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Abstract

This study investigates the effects of perlite amendments (0%, 2.5%, and 5%) on soil hydraulic properties
and maize (Zea mays L.) productivity under drip irrigation. A field experiment was conducted in Mosul, Iraq.
Using a randomized complete block design (RCBD) on silty loam soil texture during the summer of 2023.
Soil hydraulic properties were analyzed using the Van Genuchten model, which revealed that the 5% perlite
treatment (P2) significantly improved moisture retention, reducing the value of parameter n to 1.32 and
increasing water holding capacity. Results showed that P2 enhanced soil moisture content (36.58% compared
with control 31.99%), reduced bulk density (1.11 Mg m™ compared with the control. 1.40 Mg m™?), and
increased total porosity (58.0% vs. 47.0%). Additionally, P2 revealed the highest saturated hydraulic
conductivity (2.55 cm hr') and infiltration rate (2.76 cm hr'), leading to a 14.4% increase in maize yield
10.3 ton ha™ compared to 9.0 ton ha™! in the control. These results determined perlite’s potential to enhance
water use efficiency and crop productivity. The study concludes that perlite is improving agricultural
practices in water-scarce environments, offering practical solutions for enhancing food security in drought
areas. Future research should explore the long-term effects of perlite on soil health and economic feasibility.
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Introduction

Perlite is used in agriculture as a soil amendment, and it is a volcanic rock, at a high temperature (900°C) expanded more than
to 4-20 times, creating a lightweight, highly porous material [1,2]. One of perlite's key characteristics is chemical neutrality,
with a pH range of 6.5-7.5, and its lack of nutrients or cation exchange capacity)[3]. Despite this, perlite plays a critical role in
agriculture by enhancing soil hydrological properties. It can absorb 2—3 times its weight in water, reducing irrigation costs and
energy consumption while maintaining optimal moisture levels for plant growth [4]. Thus, improving the soil structure for plant
growth. Perlite's inorganic structure offers further advantages, as it does not degrade over time, and resists changes in chemical
composition [5,6]. Its high porosity (up to 90%) enhances water infiltration, reduces evaporation, and improves root zone
aeration, which are critical for plant growth in arid and semi-arid regions [7].

Material and methods
Location:

The field experiment was conducted in Mosul University, Irag. (43°09'10.78" E, 36°20'48.54" N, elevation: 222 m above sea
level). The soil at the site is calcareous, classified as Calciorthids according to the USDA soil taxonomy.

Trial design:

The experiment was arranged in a randomized complete block design (RCBD) with three perlite application levels: 0% (control,
P0), 2.5% (P1), and 5% (P2). Each treatment was replicated three times. Maize was planted in four rows per plot, with 75 cm
between rows and 50 cm between blocks. Seeds were planted at a depth of 25 cm, with a germination rate of 97%. Soil preparation
included deep plowing and the use of a Rotavator cultivator to ensure uniform soil structure.

Calculate Van Genuchten parameters:

Soil hydraulic properties were described by using [8]. type analytical functions that use the to describe the water-retention curve
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Physical and chemical analyses:

Three soil samples (0-30 cm depth) were taken using an auger-hall, dry aired, and then sieved to a diameter of 2 mm for analysis
before planting. Soil physical and chemical analyses were performed using standard methods [9]. The perlite and soil analyses

Explained in Tables (1& 2).

Table (1): Some chemical and physical properties of Perlite

Parameter Perlite
pH 7-75
Color White
Density 75 kg.m?
Granulometry 14qgr
Electric conductivity EC 0.1dS.m*
Silica SiO» 74.7 %
Al1,03 13.5%
F8203 1.2%
CaO 0.6 %
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MgO
K20
Na.O
H.0

0.3%
3.9%
3.3%
25%

Table (2) : Some chemical and physical properties of soil.

ITEM QUANTITY UNIT

PH | 7.6
EC | 04 ds.m-1
Organic matter 134 g.kg-1

Bulk density | 1.45 Mg.m1
Total Porosity 47.0 %
Infiltration rate | 2.032 cm hrt
Hydraulic conductivity 1.36 cm hrt
Clay 241 g kg*
Silt | 560 g kg™
Sand | 199 g kg?
Soil texture | Silty Loam

Result and discussion

Moisture content ( 6, )

The volumetric water content (VWC) of the soil was measured weekly at a depth of 0-30 cm using a TDR 300 device under
surface drip irrigation. The highest mean VWC was observed in treatment P2 (5% perlite), with an average value of 36.58%,
compared to 31.99% in the control (PO). Treatment P1 (2.5% perlite) recorded an intermediate value of 35.03% (Table 3, Figure

1).

These findings align with previous studies by [10,11] who demonstrated that perlite enhances available water content in soils.
The increase in VWC can be attributed to perlite's high porosity and water-holding capacity, which improve moisture retention
and reduce leaching losses. Perlite's ability to retain water is particularly beneficial during drought periods, as it ensures
consistent moisture availability for plant roots.

Table (3): Soil Volumetric Water Content (6, ) (%)

week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 mean
Po 264 273 281 277 483 399 324 275 302 364 278 324 342 297 332 304 31.99
p1 296 342 302 319 521 514 321 275 354 371 312 33 36.7 306 36.1 315 35.03
P2 347 378 315 324 563 478 335 289 372 395 338 331 393 326 325 345 36.58
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Figure (1): The relation between volumetric water content and time.

2. Soil Density and Total Porosity:

16 mean

Perlite significantly reduced bulk density and increased total porosity. The lowest mean bulk density was recorded in treatment
P2 (1.11 Mg m™) compared to the control (1.40 Mg m™). Conversely, total porosity was highest in P2 (58.0%) compared to the
control (47.0%), representing a 21.2% increase (Table 4, Figure 2). are critical for improving root zone aeration and water
infiltration. These changes create a more favorable environment for root growth and nutrient uptake. Similar findings were
reported by [12,13,14]. who highlighted perlite's role in enhancing soil structure and promoting better aeration.

Table (4): Soil Density and Porosity .

Treatment Porosity (()/T.P) Bulk Density (0, ) particle Density( Ps)
(o]
Mg
m-3
PO 47.0 1.40 2.65
P1 56.8 1.18 2.69
P2 58.0 1.11 2.70
1.6 o— 70.0
? = : I 7 —)
€ 12 Pl = 3
éo . P2 50.0 | > . o
> 2 40.0 P2
£ 08 g
3 06 5 300
a
= 04 20.0
a 0.2 10.0
0 T T 0.0 T T T 1
R1 R2 R4 Rl R2 R3 Mean
Replication Replication

Figure (2): Bulk density and total Porosity’s value for treatments.
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Hydraulic conductivity and Infiltration rate:

The application of perlite also improved hydraulic properties, including infiltration rate (IR) and saturated hydraulic conductivity
(Ks). Treatment P2 recorded the highest mean values for both parameters: 2.76 cm hr* for IR and 2.55 em hr* for Ks, compared
t0 2.0 cm hr and 1.86 cm hr', respectively, in the control (Table 5, Figure 3). Perlite's porous structure facilitates
optimal water flow through the soil matrix, reducing surface runoff and increasing water infiltration. This improvement is
consistent with findings by[ 15,16,17], who emphasized perlite's ability to enhance soil hydrological properties. The increased
infiltration rate and hydraulic conductivity contribute to more efficient irrigation and reduced water percolation.

Table (5): Some hydraulic properties of the study soil.

Treatment Basic Infiltration rate ( IR) Hydraulic conductivity ( Ks) Initial water
cm hrt cm hrt content cm.cm™

PO 2.0 1.86 0.170
P1 2.57 2.45 0.182
P2 2.76 2.55 0.191
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Figure (3): Saturated hydraulic conductivity and infiltration rate for all treatments

Predicted volumetric moisture content 0(h)

The Van Genuchten model was used to analyze soil water retention characteristics. The parameter n decreased
with increasing perlites application, indicating enhanced moisture retention. Treatment P2 exhibited the lowest n value (1.32)
compared to PO (1.366 ) and P1  (1.342). Similarly, the parameter o decreased with perlite application, reflecting an increased
air entry value (Table 6). These results demonstrate perlite's ability to improve the water-holding capacity of the soil, as
confirmed by the Van Genuchten model. The findings corroborate earlier research by [18,19] who noted that perlite modifies
soil pore size distribution, leading to improved water retention and aeration.

Table (6): Values of Van Genuchten parameters.

Os or Os-0r Op Log(hp) hp do/d/log(h)  Sp m n a
Po | 044 0131 0309 0.285 255 354.8 0.1211 0.391 0.268 1.366 0.0175
P, | 0456 0.138 0.318 0.297 271 512.8 0.1173 0.368 0.255 1.342 0.0136
P, | 0485 0.146 0.339 0315 284 691.8 0.1193 0351 0244 132 0.011
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Yield of Maize:

Grain yield was significantly influenced by perlite application. Treatment P2 recorded the highest yield (10.3 tons ha™ ),
representing a 14.4% increase over the control (9.0 tons ha™' ). Treatments P1and P2 covered by the same bar are not significantly
different with same color (Table 7, Figure 4). The increase in yield can be attributed to improved soil physical properties, such
as enhanced water retention, aeration, and nutrient availability. Perlite's role in reducing water stress and improving root growth
has been documented by [20,21,22] .These benefits are particularly significant in arid regions, where water scarcity limits crop

productivity.
Table ( 7): Grain Yield of Maize (ton ha).
Treatment R1 R2 R3 Mean
PO 9.058 8.491 9.450 9.0
P1 10.475 9.566 10.525 10.2
| P2 10.757 9.625 10.525 10.3
12 ¥ Duncan Grouping for Means of P (Alpha =0.05)
- p Means coveraed by the same bar are notsignificantly different.
o 10 W P  Estimate
p 8
2 6
2 10.2967
T 4
[}
= 2
0 1 1018323
R1 R2 R3 Mean

Replication
—=@=—P0) =@=P1

Figure (4) : Yield of Zia maize for all treatments.

Wetting Front Movement

The movement of the wetting front was monitored 24 hours after stopping drip irrigation.
Based on moisture content data measured using TDR .

P2

8.9987

Using Surfer program Ver:13.

The results showed the Treatment P2 exhibited the most effective

moisture distribution, both horizontally and vertically, due to perlite's high water retention capacity (Figure 5). This characteristic
helps plants resist drought conditions by ensuring consistent moisture availability in the root zone. Additionally, perlite's
mechanical effect on soil aggregation improves its ability to hold water, further enhancing moisture retention. These findings

underscore perlite's potential to mitigate water stress and improve irrigation efficiency.
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Figure (5) : Movement of the wet front in the soil
Conclusions

The results of this study demonstrate that perlite significantly improves soil physical properties and maize productivity under
surface drip irrigation. Key findings include:

Improved Soil Hydrology: Perlite reduced bulk density, increased porosity, and enhanced hydraulic conductivity and
infiltration rates. These changes optimize water movement through the soil profile, reducing evaporation and runoff.

Enhanced Water Retention: Perlite's porous structure and high water-holding capacity improved soil moisture content, as
evidenced by the Van Genuchten model parameters ~ (n, m, and a).

Increased Crop Yield: The application of perlite led to a 14.4% increase in maize grain yield, highlighting its potential to boost
agricultural productivity in water-scarce environments.

Sustainable Solution: Perlite's inorganic nature ensures long-term stability, making it a sustainable amendment for agriculture.
Its ability to normalize pH, reduce salinity, and protect plants from temperature fluctuations further enhances its utility.

These findings align with previous studies. who emphasized perlite's versatility in improving soil properties and supporting plant
growth. The study underscores the importance of adopting innovative soil amendments like perlite to address global challenges
in agriculture, particularly in arid regions.
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