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Abstract 

A two factorial field experiment was conducted in loam soil as randomized complete block design with three 

replications during the spring season 2021, in Al-Hamidiyah research station (latitude33𝑜 27 ՚ 11.9 ՚՚N, longitude 43𝑜 23 ՚ 

025 ՚՚𝐸(. To study the effect of nano-drip irrigation on soil bulk density, mean weight diameter and maize production. 
The first factor included crude oil application with two levels i.e., 1% and 0% while the second factor was two levels 
of irrigation, namely surface and sub-surface drip irrigation. The class A evaporation pan was used to determine the 
intervals between the irrigation events. The irrigation process was conducted when 50% of the available water is used. 
The soil bulk density, porosity, mean weight diameter and maize production were recorded. The obtained result 
showed that the lowest and highest soil bulk density were 1.37 and 1.62 Mg m-3 for the treatment SDIM. While the 
highest porosity was resulted from the treatment SSDIM reached 47%. The highest mean weight diameter was obtained 
from the treatment SSDIM by giving 0.39. Regarding the maize production, the highest yield was 1.399 kg.m-3 resulted 
from the treatment SSDIM. 
 
Key Words: Surface and Sub-surface Drip Irrigation, Nano-Drip Irrigation, Crude Oil Application, Soil Physical 
Properties. 
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Introduction

The rapidly declining freshwater resources 
resulting from global warming simultaneously with 
rapid growth in population, in addition to the 
growth of the three main water-consuming sectors 
(industrial, agricultural and domestic) led to put 
water resources in dry areas under great pressure. 
Therefore, achieving sustainable food security to 
meet the needs of growing population, requires the 
sustainability of agricultural production resources 
(Luca, 2018). Since the agricultural sector is the 
largest consumer of water which represents one of 
the most important elements for the agricultural 

production sustainability. Therefore, the greatest 
responsibility falls on the specialists in the field of 
irrigation to develop irrigation systems capable to 
provide quantities of water that can achieve the 
sustainability of water. Up to the present, the drip 
irrigation system is the most efficient irrigation 
systems to cope with the problem of drought 
(Michael, 2022). The scientific revolution in the field 
of nanotechnology has been introduced to the 
agricultural sector in several fields such as 
fertilization, pesticides and nano-irrigation.  
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Entering of nanotechnology in the irrigation sector, 
especially in developing countries, leads to an 
increase in the efficiency of the use of water 
resources by reducing the negative impact on the 
agricultural environment through the optimal and 
effective use of modern scientific developments 
(Mamatha et al., 2016). Recently, many studies have 
reported that Nano-emitters (Nano_root guard) is 
an efficient method for water saving (Abdul-Razzaq 
et al., 2017). However, a little information is 
available about nao-irrigation system. Therefore, 
comparing the nano irrigation system with efficient 
irrigation methods provides more information 
about the effectiveness and efficiency of the system. 
Reducing evaporation from the soil surface through 
mulching is one of the important means to increase 
the productivity of the water unit and reduce 
evaporation losses (Zhou et al., 2018). However, at 
the present time, researchers are working in the 
field of water conservation to add oil amendments 
to reduce evaporation from the soil surface, which 
may be an alternative to covering the soil with 
polyethylene films in the future. The use of oil and 
organic soil conditioners have a positive effect in 
improving the physical and hydraulic properties of 
soil, which is one of the design foundations of the 
drip irrigation system.  Application of oil 
amendments to the soil resulted in raise the 
efficiency of storage, addition and distribution of 
water, increase soil moisture content and reduce 
soil salinity (Al-Bazoun, 2018). 
Human food security is linked to the production of 
cereals such as rice, wheat and maize (Neumann et 
al., 2010). Maize is among the most important cereal 
crops that can be grown under different climatic 
conditions (Shahnazari et al., 2018). Maize 
represents a food source for humans and an 
important source for the production of vegetable 
oils, in addition to being an important part of the 
feed for livestock (Herbert, 2017). Thus, the 
objective of the current study was to investigate the 
effect of surface and subsurface drip irrigation with 
and without diluted crude oil application on some 
soil physical properties and yield of maize. 
 

Material and Methods 

Study Site Description and Selected Parameters 

A field experiment was carried out during spring 
season of 2021 in Al-Hamidiyah research station 

(latitude33° 27' 10.8" N, longitude 43𝑜 41 ՚ 52.32 ՚՚𝐸) 
from 17/10/2020 to 31/1/2021. In loam soil 
texture. The soil under study was classified 

according to USDA Soil Taxonomy (Soil Survey Staff, 
2014a), under the subgroup as Typic Torrifluvents. 
Soil samples were randomly chosen from the 
effective root-zone depth (0-30cm), using soil auger, 
the collected samples were thoroughly mixed to 
form representative soil sample. The resulted 
sample was air-dried, preserved in plastic bag and 
transferred to the laboratory. In the laboratory, the 
representative soil sample crushed and passed 
through 2mm sieve to determine the selected soil 
chemical and physical properties. The pH and EC for 
the soil under study were determined from the 1:5 
soil-water suspensions by using a pH and EC meter 
respectively. The total nitrogen was determined 
using the Kjeldahl method as described by 
(Mulvaney et al. 1982). Olsen method was used to 
determine the available P (Olsen et al. 1982). The 
exchangeable bases were measured by atomic 
absorption spectrophotometry for Ca and Mg while 
flame photometer was used to measure Na and K 
(Polemio & Rhoades 1977).  The sulfates were 
estimated by precipitation with barium chloride and 
Arabic gum and measured by a color 
spectrophotometer, and the chlorides were 
estimated in the extract using the colorimetric 
method. The dissolved bicarbonates were estimated 
in the soil extract using the Autoanalyser method, 
described by (Richards 1954). Hydrometer method 
was used to determine percentages of sand, silt clay 
(soil texture). Core samplers (5x5 cm height and 
diameter) were used to collect undisturbed soil 
samples for bulk density determination 
(Black,1955). The recorded soil physical and 
chemical properties were presented in (Table 1). 
Soil bulk density was calculated according to Eq.1 

𝜌𝑏 =
𝑚𝑠

V𝑡
  (1) 

Where: 𝜌𝑏 is the soil bulk density (Mg m-3), 𝑚𝑠 is soil 
dry mass (Mg m-3), V𝑡 is the total soil volume(m3). 
Soil porosity was calculated according to Eq.2. 

𝑓 = [1 −
𝜌𝑏

𝜌𝑠
] × 100 (2) 

Where: 𝑓 is the soil porosity (%), 𝜌𝑏 is the soil bulk 
density (Mg m-3), 𝜌𝑠 is the soil particles density (Mg 
m-3). the soil particles density was considered as 
2.65 Mg m-3 in the calculations of soil porosity. While 
the mean weight diameter was determined 
according to Eq.3. (Youder,1956)   

MWD = ∑ XiWi  …n
i=1  (3) 

Where: MWD is the mean weight diameter(mm), Wi 
is the proportion of the total water-stable 
aggregates to the tested soil sample, Xi is the mean 
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diameter of each individual size range of aggregates 
(mm). 
 
Table 1. Some Chemical and Physical properties before planting 

Parameter   Value  Unit  
pH  7.60 - 
Sodium Adsorption Ratio (SAR)  1.44 - 
EC  1.48 dS.m-1 
Organic matter  1.50 g.kg -1 
Lime (CaCO3)  278.6  

+2Ca  5.11 

Meq L-1 

+2Mg  4.08 
+1Na  0.52 

+K  4.95 
2-4SO  6.76 

-3HCO  1.82 
-Cl  6.22 

Nitrogen(N)  9.75 
mg.kg -1  Phosphorous(P)  6.15 

Potassium(K)  9.342 
Exchange Capacity (CEC) Cation  17.34 Cmolc kg-1 

Soil Particles  
Sand 42.8 

% Silt 34 
Clay 23.2 

Soil Texture  loam   

Bulk Density               1.35 Mg m-3 
Total porosity               47.8 % 
Mean Weight Diameter               0.44  

 

Experimental Design and Beds Configuration 

A two factorial field experiment was conducted in 
loam soil as randomized complete block design with 
three replications during the spring season 2021. 
The first factor included crude oil application with 
two levels i.e., 1% and 0% while the second factor 
was two levels of irrigation, namely surface and              
sub-surface drip irrigation. The 0% crude oil 
application was set as control treatment. The 
combinations between the study factors take the 
symbols of SDINO (Surface drip irrigation without 
crude oil application), SDIM (Surface drip irrigation 
with crude oil application), SSDINO (Sub-surface drip 
irrigation without crude oil application) and SSDIM 
(Sub-surface drip irrigation with crude oil 
application). The experimental area was 514.8 m2 
(26m*26.40m). Field preparation process such as 
plowing, harrowing to break the soil clods into 
smaller size and leveling the field were conducted 
before beds configuration. The field was divided into 
12 treatments as raised beds with dimensions of 
0.6* 10 *0.25m long, width and height respectively. 
The distance between the adjacent bed within the 
blocks is 1.5m, while the distance between the 
blocks are 2m. The drip lines of surface and sub-
surface drip irrigation were set in the center of each 
bed to the depth of 0.1m. The sub-main pipes were 

connected to the main pipe using tee connector. 
Each sub-main pipe had a valve to facilitate the 
cleaning the drip irrigation system when needed. 
 

Crude Oil Application and Irrigation Process  

The crude oil was applied (spraying) to the soil 
surface as a thin layer according to the 
recommended i.e., 1% based on the weight of the 5 
cm upper layer of the soil surface. Where 0.6 L m-2 
was applied of the crude oil to the treated treatment 
which randomly chosen. The soil weight per 
experimental unit was calculated according to Eq.4. 
The crude oil application was according to E. q5. The 
crude oil viscosity was reduced by mixing with 20% 
petrol to facilitate the spraying process. 

𝑊𝑠𝑜𝑖𝑙 = 𝐴 × 𝐷 × 𝜌𝑏  (4) 

Where: 
W soil is the soil weight per experimental unit (kg), 
A is the raised bed area(m2), D the depth of 5 cm 
upper layer of the soil and 𝜌𝑏 is the soil bulk density 
(Mg m-3). 
While the amount of the supplied crude oil was 
calculated according to Eq.5  

𝑉𝑓𝑢𝑒𝑙−𝑜𝑖𝑙 =
𝑊𝑠𝑜𝑖𝑙×𝑅𝑎 × 𝑅𝑑

𝜌𝑓𝑢𝑒𝑙−𝑜𝑖𝑙
× 100 (5) 

Where: 
Vfuel-oil is the amount of the supplied crude oil, Wsoil is 
the soil weight per experimental unit to the depth of 
5cm.(kg), Ra is the application rate of crude oil (i.e., 
1%), Rd is the percentage of crude oil in the mixture 
after dilution with petrol (80%), ρ fuel-oil is the specific 
weight of crude oil 0.95 (Mgm-3). Soil water 
retention curve was adopted for determining the 
field capacity and permeant wilting point limits. 
Water irrigation depth was calculated according to 
Kovda et al., 1973 as in Eq. 6   

𝑑 =
𝜃𝑓𝑐−𝜃𝑝𝑤𝑝

100
× 𝐷 (6) 

Where: 
d is the depth of supplied water (cm), θfc is the 
volumetric water content at the field capacity (%), 
θpwp is the volumetric water content at the 
permeant wilting point (%), D is the root depth(cm). 
The water irrigation depth when 50% of available 
water depleted was calculated according to Eq.7   

𝑑 = Ө0.50 × 𝐷  (7) 
Where: d is the water irrigation depth (cm), D is the 
root depth at specific stage of irrigation(cm), Ө0.50 is 
the volumetric water content when 50% of available 
water was depleted. Since the actual water 
consumption represents the depth of water 
supplied. Therefore, 𝐸𝑇𝑎 = 𝑑    
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The reference evapotranspiration was calculated by 
substituting Eq. 8. (FAO, 1998) 

𝐸𝑇𝑜 =  
𝐸𝑇𝑎

𝐾𝑐
 (8) 

Where: Eta is the evapotranspiration(mm.day-1), 
ETo is the reference evapotranspiration (mm.day-1) 
and Kc is the crop coefficient. The irrigation 
intervals between the irrigation events were 
determined according to the class A evaporation 
pan. According to Eq.9 (FAO, 1998). 

𝐸𝑝𝑎𝑛 =
𝐸𝑇𝑜

𝐾𝑃
 (9) 

Where: ETo is the reference evapotranspiration 
(mm.day-1), Kp is the pan coefficient, Epan is the 
evaporated water from the pan per day (mm.day-1). 
The adopted pan coefficient value was 0.75 
according to (Al- jaberi 2021). Water productivity 
was calculated according to (Djaman et al., 2018 as 
in Eq. 10 

𝑊𝑈𝐸(𝑘𝑔 𝑚−3) =  
𝑌𝑖𝑒𝑙𝑑(𝑘𝑔 ℎ𝑎−1)

𝑊𝑎𝑡𝑒𝑟 𝐴𝑝𝑝𝑙𝑖𝑒𝑑(𝑚3 ℎ𝑎−1)
 (10) 

Where:  𝑊𝑈𝐸 is the water productivity (kg.m-3). 
 

Results and Discussion 

Soil Bulk Density 

The evidence shows that the soil bulk had effectively 
increased after compare to before cultivation for the 
surface and sub-surface drip irrigation (Table. 2), by 
giving 1.38 and 1.55 Mg m-3 for SSDI and SDI 
respectively, with increasing rate of 1.47 and 13.97 
% respectively. Probably due to the role of the root 
development that packed the soil particles together 
in addition to the soil particle size, wetting-drying, 
freezing-thawing cycles that could entrapped the air 
in the soil porosity accordingly, the air bubbles 
bringing the soil particles close together. 
Consequently, results in increasing the soil bulk 
density. These results consented with Sabri Bahia 
and Hammadi (2020). Regarding the crude oil 
application, the obtained results show slight 
deference between with and without crude oil 
application. In this context, the soil bulk density was 
1.43 and 1.50 Mg m-3 for the treatments with and 
without crude oil application with increasing rate 
compare to before cultivation reached 3.67 and 
10.29% respectively. Due to surface runoff 
occurring for the treatment SDIM as a result to the 
thin layer of crude oil application that cover the soil 
surface, consequently change the soil surface to 
hydrophobic media thus reduce the infiltration rate 
and increase the surface runoff. Therefore, the sub-
surface layer exposed to pressure due to the weight 
of upper layer. Hence, the bulk density of sub-layer 

had increased the results agreed with Al-Yasiri et al., 
(2019) and Al-Esawi et al., (2020). 
 

Table 2. Effect of Irrigation method and crude oil application on soil 
bulk density 

Irrigation 
method  

With 
crude oil  

Without 
crude oil 

Average 
of 
Irrigation 

SDI 1.62 1.47 1.55 
SSDI 1.37 1.39 1.38 
Before 
cultivation 

 1.36    

LSD  0.042  0.30  

Average of 
crude oil 
Application 

1.50 1.43   

LSD   0.03       
 
Concerning the interaction between the irrigation 
treatments and crude oil application, the lowest 
obtained bulk density was 1.37 Mg m-3 for the 
treatment SSDIM which significantly superior to all 
other interaction treatment. While the highest bulk 
density was 1.62 Mg m-3 for the treatment SDIM. The 
reason for this may be due to covering part or all of 
the surface of soil particles with hydrophobic 
materials, so the connection between soil particles 
and the oil  has a large contact angle that prevents 
water from moving easily and thus reduced the 
deterioration of soil aggregates as a result of the 
effect of the wetting and drying cycles with 
redistribution porous subsurface irrigation through 
adequate moistening without deteriorating soil 
structure Mandal et al. 2013 and (Al-Daraji, 2019). 
 

Total Soil Porosity 

It is clear from Table3. that soil porosity after 
cultivation significantly decreased compare to 
before cultivation under both irrigation system 
(surface and sub-surface). Where the obtained 
porosity was 47 and 41 % for the treatment SSDI 
and SDI respectively. Probably due to increasing the 
soil bulk density resulted from root development 
that bring the soil particles closely together or owing 
to clay particles orientation that insert into soil 
pores, consequently clog the pores. The results 
agreed with Al-Muhamdi et al., (2014) and Al-Abdali 
et al., (2019). Regarding the crude oil application, 
the evidence shows significant differences. Where 
the porosity reached 0.45 and 0.35 % for without 
and with crude oil application respectively.  The 
porosity reduction under crude oil application, 
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probably due to the surface runoff occurring for 
SDIM treatment as a result to crude oil application 
which change the soil to become hydrophobic 
(water repellant). Consequently, the coated soil 
aggregates with crude oil becomes less susceptible 
to degradation. Therefore, the obtained soil porosity 
under crude oil application was less. While slightly 
increase in soil porosity was observed in absence of 
crude oil. Due to soil aggregate degradation as a 
result to water movement in soil pores. Accordingly, 
increasing the soil bulk density. This result agreed 
with Bartha and Bossert (1984) and Kayode (2009).  
Regarding the interaction, the highest porosity 
reached 47% for SSDIM treatment which 
significantly superior to all other treatments. While 
the lowest obtained porosity was 38% for SDIM 
treatment. Probably due to increasing the soil bulk 
density after. Consequently, Therefore, the sub-
surface layer exposed to pressure due to the weight 
of upper layer that subjected to the weight of runoff 
water. The result agreed with Al-daraji (2019) and 
Beckwith (2005).   
 
Table 3. Effect of irrigation method and crude oil application on soil 
porosity 

Irrigation 
method  

With 
crude oil  

Without 
crude oil 

Average 
of 
Irrigation 

SDI 0.38 0.44 0.41 
SSDI 0.47 0.46 0.47 
Before 
cultivation 

 0.48    

LSD  0.016  0.012  

Average of 
crude oil 
Application 

0.43 0.45   

LSD   0.012       
 

Mean Weight Diameter 

The result of the current study Table. 4 showed that 
the studied factors significantly increased mean 
weight diameter (MWD) after cultivation for surface 
and sub-surface drip irrigation. Where the highest 
mean weight diameter was obtained from the 
treatment SSDI by giving 0.37 mm compare to 
0.19mm for SDI treatment. Probably due to the role 
of subsurface drip irrigation in slowly wetting the 
soil, which helped to reduce the breakdown of soil 
aggregates into small aggregates and individual soil 
particles, in addition to the water supplied for close 
irrigation intervals, contributed to preserved the 
soil moisture, consequently preventing the cracks 

that contribute to aggregates breakdown Hadi and 
Odeh (2014) and Al Jabri (2021). Also, the evidence 
shows significant differences in the mean weight 
diameter as a result to crude oil application. Where 
the highest mean weight diameter was resulted 
from without crude oil application reached 0.29 mm 
compare to 0.28 mm for the crude oil application 
treatment. Due to the role of crude oil in coating the 
soil aggregates as in SDIM treatment, consequently 
the soil aggregates would become a water repellent 
aggregates. Consequently, reduce the soil 
aggregates breakdown Al- Nuaimi (2009) and Bahia 
(2008) and Shokrollah et al., (2009). The interaction 
between irrigation method and crude oil application 
had significantly decreased the mean weight 
diameter under surface drip irrigation. Where the 
highest observed mean weight diameter was 0.39 
mm for SSDIM treatment which significantly 
superior to all other interaction treatments. While 
the lowest observed mean weight diameter was 0.17 
mm for SDIM treatment. The reason can be 
attributed to the moisture uniformity resulting from 
the presence of emitters near the root zone. when 
watering at 50% of available depleted water, 
consequently reduced the negative effect of rapid 
wetting, in addition to the role of crude oil in the 
volumetric redistribution of soil pores, forming 
more stable aggregates as a result of crude oil 
remaining for a longer period due to its slow 
decomposition, which reflects positively on the 
values of the mean weight diameter Al- Shami 
(2013) and Mesfin (2018) and Al- Draji (2019). 
 
Table 4. Effect of drip irrigation method and crude oil application on the 
mean weight diameter 

Irrigation 
method  

With 
crude oil  

Without 
crude oil 

Average 
of 
Irrigation 

SDI 0.17 0.22 0.19 
SSDI 0.39 0.35 0.37 
Before 
cultivation 

 0.38    

LSD  0.031  0.022  

Average of 
crude oil 
Application 

0.28 0.29   

LSD   0.022       
 

Maize Yield 

A significant difference was observed in the average 
yield of maize under subsurface and surface drip 
irrigation Table 5. Where SSDI treatment gave the 
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highest yield, reached 1.190 kg m-3, while the 
average yield was 0.704 kg. M-3 for the treatment 
SDI, possibly due to the fact that subsurface drip 
irrigation is characterized by high irrigation 
uniformity, low evaporation losses, and water 
availability in the root zone, the result agreed with 
El-Hendawy et al. 2014) and Valentin et al (2020). 
Regarding the crude oil application, it is clear from 
Table 6. The oil addition led to increase the maize 
yield. Where the highest yield was observed from 
the treatment crude oil application reached 0.991 
kg.m-3 compare to without crude oil application 
which gave 0.903 kg.m-3. Probably due to the role of 
covering the soil surface with crude oil which 
consequently reduces the water loss through 
evaporation thereby increases the available water 
for the plant (Zhou et al., 2017). Under the 
interaction effect, the highest yield was 1.399 kg.m-3 
for the treatment SSDIM while the lowest yield was 
obtained from the treatment SDINO reached 0.584 
kg.m-3. Probably due to the role of crude oil in water 
conserving in the root zone area as a result to 
preventing the evaporation from the soil surface 
(Sandhu et al., 2019) and Aydinsakir et al., 2021). 
 

Table 5. Effect of drip irrigation method and crude oil application on the 
Maize Yield 

Irrigation 
method  

With 
crude oil  

Without 
crude oil 

Average 
of 
Irrigation 

SDI 0.584 0.825 0.704 
SSDI 1.399 0.981 1.19 
LSD  0.031  0.023 
Average of 
crude oil 
Application 

0.991 0.903   

LSD   0.023       
 

Conclusion 

A thin layer of crude oil application on the soil 
surface under sub-surface drip irrigation preserved   
the properties of the soil from deteriorating 
significantly, which gave the desire results, compare 
to the application with surface drip irrigation, due to 
the method of application to the soil surface i.e., 
spraying, which led to the formation of an water 
repellency layer above the  soil surface, which 
caused runoff on the soil surface, reduce the 
infiltration of irrigation water to the root zone to 
meet the requirements of the plant. Therefore, 
based on the obtained results, using nano-
subsurface drip irrigation with crude oil application 

with 1%, while under surface drip irrigation the 
results show that mixing the crude oil with the soil 
surface is recommended to avoid the runoff from the 
soil surface. 
 

Competing Interests 

The authors declare that they have no conflict of 
interest. 
 

Acknowledgments 

The authors would like to thank everyone who 
provided the insight and expertise that greatly 
assisted in the research. The authors also appreciate 
the efforts of the academic and supporting staff of 
the Department of soil and water resources, Faculty 
of Agriculture, Anbar University, for providing all 
the required assistance and materials in conducting 
this research. 
 

References 

Al- Abdali, Z.F.H. (2019). Effect of some hydraulic properties of 
the drip irrigation system and the slope of the soil surface on 
some physical properties of soil, growth and yield of tomato. 
(Lycopersicon esculentum Mill). Master’s thesis. faculty of 
Agriculture. Anbar University. 

 Al-Bazon, A.R.J.E. (2018). The Effect of Use System Dual Drip 
Irrigation and Add Conditioners Soil in Reducing the Impact 
of Irrigation Water Salinity in Soil Properties and Growth of 
Corn Plant. (Zea mays L.). Master thesis. University of Basra. 
College of Agriculture. 

Al-Daraji, F.K.K. (2019). Study of some hydraulic parameters of 
tape drip irrigation system and the effect of soil conditioners 
on some soil properties and wheat plant growth (Triticum 
aestivum L.). Master’s thesis, College of Agriculture, 
University of Basra. 

Al-Esawi, J.S.; A. Wayayok; A.A.M. Al-Ogaidi; M.K. Rowshon; A. 
Fikri Abdullah; & S. Abdullahi. 2021. Effect of Soil 
Compaction and Palm Oil Application on Soil Infiltration 
Rate. Journal of Irrigation and Drainage Engineering, 147(3), 
04020044. 
https://doi.org/10.1061/(asce)ir.1943-4774.0001534 

Al-Hadi, Sabah S and Y.A. Aodeh. (2014). Effects of Soil 
Conditioners Addition on Soil Aggregates Stability by Using 
Drip and Surface Irrigation methods, in Clay Soil Planted 
with Maize (Zeamays L.). Basrah Journal of Agricultural 
Sciences, 27(1), 28-92. 

Al-Jabri, R.N.T. (2021). Effect of subsurface drip tape irrigation, 
PRD partial drying and moisture depletion on some physical 
properties of soil and potato yield. Master Thesis. College of 
Agriculture, University of Anbar. 

Al-Mohammadi, S.M, AW.K. Al-Obaid and S.I. Al-Dulaimi. (2014). 
Effect of Moisture Depletion Levels on Some Physical 
Characteristics of Soil for Growth of Tomato Yield in Plowed 
and Uncultivated Soils. Anbar Journal of Agricultural 
Sciences, 12, 1992–7479. 

Al-Nuaimi, W.S.S. (2009). Effect of adding crude oil on some 
physical properties of soil and some parameters of yield of 



NeuroQuantology | April 2022 | Volume 20 | Issue 4 | Page 342-348 | doi: 10.14704/nq.2022.20.4.NQ22129 

Laith Ghabash Khlewee Al-Maadhidi et al / Effect of Nano-Drip Irrigation and Crude Oil Application on Some Soil Physical Properties and Maize                          
(Zea Mays L.) Production 

eISSN 1303-5150 
 

www.neuroquantology.com 
 

348 

pea plant (Pisum Sativum L.) under rain conditions in 
Ramadi city. Iraqi Journal of Desert Studies, 3(2), 11–20. 

Al-Obaid, A.W.K. (1997). Effect of adding crude oil on the 
behavior of plowed and uncultivated alluvial clay soils. Master 
Thesis. Soil Department - College of Agriculture. Baghdad 
University. 

Al-Shami, Y.A.O. (2013). Effect of adding conditioners and 
moisture levels on the physical properties of clay soil and 
water use efficiency of maize (Zea mays L). Under drip and 
irrigation systems. Master Thesis. faculty of Agriculture. 
Albasrah university. Iraq. 

Al-Yasiri, Q.B.I.; D.R. Ndewi., & A.H. Dheyab. 2019. Effect of some 
drip irrigation system design parameters and some soil 
properties relation to system performance evaluation, 
growth and productivity of corn (Zea mays l. (saturated 
hydraulic conductivity. Basrah Journal of Agricultural 
Sciences, 32(Special Issue2), 360–372. 
https://doi.org/10.37077/25200860.2019.283 

Aydinsakir, K.; D. Buyuktas; N. Dinç; C. Erdurmus; E. Bayram; & 
A.B. Yegin. 2021. Yield and bioethanol productivity of 
sorghum under surface and subsurface drip irrigation. 
Agricultural Water Management, 243(April 2020), 106452. 
https://doi.org/10.1016/j.agwat.2020.106452 

Bahia, M.H.S. (2008). Effect of adding crude oil and inoculation 
with fungi on the average mean weight diameter and its 
reflection on some soil properties. Iraqi Journal of 
Agricultural Sciences, 39(5), 126–135. 

Beckwith, W.J.; R.C. Borden; C. zawtocki; M.T. Lieberman; D. 
Koch and I. May. 2005. Anaerobic Bioremediation of a 
Piedmont Saprolite Source Area with EOS. Baltimore, 
Maryland; June 6–9, ISBN 1-57477-152-3. 

Black, C.A.; D.D. Evans; L.E. Ensminger; J.L. White and F.E. Clark. 
1965. Methods of soil analysis, part (1). Agron. No. 9. Am. Soc. 
Agron, Madison, WI (USA). 

Bossert, L; and R. Bartha. 1984. The Fate of Petroleum in the Soil 
Ecosystems. In: Atlas, R.M. (Ed.). Petroleum microbiology. 
Macmillian Publishers: New York, NY. 435-473 

Djaman, K., O’Neill, M., Owen, C.K., Smeal, D., Koudahe, K., West, 
M., Allen, S., Lombard, K., & Irmak, S. (2018). Crop 
evapotranspiration, irrigation water requirement and water 
productivity of maize from meteorological data under 
semiarid climate. Water (Switzerland), 10(4). 
https://doi.org/10.3390/w10040405 

El-Hendawy, S.E.; M.A. Kotab; N.A. Al-Suhaibani; & U. 
Schmidhalter. 2014. Optimal coupling combinations 
between the irrigation rate and glycinebetaine levels for 
improving yield and water use efficiency of drip-irrigated 
maize grown under arid conditions. Agricultural Water 
Management, 140, 69–78. 
https://doi.org/10.1016/j.agwat.2014.03.021 

FAO. (1998). Crop evapotranspiration - Guidelines for 
computing crop water requirements - FAO Irrigation and 
drainage paper 56. In Applied Ocean Research (1991) 13(3) 
110-115. 

Hammadi, Q.O., & Sabri Bahia, M.H. (2020). Effect of drip 
irrigation system factors on some soil physical properties 
and yield of cauliflower. Plant Archives, 20, 723–728. 

Kayode, J.; A.A. Oyedeji; & O. Olowoyo. 2009. Evaluation of the 
Effects of Pollution with Spent Lubricating Oil on the 
Physical and Chemical Properties of Soil. The Pacific Journal 
of Science and Technology, 10(1), 387–391. 

Kovda, V.A. 1973. Irrigation Drainage and salinity. FAO/UNESCO. 
An International Source Book. Hutchison and Co. Ltd. 
P.468,478. 

Mandal, Mili.; Rakesh S. Chandran and John C. Sencindiver. 2013. 
Amending Subsoil with Composted Poultry Litter-I: Effects 
on Soil Physical and Chemical Properties. J. Agronomy, 3: 
657-669. 

Mesfin, S.; G. Taye; & M. Hailemariam. 2018. Effects of integrated 
soil and water conservation measures on soil aggregate 
stability, soil organic matter and soil organic carbon stock of 
smallholder farmlands in semi-arid Northern Ethiopia. 
Carbon Management, 9(2), 155–164. 
https://doi.org/10.1080/17583004.2018.1443641 

Sandhu, O.S., Gupta, R.K., Thind, H.S., Jat, M.L., Sidhu, H.S., & 
Yadvinder-Singh. (2019). Drip irrigation and nitrogen 
management for improving crop yields, nitrogen use 
efficiency and water productivity of maize-wheat system on 
permanent beds in north-west India. Agricultural Water 
Management, 219 (July 2018), 19–26. 
https://doi.org/10.1016/j.agwat.2019.03.040 

Shokrollah, A; M.R. Neyshabouri ; F. Abbasi and N. Aliasgharzad. 
(2009). The effect of four organic soil conditioners on 
Aggregate Stability, Pore Size Distribution in Soil. Turk. J. 
Agric., 33 (2): 47-55. 

Valentín, F., Nortes, P.A., Domínguez, A., Sánchez, J.M., Intrigliolo, 
D.S., Alarcón, J.J., López-Urrea, R., Ghamarnia, H., Parandyn, 
M.A., Arji, I., & Rezvani, V. (2020). Comparing 
evapotranspiration and yield performance of maize under 
sprinkler, superficial and subsurface drip irrigation in a 
semi-arid environment. Archives of Agronomy and Soil 
Science, 38(5), 105–115. 
https://doi.org/10.1080/03650340.2012.671934 

Youder, R.E. and J.L. McGuinness. 1956. A short method of 
obtaining mean weight diameter values of aggregates 
analysis of soils. Soil Sci., 83: 291 -294. 

Zhou, L., Feng, H., Zhao, Y., Qi, Z., Zhang, T., He, J., & Dyck, M. 
(2017). Drip irrigation lateral spacing and mulching affects 
the wetting pattern, shoot-root regulation, and yield of 
maize in a sand-layered soil. Agricultural Water 
Management, 184, 114–123. 
https://doi.org/10.1016/j.agwat.2017.01.008 

Zhou, L; He, J; Qi, Z; Dyck, M; Zou, Y; Zhang, T; & Feng, H. (2018). 
Effects of lateral spacing for drip irrigation and mulching on 
the distributions of soil water and nitrate, maize yield, and 
water use efficiency. Agricultural Water Management, 199, 
190–200. https://doi.org/10.1016/J.AGWAT.2017.12.028 


