Agricultural Engineering (Scientific Journal of Agriculture), 45 (1), Spring, 2022

[ Research Article I

Agricultural Engineering, 45(1) (2022) 1-20 ISSN (E): 2588-526X
DOI: 10.22055/AGEN.2022.39097.1619 ISSN (P): 2588-5944

Effect of potassium fertilizer application on growth, sodium and
potassium uptake and some physiological characteristics of pistachio
seedlings under salinity stress

N. Rashidi*, A. Moezzi? and A. Rahnama®

1. PhD. Graduated, Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Ahvaz, Iran.

2. Professor, Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz,
Ahvaz, Iran.

3. Associate Professor, Department of Plant Production and Genetics Engineering, Faculty of Agriculture,
Shahid Chamran University of Ahvaz, Ahvaz, Iran.

Received: 16 December 2021 Accepted: 8 February 2022

Abstract

Introduction: Salinity is one of the growth-limiting factors for pistachio (Pistacia vera L.) crop
production in semiarid and arid soils of Iran. Salinity poses two major threats to plant growth:
osmotic stress and ionic stress. In addition, it also manifested an oxidative stress. The deleterious
effects of salinity affect different physiological and metabolic processes of plants. The uptake of
high amounts of salt by the plant leads to the increase of the osmotic pressure in the cytosol. Under
this condition compatible osmoprotectant, such as proline and soluble sugars, is produced to protect
the cells against the adverse effects from salt stress. High accumulation of proline is associated
with tolerance to stress. Na* and K* homeostasis plays a vital role in the growth and development
of higher plants under salt conditions owing to potassium-sodium (K*—Na") interaction and is often
associated with K* deficiency. Application of potassium fertilizer affect plants growth and
tolerance under salinity stress. The potassium is indispensable for several physiological processes,
including the maintenance of membrane potential and turgor, enzyme activation, stomatal
movement, regulation of osmotic pressure. Therefore the objective of this study was to evaluate the
effect of potassium sulfate fertilizer application on growth, photosynthetic pigments, proline,
soluble sugar and Na and K Uptake by Badami-riz Zarand P. vera L. (the main pistachio rootstock
in Iran’s pistachio plantation area) seedlings under salinity stress.

Materials and methods: This study carried out in greenhouse condition as a factorial experiment
based on a completely randomized design and in three replications. Experimental factors was
salinity of irrigation water (in three levels including 0.65, 5 and 10 dS m-1) and potassium sulfate
fertilizer application (in three levels including without application or control, 150 and 250 mg kg-1
soil). Pistachio (Pistacia vera L. cv. Badami-riz Zarand) seeds were surface sterilized with solution
of sodium hypochlorite in distilled water. Seedlings were transplanted in plastic pots

containing 10 kg of soil. The pots were maintained in the greenhouse under 25 + 4 "C temperature

and under natural light. The mean relative humidity was 40 %. At the end of growth period (six
mounth), the plants were harvested and leaf area, root dry weight, shoot dry weight, chlorophyll a
and b, total chlorophyll, carotenoids, proline, spluble sugar, root and shoot K and Na concentration
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were measured. In addition, the K and Na uptake in shoot and root, as well as K/Na ratio were
calculated. Analysis of variance (ANOVA) was performed using SAS program version 9.4 (SAS
Institute, Cary, NC). Significant differences of the mean values (P<0.05 for F-test) were
determined by Duncans’s Multiple Range Test.

Results and Discussion: Results indicated that with increasing salinity stress, leaf area, root, and
shoot dry weight, chlorophyll content and shoot and root K uptake decreased, while carotenoids
and shoot and root Na concentration increased. The highest and lowest value of leaf area, root, and
shoot dry weight, chlorophyll content and shoot and root K uptake were observed in control and
high salinity levels (10 dS m-1) treatments respectively. Application of potassium sulfate fertilizer
at both levels (150 and 250 mg kg™) led to a significant increase in leaf area (8.1 and 8.7 %
respectively), root dry weight (21.2 and 20.0 %), shoot dry weight (21.3 and 19.9 %), total
chlorophyll (10 and 7.8 %), carotenoids (32.2 % and 35.7), proline (21.1 and 14.4 %), root K
concentration (44.1 and 56.2 %), shoot K concentration (11.0 and 26.9 %) and K uptake in root and
shoot. in high salinity treatment seedlings showed higher Na'/K" ratio in the roots than that of the
shoots. In addition, application of potassium sulfate fertilizer decreased Na uptake in shoot and
root. Moreover, the addition of potassium fertilizer increased K/Na ratio in the shoot and root. The
results also indicated there were no significant difference between potassium sulfate fertilizer levels
(150 and 250 mg kg™) effects on investigated traits.

Conclusion: It could be concluded that application of potassium sulfate fertilizer results in reduce
the negative effects of salinity stress and subsequently enhance tolerance to salinity stress and
improved P. vera L. seedlings growth. Therefore, nutrient management of potassium can be
considered for decline of negative effects of salinity in P. vera L. v. Badami-riz Zarand seedlings.
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Table (1) Some physico-chemical properties of the soil used for this study

Jlade RED) ;}L}
Value Unit Property
60 % o
Sand
e
34 % N
Silt
6 % i
Clay
ey S sl
e Soil texture
I
26.9 gkg?! ool
Organic matter
2.7 dSm* S e
Electrical conductivity (EC,)
23.0 % ol kS 5
Calcium Carbonate Equivalent (CCE)
7.7 - S
pH
0.1 gkg? J5 00
Total N
Ol B i
7.0 mg kg '"\?_JA' s
Available P
e b el
122 mg kg™ 'A?_uL‘ =
Available K
3.2 mg kg 2 JB oo
Available Fe
o B LE.
3.7 mg kg : '\’ S e
Available Mn
0.8 mg kg b
Available Zn
o 5
0.79 mg kg™ 2 BB e

Available Cu
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Table (2) Analysis of variance of treatments effect on growth characteristics of seedling

Sl p Sk
Mean Squares
s oS 035 ool s 035 Spghe T S b
Root dry weight Shoot dry weight Leaf Area df S.0.V.
7.09” 17.477 12289™ 2 s
Salinity
- - - ky
1.83 0.714 527 2 ==
K
. . . el X 6 5%
0.251 0.259 132 4 .
Saliniy x K
Lo
0.120 0.057 45.2 18
Error
(1) Ol s o oo
493 3.81 6.94
CcVv

woyd ) g0 Jhb‘@hw;é)‘éhsim#j@*g**
** and * is statistically significant at the probability level of 0.01 and 0.05% respectively
LU h9) ST 29 2wl 9 Sagd Jlio 1 (Sl o (V) Joaz
Table (3) Mean comparison of the interaction of salinity and potassium on vegetative
characteristics of seedlings

ASm™) 5,55 £ sam
oSl Salinity Levels by sl
Mean 10 5 Control K levels
©m?) & ; sl
Leaf Area
1908 154" 194 ¢ 222" Control asls
207 A 171°¢ 211°¢ 239° 150
206 A 166° 209 ¢ 242° 250
164 ¢ 205 B 234 A ok
Mean
@POt™Y) slpn i &Kis 035
Shoot dry weight
4378 2.76" 4.07¢ 6.28 ° Control asls
5.24A 3.44° 4.67°¢ 7.61° 150
5.30 A 3.24° 478 ° 7.79° 250
3.14c 454 B 7.23 A S
Mean
@ POt sy, oSia 03
Root dry weight
3.35B 2.89¢ 3.21°¢ 3.94° Control asls
4.06 A 3.04¢ 3.91° 5.23% 150
4.02A 311 3.79° 5172 250
3.01c 3648 478 A ok
Mean

I (6l gma g ylaT Mt sy = Jlez| cla.u 23 5SSl O ga3T bl &S 2t oy > (gl Lgbs&:iil:.a
Means with similar letters are not significantly different at 5% probability level according to Duncan test.
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Table (4) Mean comparison of the interaction of different levels of salinity and potassium on

physiological characteristics of pistachio seedlings

ASm?) o) 55 7 o
eSile Salinity Levels ol sk
Mean 10 10 10 K levels
Mg gt FWya Js, )5
Chlorophyll a
1.24B 0.94°¢ 1.31°¢ 1.46° Control wslLx
1.36A 1.03¢ 1.42° 1.65° 150
1.33A 0.99¢ 1.39° 1.61° 250
<
0.99c 1.378 157 A o
Mean
Mg g FWyb Lss s
Chlorophyll b
0.968 0.90°¢ 0.960 ¢ 1.01° Control asls
1.04A 0.97¢ 1.06) © 1.092 150
1.03A 0.97¢ 1.04°¢ 1.08° 250
0.95¢C 1028 1.06 A e
Mean
mg gt FW) JS s i
Total chlorophyll
2.198 1.84°¢ 2.27°¢ 2.47° Control stz
2.41A 2.00¢ 2.48° 2.74° 150
2.36A 1.95¢ 2.43° 2.71°8 250
1.94¢ 2398 264 A o
Mean
(Mg g™ FW) s
Proline
0.194B 0.230°¢ 0.197¢ 0.156 Control asLx
0.235A 0.291°% 0.233°¢ 0.181 % 150
0.222 A 0.272° 0.219 % 0.175°¢ 250
0.264 C 0.216 B 0171 A o
Mean
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