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TRANSPORT OF INDOLEACETIC ACID IN BEAN CUTTINGS IN RELATION TO
ROOT FORMATION

R. N. BASU#®
University of Nottingham School of Agriculture, England

ABSTRACT

Transport experiments

with carboxyl-14C-labelled

indoleacetic acid have shown that

chemicals which interacted negatively with IAA in rooting of Phaseolus vulgaris L. cuttings
significantly ‘promoted upward movement and accumulation of radic-carbon of JAA-14C

applied to the base of the cuttings.

The results suggest that increased acropetal movement of

basally applied 1AA adversely affects adventitious root formation in cuttings.

ECENT evidences indicate that the syner-

gistic effects 6f phenalic and many other
aromatic compounds in rooting cannot be ex-
plained on the basis of inhibition of the indole-
acetic avid oxidizing system and consequent
‘IAA-sparing action’ of the synergistic chemi-
cals.™1 It has been shown that a2 number of
monophenolic .chemicals which did not inhibit
the activity of the IAA-oxidizing system pro-
moted auxin-induced rooting, on the other
hand, many of the polyphenolic compounds
which inhibited the enzyme system did not
synergise auxin-induced root formation. The
Information, so far available, does not give
any definite idea of the meshanism of synerg-
ism or antagonism in rooting and further re-
search on the rhysiological and biochemical
basis of the positive or negative interactions
between auxine and non-auxinic chenizals
should be undertaken. The present study was
taken up to see how far the synergistic or
antagonistic effects of different chemicals are
related to transport and distribution of exo-
genously applied TAA in the icuttings, employ-
ing carboxyl-14C-labelled IAA and 15 non-
auxinic chemicals listed in Tables I and IL
Seedlings of French bean (Phaseolus vulga-
Tis L.) cv. Tender green’ were grown in vermi-
culite under controlled light (16 hours light
of 1,800 F.C. at plant level and 8 hours dark
period in a 24-hour cycle) and temperature
(light temperaturc 21 =+ 1°C and dark tem-
perature 18 +1°C) conditions in a growth
room. When the secdlings were 12 days old,
12-15 em tall with two primary leaves ang the
trifoliate bud, 10 em long cuttings with about
4-6'¢cm hypocotyl portions and lcaf arca kept
uniform at 10 sq cm per culting, were made
from them. The cuttings were allowed to form
adventilious roots in glass vials (FFig. 1), ecight
cuttings were placed in ecach vial which corn-
tained 6 ml rooting solution of auxin and non-

-

* Present address : University College ‘of Agricultare,
Calcutta University, 35, Baligpunge Circular Iioad,
Calcutta~]19,

auxmic chemicals ai |concentrations mention-
ed in Table I. A separate set of glass vials was
employed for the transport experiment in which
carboxyl-1#Cdilabelled IAA was employed in
place of non-radioactive JAA. The 14C-labelled
IAA, 3-indolyl (acetic acid-1-14C), specific
activity 33-0mCi/mM was obtained from the
Radio Chemical: Centre, Amersham. The spe-
cific activity of the labelled auxin was lowered
to 3-3mCi/mM by diluting the radioactive
stock with non-radioactive IAA, The cutltings
ireated with labelled IAA were kept iIn a
radiochemical fumehood to avoid contamina-
tion and the :cuttings of the rooting experi-
ment on a nearby working table for 24 hours
but subsequenily transferred to the growth
room at the light and temperature vconditions
mentioned above and kept there till root ini-
iation was complete, watering with distilled
water whenever necessary. Data on root fur-
mation were taken 10 days after starting the
experiment.

' L d
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FIG. 1. I'hotographs showing (above) Lean seedlings
growing in vermiculite and cuttings io plass vials in the
growth room and, (bLelow) rooted cuttinus In plass sials
ready for takinz data on root formation,
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IAA and any non-auxinic chemical from the

effect due to TAA-cum-non-auxinic chemical,

non-auxinic chemicals on rooting of using the formula (d—a) —~[(b—a) 4
Phaseolus vulgaris cuttings (¢ —a)], which resolves to (d-+a) — (b4 c);
) - - a, b, ¢ and d being the number of roots per

TABLE 1
Interaction of TAA with the different

;&Eazf cli:g:::: Y:g . cutting under control, IAA, any non-auxinic
roots per ;,, namber of roots chemical and IAA-cum-non-auxinic chemical,
Eutting per cutting respectively. Positive values (4) indicate
(mﬂ:m:]) dt:-; ;?1 iiﬁf,;%;iﬁ‘ synergism, negative values (—) denote anta-
e gonism.,
g;ntrclrl . 12'3 14-2 . Samples for the assay of radioactivity in cut-
5 Tgichlornphtnnl v gi' llgf"‘ _+[_ g g tings were taken 24 hours after treatment with
Guaiacol . 10+4  15.3 + 9.9 IAA-14C, by which time the whole of the root-
Hydroc uinone e 846 13-8 4+ 8.2 ing solution was taken up by the cuttings and
Eﬁ?&ﬂflhemh i ‘ﬁi f-;ig -l?i'gf the vials had to be supplied with distilled
Salicylic gcid T T 16e3 1 Bed water, and 48 hours ‘after star-rting the experi
#~Coumaric acid .. 11-8 14+9 3 11 ment. On each sampling occasion, four cuttings
acw_(:uum?ric acid .o 13-1 2145 -+ 6-4* were sampled. The cuttings were divided into
F::_EE‘;‘::C;C“} . i;é f‘sl; i gg five sectors equal in length (each sector 2cm
Caffeie acid . 139 184 1 2.5 long); the topmost sector (sector V) included
Coumarin . 30-0 24+3 - 7'7; the two leaves (Fig 2). For the estimation of
Incole er 16-8 31-8 +13-0
a-Naphthol .o 15:1  24-6 + 5% 2 Sqcm 55g cm
L.S.Dq at 0'03 P s 6'1 6'8 -a o~
| T 0'01 P e 8-4 9'4 .o 1\; ]} !

* Significant at 0-05 P, T Significant at 0-01 P,
Ceoncentration of 1AA 5X107° M, non-auxinic

chemicals at 1073 M eacept 2, 4-DCP at 3Xx107¢ M —
and salicylic and cinnamic acids at 5 X 10~% M, TN
: Vv
TABLE 11 :
Distribution of radioactivity (CPM) in E
different sectors of Phaseolus wvulgaris = A
cutlings 24 hours after treatment with IAA-14C & } -
- . G g
Sectors Total T il
—— ~————— per : .
I 11 IIT IV V cutting ! I .
Control .. 3542 €00 225 90 63 4520 L
Phenol . 2936 463 191 117 62 3769 '
2, 4-Dicklorophenol 3598 351 179 88 56 4272 i ]
(Guaiacol .. 4747 497 139 54 47 5484 -_“__JJ
Hydroquinone .. 4472 631 258 98 63 5520
Pyrogallo! .. 3724 950 bH48 443 115 3785 Fi\G 2 Diacram showing sectioning of .. _
. 2K g e g of cutting into five
ﬁ'fiygrﬂ’f?bﬁﬂzmﬂ 3287 401 179 104 75 4096 f}?uagfs:cEﬂrs for th: extraction and assay of radioactivity ;
acl € nith {topmost,; Ssector |
Salicylic acid . 3475 600 225 90 89 4479 | bmost; sector Included the leaves,
p Coumaric acid .. 3629 376 160 78 72 4315  radiocarbon in tissues, the sectors were sepa-
o-Coumaric ?Cid . 3317 H61 117 &2 70 4072 ratEIF 'E'Ktra{:ted Wlth Ethanol and radiDaCtiVity
Cinnamic acid .. 3081 499 I70 62 65 3877  jn the ethanolic extracts wae ac ) |
Ferulic acid .. 5007 545 143 66 72 5933 S assayed on a low
Cafteic acid .. 4440 295 130 50 48 4963  Packground Nuclear-Chicago gas-flow G.M.
Coumarin .. 2062 617 401 206 B7 4270 counting system.
Indole . 3107 534 222 80 44 3937 Pyrogallel and 3 .
a-Naphthol 4675 520 120 L 56 SM2  ooc Sooo DO Conmanin greally promoted
1.S.D.at 0:05P .. 153 40 27 12 14 149 § o1 bean cutiings when applied alone but
206 54 37 16 19 200 Interacted negatively with IAA (Table I). The

0-0L D

Concerntraticn of IAA™14C and non-auxinic chemi-
cals same as in Tablel,

Values for synergism or

obtained Dby subtracting

antagonism were
of

individual effects

promotion due to indole and a-naphthol did not
reach the level of statistical significanice iﬁ
absence of TAA but in combination with the
auxin, indole and e-naphthol significantly syn-
ergised root formation, Synergism between
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cinnamic acid and IAA was also significant
(P = 0-05). The synergistic effects of ferulic
acid, o-coumaric acid, salicylic acid and phe-
nol were not statistically e<ignificant, In all
other cases, the effects were either inconspicu-
cus or simply additive.

The trend of distribution and accumulation
of radiccarbon in the cutlings under the dif-
feren* treztments was similar in the two sam-
pling occasicns. The results obtained with
samples taken 24 hours after treatment with
IAA-14C are presented in Table TI Total radio-
activily per cuftting was found to be signifi-
cantly influenced by the different non-auxinic

chemicals. e«-Naphthol and the polyphenolic
chemicals, guaiacol, pyrogallol, ferulic acid,
caffcic acid, and hydroquinone maintained

greater radioactivity in cuttings compared to
indole, coumarin and the monophenolic com-
pounds such as p-hydroxybenzoic acid, sali-
cylic acid, p-coumaric acld, o-coumaric
acid and others, Such differences were due 1o
the differential effects of the chemicals on the
activity of the indoleacetic acid oxidizing sys-
tem.® The results confirm the earlier findingsl4
thati synergism in rooting is not dependent on
the activity of the TAA-oxidizing system and
there is no direct relationship between total
radicactivty per cutting and rootability,

As regards the distribution of radioaictivity
In the different sectors of cuttings, it was noted
that pyrogallch and coumarin, the two chemi-
cals which showed negative interaction with
IAA in rooting exhibited greater upward move-
ment and accumulation of MC in the upper
sectors of the cuttings None of the syner~
gistic chemicals showed such promotion of up-
ward movement of radiocarbon. The synergistic
chemicals, however, showed minor differences
amongst themselved but such differences were
not consistently correlated with the degree of
synergistic effects of the respective chemicals.
The non-~promotion of accumulation of radio-
carbon in the tops of cuttings in prcsence of
synergisiic chemicals and the association of
antagenism with increased upward movement
and accumulation of radiocarbon of IAA-1C
suggest that for optimum rooting the cxoge-
nously applied auxin should be confined 1o the
basal root-forming region of cuttings and dis-
iributon of basally applicd TAA over a longer
region of the rcutting would adversely affect
adventitious root formation.

The possibllity of formation of dificrent
IAA-non-auxinic chemical complexes®? and
subceqquent differential movement of such
complexes 1o the upper parts of the cutlings
s doubtful in view of ithe almost identical pat-
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tern of incorporation of radiocarbon of IAA-
14C in presence of different non-auxinic che-
micals (Fig, 3). It wad noted that even after

e it i Dol Qo o -:-5\)'6—*1':

FIG. 3. Radioautograms of chromatograms of ethananlje
extracts of JAA-1%C-greated cnttings showing incorperation
of radiocarbon into different compounds frem left to richt
(1} IAA~'C + Indole, 24 Lours after treatment. (2)
same afrer 48 hours, {3) IAA-'*C + e-Napthol after 24
hours, (4) same after 48 hours, (5) IAA-MC + Fenulic
acid after 24 howrs, (6) same after 48 hours: arcow on ieft
shows the zone of 1esolution of synthetic YAA-YMC, arrow
on right indicates the direction of solvent run.

24 hhours, most of the radiocarbon of IAA-14C
was Incorporated into different compounds and
after such incorporation of the 14C into other
compounds, there was little change in total
radiocactivity. The differences in the relative
intensities of spots on the radicautograms were
due to differential effect of the non-auxinic
chemicals on YIAA decarboxylation prior to in-
corporation into other compounds. Whether in
presence of antagonistic chemicals, certain of
the products into which 14C of the labelled IAA
is incorporated show greater upward move-
ment and accumulation in upper portions of
the cuttings requires further investigation.
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