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Three levels of potassium rates [80kgK,Oha~!, 120kgK,Oha! and 160kgK,Oha') and two types
potassium (KCl and K,SO4) on rice under cyclic water stress 15 days and the absolute control
(80kgK,0ha~! of KCl fertilizer on rice under control flooded) were exposed to rice to investigate the
influence of potassium in minimizing cyclic water stress effects in rice. It was found as fertilization rates
increased from 80> 120> 160 kg K;0 ha~! the production of proline was increased. The increase in proline
production was simultaneously enhanced the production of Catalase and Maliondialdehyde. As the potas-
sium rate increased from 80> 120> 160 kg K,O ha~"', the transpiration rate was observed to be increased
in both potassium types, The result suggested that high potassium rates would reduce water stress effects
by having high transpiration rate. High transpiration rate would increase the nutrient uptake that would
repair the damage tissue under water stress thus reduce the oxidative stress of rice under water stress
condition. This been showed by high significant positive correlations of transpiration rate with CAT activ-
ity (r=0.871; p<0.05), MDA (r=0.914; p <0.05) and Proline (r=0.842; p <0.05). It was found that the
increase of K rates by KCl increased NAR higher than the increased K rates in K;SO4. This might be due to
higher absorption of K element in rice by KCl compared to K,SO4. The study has showed that application
of potassium either KCI or K,SO4 would minimize the effects on rice growth and physiology under cyclic
water stress. The current study also suggested that plant tolerate to cyclic water stress by increased the
production of proline, MDA and decrease of Catalase activity to protect the plant from damage from water

stress.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

for rice growth and productivity. Drought stress reduces both nutri-
ent uptake by the roots and transport from roots to the shoots, due

Rice is the major source of carbohydrate to millions of people
world over, particularly in Asia (Price and Tomos, 1997). Rice pro-
ductivity has been reduced due to global warming that has limited
the availability of fresh water for rice crop, particularly under rain-
fed conditions (Liu et al., 2010). To produce 1 kg of grain, farmers
have to supply 2-3 times more water in rice fields than other cere-
als (Banoc et al., 2000). In Asia, more than 80% of the developed
freshwater resources are used for irrigation purposes; about half of
which is used for rice production (Asch et al., 2005). Among all the
environmental stresses, drought is one of the most severe stresses
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to restricted transpiration rates and impaired active transport and
membrane permeability (Colmer et al., 1998). Rice is very sensitive
to water stress and attempts to reduce water inputs may tax true
yield potential (Fukai and Cooper, 1995). The challenge is to develop
novel technologies and production systems that would allow rice
production to be maintained at the face of declining water avail-
ability.

The application of potassium, K can minimize the drought effects
of rice. Potassium has substantial effect on enzyme activation,
protein synthesis, photosynthesis, stomatal movement and water
relations (turgor regulation and osmotic adjustment) in plants
(Marschner 1995). Increased application of K has been shown to
enhance photosynthetic rate, plant growth, yield, and drought
resistance in different crops under water stress conditions (Yadav
et al., 1999; Egila et al., 2001; Pervez et al., 2004). K-fed plants
maintained higher leaf water potential, turgor potential and rel-
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ative water content and lower osmotic potential as compared to
untreated plants of Vignaradiata (Nandwal et al., 1998), maize
(Premachandra et al., 1991), and wheat (Pier and Berkowitz, 1987;
Sen Gupta et al., 1989) grown under water stress. Nodulation,
nitrogenase activity and dry matter yield increased with incre-
mental K supply in broad bean grown at moisture level of only
1/4 of field capacity (Abd-Alla and Wahab, 1995). K is predom-
inant in accumulating solute during drought in tropical grasses
(Ford and Wilson, 1981), soybean (Itoh and Kumara, 1987), maize
(Premachandra et al., 1991), cotton (Pervez et al., 2004) and olive
trees and sunflower (Benlloch-Gonzalez et al., 2008) and signifi-
cantly contributed to osmotic adjustment.

Under water-deficit conditions, K nutrition increases crop toler-
ance to water stress by utilizing the soil moisture more efficiently
than in K-deficient plants. The positive effects of K on water stress
tolerance may be through promotion of root growth accompa-
nied by a greater uptake of nutrients and water by plants (Rama
Rao, 1986) and through the reduction of transpirational water loss
(Beringer and Trolldenier, 1978). Also, K maintains the osmotic
potential and turgor of the cells (Hsio, 1973; Lindhauer, 1985)
and regulates the stomatal functioning under water stress con-
ditions (Umar, 2006; Kant and Kafkafi, 2002), which is reflected
in improved crop yield in drought conditions (Umar and Bansal,
1997; Umar and Moinuddin, 2002). Besides, it takes part in many
essential processes in plants (Marschner, 1995) and enhances pho-
tosynthetic rate, plant growth and yield under stress conditions
(Egila etal., 2001; Sharma et al., 1996; Tiwari et al., 1998; Umar and
Moinuddin, 2002). The protective role of K in plants suffering from
drought stress has been attributed to the maintenance of a high pH
in stroma and against the photo-oxidative damage to chloroplasts
(Cakmak, 1997).

Despite can alleviate water stress effect onrice, potassium are an
essential component of plant nutrition and usually used in the form
of chloride (KCl), sulfate (K,SO4) and nitrate (KNO3). However, in
Malaysia two types potassium are usually found (KCI and K;SO4).
The used of KCl and K,SO4 in reducing the water stress effects was
never reported. There was also no recommendation rate of what
rates are efficient to tolerate water stress. With that, the objective
of present study was (1) to identify the best types (KCl and K;SO4)
and rates of potassium application (80, 120 and 160kgK,0ha™1)
in alleviation of water stress in rice. The project was also (2) to
investigate the growth and yield, leaf gas exchange and biochemical
of rice under cyclic water stress and potassium fertilization. The last
objective was (3) to understand the relationship between the yield
and leaf gas exchange properties in alleviating water stress effects
with potassium fertilization. Understanding the physiological and
morphological responses of rice under different cyclic water stress
and potassium fertilization is imperative for efficient management
of agronomical inputs (irrigation and nutrient) because two of it is
important in rice cultivation.

2. Materials and methods
2.1. Experimental location, plant materials and treatments

MR220 rice seeds provided by MARDI Genebank Seberang Perai
were germinated and transplanted to tank containing Soil Bakau
Series (EC=2.83dSm™!; pH 5.1) on 15 days after sown (DAS) in
the greenhouse of Ladang 2, Universiti Putra Malaysia, Serdang,
Selangor, Malaysia (3°0'34.9020"N latitude; 101°42’7.0416"E lon-
gitude; altitude of 46 m above sea level) from December 2009
until April 2010. The light intensity inside the glasshouse was from
225 to 1450 pmol m—2 s~1. The relative humidity was between 50
and 60% with a mean atmospheric pressure of 1.013 kPa. The tank
with size approximately (55 x 55 x 55)cm had 9 seedlings trans-

planted in 3 rows x 3 column with space of 20cm. From 0 DAS
until 30 DAS, seedlings were watered with adequate amount of
water for 1cm water level from soil. And on 30 DAS, all tanks
were watered at 10 cm water level from soil before first treatment
was applied. This factorial experiment was arranged in random-
ized complete block design (RCBD) replicated four times with two
factors i.e. potassium types (KCl and K,SO4) and potassium rates
in K,0 (80kgK,0/ha (control), 120 kg K,O/ha and 160 kg K;0/ha).
The rice seedlings were exposed to cyclic water stress for 15 days.
In this experiment, absolute control was rice irrigated at control
flooded + 80 kg K, O/ha of KCI fertilizer based on standard grower
practices in Malaysia. Other fertilizer important like urea (46% N)
and triose super phosphate (46% P,05) being added as normal fer-
tilization applied at 120 kg N/ha and 70 kg P, Os/ha respectively.

2.2. Measurement

2.2.1. Growth and yield

Rice was harvested when 70% of rice shown ripening colour. Rice
panicles with spikelets were cut and collected for every unit before
being dried in oven at 60°C for 2 days. Total panicles for every
unit were counted. Then, rice spikelets or grains were separated
from the panicle into 2 groups, unfilled grain and filled grain. From
here, grainyield, 1000-grains weight and filled spikelets percentage
were counted. The rice yield per pot was measured based on grain
of 14% moisture content yield weight per pot. Meanwhile for straw
biomass was collected from the remaining of plant (without panicle
and root) and was dried in a large oven at 70 °C for 3 days. Then the
straw was measured for average of 3 hills per unit and being calcu-
lated for pot area. Meanwhile harvest index was calculated based
on ratio of economic yield to total biomass produced. Water pro-
ductivity in terms of irrigation was determine by following Molden
etal.(2003) as yield (kg ha=1)/irrigation inflow (Lha~1). Total plant
biomass was taken by calculating the dry weight of root, boles and
leaves per seedling. Destructive plant analysis was carried out every
3 weeks for 15 weeks. The plant parts were placed in paper bags
and oven dried at 80°C until constant weight was reached using
electronic weighing scale (CDS 125, Mitutoyo Inc., Japan). Leaf area
per plant was measured using a leaf area meter (LI-3100, Lincoln
Inc., USA). The leaves were arranged within the field of view, and
overlapping of adjacent leaves was avoided. Growth analysis was
calculated on an individual plant basis through the measurement of
total plant leaf area and dry weight. Net assimilation rate (NAR) was
calculated based on biomass and leaf area parameters according to
the formula reported by Khan et al. (2012).

2.2.2. Leaf gas exchange measurements

The measurement was obtained from a closed infra-red gas ana-
lyzer LICOR 6400 Portable Photosynthesis System (IRGA, Licor Inc.,
Lincoln, NE, USA). The measurements used optimal conditions set
of 400 wmolmol~1CO,, 30°C cuvette temperature, 60% relative
humidity with air flow rate set at 500 cm3 min~!, and modified
cuvette conditions of 225, 500, 625 and 900 pmol m~2 respectively,
photosynthetically photon flux density (PPFD), according to the
irradiance treatment. Gas exchange measurements were carried
out between 0900 h and 1100 h, using fully expanded young leaves
numbered 3 and 4 from plant apex to record net photosynthesis
rate (A). The operation was automatic and the data were stored
in the LI-6400 console and analyzed by “Photosyn Assistant” soft-
ware (version 1.0; Dundee Scientific: Dundee, Scotland, UK, 2000).
Several precautions were taken to avoid errors during measure-
ments. Leaf surfaces were cleaned and dried using tissue paper
before being enclosed in the leaf cuvette. All measurements were
record on fully expanded leaf. Water use efficiency was measured
based on the equation by Tanner and Sinchlair (1983):
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Table 1
Impact of potassium rates on growth and yield of rice.

Potassium rates Panicle dry Root dry weight Rice yield Harvest index
(kgK,0ha1) weight plant~! plant~! (gtank™1) (HI)

(g) (g)
Control* 23.94+3.23a 0.34+0.02b 319.15+£22.97a 0.52+0.12a
80 12.31+1.25d 0.314+0.12b 129.43 +25.81c 0.30+0.22d
120 21.62 +£0.65b 0.31+0.08b 211.40+23.26b 0.42+0.42b
160 18.29+1.27c 0.45+0.06a 191.19 +44.48b 0.40+0.31c
Main effects
K Rates o o o o
K Types ns ns ns ns
KRxKT ns ns ns ns

All analyses are mean + standard error of means (SEM), *control =80 kg K,0 ha~! KCI fertilizer+ control flooded, ** =significant at 1% level, ns =no significant (P<0.05).

WUE = P—an =net Co2 assimilation rate (mol/m?/s) and Epis
evapo-transpiration rate (mmol/m?/s).

2.2.3. Assay of Catalase (CAT) activity

2.2.3.1. Preparation of enzyme extracts. To determine the enzy-
matic activities of the antioxidant proteins, a crude enzyme extracts
was prepared by homogenizing 500 mg of leaf tissue in extraction
buffer containing 0.5% Triton X-100 and 1% polyvinylpyrrolidone
in 100mM potassium phosphate buffer (pH 7.0) using a chilled
mortar and pestle. The homogenate was centrifuged at 15,000 rpm
for 20min at 4°C. The supernatant was used for the enzymatic
assays. Catalase activity (CAT; EC 1.11.1.6) was determined by con-
sumption of H,0, using the method of Aebi (1983). The reaction
mixture (3 mL) contained 50 mM potassium phosphate buffer pH
7.0, 15 mM H;0; and 50 p.L enzyme extract. The reaction was initi-
ated by adding the H, 0. The consumption of H, O, was monitored
spectrophotometrically at 240 nm for 3 min. Enzyme activity was
expressed in micromole per liter H,0, min—1.

2.2.4. Malondialdehyde (MDA content)

1g of fresh leaves was ground in 5mL of 0.5% trichloroacetic
acid (TCA) and centrifuged at 1000x g for 15 min. The mixture
containing 1 mL of the supernatant and 4 mL of 0.5% thiobarbituri-
cacid (TBA) in 20% TCA was heated at 100°C for 30 min and then
cooled to room temperature. The specific absorbance (at 532 nm)
of the extract (relative to the background absorbance at 600 nm)
was determined. The concentration of malondialdehyde (MDA)
was expressed in pmolg~! FW (fresh weight of leaves), using a
molar extinction coefficient equal to 155 x 105 mmol~! cm~1.

2.2.5. Proline determination

About 5mg of lyophilized and homogenized samples were
extracted in 0.5mL of 3% 5-sulphosalicylic acid for 15 min. Then
the samples were centrifuged at 21,000 x g for 15 min. The clear
supernatant (200 L) was transferred to polypropylene screw cap
vials, after which 200 L of concentrated formic acid and 400 p.L of
3% ninhydrin reagent in 2-methoxyethanol were added. Samples
were heated for 0.5h at 100°C in a water-bath, and then trans-
ferred to 96-well plates. Absorbance was measured at 514 nm on
a micro-plate reader (Synergy 2, Bio-Tek, Winooski, VT, USA). The
level of proline was expressed in pg g~! DW (dry weight of leaves).

2.3. Statistical analysis

Data were analyzed using Proc GLM using SAS 9.2 (32). Mean
separation test between treatments was performed using Least Sig-
nificant Different, LSD and standard error of differences between
means was calculated with the assumption that data were normally
distributed and equally replicated.

3. Result and discussion

Overall results showed that half of parameters were influenced
by interaction effects of potassium rates and types. There were
shoot dry weight, leaf area, total spikelet panicle~?!, total empty
spikelet panicle~1, biomass rate, net assimilation rate, transpiration
rate and water use efficiency of rice. Based on results, potassium
types only had significant different on total tillers plant=!, leaves
number plant~! and 1000 grains weight of rice. This showed that
the companion nutrient (chloride and sulphate) in potassium fer-
tilizer had only affected on tiller and leaves growth and grains
weight. Meanwhile potassium rate had more influenced on cata-
lase activity, free proline, Maliondialdehyde content, panicle dry
weight hill~1, root dry weight hill-!, rice yield and harvest index.

3.1. Panicle dry weight hill-1, root dry weight hill~!, rice yield
and harvest index

It was observed that panicle dry weight hill-!, root dry weight
hill=?, rice yield and harvest index was influenced by potassium
rates (P<0.05; Table 1). The panicle dry weight hill-! was highest
in control that record 23.94 followed by 120kgK;0 ha~! (21.62),
160kgK,0ha~! (18.29) and 80 kgK,0ha~! (12.31). There was no
significant in root dry weight hill=! in control, 80 kg K;Oha~! and
120kgK,0ha~! potassium application compared to the applica-
tion of 160kgK,0ha~! that gave the highest root dry weight
(0.45¢g). Table 1 had showed that rice yield was lowest under
80kgK,0ha! that record 129.43 gtank~! compared to control
(319.15gtank™ 1), followed by 120kgK,0ha~! (211.40gtank~1)
and 160kgK,0ha~! (191.19gtank~!). The result suggested that
increasing of potassium fertilizer rate during cyclic water stress 15
days reduced the yield difference to control. The same attributes to
harvest index when the highest harvest index was obtained in con-
trol (0.52), followed by 120 (0.42), 160 (0.40) and 80kgK,0ha!
(0.30). Rice yield and harvest index had a significant correlation
with leaf area (r=0.921; p <0.05; Table 2). This included more leaf
area needed by this variety to obtained higher yield and harvest
index. This indicates as the rate of potassium take increases, there
will be increases of leaf area that simultaneously increased the yield
and harvest index of rice. The same result was observed as the rate
of potassium increase in Sorghum the yield and harvest index was
significantly increased (Shahid, 2006).

3.2. Leaves number, total tillers and 1000 grains weight

The leaves number, total tillers and 1000 grains weight was
influenced by the potassium types (p <0.05; Fig. 1). The leaves
number was statistically high in K;SO4 (17.14) but control (14.89)
had no significant different with KCl (14.80) application. In total
tillers, the application of K,SO4 produced highest tillers number
(5.57) compared to KCI (4.17) and control (4.02). Both result on
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Table 2

Pearsons correlations between all parameters measured in the study.

Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 PDW/Hill 1.000

2 RDW 0.213 1.000

3 S/P 0.432 0.234 1.000

4 Yield 0.097 0.256 0.231 1.000

5 HI 0453 0432 0.235 0.008 1.000

6 LeafNo 0.234 0.123 0.156 0.921* 0.124 1.000

7 Tillers 0.211 0.111 0.187 0.871* 0432 0.123 1.000

8 1000gw 0324 0.009 0.165 0971* 0.097 0.009 0.234 1.000

9 Area 0.546 0.082 0.176 0.921* 0.923* 0.082 0.134 0324 1.000

10 SDW/H 0.123 0.126 0.234 0.124 0971* 0.126 0.156 0.009 0.982* 1.000

11 NAR 0.009 0231 0.134 0912* 0.211 0.231 0.008 0.165 0.924* 0.234 1.000

12 CAT 0.128 0453 0.156 0.223 0.134 0.009 0.007 0971* 0265 0.123 0.167 1.000

13 Proline 0.265 0.213 0.008 0432 0.097 0453 0.234 0.211 0.324 0.546 0.123 0911* 1.000

14 MDA 0.123 0.124 0.007 0.187 0.165 0.176 0.234 0.134 0.156 0.008 0.007 -0.871* 0.715* 1.000

15 Transpiration 0.167 0.156 0.124 0432 0.097 0453 0.234 0.211 0.324 0.546 0.897* 0.871* 0.076 0213 1.000
16 WUE 0.098 0.345 0.234 0.807* 0.912* 0324 0546 0.123 0.009 0.128 0.265 0.123 0.167 0.098 0.321 1.000

*Significant at P < 0.05. Note, PDW/hill = panicle dry weight hill-!; RDW =root dry weight hill-!; S/P=spikelets panicle~!; HI=harvest index; LeafNo =leaf numbers hill-';
1000gw = 1000 grains weight; Area =leaf area; SDW/H =shoot dry weight hill-!; NAR = net assimilation rate; CAT = catalase; MDA = Maliondialdehyde; WUE = instantaneous

water use efficiency, ** =significant at 1% level, * = significant at 5% level.

) ipeens
1'25, KR x KT =ns
P N
g D N
NN N |
Control KCl K2504
b .
SR
6 KR x KT = ns K
2o : N
RENERNER
=0
Control KCl K2S04
O Kipesons
29 | KR x KT =ns
§27~ 7 a
& 25 o >
S \ \ \
o 19 -

Control KCl
Potassium types

K2504

Fig. 1. Impact of potassium types on leaves numbers plant~! (a), total tillers plant~!
(b) and 1000 grains weight (c) of rice. N=28. Bars represent standard error of differ-
ences between means. Control = 80 kg K,0 ha~! KCI + control flooded, ** = significant
at 1% level, ns=no significant (p <0.05).

leaves number and total tillers showed that K,SO4 produced high-
est level greater than control. There were no significant different
in 1000 grains weight between control (25.01) and K;SO4 (25.14),
however KCl record the lowest 1000 grains weight (23.12). The
increase in the vegetative growth of rice by application of K,SO4
was observed by Hara and Khan et al. (2012). The leaves number,
total tillers and 1000 grains weight have a significant positive cor-
relation with rice yield (Leaves number, r=0.92, tillers, r=0.87 and
1000 grains weight, r=0.97; p <0.05; Table 2). The data indicates
that the increases in the leaves number, total tillers and 1000 grains
weight were simultaneously increase the rice yield. This showed
the importance of these components influence the rice yield.

3.3. Leaf area and shoot dry weight

The leaf area and shoot dry weight was influenced by interac-
tion effects between potassium rate and types (p <0.05; Fig. 2).
The leaf area and shoot dry weight showed almost the same
trends where the highest leaf area was in shoot dry weight was
in K;SO4+120kgK,0ha~! that recorded 181.35cm? and 1.64g
respectively. The lowest in shoot dry weight was observed in
K,S04 +80kgK,0ha~! that record 0.66 g meanwhile the highest
was showed in K,;S04+120kgK,0ha~1 that 2 fold greater than
control respectively. And K,SO4 + 120 kg K, 0 ha~!also had highest
level followed by KCI+ 80 kg K,0 ha~!. The current study suggested
that application of K,SO4 at 120kgK,0ha~! can enhance the leaf
area and shoot biomass in rice. High significant correlation between
leaf area and shoot dry weight (r=0.98; p < 0.05; Table 2) suggested
that a lot of energy from light reaction being invested to the above
ground biomass production.

3.4. Total spikelet panicle~! and empty spikelet panicle~!

The interaction between potassium rates and types has influ-
enced total spikelet panicle-! and empty spikelet panicle~!
(p <0.05; Fig. 3). Total spikelet panicle~! in KClwas highestin appli-
cation of 120kgK,0ha~1 (214.54) and at K,SO4+80kgK,0ha!
the total spikelet/panicle was optimized (193.66). The appli-
cation of KCl+80kgK,0ha~! (168.25) record the lowest total
spikelet/panicle compared to the control (186.01) with the differ-
ence was only 9.5%. Interestingly, it was observed that the empty
spikelet panicle~! was enhanced in all combination treatments
compared to the control. The highest empty spikelet panicle~! was
observed K;S0,4 +80kgK;Oha~1(112.33)and lowestin application
0f K»S04+120 kg K,O ha! that recorded 66.16. The result showed
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**=significant at 1% level, ns = no significant (p <0.05).
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Fig. 4. Interaction effects between potassium rates and sources on net assimilation
rates of rice. N=28. Bars represent standard error of differences between means.
Control =80 kg K0 ha~! KCI+ control flooded, ** =significant at 1% level, ns =no sig-
nificant (p <0.05).

thatincreasing potassium rate reduce percentage of empty spikelet,
and the present study showed that reduction in yield of rice under
influence of water stress in rice might be contributed to increase
in empty spikelet panicle~!. The increased in incidence of empty
spikelet panicle~! under water stress was never reported, however
study by Rad etal.(2012) and Arefand Rad (2012) have showed that
increased in salinity stress have increased the incidence of empty
spikelet panicle~! in rice. This concludes that drought stress might
reduce the rice yield by increasing the increase in empty spikelet
panicle~1.

3.5. Net assimilation rate

Interaction effects between potassium rate and types have
influenced the net assimilation rate (NAR) (p <0.05; Fig. 4). The
highest NAR was recorded at KCl+160 kg K,Oha~! that recorded
0.029 gcm~2 week~!, while the lowest at K,SO4+80kgK,0ha!
that just recorded 0.013 gcm~2 week~!. The highest NAR under
application K,S04 was at 120kg K,Oha~! (0.022 g cm~2 week1!).
This indicated that addition KCl can enhance NAR better than addi-
tion of K;SO4. The higher NAR with KCl compared to K;SO4 might
be due to higher absorption of K element in rice leaves by KCl com-
pared to K,SO4. This was in agreement with the findings of Khadr
et al. (2004) that observed that application of KCl improved the K
uptake in sugar cane compared to the use of K,SO4 by 3%. This sug-
gested that K was more available to the plant in KCl compared to
K5S04. Correlation table showed that NAR have a significant posi-
tive correlation with transpiration (r=0.89; p <0.05; Table 2) and
rice yield (r=0.912; p <0.05; Table 2). This suggests that increases
in transpiration rate under high application of potassium might
enhanced photosynthesis rate and simultaneously enhanced the
rice yield. High significant positive correlation was also observed
between NAR and leaf area (r=0.92; p <0.05; Table 2) indicating
enhancement of growth of rice are mostly influenced by increase
in light absorption area compared to the other growth factors. Sim-
ilar result was also obtained by Zeng et al. (2010) in rice where they
observed linear correlation between NAR and leaf area.

3.6. Catalase activity

From the present study it was observed that CAT activity was
influenced by potassium rate (p <0.05; Fig. 5). The CAT activity
was reduced to 40% and 12% respectively in 160 kgK;Oha~! and
120kgK,0ha~! potassium rate compared to the control however,
application of 80kgK,0ha~! potassium increased the CAT activ-
ity 22% higher than the control treatment. The data indicate that
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Fig. 5. Impact of potassium rates on catalase activity of rice. N=28. Bars represent
standard error of differences between means. Control =80 kg K, 0 ha~! KCI + control
flooded, ** = significant at 1% level, ns = no significant(p <0.05).

application of high potassium would reduce the CAT activities.
Catalase functions as effective quenchers for ROS (Foyer et al.,
1994). CAT plays an essential role in scavenging from H,0, tox-
icity. This showed that oxidative stress can be reduced by high
application of potassium in rice. These result also implied that
fertilization with high potassium can play important protective
role in H,0, scavenging processes. It was reported by Tripathi
et al. (2009) that proteins such as thioredoxin, glutaredoxin and
cyclophilin are known to facilitate the regeneration of the reduced
(catalytically active) form of peroxyredoxin that plays an important
role in reducing the ROS formation in plants under biotic and abi-
otic stress, the increase application of potassium fertilizer would
increase these proteins (Chaitanya et al., 2002). The present study
was in agreement with Ibrahim and Jaafar (2012) on Labisia pumila
where application of potassium from 90 > 270 kg ha~! have reduced
the CAT activity and indicate low oxidative stress of the plants. It
also was observed from the correlation table that CAT have a sig-
nificant negative relationship with transpiration rate (r=-0.871;
p <0.05; Table 2) that indicate reduction in oxidative stress might
be due to increase in transpiration rate under high potassium fertil-
ization, this suggest that enhancement of transpiration rate might
reduce the water stress effects in rice.

3.7. Proline and MDA

It was observed that potassium levels have influenced the
proline and lipid peroxidation of the rice (p <0.05; Fig. 6). Gen-
erally as potassium levels increased, the production of proline has
shown to increased. Proline content was enhanced by 152, 257 and
338% as compared to control that just recorded 2.1mgg-! fresh
weight. The lipid peroxidation was highest under 160 kg K,0 ha~!
that recorded 6.4 mgg~! followed by 120 kgK,Oha~! (5.2mgg1),
80kgK,0ha ! (4.2mgg1) and Control at 3.1mgg-! (Fig. 6). In
Fig. 7 it was shown that the increased in proline content have
increased the production in catalase and lipid peroxidation in rice,
where proline have a significant positive regression with Cata-
lase (r=0.910; p <0.05) and lipid peroxidation (r=0.715; p <0.05;
Table 2). The same observation was also obtained in Vacia faba
(Siddiqui et al.,2012) and Halocnemum strobilaceum (Su et al.,2012)
under cadmium and salt stress. This result indicates that under
application of high potassium to rice, stress can occurred and be
manisfested by steady increase in proline, and maliondialdehyde
content.
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3.8. Transpiration rate and water use efficiency

Transpiration rate was enhanced by interaction effects
between potassium rate and types (p<0.05; Fig. 8). Gen-
erally, at 80kgK,0Oha~! potassium, transpiration rate in KCl
(8.52mmolm=2s-1) and K;S04 (9.01 mmol m~2 s~1) was the low-
est compared to the control that recorded 9.66 mmolm=2s-1,
As the potassium rate increased from 80>120>160kgK,0ha~!
the transpiration rate was observed to be increased in both
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KCl and K;SO4, with the highest transpiration rate recorded in
KCl+160kgK,0ha~! (12.03 mmolm~2s~1). The result suggested
that high potassium rates would reduce water stress effects by
having high transpiration rate. High transpiration rate would
increase the nutrient uptake that would repair the damage tis-
sue under water stress thus reduce the oxidative stress of rice
under water stress condition. This been showed by high signifi-
cant negative correlations of transpiration rate with CAT activity
(r=-0.871; p <0.05; Table 2). The increased in transpiration rate
with increased in potassium fertilization have been observed by
the other researches (Xu et al., 2011; Kanai et al., 2011; Sritontip
etal., 2008).In 80 and 120 kg K,0 ha~1, it was found that the water
use efficiency was highest under application of KCI than K;SO4
that recorded 4.52 and 7.85 in 80 and 120 kg K,O ha~! respectively
compared to 3.01 and 6.41 in 80 and 120 kg KO ha~! respectively
in K»S04. At 160kgK,0ha~!, the application of K,SO,4 gave the
highest WUE (8.27) compared to KCl that registered 7.03. The con-
trol treatment just recorded 5.66. The current study suggests that
application of potassium at higher rates can improve the water use
efficiency in rice. The increase in water use efficiency in rice might
be contributed by efficient turgor regulation and osmotic adjust-
ment under high potassium application in rice (Marshner, 1995).
The water use efficiency have a significant correlationship with
rice yield (r=0.887; p <0.05; Table 2) and Harvest index (r=0.910;
p <0.05; Table 2) that indicate the alleviation of drought stress in
rice under potassium fertilization might be due to increase in water
use efficiency. This was supported by previous studies that showed

increased application of potassium would increase the efficiency of
plant to use water.

4. Conclusion

The application of potassium fertilizers can increase the toler-
ance of rice under cyclic water stress. The application of potassium
at 120kgK,0ha~! either KCl or K,SO, fertilizer was found to be
efficient to minimize reduction in rice yield and harvest index
under cyclic water stress 15 days and possible to substitute con-
trol flooded practice during water scarcity. It was found potassium
might tolerate to cyclic water stress by increase its transpira-
tion rate, net assimilation rate, proline and maliondialdehyde and
reduce catalase activity as indication of low oxidative stress under
these condition.
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