
MORPHOLOGICAL CHANGES IN YOUNG 
PLANTS OF HEVEA BRASILIENSIS INDUCED 

BY PACLOBUTRAZOL

Jayanta Sarkar, K. Annamalainathan, R. Krishnakumar and James Jacob
Rubber Research Institute of India, Kottayam-686 009, Kerala, India 

Received: 13 October 2014 Accepted; 15 February 2015

Sarkar, J., Annamalainathan, K., Krishnakumar, R. and Jacob, J. (2015). Morphological changes in young 
plants oiH evea brasiliensis induced by paclobutrazol. Rubber Science, 28(1); 22-30.

This study was carried out to investigate the effect of padobutrazol, a gibberellin synthesis inhibitor in 
young rubber plants and standardise its optimum concentration to develop better root system. Paclobutrazol 
treatment in young rubber {Hevea brasiliensis) plants resulted in short and compact plants having dark 
green leaves, with more fibrous root development and improved root-to-shoot ratio. Plants of Hevea clone 
RRII 429 were treated with 0, 50, 100, 250, 500 and 750 mg active ingredient of paclobutrazol per plant as 
soil application. Three months after treatment the leaves showed increased chlorophyll (25.9%) and 
carotenoid (33.6%) contents over control. The height increment in paclobutrazol (50 mg) treated plants was 
significantly lower than control plants of same age, whereas, the girth increment was significantly higher 
(10.9%) in the treated plants. P&clobutrazol treatment remarkably increased root dry weight (maximum of 
132 per cent with 50 mg) and root-to-shoot ratio. The results indicated that paclobutrazol at a concentration 
of 50 mg was optimum for more fibrous root development without any significant changes in stem girth 
and leaf number. The modified root system may likely be an advantage to young Hevea plants during 
drought.
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I N T R O D U C T I O N  drought situations are com m on occurrence
, . , , , in  n o n -trad itio n a l as w ell as trad itio n a l

Y ou n g  H ev ea  p la n ts  a re  d ev e lo p e d  , , • t j -  c- iJ  f  i. ru b b e r  g ro w in g  r e g io n s  in  In d ia . S o ilthrou gh bud g raftm c and a grafted  plant - . j r . - .  i . -.i i . ,
® °  .  -T. .  J  i_ .1 .  m o is tu r e  d e f ic it  c o u p le d  w ith  h ig hcom prises a root system  contributed by  the , , K. , . ,

stock  p lan t and  th e sh oot system  b y  th e adversely affects he survival
sc io n  V ig o ro u s s to ck s  w ith  b e tte r  root
system  can increase the vigour o f the scion D evelopm ent of suitable stocks
resu ltin g  in  red u ctio n  o f the im m atu rity  w ell-developed root system  ,s  helpful
p erio d  and  in creased  y ie ld  o f th e  sc io n  s u rv iv e  th e  p la n ts  u n d e r  su ch
(D ijkm an, 1951; C om be and G ener, 1977) unfavourable conditions (Com be and Gener, 
and vigorous scions induce m ore grow th in  1977).
th e  ro o t sy stem  (D ijk m an , 1951). In  th e The regu lation  o f p lant g row th  w ith
p re s e n t s c e n a r io  o f  c h a n g in g  c lim a te , s y n th e tic  p la n t g ro w th  re g u la to r s  h as



becom e a com m on agricultural practice. O f 
th e  a v a ila b le  s y n th e t ic  p la n t g ro w th  
re g u la to rs , tr ia z o le s  are  p o te n t a t low  
co n c e n tra tio n s  to  in h ib it  sh o o t g ro w th  
(D avis et a l ,  1988). Paclobutrazol (PBZ) is a 
triazole derivative know n to interfere with 
e« f-k a u ren e  o x id ase  a ctiv ity  in  th e ent- 
k a u re n e  o x id a se  p a th w a y  le a d in g  to  a 
decrease in endogenous G A  levels and ABA 
c a ta b o lis m  (R a d e m a c h e r , 1 9 9 7 ) . P B Z  
suppressed grow th in a w ide range of plant 
species and treated plants exhibited a dark 
g reen  co lou r, and  are sh o rter and  m ore 
com p act in  appearance (Terri and M illie, 
2000; Sebastian et a l ,  2002). Treating potato 
p la n ts  g ro w n  u n d e r  n o n -in d u c tiv e  
greenhouse conditions w ith PBZ resulted in 
com p act p lan ts w ith  thicker, d ark  green  
leaves, and w ider stem  and root diam eter 
(Tekalign and H am m es, 2004). It induces leaf 
morphological and anatom ical modifications 
depending on plant species, grow th stage, 
rate and method of application. In w heat PBZ 
increased thickness of the leaves by inducing 
additional layers of palisade m esophyll cell 
(G ao et al., 1987). The redu ction  of p lant 
h e ig h t fo llo w in g  P B Z  tre a tm e n t is 
acco m p an ied  by  v ariou s m o rp h o lo g ica l 
a lte ra tio n s  th a t d ep en d  on sp e c ie s  and 
concentration o f PBZ. Berova and Zlatev 
(2000) observed increased radial extension in 
tom ato stem s follow ing PBZ treatm ent. It 
increased root diam eter in chrysanthem um  
by  in cre a s in g  th e n u m b er o f ro w s and 
d iam eter o f cortical cells (Bu rrow s et al., 
1 9 9 2 ). P B Z  in c re a s e d  ro o t d ia m e te r  in 
soybean by  increasing  the size of cortical 
parenchym a cells (Barnes et al., 1989).

H ow ever, inform ation on plant grow th 
c h a r a c te r s , e s p e c ia lly  s h o o t an d  ro o t 
m orp h olog ical m o d ification s in H evea  in 
response to PBZ treatm ent is not available. 
T h e stu d y  w as in itia ted  w ith  th e m ajor 
o b je c tiv e s  o f  in v e stig a tin g  th e  e ffe c t of

palcobutrazol on grow th and m orphology 
of young rubber plants and standardization 
o f  an  o p tim u m  c o n c e n tr a t io n  of 
paclobutrazol required for the developm ent 
of better root system .

M ATERIALS AND M ETHODS

Planting material
A nursery level experim ent w as carried 

out at the Rubber Research Institute of India, 
K o ttay am , K era la  d u rin g  2013 . B u d d ed  
stum ps of H evea  clone R R II429 w ere raised 
in  polybags containing ten kg of soil m ixed 
w ith  o rg a n ic  m an u re. T h e  p la n ts  w ere 
grow n under norm al nursery conditions in 
open sunlight w ith m onthly application of 
recom m ended dose of fertilizers (10:10:4:1.5 
N P K M g  m ix tu re  @ lO g p er p la n t) and 
irrigated regularly  to avoid w ater stress.

Treatments
Six m onths after planting, during the 

in itiation of second leaf w horl, the plants 
were treated with PBZ w ith six concentratior\s 
o f 0, 50, 100, 250, 500 and 750 m g active 
ingredient per plant w ith six replications as 
soil drench m ixed w ith one litre distilled 
water and the control plants were treated only 
w ith distilled w ater of equal volume.

Chlorophyll and carotenoids content
Pigm ents w ere extracted from  100 mg 

le a f d iscs in 10 m L o f  a ce to n e :d im eth y l 
sulphoxide (1:1 v/v) solution and filtered 
supernatant w as read at 470, 645 and 663 
nm . Estim ation of chlorophyll a, b and total 
chlorophyll w as carried out by the m ethod 
o f  A rn o n  (1 9 4 9 )  an d  th e  q u a n tity  o f 
carotenoids was estim ated by the m ethod of 
L ichtenthaler (1987).

Plant height and girth
Plant heigh t w as m easured  from  the 

bud union to the apex o f the stem. Basal girth



was calculated from stem diam eter measured 
at five centim eter away from  the bud union.

Dry weights

The intact root system  was collected by 
tearing the polybag and rem oving the entire 
soil by w ashing under running water. Roots 
and shoots w ere separated  carefu lly  and 
dried inside a h o t air oven at a constant 
tem perature (60 °C) until the dry w eights 
w ere stable.

All the data w ere analyzed  follow ing  
com p letely  rand om ized  design  (C R D ) at 
P< 0.05.

RESULTS AND DISCUSSION  

Number of leaf and leaf whorl

PBZ treated H evea plants w ere com pact 
w ith less num ber of leaf and leaf w horl than 
the control (Fig. 1). The average num ber of 
leaf w horl was 4.3 in control plants followed 
by plants treated w ith 50 and 100 m g PBZ 
(Table 1). N um ber of leaf w horl w as lesser 
in plants treated w ith h igher concentrations 
o f PBZ. There w as no significant difference 
in leaf num ber per p lant am ong the control 
and treated plants w ith 50 and 100 m g of 
PBZ. The leaf num ber w ere recorded less 
w ith higher concentrations of PBZ. In young

Fig. 1. Control (left) and paclobutrazol-50 mg (right) 
treated polybag plants of Hevea

scions o f H evea, grow th in the length of stem  
is discontinuous, w ith rapid elongation of 
an internode tow ards the end of w hich a 
cluster of leaves is produced. This w ill be 
follow ed by a rest period of 2-3 w eeks for 
th e  sca le  le a v es to  d ev elo p  aro u n d  the 
term inal bud. This sequence is repeated and 
leaves are produced in w horls separated by 
bare stem. A lthough the elongation of stem s 
is  in te r m it te n t ,  th e ir  g ir th  in c re a s e s  
co n tin u o u sly  (M e rcy k u tty  et  a l.,  2002). 
Paclobutrazol inhibits cell elongation  and 
in tern o d a l g row th  resu ltin g  in  re tard ed  
p lan t grow th by inh ib ition  of g ibberellin

Table 1. Number of leaf and leaf whorl before and after 
polybag plants of Hevea

application of paclobutrazol (PBZ) in young

Before application Six months after cipplication
Treatment No. of leaf whorl No. of leaves No. of leaf whorl No. of leaves

Control 2.0" 17.0"±1.89 4.3' ± 0.33 34,3' ± 3.24

PBZ-50 mg 2.0' 19.0'±2.12 3.0” ± 0.31 33.0' ± 2.98

PBZ-100 mg 2.0' 19.0'±2.06 3.0  ̂± 0,29 30./  ± 2.80

PBZ-250 mg 2.0' 19.7 '± 1.78 2 ./ ± 0 .19 19.0‘’ ±3.14

PBZ-500 mg 2.0' 15.0' ± 2.26 2.3  ̂± 0.27 18,7  ̂±2.25

PBZ-750 mg 2.0^ 20.0“ + 2.03 2.7^ ± 0.24 18,3'’ ±3.12



biosynthesis. W hen gibberellin  production 
is inhibited, cell d ivision still occurs, but the 
new  cells do n ot elongate; w hich develop 
shoots w ith  the equal num bers of leaves and 
internodes com pressed into a shorter length 
(Chaney, 2003). W ith h igher concentrations 
of PBZ (250-750 m g) there w ere negligible 
stem  elon gation  as com p ared  to control, 
m ight b e  due to h igher levels of inhibition 
of gibberellin  biosynthesis w ithout further 
stem  elongation and developm ent of new 
leaves and leaf w horl.

Chlorophyll and carotenoids content

PBZ treated leaves w ere visibly  dark 
green due to high chlorophyll a (3.38 m g g ’ 
fresh w eight) and chlorophyll b  (0.87 m g g ’ 
fresh  w eight) contents (Table 2). Leaves of 
the control plants had 2.69 and 0.63 m g g'̂  
fre s h  w e ig h t c h lo r o p h y ll a an d  b, 
re sp ectiv e ly . T h e  to ta l ch lo ro p h y ll and 
carotenoids content w ere 25.9 and 33.6 per 
cent higher in PBZ treated plants than the 
control plants. The increase in chlorophyll 
content m ay be attributed to an enhanced 
c h lo ro p h y ll b io s y n th e s is  and/or m o re  
densely  packed chloroplasts per unit leaf 
a re a . S e b a s t ia n  e t  a l. (2 0 0 2 )  re p o rte d  
enhanced rate of chlorophyll synthesis in 
D ian thu s ca ry op h y llu s  and  K h a lil (1995) 
observed m ore densely packed chloroplast 
p e r  u n it  le a f  a re a  in  re s p o n s e  to  P B Z

treatm ent. Increased chlorophyll content in 
potato due to PBZ treatm ent w as observed 
b y  B a la m a n i an d  P o o v ia h  (1 9 8 5 ) and  
B an d ara  and  Tanim o (1995). T h e h ig h er 
chlorophyll content of PBZ treated leaves 
had been attributed to the influence of PBZ 
on endogenous cytokinin levels in m ango 
(Adil et a l ,  2011). It has been dem onstrated 
that PBZ induced stim ulation resulted  in 
c y to k in in  s y n th e s is  th a t e n h a n c e s  
c h lo ro p la s t d iffe re n tia tio n , ch lo ro p h y ll 
b io s y n th e s is , and  p re v e n ts  ch lo ro p la s t 
degradation (Fletcher et a l ,  1982).

Stem morphology

PBZ treatm ent resulted in shorter stems 
com pared to the control plants (Table 3). The 
mean plant height was reduced by 53.3 to 62.5 
per cent over control in response to PBZ 
treatm ent w hile stem girth w as reduced by 
16.4 to 31.6 per cent over the control except 
in PBZ-50 m g treatm ent w here stem  girth 
increased by 10.9 per cent over control. The 
highest increm ent (76.2%) in stem girth after 
PBZ application was noticed in PBZ-50 mg 
b etter than control (64.9% ) and least was 
noticed w ith PBZ-750 m g after six m onths of 
application (Fig. 2). PBZ-treated potato plants 
w ere shorter and had thicker stem s than the 
control. R educed internode length caused 
h eight reduction. D avis and C urry (1991) 
rep orted  th at sh oot g row th  red u ction  in

Table 2: Effect of paclobutrazol (PBZ) on leaf pigment three months after application
Treatment Chlorophyll content (mg g"’ FW) Carotenoids

CM a Chib Total (mg g-' FW)

Control 2.69 ’̂ ± 0.032 0.63" ± 0.027 3.32  ̂± 0.044 1.43'±0.028
PBZ-50 mg 3.34' ± 0.029 0.72^ ± 0.016 4.06' ± 0.019 (22.3)* 1 ,7 5 '’ ±0.036 (18.3)

PBZ-100 mg 3.28' ± 0.033 0.87" ± 0.027 4.15" ± 0.042 (25.9) l.Sl"^ ± 0.036 (26.6)

PBZ-250 mg 3.30' ± 0.041 0.82" ± 0.025 4.12" ± 0.033 (24.1) 1.72'’ ±0.030 (20,3)
PBZ-500 mg 3.38" ± 0.026 0.79'^ ± 0.028 4,17" ±0.031 (25.6) 1 .7 7 '’ ±0.031 (23.8)
PBZ-750 mg 3.28  ̂± 0.027 0.86" ± 0.023 4,14" ±0.039 (24,7) 1 .9P ±  0.022 (33.6)



Table 3: Effect of paclobutrazol (P B Z )'on plant height and stem girth six months after application

Treatment Initial After six months
Stem girth (cm) Height (cm) Stem girth (cm) Height (cm)

Control 2 .6/ ± 0.13 46.33" ± 3.58 4.39'^ ± 0.30 120.00' ± 7.21

PBZ-50 mg 2.78“ ±0.11 38.00“ ± 4.21 4.87" ±0.27 (+10.9)* 56.00^ ± 5.52 (-53.3)

PBZ-100 mg 2.72‘‘ ±0.14 46.33' ± 2.98 3.67*’ ± 0.34 (-16.4) 53.83'±4.61 (-55.1)
PBZ-250 mg 2.62''±0.12 41.33" ±3.21 3.30^ ± 0.24 (-24.8) 52.17*’ ± 5.91 (-56.5)

PBZ-500 mg 2.57'±0.11 36.50" ± 3.67 3.00‘’ ±0.23 (-31.6) 45.00*’ ± 4.78 (-62.5)
PBZ-750 mg 2.62  ̂±0.10 42.83-’ ± 3.85 3.00'’ ±0.25 (-31.6) 48.00’’ ± 4.92 (-60.0)

The values are mean ± SE (n®6). ^Values in parenthesis are per cent increase over control

response to PBZ treatm ent occurs prim arily 
due to a decrease in internode length, and 
the effective dose varies w ith species and 
cultivar. T h is resp onse m ay p robably  be 
explained by the reduction in the endogenous 
G A  level. G A  enhances internode elongation 
of intact stem s (Salisbury and Ross, 1992). 
S im ila r  re d u c tio n  in  sh o o t g ro w th  in 
response to PBZ w as reported in Scaevola  
(T e rr i an d  M illie , 2 0 0 0 ) an d  D ia n th u s  
caryophyllus  (Sebastian  et a l ,  2002). M ore 
recently, Suzuki et al. (2004) reported that the 
presence of PBZ  in the m edium  strongly  
in h ib ite d  e t io la te d  an d  n o n -e tio la te d  
lo n g itu d in a l sh o o t g row th  o f C atasetum  
fim briatum . PBZ treatm ent increased cortex

thickness, size of the vascular bundles, and 
pith diameter and resulted thicker stems. This 
m od ification  m ay be attribu ted  to radial 
e x p a n s io n  o f c e lls  d u e to  re d u ce d  
endogenous GA activities in response to the 
treatm ent. W enzel et al. (2000) reported that 
GA lim its the extent of radial expansion of 
p lan t o rg an s. In  d ico t stem s, ce ll shap e 
alterations are apparently caused by a more 
lo n g itu d in a l o rie n ta tio n  o f ce llu lo se  
microfibrils being deposited in the cell walls, 
p rev en tin g  ex p a n sio n  p a ra lle l to th ese 
m icro fib rils  b u t a llo w in g  exp an sio n  
perpendicular to them (Eisinger, 1983). It has 
been also reported that PBZ promoted radial 
expansion of the pea cells (Wang and Lin, ] 992).

Plant height

Stem ajr^

Control PBZ-50 PBZ-100 PBZ-250 PBZ.500 PBZ.'5'
Fig. 2. Per cent increase in plant height and stem girth six months after paclobutrazol application over 

initial growth. CD (P=0.05) for plant height and stem girth is 11.74 and 15.19, respectively



Root morphology

T h re e  m o n th s a fte r  P B Z  tre a tm e n t 
average root d iam eter of new ly developed 
roots w as 4.4 m m  and 120 per cent thicker

Fig. 3. Development of new and thicker roots in 
Hevea induced by PBZ three months after 
application

than the roots of the control plants (Fig. 3). 
These thicker roots w ere gradually found to 
develop fibrous roots w hen exam ined after 
six m onths o f application in 50 and 100 mg 
treatm ents (Fig. 4). W hereas p lants treated 
w ith  P B Z -2 5 0  to 750 m g , co n tin u ed  to 
produce thicker roots w ith less fibrous roots 
a s  fo u n d  w ith  P B Z -2 5 0  m g tre a tm e n t, 
PBZ-50, PBZ-100 and PBZ-250 m g recorded 
significantly higher root dry w eights after 
three m onths of application  over control. 
Enorm ous effect on root grow th was noticed 
after six m onths of application. There was 
132 per cent increase in root dry w eight with 
P B Z -5 0  m g  o v e r  c o n tr o l  fo llo w e d  by 
PBZ -100 m g, w hereas, it w as 11 per cent 
low er in  P B Z -750 m g  tr ea ted  p la n ts  than 
co n tro l (F ig . 5). R oo t-to -sh o o t ra tio  w as 
found to be im proved by application of PBZ. 
It w as h igher in PBZ treated plants (1.32 to
1.53) than control (0.85).

G ibberellins are produced in  actively 
and  n ew ly  g ro w in g  tip s  w h ich  in c lu d e  
s h o o ts  an d  ro o ts . F o llo w in g  P B Z  so il 
a p p lic a t io n , u p ta k e  o c c u rs  th ro u g h  
established roots, translocate only in xylem  
tissues. Since the active ingredient can only

Fig. 4. Modified root system of Hevea, six months after application of paclobutrazol. a) Control, b) PBZ- 
50 mg, c) PBZ-100 mg, d) PBZ-250 mg, e) PBZ-500 mg, f) PBZ-750 mg
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move upwards, it can only affect above 
ground GA production with no effect on 
root tips and maximum effect on shoot tips 
(Rademacher, 2000). When PBZ reduces the 
growth rate of the tree and the energy, 
carbon assimilates and other substrates 
produced by photosynthesis in the leaves 
cannot be utilized fully by the shoots and 
these get shunted back into the tree and are 
available for use for other functions 
including development of new and fibrous 
roots, enhancement of existing roots and 
reallocation of carbohydrates towards radial 
growth of roots and shoots. The enhanced 
root development may dramatically result 
in increased root dry weight and root-to- 
shoot ratio. This resulted in increased water 
and nutrient uptake and eventually drought 
tolerance, which produce healthier trees by 
enhancing the root dry weights and root to 
shoot ratio (Chaney, 2003). Baluska et al. 
(1993) reported thickening of maize roots and

increased starch content when treated with 
PBZ. A stimulatory effect of FBZ on root 
growth has also reported in English ivy 
(Geneve, 1990) and mung bean (Porlingis and 
Koukourikou-Petridou, 1996).

CONCLUSION
Paclobutrazoi m odified the 

morphology of the young Hevea plant in 
such a way that treated plants appeared to 
be dark green with more chlorophyll and 
carotenoids contents in leaves; short and 
compact plants. It induced morphological 
alterations such as increasing the diameter 
of the stem s and roots at 50 mg 
concentration. Further, it induced vigorous 
fibrous root system and increased root-to- 
shoot ratio. The well-developed fibrous root 
system may help Hevea plants to mine more 
water and nutrient uptake from the deeper 
soil layers during moisture stress.



REFERENCES
A dil, O .S., R ahim , A., E lam in, O .M . and Bangerth,

F.K.. (2011). E ffects o f  paclobu trazol (PBZ) on 
floral ind uction  and associated  horm onal and 
m etabolic changes o f b iennially  b earing  m ango 
{M angi/era indica L.) cu ltivars d u ring  o f f  year. 
A R P N  Jou rn al o f  A g ricu ltu ra l and B iolog ical 
Science, 6: 55-67.

A rn o n , D .I. (1949). C o p p e r en z y m es in  iso lated  
chloroplasts, p olyphenol oxidase in Beta vulgaris. 
Plant Physiology, 2 4 :1 -1 5 .

B alam ani, V. and  Pooviah , B.W. (1985). R etardation 
o f shoot g row th  and p rom otion  o f tu ber grow th 
o f p o ta to  p la n ts  by  p a c lo b u tra z o l. Am erican  
Potato Journal, 62: 363-369.

Balu ska, F., Parker, J.S . and Barlow , P.W. (1993). A 
ro le o f g ibberellic acid  in orienting  m icotubules 
and regu lating  cell p o larity  in the m aize cortex. 
Planta, 191: 149-157.

B a n d a r a , P .M .S . a n d  T a n in o , K .K . (1 9 9 5 ) . 
Paclobu trazol en hen ces m in i tu ber produ ction  
in  N o rlan d  p o ta to es . Journal o f  P lant Growth 
Regulation, 14: 151-155.

B arnes, A .M ., W alser, R .H . and D avis, T.D. (1989). 
A natom y of Zea mays and Glycine max seed lings 
treated  w ith  triazo le  p lan t grow th regu lators. 
Biologia Plantarum, 31: 370-375.

B ero v a , M . an d  Z latev , Z . (2 0 0 0 ). P h y sio lo g ica l 
resp o n se  and  y ie ld  o f  p a c lo b u tra z o l treated  
tom ato  p la n ts  {Lycopersicon esculentum  M ill). 
Plant Growth Regulation, 30: 117-123.

Burrow s, G .E ., Boag, T.S. and Stew art, W .R  (1992). 
C h a n g es in lea f, s tem , and  ro o t an a to m y  o f  
c h ry sa n th e m u m  cv. L il l ia n  H o ek  fo llo w in g  
paclobutrazol application. Journal o f  Plant Growth 
Regulation, 11: 189-194.

Chaney, W. (2003) Tree g ro w th  retardants: A rborists 
d iscovery  n e w  u ses fo r an  old  tool. Tree Care 
Industry, 14: 54-59.

C om be, J.C . and  G ener, P. (1977). E ffect o f  the stock 
fam ily  on the grow th and p rodu ctio n  o f  grafted  
Hevea. Journal o f  the Rubber Research Institute o f  
Sri Lanka, 54: 83-92.

D a v is , T .D . an d  C u rry , E .A . (1 9 9 1 ) . C h e m ic a l 
regu lation  o f vegetative grow th. Critical Review  
o f  Plant Sciences, 10: 151-188.

D avis, T.D., Steffens, G .L . and Sankhla, N. (1988). 
Triazole p lan t g row th  regu lators. Horticulture 
Review, 10: 63-105.

D ijkm an, M .J. (1951). Hevea -  Thirty Years o f  Research 
in the Far East. U niversity  o f M iam i Press, C oral 
G ables, F lorid a, 329 p.

E isin ger, W. (1983). R eg u la tio n  of p ea  in tern od e 
e x p a n sio n  b y  e th y le n e . Annual Review  Plant 
Physiology, 34: 225-240.

G a o , J ., H o fs tra , G . an d  F le tc h e r , R .A . (1 9 8 7 ). 
A n a to m ica l ch a n g es in d u ced  b y  tr ia z o le s  in 
w h e a t se e d lin g s . C anadian Journal o f  Botany, 
66: 11 7 8 -1 1 8 5 .

G eneve, R .L . (1990). R oo t form ation  in cu ttings of 
E n g lis h  iv y  t re a te d  w ith  p a c lo b u tr a z o l  o r  
u n iconazol. HortScience, 25: 709.

Jacob , J., A nn am ala in ath an , K ., A lam , B ., Sath ik , 
M .B .M ., T h a p lia l, A .P. and  D ev aku m ar, A .S.
(1999). Physiological constrain ts for cu ltivation 
o f H evea brasilen sis  in  c e r ta in  u n fa v o u ra b le  
agroclim atic regions o f India. Journal o f  Natural 
Rubber Research, 12: 1-16.

K h a lil, I.A . (1 9 9 5 ). C h lo ro p h y ll an d  ca ro te n o id  
c o n te n ts  in  c e r e a ls  a s  a f fe c te d  b y  g ro w th  
re ta rd a n ts  o f  tr ia z o le  se r ie s . Cereal Research  
Communication, 23: 183-189.

L ic h te n th a le r ,  H .K . (1 9 8 7 ) . C h lo r o p h y l l  an d  
ca ro te n o id , th e  p ig m e n ts  o f  p h o to sy n th e tic  
b iom em branes. In : M ethods in Enzymology. (Eds. 
D ou ce R and  and L. P ack er ), A cad em ic Press 
Inc., N ew  York, 148: 352- 382.

M e r c y k u tty , V .C ., M a r a t tu k a la m , J .G ., 
Sarasw athyam m a, C .K . and  M eenak u m ari, T.
(2002). Identification o f  Hevea clones -  A Manual. 
R u bb er R esearch  In stitu te o f  India, K ottayam , 
K erala, India.

Porlingis, I.C . and K oukourikou-Petridou, M . (1996). 
P rom o tio n  o f  a d v en titio u s ro o t fo rm a tio n  in 
m u n g  b e a n  c u tt in g  b y  fo u r  tr ia z o l g ro w th  
retard ants. HortScience, 71: 573-579.

R adem acher, W, (2000). G row th retardants: Effects 
on  g ibberellin  b iosynthesis and oth er m etabolic 
pathw ays. Annual Review o f  Plant Physiology and 
Plant M olecular Biology, 51: 5 0 1 -531 .



Salisbury, F.B. and R oss, C.W . (1992). H orm ones and 
grow th reguJators; A u xin s and g ibberellins. In ; 
Plant Physiology. 4  ed . W ad sw oth  P ubl. Co., 
C alif, pp. 357-372.

Sebastian, B ., A lberto , G ., Em ilio , A .C ., Jose, A.F. and 
Ju a n , A .F. (2002). G ro w th , d e v e lo p m en t and 
co lor resp on se of potted  Dianthus caryophyllus 
cv. M o n d ria a n  to  p a c lo b u tra z o l tre a tm e n t. 
Scientia Horticulturae, 1767: 1-7.

Suzuki, R .M ., Kerbauy, G .B. and Z affari, G .R . (2004). 
E n d o g en o u s h o rm o n al lev els and  g ro w th  of 
d ark-incubated  sh o o ts o f Catasetum fimhriatnm. 
Journal of Plant Physiology, 161: 929-935.

Tekalign, T. and H am m es, P.S. (2004). R esp onse of 
p otato  g ro w n u n der non-ind uctive cond ition  to 
p a c lo b u tr a z o l: s h o o t  g r o w th , c h lo r o p h y ll  
c o n te n t , n e t  p h o to s y n th e s is ,  a s s im ila te

partitioning , tuber y ield  qu ality  and dorm ancy. 
Plant Growth Regulation, 43 : 227-236.

Terri, W .S. and M ille, S.W. (2000). G row th retardants 
a f fe c t  g r o w th  a n d  f lo w e r in g  o f  S c a e v o la . 
HortScience, 35: 36-38.

W an g , L .H . an d  L in , C .H . (1 9 9 2 ). T h e  e ffe c t  o f  
p aclob u trazo l on p h ysiology  and biochem ical 
ch a n g e s  in  p r im a ry  ro o ts  o f  p ea . Journal of 
Experimental Botany, 43 :13 6 7 -1 3 7 2 .

W enzel, C ., W illiam son , R .E. and W asteneys, G .O.
(2000). G ibberellin  induced changes in  grow th 
a n is o tro p h y  p re c e d e  g ib b e re llin  d e p e n d e n t 
changes in co rtica l m icrotu bu le orien tation  in 
d ev e lo p in g  ep id e rm al ce lls  o f  b a r le y  leav es. 
K in e m e tic s  a n d  c y to lo g ic a l  s tu d ie s  o n  
g ib b e re llin -re sp o n s iv e  d w arf m u ta n t, M 489 . 
Plant Physiology, 124: 813-822.


