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among the major factors limiting plant growth and agricultural productivity,
particularly in regions where water availability is limited and soil quality is
declining. Soil texture and moisture conditions strongly influence water
retention, pore characteristics, and the availability of water to plants. Pumice,
as a porous mineral amendment, has the potential to improve soil physical
properties, modify the pore system, enhance water-holding capacity, and
consequently improve water availability to plants. Therefore, this study aimed
to evaluate the effects of pumice application on selected soil physical
properties and the growth of peppermint (Mentha piperita L.) under different
soil moisture conditions and in soils with contrasting textures.

Materials and Methods: A greenhouse experiment was conducted as a split—split

plot experiment based on a randomized complete block design (RCBD) with
four replications. The experimental treatments included two irrigation levels
based on optimum soil moisture (75% of the available water for plants) and
water-deficit irrigation (50% of the available water for plants), two soil
textures (clay loam and sandy loam), and three pumice application rates (0, 4,
and 8 g kg™ soil). Irrigation treatments were imposed after complete
establishment of the seedlings. Soil moisture conditions were controlled based
on the available water content of each soil and maintained by monitoring the
moisture status of the pots. At the end of the growing period, plant biomass
(fresh and dry weight) and major soil physical properties, including bulk
density, porosity, void ratio, water-holding capacity, plasticity index, and
aggregate stability, were measured. The effects of irrigation level, soil texture,
pumice application, and their interactions were evaluated statistically.

Results: Decreasing the available water from 75% to 50% resulted in a significant

reduction in plant biomass and was associated with declines in selected soil
physical properties. Compared with the 75% available-water condition, the
void ratio decreased by 3.7% and 1.9% in the clay loam and sandy loam soils,
respectively, while water-holding capacity decreased by 13% and 14%,
respectively. In contrast, pumice application reduced bulk density and
increased soil porosity, water-holding capacity, plasticity index, and aggregate
stability. Application of 8 g pumice kg™ soil increased soil porosity by up to
8.4% and water-holding capacity by up to 24.2% compared with the control.
Pumice application also increased fresh plant weight under water-deficit
irrigation, indicating its potential to improve plant growth under limited water
availability. The magnitude of the pumice effect varied with soil texture and
moisture condition, highlighting the importance of considering the interaction
between amendment application and soil characteristics.

Conclusion: Overall, pumice application, particularly in the clay loam soil,

improved several soil physical properties and reduced the adverse effects
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associated with limited soil water availability, thereby enhancing peppermint
growth. These findings indicate that pumice may be a potentially effective
mineral amendment for improving soil physical conditions, enhancing water
retention, and supporting plant production under water-limited conditions.
The observed responses also demonstrate that the effectiveness of pumice
application depends on soil texture and moisture conditions, which should be
considered when developing management strategies for improving soil
physical quality and crop production under limited water availability.
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Table 3. Analysis of variance (MSs) for selected soil properties and peppermint yield.

Shebale  kp poy Sy wpbdfe A S S Spoes bl ol
Source of ol FreshWei  DryWeig Bulk Particle Porosity Void ratio sl G
variation Df ght ht Density Density Water I Placticity

Holding Index
Capacity
RS 3 6.6ns 0.02ns 2.778 x 2.222 x 5.556 x 0.00002ns  0.476ns 0.0045ns
Replication (R) 107%ns 10~5ns 10~°ns
bl 1 9228.5**  192.12**  2.700 x 4.083 x 4.083 x 0.00350**  104.843**  0.9075**
Irrigation (I) 1073 107> 107+
s 3 19.4ns 0.02ns 5.556 x 8.333 x 2.778 x 0.00001ns  0.262ns 0.0010ns
Error (a) 10%ns 10%ns 10°ns
Sk cdl 1 35695.3*  2805.26*  1.85653**  1.63541**  (0.06453**  (0.47800** 820.053**  13.9968**
Soil texture (S) * *
AN 1 1313.4**  0.07ns 2.083 x 5.333 x 7.500 x 0.00152**  2.823* 0.4370**
IxS 10—4ns 10—4** 10—5*
s 6 8.3ns 0.04ns 5.417 x 3.750 x 9.722 x 0.00002ns  0.276ns 0.0031ns
Error (b) 1075ns 1075ns 10~®ns
el 2 1878.0**  19.86** 7.790 x 2.708 x 1.506 x 0.01323**  52.318**  0.1625**
Pumice (P) 1073** 107°ns 107%**
JEIEN N 2 20.7ns 0.22* 8.125 x 2.708 x 2.083 x 0.00003ns  5.227** 0.0037ns
I %P 10~°ns 10~°ns 107°ns
ool 2 157.5%* 1.12** 3.958 x 5.208 x 1.458 x 0.00008ns  10.899**  0.0196**
Sxp 1075ns 1075ns 10™°ns

ol sl 2 85.7* 0.05ns 2.146 x 2.083 x 4.375 x 0.00004ns  1.043ns 0.0013ns

Sx|xP 1074 10~°ns 1075
s 24 19.8ns 0.04ns 3.125 x 1.597 x 1.111 x 0.00004ns  0.566ns 0.0025ns
Error (c) 1075ns 1075ns 1075ns

ol b gime il dgg pis g doyd B woyd V sl pdaw )0 )5 gixe S Kby sy 4y ns & AT
** * and ns indicate significant effects at the 1% (P < 0.01) and 5% (P < 0.05) probability levels, and non-significant effects, respectively.
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Table 4. Analysis of variance (MSs) for the effects of treatments on soil aggregate stability determined by dry and wet
sieving methods.

Sl glie il &y B3 iy ke b (poin (S0l b S5y xSke b ptin (Sle
Source of variation DF (Sis L) wluss (Sis L) wlsss (3 ) wlass (5 S wlass
Dry MWD Dry GMD Wet MWD Wet GMD
S 2 0.1419ns 0.00937ns 3.611 x 10~°ns 0.00124ns
Replication (R)
&b 1 0.0289ns 0.00538ns 0.04840ns 0.00080ns
Irrigation (1)
IS 2 0.0825ns 0.01235ns 3.508 x 1073ns 0.00021ns
Error (a)
S cél, 1 16.4565** 1.73361** 11.1111** 0.98340**
Soil texture (S)
il gyl 1 0.0312ns 0.00134ns 0.54268* 0.03802**
(R
s 4 0.0978ns 0.00928ns 0.04821ns 0.00007ns
Error (b)
ol 2 0.0905ns 0.00497ns 0.21308ns 0.00545ns
Pumice (P)
RPN 2 0.2464* 0.00819ns 0.15903ns 0.02920**
IxP
el 2 0.2871* 0.06967** 0.24721ns 0.01410*
SxP
el g Lol 2 0.0382ns 0.00270ns 0.15708ns 0.00427ns
SxIxP
(s 16 0.0609ns 0.00707ns 0.04555ns 0.00272ns
Error (c)

Ll Hly gixe 1059 pas 5 Mo 0 o N Jlain] paw ;3 )b gixe 3l Sly iy NS

* k%
¢

** * and ns indicate significant effects at the 1% (P <0.01) and 5% (P < 0.05) probability levels, and non-significant effects, respectively.
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Table 5. Mean comparison of the interaction effect of soil texture x water regime x pumice application rate on fresh
weight (FW) and the interaction effect of water regime x pumice application rate on dry weight (DW) of peppermint.

DW (gols Suis (y59  FWolS Jy5 (9 kg™ omel gk ) Sk edl ]
pot™) (g pot™) Pumice Irrigation Texture Section
- 136.07¢ 0 (AW 7v8) ' SK- oslizl 15 ] 229 ¥ 352 (L)oo o9 il
75% of available water*
YA S oolax 5O
o 157 420 4 (AW 7va) S5 oslil b6 ¢ ..\.o)'b YO 3924 (CL) ey o9 il
75% of available water
- 160,81+ 8 (AW 7v0) S5 oslizl 45 2253 Y0 352 (CL) o) o i
75% of available water
I\ s ooli . u— .
. 105.47¢ 0 (AW 70+) T8 oolil L6 ¢ l.\..o)m 3¢9 2 (CL) ooy £ sl
50% of available water
- 115.84¢ 4 (AW 78-) S odlizl 15 oy O+ dg3g (CL) ) 19 il
50% of available water
. 127 424 8 (AW 7+) S oslizl 15 ..\.o)-.) O+ 3¢5 (CL) ) 9 ul
50% of available water
A S ol plB o
o 82,601 0 (AW 7va) S5 axlal 6 Lo YO 3929 (SL) 25 s Sl
75% of available water
- 90.88¢ 4 (AW 7va) S5 oslizl 1 2oy YO 3554 (SL) it 9 ul
75% of available water
o 94.8¢ 8 (AW 7va) S oslil 18 oy YO 3524 (SL) it 9 ul
75% of available water
- 62.62i 0 (AW 78-) S oslizl 15 .\.o)-.) O+ dgg (SL) it 9 ul
50% of available water
- 72871 4 (AW 7+) S oslizl 15 ..\.o)-.) O+ 3¢5 (SL) it 9 ul
50% of available water
7. S oolax 5 Ol .
o 81,000 8 (AW 7o+) SB aslizwl 1B ¢ .w)-sa Sgg (SL) it oo Jl
50% of available water
27 68¢ . 0 (AW 7¥8) S15 03kl b5 O 1o,d YO 3929 .
' 75% of available water )
27 88 . 4 (AW 70) S oslizl b5 O 1o ys VO 392 .
' 75% of available water j
29.24 . 8 (AW 7¥8) S15 03kl b5 O 1o,d YO 3929 .
' 75% of available water j
23,00 o 0 (AW 70+) S oslizl b5 O 1o ps B+ 3929 . g
' 50% of available water j
23,89 . 4 (AW 70+) S oslizl b5 O 1o ps B+ 3929 .
' 50% of available water j
25.00¢ . 8 (AW 70+) S5 03kl b5 O aoyd 0+ 3929 .

50% of available water

70 o] gdaws 5 (LSD) I sixe glas Jlas 090)"‘ ool g s > Gl By ghyly sl Sle () i 43 g GG B gl)b lapSle () ise
o X ugby Candg Jlite Sl edimd i (0) (5w g olS p5y5g 2 el gdaw X igby Cunsg X SB bl blite Sl sdimd s (W) Jisu )l (g)ls e cglas

Sl oS S (g 0 ey

o oy b aile 3L b «SK oalil LB G170+ 455 51 e o)l ¥ (S 5 onliil BB T aops VO le 3L b« S5 olizal BB T aoyd Y0 4056 51 Ly (o5ll
LSB > eolazwl LB
In section (a), means followed by the same letter, and in section (b), means followed by the same letter within each column, are not significantly

different according to Fisher’s least significant difference (LSD) test at the 5% probability level. Section (a) represents the soil texture x water
regime x pumice application rate interaction for fresh weight, whereas section (b) represents the water regime x pumice application rate

interaction for dry weight.

L Irrigation after 25% depletion of available soil water, with 75% of available soil water remaining; 2 irrigation after 50% depletion of available
soil water, with 50% of available soil water remaining.
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Table 6. Comparison of interaction means of soil texture, irrigation levels, and pumice application rates on soil bulk
and particle densities.

s S spbJIS ool o bl Sk el

PD (g cm™) BD (g cm™3) Pumice (g kg™) Irrigation Texture
2.158° 1.64° 0 75% AW 1 (CL) o) ps!
2.158b 1.61¢ 4 75% AW (CL) o) 29
2.158b 158 8 75% AW (CL) o) 29
2.145¢ 1.65° 0 50% AW 2 (CL) o) ps!
2.145¢ 1.63¢ 4 50% AW (CL) o) 29!
2.145¢ 1.61¢ 8 50% AW (CL) o) 29
2,521 1.24¢ 0 75% AW (SL) s psd
2,521 1.2 4 75% AW (SL) i oy
2.521a 1.20% 8 75% AW (SL) i pgl
2.520¢ 1.25¢ 0 50% AW (SL) i pgl
2.520¢ 1.231 4 50% AW (SL) i oy
25200 1215 8 50% AW (SL) 5 psl

ol BL) S 8okl bl Ol daoyd 8 50 51 L (6yll T (ainge Cogby w5y i S 3 oaliul bl Ol aoyd YO sile L) S 8oLl LB T o )3 YO 4055 5 e ()l
Sl 1o )3 B Jloisl o 13 LSD (05l oll o (e g sy (slapnSilie ¢ygiw o )3 (gby Codgazme b g (6)lleS (a5 w25y 2 SB 5 oolil B LT a0

(P <0.05) 55,15 (gls e

175% AW: irrigation after 25% depletion of available soil water; 250% AW: irrigation after 50% depletion of available soil water. Within each
column, means followed by the same letter are not significantly different according to the LSD test at P < 0.05.
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Table 7- Mean comparison of the interaction effects of soil texture, irrigation, and pumice application on soil porosity.
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00.33542ug 2 (AW 7v0) S5 o3lisul b5 Ol 1oy> YO 3924 SL i o
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0.357 f 8 50% of available water
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Within each column, means followed by the same letter are not significantly different according to Fisher's least significant difference (LSD)

test at P < 0.05.
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Table 8- Mean comparison of the interaction effects of irrigation levels and soil texture on soil void ratio (e).

Void ratio _Sg o Texture SB céL

Irrigation (gLl sk
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CL ) pg)
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SL i g
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(AW 7v8) S5 03kl b5 O 10,5 VO 3929
75% of available water

(AW 70+) S oslizwl b5 O 1o ps B+ 3929
50% of available water

(AW 7v0) S5 oslitul b5 O 1o ys VB 392
75% of available water

(AW 70+) S5 o3kl b5 O aoyd 0+ 3939
50% of available water
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Within each column, means followed by the same letter are not significantly different according to Fisher's least significant difference (LSD)

test at P <0.05.
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Table 9- Mean comparison of the interaction effects of soil texture and pumice levels on WHC.
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Within each column, means followed by the same letter are not significantly different according to Fisher's least significant difference (LSD)
test at P <0.05.
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Table 10- Mean comparison of the interaction effects of soil texture and pumice levels on soil plasticity index.
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Within each column, means followed by the same letter are not significantly different according to Fisher's least significant difference (LSD)
test at P < 0.05.
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Table 11. Comparison of interaction means of soil texture and pumice application rates on the MWD and GMD of soil

aggregates.

(mm) 5 GMD (mm)SEaGMD (mm) s MWD Pumice (g kg™?) (ol Texture S cdL
1.140 1.54> 3.46° 0 (CL) (s po)
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1.24~ 1.652 3.90° 8 (CL) () po)
0.84¢ 1.09¢ 2.34¢ 0 (SL) s p9
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0.87¢ 1.27¢ 2.47¢ 8 (SL) s 9
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Within each column, means followed by the same letter are not significantly different according to the LSD test (P < 0.05).
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