4c-1AA a velocity of 20-24 cm/h (Little aad Blackman, 1963). Jacobs,
McCready and Osborne (1966) noted that different plant parts may Show
differing velocities of tramsport for 2,4-D. Fér instance, in petiole seg-
ments of bean velocities of 1.5 mm/h and in bulvinar segments of 0.8 mm/h

were rgcorded. Leonard et al (1968) obtained similar results for bean leaves
and reporteﬂ that a decline in basipetal.2,4-D trangport occurred with in-
creasingbage of the tissue. Due to the relatively slow velocity of 2,4-D

higher concentrations and/or longer treatment times are often necessary for

adequate amounts to be translocated. For instance, in Salix viminalis ¢
radioactivity from 1I'C-Z, 4=D fed to the morphological apex of bark strips
was not noted after 24 h but readings at 36 h revealed activity (Field and

Peel, 1972). In similar experiments with Populus tremula twigs Eliasson and

Hlallman (1973) noted relatively long times for adequate tranqport of 2,4-D.

These authors noted an upward transport of 14C-2,4-D into the growing shoot
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" afex, however. Similar acropetal transport for léC-Z,déD in. stem aﬁd petioke

- segments of Phascolus vulparis was reported by Jacobs (1967). According to
Jacobs, (1967) transﬁort of 2,4-D was grcater in vascular stfands than parenchyma

cells of bean and Coleus segments, and changes in flux (weight of compound

moved per unit time) and concentration rather than véiocity or eellular trans- -

-

port site may be more important in polarity investigations. For example,

high 2,4-D concentrations were required éor labelling of roots in soybean
(Crafts, 1967). Labei moved from the primary leaf to other tgz?bliate leaf-
lets, the shoot apex, and the roots, but the primary leaf opposite to the treat-

ed leaf was almost always bypassed,
C. Gibberellic acid (GA)

In contrast to 2,4-D and IAA, the moverment of l4c_ca is reported to be
nonpolar (see Crafts and Crisp, 1971; Galston and WarLurg,~1959; and Lazer o
et %1, 1961). Howcverfi};EgPs and Kaldewéy (1970) recorded a 10:1 rétio for
basipetal: acropetal léc_ga transport in petiole segments of Coleus. waig.
Yamaguchi, and Mason (1961) trcated the primary leaf blade of Phaseoius
vulparis with GAj under high hunidity conditions for periods ranging from I h
to 9 days. 14C-activity accumulated in both shoot and root apices after 8 h
but no label appeared in the opposit; primary leaf. Musgrave et al (1969)
determined the distribution of 3H-GA1, 3H-GA5 anq other GAs of low biological
activity in dwarf pea plants. Horec activity was located in the apical than
the basal parts of the plants and higher levels of radioactivity were recov-
ered in both regions from the GAg than the GA; treataent. Derivatives of
GA with loﬁ biological activity were not preferentially taken up by the apex.

Several authors have reported velocities of GA movement in the range of

10~50 mm/h (Evans and Wardlaw, 1966 for Lolium tecmulentum; Galston and War-




burg, 1959 for pea stems; McComb, 1964 for clongating pea stems; Heely aﬁd?

~ Phinney, 19§§g%pr anrf;l maize) . ;

As for TAA énd»Z;a-D, CA is also believed t;‘move in parench;ma cells
but movenent through the xyicm or phloem conducting celiS’ié not excluded,
U(papg; 1970).7

B . .
LI ° - “
©

| D. Triibdobénzoic acid_(2;3,5—i135, TIBA).
TIDA is known to inhibit various responscs induced by IAA‘but whether it
acts as a competitive inhibitor or as a gcncréi inhibitor of IAA-induced
reactions is not known (Goldsmith, 1965, 1969). Goldsmith (1969) found that
TIBA inhibited both bésipctal and acropetal transport of IAA in isolated pea
stem segments. In contrast, Mcérendy (1963) noted that TIBA promoted acro-
petal but inhibited basipetal transport of IAA in petioles of beans.b Penny
et al (1972) reported that TI3A applicd around beaz stems as a
ripg at concentrations df 10_3—10—5M, induced an accumulation of radioactivity
above the girdle when 1['C—Il-\.l\. was applied to the decapitated apex. Winter (1968)
suggested that TIBA promoted the immobilization of IAA in Avena, but increased

the decarboxylation of IAA in Pisum. ilertel and Leopold (1963) reported that

a 10703 TIBA pretreatment of 3ca nays caused a promotion of 1l'C—IAA uptake

and a subsequent decrease in the transport of label. Mullins (1970) also
noted that TIBA did not inhibit the uptake of Vac_1aa by petiole segments of

bean but did inhibit the subsequent transport of the label.

Effects of ilormones on the transport of photoassimilates

The information on transport of hormones has obvious bearing on the

effect of hormones on the translocation of photoassimilates. As mentioned
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earlier, however, there are very few studies on this subject.

Seth and Wareing (1964, 1967) applied hormone pastes to decapitated

shoots ;r de-fruftcd peduncles of Phaseolds vulgaris plan;s prior to feeding-
323 to thevnpde of the prigary leaves. The§ found that GA (unspecified as to
type) and kinefin at 1009 ppm each did not affect the acropetal transport of
32p hen applied singly. IAA;(loOO pp;) alone augmented the transport but

IAA applied togeﬁher with GA and ‘kinetin further augmented the transport of
32P.1 The compination GA ;nd IAAgtreglmént did’notelicit as much 32? trans-
port a; IAA alone. The authorsj;uftﬁér"néted that the moveﬁent of l4C~ -
labelled products was similarly stimulated by IAA and the svnergistic action .
of the combined hormones. In Meteor pea also, Davies and Wareing (1965)

noted that GA or kinetin, at a concentraéion of 0.1% in lanolin, were ineffec-
tive in stiuulating acropetal transport of 32? appiied to noces 10 cm below

the cut stump. IAA at 0.l7 concentration stinulated 32p transport, and steam-
girdling experiments verified the IAA effect to be phloem medfated. Use of

1%X TIBA negated the IAA effect of 32p transport in these erperiments., Mullins
(1970). using a similar experimental design for hormone and 14C—sucrose

feeding to bean plants, reported an increase of 1l‘C transport with combina-
tion IAA (1000 ppm) + GA (200 ppm) + benzyl-adenine (LA, 200 ppm) over IAA
élonc or control treatments. t!orris and Thomas (1968) noted a similar enhance-
ment of 1l‘C‘movement in peas after IAA treatment. ilew (1965) and ilew et al
(1967) pretrcated decapitated stumps of soybean with 5 ppm IAA and combina-
tion Sppm IAA + 50 ppm GA for 30 nm and subsequently fed 14COZ for 30 n to

one primary leaf. Thgy reported a 6% increase in 140 transport from the

leaves with the combination IAA + GA treatment rclative to controls and the

IAA treatment.
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In some other experiments, GA alone has been.reportgd to increa;e the
transport of assimilates presumébly by the well known ac;ion of GA in éreating
and /for enhancing metabolic sinks. Jeffcoat and llarris (1972) foundvghat GA4
alone promoted the translocatiog of 1l‘COZ products in decapitated Dianthus

flowering shoots. llalevy et al (1964) sprayed Phaseolus vulgaris plants at

the 19 and 25 day stage of development with 3 x IO_AH GA. Subsequently on

14

the 28th day the primary leaves were fed 'C-sucrose for 4 and 20 h and the

percent of lag transported was calculaﬁed. They féund that in GA treated
| 14, =

plants after a 4 h incubation only 0.9% of the ""C was translocated, as

. opposed to 3.4% in controls, but after a 20 ﬁ incubation the GA treated plants
transportedLSQGZ of the fed label yersﬁs 4,5% in controis. Sampling sites
includéd the treated and untreated pfihary'leaves, the sten above and below
the primary leaves, the second trifoliate and the roots. GA hastenedwtrans-
location ;f 1"‘C compounds to upper stems and leaves and reduced transport fo

lower stems and roots. That 100 ppm GA created metabolic sinks for assimilate

movement in Vitis vinifera was noted by Shindy and Weaver (1967). Quinlan

and Weaver (1970) applied GA to one of a pair of*§h00§§;a£r¥i;isa£pr 43 h

i}?CO

time with 14COZ was Zéwh, and plants at the pre-bloom (i.e. two weeks before

before administration of to the opposite shoot of the pair. Incubation

biossoming),stage of development were used, 14C was translocated to the
shoot sprayed with GA whercas in control no such movement was recorded.
Further it was shown that the GA-induced an& control profiles for distribu-
tion of~140 pfoducts werce markedly affected by darkening or defoliaFion of
adjacent shoot pérts. ,

It will be recalled that, in bean plants, labelled 2,‘4-D”shpplicd to a
prim%ry leaf moved up and down the stem including roots but not to the

14

L0pposité primary leaf (Crafts, 1967), and that C--GA3 applied to the primary
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leaf fesulted in an accumulation of the label in the root and shoqt apiceé
but not’in the Oppositegprimary leaf (Zweig et al, 1961). Leon#rd et al

(1968) induced the movement of 1l'C--assimilat:c from a primary leaf of bean to
the opposite leaf by pretreating the latter with 2,4-D. Extremely‘high con-
centrations of 2,4-D (10,000 ppm 2,4-D for 3 days in the dark) were required,
however, and the radioautographs revealed 14C acti;ity in theVZ,A-D treate§

leaf 2 days after the application of“14

CO2 to the other primary leaf.

The papers reviewed above indicate that hormones, battic;latly IAA and
GA, affeét translocation of photoassimilate but in nearly all these studies
the hormnones have been used in such a way that netabolic sinks have been
created or augmented. The movement of\lAC or 32P toward these ‘sinks is not
typical of assimilate movement in intact plaqts. Accordingly, in this thesis,
it was considcred”nécessaf§“f6“&csiﬁn experimegts which tested the effects of
hormones on assimilate movement which more truly reflecéed the situation in
intact plants., gince this appfoach was new and there was little pertinent
ihférmation in the literature, a considerable length of time was spent in
kdevising criteria for uniformity of plant growth and in determining the opti-
mal environmental conditions as well as appropriate times and methods'for
feeding hormones and labelled sugérs. ‘Labelled sucrose rather than 14COZ
was ugsed. Preliminary experiments tested the effects ofléoncentration and
duration of hormone treatments as well as the site of hormone application on
subsequént sucrose movement., Later expetiment§ determined ghe effects of
hormoneé on distribution of label in different parts of the plant and experi-
nents wi%ﬁrTIBﬁ tested thé specificity of IAA action in translocatioﬁ

phenomena. It was hoped that these experiments with hormones would shed some

further light on the mechanism of long distance transport of photoassimilates.
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Materials and !lethods

Growth conditions

Seeds of Phaseolus vulgaris L. var Topcrop Stringless were gerﬁinated
on moist filter paper in petri plates. After J to 4 dgys»seédlings were
selected for uniform growth addbplanted in vermiculite pots held 6n a defined
photoperiod in a growth chambe; under a balanced regime of fluorescent cool
white\and tungsten_filaﬁgntvlamps. They were watered every 3 days with half-
strength Hoagland-Arnon solution (Hoagland and Arnon, 1950) in which ferric
nitrate substituted for. iron tartrate. Photoperiod regiumes for each experi-
ment ;re indicated at tﬁe appropriate places but day/night tewperatures of i
trifoliate leaflet was half-expanded. The»time ;; ““““ ;;;ch this s;agc varied
with daylengtn and duration of the maximal light 1ntensity‘(see below) but
generally took from 12 to 18 days. A ’
Preliminary experiments indicated the optimal photoper Qd and light
" intensity conditions for plant'étowth. For instance, a simulated natural
daylength with lower intensities of 800 ft-c pre- and post-dating the midday
period at 1200 ft-c was found to be superior to a 12-12 or 18-6 h photoperiod

at a uniform 1200 ft-c. A lengthening of the midday period at 1200 ft-c from

6 to 11 h favoured more uniform plant growth.

S

:lormone treatment

=)

Before each experiment, plants were selected for uniformity on the basis
of trifoliate and/or primary lecaf area criterion. Lanolin pastes containing

growth rcgulators were applied to stem, petiole, or laminar sites for varying

incubation times from 24 to 96 h under the photoperiod regime relevant tdw %{
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the experiment. Control plants received pastes of pure lanolin»pr no appiica—

»

tion of lanolin pastes prior to administration of isotopically labelled compouhds.

Administration of radioactive sucrose

s
e

Radioactive sucrose was administered at the midpoint of the iight cycle
when, under natural’conditions, translocation of phetoassimilate is beginning
. B - e '
to increase in the diurnalcycle, Preliminary tests indicated that high con-

centrations -of isotopically—lébelled substances, high light intensity during the i

feeding period, and longer feeding periods facilitated thé uptake of label and its

subsequent partitioning into labelled compounds in various metabolic ﬁools.
Accordingly, the hormone-treated and control plants Qere.transferred to the labor-
atory and acclimatized to a light"intenéity of 3000 ft.c. provided by Miller-
Sylvania photoflood (color temperature 340C K) or Dicrolite (Quartz-lodide,

3300 K) lamps having standardized spectral emissions.. During this stabilizaf

tion period andusubsequent isotope ‘administration near infra-red radiation

intenst were reduced by interposing 10 cm water filters, allowing mainten-

ance of 21 32 C éir temperatures for the plants.

o
s were employed to administer labelled sucrose: flap feeding

Two meth
and scrape feeding. In the flap feeding method (Nelson and Gérham, 1957) the
midrib vascular bundle of the middle leaflet of a trifoliate was severed
and the cut stump immcrsed into the radioactive solution for the appfopriate

feeding time. In the scrape method the upper epidermis one cm from

the midvein-petiole junction of the middle leaflet was removed with a scalpel.

~ Direct application of compounds to the unwounded vascular bundle could then -

be doné. A solution of boron (5ppm) and 0.08% Tween 20 (sssium lauryl

sulfate) was uged to augment entry of isotope following the methodology of

H
f
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~ Nelson and Gorham (1957) and Yamaguchi (1961).

Sampling and deternination of isotopic content

Tissue samples were extracted in ho; 807 (v/v) ethanol 3.timés and the
volume was reduced by evaporation to a 2 ml aqueous solution. Aliquots of
200 ul were taken for triplicate 5min counts in a modified ﬁray's Cocktail :
‘solution on a calibrated Packard Tri-Carb Scintillation Counter. This method
proved adequate for non~color quenched samples from petioles and stems. For
highly color-quenched laminar samples from the fed leaflets counting effi-
'ciency was low. 1In tﬁe last experiment addition of NCS‘solubilizer (Wew

England Nuclear) was used to improve counting efficiency in these leaf samples.

Data analysis

For the first three experiuents data are presented with deviations from
the mean. For the last two experiments, which involved an increased use of
sam?ling sites and'alarger number of replicates, a more detailed statistical
analysis was carried.dut. Two way analysis of vafianceﬂand a Bartlett's test’
for homogeneity of the'variqncés as well as the New Duncan's Multiple Range
test were employed. The Bartlett's Test was chosen over the similar Heumanh-
Keuls Test since less stringent limits were estgblished at higher deg;ees
of freedom thus allowing a more open app;oach to comparison of treatments at
the lZ‘levei‘of significagce (Alder and Roessler, 1968 and Li, 1966). Alter-
natively, sample count data expressed as percent of administered isotope
levels and percent of total ethanol soiuble fraction tecovéred as ﬁell as the
arc sine transformation of these percentages Qere‘used for data analysis.

The raw dpm and arc sine analyses provided only restricted information and

did not permit comparison betwecen trcatments. For this reason log, trans-
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formation of dpm was utilized in the grouped-site analysis. Profile distri-
bution studies coanZied by numerous workers have indicated that a logarithmic
decrcase in recoverable activity occurrs as distance from the site of isotope

administration increases (Vernon and Aronoff, 1952; Biddulph and Cory, 1957;

Wnittle, 1971).

Experimegts and Results

I. Influence of exogeneously applied hormones on net rvhotosynthesis rates
®,) -

It was considered desirable to test whether horrone application to de-~
capitated sgem apex affected the photosyﬁthetic rates (Pn) of édjacent leaf-
lets. Accordingly? the following hormones were applied to the cut stem apex:
100 ppm IAA with 20 ppm GA and plain lanolin controls for 72 h, and 1000 ppn
IAA for 96 h. Fér plants receiving h;rmones, a plain lanolin paste replaced
tﬁc hormone paste during Pn determinations.

Following the methods of Lister, Krotkov and Nelson (1961), a 250 nl
closed circuit system, at normal 300 ppm CO, concentrations, was used with®a
Beckman Model 315 Infra-Red Gas Anal&zer (Figure 1) calibrated against
standard gas migturcs. -

The net éhotosynthetic rates in Table II are the means of six conse-
cutive determinations in the rate of change of CO, conc¢éntrations between

350 and 250 ppm for each of the three replicate plants in each treatment. It

should be noted that no appreciable differences appeared between the treated

and control plants at this level of sensitivity within this analysis system.
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FIGURE 1 - AfPARAIUS-FOR NET PHOTOSY&THETIC MEASUREMENTS
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2. Lffect of site of hormone pretreatment on the distribution of flap-fed

sucrose-3H

Hormones were applied to decapitated stems above the third internode or
to the petiolar stump of the second trifoliate middle leaflet. Gibbefellic
acid treatment‘of petiolar stumps res?ltcd in soma’éallus‘growth which was
removed prior to‘sucrosé feeding; In the case of stem applied hormones,
sucrose administration was preceded by application of fresh pastes of plain
lanolin to the decapitated stems. Sucrose-6,6'-3ﬂ was administered to the

second trifoliate middle leaflet for 1 h following the hormone pretrcatment.
Other experimental details are presented with the results in Table III.

Two trends are evident: 1. Pretreatment with IAA markedly incfeased the
uptake of sucrose in the fed lamina and adjacent petiole 5nd augmented ﬁhe
concentration of label in the second internode. This was evident from con-
parisons of dpm in the lanolin control and the 72 h IAA treatment at the
petiole site (colunns 4 and 5) and from an increase in the length of pre-
treatment with IAA from 24 to 72 h at the stem site (colurns 1 and 3).

2. The site of hormone application had a marked effect on uptake and trans-

port of label. If IAA was applied at the site of subsequent sucrése admini-

stration, more than fen times the dpm levels were obﬁained in extracts from

the petiole and uppér sten segments than in comparable samﬁles ffom stem pre-

.treatments (compare c61umns 3 and 5). The effect of GA in association with

IAA was not very clear. It seened to facilitate entry of label into the

system and perhapg depressed Fhe translocation of label into stem sites farther
.

from the site of isotope feeding (compare dpm for rows 1 and 3 in columns 1

and 2 and columns 5 and 6 Table III).



"UTTPY i -BIUBATAS IDTTTH

Z0°¢€% SILVOITdMH

ATYHL ¥0d INTVA wdp NVIN FUL KOYd NOILVINVA INTOYAd FOVHIAV

L1 V/N 87 -
| L9%2 €92y, 1§
=
]

S 74 L21¢ * 001

(9) Vg wdd g
+vv1 wdd go7

(%) 710¥1K02
NITONV1 NIV1d

(6) vvI
udd Q1

-

INARIVIIITId H TL
J101171d

SIAVIT
AYVHI¥d
. 0L
6Y 6% 65 ALVITOJTHL
~1s1
- AQONYTINT
IVIT0dIYL
1ST
ol
081 081 ©L01  FLIVITO4I¥l
aneg
= JAOMHIINI
T10113d
0£e 792 %1 ALVIT04T¥l
anz
(€) wvi (Z) voudd oz (1) WvI
udd o071 +vv1 udd 001 udd 0071
i0
INTLIVTII T A11S
n e INTAIVIILTId 10 %2 ONTI1dVS

HI1S

¥aed V9 +
o-14 008/00Z1/00¢
ng9/9/y potiaadojoyy

uygoue] 10/%
dUOWIOR ]I

1/52/ 0Lt

HT Kg-2so1dng

uyoue] 10/%
auowio]] I

Fg = d50d001S QiId-dV1d J0 NOILNAI¥1SIA
dHL NO (NOILOVMIX3 Aoz<mhm NI QTIA0ITd wdpy) INIHIVIEI-TEd mrozmom 40 d11IS 40 103443 - 111 FIEV1



STIINVS 11d ‘1d dTWANS 6% *

11d ‘14 3IVIVdaS Z€°1¢ SIIVOITd:N

. ANBL Y04 IN'TVA an NVI! FHL KO¥d NOILVIYVA INAOYIAd FOVHIAV
6495 0S¢ 601 €11 A4
o4 9601 L7® 796 oLY
I . =
8 66ST 7872 85071 %€02 LST
' ,‘
}
1
6961 6502 5v6 <891 nS61
(S) vvi wddppor (%) vo wdd ooz  (g) Vo wdd Qg (2) (1) 10¥
0 +vv1 wddooor  +V¥v1 wdd Q01 vyl wdd 01 NITONVI
RANCIZARAC R ACD R ,
H96 INTNIVIEIL NI M T,

(NOTILOVYIXT TONVHLE WKo¥d wdp) 1

‘UWpy :m - sdigeT 923170193Q
3aed 1ol

0-14 00¢1

34y331 EY1 potaadojoyyg

aNnoys
ol

SAAVT]
XIVRYIYd
TX10J0dXH

STAVI
XIvHIdd

ol
dLVITOATINY
IST

JAO=UILNI

uyTouBRT 10/%.
auowioy

(114)710113d
qLVIT0dTY1
1ST -,

(14) d113T011d
JIVITOITNL
ILS1

ju3adaalog-uo10¢

T/ S2/2400LL

1K0J Nz 2s01dng - Iif

NIV1d
q1IS
ONITdAKVS

= 3S0JONS A34~-dv1ld 40

NOILNEI¥ISIA FHL NO INTHIVIYITId INCGTIOH 40 NOILVIAA dNV HNOILVEINAONOD mzoﬂ%om 40 103443 - AI ZTVL



- 23 -

1

3. Lffect of concentration and duration of hormone pretreatment on

distribution of flap-fed sucrose-3ﬂ

The experimental details and results are presented in Table IV. Treét-
ment with IAA markedly increased the amount of recovered label in stem parts
below the site of horumone application,-and a‘longer treatment with IAA for 96
h ;ather than 72 h, further increased the amount of the-label at these sites
(compare internode and hypocotyl in columns i, 2 and 5). The addition of GA

at a concentration of Zouto 200 ppme to IAA did not further affect tne distri-
bution of label below tﬂe site of hormone application (coméare column 2 with
colums 3 and 4) exéept for one reading (column 4, row 4).

The amount of label in‘parts above the site of hormone application showed
no cleat trend either with respect to IAA concentration,duration of treatment,
or addition of GA (compare colums 1-5, rows ! and 2). These treatwents are
comparable with respect t; site of hormone application and sucrose feeding
with those inwngle It[(row 1, columns 1, 2, and 3) and seem to indicate‘that

IAA or IAA + GA application docs not affect the uptake and transport of

sucrose above the site of hormone application in any significant way.

4. The influence of provyth regulators on distribution profiles of scrave-

14

fed sucrose- C

Previous experiments using cut petiolar stumps had shown that a wound-
repair response occurrcd as callus tissue was observed after pretreatments
with hormones especially those involving gibberellic acid. They had also
indicated the need for an increase in the number of sampling sites and the
number of plants within each treatment. For these reasons, the scrape method

(see lMaterials and Methods) for application of hormones and sucrose was adop-
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ted, th;'number of replicates and samplinglsites were increased; and in
addition to iAA and GA, the synthetic auxin 2,4-D was used. Control plants
received piain lanoiin or no paste appliéation prior to sucrose—lac adnini-
stration. After hormone pretreatment the pastes were removed and a boron-.
detergent solution of‘§9crose-14c was‘gdministered to the scraped surface for
4 h., Eight pla;ts were used in eacn treatment. .

The mean dpm values for the eight plants in each treatment are presen-
ted as percentages of administered isotope levels in Table V. The contrel

lAC

treatments of sucrose—lac (column 1) and the plain lanolin‘with sucrose-
(column 2) i1llustrate the range of total recoverable label from 16.89% to
11.31%, respectively. There was a similarity between 1000 ppm iAA (colum 3)
and tﬁe sucrose control (column 1) in the percent of label translocated
(3.29% and 3.097, respectively) and in the movement of label to lateral leaf-
lets of the treated leaf (1.76% for controls and 2.15% for IAA treatment.
As expected, IAA (column 3) enhanced the basipetal transport of label over
the lanolin control (column 2) but surprisingly, the synthetic auxin 2,4-D
did not induce a similar increase: in fact, if anything, it depressed the
total amoﬁnt transported. )

IAA an& GA combination treatment (column 4) resulted in maximum retention
of label in the fed leaflet and the least amount transported. This may be

related to the callusing effect of GA and the creation of a metabolic sink in

the fed leaflet.

5. Mediation of IAA and TIBA In isotope distribution from the sites of
14

scrape-fed sucrose-""C

4
The effect of 1AA on the distribution of sucrose-l'c was further investi-

gated with and without the use of 2,3,5 triiodobenzoic acid (TIBA) which acts
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as an inhibitor of the basipetal transport of IAA (see Literature review).
Additional experiments determined the movement of sucrose after combination
TIBA/IAA treatments. The dependence of sucrose transport on IAA trahsport

per se. and the rode of IAA action on the transport of assimilates could thus

be investigated.

b

The schedule of treatments was as follows:

a. a 4/48/4 h application of
500 ppm TIBA + 1000 ppm IAA + sucrose-lac
.509 ppm TIBA + lanolin +,sucrose-14C
Lanolin + lanolin +.sucrose-lac

b. a 4/48 h application of

14

500 ppm TIBA + IAA-"'C

lanolin + IAA-lﬁC
c. a 43/4 application of
1000 ppm IAA + sucrose-lac
d. “a 4 h application of sucrose-lac without any hormone
pretreatment.
The sucrose solution was applied as a boron-detergent mixture to the
leaf surface after removal of the lanolin paste.
The results are presented as percentages of administered (Table VI)
and recovered (Table VII) isotope in the 80! aqueous ethanol-soluble frac-
tion. Lither of the' two percentages is adequate forxa comparison of isotope
levels at different sites within a treatment, but fo? comparison of isotope
levels at the same site between treatuents it is better to use the percentage
Pf recovered activity. This is necessary because the total activity re-

covered, after sucrose—lac fceding and aqueous ethanol extraction varied from

as low as 18.70% to as high as 66.452 (Table VI). To a large extent this

v
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variation in recovery seems to be due to the extraction ptoéedute for highly
colored leaf samples. Further discussion of thé NCS solubilization step
follows>latet.

Both on the basis of percent administered (Table VI) and petcént recovered
ethanol soluble labei (Table VII), it seems clear that only smail quantities
éf label were transported in the 1ntac£ plént. ( |

As shown in Table VII, IAA pretreatment at 1000 ppm led to an increased
transport of label out of the fed leaflet to all the sampling sites (cf.
diffetéﬁt sites in column 2 with fhose in cblumn 1). This movement was not
only noticeable for the petiole and stem sites (internodes 1 and 2) but also
for the shoot apex and the second trifoliate as well as the mature primary

145 _1AA moved into the mature leaves and lateral leaflets,

leaves. Although
no similar distribution into the ng?x and second trifoliate segments was observed.
This distribution could be expia%ned by a passive diffusion between 1l‘C—IAA and
the endogeneous IAA wherein the t;dioactivity would be nixed and transported
basipetally at the primary leaf node. The subsequent distribution of 1l.C-
sucrose after IAALtreatment (column 2) into the apex and second trifoliate,

as well as the mature lgavesrand lateral leaflets could then be'explained.
TIBA treatmeﬁts at 500 ppm had higher values of ll‘C--sucrose label in petiole
and the lateral leaflets the first tfifoliate, but farther dq&n the stem in
the internodes‘and‘th; primary leaves no ﬁarked difference in the amounts of
label with the treatment and the comparable lanolin control (compare columns
3.and 4) was notigeable. liowever, TIBA scened to depress the translocation

of the i‘c-sucrosé,to the shoot apex and the second trifoliate (rows 4 and 5,
colunns 3 and 4). IAA treatment following the TI?A.treatment improved the

label count in the petiole and internodes ! and 2 in comparison to both the

TIBA treatment and lanolin control, and for the laterals of the first tri-
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foliate, shoot apex and secondary’fgifoliate and primary leaves gave.more or

less the same prbfiie,as that for the lanolin control (compare colurm 5 with

columns 3" and 4).- s

14

The effect of 500 ppm TIBA on the translocation of C-IAA was very

marked. TIBA not only inhibited the total amount of label translocated: but

1l'C_-IAAjilovement into the petiole and stem segments

particularly inhigited the
but also into fhe laterals of the first trifoliate and the mature primary
leaves. Only in respect to tﬁe shoot apex and the second trifoliate was there
’ no marked differences 5etygen ﬁhe TIBA treated and th; lano;in control (com-
pare columms 6 and 7, Table VII).

Further grouping of sampling sites into mainline (petiole, internodes 1
-and 2), sink (secohd trifoliate, apex and lateral leaflets) and mature tissues
(the primary leaves) led tonfurthet inf;rmatioﬁ on the physiblogical activity
in the sampling sites the‘effecbs upon the distribution of iso£0pically-
labelled compounds within the intact ﬁlant.

.Statistical analysis of percent administered and percent‘recovered data
for all sites did not feveal signif{éant differences between-tteatments "
{columns 1 and 2, Table VIII);“gkcept that(for percent recovered data (colurm

2) IAA stimulated sucrosé-14

C transport to all sites. Since significant
differences were not revealed by these’two analyses, log, transformation of
the raw dpm déta were utilizéd. 4lso, sites were grouped according to main-
line, sink and mature tissues. Thié analysis gave significaht differences

&

at the 1% level between some sites and treatments (columns 3-5).. For sink ‘
. ! ) ‘7(
areas there was no distinction between control and IAA treatment patterns of
14
sucrose C distribution implying the predominance of a basipetal rather than

apical influence of IAA (column 4). A change in the lI‘C sucrose profile was
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evident after TIDA + lanolin treatment felative to lanolin control, and
furthermore IAA reversed TIBA.action for the mainline and sink areas but not
for the primary leaves (rows 5-7, colummns 3-5). Despite the evident enhance~
ment of basipetal sucrdse—14c movement by IAA, there was no distinction

between the TIBA treatment and 1anolin‘contfol with respect to tiie movement

14

of IAA-""'C for any of the sampling sites (rows 6 and 7).

As previously mentioned, the amount of label recovered expressed as a
percent of the labei administeréq, following ethanol extraction, va;ied ’
from 18,70-66.45" (Table VI), jPercent,recovery of label was imprpved marked ly
by NCS solubilization of the fed iamina samples as the ethanol extract- |
aqueous aliquot (TaSle I1X). In addition, the range of variation between
treatments was reduced to a low of 62.60% (column 2) and a nigh of ?S.OOZ
(column 1). These results suggest that a good deal of label acﬁivity was
:bound' and not available for counting. For sucrose-14C studies this binding
was partiqu&arly evident in the TIBA + lanolin and the TIBA + IAA tre#tments
(columns 4 and 5). Treatments involving lanolin only (column 3) or IAA
(column'2) also indicated substantial amounts of bound activity in relation
to the 'no pretreatment' control (column 1); For IAA—IAC studies also there
was substantial activity bound in the lanolin control (column 6). Laﬁolin
application bybitself (column 3) or with hormones (columns 2, 4, 5 and 6)
may have something to do with the binding ‘of the label, but this assumption
was negated by the figures in column 7 where lanolin was used both for IAA
and the subsequent IAA—lac applicatién and yet there Qas only marginal im-
provement in dpm foiloﬁing NCS solubilization procedurcs. It may be that in

this particular case the 'unrecovered' activity was present in non-base

soluble or ethanol insoluble complexes.
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The rclativevdisgribution of labei betweénlfhe petiole and stem internodes
1 aﬁd 2 is presented in the form of histograms of dpm/g frgshtut tFigures 2-4).
The bars fof thé petiole and internodes for each treatment are sh&wn édjacent
to each other and separate from similar bars for other treatments. In this
presentation, a comparison between different trea;ments\cén ﬁe misleading.
without the numerical data of dpm and fresh weight (see Appendix 5 & 6).
Hormones of the auxin-gibberellin type, as wéll as TIBA, are known to have)
strong secondary effects on growth ana\some of these effects are evident in
data of fresh weight (see Appendix 5 &6). |

Strict comparisons of petiole/internode ! ratios in different experiments
are not possible. Generally the ratios varied from 2.05 to 5.71 for hormone
and inhibitor treatments. A high ﬁitiole/interqode 1l ratio indicates a low
transport through the petiole into the more distant stem segments. The large
variability extant in the control treatments, fqrrinstance, for lanolin—ratios
of 8.62 (Figure 2) and 1.51 (Figuré 3) and for the sucrose-14C only ratios
of 3.61 (Figure 2) and 0.85 (Figure 3) is not explained by a 'lanolin effec;7>
and no immediate explanation is evident. Standardization of growth and
experimental treatment regines were maintained ih both experiments. GenefalLy,
low transport ratios were shown by all treatments but plain lanolin + sucrose
(Figure 2) and IAA + GA (Figure 2). TI3A treatments permitted less transpoft

of labelled IAA-14C into stem segments than controls receiving only lanolin

and IAA-IAC. fhe marked stimulation bf sdcrose—lac distribution‘ipto stem
segments was demonstrated in IAA trcatments (Figure 2).

A general reversal of ratio occurs for IAA-IAC profiles after lanolin or
TI3A treatment when internode l/internode 2 rather than the previous petioie/
internode 1 ratios are examined (Figures 4). A similar reversal occurs for

14

IAA-stinulated sucrose-""C transport (bars 6 and 7, Figure 3). These examples



(dpm/gram FRESH WT) x 10% (AV. 8 PLANTS

PER TREATMENT)

FIGURE

RATIO®

4.0

3.2 P

2.8 F

2.4 F

2.0 F
1.2 pF

0.4 p

- 35 -
2 - HISTOGRAM DATA FOR 4C TREATMENTS WITH SUCROSE

PETIOLE - .
INTERNODE 5.28 - 2.31 5.71 3.61 8.62
TRCATMENT NO. 1 - 2 3 4 5

* dpm/g FRESH WT

D\
O
N
DN\
N

0.0

p—
N
(W8]

4 5
TREATMENT

TREATMENT

14

1 2,4-D + SUCROSE - ‘¢

2 1AA + SUCROSE - l4c

3 1AA + GA + SUCROSE - 14

c
4 ONLY SUCROSE - l4c

5  PLAIN LANOLIN + SUCROSE - l4c

PETIOLE

‘ézza INTERNODE | - IST TRIFOLIATE LEAF NODE TO PRIMARY
| /~ - LEAVES



(DPM/8 FRESH WT) x 10% (AV. 8 PLANTS/TREATMENT)

e

- 3 -

FIGURE 3 - MEDIATION OF TIBA/IAA IN DISTRIBUTION OF U'C SUCROSE -
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d by high transport in the

lower stem areas. This effeqt would be ted for TIBA-inhibited IAA-IAC
movement as TIBA influence seemed to markedly decline with increasing dis-
tance from the site of administration. Isotope levels 1ﬁ the internode 2
segnent would then ﬁake the ratio larger.' The low initial trahsport of

- jsucrose- 4C with IAA is indicative of the large increase in label in sten

regions of the internode 2 area.

Discussion

An attempt was nade in this thesis to study the effects of selectedwgg;f
nones on translocation‘of labelled sucrose and translocation of 1l.C-]‘.AA in
intact bean plants. In contrast to the worlk with isolated stem or petiolar
segments and"donor-receiver agar blocks, which has the advantage of quick
analysis under rigorously coﬁtrolled experimental conditions, the use of
intact planté, despite careful attention to the uniformity of seed source and
arowth conditions, 1ntr§duccs a large inherent variability factor.  In my

- experiments there were often large variations between individual plants of a
particular treatment which precluded statistical'analfsis and strict compari-
sons between different experimenfs. Consequently, the results should be taxen
more as indicative of trends ratherlfhan as‘;bsolute values. Different
methods were used for data expression— dpn values, perceﬁt of ra{ioactivity
administered, percént of the ethanol soluble activity recovered, and histo-

s ,
grams of dpm/gm fresh wt--which graphically illustrate the trends. These
. trends are discuésed in the following pages, suppleﬁented whereever possible

by statistical analyses. : _ .

Among the hormones tested, the natural auxin IAA definitely promoted the
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basibetal transport of labelled sucrose (Tables I1 - VII1). The combination
of IAA + with CA did not .enhance the transport of the label more than IAA or
controi treatments, and in fact, resulted in a greatcr‘reténtioﬁ of the label
in the fed leaf (Table V). These results are in contrast to those reported
by Warcing and his associates (Davies and Wareing, 1965; Seth and Warcing,
1964, 1967) and lftullins (1970) where IAA and GA in combination with kinetin
or benzyl-adeninc were reported to cnhance the translocation of 14C or 32P

over IAA or countrol treatments. They are also in contrast to those reported

b; llew (1965) and Hew et al (1967) wherc continued IAA+ GA treatments re-

sulted in greater translocation}of th than by IAA alone. The explanation

seems to be that all the above-naned authors applied the hormones to the de-
capitated stem apex and the label to the basal primary leaf. A condition similar
to the metabolic sink was thus created at the stem apex and the label moved acro-
petally to the sink. Both GA and cytokinins, such as kinetin andpbenzyl—ade ine3
are known to induce cell divisions and growth (see Cleland and Burstrom, 19614
Kende, i971), and Shindy and Weaver (1967) and Quihlan and Weaver (1970) haye
shown that GA alone can cause 1l.C assimilate movement in grape vine presumably bf
creating mectabolic sinks. In my experiuents also the highcr.retcntiOn of
labelled sucrose in the fed lcaf follovine IAA + GA treatment in comparison

to in IAA or control trcatments is probably due to this GA effect., Vhat is
striklng.is that in the experiments of vareing and associates and Mullins
referrcd to above GA or cytokinins applied singly did not; whercas
- TIAA applieg alone did promotc the acropetal transport of label. Eéom

theée and my experiments, thercfore, it secms that IAA promotes both basi-

petal and acropetal transport of label but that the acropetal transport is

further enhanced by a synergistic action of GA and/or cytokinins,
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My results further indicate that the site of.gpplication of TAA a# well
as the concentration of hormone and duration of treatment have an‘;ffect on
. the translocation of labelled sucrose. As shown in expérimqnt 2, 1f IAA is
applied at the same site as thle subsequent application of sucrose, in this
case thé petiolar stump of the second triféliate, far more label is translo-
cated basipetally than if IAA is appli;d to the decapitated stem apex and
ﬁhe sucrose is aﬁplied to the second trifoliate. Furthermore,vboth experi-
ments 2 and 3 show that the movement of the label in sites tOpographiEally
above the site of the hormoﬁe application is unaffected by the hormone.
Although strict controls are laéking, these two experiments further suggest
that an increase in IAA concentration from 100 to 1000 ppm and dﬁration of
tréatment from 24 to 72 or 72 to 96 h have a further promotive effect on
transport of label below the site of hormone application (compare columns 1
and 3 in Table III and 2 and 5 in Table IV). |
In the literature it has been reported that a one order of magnitude
increase in concentration of 2,4-D induced greater growth of plgnt tissue
than a four-fold increase in IAA when concentrations ranged between 0.01-
0.10 mg/l and 0.001-10.00 mz/l lanolin, respectively (Crafts, 1961). Eaﬁes
(1950) also reported a proliferation of phloem parenchyma with high dosesv
of 2,4-D; and Leconard et al (1968) were able to induce movement of 1l'C '
assimilate from a primary leaf of bean to the opposite primary leaf by pre-
treating the. latter with 10,000 ppm 2,4-D. In my experiments 2,4-D had littie
or no effect on transport of labelled sucrose; if anything, it depressed |
the total amount transported (&able V). Davies and Wareing (1968) also noted
the lack of 2,4-D effect on acropetal transport of 1l'C in pea plants. Be-

)

cause of the known low velocity of 2,4-D movement (see Literature review)
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17

and the possible herbicidal darage causcd by iarge cohcentrations; only 5 ppm
2,4-D was used in my experiments but the incubation time was incrgased to 72
h as opposed to 48 h for iAA; It is possible that this concentration was too
‘10w to have any effect on basipctal transport of the label. .It is also
possible that some of the applicd 2,4-D was metabolized for Fang et al .
(1951) reported a loss of 17.51 activity from 1317 1abelled 2,4-D after a 3
day period. |

As analysed in detail earlicr (Table VI and VII), IAA at 1000 ppnm sig-
nificantlyAenhanccd the total amoﬁnt of l[‘C--sucros;e translocated from the fed
leaf with it being evident most in mainline segments of petiole and stem.

;n contrast the translocation of label to the sink areas, particularly shoot
apex, was not statisticdlly diiferent frbm the two controls. For translocation
of label to th; nature primary leaves the IAA treatment differed significantly
from onc control but not the other. It is well known that shoot apices and
younglleaves are rich sources ofrendogencous auxins and that the transport

of IAA in intact plants as Qell as isolat;d segments isbstrongly polar and
basipetal (see,Litcrathe review) . It appéars, therefore, that TAA stimulate§
some process Or processes in long distance transport of the photoassimilate.
That the trgnslocation to sink arcas remained unaffected under IAA treatment
is'probably due to the fact that thesec areas are themsglves fich in endogeneous
‘auxin,

To further ascertain that IAA is invoivcd in transport of photoassimi-
‘late, the transpoft of 14C—sucr03e under the influence of IAA with and with-
Op£ the use of TIBA was sgudicd., A4 h applic#tion of 500 ppm TEBA, 43 h
before the application of lac. sucrose, significantly altered the distribu-

tion of the label to all 3 sites— the mainline, sink and mature regions~-

in réspect to lanolin control (Table VIII; see Results for details). A 4§
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h application of 1000 ppm IAA following the T13A application, however, re-~
stored the distribution seen in the lanolin control, except for the mature
tissues (Table VII). This similarity between the lanolin control and the
TIBA + IAA treatment in the distribution éfwlac a;tivity implies a 'neutrali-

zation' role for the exogeneous IAA on the inhibitory action of the TIBA.
14 ’

Table VI further reveaied a higher recovery value for " °C activity in the
mainline sites for TIBA +lIAA trecatment than for TIBA or lanolin control and
furthermore that the recovery was proportionally higher in the more distant
~mainline sites, namely internodes 1 andy2, than in the petiole (see also .
- bars 8-~10, Figure 3). This may be due to a highef mobility of\IAA than for
TIBA such that in the lower mainline sites not the inhibitory action of TIBA -
but only the stimulatory éffeét of IAA was observed. Intercstingly,‘iatetal
leaflets of the first trifoliate received more activity aftcr TIBA treatment

- than in the lanolin controls. If auxin stimulates the distribﬁtion_of
Sucrose—lac and TIBA'inhibitg basipetal auxin distribution how can the late;al
leaflets receive higher activity levels than the control? As reviewed by
Goldsmith (1969) the wecak auxin action of TIBA may explain this apparent
anomoly. TIBA apparently abolishes the basipetal and enhancgs the acropetal
transport of-auxin.

Transport of l"C-I.Miunder the influence of TIﬁA provided fﬁrthet infor-
mation on the role of auxin in transport processes. T}BA already had a
strong inhibitory action on thé total mobility as well as the basipetal
transport of 14C—IAA (coiumns 6 and 7, Table VII). For total mobility an
inhibition of\neatly 65.8% and for mainline transport an inhibition of

70.9% was observed. These values are comparable to though not as high as

the 100X inhibition noted my Mullins (1970) for the basipetal translocation
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of lI'C-L‘\.l\ by 500 ppm TIBA. In coatrast to the basipetal movement, the tran-
sport of l""(")J-IAA to the second trifoliate. and shoot apex\fas not inhibiﬁed
by TIBA. It is'possible that as a result of TIBA inhibition of ;uxih trans-
port, the épical sites are induced to synthesise more auxin. This augmented
auxin activity in the npical\rcgions vould explain an increased lI'C--suc‘rose
transport to the shoot apex under TIBA treatuent. Iﬁ.sould also explain the
presence of ll'C-IAA in the shoot apex and second trifoliate as the high levels
of exogenous auxins in these rcgions nay be able to exchange with fhc exo-
geneously supplied laCfIAA over thie short distauccs involved. Although the
above mentioned conclusions follow fron an analysis of Table VIi, a statis-
tical analysis of the recovery data revealed no significant differences at

14

the 1% level betwecen the “7"C-IAA transport in the lanolin control and TIBA

treated material (Table VIII). TLis lacl of statistical confirmation was
probably due to the very high variability between individual plants and the
small sample size. | B

How does IAA promote the transleccation of pnotoassinilates? ThcreVis
no precise answer to this question bLecause, despite extensive investigations,
the primiry target and mode of action of IAA remain completely unknown.
Anong the various sugacestions in the literature, IAA has been reported to
affect gene activation (Moreland, 1947), RUA métabolism (Trewavas. 1968 a,
b,), protein and polysaccharide syuthesis (iley and Ingle, 1968: Abdul-Baki
and Rax, 1970,) and increascd respiration rates in the présence ofvmctabolic
substrates (Cleland, 1961). Arisz (1969) distinguished betwcen the trans-
port of exogencous and endogencous auxins and suggested, after investigations

of electrical potential and concentration gradients, that an active membrane

~ was not involved but that cncrpy-intcerated relationships with the endo-
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plasmic-reticulum-plasmodesmatéi complexes were necessary. llager et al(1971)
sugpested that auxin acted co-operatively with GTP or ITP ‘(geanine tri phos-
phate or inosine tri-phosphate) as an effector of a membrane-bound anisotropic

ATPase or a proton pump. Still others have suggested that auxin increased

_membrane permeability by altering 'nére sizes' (Ursino, Fensom and Nelson,
y by p

e
R

1964) . Suggeétiohs on IAA action on translocation of photoassigilate are

rare. Bidwell et al (1968) suggested that IAA stimulated turnover of the

Calvin cycle intermediates, and Hew (19%5) reported alteréd photosynthetic
rates and increased sucrose novément in soybeans as a result of 100 ppm IAA
treatment. BSowen and Wareing (1971) ﬁotéd that the aﬁounts of IAA and some
synthetic auxins travelling dogn the stem could be related to the quantities
of metabolites moved upwards. Finally, }ullins (1970) reported that auxin
may affect translocation through a growth senescence effect or 'by direct
action on a translocation regulatory centre'.

From these various suggestions, it seems that IAA mayvsfimulatq bagi-
petal transport of assimilate by increasing the photosynthetic rates in the
fed leaf théreby augmenting the.source. This was not evident in my 1nvgsti;
gations of photosynthetic rates after IAA pretreatment. ‘It uay a#sﬁ 1ﬁgrease

the respiratory rate as well as membrane permeability at the feeding‘sité‘and/

or along the translocation pathway, thus stimulating the loading and unload-

‘ing phenomena which require energy; If IAA acts in any or all of the above -

ways its action would be primarily centered in parenchywma cells of the trans-~
port system and would not negate the pressure flow hypothesis of lo;? distance’
transport. Alternatively, IAA may have a more direct effect on Egﬁ'sieve

. 4
tube protoplast and the enzymes located on sieve tube membrancs especially

- along the sieve plafEET) If IAA acts at this latter site some form of activated

diffusion seemsg the mof%ilikely explanation for phloem trahsport.
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SUMMARY

The wound-repair response induced by 'flap-feeding' was circumvented with
the 'scrape' administration of radioactive compounds to the first tri-

foliate leaflets of the intact plant.

- A variation in net photosynthetic-rate (Pn) af ter hormorie pretreatment

‘was not evident.

Both the ﬁite and duration of hormone pfetfeatment with TAA affected the
distribution of labelled sﬁérosé.

IAA, at 100 and 1000 ppmipggcentrations, augmented the distrib;tion of
labelled sucrose but the synthetic auxin, 2,4-D, and combination IAA +
GA treatments at lower concentrations did not stimulate transport of
label f;om the fed leaf.

14C-IAA was established for mainline and

The distribution préfile for
sink sites along the transport pathway within the intact plant.
Even though the pathQay, velocity and mechanism 6f lag—IAA transport
seens to be different from that of lac—sucrose, IAA does seem to have

a specifickef;éct on the éranslocation of sucrose.

TISA + lanolin provided waximal inhibition of 657 of auxin b;sipetal
transport relative to the slightly stimuiatory action induced by the
TIBA‘+ IAA treatuents over ;he contols, In the latter case an apparent
'‘neutralization' of TISA inhibition of labelled sucrose movement by the
exogeneous IAA supply all;wed the endogeneous auxins to stimulate label
distribution above levels 1nvthé controls.

The relationship’'of 'immobile' to transported activity after ethanol-

NCS solubilization proced;resAQafied only slightly between the treatments

14

involved with sucrose- "'C. Values ranged from 62 to 752 for sucrose-
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14C recovery while Y4c_1AA values remained at 45% of the label translo-
cated. The actual amount of label transported from the fed leaf relative
to the quantities of isotope administered varied from 2.93 to 12.25%

14

for sucrose- 14C and from 2.46 to 7.20% for IAA- C. In the latter

case, formation of IAA-conjugate compounds that may be physiologically-
inactive could contribute to the 'immobilg' phase.

Interpretation of data from ﬂistogram presentation of dpm/g fresh wt
should be conducted with caption. Information on the actual weights

and average dpm should be-available when petiole/internode 1 and inter-

node l/internode 2 rations are evaluated for the effects of hormones in

-

transport phenomena.

The .mediation of growth regulators jand inhibitors provides a tool for

- &
further investigations of transport phenomena.
\

\

!
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1. Specific activity and_source‘of ;adio—isbfopes
2, Raw data as disint;gratiohs‘per minute from ethanol extracti;;s of.
tissue samples in exgerimenF 4
3. ‘Raw data as disintegrations per minute from ethanol extraétio:§,;; 
.tissue samples in experiment 5 : ’
4, Fortran programs used for agta‘as;lyéis;
a. Two way aﬁalysis of variance
b. Dartlett's test for homogeneity of variances
c.’ One way analysis of variance
5. Data for histograms as dpm/g Eresh‘wt for experiment 4 data of lac-
suérose distribution |
6. Data for histograms as dﬁm/g fresh wt’ﬁor experiment 5 data of 14C-

sucrose and 14C-IAA distribution
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APPENDIX 1

E

Spécific Activity & Source of Radio-isotopes

Specific Activity §butcé
Sucrose~6,6"'T 770 mC/mmol Amershaﬁ—Searle
Sucrose-14c , | 600 ﬁC/mmoi* 1 Amersh#meearle
1aa-1é4c 52 mC/mmol* Amersham-SeafEé

NCS ™ Amersham Searle - a quatefnary ammonium base in toluene

* equivalent to 294 ;C/mg as 3-indolyl (acetic acid -2 - lI'C)

* equivalent to 1.67 mC/mg or 80 isotopic abundance in all carbon

atoms in this uniformly labelled sample

@
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Raw Data (disintegrations pgt ninute) from Ethanol extractions of tissue

samples in experiment 4

TREATMENTS

SAMPLING 24D+
SITES  SUCROSE l4%c

fed leaf
(1IST)

56404
- 48619

52311 »

1
2
3
4 65643
5 56039
6 66426
7 56346
8 45454

414
48
107
1074

lateral 1
2
3
'
5 2344
6
7
8

leaflets
(1sT)

266
1038
1657

Petiole 1 2241
2 2708
3 1670
4 3010
5 6973
6 6091
7 7374
8

8914

1041
1004

608
1404
1155

902
1262
2125

Stem 1

NN WN -

IAA+
SUCROSE

48391
54202

. 52710

81967
55382

62980
69889

47017

2093
70937
502
121
1126
476
1119
1221

6708
3252
3900
5163
1548

2273

1604
4958

1858
606
1540
571
322
7571
933
524

IAA+GA+

SUCROSE

74083
62117
71237
81344
43918
68590
84024
49278

56
38

14

45

229
116
1838
116
2098

4173

2887

1056
920
583

4795

2649

8664

1143
863
189
428
177

2162

1239

1889

c

ADMINISTERED SUCROSE 1% (a) 4.8 x 10° dpm LEVEL

ONLY
SUCROSE

65461
120966
43349

16c

24

70128
67407
56358
95471

. 3257

107 -

309
1548
58054
3812
647
563

- 9645
2475
1241
2872
3599
8542
3841
4334

1623
385
226

1088

1934

1697
959

1554

B

SUCROSE

24042
54524
54500
53077

LAQOLIN

‘tAC

52838

42646
35876
43032

786

781

512
106
12370
4191

2224

~ 2334

3307
2565

3702

753
- 5807
9349
8782
17834

617
596
409
281
1250
1364
1087
1796
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APPENDIX 4ee

Fortran programs used for data analysis:

a.

1.01

Two way analysis of variance

E

#1.65 A ?7RONS , COLUMNS , REPS. ?,',"EST. GRAND MEAN"EH,!
@l1.1¢ *;F J=1,R0; T %2,!"ROW"J;D 2:S SR=SR+RS(J)+2

$1.12
gl.15
$1.13
g1.2¢
#1.25
@1.38
@1.35
31.49
@1.5¢
@1.6¢
@1.65
91.7¢
#1.75
g1.8¢
@1.85

#2.85

#3.95

@3.14
3.15
93.20

b. -

HREAaaAaag g 0nn

F

S
F
S
S

K=1,C0;S SC=SC+CS (K)+2 -
Gl+=GS/(RO*CO*RE) ;S CI=GS+2/(RO*CO*RE)

RC=SR/ (CO*RE)+SC/ (ROXRLE)

+J,""ANALYSIS OF VARIANCE TABLE:",!!!

ST=G2-CT;S SR=SR/(CO*RL)~CT;S$S SC=SC/(RO*RE) CT
SE=G2- (SI/RE) S SI=(SI/RZ)+CT-RC

" VARIATION Y . DF ; SS

% ,""ROWS: "RO-1,7%," “"SR," "SR/(RO-1), !
%4 ,"COLUMNS : ¥co-1,3," "sc," "sc/(co-1),"!
%4, " INTERACTION: "(RO-1)*(CO-1),%," “sI

" "SI{((RO-1)*(cO-1)),!!

%4,"ERROR : "RO*CO*(RE-1),%,''"' "SE

" "SE/(RO*CO* (RE-1)),!!

%4,"TOTAL:" "RO*CO*RE -1 h'" ST, !

"GRAND MEAN" GM,'!;*;Q

[

5 om

K=1,C0;T !," COLUMI"K,!;D 3;S CS(X)=CS(X)+X

X=@;S ¥2=¢

P=1,RE; A S;S X=X+(S-EM);S X2=X2+(S-EM)+2
RS (J)=RS(J)+X;S SI=SI+x+2

GS=GS+X;S G2=G2+X2

#l.g1

E

Bartlett's test for homogeneity of variances

@#1.85 A ?ROWS ,COLUMIS ,REPS. ?,!,"EST. GRAND MEAN"ZM, !
@1.1¢ *;F J=1,RO0;T 7%2,%,"ROW'J;D 2

#l1.12 D 4

@#1.99 *;Q

92.95

F

X=1,C0;T !',%x2," COLUMI", ; DS

¥

@3. ¢5 S =¢ S #2=¢
@3.1p F

#3.15
@3.2¢
#3.25

#4.05
ps.10

S
T
T

S
S

@4.15 S
P4.2¢ T *',%,"Cil12"KB/ (1+L)

P=1,RE;A S;S \=X+(S—EM) S K2=X2+(S-LEM)+2

S"

BA=X2- (“+2/Rg) S SPaSP+DA;S sz-sz+(FLoc(uA/(RE-1))*(RE 1))

4, Aj"(x+Rr*Eu)/nn " STD.DEV."FSQT(3A/(RE-1)), !
“STD.E OR MEAN"1P3@*FSQT(BA/(RE~-1)) / ((X+RE*EM) /RE)

DV=RO*CO(RE-1)
KI=DV*FLOG(SP/DV) ;S Ki=K1-S2
LI=(CO*RO*{1/(RE=1)))-(1/DV);S L=L1/3*(CO*RO~-1)
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APPENDIX 4 (Continued)

c. One. way anélysis of variance

%
****************************/‘
*G

G:?01.6¢ @ ¢1.92

*W

C-8K FOCAL @1969

#1.¢1

E -
#1.02 A "G"G;S J=1
gL.g4 A "N"N(J);S P=1;S S=¢
Pl.85 A “S"X(P);S S=S+X(P)
@1.87 s P=P+1;1 (N(J)-P)1.¢8,1.95,1.05
@1.68 po 2
@#1.d9 S J=J+1;1 (G-D1.1@,1.04,1.84
@1.1¢ F J=1,G;S SE=SZ2+(N(J)*M(J)) /SN
#1.11 T "ANALYSIS OF VARIANCES TABLEZ:",!!'!';G 3.9l
P2.¢1 S M (J)=S/i(J) ;S X=0(J)-1;S Sx=@;S SN=SN+J(J)
02.92 F P=1,N(J);S SX=SX+(X(P)=-M(J))+2
#2.83 S V(J)=S:/il;S SD-FSQT(V(J));T !=
2.44 T "GROUP DF MEAN VARIANCE STAND. DEV.",!
@2.06 T %2 J," “,&," ";T %, M(J)," ",v(," ",sp,!!"!
@3.91 F J=1,6;S S3=Ss+N(J)*(M(J) -52)+2;S SW=SWHI(I) =1)xv(J)
$3.92 s KB=G-1;S “DU=SB/KDL;S ST=S3+SW
#3.43 F J=1,G;S KW=xWH(N(J)-1)
$3.04 S KT=XB+rW;S MWsSW/KW -
#3.85 ! v VARIATION DF SS Mg,
#3.06 T %4,"BETWEEN: "K8;T X, "sas," "MB,!!
@3.87 T %4,"WITdIN: "CGT ZL,Y s, "MW, !
#3.88 T %4,"TOTAL: "KT;T %, MsT,!'!! ’
¥3.09 T "RATIO: SETWEER/WITHIN" ,MB/MW, ' 150
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APPENDIX 5

14

Data for Histograms ~ dpm/gram fresh weight - sucrose

patterns. Figure represents average of 38 plants.
TREATMENT SAMPLING GRAM FRESHU AVERAGE gram
SITE WEIGIT (GM) dpm X
£
2,4-D + ‘
Sucrose 14c  Petiole L1838 - 4873
Internode 1 .241 1183
1AA + 14
Sucrose C Petiole .213 3676
Internode 1 " 0232 1741
‘TAA + GAlt a
Sucrose Cc Petiole .202 3216
Internode 1 .363 1011
Only Sucrose
l4c Petiole .187 5194
Internode 1 .154 1183
Lanolin +
Sucrose l4C  Petiole .180 6519
Internode 1 .220 925

C distribution

dpm |
frezh wt. RATIO
10™
2.59
5.28
.49
1.73
2.31
.75
1.60
5.71
.28
2,78 ,
3.61
.77
3.62
8.62
.42



APPENDIX 6

Histogtamrpresentation~of TIBA - IAA mediation of
Figures represent average of 8 plants,

TREATMENT

fo

Only

Sucrose 14C

IAA +

Sucrose l"C

Lanolin +
Lanolin +
Sucrose 1"C

. TIBA +
Lanolin +
Sucrose

-\

TIBA + IAA +
Sucrose l"C

i

'y 7

SAMPLING
SITE

Petiole
Internode

Intermode

Petiole.
Internode

Internode

Petiole
Internode

Internode

Petiole
Internode

Internode

Petiole
Internode

Internode

' GRAM FRESII
" WEIGIT (GM)

.213
.230

.691

.251
« 249

.713

.170
.226

.645

.261
T 290

.869

.271
Q261

<713

AVERAGE -
dpm

- 1202

1514

2261

3778
2173

3420

1099
976

1518

1396

333

5183
1262

2070

sucrose - 14C distributibn.-

dEm
gram fresh wt. PATIO
X 104 )
.56 .85
.66
' 2.00
.33
3.50 4.00
.87 ~
, 1.81
.48 '
.65 1.51
.43
1.79
.24
.53 4.42
.12
4.00
.03
1.91 3,99
.48
1.66
.29
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APPENDIX 6 (CONTINUED)

- , dpm -
TREATMENT SAMPLING GRAM FRESi AVERAGE gram fresh wt. = RATIO
SITE WCIGHT (GM) dpm x 104
Lanolin + . T
1aa l4c Petiole 154 599 .39 2.05
Internode lv .222 412 . .19
. ) 9.50
Internode 2 - .631 113 . .02
TIBA +
1aA l4c Petiole 174 298 17 T 3.40
Internode 1 258 118 .05
‘ 5.00

Internode 2 .845 68 .01 .





