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Physiological and Antioxidant Responses of Rice (Oryza sativa L.) Plant in Reaction to
Deficit Irrigation and Application of Certain Potassium Fertilizers
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Table 1: Climatic conditions during the rice growth cycle (from 21 April to 22 Aguast, 2016)

GIS 5l) &)l 4z s lagie (32 )3) (ormd Zurgl; Lanwgie (roshe) (S95,b ggoe o3l olebs ggame RES
Mean temperature (C°) Average relative humidity (%) Total precipitation (mm) Total hours of sunshine Station
24.66 78.3 117.0 809.2 _JA' ) e Slidiog dnge
Rice Research Institute of Iran- Amol
21.22 80.3 440.6 506.7 095 Slgu (s 5o
Savadkouh

g 5o odd Jlasl comwliy 955 0,5, Jlowd alire polaw Y g
Table 2: Different levels of potassium fertilizer applied in the research

Sy 385 el 59,15 058 el Slilges 065 s
Biofertilizer Potassium chloride fertilizer Potassium sulfate fertilizer Level
- - - F1
B ~ Gl O g0 s, 100 F2
100% as basal
~ B S o Dygods Ao, 50 g by O g0y ds 0 50 F3
50% as basal and 50% as top dressing
~ Gl O g0 s, 100 B Fa
100% as top dressing
~ S s O jg0ds 30,0 50 g 44l & jg0as 0o )5 50 B F5
50% as basal and 50% as top dressing
100% - - F6
100% B Gl Oy 3o ,0 50 F7
50% as basal
100% 4l O jgoa s )0 50 B F8
50% as basal
_ S o D yge0ds Ao, 50 Gl Oy 3o ,0 50 Fo
50% as top dressing 50% as basal

Al
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Table 3: Some physicochemical characteristics of soil in the Amol and Savadkouh stations

(PSS ppSske) iz LB ply (p55lS 5 p S ee) i LB jand  (a0)0) IS 0355 Gie g pederjemd) (oS Colas eldl S anaenl (aey0) JTen S S cdl oSy
Available potassium (mg kg?) Auvailable phosphorus (mg kg™) Total nitrogen (%) Electrical conductivity (dS m™) pH Organic carbon (%) Soil texture Station
140 6.5 0.23 194 6.97 33 o (e Jo!
Silt-loam Amol
139 6.0 0.17 1.24 7.28 2.87 = o e 055 g

Sily- loam- clay Savadkouh

055 0lgus g Jol olin] 90 ;0 omuly 5lo3sS 0 )5 5 (5 Lol slosles 4wl 1o @iy yo anlllas 350 Blao (S eSilee duslie F Jso

Table 4: Mean comparison of the some traits studied in rice in response to the irrigation and potassium fertilizers application treatments at Amol and Savadkouh stations

omily 395 0 )8 Gragibs co ol el s k] . | .
Potassium fertilizers application Irrigation (water height in cm) ° o ‘\’_5 o
Fo F8 F7 F6 Fs F4 F3 F2 F1 10 45 Station Unit Traits
84.912 83.48% 82.98% 83.73% 84.522 82.99% 84.162 81.81% 81.02° 81.52° 85.512 1 RS Sy o &5
85.412 84.522 84.15% 84.73% 85.56% 84.15% 84.542 84.182 84.142 84.41° 86.782 2 Percentage RWC
56.51° 5247 5554 5538  5534® 5587  5595%  5327%¢ 5033 5321 55.83¢ 1 Jolee (a5
ab cd a-c a-c ab a ab b-d d b a = . = = e
s os  om  osy  ome  osx  om om0 0w o : S s e soeprocr
: . . : . . : . : . : mg g'* fresh weight Odan
0.69° 0.722 0.73° 0.74° 0.73° 073 073 0.73° 0.75° 0.772 0.69° 2 proline
0.60? 0.582 0.582 0.572 0.582 0.58?2 0.562 0.60% 0.582 0.62?2 0.55P 1 s p_'};j
0.572 0.552 0.562 0.56% 0.562 0.56% 0.542 0.55% 0.542 0.592 0.52° 2 _ | . ) CAT
30.420 31.60% 3025  3244®  3100%  3313%  31.89®  3158% 2008  3360° 29.13 1 Pk o sl i 3 o oy PRSPy
26.30% 27.842 27.08% 29.88% 27.78% 28.99% 28.27% 29.362 27.112 30.212 25.93° 2 T 'APX
73522 73.172 75.122 75.69° 7554°  7552% 7364 7391 7452 7825 70.77° 1 Units mg™* protein in one minute JsSUE o
63.592 63.66% 66.46% 67.45% 67.30% 68.342 67.27% 67.612 67.182 70.20% 62.88° 2 GPX
1.542 1.522 1.532 1.592 1.682 1.542 1.562 1.562 1.542 1.632 1.49° 1 Ko Sis ¢ BETTRS S|
1.342 1.352 1.372 1428 1.542 1.402 1.362 1.332 1.372 1.462 1.312 2 ” u—)13 oS ﬁ-Jsﬂs)i:A O
: a : a . a I a . a : a . a . a . a : a . b Hm()l g dry Welght HzOz
152.9a ZL52.9a ZL46.4a ZL49.1La ZL49.8a ZL50.3a 149.0a 149.4a 147.0a 155.7{11 143.6{11 1 S 5 5 05 Sl A Jses See aslss oelle
166.8 167.1 161.3 165.1 164.6 1632*  163.2 165.4 164.0 1705 158.6 2 umol g fresh weight MDA

F2 wals FL 0g8 g o] ¥ olfs! ol oKl 1) oS! 03105 (LSD) Slo sine &iglas JBlo 9031 wleol s s yd gy hans 10 (5,10 cime BB (S yin By 5 JBlo slyls slonSilo s,y ,o 50

O ygods 3oy 50 g 4l & jgods duo,0 50 F5 il O g0ty el 59,08 065 oy 100 F4 (ol Sldgw 055 51 S e O yg0ds 00,0 50 5 4l O jg0ds 0o )0 50 F3 iyl Ojgods pawliy Olafgus 555 wus 0 100

A by Sladgas 355 0o 30 50 1F9 ¢ s 5 955 ol padrdy 44l Oy g0dy el 55,05 555 0o ;0 50 F8 ( Siug ) 055 ol perds by g0y el Dladgus 955 o 10 50 FT (s j 995 B capnliy 9,05 555 51 S

S s Oy g0ty el 55,15 055 00,0 50 g b O j90

Means in each column followed by similar letter(s) are not significantly different at 5% probability level. F1= Control, F2= 100% of potassium sulfate as basal application, F3= Potassium sulfate
application as basal (50%) and top dressing (50%), F4= 100% of potassium chloride as basal application, F5= Potassium chloride application as basal (50%) and top dressing (50%), F6= biofertilizer, F7=
50% of potassium sulfate as basal application plus biofertilizer, F8= 50% of potassium chloride as basal application plus biofertilizer, F9=50% of potassium sulfate as basal and 50% of potassium chloride

as top dressing
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Table 5: Mean comparison of the grain yield and water use efficiency of rice in response to interaction of irrigation and potassium fertilizers application treatments at Amol and
Savadkounh stations

055 dlgus oKt ol ol oinlesT sl ,les
Savadkouh station Amol station Experimental treatments
235 e Sl dyae 21 235 e Sgkis s Shoe 235 e ol dyae 2 0235 Ol Sl o Slae by 955000 s
(W) (xS yio p p,54lS) (do,3) (LSa e SslS) (2o,0) (caSoyio p p,SelS) (do,0) (LS p)55kS)  Potassium fertilizers heigﬁt (cm)
Change (%) WUE (kg m?) Change (%) Grain yield (kg ha™) Change (%) WUE (kg m?) Change (%) Grain yield (kg ha™) application

- 0.480' - 3813w - 0.380" - 4025¢" F1
+12.71 0.541%9 +12.82 4302¢f +11.84 0.425%¢ +11.95 4506 F2
+20.62 0.579° 20.69+ 4602%° +18.68 0.451°f +18.70 4778%° F3
+22.91 0.590¢f 22.97+ 4689% +20.26 0.457¢ +20.37 4845 F4
+18.12 0.567%9 18.25+ 45094 +17.36 0.446%¢ +17.44 47274 F5 +5
+4.58 0.502" 4.43+ 3982 +4.21 0.396%" +4.34 4200 F6
+9.16 0.5249" 9.20+ 4164%9 +7.10 0.407%" +7.13 431259 F7
+16.87 0.561%9 16.96+ 4460*¢ +14.47 0.435%9 +14.48 4608*¢ F8
+25.21 0.601° 25.09+ 47702 +22.89 0.467¢ +22.85 49452 F9
+46.66 0.704¢ 4.04- 3659" +46.84 0.558¢ -7.81 3711° F1
+59.16 0.764% 4.19+ 3973 +57.89 0.600°4 +3.33 4159 F2
+72.71 0.829% 13.11+ 4313°F +69.47 0.644%® +11.03 44695 F3
+69.16 0.812% 10.75+ 4223%f +67.89 0.638%® +9.83 4421°F F4
+65.41 0.794% 8.25+ 41279 +65.00 0.627%¢ +7.95 43459 F5 -10
+51.66 0.728% 0.69- 37879 +52.36 0.579% -0.50 40059 F6
+61.66 0.776% 5.79+ 4034 +58.68 0.603"¢ +3.90 4182%9 F7
+69.79 0.815% 11.01+ 4233°f +67.36 0.636%® +9.51 4408°" F8
+73.12 0.831% 13.35+ 4322"f +75.79 0.6682 +15.03 4630*¢ F9

50 F3 sl &0 el Slalgw 355 auo,s 100 F2 waals F1 .05 (LSD) jls gixe &iglés J8las 9051 wlusl o duoj0 i o 40 (6,15 dime M| S e By G JBlo slls slonKiloe (g ,0 50
50 :F7 ¢ g3 995 FB (ool ;9,05 555 51 S s O jg0d 0,0 50 g 4l O jgod 0,0 50 F5 )l Doty muwliy 5,05 955 wo 10 100 F4 (pnly Olalgus 365 51 S s O g0 30,0 50 5 4y g0 do e
Sy D30t el 915 395 00,050 5 4l & g0t el Slilgw 395 00,0 50 FO (fnj 355 ol jends 4l O)jg0ty sl 15,15 355 00,0 50 B (S ; 355 ol pends il Djg0ds pely Dlilge 365 20y
Means in each column followed by similar letter(s) are not significantly different at 5% probability level. F1= Control, F2= 100% of potassium sulfate as basal application, F3= Potassium sulfate
application as basal (50%) and top dressing (50%), F4= 100% of potassium chloride as basal application, F5= Potassium chloride application as basal (50%) and top dressing (50%), F6= biofertilizer, F7=

50% of potassium sulfate as basal application plus biofertilizer, F8= 50% of potassium chloride as basal application plus biofertilizer, F9=50% of potassium sulfate as basal and 50% of potassium chloride
as top dressing
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Table 6: Correlation between grain yield and studied traits in response to potassium fertilizer application at flooding and
deficit irrigation (n=9)

(Gosilo) o glis )l

Water height (cm) Water height (cm)

Grosilo) o glis )l

-10 +5 -10 +5

Traits

055 0lgu olKtus! o Syl o Slas

Grain yield at Savadkouh station

Jol oK) jo Sgxlin o Shae

Grain yield at Amol station

-0.200™ 0.033™ 0.653™ 0.581"™
-0.073™ -0.080™ -0.348™ 0.267™
0.739" 0.759" 0.749" 0.338™
-0.076™ 0.646™ -0.389™ 0.690"
-0.162™ 0.219™ -0.446™ -0.123™
-0.785" -0.055™ -0.681" -0.387™
0.384™ 0.394™ 0.121™ 0.104™
0.504™ -0.054™ 0.797™ 0.460™
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** and *: Significant at the levels of 1% and 5%, respectively and ns: not Significant
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Physiological and Antioxidant Responses of Rice (Oryza sativa L.) Plant in Reaction to
Deficit Irrigation and Application of Certain Potassium Fertilizers

Mohseni!, S. H., Esmaeli?*, M. A., Pirdashti®, H., Abasi*, R. and Nasiri®, M.
Abstract

In order to evaluate the effect of deficit irrigation and certain types of potassium fertilizers on some physiological
characteristics and antioxidant enzymes activity in rice (cv. Tarom Hashemi), two field experiments were conducted in
the Amol and Savadkouh stations. Treatments were different irrigation methods at two levels (flooding, flooding after
falling water depth under 10 cm of soil surface) and the application of different potassium fertilizers including
potassium sulphate, potassium chloride and potassium biofertilizer at nine levels. Based on the results, relative water
content (RWC) and soluble leaf proteins significantly decreased under deficit irrigation in both two stations as
compared to flooding irrigation treatment. Also, the accumulation of proline and the activity of antioxidant enzymes
such as catalase, ascorbate peroxidase (APX) and guaiacol peroxidase in both two stations, and the amount of hydrogen
peroxide and malondialdehyde in the Amol station increased under deficit irrigation. Results demonstrated a positive
effect of potassium fertilizer application through significant increment in soluble leaf proteins in both two stations.
Also, RWC and APX activity were increased in Amol station under limited irrigation condition. The highest amounts of
grain yield was obtained from the 50% of potassium sulfate (as basal) and 50% of potassium chloride (as top dressing)
treatment under deficit irrigation that was around 22.8 and 21.5% higher than the control treatment in both Amol and
Savadkouh stations, respectively. Generally, results showed an optimal effectiveness of potassium sulfate and
potassium chloride application reducing undesirable effects of water deficit stress on rice grain yield.
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