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Figure 1. Schematic diagram of experimental pots.
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Table 1. Elemental analysis (XRF) of phlogopite and quartz sand used in the experiment.

8
Total LOI MnO Na,0 CaO Fe)0; K,O ALO;  MgO SiO, <
Mineral
99.87 4.11 0.11 0.24 2.22 493 10.13 1590 23.09 38.11 St A
Phlogopite
o ‘ R
100 0.4 - 0.005  0.48 0.07 0.01 0.04 0.15 99.03 SFS o
Quartz sand

s bes 55 055 Lals LOI

LOI: Loss on ignition

(e o oS 5 Y Jpu

Table 2. Composition of nutrient solutions.

FI) oy 09 gME dslome M8 e 2 s) JS o1 I sl

3 ) L. Jsloee o jlads
Glie O 23 K53 o3l ol J gl Glis T 2 5 5 sk Sl sl S g5 Soluti
- g . olution
K-free nutrient solution (ml stock ~ Complete nutrient solution (ml Stock ~ Salt source of stock solution number
solution per liter distilled water) solution per liter distilled water)

7.5 5 1M Ca(NO3),.4H>0 1

2 2 1M MgS04.7H,0 2

- 5 1M KNO; 3

- 1 1 M KH,PO4 4

25 - 0.05M Ca(H2PO4),.H,O 5

2.5 2.5 FeEDDHA 6% 6

Trace elements
1 1 (HzBO}, MHC12,4H20, 7

ZnS04.7H,0, CuS04.5H,0,
H2M004.H20)
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Table 3. Analysis of variance for dry weight and K uptake by the barley shoot and root.

Slag o :Sks
Mean squares G
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: s : s L Degree of Source of variations
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K uptake by K uptake by Root dry Shoot dry
root shoot weight weight
= -
198.52%* 3977.74%* 272.40%* 4298.13%* 1 0o
Growth medium (GM)
e J
33.05%* 300.39%* 98.39%* 646.72%* 1 s Je
Nutrient solution (NS)
13.34%% 349.32%* 59.48%* 1131.98%* 2 T
Drought stress (DS)
e J L, s
3.19 17.18%+ 79.24%% 425.19%+ 1 sl A2
GMxNS
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* and ** respectively, significance levels at 5% and 1% of probability based on the LSD test.
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Figure 2. Means’ comparisons of shoot dry weight (a) and root dry weight (b) of barley in different growth
media, different levels of drought stress and complete (+K) and k-free (K) nutrient solutions. Means with
similar letters are not statistically significant at P<0.05 according to the LSD test.
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Figure 3. Means’ comparisons of K uptake by shoot (a) K uptake by root (b) of barley in different growth
media, different levels of drought stress and complete (+K) and k free (-K) nutrient solutions. Means with
similar letters are not statistically significant at P<0.05 according to the LSD test.
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Figure 4. The relation between root dry weight and K uptake of root (a) and shoot dry weight and K uptake of
shoot (b).
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Table 4. Means’ comparison of total K uptake by barley and percentage of potassium removed from
phlogopite mineral in different levels of drought stress under K-free nutrient solution.

(Ae5) 4l Ol (LS s p S ) sl ol IS Moy e
Total K removed (%) Total K uptake (mg/pot) Growth medium
365° 2295.50° S Dsd e S s S
Quartz sand+ phlogopite, no drought stress
280" 1773.48" Lo o (S G55 oo S+ 5NS o
Quartz sand+ phlogopite, moderate drought stress
Lld Sist 55w S e+ gl S 3
173 ¢ 1093.03 ° gl (S S gy S 5U IS

Quartz sand+ phlogopite, severe drought stress
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Means followed by the same letter in each column are not statistically different at p < 0.01 based on LSD test.
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Table 5. Elemental analysis (XRF) of the clay fraction before (control) and after barley growth in the K-free
nutrition solution and different levels of drought stress.

WS 5 S Sl 5 SIS 08 b A5 S SHB s IS o8 S lsh e S RIS o0 () 1521
Quartz sand and phlogopite, Quartz sand and phlogopite, Quartz sand and phlogopite, no Control Elements
severe drought stress moderate drought stress drought stress (%)
36.30 36.30 35.10 38.11 SiO;
21.18 22.81 18.51 23.09 MgO
14.80 15.40 14.10 15.09 ALOs
7.94 6.37 6.20 10.13 K,O
5.89 5.49 6.58 4.93 Fe;Os
2.57 2.49 3.37 222 CaO
1.31 1.33 2.48 0.24 Na,O
0.22 0.22 0.27 0.11 MnO
8.18 8.19 11.24 4.11 LOI
99.88 99.96 99.98 99.87 x

3Ly sbes 53 055 a8 LOI
LOI: Loss on ignition.
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Abstract

Background and Objectives: Drought is the most important known abiotic stress which
strongly affects the growth and yield of different crops worldwide. Among all the mineral
nutrients, potassium (K) plays a particularly critical role in plant growth and metabolism, and
also contributes to the survival of plants and adequate biomass production under various biotic
and abiotic stresses, especially under drought stress. Under drought stress conditions, K
regulates the stomatal opening and helps plants adapt to water deficits. In this study, the effect
of phlogopite, as a potassium-rich source and a soil chemical conditioner, to help moderate the
adverse effects of drought stress on barley growth and yield under greenhouse conditions was
evaluated.

Materials and Methods: This study was conducted as a completely randomized design with
factorial arrangement and 3 replications in the hydroponic greenhouse of the Isfahan University
of Technology. The growth medium was a mixture of quartz sand and phlogopite and different
levels of drought stress were applied. Plants were supplied with either a complete or a
potassium-free nutrient solution during the five-month growth period. At the end of the
experiment, shoots and roots were harvested separately and their dry weight recorded. The
amount of potassium in the extract prepared by the dry ash method was determined by a flame
photometer. The percentage of potassium release from phlogopite in potassium-free nutrient
solution was calculated and elemental analysis (XRF) was performed on several selected
samples.

Results: The shoot and root dry weight and potassium uptake of plants grown in the phlogopite
containing media were higher than those in the control media. These two parameters were also
higher in plants received complete nutrient solution as compared to those supplied with the
K- free nutrient solution. Drought stress reduced yield and potassium uptake. The highest
levels of loss of dry weight and potassium uptake were observed in plants supplied with the
K-free nutrient solution under severe drought stress. There was a significant positive correlation
between the shoot dry weight and K uptake and also between the root dry weight and K
uptake. The results of the elemental analysis of phlogopite particles before and after application
in the growth medium were consistent with the amount of potassium uptake by the plant.
The highest percentage of potassium removal was observed under no drought stress conditions.
In general, it looks like that the application of phlogopite alleviates the negative effects
of drought stress by releasing its interlayer potassium, due to the important role of potassium
in regulating stomatal opening and closing, increase photosynthesis rate and water retention
in plant tissues.
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Conclusion: The results of this study showed that the application of phlogopite was useful as a
natural and low-cost source to supply K requirement in plant growth medium to reduce the
effects of the drought stress, especially in the greenhouse.

Keywords: Drought stress, Growth medium, Phlogopite, Potassium release, Rhizosphere
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