THE EFFECT OF 2CHLOROETHYL) TRIMETHYLAMMONIUM
CHLORIDE (CCC) AND GIBBERKLLIC ACID ON THE ANATOMY
OF HELIANTHUS ANNUUS GROWN AT DIFFERENT SOT,
© MOISTURE REGIMES

FEROZA BAIG*

Anttomical changes induced by 2-ichloroethyl} telmethylammonim chioride
{(CCC) and. Gibbersllic acld {GA) on Heltanthes anngws grown at 100
and 30 per cemt soil moisture regimes {SMR) wera studicd and discussed.
It was concluded that CCC-treated plants produced anatomical changes
which confer advantageous adaptations. The geueral Anatomical studies
of tha stems of the CCC-treated plams showed an increassd dﬂ\-‘ﬂ]npmmt
of vaseplar Hemes, Towest dortesfaels tatio (1.7, 1. 45) both it higher and
lower SMR2 was recorded for the stems of the COC-treated plents 54 cony-
pared to the coatro] (2,33, 2.15) and GA-treated (2.4, 2.69) tespectively,
Increase in tha number of vessels, number of palisada layers and compsct-
neas of the colls was observed in the leaves of the COC-isared piants.
Thevre waa alse an inerease of yasular tissues a3 2 result of which the cortex/
stele ratic was also found to be lowest among the kaves of the COC-treatsd
plants, The area of the vascular region i the roota of the three sats of plants
at 3¢ per cent was increased conparsd to that of the higher SMRs. In the
CCC-tecated plants the arce of the véscular region of tha roots &t 30 per cant
SMR wng dJoubly that At ihe 100 per cent SME.

INTRODUCTION

Little published information is available on the effect of ©CC aﬁd GA
en anatomical changes in plants. Mayr & Presoly (1963) studied the anatomical
changes induced in wheat plants with the application of CCC and recnrdad &n
incredse in the size of the hypoderm ring, pareachyma nim and number of
vascular bundies. Stant (1963) with a number of expenm:nts on C. olitorius,
H. cannabls and C. sativa observed that GA accelerates and mcrenses; the ln:mg;-
tudinal growth or extension of the cell, Nane of the studizs described sa fac
indicate the changes in anatomy of the CCC and GA-treated plapts grown un-
der moisture stress. Anatomical stdics were, therefore, carried out to cory
pare the anatomical changes of the normal (untreated), CCC-reated and GA-
treated plants grown. at decreasing mofsture regimes, The first paper in this
series (Baig, 1970) described the effects of CCC gnd GA on the growth of
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Hellanthus grrstes gt 100, 55,30, 15 and 10 per cen tmoisture regimes. This
paper presents the anatomical studies of the same plants (at ﬁna] harvest)
wh]ch were used for studies of gmwth

METHO DS

Tha aﬁ‘ect of the decrease in the &eil mositure regime, on :he« anatomical
fentures of the three sets of plants was studied, - The material used for section
cutting was fixed from the same set of plants which were used for growth studies
(Baig, 1970). Stems, leaves and roots. of cu.‘:mparable age and developmental
stape were chosen and selected portions were fixed in formalin acetic alcoho]
and after dehydration and infltration, the material was embedded in molten wax
at 58°C.  ‘Transverse sections were then cut between 6-8 ¢ by means of the mic-
rotome. Because of the considerable time and labour involved i io section cutting,
studying #nd-measuring the sections of the stems, leaves and raots of all throe
sets of plants, at_five mositure regimes, it was thought that the change in
anatomrical features, -as affected by the decrease in the soil moisture -regime
might be well epresented by simply studying the anatomy of the plants belong-
ing to the 100 and 30 per cent soil moisture reg1mea These plants could
indicate 5 general trend of change in the mnatomical fe.atures ‘when subjected to
adverse water vonditions,

The following features of the anatomy of the stems, feaves and roots were
stadied !

Stems. Transverss sections from the middle of the first internodes were
chosen for studying the anatomy of the stems in ali three Sets of plasts, The
anmber of vascular bundles wers couated, The outlines of xyiem, phloem and
sclerenchymatous fibres of five largest bundles were drawn usmg Camers, lucida
nrfdet tow power, The avea of these was recorded using a plammeter ]Tl'.te
average ared of xylem, phloem and sclerenchyma per vascular bundle was deter-
mined; - The area of the cross section of stem was then determmad under low
power. The n\rera‘ge ireas of the xylem, phloem and sclerench;.ma werc rhen
dxpr&éaed g5 parcentages of stem cross section area,”

- Leaf. ‘The material for sections of leaves was taken from the centre ot‘
fu.ll;ar niature leaves in ‘eath case. 'I‘hc areas of the vascilar ussues ‘viere déter-
tiihed i the $ime marner as for the stem.’ The nunsbiér of vessels wag counted,
ﬂmdmmetbr nfwss!es was meamrbd Thc areﬂ c:fcruss w:t.mu nf th: n:tlﬂ-n'b

the: s;boﬂg;y ﬂssua wiE numpare-d

i3t Peies, The ared of the cross sections ﬁf the roots was detémﬂned. The
area of the vascular tissues internal to the pericycle and the ared’ of the cortex
ivas determined in the same way as done for stems and leaves, These aress
were éxprosed a6 percentape cioss section of rool.
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. The values of occular divisions ynder high power (x, 40}, Jaw power {x 10) .
dlﬂ'emntml objective (x 2) mlgqﬁpatmn were 3. ‘Ir' 16.] and 76,9 respec-
I::lj[v The magm;ﬁcatmn of Camera: lucida drawmg was |33 at lew _Pawer
(x 10} and 4 at {x 2) .

- EXPERIMENTAL RESULTS
The anatomical featureﬁ studied in the stems nf the mutrnls C}A and

DCC-tfeﬁled pfalnta at the 100 and 30 per cent s6il moisture re,g1mes are given
in Tab]e |

TABI..E 1, Ann'ram:mf Feamres of rhe atem of Controls, GA and CCC’-rrmud-
p!ﬂ?l.!s _

i

a;casufx}rph& Sel. as & aren

" No.of v, 9 X section of stom

Moisture vas 2

Regime . - pundles L Kylem ,Phlur.m sciprepch}rma

T i i : cm‘g cmg
Control 100.% 2° ° 0217, . 024 . 0.268 .
GA - 10037 12 0.237 0.183 0.231 -
CoC 10y, 12 0.42 0,333 0381 .
Conirol 30%, 1z 0.282 0,32 - 0.3%
GA  30% 12 0.259 0.23) 0.357
ccc 30Y% 12 0.638 0.487  0.586

It was observed that with a decrease in the SMR, there was an incregsed
development of the vascular tissnes, The area of the xylem, phluem and sclimn-

chymatous fibres was greater in the stems of the 3D pe: cent SMR in th¢ thm:
-:rf plants. . .

 The increase ‘of vascular tissuss was murg 01; ll:ss thc sa.r.qe in the puntmlq
and GA-treated plants, but a tremendous i increase in the bylk of Xylem tissue of
the CCC—treated plants at 30 per cent SMR wag qlpserved '_I'hr: arga of xylem
Wwas more or léss duuhIc in the CCC plants than thc areas of the cuntmls and the
GA-treated plants, at the 100 per cent soil mmstup.: level. The pj;]lq_gm qlemppﬁs
ind-the stlerenchymatons fibres also shnwed a bettcr develupm:ut in the CCC
tréated plants at the 100 per cent moisture regime, The areas :;f the H]IEIIJF
phloem and sclerenchymatous tissues of the CCC-treated plants at the 10K per
cent SMR were alao higher then thost of the comirols and the GA-uea:ed plants
and with décrease in the SMR the CCC-treated plants showed a ‘marked 8
in the development of the vastular tissues than thecnntrols and the GA-tmted
The number of fully developed vaseular bundles was practizally the sare. Ho}g_-
tver, in the CCC-treated plants the number of vilder-devdloped Buindles 'was
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greater and the cells seemed to be smaller “ind mare compact, i, e. o With
smaller intérceflular spaces as compared t¢'the controls and particularly to the
GiA-treated ‘ones, where the ce!l size was bigger with larger intercellular spaces.

The anatomical features of the leaves of the controls, COC & GA-treated
plants are shown in Tabis2. It was observed that the degree of compaciness of
the spongy tissue, the number of vessles, the number of palisade layers, the
areq of the vascular tissues was increased in the three sets of plants at the lower
mositure regime compared with the 100 per cent treatment, The dinmeter and
number of larger vessels at 3 per cent was slghtly reduced in the controls and
Ga-treated plants but it increased in the CCC-treated ones. It was also
observed that the Jeaf tissues were more compact, with greater number of
palisade fayers, larger number and greater diameter of vessels, and larger areas
of vascnlar tissties in the CCCetreattd plants. Thus CCC-treated planis sh-::nwed
a greater development of xeromorphic characters.

* Table 3 shows the diameter of ten largest xylem vessels in the central
bundle of the mid-rib of the leaves. At the 100 per cent moisture regime the-
dismeter of vessels was gteater among the GA-treated planis, intermediate
among the controlé and the smallest among the CCC-treated plants. It was
interesting to note that at the 30 per cent SMR the diameter of vessels among
the COC-treated plants had increased whereas, in the controls and GA-treated
it was slightly reduced. £

The anatomy of the roots of the three scis of plants was studied by
measuring the areas of the region internal to the paricyele, i.e., the vagentar region
and the areas of the region external to the pericycle, the cortical region of the
roots, This iz given in Table 4 which revealed that the area of the vascular
region in the roots of the three sets of plants was incressed compared to that of
the corresponding higher soil moisture regimes. At the 100 por cent mojsture
regime the areas of the vascular and cortical regions were more or less the same
in the Controls and the Gibberllictreated plants, Huwevar in the OCC-trpated
piants the area of the vascular ;i:gix_m was slightly targer and that of the cortical
reglon smaller. Tt can also bo scen from the table that in the CCC-treated
plants the area of the vascular region of the roots was much larger.  For example
at 30 per cent sail moisture regime it Wis more or less double than at the 10¢
per cent soil moisture regime.

In the Gibberellic treated plants the area of the vascular region at the
fower mnmtuu regime was increased by half only and the increase in the Cons
trols was venr small. Atthe 3ﬂ per cent soil meisture regime the cortexfvas.
reg. ratio was alse much smaller in CCC-treated roots as compared to the
controls and Gibberellic treated ones. |
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. . This showed that there was a lavge response to OCC-treatment in the
xoots of plants grown at the lower soil moisture regime. - The costex/vas. Teg.
‘atio in in the Controls and the Gibberellic treated plants was also smaller
but not so great a reduction 8s in the COC-treated plants. This showed that
although CCC - treatment had the effect of producing a measure of “pre-
adaptation™ further adaptation was still possible at the lower mositure regin.

TABLE 4. Anctomical Features of the Roots of Controls, Gibbereliic and CCC

treated Plants
, Areas of vas. & cort. regions . Ratio of

Moisture as % areq of x section of root cortex

Regime —_— ——

vascular «  cortical vas, reg,

; Tegion om? region cm? ,
Cnnual 100% 0.5 79.4 3.89-
Gibb. ", 1003 20.9 79.0 373~
wglall ; * 00 21.6 © - 8.3 M. §
C-:rntrg;l_ - 30%, 23.0_ 76.% 3.3
Gibb. W0 28.6 71.3 2.5

ccC 30%, 41.6 ' S5E.3 1.4 -

The Tabla 5 shows the cnrt:x,n‘atele ratio axpr;ssed as percentage of the stem cross
acctmn area. It was observed that with a decma.sa in thc SMR, the Wrtcxfstele
ratio became Smaller indicating that at the lnwer moistare regime there was 2
greater pmductmn of stele, particularly among thc CCC -treated planis.

TABLE 3, Tke correx|stele ratios of the stems of C’vmmis, g:bberam-: md E-‘CC

treated plonts
area of cortex
Moisture . as percentage of - cortexfstela
Regime stem x section ratio
ATEA c_m! ] -
T . 100% 20.2 - . 2,33 ..
GA 180% 1.9 2.8
Clontrol 100%; 3.2
Contrel 3034 24.62
GA  30% 21.52

ccc Wy 7o 155
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+ ‘Table 6 shovrs the area of the gartex expresed as a percentage of the mid-
rib crosk saction area and the cortex/stele ratio of the three sets of plants, The
area of the cortex was smalier in the CCC-treated plants as compared to the
controls and GA-treated ones and the area occupied by the stele was also greater

amang the CCC—tmtad piants because of the snialleér value of the cortexfstele
mtio, . - . .

Tamin 6. Cortexisiale ratios of the leaves of Controls, GA & CCC treated plants

Mois ; &reaufﬁ}rtexf cele

ture as atage o mrtex[u

. oregime mﬂc;xmunn raie

: area gl

Contml _ IQQ‘,’{, ' B5.45 - 5.87
GA 1405, 83.15 4.93
CoC 100:% 82.63, . 4.69

Conteol 0% B2.8 4,77

GA 0% 82.25 4,63

oCC 0%, .16 1.87

DISCUSSION

By studying the anatomy of the stems leaves and the roots of the CCC-
treatad plants,. GA~tmatad and the controls, it was concluded that as the mois-
turs regime dem-ems the plants of all three sets tended to respond to adverse
“water condidons by developing xeromorphic characters, In particalar this
eousisbed of an increase of vascular tissues in the stems and roots, an intrease fn
the leaf, increase of the number of vessels, number of palisade layers and greater
compactness of the cells. All these van be considered advantageous in water
relations of the individuals possessing them, The degree of xeromorphic chara-
acters, developed, varies from species to species, some are mose responsive to
drought than others. The application of CCC induces the Feromorphic
characters even under mesophytic conditions and increasingly so with more
adverse water conditions, The treated plants, when grown under mesophytic
condiflon are already “pre-adapted” to water stress and, therefore, bave a
greater chance of survival, should any period of sudden drought occur.

The general anatomy of stem of CCC and GA-treated plants as compared
to the control showed important points of difference in the extent of develop-
ment of mechanical tissues especially the xylem elements.  Fhe ratio betwsen
the xylem area of the CCC-treated plants and the control at 00 per cent SMR.
was 2 :1 whereas there was no marked difference between the GA-groaied plants
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ahd the controls, indicating that GA 24 compared te CCC is not effective in
bringing about uvseful anatomical changes. It was observed that the cortex/
stele ratio at 100 and 30 per cent SMR3 was also lowest {1.71, 1.55) among the
CCC-treated plants, as compared to the r.:antrul (1 33, 2.18) and GA-trcat:rd
plants (2.8, 2.69),

The anatomical studies of leaf show that the OOC-treated plants as com-
parted to control & (RA-treated plants have increased vascularization due to which
the cortex/stele ratio was lower. The numbet of palisade layers, degree of come
pactness of spongy tissue, number of xylem vessels and area of the vascular
tissues was greater among the CCC-treéatéd plants, The anatomy of the roots
showed the seme tendency to produce more vascular tissues in the CCC-treatad
plants which was indicated by the lowest value of the cortex/stele ratio (1.4)
a8 compared to the controls (3. 33) and the GA-treated roots (2. 5).
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