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Abstract: Paclobutrazol (PCB) and ethepon were applied as foliar sprays (25, 50, 100 ppm and 1.0 mM and 1.5 mM)
to greenhouse-grown plants of Saussurea costus (Falc.) Lipsch. seedlings. Under stress conditions the growth of the
PCB and ethepon treated seedlings was measured by leaf area, root length and root dry weight. A significant
increment in root length was recorded for all treatments and showed a concentration-dependent pattern excluding for
50 ppm PCB treatment where the results were non-significant at 5% P level. Photosynthetic rate (A), transpiration
rate (E) and stomatal conductance (gs) were found decreased in all the treatments as compared to control. A decrease
in fluorescence ratio (Fv /Fm) indicated lower photosynthetic efficiency. Based on the results of this study, we
presume that the stress caused by PCB and ethepon probably contributes to some extent to the inferior gas exchange
but an increase in root length. PCB had a more inhibitory effect than ethepon. [Nature and Science. 2009;
7(8):53-62]. (ISSN: 1545-0740).
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1. Introduction International Trade in Endangered Species of Wild
Saussurea costus (Falc.) Lipsch., locally known as  Fauna and Flora), it has been prioritized among the
Kuth, belong to family Asteraceae is a perennial  Species of high conservation concern (Ved et al., 2003).
aromatic herb. It is 1-2 m tall, with a thick fibrous stem. ~ Its trade is strictly prohibited under Foreign trade
Leaves radical with long lobately winged stalks. Root ~ Development Act-1992.
stout, carrot like, 60 cm long, possessing a characteristic Paclobutrazol is a strong growth retardant used in
penetrating odour. Flowers are dark purple or black in ~ many plants to control their growth and development
colour. (Nayar and Shastry, 1988; Stainton, 1988). (Hamid and Williams 1997, Gonzalez et al., 1999).
Samant et al., 1998 reported that it is distributed Ethepon, an ethylene releasing compound has also
between 2500- 3000m asl in the Himalaya, and native to ~ demonstrated a capacity to modify plant growth (Muse
the Himalayan region. Its natural populations are and Holcomb 1997, Banon et al., 1998, Cardoso et al.,
reported from the higher elevations of Jammu and 1998). Both paclobutrazol (Kim et al., 1999) and
Kashmir and Himachal Pradesh (Aswal and Mehrotra, ~ ethepon (Endres et al., 1999) have been shown to have
1994) and now cultivated in Kashmir, Himachal an additional effect of modifying the color of the leaves
Pradesh and in some part of Uttarakhand. The medicinal ~ of some plants, another aspect which may increase their
properties of Saussurea costus are well documented in ~ ornamental value. Recently paclobutrazol has been
different systems of medicine. Its roots have a strong ~ shown to increase root growth of trees in certain
and sweet aromatic odour with bitter taste, and used as  landscape situations (Watson and Himelick 2004).
antiseptic, in controlling bronchial asthma (Anonymous, Photosynthesis is controlled by several intrinsic
1972). It is also used for curing various diseases like —and extrinsic factors. Of these, plant hormones have
dysentery, rheumatism, cholera, jaundice, cold, fever ~ received considerable attention in the past in
and stomachache etc. The oil is pale yellow to photosynthetic responses of plants. Ethylene is a
brownish in color and used in high grade perfumes and ~ phytohormone that influences every aspact of plant
in the preparation of hair oil. Because of an endemic ~ growth and development (Abeles et al., 1992). It is
species to the Himalaya, the distribution of this species ~ synthesized by the activity of 1-aminocyclopropane
is quite restricted to extremely narrow geographical —carboxylic acid synthase (ACS). The response of plants
range (Siddique et al., 2001) which makes it more to ethylene depends on the sensitivity of plants to the
susceptible to extinction. Being an endangered species ~ gas. Most of the work related to paclobutrazol and
(Anonymous, 1972, Nayar and Shastry, 1987, 1988, ethepon has been done on tree species. The response of
1990), enlisted in Appendix | of CITES (Convention of ~ growth retardant on photosynthetic behavior of
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herbaceous plant species is still lacking. The present
work is focused on the effect of different concentration
of Paclobutrazol and ethepon on the photosynthetic
parameters as Photosynthetic rate (A), stomatal
conductance (gs) and transpiration rate (E). The
chlorophyll fluorescence ratio Fv/Fm is correlated with
the efficiency of leaf photosynthesis and a decline in its
ratio is a good indicator of photoinhibitory damage
caused by incident photosynthetic photon flux density
(PPFD) when plants are subjected to a wide range of

environmental stresses (Bjorkman and Demming, 1987).

Thus Chl a fluorescence parameter (Fv/Fm) was also
determined for finding a possible relationship of
Paclobutrazol and ethepon-mediated changes in foliar
gas exchange and growth parameters of Saussurea
costus.

2. Materials and methods

Seeds of Saussurea costus were sown in Styrofoam
seedling trays in soil compositions of soil: sand: litter in
(1:1:1, v.v.v) proportion during the month of October
2007 inside polyhouse at High Altitude Plant
Physiology Research Centre (600 m asl), Srinagar,
Garhwal, Uttarakhand. Onset of germination has taken
place after 10 days of seed sown. Emergence of true leaf
has taken place 21 days after onset of germination. The
most homogeneous seedlings with 20 replicates for each
treatment were selected for transplantation in polybags
of size of 16 cm diameter and 13 cm height with same
composition of soil i.e. soil: sand: litter in (1:1:1,v.v.v)
proportion during the month of December 2007. The
average air temperature inside polyhouse 12.87+2.23°C,
minimum  temperature  6.19£1.30°C, maximum
temperature 16.26+3.59°C; average relative humidity
percentage 53.00+5.50 and average soil temperature
12.32 £2.56°C was recorded.

After one month of acclimatization inside
polyhouse these seedlings were given different
concentrations of growth retardants as for paclobutrazol
[PCB] (25ppm, 50ppm and 100ppm) and for ethepon
(1.0mM and 1.5mM). The foliar spray of these growth
retardants were done with a hand sprayer. After 15 days
of spraying, the growth and photosynthetic parameters
were observed.

2.1 Measurement of growth parameters

Five plants for each treatment were dug out for
observing the growth parameters such as leaf area (cm?),
root length (cm) and dry weight (mg) of economically
important part i.e. root/rhizome. These plants were taken
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to laboratory, washed with running water. Further, all
samples were dried at 80°C for 24 hours or until constant
weight to measure dry weight in milligram per plant.
Variation in leaf area, root length and dry weight in
different treatments was analyzed using ANOVA.
2.2 Measurement of photosynthetic parameters
Photosynthetic rate (A), stomatal conductance (gs),
transpiration rate (E) and other parameters were
measured using infrared gas analyzer (LCPro’, ADC
BioScientific Ltd., England.) on fully expanded
uppermost leaves at saturation light intensity on five
plants from each replicate. The atmospheric condition
during experiment between 1100-1200 h were
Photosynthetically active radiation (PAR) <400
umolm?s™ relative humidity 52% and temperature 21°C,
atmospheric CO, concentration 380 umolmol™. Study of
chlorophyll  fluorescence parameters in different
treatments was worked out using a Plant Efficiency
Analyzer PEA (Haansatech Itd U.K.). Samples were
illuminated homogeneously over an area of 4 mm
diameter with an array of 6 LED (650 nm, 600 nm) after
30 minutes dark adaptation. Fluorescence signals were
detected using PIN Photocell after passing through a long
pass filter (50% transmission at 720 nm). Fluorescence
transient were recorded from 10 MS- 1s with data
acquisition rate or 10 MS from the first 2 MS and then at
1 MS data obtained from 5 independent measurements
for each type of plant.
3. Results and discussion

3.1 Effect of paclobutrazol and ethepon treatment on
growth

Seedlings of Saussurea costus exhibited typical
characteristics of triazole treatment as reported in wheat
seedlings earlier by other workers (Davis and Curry,
1991, Webb and Fletcher, 1996). There was a significant
increase in tap roots of plants treated with 25 ppm PCB
and 100 ppm PCB (33.60% and 31.03% respectively)
whereas in case of 50 ppm PCB there a decrease of
2.91%. Ethepon treated plants have shown increase of
40.95% and 20.79% in tap root length for 1.0mM
ethepon and 1.5 mM ethepon concentration respectively.
In case of secondary root length, all treatments have
shown significant enhancement in root length. Thus,
results for root lengths were found significant for both
tap and secondary roots except for tap roots of plants
treated with 50ppm PCB (mechanism of which is
unknown). (Plate 1-4).
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looPPM PCB

Control 25ppm PCB 50ppm PCB 100 ppm PCB

Plate 1- Effect of paclobutrazol (PCB) treatment on whole plant of Saussurea costus

ConTROL

Control 1.0mM ethepon 1.5 mM ethepon

Plate 2- Effect of ethepon treatment on whole plant of S. costus
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Control ~ 25ppm PCB

50ppm PCB 100 ppm PCB

1.0mM ethepon 1.5 mM ethepon

Plate 3- Effect of PCB and ethepon treatment on leaves of S. costus

S5oPPm PCH

JooPPM PCB 1.5mM Esthepen

Control 25ppm PCB 50ppm PCB

100 ppm PCB  1.0mM ethepon 1.5 mM ethepon

Plate 4- Effect of PCB and ethepon treatment on roots of S. costus

Effects of foliar spray with paclobutrazol and
ethepon on Saussurea costus were found non-significant
for leaf area as maximum leaf area (352.56+10.50cm?)
was found in control plants, whereas the leaf area
decreased in all other treatments as in case of
paclobutrazol in 25ppm concentration the leaf area was
338.03+2.37cm? and in 50ppm the leaf area was
317.56+1.80 cm? but at higher concentration i.e.
100ppm there was a slight increase in leaf area i.e.
329.30+3.44 cm?, whereas in ethepon treatment the
leaf area was minimum (197.20+2.14 cm? in 1.0mM
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ethepon. Contrary to this as the concentration of
ethepon is increased to 1.5mM ethepon the leaf area
increased to 277.96+1.93cm?.

In overall result the application of PCB and
ethepon treatment resulted in decrease in leaf area.

Increase in dry weight of roots have been shown in
plants treated with 25ppm PCB concentration and
1.5mM ethepon whereas in other treatments data were
found non-significant (Table 1).
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Tablel. Effect of paclobutrazol and ethepon treatment on growth of S. costus

Root length (cm)

Secondary

Treatments Leaf Areaincm®  Tap root root Dry weight (mg)
Control 352.56+10.50 4.80+0.26 12.33+0.29 412.33+2.52
25ppm PCB 338.03+£2.37 ns 7.23+0.25* 26.76x0.25* 520.33+4.16*
50ppm PCB 317.56+1.80 ns 4.66+0.15 ns 23.50+0.50* 307.33£3.79 ns
100ppm PCB 329.30+3.44 ns 6.96+0.50* 19.66+0.67* 402.33+3.51 ns
1.0mM Ethepon 197.20+2.14 ns 8.13+0.32* 16.73+£0.80* 268.66+6.51 ns
1.5mM Ethepon 277.96+£1.93 ns 6.06+0.15* 15.30+0.26* 589.00+3.61*
EgllaDILE|§<O.05) 42431, 4.95" 64.72,0.30" 334.36,0.51" 2539.10, 4.31°

* Significant, "LSD, ns non-significant

3.2 Changes in photosynthetic parameters of plants
treated with PCB and ethepon

In different treatments viz,, 25ppm, 50ppm,
100ppm PCB, 1.0mM and 1.5mM Ethepon the
photosynthetic rate (A), transpiration rate (E) and
stomatal conductance (gs) were compared with the
untreated plants i.e. control. In case of PCB treated
plants as the concentration of PCB increased,
photosynthetic rate decreased as compared to untreated
plants. It was found maximum (8.57 pmolm?s™) in
control plants followed by 25 ppm PCB (7.68
pmolm?s™), 50 ppm PCB (5.40 pmolm™s™) and 100
ppm PCB (4.20 umolm™s™) (Figure 1). The data for
photosynthetic rate were found negatively correlated
with percent variation of 97.28. Conflicting results on
the effects of ethylene releasing compounds on net
photosynthetic rate (A) have been reported. It has been
reported to increase A (Pua and Chi, 1993, Khan et al.,
2000, 2003) or decrease it (Kays et al., 1980, Rajala et
al. 2001). In this study for ethepon treated plants the
photosynthetic rate was also found negatively correlated
with a percent variation of 83.53 (Figure 2). There was a
slight increase in photosynthetic rate at 1.5 mM ethepon
concentration. These results were found against the
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results for crop plants where etehpon treatment resulted
in an increase in photosynthetic rate due to ethepon
treatment (Subrahmanyam et al., 1992: Pua and Chi
1993 and Khan et al., 2000). Khan et al., 2004 found
that increasing concentration of ethepon uptol.5mM
increased A, whereas 3mM ethepon concentration was
proved inhibitory. But no definite result has been
assigned for this. Transpiration rates as well as stomatal
conductance have also shown negative correlation with
PCB and Ethepon treatments but percent variation for E
and gS were higher in ethepon treated plants i.e. 92.70
and 92.02 respectively as compared to PCB treated
plants with 36.67 and 82.49 percent variation for E and
gs respectively (Figure 3-6).

It was established that paclobutrazol protect stress
injury and a similar increase in plant growth parameters
was observed earlier by Pinhero and Fletcher (1994).
Fluorescence parameters (Fv/Fm) indicated that
photosynthetic efficiency of PS 11 was decreased due to
PCB and ethepon treatment as Fv/Fm ratio was found
negatively correlated for PCB and ethepon treatments
with percent variation of 97.21 and 93.94 respectively
(Figure 7-8).
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Figure 1- Effect of PCB treatment on Photosynthetic rate of Saussurea costus
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Figure 2- Effect of ethepon treatment on Photosynthetic rate of S. costus
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Figure 3- Effect of PCB treatment on Transpiartion rate of S. costus
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Figure 4- Effect of PCB treatment on Stomatal conductance of S. costus

http://www.sciencepub.net/nature 59 naturesciencej@gmail.com




Nature and Science, 2009; 7(8) Chaturvedi, et al, Effect of paclobutrazol and ethepon on Saussurea costus

3.00 4 y =-0.8433x +3.3967

R?2=0.927
2.50

= = n

o w1 o

S S S
L L L

Transpiration rate
(mmolm 2s?)

0.50 |

0.00

Control 1mM Ethepon 1.5mM Ethepon

Treatments

Figure 5- Effect of ethepon treatment on Transpiration rate of S. costus
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Figure 6- Effect of ethepon treatment on stomatal conductance of S. costus
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Figure 7- Effect of PCB treatment on fluorescence parameter (Fv/Fm) of S. costus
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Figure 8- Effect of ethepon treatment on fluorescence parameter (Fv/Fm) of S. costus

The overall study shows that both PCB and
ethepon affected the gaseous exchange in Saussurea
costus which resulted in increase in root length.
Photosynthetic rate (A), transpiration rate (E) and
stomatal conductance (gs) decreased in all the
treatments as compared to control and a decrease in
fluorescence ratio (Fv /Fm) indicated lower
photosynthetic efficiency. Based on the results of these
studies, we presume that the stress caused by PCB and
ethepon probably contributes to inferior gas exchange.
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