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Paclobutrazol-induced Leaf, Stem, and

Root Anatomy Modifications in Potato

Tekalign Tsegaw, 5. Hamumes, and J. Robberise
Lniversity of Pretoria, Planr Production and Soil Science, Lunnon, D briry,

Pretoria, Guteng 002, South Africa
Addisionad imdex wends,

Abstract., Potato (Solernum fobermwm Loy treatoent with paclobatrazol resulted in short
and compact plants having dark green and thicker leaves, and wider stem and root diam-
eters. Investigating the underlying anatomical modifications in response to the treatment
was the objective of the study. Plunis of patate cultivar BF | were treated with 0, 450,
67.5, and 900 mg paclobutrazel per plant as a foliar spray. A month after treatment leaf,
stemy and root materials were taken from the control and plants (reated with 67.5 mg
paclobutrazel, and histolepical sbservations were made using light microscope. Leaves
of treated plants showed an hereased ehlerophyll o and b contents, thicker epicuticular
wax laver, elunpated and thicker cpidermal, palisady sud spongy messphyll cells. FBE
ingreased stem diameter by about $8% due to induction of thicker coriex, lurger vascalar
bunadles, and wider pith diameter associated with bacger pith eells, Widenbng the cortex and
the Induction of mere secondary sylem vessels in respanse to PBE treatmient increased
the root diameter by about 52%. Paclobutrazal treatment remarkally increased the ae-
cumulation of sterch granules in the stem pith eclls and cortical eells of the stean and voof,
This study 15 similar to the other relevant siu dics b reporting an inereasced leal Hibckness,
and stem and root dismeters; however, maost of the underlying anatonsical modifications
deseribed above have pat been reported previously.

The regulation of plant growth with syn-
thetie plant growth regulators has become a
common agricultwral practice. Ofile availoble
synthetic plant growth regulators, iraeoles are
potent ab low copcentrationg W mhibit shoom
growih (Davis et al, 1988). Paciobutrazol
{PBZ) i5 a triazgle derivative knawn i inter-
fere with enr-kaurene oxidase activity m the
eni-kaurens exidation pathway leading to a
decrease i endogenous GA levels and ABA
cataholsm {Rademacher, 1997).

PBZ suppressed growth in 8 wide range
of plant species, and treated plants exhibiled
a dark green colowr, and are shorter and more
compact in appearance (Terri and Millie,
20040; Sebastian of al,, 2002}, It induces leal
maaphological and anstomical modifications
depending on plant species, growth siage, rake
nnd methed of application. It reduces leaFonen
(Sebastian et al., 2002; Yeshinla etal., 20047,
incrzases the thickness of the epicaticular wax
lnyer (Jenks ot al,, 2001; Sopher et al,, 1999),
increase size of a vascular bundles, epidermal,
mcaophyll and bundle sheath celis (Burrowset
al., 1992; Sopher cf al., 195%), In wheat PBE
increased thickness of the leaves by inducing
additional layers of palisads mesophyll cells
(Gao et al., 1987},

The reduction of plant height following
PBZ treatment is sccompanicd by various stem
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amdumical alerations depending an spocies
and concentration. Berova and Zlatey (2000]
observed incregsed radiat exiension in tomulo
(Lpeopersfomr excwieniam MILY stems, b
slarn diamebor was reduced by 12% o 50%
i cis rod stock sesdlings (Yelenasky e
al, 1995), MeDaniel e al, {1990) reported
it PBE vreatment of painsetia reaulicd n
wenker stems due to the suppression of the
tsckening of cell wall aff phloem fber cops,
diereased width of gylem ring, and restricting
thediffereniation of e fascicular supporiing
tssue, In chrysonthemum {Chrpsonhemnm
marifialinm), PBZ weatment resulted in thin
stermswith increased developmentolsscondary
kylem and a reduced nmanber of seherenchyma
bundle caps | Burraws etal., 1992 Aguime and
Blonco( 1992 observed adecreased proparion
of xylem with a comesponding increase in the
amiow of phicem and cortex i peach shools
[Prunws pevsical following PBE treatment

Depending on the plant species amd the
concentracion applied, PBE induces rool ana-
tomical and morphological modifications. it
increased root diameter in chrysanthemuom by
increasing the number of rows and diameter
of cortical cells (Burrows et al., 1992). FBZ
increased moat diameter in sovbean (Ciyeine
mrax) by increasing the size of cortical paren-
cliyma cells (Bames eral, 1989}

Treating patoio plants grown wnder pons
inductive greemhouse conditions with PRZ
reaulted 1 compact plants with chicker, dark
wreen keaves, and wider stem and oot dinn-
eters( Teknlign end Hammes, 2004), However,
mflprmation aboul the undeslying anaccanscal
madifications in potate in response to PBZ
treatmend 15 scandy. The study was inihated
with the major objective ol investigatimg potato
leaf, stem ond oot anatomical modifications
following PEZ treatment

Materials and Methods

Flaent ewfuree, Inoa greenhouse experiment
wf the experimental fanm of the University of
Preweria, the effect of PEZ on the analomy of
poilato leaves, suema and rons was investgated
during 2003, Flants of cultivar BPL were grown
in 3-L plastic containers with n mixture of sand
and coconuteoie]50:50, by volume)as growing
medinm. During the growing pericd diumal iem-
peratures ranged between |7 and 35 5C and the
average nelative humidity was 54%. Plantswens
feemilized witha standand Hoagland sobation and
watered repularly 10 avoid waser stress

Tieataents, Qe monthaller planting, during
early stolon initiations, the plants were treated
wilh FEZ ot raves of 0, 45,0, 67.5, and 90.0 mg
active ingredient{a,1,) per plantasa fol jar spray,
{Culwar formulation, 250 g a.i. PBZL, Zeneca
Agrochsmicals SA(FTY.) Lid., South Africa).
The solution was applied as a fine speay wsang
an alomizer and the control plants weee Wregled
with disilled warer of equal volume.

Chiorophp!! comvens. Two weeks after
trealmmient, crude ||::|.F1.'h||:|rnpl1y|:| eximachs wers
made wsing B0% acetone. Spectropholometer
[Pharmacia LEKB, Ulrospes 111} readings were
recorded at 663 and 643 nm, and the concenimn-
ez ofchlorophyllaand bdelermined using the
apecilic absorplion coefficients recommended
by MacKinney (1941).

Muorphology and anatory, Plant height was
mcasued fnom Uee base of te soem o the apex,
Oiive meensh after treatrent beaf, stem, and root
matenial were collzcted from the 67.5 mg a.i
PHEZ-weated planis and control plans. Leal
miaterial was taken from the mad portion of the
third youmgest fally expanded leaves, Intermode
samiples were tken from the mid portion of the
it stean, and the root samiples 1 embelow the
peainis of attachment to the stem were taken.

Sections ofthe leaves, stems, and rools wens
fixed im Tormalin-aceric ackd-alcohol (FAaA),
delyydruted inincreasing ethanol concentrations
and embadded i parallin wax (meliing point,
58 "C)afier substituting the alcohol with xylene
(0 Brien and Me Cully, 1981, Sectionsof about
B wm were made with & rtary microlome and
stained in Safranin 0, counter stained in Fast
Green, and meunted in Clear Mount (O'Brien
and M Cully, 1981), Images were made using
a Kodak camera (Nikon DXM 1200; Nikon,
Japan} fitbed on & light microscope (Mikan
Ot Phato, Mikon, Japan). Measurements of
leal anatomscal struclures were made using
ineape analyzer (UTHSCSA Image Tool for
Window 3.00],

Resulis

Leaf anatzery, PBE treated leaves were dark
green due o high chlorophyll o (082 mgg
fresh weight) and b{0.26 mgg fresh weight)
contents { Table 1) Leaves of the control treaz-
menl comtained 0.54 and 017 mgg™ fresh
weight chlorophyll o and b, respectively. PEZ
treated plants exhibited thicker epicuticular
wax knyers, larger epidermal cells, asinglelayer
of large and elongated palisade mesophylleells,
and athicker spongy mesophyll tissee (Fig, 1B)
compared to the sontrol (Fig. 14).



Table | Effect of packobutrazol (PBZ) om leaf, stem. and root charactenistics. Mean value of four observations

+ standard deviation
Plant Inurease over
pan Caontrol PBZ treated  the control (%)
Leaf =
Chlorophyll 2 (mgg fresh weight) 0,54+ 0,05 0.52=009 513
Chlorophyll b (mgg' fresh weight) 0.17+0.0) 0262008 529
Total thickness (pum) 21548 5.1 26784 6.7 243
Epidermal cell lengeh (pum) M2+139 4235£125 227
Eptdermal cell wideh (pm) 121£34 140430 138
Palisade cell length (pm) 876458 163464 327
Palisade cell width (pm) 149+£26 21131 416
Spongy mesophyll thickness (um) 956£79 HO3280 154
Stem
Stem Jengeh (cm) 764217 435423 451
Stem diameter (mm) 6603 104+£12 635
Root
Root d (mm) 2902 44+2 51.7

Leaf thickness increased from 215 um to
268 pm in response to PBZ treatment (Table
1). PBZ increased the length and dianveter of
cpidermal cells by about 24 and 149%, respec-
tively over thecontrol. PBZ treatment increased
leafl palisade mesophyll cell length and widih.
The mean palisade mesophyll cell Tength and
diameter of the treated leaves were about [16
and 21 pm, while 87 and 15 pm for the untreated
leaves, respectively. PBZ treatnent increased
the thickness of spongy mesophyll by about
15% over the control, 96 um thick.

Stem morphology and anatomy. PBZ treat-
ment resulted in shorter and thicker stems
compared to the control plams (Table 1 and
Fig. 2). The mean plant height was reduced
from 76.4 1043.5 em in response o PBZ ucat-
ment while stem diameter was increased by
58% over the control. This is atinbuted to the
induction of a thicker cortex, well-developed
vascular bundles, and a larger path dismeter in
response to the treatment (Fig. 38). The stem
of PBZ treated plants had larger symmetrical
pithcells containing numercus stasch granules
(Fig- 3D) while the control plants exhibited
smaller irregularly shaped pith ccils almost
devoid of starch granules (Fig. 3C).

Rootanatony. Theaveragerovt diameterof
PBZ treated plants was 4.4 mm, 52% thicker
than the 2.9 mm of the contro! (Table 1). PBZ
increased the width of cortex and favoured the
induction of more secondary xylem vessels
compared to the control (Fig- 4A and B). Roots
oftreated plants developed larger corical cells
comtaining numcrous starch granules (Fig.
4D) while the d plants p d thin
and elongated cortical cells with few starch
granules (Fig. 4C)

Discussion

PBZ-treated potato plants exhibited o dark
green colour due to high chlorophyll @ and &
contents. The merease in chlorophyll content
may be amributed 10 an enhanced chlorophyll
synthesis and/or more denscly packed chloro-
plasts per unit leaf area, Sebastian et al, (2002)
reported enhanced chlorophyll synthesis in
Dianthus caryophyllus and Khalil (1595) ob-
served more densely packed chloroplasts per
unit leaf area in response w PBZ treatment.
Increased chlorophyll content in potain due
to PBZ weatment was observed by Balamand
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and Poovaiah {1985) and Bandara and Tanino
(1995} The higherchlorophyll content of treated
poslo Jeuves may be relused to the influence
of PBZ on endogenous cytokinin levels, 1t has
been peoposed that PBZ stimulates cytokinin
symhesis that entunces chloroplast difTeren-
nation, chlorophyll biosynthesis, and prevents
chlorophyil degradation (Fletcher et al., 1982),
GA biosynthesis inhabisors increased cytokinin
content in soybean (Glycine max) (Grossman,
1992) ad Dianthus caryophwllus (Schastian
<t al, 2002). PBZ considerably delayed the
onsel of senescence 1 grapevines and treated
plants recained photesynthetically active leaves

longer thon the untreated plants (Hunter and
Proceor, 1992),

The observed higher epicuticular wax de-
pusition in treated lesves may be related 1o the
increase in endogenous ABA levels in response
10 PBZ treatment (Rademacher, 1997). An in-
crease in ABA stimulates the synthesis of lipid
trarsfer proteins in barley (Hordeum vulgare)
that play an important role in the formation of
epicuticular waxes, a process that affects the
water relation of the Jeaves (Hollenbach ef al,
1997). PBZ treatments caused a 10% increase in
total wax load and changes in the proportion of
certain wax constituents in potted rose cultivars
within |1 d of application (Jenks et al,, 2001)
The development of a thicker epicuticular wax
Esyer provides betler protection against some
plant pathogens and minoe mechanical damage
(Kolatukudy, 1987),

The observed increased in leaf thickness
was atnbuted to an increase in epidermal cell
diametes, palisade cell length and spongy me-
sophyll depth. Burrows et al. (1992) reported
that increased chrysambemum (Chrysanthe-
mum morifelivm) leaf thickness in response
W PBZ treatment was duc to thicker spoagy
mesophyll andthe inductionof additional layers
of palisade parenchyma, although individual
cells were shorter, of small diameter and more
tightly packed. In maize (Zea mays L) PBZ
treated |eaves showed more epicuticular wax
deposition and were thicker and broader ow-

Fig. 1. Light micrographs of transverse sections of leaves showing thicker epicuticular wax snd enlanged

epidermal, palisade mesophyH, and spongy mesophyll ceils of paclob

the conirod (A), Scale bar = 100 um.

|-treated (B) compared to

Fig. 2. Potato plaet heiglit reductions in response to paclobutrazol (PBZ) uestment. (A) Untreated, (B) 45
mgai. PBZ, (C) 67.5 mg a.i. PBZ, (D) %0 mg a.i. PBZ,

HoarScience Vou. 4{4) Avoust 2005




ing o enlarged vascular elements, epidermad,
mesophyll, and bundie sheath cells (Sopher
ct al, 1999). Hawkins et al. (1985) reporied
2 15% 1o 24% increase in soybean Jeaf thick-
ness due to the clongation of the palisade cells
without affecting the number of palisade rows
and parenchyma thickness, Dilzsel and
Lawrence (1984) repocted that PBZ induced a
100% increase in sugar beet leaf thickness due
10 a three to four fold increase in palisade cell
length, without affecting the number of rows.

PBZ-treated potato plants were shorter and
had thicker stes than the control, Reduced
itemode length coused height reduction. Davis
and Curry (1991) reported that shoot growth
reduction in response to PBZ trestment occurs
primanly due to o decrease in internode length,
and the ellective dose varies with species
and cultivar. This response may probably be
expluined by the reduction in the endogenous
GA level, GA enhances internode elongation
of intact stems (Salisbury and Ross, 1992). Liu

Fig. 3. Transverse micrographs of sections from the steins of the contral and paclobutrazol-treated puuato
plants. The treated stem (B) is chamactenzed by increused cortex bickness (C), welldeveloped vascular
bundies (VB), and wider pith dismeter (P) compared 10 the contral (A). Treated plants developed Lirger,
oval-shaped pith cells cotaining starch granua's (1)) compared 1o the smaller and irregulacly shoped
pitl cells without starch granuals (C). Scale bar = 100 pm.

.

L)

5 [
ot L5

Fig. 4. Transverse sectlons of rooes of the control and paclobutrazol-treated potato plants. Treased plants

(B) had Earger root diameters due to widening of costex (C) and the ind

of more dary xylem

vessels (XV) compared o the control (A). larger roal corical celis of teased plants comtaimed mose
starch granuals (D) than to the smaller cortical cells of the control plants (C). Scale bar = 100 pm.

HowrScience Vou, 40(4) Avcust 2005

and Loy (1976) showed that GA promote cell
division by stimulating cells in the G, phase to
enter the S phase and by shortening the dure-
tion of S phase. They concluded that increased
cell numbers Jead 10 more rapid stem growth,
Similar reductions in shoot growth were reported
in scaevola (Terri and Millie, 2000) and Di.
anthus carvophyllus (Sebastian <t al., 2002)
In response to PBZ treatment, Mare recently,
Suzukietal. (2004) reported that the presence of
PBZ i the medium strongly inhibited etiolated
and nonctiolated longstudinal shoot growth of
Catasenwn fimbriatum.

PBZ tecatment increased cortex thickness,
size of the vascular bundies, 2nd pith diameter
and resulted thicker stems. This modification
may be attributed to radial cxpansion of cells
due 10 reduced endogenous GA activitics
in response to the treatment. Wenzel et al
(2000) reported that GA limits the extent
of radial expansion of plant organs. In dicot
stems. cell shape alterations are apparently
coused by a more longitudinal orientation of
cellulose microfibrls being deposited in the
cell walls, preventing expansion parallel o
the these microfibrils but allowing expansion
perpendicular to them (Eisinger, 1983). PBZ
promoted radial expansion of the pea (Pisum
sarivum 1) cells (Wang and Lin, 1992), The
non-uniform distibution and arangement
of the voscular elements in the potato stems
resulted i irrcgulanty in the shape of the
slems, Various authors reported different results
n various plant species with respect to PBZ
induced stem anatomy modifications. PBZ
reduced both cell number and length in saf-
flower (Carthamus tinciorius L.) stem (Potter
ctal, 1993). Burrows ctal. (1992) reported that
PBZ treatment brought about a 50% reduction
in chrysanthemum stem diameter because of
an enhanced development of secondary xy-
lem and a marked reduction in the number of
sclerenchyma bundle caps. [n peach (Prume
persica) shoots, PBZ reduced the proportion
of xylem and increased that of phioem and
conex, and increased xylem density (Aguirre
and Blanco, 1992), In an investigation on
poinscitia, McDaniel et al. (1990) found that
PBZ suppressed cell wall thickening in the
phlocm fiber caps, decreased the width of
xylem ring, and restricted the differentiation
of interfasicular supporting tissues.

It was observed that untreated plants had
more thinner and longer roots compared to the
treated plants. PBZ increased root diameter by
increasang the width ofcortex and by enhancing
the formation of more secondary xylem vessels.
Dependingon the plantspecics and the concen-
tration, PBZ either stimulated or inhibited root
growth. PBZ caused thickening of maize roots
and increased their starch content (Baluska et
al., 1993). Treating primary roots of pea with
PBZ inhibited root extension (Wang and Lin,
1992). Increased root diameter has been cor-
related with larger cortical parenchyma cells
in soybean and maize (Bames ct al,, 1989).
Increasing root diameter in chrysanthemum
may be due to an increase the number of
rows and diameter of cortical cells (Burrows
et al, 1992). A stimulatory effect of PBZ on
root growth has also reported in English ivy
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(Geneve, | 990) and mung bean (Porlingis ond
K oukourikou-Petridou, 199

PRZ increased the accumulativn of Slarch
granules in the pith cells of the siem, and in
the cartical cells of the stems and roots, It is
postalated that the increase in the number
of atarch granules may be attributed 10 PBZ
stimulated reduction in GA actvity. Under
favorable conditions for suherization (GA
content below threshald level), the activities
af enzymes involved in potate twher starch
biosynthesis such s ADPG-pyrophosphory-
lasg, starch phasphorylase and starch syniliase
increase (Wisser et al, 1994, Appeldoom et
al., 1997, Mares et al (1981) obaerved that
cxggenous application of GA, on growing
tubers substanbally reduced the activity of
ADPG-pyrophosphiorylase, while the activity
of starch phosphorylass remnined more ar lass
constant. Boothand Lovell {1972 jreposted that
application of GA, to potato shoots reduced
starch accomulation in the tabers. POZ trea-
ment increased rool starch conbent in mnise
planis (Baluska et al, 1993} PBZ treatnent
increased siarch accumulation in the beaves,
stems, crowns and roots of rice seedling while
GiA, treaument decreased starch accumulation
in the leaves and crowns of the scedlings ( Yim
ot al, 1997).

PBZ madified the morphology ol ihe potaio
plant in swch awary thas reated plan s appeared o
b dask green, and shor and comipact, loiduced
anatomical alicrations such as increasing beal
thickness as well ag the diamecr of i s1cins
and roots. [t enhanced starch synibiesis in the
pith cells of the stem and conical cells of the
stems and roats. This stwdy conlinms tha PBE
trzatment can induce similar morphological
and anatomical modifications ma wide rnge
of plant species. The effect of FBZ on the
indiection of morphological and onmomical
modifications may be mediated by changing
the hormonal balance of the plaal.
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