
Journal of Plant Physiology and Breeding 

 2023, 13(2): 249-260 ISSN: 2008-5168 

 

Research Paper 
 

Soil moisture variations and growth characteristics of Russian olive 

seedlings as affected by pumice in rainfed conditions 
 

Reza Hassanpour1*, Davoud Zarehaghi2, Mohammad Ebrahim Sadeghzadeh Reyhan3, and 

Pasha Gharabaghi4 

 

Received:  March 2, 2023 Accepted: September 23, 2023 
1Soil and Water Research Department, East Azerbaijan Agricultural and Natural Resources Research and 

Education Centre, Agricultural Research, Education and Extension Organization (AREEO), Tabriz, Iran 
2Department of Soil Science and Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran 
3Soil Conservation and Watershed Management Research Department, East Azerbaijan Agricultural and 

Natural Resources Research and Education Centre, Agricultural Research, Education and Extension 

Organization (AREEO), Tabriz, Iran 
4East Azerbaijan Organization of Agriculture Jahad, Tabriz, Iran 

*Corresponding author; E-mail: reza.hassanp@gmail.com 

 

 

Abstract 

One of the strategies for efficiently using agricultural water resources and preserving them is to use absorbent 

materials such as pumice in soil. The present research aimed to evaluate the effects of different levels of pumice 

on soil water content and Russian olive seedling growth. For this purpose, an experiment was designed and 

conducted as a randomized complete block design with four treatments and three replications from 2017 to 

2018 in the Khajeh Research Station. Treatments included control (no pumice), and 10%, 20%, and 30% 

pumice. During the experiment, the average soil moisture content was measured by TDR every 10 days. The 

growth characteristics of the Russian olive seedlings, including seedling height, collar diameter, and leaf area 

were measured. Minimum soil water content was recorded for the control treatment and then a significant 

increase was observed by increasing the use of pumice. In the control treatment, seedling height, collar 

diameter, and leaf area were 56 cm, 6.2 mm, and 108 cm2, respectively, while in the 30% pumice treatment, 

the same characteristics were significantly increased to 105 cm, 11.4 mm, and 201 cm2, respectively. So, by 

increasing the amount of pumice from 0 to 30%, seedling height, collar diameter, and leaf area increased by 

87, 84, and 86%, respectively. Therefore, we can conclude that pumice by retaining soil water during the 

growing season, especially in rainfed conditions, prevents plant water-deficit stress and enhances its growth 

and development. 
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Introduction 

Water plays a vital and irreplaceable role in 

sustaining the functioning of the environment 

and societies. World water resources are used 

for agriculture, drinking, municipal needs, and 

several human activities. Among them, 

agriculture is the largest consumer of water in 

the world, consuming more than 70% of the 

available water (UNESCO 2022). Therefore, 

water  conservation with  efficient use  of  it in 
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agriculture is of great importance. 

One of the practical methods to retain 

water in the soil and prevent its loss is the use 

of superabsorbent polymers (SAPs) in the soil 

(Zheng et al. 2023). SAPs are hydrophilic 

polymer gels or hydrogels that can absorb and 

retain large amounts of water (Mignon et al. 

2019). From a practical point of view, a 

material that can absorb at least 20 times its 

weight is considered a superabsorbent (Abedi 

Koopaee and Sohrab 2004). The amount of 

water absorbed by these polymers varies from 

about 20 to more than 2000 times their weight, 

depending on the formulation, impurities, and 

the amount of salt in the polymer (Ganji 

Khorramdel 2008). After absorption and due to 

drying of the environment, the water inside the 

polymer is gradually absorbed by the 

surrounding soil and thus the soil stays moist 

for a long time without the need for re-

irrigation. 

El-Rehim et al. (2004) studied the effect 

of cross-linked polyacrylic acid (PAA), 

polyvinyl alcohol, and potassium polyacrylate 

hydrogels on corn growth. They showed that 

by increasing the hydrogel amount in the soil, 

the average plant height, leaf width, total dry 

weight, and wilting time increased. They stated 

that the PAA and potassium polyacrylate 

hydrogels can improve sandy soil physical 

conditions for root growth, because they often 

absorb water about 1000 times more than their 

weight, reduce irrigation frequency for plants, 

and enhance water retention in the soil, and 

therefore increases the plant growth and 

production. Pourmeydani and Khakdaman 

(2005) investigated the effect of Aquasorb 

superabsorbent on soil water retention and 

olive, pine, and Atriplex growth and showed 

that Aquasorb has a major effect on retaining 

soil water and growth of the studied plants. 

Orikiriza et al. (2009) reported that the 

addition of hydrogel to the five soil types 

(sand, sandy loam, loam, silt loam, and clay) 

significantly increased shoot and root dry 

weight in eight tree species. Yang et al. (2014) 

reported that the soil with added hydrophilic 

polymer significantly increased water holding 

capacity and seed germination than the control 

treatment. Khodadadi Dehkordi (2017) 

investigated the impact of superabsorbent 

polymer on soil and plants on steep surfaces 

and showed that all Super-AB-A-200 

treatments significantly improved the soil 

water retention capacity compared with the 

controls. Fernández et al. (2022) evaluated the 

effect of PAA superabsorbent on the 

hydrophysical soil variables and the tall fescue 

(Festuca arundinacea ssp.) growth and found 

that its use has a significant impact on the soil 

water storage and plant biomass. 

Pumice is one of the superabsorbents 

which is a mineral with non-crystalline 

chemical composition of aluminum silicate 

with high moisture absorption properties. 

Pumice consists of solid particles and very fine 
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glassy and porous particles that are very light 

and composed of molten or semi-molten 

material (Bideci et al. 2014). This material can 

be widely used in soil to increase the water- 

holding capacity and permeability of the soil. 

The consumer price is also cheaper compared 

to similar materials such as perlite and 

vermiculite. Pumice increases soil void ratio, 

facilitates plowing, and improves aeration and 

water retention in soil. Pumice is mixed with 

soil in various amounts, which improves soil 

hydraulic conductivity and aeration, and 

reduces the negative effects of crust formation 

and waterlogging in soil. This material can be 

used for a long period due to its stable physical 

and chemical properties (Alraddadi and 

Assaedi 2021). Sahin et al. (2005) showed that 

the addition of pumice to the soil increased soil 

water retention and strawberry growth, so the 

highest soil moisture, leaf area, and root dry 

matter of strawberry was obtained by 45% 

pumice treatment. Malekian et al. (2012) 

reported that pumice significantly increased 

the retention of soil water and corn growth 

characteristics. The maximum leaf area index, 

stem diameter, seed weight, and grain yield 

were obtained from the 30% pumice treatment. 

Zarehaghi et al. (2015) investigated the effect 

of pumice on soil water holding capacity, 

growth, and yield of spring safflower and 

observed that with the increase of pumice, soil 

water content increased significantly and the 

highest amount of soil water content was 

observed in the treatment of 30 tons pumice 

per hectare. This treatment caused a significant 

increase of 47, 14, 43, and 74% in germination 

rate, plant height, 1000-seed weight, and grain 

yield compared to the control treatment 

(without pumice). 

Russian olive or oleaster (Elaeagnus 

angustifolia L.) belongs to the 

genus Elaeagnus of Elaeagnacea (Araliaceae) 

family (Sahan et al. 2013). There are more 

than 90 species of the Russian olive around the 

world which are mainly distributed in 

subtropical regions of Asia, Europe, and some 

parts of North America (Saboonchian et al. 

2014). Russian olive is a long-lived tree (80–

100 years) that grows rapidly up to 10 m in 

height and 30 cm in diameter and starts to fruit 

after 5–6 years (Kiseleva and Chindyaeva 

2011). Different parts of the Russian olive 

plant have been used in a variety of medicinal 

formats, in perfume industries, as well as in 

woodwork and musical instrument production 

(Kiseleva and Chindyaeva 2011). This tree is 

tolerant to a wide range of harsh environmental 

conditions such as severe drought, flood, and 

airborne salts. Russian olive can grow in 

unsuitable soil conditions such as stony, sandy, 

and high salinity or alkalinity (Asadiar et al. 

2013). In Iran, in most areas, this tree is found 

as a self-growing plant and because of that it is 

a forgotten species and has received little 

attention in research despite its beneficial 

characteristics. Because of its tolerance to 
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salinity and drought, this tree may be a suitable 

choice for establishing vegetation and 

avoiding soil (or salt) erosion by wind. The 

minimum available rainwater should be 

utilized in the best possible way for the growth 

and development of this tree in rainfed 

conditions; that is, water should be stored and 

progressively delivered to the plant during the 

growing season. Therefore, this study aimed to 

evaluate the effect of pumice on retaining soil 

water and the growth of Russian olive 

seedlings. 

 

Material and Methods 

This research was conducted in the Khajeh 

Research Station, located in 30 km northeast of 

Tabriz, Iran. This region is located 38.09˚ 

north latitude and 46.39˚ east longitude, at 

1550 meters above sea level (Figure 1).  

The climate is cold and semiarid, the 

average annual temperature is 9.9°C and the 

average annual rainfall is 250 mm. The rainfall 

during the experiment is provided in Figure 2. 

The soils were saline. 

This research was started in the 2017-

2018 growing season and continued through 

2018-2019. At the end of the 2018-2019 

growing season, the soil and seedling 

characteristics were measured. The experiment 

was designed as a randomized complete block 

design with three replications in plots with 

dimensions of 6×6 meters. Treatments 

included: 

Treatment A (control): without pumice 

Treatment B: 10% pumice (w/w) 

Treatment C: 20% pumice (w/w) 

Treatment D: 30% pumice (w/w) 

 
Figure 1. Location maps of the study site: (a) map of Iran, (b) map of the study area. 
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                     Figure 2. Precipitation amount during the experiment in the study area. 

 

To apply the treatments, pits with a 

diameter and depth of 70 cm were dug for each 

treatment in each plot. Russian olive seedlings 

were planted in each pit and a pair of TDR 

sensors with a length of 70 cm was placed in 

the pits to measure the soil water content. 

Excavated soils from the pits were mixed with 

pumice and again returned to the pits. The 

pumice needed in this study was prepared by 

the Pars Pumice Factory located in Osku City, 

Iran. Some properties of the pumice are given 

in Table 1. This experiment was carried out in 

rainfed conditions, so the plots were not 

irrigated and water required by seedlings was 

 

 

supplied from rainfalls. 

Before applying the treatments, some 

physical and chemical properties of the studied 

soil, including its texture (Gee and 

Bauder1979), bulk density, particle density, 

porosity (Hao et al. 2008), organic carbon 

(Nelson and Summers 1996), EC of the 

saturation extract (ECe, Richard 1996), and 

soil reaction in the saturation extract (pHe, 

Richard 1969) were measured (Table 2). 

During the experiment, the volumetric soil 

moisture content in each pit was measured by 

TDR every 10 days. Also, seedlings’ growth 

characteristics,  including  plant  height,  collar 

                Table 1. The properties of the pumice used in the experiment. 

Characteristics 

Bulk density (g cm-3) 0.50 
Particle density (g cm-3) 2.35 
Porosity (%) 79 
ECe (dS m-1) 3.10 
pHe 7.8 
Particle size Equivalent to the sandy loam soil+ 

                  +76, 19, and 5 percent in size of sand, silt, and clay, respectively. 
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           Table 2. Some physical and chemical properties of the studied soil. 

Characteristics 

Sand (%) 39.6 

Silt (%) 30 

Clay (%) 30.4 

Textural class Clay loam 

)3-Bulk density (g cm 1.35 

)3-Particle density (g cm 2.65 

Porosity (%) 49 

Organic carbon (%) 0.68 

)1-(dS me EC 3.9 

epH 7.3 

diameter, and leaf area were measured. The 

collar diameter was measured using a digital 

caliper at five points of the seedling stem. At 

the end of the growing season, all seedling 

leaves were collected and their area was 

determined using a leaf area meter.  

Data analysis was performed using SPSS 

software and diagrams were drawn using 

Excel. Duncan's multiple-range test was used 

at the 1% probability level to compare the 

means of treatments for the measured traits.  

 

Results and Discussion 

Soil water content 

The effect of pumice on soil water content was 

significant in all five months at the 1% 

probability level (Table 3). In August and 

September, although no rainfall occurred 

(Figure 2), pumice had a significant effect on 

the soil water content. 

Figure 3 shows the volumetric soil water 

content in different months during the 

experiment for four amounts of pumice. In all 

five months, in the control treatment (no 

pumice), soil water content was the lowest and 

in the treatment D (30% pumice), it was the 

highest (Figure 3). With decreasing rainfall 

from May to September (Figure 2), soil water 

content also decreased, but in all five months, 

pumice treatments had higher soil water 

content than that of the control. In other words, 

adding pumice to the soil causes water 

retention in the soil and this retention was 

higher in the treatments with higher pumice. 

This result was consistent with the results of 

Malekian  et  al.  (2012)  and  Zarehaghi  et al.

 

    Table 3. Analysis of variance for the effects of pumice on volumetric soil water content during the experiment 

Source of variation df 
Mean squares 

May June July August September 

Block 2 3.8 3.9 2.8 1.7 0.17 

Pumice 3 121.5** 12.6** 9.23** 4.7** 3.8** 

Experimental error 6 15.7 2.24 3.4 1.9 0.56 

        ** Significant at the 1% probability level. 
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Figure 3. Variation of volumetric soil water content at different levels of pumice during the experiment. A, B, C, and D 

represent pumice amounts of 0, 10, 20, and 30%, respectively.  
 

 

(2015). In these studies, adding pumice to the 

soil also increased water retention in the soil. 

Because of its porous structure, Pumice 

increases soil porosity and decreases bulk 

density and crust formation on the soil surface. 

These factors increase water infiltration in the 

soil and decrease surface runoff. Therefore, the 

water content in the mixture of soil and pumice 

usually is higher than in the soil without 

pumice (Chen et al. 2004; Ni et al. 2010; Yang 

et al. 2014).  

 

Russian olive seedling characteristics 

Table 4 shows the effect of pumice on the 

growth characteristics of the Russian olive 

seedlings. The effect of pumice on the seedling 

height, collar diameter, and leaf area was 

significant at the 1% probability level. 

Figures 4, 5, and 6 show the seedling 

height, collar diameter, and leaf area for 

different  amounts   of   pumice,  respectively.  

With increasing the amount of pumice in the 

soil, all three growth characteristics increased 

significantly compared to the control. In the 

control treatment, seedling height, collar 

diameter, and leaf area were 56 cm, 6.2 mm, 

and 108 cm2, while they were increased 

significantly to 105 cm, 11.4 mm, and 201 cm2, 

respectively when the 30% pumice treatment 

was used.  

These results are consistent with the 

results of Zangoee Nasab et al. (2012) and 

Yousefian et al. (2018) in Atriplex. In these 

studies, applying superabsorbent polymer 

increased the seedling height and shoot and 

root dry weight of Atriplex. 

As mentioned above, pumice because of its 

porous and light texture provides appropriate 

physical conditions in the soil for root growth. 

On the other hand, it prevents water-deficit 

stress during the growing season by absorbing 

and retaining rainwater in the soil. Plants are 

0

5

10

15

20

25

30

May June July August September

V
o

lu
m

et
ri

c 
w

at
er

 c
o

n
te

n
t 

(%
)

Month

treatment A

treatment B

treatment C

treatment D



256                             Hassanpour  et al.                                                                               2023, 13(2): 249-260 

 

exposed to the water deficit when there is not 

sufficient water in the soil. Water deficit 

disrupts many cellular and whole-plant 

functions, affecting plant growth and 

production (Dodd and Ryan 2016). In this 

research, the maximum seedling growth was 

obtained at the high level of pumice (30% 

pumice). Another possible reason is that under 

the proper ventilation and adequate available 

water conditions in the soil due to the addition 

of pumice, water-soluble ions with low 

molecular weight (e.g. nutrients) can be 

absorbed by pumice and enhance plant growth 

by gradual release. 

            Table 4. Analysis of variance for the effects of pumice on Russian olive seedling characteristics. 

Source of variation df 
Mean squares 

Collar diameter Seedling height Leaf area 

Block 2 0.57 3.94 8.64 

Pumice 3 25.9** 268.92** 25343** 

Experimental error 6 0.57 2.44 344 

             **: Significant at the 1% probability level 

             

 

Figure 4. The seedling height of Russian olive at different amounts of pumice. A, B, C, and D represent 0, 10, 20, and 

30% pumice, respectively. 

 
Conclusion 

This study confirmed that pumice plays an 

important role in retaining water in the soil. 

Adding pumice to the soil significantly 

increased soil water retention, plant height, 

collar diameter, and leaf area of olive at the 1% 

probability level. In the control treatment 

which received no pumice, the soil water 

content was the lowest during the growing 

season and by increasing the use of pumice, it 

showed a significant increase. In the control 

treatment, seedling height, collar diameter, and 

leaf area were 56 cm, 6.2 mm, and 108 cm2, 

respectively, while 30% pumice significantly 
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Figure 5. The leaf area of the Russian olive seedlings at different amounts of pumice. A, B, C, and D represent 0, 10, 

20, and 30% pumice, respectively. 

 

 

Figure 6. The collar diameter of the Russian olive seedlings at different amounts of pumice. A, B, C, and D represent 0, 

10, 20, and 30% pumice, respectively. 

 

increased the same characteristics to 105 cm, 

11.4 mm, and 201 cm2
, respectively. 

Therefore, pumice because of its porous light 

texture and good water absorption properties, 

increases porosity, reduces bulk density and 

crust formation on the soil surface, and 

provides appropriate physical conditions for 

root growth. It also prevents water-deficit 

stress during the growing season by retaining 

water in the soil. Also, pumice is cost-effective 
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compared to similar materials such as perlite 

and vermiculite, therefore, its use can be 

economical on a large scale in the rainfed 

conditions to promote the growth and 

development of Russian olive and similar 

plants. This study was significant because its 

findings were acquired over two years and in 

field conditions. Furthermore, it indicated the 

direction of future research in this field by 

focusing on the possibility of growing and 

developing a seedling tolerant to salinity and 

drought in rainfed conditions and in the 

presence of a cost-effective superabsorbent. 
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 در شرایط دیم سنجدرشد نهال های شاخص  و تغییرات رطوبت خاکتأثیر پومیس بر 
 

 4باغیو پاشا قره 3زاده ریحان، محمدابراهیم صادق2حقی، داود زارع*1پوررضا حسن

 

، کشاورزیتحقیقات، آموزش و ترویج کشاورزی و منابع طبیعی آذربایجان شرقی، سازمان و آموزش تحقیقات خش تحقیقات خاک و آب، مرکز ب -1

 تبریز

 ، تبریزدانشگاه تبریزدانشکده کشاورزی، گروه علوم و مهندسی خاک،  -2
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 چکیده
در خاک استتتپ پهوهش حا تتر با هد   پومیسآب کشتتاورزی و حفآ آن استتتفاده از مواد جاذب مانند  عیکی از راهکارهای استتتفاده بهینه از مناب

های کامل تصادفی   منظور آزمایشی در قالب طرح بلوک  ینه اانجام شدپ ب  سنجد آب خاک و رشد نهال  قدار بر م میسبررسی تأثیر سطوح مختلف پو  

و  20، 10 و (پومیسدر ایستگاه تحقیقاتی خواجه طراحی و اجرا شدپ تیمارها شامل شاهد )بدون      1397تا  1396در سال  با چهار تیمار و سه تکرار  

سنجد  های رشد نهال  گیری شدپ ویهگی اندازه TDR دستگاه  روز یکبار با 10بودندپ در طول آزمایش، میانگین رطوبت خاک هر  میسپو درصد  30

 میسمقدار آب خاک برای تیمار شاهد ثبت شد و سپس با افزایش استفاده از پو     کمترینگیری شدپ  شامل ارتفاع نهال، قطر یقه و سطح برگ اندازه  

صفات  داری افزایش معنی شاهد، ارتفاع     در این  شدپ در تیمار  شاهده  سطح برگ به ترتیب   م   108متر و میلی 2/6متر، سانتی  56نهال، قطر یقه و 

صد پو  30متر مربع بود، در حالی که در تیمار سانتی  متر مربع سانتی  201متر و میلی 4/11متر، سانتی  105ها به ترتیب به ، همین ویهگیمیسدر

درصد افزایش   86و  84، 87ارتفاع نهال، قطر یقه و سطح برگ به ترتیب حدود   ،درصد  30به  0افزایش یافتپ به طوری که با افزایش مقدار پوکه از 

ی کرده و رشد و نمو  با حفآ آب خاک در طول فصل رشد به ویهه در شرایط دیم از تنش آبی گیاه جلوگیر    میستوان گفت که پومی ،یافتپ بنابراین

 دهدپآن را افزایش می
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