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Abstract
Mainly, final yield product depends on growth factors such as soil, irrigation and kind of seed. Aggregate collapse
and crust formation due to drying prevent germination and reduce the population of vegetation. Greenhouse
experiments were conducted to evaluate the effect of irrigation method on physical properties of seedbed and its
outcome on the germination and establishment of onion. For this purpose, in 2 soil with different structure (weak
and strong), onion cultivated and irrigated with 3 methods (surface flooding, sprinkler and subsurface). Soil
physical parameters such as bulk density, saturated hydraulic conductivity and soil penetration resistance, and
plant parameters such as mean of emergence date, seedling diameter, fresh and dry yield were measured.
Statistical analysis showed that, the irrigation method, soil type, and interaction between them had significant
effect on the physical properties and the only factor that affected plant parameters was irrigation method.
Because of providing optimal physical conditions in the topsoil, reducing mean of emergence date, increasing
diameter, fresh and dry yield, the subsurface irrigation method was selected as the preferred irrigation method.
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Introduction

of the soil irrigated under both surface and sprinkler

Soil and water are recognized as key factors in

irrigation. In bare soils, the direct collision of rainfall

agriculture. Different soils have different properties,

or water drips causes to be formed a thin and dense

some of which inherited from the parent material and

layer at the soil surface after the destruction of soil

others

to

aggregates, thus it creates major obstacle to the

environmental conditions. Among the environmental

penetration of water into soil due to colloidal particles

factors, soil moisture or water can influence on the

transport to the lower layers and obstruction of

chemical and physical soil properties through cases

channels. Recent studies indicate that crust formation

such as degradation of soil structure, soil erosion,

after surface flooding irrigation is usual (Eghbal et al.,

leaching of salts and minerals, transmission of soil

1996). Crust is a general term that is used to describe

components and change in soil quality (Bronick and

the condition of the soil surface and form a dense

Lal, 2005). Soil quality has two aspects; the former is

layer on the soil surface. The main cause of crust

an inherent quality of the soil's natural ability created

formation is collapse of aggregates by water along

by soil forming factors that is not influenced by soil

with physical and chemical mechanisms. Aggregates

management. The second, dynamic soil quality

destructions are intensified by swelling, shrinkage

depends strongly on soil management. Tillage and

and Slaking of soil components and direct collision of

irrigation

factors

rain drops (Anonymous, 1954). Aggregates collapse

influencing the dynamic soil quality in many areas of

and crust formation prevent the emergence of

the world (Karlen et al., 1997). Khan et al. (2006)

seedlings and reduce vegetation population. In crust

researched the consequences of irrigation water

formation condition, the seedling growth force and

quality on soil salinity and analyzed the methods to

crust thickness have the most effect on establishment

solve this problem caused by different irrigation

and growth of plant. When the crust mechanical

systems in order to have sustainable agriculture.

resistance is greater than seedling growth force,

have

been

created

management

are

over

time

important

due

seedling emergence will be impossible. Seed weight
Basically, final yield product is affected by many

and seedling emergence have close relation under

Factors such as soil, irrigation methods and quality of

condition of crust formation. Seedlings grown from

seed during plant growth and germination. Soil

large seeds have greater performance, growth rate

productivity strongly depends on chemical properties,

and establishment than small seeds (Heather and

amount of soil nutrients and especially physical

Sieczka, 1991). Eghbal et al., (1996) find that the crust

properties of soil; because the roots develop as one of

formed after the first flooding irrigation decreased

the

photosynthesis

approximately 50% of the seedlings emergence. It is

prerequisites into soil (Bronick and Lal, 2005). These

usually assumed that seedling growth force of

factors are more important in arid and semiarid

monocotyledonous plants such as wheat is applied to

regions due to low crop yields as a result of drought

a point of crust where it is causing a rapid breakdown.

and soil degradation. Successful cultivation in arid

whereas in dicotyledonous plants such as cotton or

and semiarid regions like Iran has close relation to

sugar beet, growth force is less than a monoco-

solve the problem of water consumption and prevent

tyledonous plants because it is spread on small part of

soil properties degradation. Soil structure is a variable

the crust (Sale and Harrison, 1964 ). Rasmussen et

soil property affected by various processes. These

al., (2007) reported that large amount of moisture

processes include expansion and contraction, freezing

even in soils that have been recently plowed cause soil

and thawing, tillage operations and soil compaction

compaction

(Eghbal et al., 1996). Ze-Qiang et al., (2010) observed

permeability. Fapohunda, (1986) reported that slow

a significant difference in the total soil porosity, the

wetting of soil by drip irrigation

air-filled porosity, capillary pores and even the pores

seedling emergence in comparison with flooding

main

supply

routes

of
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and

crust

formation

with

low

leads to better
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irrigation. Crust also decreases the exchange of gases

1996), electrical conductivity by EC meter (Rhoades,

due to low porosity and specific orientation of

1996)

colloidal particles and therefore less oxygen reaches

measured by back titration procedure (Loeppert and

the seedlings (Morin, 1993).

Suarez, 1996). Saturated hydraulic conductivity in

and

Calcium

carbonate

equivalent

was

intact samples was measured by the constant
Nowadays, all over the world, climate change and

hydraulic head method. Intact saturated soil cores of

shortage of water resources led to more consider of

5 cm diameter and height were placed within a

water use in agriculture section. Then, the use of water

permeameter and supplied with water at the top,

for agriculture section requires innovative research

keeping a stable hydraulic head of 3 cm (Reynolds

especially in water scarcity region. According to Iran's

and Elrick, 2002). Penetration resistance was

climate and shortage of water resources in most

measured on intact samples were taken from the pots

regions, optimal use of water resources will require

by digital penetrometer.

many researches on relationship among water, soil and
plants in different conditions to have sustainable

Preparing planting boxes

agriculture. There are many researches on relationship

The surface part of both soils after passing through

of water, soil and plant, but most of them focus on

the sieve was scattered uniformly into boxes of length

water relation of plant with soil and the irrigation

50cm, height and width 30 cm. The numbers of holes

methods are the missing link of this studies. Also each

formerly were created at the bottom of the box with

plant, based on its water requirement has different

regular distances and determined numbers for

response to water availability. Then irrigation method

drainage. Then some gravel was scattered to height of

should be mentioned in studies too. This paper

2cm. Bulk density of weak structure soil 1.3 g.cm-3

discusses all three part of soil, plant and irrigation

and strong structure soil 1.15 g.cm-3 was selected and

method one by one. In this research we focused on

tried to minimize the bulk density changes with boxes

irrigation methods and onion plant as one of the

depth as an indicator of favorable seedbed after

strategic and economic crops in East-Azerbaijan

primary and secondary tillage. In each of the boxes,

province and then we researched to determine the best

15 onion seeds were planted at regular distances and

irrigation management and the consequences of its

2cm depth.

effects on soil physical properties changes and
sustainable production of onion. Generally, we want to

Irrigation method

choose the best irrigation method to safe soil quality

The soil of boxes was irrigated by 3 methods

and produce maximum yield of onion. Then this paper

including surface flooding, sprinkler and subsurface.

is the base for sustainable development of agriculture

In sprinkler method, rainfall simulator was used to

with economical views.

spray water monotonously with 1.8 cm.hr-1 intensity
(Nelson and Terry, 1996). In flood irrigation method,

Materials and methods

required water was added to the soil surface and in

Physico-Chemical analysis

Groundwater irrigation, soil suction was kept in the

For this research, two soils with weak structure

range of 20 to 50 KPa and every time the suction was

(Haplocambids) and strong structure (Haploxerolls)

greater than 50 KPa, irrigation was done by putting

were selected. Some physical and chemical properties

the bottom of boxes in water basin to decrease soil

of the soils were measured, soil texture by hydrometer

suction to 20 KPa.

(Gee and Bauder, 1986), bulk density by Cylinder of 5
cm diameter and height (Blake and Hartage, 1986),

Measurement of soil and plant parameters

soil organic carbon by wet burning method (Nelson

Before each time of irrigation until the emergence of

and Sommers, 1996), pH by pH meter (Thomas,

seedlings
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which

lasted 25

days, soil physical
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properties such as bulk density, saturated hydraulic

dry weight was determined after putting them in the

conductivity and soil penetration resistance and also

oven for 48 hours at 65 °C.

the plant parameters such as mean day to emergence,
seedling diameter and fresh and dry yield were

Statistical analysis

measured. Counting the green seedlings was done

For interpretation of this research results, factorial

several times during the time of emergence and plants

design with 3 irrigation methods, 2 soil types and 1

establishment. Also mean day to emergence was

plant in 4 repetitions was applied in a completely

calculated using the following equation (Braunack,

randomized design.

1995):

MDE 

N D
N
i

Results and discussion

i

Results of measured soil parameters

i

After soil sampling and preparation in the laboratory
and

Where Di is the number of days after planting, Ni is

before

starting

experiment,

physical

and

chemical properties of both soils were determined

the number of green seedlings. After the complete

(Table 1). According to Table 1, studied soils were

establishment of plants (25 days after seeds planting),

susceptible to crust formation because both soil (A

diameter of the seedlings in each treatment was

and B) textural classes were silty clay loam. But due to

measured after removing the plant from the soil to

the high percentage of silt and low percentage of

increase the accuracy of experiment. Caliper with an

organic matter in soil B, this soil was more sensitive

accuracy of 0.01 mm was used and the mean of

to soil crust formation because of the weaker

measurements was determined for each treatment.

structure. This result also has been confirmed by

After removing the plant from the soil, fresh weight of

many previous studies (Eghbal et al., 1996; Medinski

seedlings was measured for each treatment and their

et al., 2009).
Table 1. Physical and chemical properties of studied soils.
Soil particle distribution
(%)
Texturea
Sand
Silt
Clay

Soil structure
A
(strong structure)

a)

12

B
8
(weak structure)
Texture: SCL- sandy clay loam.

saturation soil (H2O).

e)

b)

ρbb
(g.cm-3)

ECc
(dS.m-1)

pHd

OCe
(%)

CCEf
(%)

53

35

SCL

1.1

1.29

7.3

2.2

4.9

63

29

SCL

1.3

1.02

8

0.57

8.4

Bulk density.

c)

Electrical conductivity in saturation extract of soil.

d)

pH in

Organic carbon. Calcium carbonate equivalent.
f)

After applying 3 irrigation methods on studied soil as

at 1% probability level. The mean comparison of soil

treatments and variance analysis of measured

physical properties is shown in Fig.1. Based on

properties (Table 2), it was observed that the soil

principles of statistical comparisons and aim of this

physical properties of surface layer were affected by

research,

irrigation method and soil types, as well as their

irrigation method and soil type were compared

interactions.

are

because there was significant difference between

significant differences in both main effects and the

them and the main effects of each treatment were

interaction effects. The mean comparison of soil

ignored.

According

to

table

2,

there

physical properties was determined with the LSD test
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only

the

interaction

effects

between
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Table 2. Variance analysis of soil physical properties.
penetration
resistance

0.032**

Mean-square
saturated
hydraulic
conductivity
4.65 **

1

0.245**

14.24

1.15 **

Irrigation method×soil type

2

0.001**

0.35 **

0.04**

Error

18

0.0001

0.025

0.009

Total

23

-

-

-

Degrees of
freedom

bulk density

2

Soil type

Variables
Irrigation method

**

6.36 **

**: Significant at 1% level.
Saturated hydraulic conductivity
The mean comparison of the saturated hydraulic
conductivity (Fig. 1) showed that the maximum
saturated hydraulic conductivity has been in strong
structure soil irrigated by subsurface irrigation.
Comparison the results of saturated hydraulic
conductivity with the results of bulk density indicated
that changes in saturated hydraulic conductivity
among treatments can be interpreted from bulk
Fig. 1. Compare mean of physical properties for
interactions of soil structure and irrigation method
(LSD, 1%).

density changes. The greatest increase of bulk density
and the lowest saturated hydraulic conductivity were
for Flood irrigation because increasing the bulk
density

caused

soil

porosity

decrease

and

subsequently low saturated hydraulic conductivity of

Soil bulk density
The results of mean comparison of bulk density
showed that the highest increase in soil bulk density
at 0-5 cm layer in soil with weak structure soil and
flood irrigation and the lowest increase in soil with
strong structure and subsurface irrigation has
occurred. This increase in bulk density caused by
flood irrigation and sprinkler may be due to
aggregates destruction during wetting, sinking and
resting fine particles in coarse pores. Slowinska,
(1994) showed that after a rainfall, the soil bulk
density of soil under plowing reached from 1.05 to
1.24 g.cm-3. Also Nelson and Terry, (1996) concluded
that flood irrigation increased significantly soil bulk
density and surface crust formation more than soil
irrigated by sprinkler irrigation. Dorner et al., (2010)
stated that bulk density and soil pores of weak
structure soils under tillage and irrigation had more
changes in compared with strong structure soils.

soil. Dec et al., (2008) studied correlation between
bulk density and hydraulic conductivity of soil
samples with different bulk density and found that
apart from the expansion and contraction of the soil,
bulk density was one of the main factors influencing
hydraulic conductivity.
Penetration resistance
According to fig. 1, indicated maximum resistance in
weak structure soil irrigated by both sprinkler and
flooding irrigation and minimum resistance in
subsurface irrigation and strong structure soil. This
can be justified that in the flood and sprinkler
irrigation, alternate wetting and drying have occurred
in the soil surface and because of disintegrated
particles deposit in soil pores, penetration resistance
has increased while soil surface in subsurface
irrigation was completely dry. These findings are
consistent with the Rajaram and Erbach, (1999)
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findings. The high potential of aggregate degradation

Measured plant parameters results

in weak structure soil also was a factor that

Variance analyses of onion germination and growth

intensified penetration resistance. Özgoze et al.,

characteristics are shown in Table 3. The results show

(2012) indicated a strong correlation between bulk

that

density and penetration resistance and their changes

emergence date are significant at 1% level. Soil type

under different management.

also shows no significant effect on plant parameters.

different

irrigation

treatments

on

mean

The interaction effects between soil type and
irrigation method are also non-significant.
Table 3. Variance analysis of onion plant parameters.
Variables

Mean-square

Degrees of

Mean

Seedling

Fresh

mergence date

diameter

yield

2

8.68**

0.0006**

0.33**

0.0016**

Soil type

1

0.2ns

0.0001 ns

0.1 ns

0.0007 ns

Irrigation method×soil type

2

0.85 ns

0.00001 ns

0.16 ns

0.0007 ns

Error

18

0.62

0.00004

0.019

0.0001

Total

23

-

-

-

-

Irrigation method

freedom

dry yield

**: Significant at 1% level., ns: Non-significant.
In order to interpret the results of irrigation method

sprinkler. High seedlings diameter in subsurface

on four parameters of onion, mean comparison was

irrigation can be related to nonexistence of crust and

done with LSD test at 1% probability level.

low resistance of soil surface layer to seedlings
emergence. The results of this study are consistent

Mean emergence date

with Fakouri-Ghaziani et al., (2012) findings.

According to Fig. 2, the lowest mean date of
emergence is related to subsurface irrigation and then
respectively surface flooding and sprinkler irrigation.
In other words, seedlings emergence rate has been
maximum in subsurface irrigation and minimum in
sprinkler irrigation. In subsurface irrigation, because
of dry soil surface and nonexistence of crust, soil
didn’t show resistance against seedlings emergence
while in both surface flooding and sprinkler irrigation
due to high penetration resistance of crust, seedlings

Fig. 2. Compare mean of plant parameters for

couldn’t easily emerge. Sale and Harrison, (1964)

irrigation treatments (LSD, 5%).

stated that the seedlings emergence in presence of
crust needed long time due to penetration resistance

Fresh and dry yield

and made seedlings weak .

From fig. 2, subsurface irrigation has the highest
performance and there is no significant difference

Diameter of onion seedlings

between flood irrigation and sprinkler. The high

The mean comparison of seedlings diameter at

efficiency of subsurface irrigation can be because of

different irrigation treatments (Fig. 2) show that the

providing better growing conditions such as adequate

largest diameter of seedlings belongs to and there is

ventilation, nonexistence of crust on the soil surface

no significant difference between flood irrigation and

and thus rapid germination and establishment of
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seedlings. In a similar study, Mohammadi et al.,

Dec D, Dorner J, Fazekas OB, Horn R. 2008.

(2010) concluded that irrigation methods were

Effect of bulk density on hydraulic properties of

effective on onion weight and final yield.

homogenized and structured soils. Journal of Soil
Science, Plant Nutrition 8(1), 1-13.
http://dx.doi.org/10.4067/S0718-27912008000100001

Conclusion
Sprinkler and flooding irrigation caused aggregates
disintegration, higher bulk density, low hydraulic
conductivity, crust formation with high mechanical

Dorner J, Sandoval P, Dec D. 2010. The role of

strength and low permeability by forcing and

soil structure on the pore functionality of an Ultisols.

pressuring on the aggregates. This condition was

Journal of Soil Science, Plant Nutrition 10(4), 495-

intensified in weak structure soil. Consequently in

508.

these irrigation treatments, Onion seedlings emerged

http://dx.doi.org/10.4067/S0718-95162010000200009

and established later. While due to better soil physical
conditions, low bulk density, and no crust formation

Eghbal MK, Hajabbasi MA, Golsefldi HT. 1996.

in subsurface irrigation, seedlings emerged earlier

Mechanism of crust formation on soil in central Iran,

and the conditions of topsoil indicated that the soil

Plant and Soil 180(1), 6-73.

conditions under subsurface irrigation were better for

http://dx.doi.org/10.1007/BF00015412

crop growth in compared with both sprinkler and
flooding irrigation. Therefore, the maximum diameter

Fakouri

Ghaziani

MV,

Berimavandi

AR,

of the seedlings and dry yield were achieved by

Mohammadi Torkashvand A, Hashemabadi D,

subsurface irrigation during experiments.

Kaviani B. 2012. Influence of plant density and
irrigation method on the growth, flowering and
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