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CHAPTER -1

Introduction

Cadmium (Cd) is an important and widespread heavy
metal, released into the environment by power stations,
heating systems, metal industries, waste incinerators, urban
traffic, cement factories, and agricultural fertilizers.
Cadmium is a highly toxic and persistent environmental
poison for plants and animals (Toppi and Gabbrilli, 1999).
Cadmium penetrates the root via cortical tissues and reaches
the xylem by apoplastic or symplastic pathways (Salt et al.,
1995) where it forms complexes with several ligands, organic
acids and phytochelatins (Sanden et al., 1994). The entry of
Cd into the food chain is of concern as it causes chronic
health problems in human (Wagner, 1993; Staessen et al.,

1999).

In Haryana, average Cd content in sewage irrigation
water had been reported to be 76 ug L-! (Yadav et al., 2003).
At Hisar, sewage water and non-sewage water contain similar
concentration of cadmium (0.1mg g!) and Cd concentration

in different crops like cereal, pulses, oil seeds, fodder,
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vegetable receiving sewage water irrigation varied from 3.25

to 4.88 ug g1 (Malik et al., 2003).

Cadmium is not essential for plants growth, though it
is readily taken up by many plant species and affect plant
metabolism in many ways (Wagner, 1993; Pietrini et al.,
2005). Cadmium reduces growth, yield and yield attributes;
reduces root, stem, leaf and panicle dry matter production
(Liu et al., 2007); reduces chlorophyll concentration (Hsu and
Kao, 2003 and Chien et al.,, 2001) photosynthesis,
transpiration and stomatal conductance and alters water
relations of plants (Vassilev et al. (1997). Cadmium alters
carbohydrates (Moya et al., 1993), proteins, amino acids (Hsu
and Kao, 2003) particularly proline (Nover, 1989)
metabolism. In many plants, Cd enhances the level of lipid
peroxidation and membrane damage (Choudhury and Panda,
2004). Cadmium accumulation in crops including rice
depends on the Cd concentration present in soil (Arao and

Ishikawa, 2006).

Salicylic acid has been defined as a new potential
plant hormone (Raskin, 1992) and its application protects
against oxidative damages (Lankindale and Huang, 2004).
Salicylic acid (SA) is an important signal compound and
endogenous growth regulator involved in local and endemic

disease resistance in plants (Alverez, 2000). Salicylic acid
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regulates different physiological processes, including plant
growth and development, ion uptake and photosynthesis
(Popova et al., 1997). Salicylic acid regulates cadmium

induced oxidative damage (Choudhary and Panda, 2004).

Rice is a staple food in most Asian countries. In
India, rice is the most important and extensively grown food
crop, occupying 43.5 million hectares and its production is
85.5 million tones per year. In Haryana, rice is grown on
0.837 million hectares which is equal to 23.8% of its net
sown area (ICAR, 2006). Cd toxicity in rice, leads to loss in
seedling vigor; causes stunted growth, decreases the
activities of many key hydrolytic enzymes and induces
synthesis of proline and certain novel proteins (Shah and
Dubey 1998). Cadmium is easily taken up by the plant and
accumulation in plant tissues and grains might lead to food
chain transfer to humans (Gupta and Gupta, 1998). Rice is
one of the greatest sources of dietary intake of Cd.
Choudhary and Panda, (2004) reported that SA application

partially alleviated the oxidative stress in rice roots.

The present investigations were aimed to reveal
some of the “physiological and biochemical effects of salicylic
acid in rice (Oryza sativa L.) under cadmium stress” with the

following objectives:
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Objectives

To study the effect of cadmium stress on some
physiological and biochemical parameters in rice.

To study the effects of salicylic acid on some
physiological and biochemical parameters under cadmium

stress in rice.
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CHAPTER - 11

Review of Literature

An attempt has been made to review the available
literature on “Physiological and Biochemical effect of Salicylic
acid on rice cv. (Oryza sativa L.) under cadmium stress”.
Since the information on rice is very limited on salicylic acid
therefore, the literature available on some other crops is also

reviewed here under the following heads:
2.1 Growth studies

Growth is one of the best indices for evaluating plant
response to environment stress. Cd adversely affects rice
growth and metabolism (Shah and Dubey, 1995; 1997), but
some authors have indicated that rice has a strong
physiological tolerance to Cd (Kawada and Suzuki, 1998 and
Wang, 2002). The growth inhibiting effect of Cd on plant
height, tillering, leaf area and dry mass accumulation has

been observed in rice by Liu et al. (2007).
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2.1.1 Plant height

Cadmium stress causes reduction in plant height in
rice (Liu et al., 2007; Hassan et al., 2005; Moya et al., 1993).
Liu et al. (2007) in pot experiments showed that plant height
was significantly reduced under high level of soil Cd stress
(100 mg kg'l). Hassan et al. (2005) observed that two cv. of
rice plants (Bing 97252 and Xiushui 63) exposed to four
levels of Cd (0; 0.1; 1.0; 5.0 umol) in hydroponic culture,
showed a dramatic influence on plant height. The exposure O
to 5.0 umol Cd reduced the plant height in cv. Bing 97252 by
16.3% and 17.8% at tillering and booting stages,
respectively; the reduction in Xiushui 63 was 33.0% and
32.2%, respectively. Moya et al. (1993) reported that six day
old rice seedlings grown for 10 days in nutrient solution with
Cd (0.01 and 0.1 mM) showed reduction in shoot length.
Cadmium stress has been shown to generate oxidative stress
(Somaskhekaraiah et al.,, 1992) and leading to growth
inhibition in plants (Clysters and Van Assche, 1985).

Salicylic acid has been defined as a new potential
plant hormone (Raskin, 1992) and its application protects
against oxidative damages (Larkindale and Huang, 2004). He
et al. (2005) reported that when Kentucky bluegrass was
sprayed with five levels of SA (0, 0.1, 0.25, 1, 1.5 mM), the

increase in plant height was significantly higher in 0.25
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mmol SA spray than those for other SA treatment or water

spray control.

2.1.2 Number of tillers

Cadmium stress causes reduction in number of
tillers per plant in rice (Liu et al.,, 2007). Liu et al. (2007)
conducted pot experiments and showed that number of tiller
per plant was significantly reduced under high level of soil
Cd stress (100 mg kg!). Vassilev (2002) found that
application of Cd 25 mg kg! soil and higher concentration
significantly decreased the total tillers in barley plant.
Cadmium stress has been shown to generate oxidative stress
(Somaskhekaraiah et al.,, 1992) and leading to growth

inhibition in plants (Clysters and Van Assche, 1985).

2.1.3 Leaf area

Leaf growth, an important attribute of plant growth
and productivity, is sensitive to Cd stress (Vassilev and
Yordanav, 1997). Cadmium stress causes reduction in leaf
area per plant in rice (Liu et al., 2007). They conducted pot
experiments and showed that leaf area was significantly
reduced under high level of soil Cd stress (100 mg kg!).

Samiulla et al. (2007) observed that application of Cd(NO3)2
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(100 mg kg! soil) reduced the leaf area as compared to
control in wheat (cv. PBW343 and WHS542). Vassilev et al
(1998) observed that when barley plants were grown in
nutrient solution with 54 uM Cd leaf area was reduced by
64% as compared to control. Cadmium stress has been
shown to generate oxidative stress (Somaskhekaraiah
et al., 1992) and leading to growth inhibition in plants
(Clysters and Vanassche, 1985). Negative effect of Cd on leaf
area could be related with disorders in water supply to the
plant (Barcelo et al., 1988). Barcelo et al (1988) suggested
that reduced cell turgor potential and cell-wall elasticity led
to the formation of small cells and intracellular space in Cd-
treated plants.

Khan et al. (2003) reported that foliar spray of SA

enhanced the leaf area of corn.

2.1.4 Dry weight of plant

Growth of cell as well as whole plant is drastically
inhibited due to Cd toxicity (Prasad, 1995). Liu et al. (2007)
in pot experiments on rice showed that plant height,
numbers of tillers, leaf area, and dry matter accumulation of
root, straw and total plant were significantly reduced under
high level of soil Cd stress (100 mg kg1). Hsu et al. (2006)

reported that application of 0.5 pyM Cd to hydroponically
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grown rice cv. Taichung Native 1 under three different
temperarures (35/30°C; 25/20°C and 15/13°C day/night)
reduced shoot and root dry weight in parallel to temperature
increases.

Khan et al. (2003) reported that foliar spray of SA

enhanced the plant dry mass of corn.

2.2 Plant water relations

Cadmium reduces water uptake, transport and
transpiration (Vassilev et al., 1997; Costa et al., 1994) which

causes disturbed water balance in plants.

2.2.1 Water potential

Vassilev et al. (1997) reported that barley plant
grown in water culture supplied with 0.54 uM Cd showed 500
kPa lower water potential as compared to control value (-230
kPa). Costa and Morel (1994) observed that in hydroponically
grown lettuce supplied with 0, 0.01, 0.1, 1.0 and 100 uM
CdCl, reduced plant water potential with the increase in Cd
concentration in the nutrient solution.

Poschenrieder et al. (1989) reported that bean

seedlings grown in nutrient solution supplied with 3 uM Cd
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showed decline in water potential as compared to control
only after 120 h exposure.

Tari et al. (2002) observed that tomato plants grown
in hydroponic culture with SA applied showed increase in
water potential of leaves as compared to without SA applied

control.

2.2.2 Osmotic potential

Poschenrieder et al. (1989) reported that bean
seedlings grown in nutrient solution supplied with 3 uM Cd
showed decline in osmotic potential as compared to control

after 48 h exposure.

2.2.3 Relative water content

Vassilev et al. (1997) reported that barley plant
grown in water culture supplied with 0.54 pyM Cd showed
2.0% reduction in relative water content over control
(96.22%).

Costa et al. (1994) observed that in hydroponically
grown lettuce supplied with 0, 0.01, 0.1, 1.0 and 100 puM
CdCl, decreased relative water content with the increase in

Cd concentration in the nutrient solution.
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Poschenrieder et al. (1989) reported that bean
seedlings grown in nutrient solution supplied with 3 uM Cd
showed decline in relative water content as compared to
control after 48 h exposure.

Pena et al. (2006) reported that in hydroponically
grown sunflower supplied with 100, 200 and 300 uM CdCl2
showed reduction in relative water content by 200 and 300
uM CdCl: to the extent of 11% and 14%, respectively respect

to control plants.

2.3 Gaseous exchange

Stomatal opening, transpiration, and photosynthesis
have been reported to be affected by cadmium in nutrient

solutions and soil (Toppi and Gabrielli, 1999).

2.3.1 Photosynthesis rate

Cadmium is an effective inhibitor of photosynthesis
in plants (Vassilev and Yordanov, 1997).

Moya et al. (1993) observed that six day old rice
seedlings grown for 10 days in nutrient solution with Cd (0.1

mM) showed reduction in net photosynthesis.
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Samiulla et al. (2007) observed that application of
Cd(NOg3z)2 (100 mg kg'! soil) reduced the photosynthetic rate
as compared to control in wheat (cv. PBW343 and WHS542).

Khan et al. (2003) reported that foliar spray of SA
enhanced the photosynthetic rate of corn. Wang and Li (2007)
also reported that spray of 100 uM SA increased the net
photosynthesis rate as compared to those sprayed with water.

Chandra and Bhatt (1998) observed that spray
application of SA (0.02%) decreased the net photosynthetic
rate in IFC 8401, 8402 and in IGFRI 450, whereas it
increased in IFC 902 and Bundel 2-8503 genotypes of
cowpea.

On the other hand, Janda (2000) suggested a
decrease in net photosynthesis, stomatal conductivity and
transpiration after 1 day of benzoic acid or aspirin (SA
anologue) treatment at 20/22°C in maize. Similarly, Bohra
and Gardi, (2003) reported that net photosynthetic rate
decreased in Ber plant sprayed with 100 and 500 mg L-! SA
as compared to control. This inhibitory effect on net
photosynthetic rate was coupled with higher stomatal

resistance and low transpiration rate.
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2.3.2 Transpiration

Hsu et al. (2006) observed that Cd decreased
transpiration rate in rice seedlings grown at low, medium
and high temperatures, respectively, to 53%, 29%, and 13%
of control.

Vassilev et al. (1997) reported that barley plant
grown in water culture supplied with 0.54 uM Cd decreased
transpiration rate by 18% over control.

Khan et al. (2003) reported that foliar spray of SA
enhanced the transpiration rate of comn.

On the other hand, Janda (2000) suggested a decrease
in net photosynthesis, stomatal conductivity and transpiration
after 1 day of benzoic acid or aspirin (SA anologue) treatment at

22/20°C in maize.

2.3.3 Stomatal conductance

Vassilev et al. (1997) reported that barley plant
grown in water culture supplied with 0.54 pyM Cd showed
increased stomatal resistance by 79% over control.

Samiullah et al. (2007) observed that pot grown
wheat cultivars (PBW343 and WHS542) supplied with 100 mg
Cd(NOg3z)2 kg! soil reduced the carbonic anhydrase activity,

stomatal conductance, photosynthetic rate and
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photosynthetic water wuse efficiency over control. They
suggested that mesophyll and stomatal processes contributed
to the decrease in photosynthetic rate due to Cd.

Khan et al. (2003) reported that foliar spray of SA
enhanced the stomatal conductance of maize

On the other hand, Janda (2000) suggested a decrease
in net photosynthesis, stomatal conductivity and transpiration of

maize with 0.5 mM aspirin (SA anologue) treatment at 22 /20°C.

2.4 Biochemical estimations

Plants exposed to Cd showed a series of physiological
disorders, such as decreases in chlorophyll, sugar and
protein contents, reduction in photosynthetic carbon
assimilation and changes in related enzymes activity, and a

drop in yield (Satyakala, 1997).

2.4.1 Chlorophyll content

Storbart et al. (1985) showed that Cd is a potent
inhibitor of Chl biosynthesis.

Hsu and Kao (2003) observed that when seedlings of
TN1 and TNGG67 rice cultivars were treated with 0.5 mM
CdClz for 7 days, there was decrease in chlorophyll content

in leaves which was more pronounced in TN1 than in TNG67.
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Chien et al. (2001) observed that chlorophyll content
in CdClz-treated detached rice (Taichung Native 1) leaves was
lower than that in water treated controls.

The total Chl content was reduced by 30% to 60% in
leaves of plants that were grown in the presence of 50 and
100 uM Cd, respectively. The reduction was less pronounced
in Chl a than in Chl b; the ratio of Chl a to Chl b tend to
increase with increasing Cd concentration (Pietrini et al.,
2003).

Apart from inhibition of biosynthetic enzymes of Chl
formation, the increased activity of lipoxygenase may also
contribute to the decreased level of Chl with Cd treatment on
dark grown seedlings suggesting the inhibition of Chl
synthesis by Cd achieved by reaction with constituent
biosynthetic enzymes as well as peroxide-mediated
degradation (Somashekaraiah et al., 1992).

With the increase in concentration of SA, Chl content
decreased in both wheat and moong seedlings. Chla/b ratio
decreased only in wheat and remained constant in moong.
Increase in the xanthophylls pool and de-epoxidation rate
indicates that SA may create oxidative stress; the degree of
which is different in various plants (Moharekar et al, 2003).
The lowest quality of photosynthesis pigment (Chlorophyll

a/b and carotenoids) was observed in ber plant treated with
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100 mg/L SA spray (3.5750 mg/g FW) (Bohra and Gardi,
2003).

Chandra and Bhatt (1998) observed that spray
application of SA (0.02%) decreased the chlorophyll content
in IFC 8402 and in IGFRI 450, whereas it increased in IFC

8401, IFC 902 and Bundel 2-8503 genotypes of cowpea.

2.4.2 Total soluble carbohydrate

Moya et al. (1993) observed that six day old rice
seedlings grown for 5 or 10 days in nutrient solution with Cd
(0.1 mM) showed higher level of soluble sugars as compared
to control at both the stages.

Verma and Dubey (2001) observed a steady increase
in the content of total sugars in roots and shoots with
increasing concentrations of Cd(NO3)2 (0, 100 and 500 uM) in
nutrient solution with advancement of age (5 to 20 day old)
of rice (cv. Ratna and Jaya) grown in sand.

Chandra and Bhatt (1998) observed that spray
application of SA (0.02%) increased the total soluble

carbohydrate in cowpea.

In Indian mustard, spray of SA (25 and 50 mg L-1)

increased the total sugar content and reduced the starch
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content in leaves as compared to water spray control (Sangha

and Atwal, 2004).

Spray of SA (100 and 500 mg L-!) decreased the total
soluble sugar content in ber plants cv. Tikadi and cv. Gola,

(Bohra and Gardi, 2003; 2005).

2.4.3 Total soluble protein

Hsu and Kao (2003) observed that when rice
seedlings of TN1 and TNG67 were treated with 0.5 mM CdCl,
for 7 days, there was decrease in protein content in leaves
which was more pronounced in TN1 than in TNG67.

Chien et al. (2001) observed that protein content in
CdClz-treated detached rice (Taichung Native 1) leaves was
decreased as compared to water treated controls. Hsu et al.
(2006) observed that Cd increased protease activity and
amino content in nontolerance lines but not in tolerant lines
of rice.

Total protein content, in both roots and shoots of
barley, was reduced in response to applied Cd in the culture
solution. The highest concentration of Cd decreased the
protein content of shoots by 31% and 60% in the roots

(Boussama et al., 1999).
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Increasing the concentration of SA spray (100 and
500 mg/L) reduced the soluble protein content in (cv Tikadi

and cv. Gola) ber plants (Bohra and Gardi, 2003; 2005).

2.4.4 Free amino acids

Hsu and Kao (2003) observed that when rice
seedlings of TN1 and TNG67 were treated with 0.5 mM CdCly,
there was increase in total amino acids content and protease
activity in second leaf of TN1 (non-tolerant) while it
decreased in TNG67 (tolerant), suggesting that proteolysis or
accumulation of amino acids might play some role in
regulating Cd toxicity.

Lesko and Simon-Sarkadi (2002) observed that Cd
stress caused the accumulation of total free amino acids both
in shoots and roots of wheat seedlings. They reported that
the ratio of total free amino acid in shoots increased 1.5

times at higher Cd concentration.

2.4.5 Proline content

Among amino acids, proline responds most
sensitively to stress conditions (Nover, 1989). Accumulation
of free proline in response to heavy metal exposure seems to

be wide-spread phenomena among plants. The precise
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mechanism and the functional significance of proline
accumulation in plants under heavy metal stress have not
been elucidated till date (Schat et al., 1997).

Cd is known to deteriorate the plant water balance
and lead to proline accumulation in plants decreasing water
potential of the plants and functional significance of proline
accumulation would lie in its contribution to water balance
(Barcelo and Poschenrieder, 1990; Costa and Morel, 1994).
On the other hand, Kastori et al, (1992), observed proline
accumulation in metal exposed isolated leaf discs suggesting
that this was due to metal uptake per se, rather than due to
water deficit stress. Cadmium stress has been shown to
increase in proline content in rice (roots) by Chen and Kao.
(1995) and in barley leaf by Vassilev et al. (1998).

Schat et al, (1997), brilliantly demonstrated that
proline accumulation under Cd stress, in leaves of tolerant
and non-tolerant ecotypes of Silene vulgaris, is a
consequence of a Cd imposed water deficit stress. Proline
accumulation did not occur until metal imposed growth
reduction was apparent or proline accumulation can at most
alleviate, but not prevent Cd stress, irrespective of the level
of Cd exposure.

Costa and Morel, (1994), concluded that [14C] proline
was not actively synthesized suggesting that Cd did not affect

proline synthesis but more probably causing inhibition of
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proline oxidation. The increased content of proline with
elevated Cd concentrations was found. It could be explained
by an active proteolysis of cell wall glycoprotein (Costa and
Spitz, 1997).

SA application contributed accumulation of proline
under stress through maintaining an enhanced level of ABA
in wheat seedling (Sakhabutdinava et al., 2003). Spraying
with SA retarded the accumulation of proline in Vicia faba
plant (Tammam, 2003). Spray of 500 mg L-! SA recorded the
highest proline content (1.042 mM g-! FW) in ber cv. Tikadi,
but in cultivar Gola treated with 100 and 500 mg/L SA
sprays show decreased proline content (Bohra and Gardi,

2003; 200595).

2.4.6 Malondialdehyde content

The level of lipid peroxidation in plant leaves was
quantified by determining the content of malondialdehyde
(MDA), a break down product of lipid peroxidation. Lipid
peroxidation is a free radical mediated process (Foyer et al.,
1997).

Chien et al. (2001) observed that MDA content in
CdClz-treated detached rice (Taichung Native 1) leaves was

greater than that in water treated controls.
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In bean, concentration of MDA was significantly
increased with Cd treatment in all the organs (roots, stems,
leaves) of plant. They suggested that Cd toxicities induced
oxidative stress by increased accumulation of lipid
peoxidation products, in all organs of stress seedling (Chaoui
et al., 1997).

In sunflower leaves exposed to Cd, it was shown that
Cd induced oxidative stress is mediated by ROS since low
level of lipid peroxidation, prevention of decrease in GSH
content and increase in lipoxygenase activity were observed
in the presence of free radical scavengers (Gallego et al.,
1996). Treatment of Cd showed a very high increase in
lipoxygenase activity (247%). LOX activity increased by Cd
suggests higher lipolytic activity on the membrane bound
fatty acids causing propagation of lipid peroxidation (Aravind
and Prasad, 2003).

Salicylic acid inhibited lipid peroxidation in the
presence of Cd and increase the active of Catalase and
ascorbate peroxidase. This indicated SA alleviates Cd toxicity
not at the level of antioxidant defense but affecting other
mechanisms of Cd detoxification (Metwally et al., 2003). In
rice roots, Cd applied to SA free plants increased the level of
lipid peroxidation, hydrogen peroxide content and superoxide
radical production. SA treatment decreased the toxic level of

Cd manifested by lower lipid peroxidation, lesser production
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of hydrogen peroxide and reduction in generation of

superoxide radical (Choudhury and Panda, 2004).

2.4.7 Membrane injury

Choudhury and Panda (2004) observed that the
membrane integrity loss was higher by 177.8% and 194.9%
in SA free plants as compared to 165.4% and 185% in SA
(100 pM) primed ones at 100 pM and 1000 uM of Cd
application in rice roots.

Mishra and Choudhuri (1999) observed that presence
of 100 uM SA in growing medium of rice ameliorated the
increased leakage of electrolytes caused by heavy metal

stress.

2.5 Cadmium concentration in plant parts

Cadmium though, a non-essential element, is readily
taken up and accumulated in various parts of plants; Cd is
believed to penetrate the root through the cortical tissue. As
soon as Cd enters the roots, it can reach the xylem through
an apoplastic and symplastic pathway (Toppi and Gabrielli,
1999; and Salt et al.,, 1995). Normally Cd ions are mainly
retained in the roots, and only small amounts are

transported to the shoot, Cd accumulation was found
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approximately 10 times higher in root than shoot. Up to 98% of
the accumulated total Cd is retained by the soybeen roots (Zhao
et al., 2005).

Hsu and Kao (2003) observed that when rice
seedlings of TN1 and TNG67 were treated with 0.5 mM CdCl,
for 7 days, there was increase in Cd content in leaves of TN1
while Cd content in leaves of TNG67 remain unchanged as
compared to control.

Chien et al. (2001) observed that Cd content in
CdClz-treated detached rice (Taichung Native 1) leaves was
greater than that in water treated controls.

Cadmium uptake rate of barley plant increased
slowly before the booting stage, then increased sharply
during the 70-100 days period, and after that Cd uptake rate
tended to slow dramatically. The dry weight also decreased
after booting stage (Wu et al., 2005).

Cd accumulation in root, shoot, leaves, seed of
various crops including rice is related with Cd concentration
in solution and soil. So, the degree to which plant parts are
able to take up Cd depends on its concentration in solution
and soil (Arao and Ishikawa, 2006).

Salicylic acid does not decrease Cd wuptake, but
changes its distribution in plant organs depending on the
concentration of added Cd, this indicated the influenced of

SA on the alleviation of toxic effects of Cd is probably
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indirect, through a development of general anti stress
response of the soybean seedlings (Drazic and Mihailovi,

2005).

2.6 Yield and its attributes

It was reported that plants exposed to Cd showed a
series of physiological disorders, such as decreases in
chlorophyll, sugar and protein contents, reduction in
photosynthetic carbon assimilation and changes in related
enzymes activity, and a drop in yield (Satyakala, 1997).

Grain yield of rice depends on the number of
panicles, grains per panicle, filled grain percentage and grain
weight (Yoshida, 1972). The grain number per panicle was
affected more than the other three yield components by soil
Cd treatment (Liu et al., 2007).

Liu et al. (2007) observed that application of Cd (100
mg kg-! soil) reduced yield characteristics (number of panicle
per plant, number of spikelets per panicle, filled grain
percentage, 1000-grain weight and grain yield per plant).
Spikelets number per panicle was affected more than the

other three yield components by soil Cd treatment.
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2.7 Quality of brown rice

Literature on the effect Cd and SA on brown rice
quality starch and amylose is not available. However, Dewan
and Dhingra (2004) have reported that when pea plants were
exposed to 0, 2.5, 5.0, 7.5 and 10 mM of Cd approximately
15 days prior to initiation of flowering reduced the starch
content in physiologically matured seeds with increasing
concentrations of Cd.

Liu et al. (20095) in a pot trail with 52 rice cultivars of
different types collected from different origins exposed to 100
mg kgl soil showed that the concentration of Cd in brown
rice ranged from 0.22 to 2.86 mg kgl. Cheng et al. (2006)
observed that average Cd concentration in grains of Japonica
rice genotypes varied from 0.068 to 0.185 mg kg-1.

Cadmium concentration in rice grain is primarily
dependent on shoot Cd concentration, which in turn is
determined by Cd translocation from roots to shoots (Cheng
et al., 2004).

Cadmium accumulation in crops including rice
depends on the Cd concentration present in solution and soil

(Arao and Ishikawa, 2006).
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CHAPTER - III

Materials and
Methods

The present investigation was conducted on
“Physiological and biochemical effects of salicylic acid in rice
(Oryza sativa L.) under cadmium stress” in the screen house,
Department of Botany and Plant Physiology, CCS HAU, Hisar
during Kharif, 2006. The seeds of cv. HKR 99-60 were

obtained from Regional Rice Station, Kaul, CCS HAU, Hisar.

3.1. GROWING OF RICE

The seeds were surface sterilized with 2.5% sodium
hypochlorite for 15 min and washed extensively with distilled
water. These seeds were then germinated in Petri plates with
wetted Whatman No 1 filter paper for 48 h at 37°C under
dark condition. For salicylic acid (SA) treatment, seeds were
soaked with 100 uM SA for a period of 16 h and then
germinated as described above. Uniformly germinated seeds
were selected and 10 seeds were sown in polythene lined
earthen pots containing 6 kg sandy loam soil at a uniform
depth of 2.5 cm. Fifteen days of sowing (DAS), three plants of

uniform seedling were retained in each pot. At regular
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interval of three weeks, the plants were supplied with equal
volume of Hoagland nutrient solution (1940) as modified by
Went (1957).

Plants were irrigated with tap water and it was
maintained under flooding conditions (5 c¢cm depth)
throughout the growth period, except for 2 days plants were
grown under saturating condition just before cadmium (as
CdCla. 2H20) application (30 DAS). SA spray (100 uM)

treatment was applied at boot stage of rice.

3.2. TREATMENT

Treatment Treatment description Abbreviation
Salisylic acid Either as seed treatment |T
treatment or spray treatment
i) O uM SA seed treatment Control
ii) 100 uM SA seed SA Seed
treatment
iii) O uM SA spray treatment | Water spray
iv) 100 uM SA spray SA spray
treatment
Cadmium Soil drenching Cd
application
i) O uM Cd 0
ii) 250 uM Cd 250
iii) 500 uM Cd 500
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Number of treatments consisted of the combination of a) and

b) mentioned above (i.e. = 12)

a) Replication : 3
b) Total number of pots in one set : 36
c) Number of sets : 2

(One set was used for different observations/estimations at

flowering stage and another set was used at harvest).

3.3. STATISTICAL ANALYSIS
To calculate critical different (C.D) factorial
completely randomized design was used at 5 percent level of

significance.

3.4. OBSERVATIONS RECORDED

The following observations were recoded:

3.4.1. GROWTH PARAMETERS
Plant height, number of tillers and leaf area per plant
were recorded at flowering stage, and dry weights of plant

parts at harvest.

a) Plant height
Plant height of three plants from each pot was
measured from the ground level up to the longest leaf at

flowering.
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b) Number of tillers
Numbers of tillers of plants were counted at flowering
and the number of panicles at harvest and their mean values

were computed and expressed as their number per plant.

c) Leaf area
All the leaf blades were cut out and used to measure
leaf area at flowering using a Portable Leaf Area Meter (Model

Li 3000, Li COR USA) and expressed as cm? per plant.

d) Dry weight of above ground plant parts

Three plants were cut at ground level and separated
into stem, leaves and panicles at harvest. These plant parts
were oven dried at 65°C to a constant weight and then

weighed with the help of electronic balance.

3.4.2 PLANT AND WATER RELATIONS
Water potential, osmotic potential and relative water

content were recorded in flag leaf at flowering.

a) Water potential (Wvw)

Water potential of flag leaf was measured with the
help of pressure chamber (Model 3005, Soil Moisture
Equipment Corporation, Santa Barbara, CA, USA), between

10 AM to 12:00 noon. The flag leaf was cut from the plant
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with the help of sharp edged knife and sealed in the pressure
chamber one at a time with the cut end protruding outside
and the pressure was developed till the sap just appeared at
the cut end from xylem tissue. This gives the water potential

in (-) bar which expressed in megapascal (-MPa).

b) Osmotic potential (W)

The osmotic potential was measured by taking three
or four flag leaves from the plant from which leaves were
taken to measure Wy earlier. The airtight syringes were used
to keep the leaves samples in deep freezer at -159C. The sap
from these leaf tissues was extracted on filter paper discs
and Ws measured using Vapor Pressure Osmometer (Model
5100-B, Wescor Inc. Logan, Utah, USA). The osmometer was
calibrated by wusing Osmolality Reference Standards of
Sodium Chloride (Wescor mc, USA). The readings of
osmometer, thus, obtained in miliosmoles per kg were
converted to molality and finally to (-) bars with the help of
calibration curve which was expressed in (-) MPa by using
the following conversion factor.

40 Osmol = -1 bar

-10 bar = -1MPa

c) Relative water content (RWC, %)
The flag leaves were detached from the plants

between 10:00 and 12:00 noon, which were quickly sealed in
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polythene bags and transported to the laboratory on ice box.
The leaves were weighed immediately to determine the fresh
weight. The leaves were then floated on distilled water for 3 h
at room temperature in diffused light. The turgid leaves were
weighed and dried in oven at 65°C for 72 h till a constant dry
weight was obtained. These three weights were used to
calculate RWC (%) according to the formula given by
Weatherley (1950).
Fresh weight — Dry weight

RWC (%) = - x 100
Turgid weight — dry weight

3.4.3 GASEOUS EXCHANGE STUDIES

3.4.3.1 Photosynthetic rate, transpiration rate and
stomatal conductance
Photosynthetic rate, transpiration rate and stomatal
conductance were measured by Portable Infra Red Gas
Analyser (IRGA) (CIRAS-1, PP system, England) between

10.00 am to 12.00 noon at flowering stage of plant.

3.4.4. BIOCHEMICAL PARAMETERS
The following  biochemical estimations  were

performed in flag leaf at flowering stage.

a) Total chlorophyll content
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Total chlorophyll content was extracted according to
the method of Hiscox and Israelstam (1979) using dimethyl
sulfoxide (DMSO) as solvent.

Reagent
i) Dimethyl sulfoxide (DMSO)
Procedure

Flag leaf was detached; cleaned with filter paper; cut
into pieces and 200 mg sample was placed in a test tube
containing 5 ml of DMSO. Such Test tubes were placed in an
oven at 60°C for about 2 h. Then the extract was cooled to
room temperature and the absorbance was read at 649 and
665 nm on a computer added spectrophotometer (UV-VIS
spectrophotometer -117; Systronic, India) using DMSO as
blank.

Calculations for chlorophylls were made according to
Welburn (1994).

Chl ‘@’ (ug/ml) = 12.19 Ases - 3.45 As4a9
Chl D’ (ug/ml) = 21.99 Ag49 - 3.32 Ases
Total chlorophyll = Chl ‘a’ + Chl ‘b’

The data was expressed as mg g1 FW of sample.

b) Total soluble carbohydrate
Total soluble carbohydrates were determined with the
method of Yemm and Willis (1954).

Extraction
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Extraction was done by modified method of Barnett
and Naylor (1966). For each sample, 200 mg of plant leaf was
homogenized in 5 ml of 80% (v/v) ethanol. The homogenate
was refluxed for 15 min on a water bath at 60°C and
centrifuged for 10 min at 5000 rpm. This procedure of
refluxing and centrifuging was done three times with residue
and collect supernatant was decanted in a test tube each
time. The supernatants were pooled together and volume was
made 5 ml.
Reagents

i) Anthrone reagent: 0.4 per cent anthrone in
concentrated sulphuric acid (H2SOg4).
Procedure

1ml of ethanol extract was taken in a test tube and
mixed with 4 ml of anthrone reagent. The mixture was then
heated in a water bath for 10 minutes. After cooling,
absorbance was recorded at a wavelength of 620 nm against
the reagent blank. Standard curve was prepared using
graded concentration of glucose and the data were expressed

as mg g'! FW of the tissue.

c) Total soluble proteins
Total soluble proteins in leaves were estimated using
Bradford’s reagents (Bradford, 1976).

Extraction



MATERIALS AND METHODS 34

A 200 mg sample of frozen leaves was ground in 4 ml
phosphate buffer (0.1 M, pH 7.0) containing 10% (w/Vv)
insoluble PVP in a glass pestle and mortar and centrifuged at
10,000 g for 15 min at 4 °C. To one ml of supernatant added
equal volume of 20% TCA (trichloroacetic acid) to precipitate
the proteins and incubated for 1 h at 40°€. Again centrifuged
at 10,000 g for 15 min. Supernatant was discarded and pellet
was dissolved in 2 ml of 1M NaOH and incubated at room
temperature for 1 h.

Reagents
i) Bradford reagent: Dissolved 100 mg Coomassie Brilliant
Blue G-250 (CBBG-250) in 50 ml ethanol. To this
solution added 100 ml of 85% o-phosphoric acid. The
concentrated solution was diluted to 1 liter and then
filtered through Whatman No. 1 filter paper. This
reagent was stored in dark bottle at room temperature.
ii) 1 M NaOH (w/v): Dissolved 4 g NaOH in 100 ml distilled
water.
Procedure

Each sample was diluted five times with 1M NaOH
before estimation. To 0.1 ml of this diluted extract, 5 ml
Bradford reagent was added. Mixed thoroughly and measured
absorbance at 595 nm.

Standard curve was prepared using graded concentration of

bovine serum albumin (1 mg ml-! 1 M NaOH) solution.
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d) Total free amino acids
Total free amino acid was determined following the
method of Yemm and Cocking (195595).
Reagents

i) 0.01M KCN (0.1682g KCN was dissolved in 250 ml of
60% ethanol.

ii) KCN-Acetone (50ml of 0.01M KCN was diluted to 250 ml
with acetone.

iii) Acetone-Ninhydrin (5% solution of ninhydrin was
prepared in acetone).

iv) KCN-Acetone-ninhydrine (50ml of acetone-ninhydrine
solution was mixed with 250 ml of KCN-acetone
solution).

V) 0.2M citrate buffer (21.008g of citric acid was dissolved
in 200 ml of distilled water and mixed with 200 ml of
1N NaOH, pH 5.0 and volume made to 500 ml.
Extraction

0.2 g of leaf sample was homogenized with 5 ml
ethanol (80%, v/v), refluxed for 15 minutes on a steam bath
and centrifuged. The supernatant was decanted in a test

tube. The residue was further refluxed with 5 ml of 80%

ethanol and supernatant was collected. The residue was

refluxed third time with 5 ml of 80% ethanol and
supernatant was collected. The pool ed supernatant was

evaporated to dryness in a boiling water bath. Then total
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volume of extract was made to 10 ml with distilled water. The
extract was used for estimation of total free amino acid.
Procedure

To 0.1 ml of aliquot, 1 ml of ninhydrin solution was
added in a test tube and final volume was made to 2 ml with
distilled water. These test tubes were heated on a boiling
water bath for 20 minutes. 5 ml of distilled water was added
while the tube was still on the water bath and mixed
thoroughly. After 15 minutes of boiling, tubes were cooled
under running tap water and then reading of absorbance at
570 nm was made using the reagent blank as reference.

Leucine solutions of different concentrations (10 to
100 ug ml-1) were prepared for standard curve. With the help
of standard curve the concentration of free amino acids
(equivalent to leucine) was determined and expressed as free

amino acids content in ug g-! FW of sample.

e) Proline content
Proline content was estimated by using the method of
Bates et al. (1973).
Reagents
i) 3 % aqueous suiphosalicylic acid (w/v)
ii) Acid ninhydrin (prepared by dissolving 1.25 g ninhydrin
in 30 ml glacial acetic acid and 20 ml 6.0 M o-

phosphoric acid)
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iii) Toluene
Extraction
A 200 mg of {fresh leaves were separately
homogenized in 5 ml of 3 % sulphosalicylic acid and then
centrifuged at 5000 rpm for 15 minutes and supernatant was
taken for proline estimation.
Procedure
Two ml of supernatant was taken and 2.0 ml acid
ninhydrin was added. This mixture was then kept in boiling
water bath for 1 h at 100 °C and thereafter reaction was
terminated by keeping the tubes in ice-bath. Then 4.0 ml of
toluene was added. After vigorous shaking, the upper organic
phase was taken after attainment of room temperature and
its absorbance was recorded at 520 nm by using toluene as
blank.
A standard curve was prepared by using graded
concentration of proline 3% sulphosalicylic acid.

The proline content was expressed as uM g1 FW.

ug proline/mL x mL toluene S
umoles per g tissues = --------- oo X --------
115.5 g sample
f) Malodialdehyde content

The level of lipid peroxidation in plant leaves was

quantified by determining the content of malondialdehyde
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(MDA), a break down product of lipid peroxidation. MDA was
measured by thiobarbituric acid (TBA) reaction with minor
modifications of the method of Heath and Packer (1968).

Extraction

Three hundred mg of leaves were homogenized

separately with 5 ml of 0.1 % TCA. The homogenate was
centrifuged at 8000 x g for 15 min. The supernatant was
then directly used for the assay.

Reagents
i) 0.1 % Trichloroacetic acid (TCA)
ii) 20 % TCA containing 0.5 % thiobarbituric acid (TBA)

Procedure

To a 1 ml aliquot of the supernatant, 4 ml of 20%

(w/v) trichioroacetic acid containing 0.5% (W/v)
thiobarbituric acid was added. The mixture was heated at
95°C for 30 minutes and cooled immediately and then
centrifuge at 10000g for 10 min. The absorption of the
supernatant was read at 532 nm. The value was corrected for
non-specific absorption at 600 nm. The concentration of
MDA was calculated using the extinction coefficient of 155 m

mol-1 1-1 cm-! (Heath and Packer et al., 1968).

g) Membrane injury
Membrane injury index was measured as percent

proportion of ion leakage in to the external aqueous medium
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to the total ion concentration of the stressed tissue as
measured by the EC of the external medium (Sallivan and
Ross, 1979).
Procedure

The 200 mg of leaf were kept in 20 ml vials
containing 10 ml de-ionized water at 27°C. After 5 h, the
electrical conductivity (EC) of the surrounding solution was
measured and designated as EC1l. Then the samples were
kept in boiling water bath for 50 min to achieve total killing
of the tissue. After cooling, the EC of the solution was again
measured and designated as EC2. The membrane injury

index was calculated as follows:

EC1
Membrane Injury (%) = -------- x 100
EC2

3.4.5. CADMIUM CONCENTRATION IN PLANT PARTS
Cadmium content in different plant parts were
estimated at harvest. 200 mg of dried samples of stem, and
leaf, and 1 g of samples of husk and brown rice were
separately digested in 20 ml of diacid mixture (perchioric
acid and nitric acid, 1:9). Resulting digested solution was
cooled to room temperature and its volume was made to 25
ml with distilled water and cadmium content was determined
by Atomic Absorption Spectrophotometer (Perkinelmer

analyst 100), using cadmium chloride solution as standard.
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3.5. YIELD ATTRIBUTES

a) Number of panicles per plant
Total numbers of panicles from three plants per
replication (i.e. per pot) were counted and the average

number of panicles per plant was calculated.

b) Number of spikelets per panicle
Number of spikelets from three plants per replication
were counted and divided by their number of panicles, and

expressed them as number of spikelets per panicle.

c) Filled grain percentage

Spikelets from three plants per replication were
separated into filled and unfilled grains and counted them
with the help of grain counter. The percentage of filled grains

was calculated.

d) 1000-grain weight
Weight of filled grains were divided by the number of
filled grains and multiplied by 1000 to obtain 1000-grain

weight.

3.6. YIELD
Filled grains were weighed for each sample and

expressed as grain yield per plant.
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3.7. QUALITY PARAMETER
Starch content, amylose content and Cd
concentration in brown rice (dehulled rice grain) were

recorded.

a) Starch content in brown rice
Starch was estimated by following method of Hassid
and Neufeld (1964).
Reagent
i) Anthrone reagent: 0.4 per cent anthrone in
concentrated sulphuric acid (H2SOg4).
ii) 80% Ethanol
iii) 26% Perchloric acid
Extraction
Brown rice sample of 200 mg was homogenized with
5 ml of 80% ethanol. The homogenate was refluxed for 15
min on a water bath at 60°C and centrifuged for 10 min at
5000 rpm. This procedure of refluxing and centrifuging was
done three times with residue and supernatant was
discarded each time to remove sugar and residue was
retained. The residue was suspended in 5 ml of chilled 26 %
(v/v) perchloric and stirred for 5 minutes. It was allowed to
stand overnight and centrifuged at 5000 rpm for 15 minutes.
Next morning the residue was again extracted twice with 26%

(v/v) perchloric acid. The supernatant was pooled and
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volume made to 100 ml with distilled water. An aliquot
portion was suitably diluted to give a total concentration
approximately equal to 50 mg ml-1.
Procedure

0.1 ml of the supernatant was taken and the volume
was made to 1 ml with distilled water. Then 4 ml of anthrone
reagent was added to it and the mixture was heated on a
boiling water bath at 60°C for 10 minutes. It was cooled
rapidly and the absorbance at 625 nm against reagent blank
was recorded. Glucose (10-100 upg ml!) was used as
standard. Glucose content in the samples was estimated
using the standard graph.

Starch content was then calculated wusing the
following formula:

Starch content = glucose content x 0.9

b) Amylose content in brown rice
Amylose was estimated by following method of

Thayumanavan and Sadasivam (1984).

Reagents
i) 1N NaOH
ii) 0.1% Phenolphthalcin indicator
iii)  Distilled ethanol
iv) lodine reagent: Dissolve 1g of iodine and log of KI in

water and make up to 500 m1.
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V) Standard amylose: 100 mg amylose in 10 ml of 1IN NaOH
and make up to 100 ml with water (1mg/ml)
Extraction
100 mg of powdered brown rice was homogenized
with 1ml of distilled ethanol and 10 ml of 1IN NaOH was
added to it; kept as such for overnight and the volume was
made up to 100 ml.
Procedure
To 2.5 ml of extract, 20 ml of water was added and
three drops of phenophthalein indicator were added and
mixed thoroughly. 0.1N HCl was added drop by drop until
the pink colour just disappeared. Then, 1 ml of iodine
reagent was added and the final volume was made up to 50
ml and the absorbance was read at 590 nm against the
reagent blank.
The amount of amylose in the sample was calculated
using the standard curve prepared from amylose (range 0.2-1
mg ml-1) against a blank.
Calculation: Absorbance corresponds to 2.5 ml of the

test solution = x mg amylose.

Therefore,
X

100 ml contains = ---------- x 100 mg amylose = % amylose
2.5

c) Cadmium concentration in brown rice

Cadmium concentration in brown rice was estimated

as described under section 3.5.5.
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CHAPTER -1V

Results

The results of the experiment conducted during
Kharif, 2006 under screen house on “Physiological and
biochemical effects of salicylic acid in rice (Oryza sativa L.)

under cadmium stress” are presented below.

4.1 GROWTH PARAMETERS

4.1.1 Plant height

The data for plant height at flowering is presented in
Table 1. Cadmium (Cd) application significantly reduced the
plant height. Reductions in plant height were 9.6% and
18.5% with applied Cd concentration of 250 uM and 500 uM
as compared to control (no Cd and no SA applied) value (86.8
cm), respectively.

Application of salicylic acid (SA) slightly increased
the plant height. Such an increase was relatively more in SA
spray treatment (3%) than in SA seed treatment (2%) over
control. There was non significant difference between plant

height with water spray treatment and control.



Table 1. Effect of salicylic acid on plant height, number of tillers and leaf area at flowering
of rice under different levels of cadmium

Plant height (cm) Tillers (No. plant-1) Leaf area (cm? plant-?)
Cd concentration (uM) Cd concentration (uM) Cd concentration (uM)
Treatment 0 250 | 500 | Mean 0 250 | 500 |Mean 0 250 500 | Mean
(T)
Control 86.8 | 78.5 | 70.7 | 78.7 | 5.78 | 5.11 | 4.33 | 5.07 |199.3|148.1|135.4|161.0
SA seed 88.2 182.2|73.0 81.1 | 6.11 | 5.66 | 4.56 | 5.44 |224.3|173.4|159.2|185.6

Water spray | 86.5 | 78.3 | 71.2 | 78.7 5.78 | 5.18 | 4.44 | 5.13 |200.2|153.4|138.8|164.1

SA spray 89.3 | 83.3|74.2 | 82.3 | 6.89 | 5.67 | 4.76 | 5.77 | 229.9 | 183.7 | 164.7 | 192.8
Mean 87.7 | 80.6 | 72.3 6.14 | 5.40 | 4.52 213.4|164.6 | 149.5
CD (0.05p) T 0.43 T 0.18 T 1.09

cd 0.37 cd 0.15 cd 0.94

Tx Cd 0.75 Tx Cd 0.31 Tx Cd 1.89




RESULTS 45

Interaction of SA with Cd was significant. SA
treatment counteracted the Cd induced reduction in height.
SA spray treatment proved more effective than SA seed
treatment. The SA spray treatment increased the plant height
from 78.5 cm to 83.3 cm under 250 uM Cd and from 70.7 cm
to 74.2 cm under 500 uM Cd applied to soil.

4.1.2 Number of tillers per plant

The data for number of tillers per plant at flowering
is presented in the Table 1, which shows that increasing the
levels of Cd from 250 puM to 500 uM caused significant
reduction in number of tillers by 11.6% to 25.1% as
compared to control value (5.78), respectively.

Application of SA significantly increased the number
of tillers per plant. Increase in the number of tillers was
considerably more in SA spray treatment (19.2%) than in SA
seed treatment (5.7%) as compared to control as well as
water spray treatment.

Interaction effect of SA with Cd on number of tillers
per plant was significant. SA treatment counteracted the Cd
induced reduction in number of tillers per plant. SA spray
treatment proved more effective than SA seed treatment. SA
spray treatment increased the number of tillers per plant
from 5.11 to 5.67 under 250 uM Cd and from 4.33 to 4.76
under 500 uM Cd.
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4.1.3 Leaf area per plant

Table 1 depicts the leaf area per plant at flowering,
which shows that under increasing levels of Cd from 250 uM
to 500 uM, significantly reduced the leaf area by 25.7% to
32% as compared to control (199.3 cm? plant-1), respectively.

Application of SA brought significant increase in the
leaf area per plant. Enhancement in the leaf area was
relatively more in SA spray treatment (15.4%) than in SA
seed treatment (12.6%) over control. Leaf area under water
spray (200.2 cm? plant-!) and control treatments were at par.

Interaction effect of SA with Cd on leaf area per plant
was significant. SA treatment counteracted the Cd-induced
reduction in leaf area per plant. SA spray treatment proved
more effective than SA seed treatment. SA spray treatment
increased the leaf area per plant from 148.1 cm? plant! to
183.7 cm? plant'! under 250 pM Cd and from 135.4 cm?2
plant-! to 164.7 cm? plant-! under 500 uM Cd.

4.1.4 Dry weight of stem per plant
Dry weight of stem per plant at harvest is presented
in Table 2. Increasing levels of Cd from 250 uM to 500 uM
significantly reduced dry weight of stem by 15.4% to 31.2%
as compared to control (5.89 g plant-!), respectively.
Application of SA significantly increased dry weight of
stem per plant. Increase in dry weight of stem was

considerably more in SA seed treatment (10.4%) than in SA



Table 2. Effect of salicylic acid on dry weight of stem and leaf at harvest of rice under
different levels of cadmium

Dry weight of stem (g plant-1)

Dry weight of leaf (g plant-?)

Cd concentration (uM)

Cd concentration (uM)

Treatment (T) 0 250 500 Mean 0 250 500 Mean
Control 5.89 4.98 4.05 4.97 3.04 2.57 2.09 2.57
SA seed 6.50 5.81 4.42 5.58 3.33 2.98 2.30 2.88
Water spray 6.02 5.00 4.16 5.06 3.11 2.58 2.15 2.61
SA spray 6.33 5.63 4.41 5.46 3.34 2.99 2.34 2.89
Mean 6.18 5.36 4.26 3.21 2.78 2.22
CD (0.05 p) T 0.030 T 0.038

Cd 0.027 Cd 0.033

T x Cd 0.053 Tx Cd 0.066
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spray treatment (7.5%) over control. Dry weight of stem per
plant both under water spray (6.02 g plantl) and control
treatments were at par.

Interaction effect of SA with Cd on dry weight of stem
per plant was significant. SA treatment counteracted the Cd
induced reduction in dry weight of stem per plant. SA seed
treatment proved more effective than SA spray treatment. SA
seed treatment increased the dry weight of stem per plant
from 4.98 g plant! to 5.81 g plant-! under 250 uM Cd and
from 4.05 g plant! to 4.42 g plant-! under 500 uM Cd applied

to soil.

4.1.5 Dry weight of leaf per plant

The data on dry weight of leaf per plant at harvest is
presented in Table 2. Application of increasing levels of Cd
from 250 uM and 500 uM brought significant reduction in dry
weight of leaf by 15.4% and 31.2% as compared to control
(3.04 g plant-l), respectively.

Application of SA significantly increased the dry
weight of leaf per plant. Increase in dry weight of leaf was
more in SA spray treatment (9.9%) than in SA seed treatment
(9.5%) over control. Dry weight of leaf per plant under water
spray and control treatments were at par.

Interaction effect of SA with Cd on dry weight of leaf
per plant was significant. SA treatment counteracted the Cd

induced reduction in dry weight of leaf per plant. SA spray



RESULTS 48

treatment proved more effective than SA seed treatment. SA
spray treatment increased the dry weight of leaf per plant
from 2.57 g plant! to 2.99 g plant'! under 250 uM Cd and
from 2.09 g plant! to 2.34 g plant-! under 500 uM Cd applied

though soil.

4.1.6 Dry weight of panicles per plant

The data on dry weight of panicles per plant at
harvest is presented in Table 3, which shows that increasing
levels of applied Cd from 250 pM to 500 upuM caused
significant reduction in dry weight of panicles by 15.4% and
31.2% as compared to control (8.27 g plant-1), respectively.

Application of SA significantly increased the dry
weight of panicles per plant. Increase in dry weight of
panicles per plant was considerably more with SA spray
treatment (11.1%) than in SA seed treatment (9.7%) over
control. Dry weight of panicles per plant under water spray
and control treatments were at par.

Interaction effect of SA with Cd on dry weight of
panicles per plant was significant. SA treatment
counteracted the Cd-induced reduction in dry weight of
panicles per plant. SA spray treatment proved more effective
than SA seed treatment. SA spray treatment increased the
dry weight of panicles per plant from 7.0 g plant! to 8.17 g
plant-! under 250 uM Cd and from 5.7 g plant! to 6.35 g

plant-! under 500 uM Cd applied to soil.



Table 3. Effect of salicylic acid on dry weight of panicle and total shoot at harvest of rice
under different levels of cadmium

Dry weight of panicle (g plant-1) Total dry weight of shoot (g plant-!)
Cd concentration (uM) Cd concentration (uM)
Treatment (T) 0 250 500 Mean 0 250 500 Mean
Control 8.27 7.00 5.70 6.99 17.20 14.55 11.84 14.53
SA seed 9.07 8.13 6.22 7.81 18.90 16.92 12.94 16.25
Water spray 8.47 7.03 5.85 7.12 17.60 14.62 12.16 14.79
SA spray 9.19 8.17 6.35 7.90 18.86 16.79 13.10 16.25
Mean 8.75 7.58 6.03 18.14 15.72 12.51
CD (0.05 p) T 0.071 T 0.085
Cd 0.061 Cd 0.073
T x Cd 0.122 Tx Cd 0.147
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4.1.7 Total dry weight of shoot

Table 3 shows that under increasing level of Cd, 250
uM and 500 upM, caused significant reduction in total dry
weight of shoot by 15.4% and 31.2% as compared to control
(17.2 g plant-1), respectively.

Application of SA increased the total dry weight of
shoot. Enhancement in dry weight of shoot was slightly more
with SA seed treatment (9.9%) than in SA spray treatment
(9.7%) over control. Dry weight of plant under water spray
and control treatments were at par.

Interaction effect of SA with Cd on total dry weight of
shoot was significant. SA treatment counteracted the Cd
induced reduction in dry weight of plant. SA seed treatment
proved more effective than SA spray treatment. SA seed
treatment increased the total dry weight of shoot from 14.55
g plant-! to 16.92 g plant'! under 250 puM Cd and from 11.84
g plant-! to 12.94 g plant-! under 500 uM Cd applied to soil.

4.2 PLANT WATER RELATIONS

4.2.1 Leaf water potential

Table 4 depicts the water potential (Ww) of leaf at
flowering which declined progressively from -1.03 MPa in
control to -1.36 MPa under 250 pM Cd and -1.45 MPa under
500 puM Cd applied.



Table 4. Effect of salicylic acid on water potential, osmotic potential and relative water
content at flowering of rice under different levels of cadmium

Water potential (-MPa)

Osmotic potential (-MPa)

Relative water content (%)

Cd concentration (M)

Cd concentration (uM)

Cd concentration (uM)

Treatment 0 250 500 | Mean 0 250 500 | Mean 0 250 500 | Mean
(T)
Control 1.03| 1.36| 1.45| 1.28|1.25|1.56| 1.63 | 1.48 | 86.82|79.34|69.68|78.61
SA seed 0.74 | 1.17| 1.32] 1.08/1.00|1.41| 1.55 | 1.32 |90.96[83.53|72.15|82.21
Water spray | 1.00 | 1.35 1.43 1.26]1.22|1.55]| 1.61 1.46 [ 86.47 |79.23|169.53|78.41
SA spray 0.73] 1.15| 1.30| 1.06/0.99|1.40| 1.54 | 1.31 |92.08 85.30|74.21 |83.86
Mean 0.88 ] 1.26 1.38 1.12 1 1.48 | 1.58 89.08 |181.85|71.39
CD (0.05p) T 0.033 T 0.048 T 0.513

Cd 0.029 Cd 0.041 Cd 0.444

T x Cd 0.058 T x Cd 0.082 T x Cd 0.889
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Application of SA significantly improved the Ww of
leaf. The Ww was slightly higher in SA spray treatment (-0.73
MPa) than in SA seed treatment (-0.74 MPa). The difference
in Ww of leaf under water spray and control treatments were
non significant.

Interaction effect of SA with Cd on Ww of leaf was
significant. SA treatment counteracted the Cd-induced
reduction in Ww of leaf. SA spray treatment proved more
effective than SA seed treatment. The treatment of SA spray
enhanced the Ww of leaf from -1.36 MPa to -1.15 MPa under
250 uM Cd and from -1.45 MPa to -1.30 MPa under 500 uM
Cd applied.

4.2.2 Leaf osmotic potential

Table 4 depicts the osmotic potential (Ws) of leaf at
flowering which declined progressively from -1.25 MPa in
control to -1.56 MPa under 250 pM Cd and -1.63 MPa under
500 pM Cd applied.

Application of SA significantly improved the Ws of
leaf. The Ws was slightly higher in SA spray treatment (-0.99
MPa) than in SA seed treatment (-1.00 MPa). The Ws of leaf
under water spray (-1.22 MPa) and control (-1.25 MPa)
treatments were at par.

Interaction effect of SA with Cd on Ws of leaf was
significant. SA treatment counteracted the Cd-induced

reduction in Ws of leaf. SA spray treatment proved more
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effective than SA seed treatment. The treatment of SA spray
enhanced the Ws of leaf from -1.56 MPa to -1.40 MPa under
250 uM Cd and from -1.63 MPa to -1.54 MPa under 500 uM
Cd applied.

4.2.3 Relative water content

Table 4 indicates that relative water content (RWC) of
leaf at flowering which significantly decreased from 86.82%
in control to 79.34% under 250 uM Cd and 69.68% under
500 uM Cd applied.

Application of SA significantly increased the RWC of
leaf. Increase in RWC of leaf was more in SA spray treatment
(92.08%) than in SA seed treatment (90.96%). RWC of leaf
under water spray and control treatments were at par.

Interaction effect of SA with Cd on RWC of leaf was
significant. SA treatment improved RWC of leaf under Cd
stress. SA spray treatment improved RWC of leaf more
effectively than SA seed treatment. The treatment of SA spray
enhanced the RWC of leaf from 79.34% to 85.30% under 250
uM Cd and from 69.68% to 74.21% under 500 uM Cd applied.

4.3 GASEOUS EXCHANGE STUDIES

4.3.1 Photosynthetic rate

Table S5 shows that under increasing level of Cd,

250 upuM and 500 uM, significantly decreased the
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photosynthetic rate of leaf at flowering by 15.3% and 35.1%
as compared to control (26.3 pmol m-2 s-1), respectively.

Application of SA increased the photosynthetic rate of
leaf. Increase in photosynthetic rate was more in SA spray
treatment (9.4%) than in SA seed treatment (8.1%) over
control. Photosynthetic rate of leaf under water spray and
control treatments were at par.

Interaction effect of SA with Cd on photosynthetic
rate of leaf was significant. SA treatment counteracted the Cd
induced reduction in photosynthetic rate of leaf. SA spray
treatment improved photosynthetic rate of leaf more
effectively than SA seed treatment. The SA spray treatment
enhancement effect on photosynthetic rate was more under
250 uM Cd (from 22.3 pmol m-2 s-1 to 25.1 umol m-2 s-1) than
under 500 puM Cd (from 17.1 pmol m=2 s! to 19.2 pmol m-2

s-1).

4.3.2 Transpiration rate

Table S5 shows that under increasing level of Cd,
250 uM and 500 uM, significantly reduced the transpiration
rate of leaf by 16.9% and 36.3% as compared to control (6.45
mmol m-2 s-1), respectively.

Application of SA increased the transpiration rate of
leaf. Increase in transpiration rate was relatively more in SA

spray treatment (7.3%) than in SA seed treatment (6%) over



Table 5. Effect of salicylic acid on photosynthetic rate, transpiration rate and stomatal
conductance at flowering of rice under different levels of cadmium

Photosynthetic rate

(wmol m-2 s-1)

Transpiration rate

(mmol m-2 s-1)

Stomatal conductance

(wmol m-2 s-1)

Cd concentration (uM)

Cd concentration (uM)

Cd concentration (M)

Treatment
(T) 0 250 | 500 |Mean| O 250 | 500 |Mean| O 250 | 500 | Mean
Control 26.3 | 22.3 | 17.1 | 21.9 | 6.45 | 5.36 | 4.11 | 5.31 |419.0|338.7 |259.7 | 339.2
SA seed 28.5 | 24.5|19.0 | 24.0 | 6.84 | 5.89 | 4.56 | 5.76 |432.4 |372.2|288.6 | 364.4
Water spray | 26.5 [ 22.7 | 17.0 | 22.1 | 6.37 | 5.45 | 4.07 | 5.30 |422.5|344.8 |257.5|341.6
SA spray 28.8 | 25.1 | 19.2 | 24.4 | 6.92 | 6.20 | 4.60 | 5.91 |437.5|381.3/290.9 | 369.9
Mean 27.5|23.7 18.1 6.65 | 5.73 | 4.34 427.9 |1359.2 (274.2
CD (0.05p) T 0.15 T 0.091 T 6.54

cd 0.13 cd 0.079 cd 5.67

T x Cd 0.26 T x Cd 0.158 T x Cd 11.34
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control. Transpiration rate of leaf under water spray and
control treatments were at par.

Interaction effect of SA with Cd on transpiration rate
of leaf was significant. SA treatment counteracted the Cd-
induced reduction in transpiration rate of leaf. SA spray
treatment improved transpiration rate of leaf more effectively
than SA seed treatment. The SA spray treatment
enhancement effect on transpiration rate was more under
250 uM Cd (from 5.36 mmol m-2 s! to 6.20 mmol m-2 s-1)
than under 500 uM Cd (from 4.11 mmol m-2 s-! to 4.60 mmol

m-—2 s-1).

4.3.3 Stomatal conductance

Table 5 shows that under increasing level of Cd, 250
uM and 500 uM, significantly reduced the stomatal
conductance of leaf to the extent of 19.2% and 38% as
compared to control (419.0 umol m-2 s-1), respectively.

Application of SA increased the stomatal
conductance. Increase in stomatal conductance was slightly
higher in SA spray treatment (4.4%) than in SA seed
treatment (3.2%) over control. Stomatal conductance of leaf
under water spray and control treatments were at par.

Interaction effect of SA with Cd on stomatal
conductance of leaf was significant. SA treatment

counteracted the Cd induced reduction in stomatal
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conductance of leaf. Treatment with SA spray had edge over
SA seed treatment in regulating stomatal conductance.

The SA spray treatment enhancement effect on
stomatal conductance was slightly more under 250 uM Cd
(from 338.7 pmol m—2 s-! to 381.3 pmol m-2 s-!) than under

500 uM Cd (from 259.7 pymol m-2 s-! to 290.9 umol m-2 s-1).

4.4 BIOCHEMICAL ESTIMATIONS

4.4.1 Total chlorophyll content

Table 6 shows that under increasing level of Cd, 250
uM and 500 puM, significantly reduced the total chlorophyll
content by 19.3% and 37.6% as compared to control (5.80 mg
g lFW), respectively.

Application of SA significantly increased the total
chlorophyll content. Increase in chlorophyll content was
slightly more in SA spray treatment (3.2%) than in SA seed
treatment (3.0%) over control. Chlorophyll content of leaf
under water spray and control treatments were similar.

Interaction effect of SA with Cd on total chlorophyll
content of leaf was significant. SA treatments counteracted
the Cd induced reduction in chlorophyll content. SA spray
treatment was better than SA seed treatment. The SA spray
treatment enhancement effect on total chlorophyll content in

leaf was slightly more under 250 uM Cd (from 4.69 mg g 'FW



Table 6. Effect of salicylic acid on total chlorophyll content and total soluble carbohydrate
content at flowering of rice under different levels of cadmium

Total chlorophyll content (mg g-! FW) | Total soluble carbohydrate (mg g-!
FW)
Treatment (T) Cd concentration (uM) Cd concentration (uM)
0 250 500 Mean 0 250 500 Mean

Control 5.80 4.69 3.62 4.70 56.2 47.7 39.3 47.7
SA seed 5.98 4.96 3.85 4.93 57.7 48.7 40.0 48.8
Water spray 5.80 4.70 3.61 4.70 56.2 47.6 39.9 47.9
SA spray 5.99 4.99 3.89 4.96 58.6 49.9 41.9 50.1
Mean 5.89 4.83 3.74 57.2 48.5 40.3
CD (0.05 p) T 0.025 T 0.24

Cd 0.021 Cd 0.21

T x Cd 0.043 Tx Cd 0.41
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to 4.99 mg g!FW) than under 500 pM Cd (from 3.62 mg
g !FW to 3.89 mg g-lFW).

4.4.2 Total soluble carbohydrate

Table 6 shows that under increasing level of Cd, 250
uM and 500 puM, reduced total soluble carbohydrate by 15.1%
and 30.0% as compared to control (56.2 mg g!FW),
respectively.

Application of SA increased the total soluble
carbohydrate. Increase in total soluble carbohydrate was
relatively more in SA spray treatment (4.3%) than in SA seed
treatment (2.7%) over control. Total soluble carbohydrate of
leaf under water spray and control treatments were at par.

Interaction effect of SA with Cd on total soluble
carbohydrate of leaf was significant. SA treatment partially
alleviated the Cd induced reduction in total soluble
carbohydrate. SA spray treatment was more effective than SA
seed treatment. The SA spray treatment enhancement effect
on total soluble carbohydrate in leaf was slightly more under
250 uyM Cd (from 47.7 mg glFW to 49.9 mg g1FW) than
under 500 uM Cd (from 39.3 mg g 'FW to 41.9 mg g 'FW).

4.4.3 Total soluble protein
Table 7 shows that under increasing level of Cd, 250

uM and 500 uM, significantly reduced the total soluble
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protein in leaf by 29.6% and 36.8% as compared to control
(26.52 mg g 'FW), respectively.

Application of SA increased the total soluble protein
in leaf. Increase in total soluble protein was considerably
more in SA spray treatment (13.5%) than in SA seed
treatment (6.9%) over control. Total soluble protein in leaf
under water spray and control treatments were at par.

Interaction effect of SA with Cd on total soluble
protein in leaf was significant. SA treatment partially
overcomes the Cd induced reduction in total soluble protein.
SA spray treatment was more effective than SA seed
treatment. The SA spray enhancement effect was more under
250 uM Cd (from 18.67 mg gFW to 24.77 mg g!FW) than
under 500 pyM Cd (16.75 mg g'FW to 18.67 mg g 'FW) as

compared to control.

4.4.4 Total free amino acid

Table 7 shows that under increasing level of Cd,
250 uM and 500 uM, significantly increased the total free
amino acid content in leaf by 32.9% and 61.6% as compared
to control (9.33 pmol g-'FW), respectively.

Application of SA increased total free amino acid
content in leaf. Increase in total free amino acid was slightly
more in SA spray treatment (11.4%) than in SA seed

treatment (11.2%) over control.



Table 7. Effect of salicylic acid on total soluble protein, free amino acids and free proline

content at flowering of rice under different levels of cadmium

Total soluble protein

Total free amino acids

Free proline

(mg gt FW) (umol g-1 FW) (wmol g1 FW)
Cd concentration (uM) Cd concentration (uM) Cd concentration (uM)

Treatment
(T) 0 250 | 500 |[Mean | O 250 | 500 |Mean| O | 250 | 500 |Mean
Control 26.52|18.67|16.75|20.64 | 9.33 |12.40|15.08|12.27|0.44 | 0.59| 0.78 | 0.60
SA seed 28.35|20.45|18.23|22.34|10.37|14.58|16.26|13.73|0.42 | 0.56 | 0.74 | 0.58
Water
spray 26.86(19.10|17.10/21.02| 9.18 |12.21|15.25|12.21|0.43 | 0.58| 0.76 | 0.59
SA spray 30.09 | 24.77 | 18.67 |24.51|10.39 (14.65|16.68 |13.90|0.40|0.54 | 0.71 | 0.55
Mean 27.96|20.75|17.68 9.82 [ 13.46|15.82 0.42 | 0.57| 0.75
CD (0.05 T T T
P) 0.75 0.264 0.003

Cd 0.65 Cd 0.228 Cd 0.003

Tx Cd 1.29 Tx Cd 0.457 Tx Cd 0.006
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Interaction effect of SA with Cd on total free amino
acid content of leaf was significant. SA treatment
accentuated the Cd induced increase in total free amino acid.
SA spray treatment was slightly more effective than SA seed
treatment. The ameliorating effect of SA spray was
remarkably more under 250 pM Cd (12.40 umol g'FW to
14.65 pmol g''FW) than under 500 uM Cd (15.08 pmol g-!FW
to 16.68 umol g-!FW).

4.4.5 Proline content

Table 7 shows that under increasing level of Cd, 250
uM and 500 uM, resulted in a conspicuous accumulation of
free proline in leaf to the extent of 34.0% and 77.0% as
compared to control (0.44 umol g-1FW), respectively.

Application of SA decreased the free proline content
in leaf. The decrease in free proline content was more in SA
spray treatment (9.09%) than in SA seed treatment (4.55%)
over control. The free proline content in leaf under water
spray and control treatments were at par.

Interaction effect of SA with Cd on the free proline
content in leaf was significant. SA treatment slightly
decreased the free proline accumulation under Cd induced
stress condition. However, the magnitude of free proline
content still remained above control. SA spray treatment was
more effective than SA seed treatment. The SA dwindled the

free proline accumulation more under 500 uM Cd (0.59 pmol
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g 1FW to 0.54 umol g-'FW) as compared to 250 uM Cd (0.78
pmol g-1FW to 0.71 pumol g-!FW).

4.4.6 Malondialdehyde content

Table 8 shows that under increasing level of Cd, 250
uM and 500 uM, significantly increased the malondialdehyde
content in leaf by 42.7% and 78.7% as compared to control
(63.8 nmol g'!FW), respectively.

Application of SA decreased the malondialdehyde
content. Decrease in malondialdehyde content was more
pronounced in SA spray treatment (32.6%) than in SA seed
treatment (30.3%) over control. Malondialdehyde content of
leaf under water spray and control treatments were at par.

Interaction effect of SA with Cd on malondialdehyde
content of leaf was significant. Treatment of SA counteracted
the Cd induced increase in malondialdehyde content. SA
spray treatment was more effective than SA seed treatment.
The SA spray treatment decreased the malondialdehyde
content more under 250 uM Cd (91.0 nmol g!FW to 65.2
nmol g-'FW) as compared to 500 uM Cd (114.0 nmol g''FW to
104.7 nmol g 'FW).

4.4.7 Membrane injury
The data for membrane injury in leaf at flowering is
presented in Table 8. Increasing levels of Cd application

significantly increased the membrane injury. The membrane



Table 8. Effect of salicylic acid on malondialdehyde content and membrane injury at
flowering of rice under different levels of cadmium

MDA content (nM gt FW)

Membrane injury (%)

Cd concentration (uM)

Cd concentration (uM)

Treatment (T) 0 250 500 Mean 0 250 500 Mean
Control 63.8 91.0 114.0 89.6 22.26 24.64 29.41 25.43
SA seed 44 .4 66.5 107.0 72.6 18.16 20.32 26.30 21.60
Water spray 62.6 89.9 111.8 88.1 21.39 23.69 27.68 24.26
SA spray 43.0 65.2 104.7 71.0 16.52 19.26 24.28 20.02
Mean 53.5 78.2 109.4 19.58 21.98 26.92
CD (0.05 p) T 4.50 T 0.47

Cd 3.90 Cd 0.40

T x Cd 7.79 T x Cd 0.81
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injury in control was 22.26% which raised to 24.64% under
250 uM Cd and 29.41% under 500 pM Cd.

Application of SA decreased the membrane injury.
Membrane injury was lower in SA spray treatment (16.52%)
than in SA seed treatment (18.16%). Membrane injury of leaf
both under water spray and control treatments were at par.

Interaction effect of SA with Cd on membrane injury
of leaf was significant. SA treatment lowered the Cd induced
injury to the membrane. Treatment of SA spray proved more
effective than SA seed treatment. The SA spray treatment
decreased the membrane injury percentage relatively more
under 250 uM Cd (24.64% to 19.26%) as compared to 500 uM
Cd (29.41% to 24.28%).

4.5 CADMIUM CONCENTRATION IN PLANT PARTS
4.5.1 Cadmium concentration in stem

The data for Cd concentration in stem at harvest is
presented in the Table 9. Increasing levels of Cd application
progressively increased Cd concentration in stem. The value
of Cd concentration in control was 1.06 pg g''DW and the
elevated values were 5.58 pug g! under 250 uM Cd and 14.23
ng g'DW.

Application of SA lowered down the Cd concentration
in stem. The lowering effect in Cd concentration in stem was
more in SA seed treatment (0.68 pg g-'DW) than in SA spray

treatment (0.72 pg g!DW) as compared to control (1.06 pg



Table 9. Effect of salicylic acid on cadmium concentration in stem and leaf at harvest of
rice under different levels of cadmium

Cd concentration in stem (ug g1 DW) | Cd concentration in leaf (ug g1 DW)
Cd concentration (uM) Cd concentration (uM)

Treatment (T) 0 250 500 Mean 0 250 500 Mean
Control 1.06 5.58 14.23 6.95 0.35 1.90 5.28 2.51
SA seed 0.68 3.23 7.88 3.93 0.25 1.24 3.32 1.60
Water spray 1.03 5.48 14.03 6.84 0.35 1.90 5.02 2.42
SA spray 0.72 3.57 9.39 4.56 0.23 1.13 2.78 1.38
Mean 0.87 4.46 11.38 0.30 1.54 4.10
CD (0.05 p) T 0.449 T 0.170

Cd 0.432 Cd 0.147

TxCd 0.865 T x Cd 0.294
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g'1DW). Cd concentration in stem under water spray and
control treatments were at par.

Interaction effect of SA with Cd on Cd concentration
in stem was significant. SA treatment lessened the Cd
induced increase in Cd content in stem. In this regard, SA
seed treatment was more effective than SA spray treatment.
The SA seed treatment lowered down the values of Cd
concentration in stem from 5.58 pg g'!DW to 3.23 pg g''1DW
under 250 uM Cd and from 14.23 pg g'DW to 7.88 ng g''DW
under 500 uM Cd applied to soil.

4.5.2 Cadmium concentration in leaf

The data for Cd concentration in leaf at harvest is
presented in the Table 9. Increasing levels of Cd application
progressively increased Cd concentration in leaf. Cd
concentration in control was 0.35 pg g!DW which was
elevated to 1.90 pg g! DW under 250 uM Cd and 5.28 g
g-1DW under 500 uM Cd.

Application of SA lowered down the Cd concentration
in leaf. The lowering effect in Cd concentration in leaf was
more in SA spray treatment (0.23 pg g'!DW) than in SA seed
treatment (0.25 pug g'DW) as compared to control (0.35 png
g'!DW). Cd concentration in leaf under water spray and

control treatments were at par.
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Interaction effect of SA with Cd on Cd concentration
in leaf was significant. SA treatment lessened the Cd induced
increase in Cd content in leaf. In this regard, SA spray
treatment was more effective than SA seed treatment. The SA
seed treatment lowered down the values of Cd concentration
in leaf from 1.90 ug g''DW to 1.13 pg g''DW under 250 uM Cd
and from 5.28 ug g'!DW to 2.78 pug g''DW under 500 uM Cd

applications to soil.

4.5.3 Cadmium concentration in panicle

The data for Cd concentration in panicle at harvest is
presented in the Table 10. Increasing levels of Cd application
progressively increased Cd concentration in panicle. Cd
concentration in control was 0.11 pg g!DW which was
elevated to 0.27 pg g! under 250 uM Cd and 0.96 pg g '1DW
under 500 uM Cd.

Application of SA lowered down the Cd concentration
in panicle. The lowering effect in Cd concentration in panicle
was more in SA spray treatment (0.07 pg g'1DW) than in SA
seed treatment (0.08 pg g'!DW) as compared to control (0.11
pg g1DW). Cd concentration in panicle under water spray
and control treatments were at par.

Interaction effect of SA with Cd on Cd concentration
in panicle was significant. SA treatment lessened the Cd
induced increase in Cd content in panicle. In this regard, SA

spray treatment was more effective than SA seed treatment.



Table 10. Effect of salicylic acid on cadmium concentration in panicle and in shoot at
harvest of rice under different levels of cadmium

Treatment (T)

Cd concentration in panicle (nug gt

DW)

Cd concentration in shoot (ug g!

DW)

Cd concentration (uM)

Cd concentration (uM)

0 250 500 Mean 0 250 500 Mean
Control 0.11 0.27 0.96 0.45 0.48 2.37 6.26 3.04
SA seed 0.08 0.18 0.63 0.30 0.32 1.41 3.58 1.77
Water spray 0.11 0.26 0.91 0.42 0.46 2.33 6.13 2.97
SA spray 0.07 0.17 0.55 0.26 0.32 1.48 3.93 1.91
Mean 0.09 0.22 0.76 0.39 1.90 4.97
CD (0.05 p) T 0.029 T 0.235
Cd 0.025 Cd 0.204
Tx Cd 0.050 Tx Cd 0.407
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The SA spray treatment lowered down the values of Cd
concentration in panicle from 0.27 pg g'1DW to 0.17 pg g1 DW
under 250 uM Cd and from 0.96 pg g''DW to 0.55 pg g''DW
under 500 uM Cd applied to soil.

4.5.3 Cadmium concentration in shoot

The data for Cd concentration in shoot at harvest is
presented in the Table 10. Increasing levels of Cd application
progressively increased Cd concentration in shoot. Cd
concentration in control was 0.48 pg g!DW which was
elevated to 2.37 ug g'! under 250 uM Cd and 6.26 pg g''1DW
under 500 uM Cd.

Application of SA lowered down the Cd concentration
in shoot. The values of Cd concentration in shoot was
lowered down from 0.48 pg g'!DW in control to 0.32 pug g''1DW
in SA seed treatment as well as in SA spray treatment. Cd
concentration in shoot under water spray and control
treatments were at par.

Interaction effect of SA with Cd on Cd concentration
in shoot was significant. SA treatment lessened the Cd
induced increase in Cd content in shoot. In this regard, SA
seed treatment was more effective than SA spray treatment.
The SA seed treatment lowered down the values of Cd
concentration in shoot from 2.37 pg g'DW to 1.41 pg g''1DW
under 250 uM Cd and from 6.26 pg g''DW to 3.58 pg g''DW
under 500 uM Cd applied to soil.



RESULTS 63

4.6 YIELD ATTRIBUTES

4.6.1 Number of panicles per plant

Table 11 shows that under increasing level of Cd,
250 puM and 500 uM, decrease the number of panicles per
plant to extent of 13.7% and 29.4% as compared to control
value (5.67), respectively.

Application of SA increased the number of panicles
per plant. Increase number of panicles per plant was more in
SA seed treatment (7.8%) than in SA spray treatment (5.9%)
over control. The number of panicles per plant under both
water spray and control treatments were at par.

SA treatments ameliorated the number of panicles
per plant under Cd stress. SA seed treatment was more
effective than SA spray treatment in mitigating the
detrimental effect of Cd. The SA seed treatment enhancement
effect on number of panicles per plant was slightly more
under 250 uM Cd (from 4.89 to 5.66) than under 500 uM Cd
(from 4.00 to 4.33).

4.6.2 Number of spikelets per panicle

Table 11 shows that under increasing level of Cd,
250 puM and 500 puM, decreased the number of spikelets per
panicle by 8.5% and 16.2% as compared to control value

(73.90), respectively.



Table 11. Effect of salicylic acid on number of panicles per plant and number of spikelets per
panicle at harvest of rice under different levels of cadmium

Panicles (No. plant-?) Spikelets (No. panicle-1)
Cd concentration (uM) Cd concentration (uM)
Treatment (T) 0 250 500 Mean 0 250 500 Mean
Control 5.67 4.89 4.00 4.85 73.90 67.62 61.92 67.81
SA seed 6.11 5.56 4.33 5.33 77.03 71.69 66.10 71.61
Water spray 5.78 4.89 4.11 4.93 73.05 67.85 63.34 68.08
SA spray 6.00 5.44 4.33 5.26 80.56 75.14 70.95 75.55
Mean 5.89 5.20 4.19 76.14 70.57 65.58
CD (0.05 p) T 0.101 T 0.452
Cd 0.087 Cd 0.391
Tx Cd 0.174 T x Cd 0.782
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Application of SA significantly increased the number
of spikelets per panicle. Increased number of spikelets per
panicles was more in SA spray treatment (9.0%) than in SA
seed treatment (4.2%) over control. The number of spikelets
per panicle under both water spray and control treatments
were at par.

SA treatment counteracted the Cd induced decrease
in number of spikelets per panicle. SA spray treatment was
more effective than SA seed treatment. The SA spray
treatment enhancement effect on number of spikelets per
panicle was more under 250 uM Cd (from 67.62 to 75.14)
than under 500 uM Cd (from 61.92 to to 70.95).

4.6.3 Filled grain percentage

The data for filled grain percentage is presented in
Table 12. Increasing levels of Cd application significantly
decreased the filled grain percentage. The filled grain
percentage in control was 81.11% which declined to 80.38%
under 250 uM Cd and 79.50% under 500 uM Cd.

Application of SA significantly decreased the filled
grain percentage. The filled grain percentage was similar in
SA spray treatment (81.59%) and in SA seed treatment. Filled
grain percentage both wunder water spray and control
treatments were also at par.

Interaction effect of SA with Cd on filled grain

percentage was non significant.



Table 12. Effect of salicylic acid on filled grain percentage and 1000-grain weight at harvest
of rice under different levels of cadmium

Filled grain (%) 1000-grain weight (g)
Cd concentration (uM) Cd concentration (uM)
Treatment (T) 0 250 500 Mean 0 250 500 Mean
Control 81.11 80.38 79.50 80.33 20.46 20.28 20.16 20.30
SA seed 81.59 80.92 80.02 80.84 20.63 20.44 20.30 20.46
Water spray 81.20 80.51 79.64 80.45 20.46 20.29 20.16 20.30
SA spray 81.59 81.01 80.09 80.89 20.64 20.46 20.31 20.47
Mean 81.37 80.70 79.81 20.55 20.37 20.23
CD (0.05 p) T 0.348 T 0.087
Cd 0.295 Cd 0.075
Tx Cd NS T x Cd NS
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4.6.4 1000 grain weight

Table 12 shows that under increasing level of Cd,
250 uM and 500 pM, decreased 1000 grain weight by 0.88%
and 1.47% as compared to control value (20.46 g),
respectively.

Application of SA marginally increased the 1000
grain weight. Increase 1000 grain weight was very slight in
SA spray treatment (0.88%) than in SA seed treatment
(0.83%) over control. The 1000 grain weight under both water
spray and control treatments were at par.

Interaction effect of SA with Cd on 1000 grain weight

was non significant.

4.7 Yield

4.7.1 Grain yield per plant

The data for grain yield per plant is presented in
Table 13.

Application of Cd 250 uM and 500 uM resulted in
significant decline in grain yield per plant to the extent of
22.4% and 42.9%, respectively as compared to control value
(6.95 g plant-1).

Application of SA has ameliorating effect on grain
yield per plant under Cd stress. Treatment with SA spray has
edge over SA seed treatment in improving the grain yield per

plant to the extent of 17.1% and 14.0%, respectively over



Table 13. Effect of salicylic acid on grain yield (g plant-1) at harvest of rice under different
levels of cadmium

Cd concentration (uM)

Treatment (T) 0 250 500 Mean
Control 6.95 5.39 3.97 5.44
SA seed 7.92 6.59 4.65 6.39
Water spray 7.01 5.42 4.18 5.54
SA spray 8.14 6.78 5.00 6.64
Mean 7.51 6.04 4.45
CD (0.05p) T 0.074

Cd 0.064

Tx Cd 0.129
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control. The grain yield per plant under both water spray and
control treatments were at par.

SA treatment partially alleviated the Cd induced
decline in the grain yield per plant. SA spray treatment
proved more effective than SA seed treatment.

SA spray treatment enhanced the grain yield per
plant more under 250 uM Cd (from 5.39 g plant! to 6.78 g
plant-1) than under 500 uM Cd (from 3.97 g plant-! to 5.00 g

plant-1) applied to soil.

4.8 QUALITY OF BROWN RICE

4.8.1 Starch content in brown rice

The data for starch content in brown rice is
presented in Table 14. Increasing levels of Cd application
significantly decreased the starch content in brown rice. The
starch content in brown rice in control was 83.01% which
declined to 82.18% under 250 uM Cd and 81.35% under 500
uMCd.

Application of SA significantly increased the starch
content in brown rice. The starch content in brown rice was
slightly higher in SA spray treatment (83.90%) than in SA
seed treatment (83.68%). Starch content in brown rice both
under water spray and control treatments were at par.

Interaction effect of SA with Cd on starch content in

brown rice was non significant.



Table 14. Effect of salicylic acid on starch, amylose content and cadmium concentration in
brown rice at harvest of rice under different levels of cadmium

Starch content (%) Amylose content (%) Cd concentration in
brown rice (ug g1 DW)

Cd concentration (uM) Cd concentration (uM) Cd concentration (uM)
Treatment
(T) 0 250 | 500 |[Mean | O 250 | 500 |Mean| O | 250 | 500 |Mean
Control 83.01[82.18|81.35|82.18|23.38|23.26|22.84|23.16|0.14 | 0.38| 1.57 | 0.69

SA seed 83.68 | 82.82|82.00|82.83|23.49|23.3923.27|123.38|0.10]0.24| 0.97 | 0.44

Water
spray 82.97182.14181.31|82.14|23.37(123.23122.79123.13/0.14|0.36| 1.46 | 0.65

SA spray 83.90|82.87|82.22|83.00|23.48 |123.3623.20|23.35|0.09 | 0.22| 0.81 | 0.37

Mean 83.39 [82.50 | 81.72 23.43[23.31|23.02 0.12 | 0.30 | 1.20
CD (0.05 T T T 0.033
P) 0.426 0.198

cd 0.369 cd 0.172 cd 0.028

Tx Cd NS Tx Cd NS Tx Cd 0.056
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4.8.2 Amylose content in grain

The data for amylose content in brown rice is
presented in Table 14. Increasing levels of Cd application
significantly decreased the amylose content in brown rice. The
amylose content in brown rice in control was 23.38% which
declined to 23.26% under 250 uM Cd and 22.84% under 500
uM Cd.

Application of SA significantly increased the amylose
content in brown rice. The amylose contents in brown rice
both in SA spray treatment as well as in SA seed treatment
were non significantly different. Similarly, amylose contents in
brown rice both under water spray and control treatments
were also at par.

Interaction effect of SA with Cd on amylose content in

brown rice was non significant.

4.8.3 Cadmium content in brown rice

The data for Cd concentration in brown rice is
presented in the Table 14. Increasing levels of Cd application
progressively increased Cd concentration in brown rice. Cd
concentration in control was 0.14 pg g''DW which was elevated
to 0.38 pg g under 250 uM Cd and 1.57 pg g''DW under 500
uM Cd.

Application of SA lowered down the Cd concentration
in brown rice. The values of Cd concentration in brown rice

was lowered down from 0.14 pg g'DW in control to 0.09 nug
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g !DW in SA spray treatment and 0.10 pg g'!DW in SA seed
treatment. Cd concentration in brown rice under water spray
and control treatments were at par.

Interaction effect of SA with Cd on Cd concentration in
brown rice was significant. SA treatment lessened the Cd
induced increase in Cd content in brown rice. In this regard,
SA spray treatment was more effective than SA spray
treatment. The SA spray treatment lowered down the values of
Cd concentration in brown rice from 0.38 pug g 1DW to 0.22 ug
g 1DW under 250 uM Cd and from 1.57 pg g''DW to 0.81 ug g
IDW under 500 uM Cd applied to soil.
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CHAPTER -V

DISCUSSION

The present investigation was undertaken on
“physiological and biochemical effects of salicylic acid on rice
(Oryza sativa L.) under cadmium stress”. In this chapter, an
attempt has been made to offer explanations and
experimental evidences for the observed variations in the
experimental results. The results obtained in the present

study are discussed herewith under the following heads:

o Growth

o Plant water relations

o Gaseous exchange studies
o Biochemical estimations

J Cadmium concentration

o Yield and its attributes

o Quality of brown rice

5.1 Growth

Growth is one of the best indices for evaluating plant
response to environment stress. Cadmium adversely affects
rice growth and metabolism (Shah and Dubey, 1995; 1997).

In the present work, when the plants were exposed to 250 uM
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to 500 uM Cd kg'! soil, a significant decrease in plant height
(Table 1) of rice plant was observed. This accorded with
earlier reports in rice (Liu et al., 2007; Hassan et al., 2005;
Moya and Picazo, 1993). The decrease in plant height may be
due reduction in cell division and cell expansion which are
turgor driven physiological processes adversely affected by
Cd stress (Somaskhekaraiah et al.,, 1992). Barcelo et al
(1988) suggested that reduced cell turgor potential and cell
wall elasticity led to formation of small cells and intercellular
space area under Cd treated plant. SA application
significantly increased the plant height (Table 1). SA spray
treatment proved better than SA seed treatment in partially
improving plant height under Cd stress. Improvement in
plant height might be due to higher values of RWC (Table 4)
with the SA application. Such an increase in plant height has
also been observed with the application of 0.25 mM SA in
Kentucky bluegrass (He et al., 2005).

Number of tillers per plant is another important
vegetative growth parameter of plant affected by Cd stress. In
the present study, when the plants were exposed to 250 uM
to 500 uM Cd kg'! soil, a significant decrease in number of
tillers per plant (Table 1) of rice plant was observed. This
accorded with earlier reports in rice (Liu et al., 2007). The
decrease in number of tillers per plant may be due reduction

in cell division and cell expansion which are turgor driven
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physiological processes adversely affected by Cd stress
(Somaskhekaraiah et al.,, 1992). Barcelo et al. (1988)
suggested that reduced cell turgor potential and cell wall
elasticity led to formation of small cells and intercellular
space area under Cd treated plant. Application of Salicylic
acid significantly increased the number of tillers per plant
(Table 1). SA spray treatment proved better than SA seed
treatment in partially improving the number of tillers per
plant under Cd stress. Improvement in number of tillers per
plant might be due to higher values of RWC (Table 4) and
photosynthetic rate (Table 5) with the SA application.

Leaf growth, an important attribute of plant growth
and productivity, is sensitive to Cd stress. In the present
study, when the plants were exposed to 250 uM to 500 uM Cd
kg1 soil, a significant decrease in leaf area per plant
(Table 1) of rice plant was observed. This accorded with
earlier reports in rice (Liu et al., 2007). The decrease in leaf
area per plant may be due reduction in cell division and cell
expansion which are turgor driven physiological processes
adversely affected by Cd stress (Somaskhekaraiah et al.,
1992). Barcelo et al. (1988) suggested that reduced cell
turgor potential and cell wall elasticity led to formation of
small cells and intercellular space area under Cd treated
plant. SA application significantly increased the leaf area

per plant (Table 1). Such increase in leaf area has been
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reported earlier in maize (Khan et al.,, 2003). SA spray
treatment proved better than SA seed treatment in partially
improving the leaf area per plant under Cd stress.
Improvement in leaf area per plant might be due to higher
values of RWC (Table 4) and photosynthetic rate (Table 35)

with the SA application.

In addition to plant height, number of tillers and leaf
area, other growth parameters viz. dry weight of shoot
(Table 3) and its components: stem, leaf and panicles weight
(Table 2 and 3) showed significant decrease with the
increasing levels Cd (250 uM to 500 uM Cd kg! soil) stress.
This accorded with earlier reports in rice (Liu et al., 2007;
Hsu et al. (2006). Liu et al. (2007) in pot experiments on rice
showed that plant height, numbers of tillers, leaf area, and
dry matter accumulation of root, straw and total plant were
significantly reduced under high level of soil Cd stress (100
mg kg-1). SA application significantly increased the total dry
weight of shoot as well as their components (dry weights of
stem, leaf and panicle) at harvest. Increase in dry weight of
maize has been reported with SA application (Khan et al.,
2003). SA spray treatment being better than seed treatment
in partially improving the total dry weight of shoot as well as
their components under Cd stress. Improvement in dry
weight of shoot and its components: stem, leaf and panicles

weight might be due to higher values of plant height (Table
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1), numbers of tillers (Table 1), leaf area (Table 1), plant
water status (Table 4) and photosynthetic rate (Table 5) with

the SA application.

5.2 Plant water relations

Cadmium reduces water uptake, transport and
transpiration (Vassilev et al., 1997) which causes disturbed
water balance in plants. Data presented in Table 4 showed
decrease in water potential (WYw) when the plants were
exposed to 250 uM to 500 puM Cd kg-! soil. Decreased Ww
under Cd stress has been reported earlier in barley by
(Vassilev et al.,, 1997); in lettuce by (Costa and More, 1994 and
in bean by (Poschenrieder et al., 1989). Application of SA
significantly improved the Ww of leaf over control. The Ww
was slightly higher in SA spray treatment than in SA seed
treatment. Such an increase in Ww with SA application in
tomato has been observed by Tari et al. (2002).

Data presented in Table 4 showed decrease in
osmotic potential when the plants were exposed to 250 uM to
500 uM Cd kg'! soil. Decreased osmotic potential under Cd
stress has been reported earlier in barley by (Vassilev et al.,
1997); in white lupin by (Costa and Morel, 1994; Costa et al.,
1997); in bean by (Poschenrieder et al., 1989) and in
sunflower by Pena et al. (2006). Application of SA

significantly improved the Ws of leaf over control. The Ws was
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slightly higher in SA spray treatment than in SA seed
treatment.

The data presented in Table 4 showed decrease in
relative water content when the plants were exposed to 250
uM to 500 uM Cd kg! soil. Decreased relative water content
under Cd stress has been reported earlier in barley by
(Vassilev et al., 1997); in lettuce by (Costa and Morel, 1994; in
bean by (Poschenrieder et al., 1989) and in sunflower by
Pena et al (2006). Application of SA significantly improved
the RWC of leaf over control. The RWC was slightly higher in

SA spray treatment than in SA seed treatment.

5.3 Gaseous exchange studies

Cadmium inhibits the photosynthetic rate in plants
(Vassilev et al.,, 1997). In the present work, the data
presented in Table 5 showed decrease in photosynthetic rate,
when the plants were exposed to 250 uM to 500 uM Cd kg-!
soil. Similar results have been reported earlier in rice by
Moya et al. (1993) and in wheat by Samiulla et al. (2007). The
reduction in photosynthesis under Cd stress was mainly due to
the decreased Ww (Table 4) and RWC (Table 4) which led to
loss of leaf turgor and ultimately decreased stomatal
conductance (Table J5). Another factor contributing to
photosynthetic inhibition under Cd stress may be decreased

chlorophyll content (Table 6) and reduced leaf area (Table 1).
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Application of SA increased the photosynthetic rate of leaf.
Increase in photosynthetic rate was more in SA spray
treatment than in SA seed treatment over control. Similar
results have been obtained in corn with the application of SA
(Khan et al., 2003). Higher photosynthetic rate of SA spray
treatment could be attributed to its higher Ww (Table 4), RWC
(Table 4), stomatal conductance (Table 5) and chlorophyll
content (Table 6). Chandra and Bhatt (1998) reported that
high chlorophyll content in cowpea which showed a good
correlation with the net photosynthetic rate after the spray
application of SA. Contrary to this, Janda (2000) observed a
decrease in net photosynthesis, stomatal conductivity and
transpiration after 1 day of benzoic acid or aspirin (SA anologue)

treatment at 22/20°C in maize.

In the present work, the data presented in Table 5
showed decrease in transpiration rate when the plants were
exposed to 250 uM to 500 uM Cd kg! soil. Similar results
have been reported earlier in rice by Hsu et al. (1993) and in
barley by Vassilev et al. (1997). The reduction in rate of
transpiration under Cd stress was mainly due to the decreased
Wy (Table 4) and RWC (Table 4) which led to loss of leaf
turgor and ultimately decreased stomatal conductance (Table
5). SA spray treatment in general showed more transpiration

rate than SA seed treatment. Similar results have been
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obtained in corn with the application of SA (Khan et al,
2003). The higher transpiration rate of SA spray treatment
could be attributed to its higher Ww (Table 4), RWC (Table 4)
and stomatal conductance (Table 5). Contrary to this, Janda
(2000) observed a decrease in transpiration after 1 day of
benzoic acid or aspirin (SA anologue) treatment at 22/20°C in

maize.

In the present work, the data presented in Table 5
showed decrease in stomatal conductance when the plants
were exposed to 250 uM to 500 pM Cd kg'! soil. Similar
results have been reported earlier in barley by Vassilev et al.
(1997); in wheat by Samiulla et al. (2007). The reduction in
stomatal conductance under Cd stress was mainly due to the
decreased Ww (Table 4) and RWC (Table 4) which led to loss of
leaf turgor and ultimately decreased stomatal conductance.
Application of SA increased the stomatal conductance.
Increase in stomatal conductance was slightly higher in SA
spray treatment than in SA seed treatment over control.
Similar results have been obtained in corn with the
application of SA (Khan et al., 2003). The higher stomatal
conductance of SA spray treatment could be attributed to its
higher Ww (Table 4), RWC (Table 4). Contrary to this, Janda

(2000) observed a decrease in net photosynthesis, stomatal
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conductivity and transpiration after 1 day of benzoic acid or

aspirin (SA anologue) treatment at 22/20°C in maize.

5.4 Biochemical estimations

Plants exposed to Cd showed a series of physiological
disorders, such as decreases in chlorophyll, sugar and
protein contents, reduction in photosynthetic carbon
assimilation and changes in related enzymes activity, and a
drop in yield (Satyakala, 1997). In the present study, various
biochemical estimations like chlorophyll, total soluble
carbohydrate, total soluble protein, total free amino acids,
free proline, malondialdehyde content and membrane injury
percentage were perform to understand the biochemical

effect of SA under the Cd stress.

Data presented in Table 6 showed decrease in total
chlorophyll content when exposed to Cd stress. Decreased
total chlorophyll content under Cd stress has been reported
earlier in rice by Hsu and Kao (2003), Chien et al. (2001).
The decreased chlorophyll content under Cd stress may be
due to decreased synthesis (Storbart et al., 1985) and
increased degradation of chlorophyll (Somashekaraiah et al.,
1992). SA spray, showed higher chlorophyll content than the
SA seed treatment. Similar observations have also been made

by Chandra and Bhatt (1998) who have reported that high
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chlorophyll content in cowpea which showed a good
correlation with the net photosynthetic rate after the spray

application of SA.

Carbohydrates (total soluble carbohydrate) are other
important biochemical metabolites estimated under Cd
stress. Carbohydrates are the building block of plant and are
important source of energy for various physiological and
biochemical processes. Total soluble carbohydrate (Table 6)
decreased under Cd stress. Such decrease of total soluble
carbohydrate under Cd stress have been reported in rice by
Moya et al. (1993). The decreased level of total soluble
carbohydrate resulted from the decreased hydrolysis of
starch, as Cd stress inhibits amylase activity (Verma and
Dubey, 2001). SA spray treatment in general revealed more
total soluble carbohydrate than SA seed treatment even
under Cd stress. Increase in total soluble carbohydrate
content and reduction in starch content in leaves of Indian
mustard has been shown with the spray of 25 and 50 mg L-!
SA (Sangha and Atwal, 2004). Whereas, Spray of SA (100 and
500 mg L-!) decreased the total soluble carbohydrate content
in ber plants cv. Tikadi and cv. Gola, (Bohra and Gardi,

2003; 200595).
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Data presented in Table 7 showed decrease in total
soluble protein under Cd stress. Such decrease in total
soluble protein under Cd stress has been reported earlier in
rice by (Hsu et al., 2006), Hsu and Kao (2003) and Chien et
al. (2001). Hsu et al. (2006) observed that Cd increased
protease activity and amino acid content in non tolerant lines
but not in tolerant lines, suggesting that proteolysis or
accumulation of amino acids might play some role in
regulating Cd toxicity. SA spray treatment had more total
soluble protein than SA seed treatment even under Cd
stressed plants. Contrary to this, reduced level of soluble
protein has been observed in ber with increasing

concentration of SA spray (Bohra and Gardi, 2003; 2005).

Data presented in Table 7 showed increase in total
free amino acids when plants were exposed to Cd stress.
Similar results have been reported in rice by Hsu and Kao
(2003). SA spray treatment showed higher amount of total
free amino acid than seed treatment of SA even under Cd

stress.

In the present study, a conspicuous accumulation of
free proline (Table 7) and total free amino acids (Table 7)
accompanied with appreciable depletion of total soluble

protein (Table 7) was observed under Cd stress. Proline is an
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index of stress resistance and its accumulation contributes
to maintain proper balance between extracellular and
intracellular osmolarity under stress. High accumulation of
proline helps maintaining turgor that is necessary for cell
expansion. The increased concentration of proline in
response to Cd stress showed a positive relationship with
decreased water potential of leaf (Table 4). The possible way
of proline accumulation might be either due to increased
proteolysis or due to decreased protein synthesis (Table 7).
Such changes in proline level were also reported in rice
(roots) by Chen and Kao (1995) and in barley by Vassilev et
al. (1998). SA spray treatment in general attained less
proline content than seed treatment of SA even under Cd
stress. Tammam (2003) reported that spraying with SA
retarded the accumulation of proline in Vicia faba plant..
While, Bohra and Gardi (2003; 2005) observed that response
of SA spray (500 mg L-!) on proline accumulation was
depending upon cultivars of ber plant used. Cultivar ‘Tikadi’
accumulated proline while ‘Gola’ decreased the

accumulation.

The data presented in Table 8 showed increase in
Malondialdehyde content in Cd stressed rice leaves was
observed to be greater than that in control. This showed that

Cd-induced toxicity in rice leaves was linked to lipid



DISCUSSION 81

peroxidation. Lipid peroxidation is a free radical mediated
process (Foyer et al.,, 1997). The striking increase in lipid
peroxidation in Cd-treated plant may a reflection of oxidative
damage to the plant (Chien et al., 2001). SA spray treatment
in general showed less lipid peroxidation than seed treatment
of SA even under Cd stress. Application of SA partially
prevented the increase in lipid peroxidation (Table 8) as well
as the decrease in chlorophyll (Table 6) and protein contents
(Table 7). Lowering effect of SA on lipid peroxidation has

been reported in rice by Choudhury and Panda (2004).

The results on membrane injury percentage (Table 8)
reveal that it increased under Cd stress. Similar results of
increase in membrane injury have also been reported in rice
roots by Choudhury and Panda (2004). SA spray treatment in
general showed less membrane injury than SA seed
treatment even under Cd stress. Lowering effect of SA on
membrane injury has been reported in rice by Mishra and

Choudhuri (1999).

5.5 Cadmium concentration in plant parts

The data presented in Table 9 reveal that increasing
levels of Cd stress significantly increased the concentration
of Cd in shoot and its components (Stem, leaf and panicle) at

harvest. Increased Cd concentration under Cd stress has
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been reported in rice by Chien et al. (2004) and Hsu and Kao
(2003). SA application significantly lowered down Cd
concentration of shoot and its components (Stem, leaf and
panicle) even under Cd stress. SA spray treatment was better
than seed treatment in lowering down the Cd-induced
elevation on Cd concentration of shoot and its components.
However, Drazic and Mihailovi (2005) have reported SA does
not decrease Cd uptake of the soybean seedlings, but
changes its distribution in plant organs depending on the
concentration of added Cd, indicating that the influence of
SA on the alleviation of toxic effects of Cd is probably
indirect, through a development of general anti stress

response.

5.6 Yield and its attributes

It was reported that plants exposed to Cd showed a
series of physiological disorders, such as decreases in
chlorophyll, sugar and protein contents, reduction in
photosynthetic carbon assimilation and changes in related
enzymes activity, and a drop in yield (Satyakala, 1997). In
the present study, Cd stress (250 uM to 500 uM Cd kg-! soil)
adversely affected the yield (Table 13) and its components:
number of panicles per plant (Table 11), number of spikelets
per panicle (Table 11), filled grain percentage (Table 12) and

1000-grain weight (Table 12) over control. Out of four yield
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components rice, number of panicles per plant and number
of spikelets per panicle were more sensitive yield components
responsible for decrease in grain yield than, filled grain
percentage and 1000-grain weight under Cd stress. Such
results have also been obtained in rice by Liu et al. (2007).
They have reported that grain number per panicle was the
main cause of the loss in grain yield under Cd stress.
Cadmium stress also reduces the source strength by
reducing photosynthesis (Table 5) thus decreasing the
translocation of metabolites contributing toward yield. Grain
yield and its components were higher in SA treated plants.
SA spray treatment being better than SA seed treatment
partially alleviated the grain yield more under Lower level
(250 mM) Cd stress than under higher level (500 mM) Cd
stress. It may be due to better growing environment in this
treatment which is clearly reflected in higher plant water

status (Table 4) and higher growth parameters (Table 1-3).

5.7 Quality of brown rice

In the present study, the content of starch and
amylose (Table 14) significantly decreased in brown rice with
the increase in levels of Cd stress. Decrease in starch content
in pea seed have been reported under Cd stress by Dewan
and Dhingra (2004). Application of SA slightly increased the

starch and amylose content in brown rice.
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Cadmium  stress significantly  increased  the
concentration of Cd in brown rice. Similar increase in Cd
concentration in brown rice has been reported by Arao and
Ishikawa, (2006) and Cheng et al. (2006). Application of SA
slightly decreased the Cd concentration in brown rice even

under Cd stressed plants.
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CHAPTER -VI

Summary and

Conclusions

The present investigation on “Physiological and
biochemical effects of salicylic acid in rice (Oryza sativa L.)
under cadmium stress” was conducted during Kharif 2006
in the screen house, Department of Botany and Plant
Physiology, Chaudhary Charan Singh, Haryana Agricultural
University, Hisar. The plants were grown in polythene lined
earthen pots containing 6 kg of sandy loam soil. The
experiment was laid out in factorial completely randomized
design with three replications. The treatments consisted of
four levels of salicylic acid (SA) application (0 uM SA seed
treatment as control, 100 uM SA seed treatment, O uM SA
spray as water spray at booting stage and 100 uM SA spray
at booting stage) and three levels of cadmium (Cd)
application as CdCl2.H20 through soil at 30 days after
sowing viz. 0, 250 and 500 uM kg-! soil. The results achieved

are summarized as follows:

The increasing levels of Cd stress significantly reduced
the plant height, number of tillers and leaf area at flowering.
SA application significantly increased the values of these

parameters. SA spray treatment proved better than SA seed
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treatment in partially improving these parameters under Cd

stress.

Cd stress significantly reduced the total dry weight of
shoot as well as their components (dry weights of stem, leaf
and panicle) at harvest. SA application significantly
increased these parameters. SA spray treatment being better
than seed treatment in partially improving the total dry

weight of shoot as well as their components under Cd stress.

Cd stress significantly reduced the plant water relation
parameters viz. Ww, Ws, and RWC of leaf at flowering. SA
application increased all the above parameters. SA spray
treatment being better than seed treatment partially

improved these parameters under Cd stress.

Remarkable decrease in gaseous exchange studies i. e.
rate of photosynthesis, transpiration and stomatal
conductance at flowering occurred under Cd stress. SA
application showed a significant improvement on the above
parameters. Improvements on these parameters were slightly
higher in SA spray treatment than in seed treatment under

Cd stress.

Cd stress significantly reduced the content of total
chlorophyll, total soluble carbohydrate and total soluble
protein in leaf at flowering. SA application significantly
increased the content of these parameters. The improvements
on these parameters were slightly more with SA spray

treatment than with seed treatment under Cd stress.

Cd stress significantly increased the contents of total
free amino acids, free proline, malondialdehyde (lipid

peroxidation) and percentage of membrane injury in leaf at
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flowering. SA application significantly increased the free
amino acids. SA spray treatment was slightly better than
seed treatment under Cd stress. However, free proline
content, lipid peroxidation and percentage of membrane
injury decreased with SA application. SA spray treatment
was better than seed treatment in lowering down the Cd-
induced elevation on free proline content, lipid peroxidation

and percentage of membrane injury.

Increasing levels of Cd stress significantly increased the
concentration of Cd in shoot and its components (Stem, leaf
and panicle) at harvest. SA application significantly lowered
down Cd concentration of the above parameters. SA spray
treatment was better than seed treatment in lowering down

the Cd-induced elevation on these parameters.

Cd stress adversely affected the yield and its
components (Number of panicles per plant, number of
spikelets per panicle, filled grain percentage and 1000-grain
weight) over control. Number of panicles per plant and
number of spikelets per panicle were more sensitive yield
components responsible for decrease in grain yield. Likewise,
filled grain percentage and 1000-grain weight also got
reduced under Cd stress. Grain yield and its components
were higher in SA treated plants. SA spray being better than
SA seed treatment partially alleviated the grain yield more
under Lower level (250 mM) Cd stress than under Higher
level (500 mM) Cd stress.

The content of starch and amylose significantly
decreased in brown rice with the increase in levels of Cd
stress. Application of SA slightly increased the starch and

amylose content in brown rice.
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Cd stress significantly increased the concentration of
Cd in brown rice. Application of SA slightly decreased them

in brown rice even under Cd stressed plants.
Conclusion

Considering the response of above parameters it can be
concluded that Cd stress reduced the morpho-physiological
and biochemical characters leading to reduced grain yield to
the extent of 42.9 per cent. The reduction in grain yield was
mainly due to reduction in yield components viz. number of
panicles per plant, number of spikelets per panicle, filled
grain percentage and 1000-grain weight. Application of SA,
particularly as spray, partially improved the physiological
and biochemical processes under Cd stress and thereby
exhibited more growth and yield as compared to control as

well as water spray treatment.

Cd stress decreased the starch and amylose content in
brown rice, but increased the Cd concentration in it. SA
application slightly improved the starch and amylose content

while decreasing the Cd concentration in brown rice.
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APPENDIX - I

Physico-chemical characteristics of the soil

Parameter Values
pH (1:2) 7.7
EC (1:2) (dS m-}) 0.2
OC (%) 0.2
CEC (cmol kg1) 11.6
Sand (%) 78.0
Silt (%) 9.7
Clay (%) 12.3
Textural class Sandy loam
Available nitrogen (kg ha-1) 80.5
Available phosphorus (kg ha-|15.1

Y

Available potassium (kg ha-l) |150.0
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The present study entitled “Physiological and biochemical effects of
salicylic acid in rice (Oryza sativa L.) under cadmium stress” was
conducted during Kharif 2006 in pots in the screen house, Department of
Botany and Plant Physiology, CCS Haryana Agricultural University,
Hisar. The experiment was laid out in factorial completely randomized
design with three replications. The treatments consisted of four levels of
SA (0O uM as control, 100 pM seed treatment, O pM as water spray at
booting stage and 100 uM spray at booting stage) and three levels of Cd
viz. 0, 250 and 500 uM kg-1 soil applied after 30 days of sowing.

Growth of rice plant in terms of plant height, number of tillers and
leaf area at flowering, and total dry weight of shoot and its component

(stem, leaf and panicle) at harvest decreased under Cd stress. SA spray



treatment proved better than SA seed treatment in partially improving
these parameters under Cd stress.

Cd stress significantly reduced the Wy, Ws, RWC, rates of
photosynthesis, transpiration and stomatal conductance, and contents of
total chlorophyll, total soluble carbohydrate and total soluble protein in
leaf at flowering. SA spray treatment being better than seed treatment
partially improved these parameters under Cd stress.

Considerable increase in the contents of total free amino acids, free
proline, malondialdehyde (lipid peroxidation) and percentage of
membrane injury in leaf at flowering, and the Cd concentration in shoot
and its components (Stem, leaf and panicle) at harvest were observed
under Cd stress. SA spray treatment being more effective than seed
treatment counteracted the Cd-induced elevation on these parameters

Cd stress adversely affected the yield and its components number
of panicles per plant, number of spikelets per panicle, filled grain
percentage and 1000-grain weight) over control. Among these, number
of panicles per plant and number of spikelets per panicle were more
sensitive yield components responsible for decrease in grain yield under
Cd stress. Grain yield and its components were higher in SA treated
plants. SA spray being better than SA seed treatment partially alleviated
the grain yield more under 250 mM of Cd than under 500 mM of Cd.

In brown rice, starch and amylose content decreased but Cd
concentration increased under Cd stress. Application of SA decreased the
Cd concentration and showed partial improvement in starch and amylose

content in brown rice under Cd stress.
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