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ABSTRACT

A field trail was conducted at a field near Port Said Agricultural Research Station farm, ARC, during the two successive
summer seasons 2013 and 2014 to study the physiological response of rice Giza 178 cultivar grown under saline soil to
potassium fertilization as soil dressing at rates of 0, 24, 36 and 48 kg K,O/fad and spraying 2% K,O in combination with adding
24 and 36 kg K,O/fad. Results of combined analysis could be summarized as follows: Significant increase was recorded in plant
height, leaf area index (LAI), crop growth rate (CGR), net assimilation rate (NAR), photosynthetic pigments, potassium content,
panicle length, panicle weight, 1000- grain weight, grain and straw yields when plants received 36 kg K,O /fad plus spraying 2%
K,0. Also, significant increase was recorded in proline and sodium contents, and sodium/potassium ratio in leaves when plants
sprayed with water (control) as compared with other potassium treatments.

Keywords: Rice, salt stress, potassium fertilization.

INTRODUCTION

Rice (Oryza sativa) is one of the most important
cereal crop in the world, yielding one-third of the total
carbohydrate source. Three billion people consider rice
as their stable food, accounting for 50-80% of their
daily calorie intake. Rice is a salt-sensitive monocot
(Maas and Hoffman, 1997; Shereen et al., 2005 and
Darwish et al., 2009).

Salinity is a limiting environmental factor for
plant production, and is becoming more prevalent as the
intensity of agriculture increases. Around the world, 100
million ha, or 5% of arable land, is adversely affected
by high salt concentrations, which reduce crop growth
and yield (Ghassemi et al., 1995; Gunes et al., 2007;
Kumar et al., 2010 and Tavakkoli et al., 2011). The
various environmental programs carried throughout the
world estimates that approximately 20% of agricultural
land and 50% of cropland in the world is salt-stressed
(Munns and Tester, 2008). Also, the water available in
the salt-contaminated soil is restricted, inducing
osmotic stress (Castillo et al., 2007; Pagter et al., 2009
and Siringam et al., 2011). Salinity and sodicity can
reduce plant growth and alter ionic relations by ionic
and osmotic effects and oxidative stress (Borsani et al.,
2001 and Eraslan et al., 2007). Salinity inhibits plant
growth by ion toxicity(mainly of Na* and CI"), osmotic
stress, and nutritional disruption (Caines and Shennan,
1999). Plant adaptations to salinity include sequestration
of salt ions in vacuoles and accumulation of compatible
compounds, such as sugars, proline and glycine betaine
in the cytoplasm to balance the osmotic pressure
(Jampeetong and Brix, 2009). Dhanapackiam and
Muhammad (2010) showed that NaCl had a greater
effect on osmotic pressure.

Plants require potassium for physiological
processes such as the maintenance of membrane
potential and turgor, activation of enzymes, regulation
of clever pH, cation- anion balance, regulation of
transpiration by stomata and the transport of assimilates
and subsequently raised rice tolerance for salinity
(Golldack et al., 2003 and Noaman, 2004). Zayed et al.,

(2007) found that increasing the K uptake ability under
stress enable rice plant to grow healthy under salt stress.

Foliar application of potassium has attracted
considerable attention in recent years because its
importance for the quick and adequate supply to plants
at the time of seed formation to improve productivity.
Anton and Ahmed (2001) found that raising foliar
spraying levels of K,O from 0.5% up to 2% on barley
plants significantly increased plant height, spike length,
grain weight/spike, 1000 grain weight, straw and grain
yields/fad. Also, Abdo and Anton (2009) found that
applying 24 kg K,O/fad in combination with spraying
1% K,0O on sesame plants significantly increased plant
height, fruiting zone length, leaf area index (LAI),
relative growth rate (RGR), net assimilation rate (NAR),
total chlorophyll, carotenoides contents of leaves,
chlorophyll fluorescence, 1000-seed weight, number of
capsules, seed weight/plant, straw and seed yields/fad.
However, Ebrahimi et al. (2012) stated that potassium
application alleviated the stress condition and
significantly improved dry matter, yield and vyield
components in rice.

The present investigation was carried out to study
the physiological response of rice plants to potassium
fertilization as soil dressing and foliar spraying in saline
soil of East Delta region.

MATERIALS AND METHODS

The present work was carried out at a farm near
Port Said Agric. Res. Station farm, ARC, during the two
successive summer seasons of 2013 and 2014 to study
the physiological response to potassium fertilization as
soil dressing and foliar spraying on growth, yield, yield
components, photosynthetic pigments and proline
contents as well as Na*/K" ratio of rice plants grown in
saline soil.

The experiment was laid out in randomized
complete block design (RCBD) with four replicates and
each plot was 10.5 m*.

Five samples were collected from different
locations of experimental site and analyzed to determine
some physical and chemical properties as presented in
Table 1.



El-Hawary, M. M. and Amina I. El-Shafey

Table 1: Some physical and chemical properties of the experimental site in the two summer seasons 2013 and

2014.
. Cations (ml equevlant/L) Anions (ml equevlant/L)
Season EC  pH (1:2.5) Texture ca*™t Mg" Na* K* coy HCOy cr SOr
2013 7.57 8.05 clay 9.84 11.64 62.24 2.34 - 1.01 65.9 19.15
2014 7.21 7.98 clay 10.05 11.56 60.07 2.45 - 1.03 64.21 18.89

Rice grains cv. Giza 178were sown on 6™ June
and 11™ June in the first and second seasons,
respectively. 15 kg P,Os/fad was added as calcium super
phosphate (15.5% P,0s) at land preparation. 60 kg
N/fad in the form of urea (46% N) was added in three
doses at 20, 35 and 50 days after sowing.

The treatments are as follows:

1- Spraying with water (control).

2- 24 kg K,0O/fad.

3- 36 kg K,0O/fad.

4- 24 kg K,Offad + spraying 2% K,O.
5- 36 kg K,O/fad + spraying 2% K,O.
6- 48 kg K,O/fad.

Potassium fertilizer as soil dressing treatments in
the form of potassium sulphate (48% K,0) were added
in two equal doses at 35 and 50 days after sowing as
well as foliar spraying with 2% K,O (in the form of
solo-potassium 50% K,0) were applied at 35 and 50
days after sowing (DAS). Other, cultural practices were
applied according to the methods being adopted for
growing rice crop in the locality.

To calculate growth analysis, five plants were
randomly taken from each plot at 65, 80 and 95 days
after sowing (DAS). Plants were dried at 70 °C in oven
to a constant weight. According to Hunt (1990)
formulas, the following traits were determined:

- Leaf area index (LAI)= leaf area per plant/ground
area occupied by plant

- Net assimilation rate, in g/m?day(NAR)= (W,-
Wi)(loge Ao-10ge A1)/(Ax-A)(ta-th).

- Crop growth rate, in g/day(CGR) = (Wo-W,)/(t-ty).

Where:

o A,-A;= differences in
samples.

o W,-W,= differences in dry matter accumulation of
whole plants between two samples in (g).

e t,-t;= Number of days between two successive
samples (day).

e Loge = Natural logarithm.

At 80 days after sowing (DAS) samples were taken to

determined:

- Photosynthetic pigments (chl a, chl b and
carotenoides) in mg/g fresh weight, according to
Metzener et al. (1965).

- Leaf proline concentration, in mg/g fresh weight,
according to Bates et al. (1973).

- Potassium and sodium content in rice plant as
mmole/kg dry weight, according to Allen et al.
(1974).

Harvesting took place at 3/10/2013 and
9/10/2014 in the first and second seasons, respectively.
At harvest time, plant height (cm), panicle length (cm),
panicle weight (g), 1000-grain weight (g), grain and
straw yields (t/fad) were determined.

Data of the two seasons were combined and
statistically analyzed according to Steel and Torrie

leaf area between two

(1980). The discussion of the results were carried out on
the basis of combined analysis for the two seasons.

RESULTS AND DISCUSSION

1-  Growth and growth analysis:
- Plant height:

Data in Table 2 indicate that plant height
increased with increasing the dose of potassium
fertilization up to 36 kg K,O plus spraying with 2%
K,0. Such treatment significantly increased plant height
compared with control or other potassium treatments,
except adding 48 kg K,O/fad. In this respect, Anton and
Ahmed (2001) reported that barley plant height was
gradually increased with increasing foliar spraying of
potassium concentration from 0.5 up to 2 % K,0.

- Leaf area index (LAI):

Data of Table 2 show that LAI increased by
advancing rice age up to 80 days after sowing (DAS)
and decreased at 95 DAS. This increased is mainly due
to the production of new leaves and leaves expansion
through the growth of rice plant. LAl was significantly
affected with potassium application at different stages
of rice growth i.e. 65, 80 and 95 DAS. However, plants
treated with 36 kg K,O/fad plus spraying with 2% K,0
had the highest values of LAI at all growth stages viz.
65, 80 and 95 DAS compared to control and other
potassium treatments. These findings due to potassium
activates at least 60 different enzymes involved in plant
growth (Robert, 2005). In this connection, Abdel-Aziz
and El-Bialy (2004) found that spraying with 3% K,O
of maize plants significantly increased LAI. Also, Abdo
and Anton (2009) found that applying 24 kg K,O/fad in
combination with spraying 1% K,O of sesame plants
significantly increased LAl
- Crop growth rate (CGR):

As shown from Table 3, adding 36 kg
K,O/fad plus spraying with 2% K,O significantly
increased CGR at the two periods under study i.e (65-
80) and (80-95) day. Such finding was attributed to the
role of K in dry matter accumulation. In this respect
Mahendera-Singh et al. (1992) found that spraying 200
ppm potassium on maize plants increased leaves dry
matter.
- Net assimilation rate (NAR):

It was noticed from Table 3 that net assimilation
rate significantly increased with adding potassium
fertilization at the two periods (65-80) and (80-95)
DAS when plants received 36 kg K,O /fad in
combination with spraying 2% K,0. Similar results
were obtained by Abdo and Anton (2009) they found
that on sesame plants, applying 24 kg K,O/fad in
combination with spraying with 1% K,O significantly
increased NAR in the first period without significant
difference with adding 48 kg K,O/fad.
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Table 2: Plant height and leaf area index (LAI) of ri

ce plants as affected by potassium fertilization in saline

soil for two summer seasons of 2013 and 2014.

. LAl
Plant height (cm) 65 DAS 80 DAS 95 DAS

Treatments 2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb.
Spraying with water 87.25 88.75 8800 188 192 190 287 295 291 247 255 251
24 kg K,Offad. 8750 8950 8850 202 209 205 309 317 313 269 271 270
36 kg K,O/fad. 8875 0050 89.63 227 231 229 326 338 332 287 291 289
24kgKOMMad. + 0705 9095 8900 234 238 236 320 335 328 293 298 295
spraying 2%K,0

36kg K.OMfad. + g1 00 9200 9150 259 262 260 351 361 356 345 320 317
spraying 2%K,0

48 kg K,Olfad. 9050 9225 9138 250 253 251 352 360 356 309 311 3.0
LSD at 0.05 198 276 224 012 012 009 043 011 011 012 011 007

Table 3: Crop growth rate (CGR) and net assimilation rate (NAR) of rice plants as affected by potassium

fertilization in saline soil for two summer sea

sons of 2013 and 2014.

CGR (g/day) NAR (g/m?day)
Treatments (65-80) day (80-95) day (65-80) day (80-95) day
2013 2014  Comb. 2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb.
Spraying with water 2404 2415 2410 2736 2746 2741 9.59 9.66 9.62 8.88 893 890
24 kg K,O/fad. 2491 2510 25.01 28.01 28.10 28.06 10.10 10.20 10.15 9.36 9.44 9.40
36 kg K,O/fad. 2559 2586 2572 2879 2884 2881 1119 1129 1124 1023 10.36 10.29
24 kg K,Offad. + spraying 2%K,0 25.42 2579 2560 29.39 2945 2942 1113 1127 11.20 1056 10.61 10.59
36 kg K,Offad. + spraying 2%K,0 26.75 26.81 26.78 30.44  30.52 30.48 11.34 1142 11.38 10.90 10.96 10.93
48 kg K,O/fad. 2623 2646 2634 29.82 2992 2987 1132 1135 11.33 10.77 1085 10.81
LSD at 0.05 0.67 053 0.59 0.17 0.12 0.09 0.20 0.14 0.16 0.12 010 0.08

2- Photosynthetic pigments:

Combined data in Table 4 show that chl a, chl b
and carotenoides concentration of leaves at 80 DAS
significantly increased by adding 36 kg K,O /fad plus
spraying 2% K,0. Such finding may be due to that
potassium activates the enzymes involved in the
formation of leaf pigments. Furthermore, Abdo and
Anton (2009) found that on sesame plant, applying 24
kg K,O/fad in combination with spraying 1 % K,O
significantly  increased  total  chlorophyll  and
carotenoides contents of leaves.

3- Proline content in leaves:

Data in Table 5 shown proline content of leaves,
where the highest value of proline content was obtained
from sprayed plants with water (control), while the
lowest value was gained from application of 36 kg
K,O/fad plus spray with 2% K,O. Similar results was
obtained by Noroozi and Sepanlou (2013) they found
that, the application of potassium to barley led to
improving of physiological traits and decreased proline
content.

Table 4: Photosynthetic pigments (chl a, chl b and carotenoides contents) of rice leaves at 80 DAS as affected
by potassium fertilization in saline soil for two summer seasons of 2013 and 2014.

Treatments Chla(mg /g fw) Chl b (mg /g f w) Carotenoids (mg /g f w)

2013 2014 Comb. 2013 2014  Comb. 2013 2014  Comb.
Spraying with water 0.279 0.282 0.281 0.112 0.115 0.113 0.067 0.071  0.069
24 kg K,0O/fad. 0.288 0296 0.292 0.119 0.126 0.122 0.071  0.073 0.072
36 kg K,Offad. 0.308 0.314 0311 0.125 0.135 0.130 0.075 0.077 0.076
24 kg K,O/fad. + spraying 2%K,0 0.294 0.314 0304 0.118 0.131 0.125 0.073 0.076  0.075
36 kg K,Offad. + spraying 2%K,0 0.317 0.327 0322 0.133 0.138 0.135 0.080 0.082 0.081
48 kg K,O/fad. 0.315 0325 0320 0.130 0.136 0.133 0.079  0.081  0.080
LSD at 0.05 0.012 0.014 0.012 0.011 0.010 0.010 0.008 0.005 0.006

4- Sodium and potassium concentration and Na*/K*
ratio:

Data of sodium, potassium concentration and
Na’/K* ratio were shown in Table 6. Sodium
concentration as well as Na'/K" ratio in rice plants
recorded the maximum values when plants sprayed by
water (control), while lowest values of Na™ and Na*/K*
ratio was obtained by adding 36 kg K,O/fad plus
spraying 2% K,0. The reverse trend was obtained with
respect K™ concentration which increased by treated
plants with adding 36 kg K,O/fad plus spraying 2%
K,0, which were intern reflected on obtaine the lowest
values of Na'/K® ratio. Muhmmad and Neue (1987),

Qadar (1998), Zayed (2002), and Abdel Rahman et al.,
(2004) stated similar results .

Table 5: Proline content of rice leaves at 80 DAS as
affected by potassium fertilization in saline soil
for two summer seasons of 2013 and 2014.

Proline (mg /g f w)

Treatments

2013 2014 Comb.
Spraying with water 0.152 0.150 0.151
24 kg K;O/fad. 0.126 0.121 0.124
36 kg K,Offad. 0.112 0.106 0.109
24 kg K,O/fad. + spraying 2%K,0 0.114 0.108 0.111
36 kg K;Offad. + spraying 2%K,0 0.084 0.083 0.084
48 kg K,Offad. 0.091 0.089 0.090
LSD at 0.05 0.012 0.011 0.011
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Table 6: Sodium and potassium concentration and Na+/K+ ratio of rice leaves at 80 DAS as affected by
potassium fertilization in saline soil for two summer seasons of 2013 and 2014.

Na* Leaf content

K* Leaf content (mmole/kg) Na+/K+ ratio

Treatments (mmole/kg)
2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb.

Spraying with water 830 824 827 487 496 491 171 1.66 1.68
24 kg K,O/fad. 631 626 628 536 546 541 1.18 1.15 1.16
36 kg K,O/fad. 600 592 596 560 565 563 1.07 1.05 1.06
24 kg K,Offad. + spraying 296K,0 609 603 606 554 561 557 1.10 1.08 1.09
36 kg K,Offad. + spraying 2%K,0 550 547 548 590 595 593 0.93 0.92 0.92
48 kg K,Offad. 572 565 568 581 592 587 0.98 0.95 0.97
LSD at 0.05 165 138 14.3 10.6 12.0 10.7 0.04 0.04 0.04
5- Yield and yield components: the activation of large number of enzymes in the

Data in Table 7 show that potassium production and translocation of photosynthates

fertilization significantly increased vyield and its
components of rice plants. Results indicate that applying
36 kg K,Offad plus spraying 2% K,O gave the highest
values of panicle length, panicle weight, 1000-grain
weight, grain and straw yields of rice plants. These
results could be ascribed to the enhanced effect of
potassium on rice growth which in turn resulted higher
yield components, grain and straw yields/fad. Tandon
(1990) explained such results that potassium involves in

compounds from source to sink. These results are in
harmony with those obtained by Zayed et al. (2007)
they found that the application of 72 kg K,O /ha on rice
plants significantly increased yield attributes and grain
yield compared to 24 and 48 kg K,O/ha. Also, Ebrahimi
et al. (2012) concluded that the use of potassium
alleviated the adverse effects of high salinity on rice
plant and improved growth parameters, yield and yield
components.

Table 7: Yield and yield components of rice plants as affected by potassium fertilization in saline soil for two

summer seasons of 2013 and 2014.

Treatments Panicle length (cm) Panicle weight (g) 1000-grain weight (g) Grain yield (t/ha) Straw yield (t/ha)
2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb. 2013 2014 Comb.
S\g@i"”gw“h 1975 1988 1981 288 293 291 1093 2023 2008 263 264 263 394 396 3.95
24kg K,Offad.  20.38 2075 2056 321 328 324 2140 2170 2155 273 273 273 409 412 410
36 kg K;O/fad.  21.00 2113 21.06 340 345 342 2265 2288 2276 283 284 283 424 426 425
24 kg K,Offad.
spraying 296K,0 20.88 21.13 21.00 335 341 338 2245 2260 2253 278 280 279 418 421 419
86 kg KOMad: ) 05 9563 2044 380 385 382 2470 2485 2478 287 290 288 431 432 432
spraying 2%K,0
48 kg K.Offad. 2200 2213 2206 373 377 375 2425 2450 2438 287 287 287 430 432 431
LSD at 0.05 077 072 069 009 009 009 063 058 055 002 002 002 003 004 003
CONCLUSION Bates, L. S.; R. P. Waldren; L. D. Teare (1973). Rapid

In the light of the present results, it clearly that
the maximum grain yield of rice grown in saline soil
was obtained from application of 36 kg K,O/fad in
combination with spraying 2% K,O. However, from
economic point of view its more efficiency to practices
adding 36 kg K,O/fad and foliar spraying with 2% K,O
in salt affected soil in East Delta.
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