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Possibility of Measuring Water Content of Fine Textured Saline Soils by
Time Domain Reflectometry

D.Niknezhad*

Research and Education Center for Agricultural and Natural Resources of East Azarbaijan, Agricultural
Research, Education and Extension Organization, Tabriz, Iran: Niknezhad2005@yahoo.com,

Received: September 10, 2023 and Accepted: June 2, 2024

Abstract
Soil water content is measured by different methods, such as oven, gamma ray, and
time reflectometry methods. Direct methods are time-consuming and lead to
disturbance of the soil sample, and some indirect methods have risks of radioactive
materials. Among these methods, the TDR method, which is one of the reflectometry
methods, is a quick and safe method, and has received attention for this reason and
gives acceptable results in soils with normal conditions. However, for saline soils,
this method cannot measure water content accurately. The objective of this research
was to make TDR sensors that can measure the water content of saline and fine-
textured soils. By making these sensors, it would be possible to measure water
content of saline soils by a TDR; and if an error is observed, the actual amount of
soil water content can be obtained by providing suitable calibration models. For this
purpose, a fine-textured soil was obtained from Tikmehdash Research Station and
by adding different amounts of salt, soil samples with electrical conductivity of 20,
35 and 50 dS/m with natural density were prepared. Through trial and error, the type
of coating suitable for covering the moisture sensor rod, which is a polymer material,
was determined. Then, the length of the coating used in the middle moisture sensor
rod was determined for the mentioned soil that had the prescribed salinities and
water content. This length was equal to the length of the moisture sensor rod. Then,
the coated sensors were tested to measure other soil water contents, and suitable
calibration models were presented. Thus, by entering into the models the volumetric
moisture content measured by TDR, the moisture content of fine-textured saline
soils can be estimated with good accuracy.
Keywords: Coating, Moisture sensor, Calibration, Reflectometry
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Using KNN, RF and SVM and their Combination Using GR for Soil Texture
Modeling
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Professor, Department of Soil Science, Faculty of Agriculture, Lorestan University, Khorramabad, Iran. E-mail:
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Received: December 9, 2023 and Accepted: May 11, 2024

Abstract
Soil texture is one of the most important soil properties that govern soil physical, chemical
and biological behaviors. In modeling soil textural fractions, different models are used. To
combine the benefits from different models, one approach is combining their predictions.
Since soil texture is a compositional data, when its fractions are estimated separately there is
no guarantee that the estimates will sum to 100. Log-ratio transformations before modeling
are ways to deal with the problem. Little is known about modeling transformed and
untransformed (UT) soil texture data using a combination of different models. In the present
study, 200 surface soil samples (0-30 cm) were collected from Kuhdasht region. Random
forest (RF), k-nearest neighbors (KNN) and support vector machines (SVM) and their
combination using Granger-Ramanathan (GR) method were used to model soil texture data.
Additive log-ratio (alr), centroid log-ratio (clr) and isometric log-ratio (ilr) transformations
were used to transform texture data. Environmental variables derived from Landsat 8 and
Sentinel-2 images and a digital elevation model (DEM) were used as input for all models.
Results indicated that covariates derived from DEM were more important in modeling soil
texture. All models improved the estimates of soil texture fractions when alr transformed data
was compared to UT, clr, and ilr transformed data. The combined model (i.e. GR) did not
show superiority over other models. Using GR model RMSE values for alr, clr, ilr
transformed clay data and UT were 5.07%, 4.21%, 5.81%, and 6.09%, respectively. For silt
RMSE values (in the same order as clay) were 7.11%, 5.15%, 9.04%, and 6.70%, and for
sand were 9.20%, 7.67%, 11.69% and 8.74%, respectively. Generally, SVM using alr
transformed data showed a slightly higher potential for modeling soil texture. Generally,
results indicated that combining different machine learning algorithms did not necessarily
improve the estimates. Therefore, it is possible to use a single appropriate model for modeling
soil texture.
Keywords: Compositional data, Ensemble model, Log-ratio transformation, Random forest
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Gullies Using UAV
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Abstract

Gully erosion is one of the most important and destructive forms of water erosion, and there
are ambiguities regarding its initiation and development. The study aimed to identify the soil
properties and other factors affecting gullies of South Nazar Abad in 2021. After the field
survey, based on the Google Earth images, gullied area boundary draw, 32 gullies were
selected, and their location was recorded with the GPS. A surface soil sample was taken from
head cut wall of each gully and general analyses were done. The gullies watershed boundaries
and morphological characteristics including area, perimeter, and slope were extracted from
the DM obtained from unmanned aerial vehicle (UAV) images. The general characteristics
of the soil surface in the watershed of the gullies including canopy, bare soil, and residual
percent were determined by 1 m x1 m plot. The gully length, width, and depth were measured
and volumes were calculated. Modeling of factors affecting gullies was done using a
multivariable linear regression model (step-by-step method) in MINITAB on 70% of
observations. The relationship between the volume of gullies with gullies soil properties and
watershed characteristics were investigated and a suitable gully development model (soil
loss) was introduced. Also, in this research, 30% of the measured samples that were not used
in the model construction were used for model validation. Percentage, RMSE, CRM, NSE,
CD, MAE and dy statistics were used to determine model efficiency. Principal component
analysis showed that EC, Na*, CI, K*, Erodibility, Mg**, canopy, bare soil, and SP
characteristics had noticeable effect on gullies volume. Based on the results of the research
and especially based on the Nash-Shutcliffe efficiency coefficient, no reliable model has been
developed. Also, the presented model is valid based on the regression at the five percent
significant level and according to the validation coefficients. The model with a correlation
coefficient of 0.59 and four factors K*, bulk density, crop residues, and percent bare soil
could explain 35% of the changes.

Strengthening and restoring crop cover in the area is recommended.
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Abstract
Enzyme activity measurement is one of the significant methods in the bioremediation of
soils contaminated with petroleum compounds. Biostimulation, bicaugmentation and their
integration are among the types of bioremediation methods used in this experiment. For this
purpose, to reduce light naphtha pollution (1%) in a sandy loam soil, a variety of
bioremediation treatments, including providing NP elements, adding cow manure and
Tween 80 surfactant, biocaugmentation, and integrated treatment were used. This
experiment was carried out in a pot (containing 3 kg soil) based on split plot factorial
design (pollution factor, bioremediation factor and time) with 3 replications, at room
temperature, for 120 days. On days 0, 5, 10, 15, 30, 45, 60, 90 and 120, subsamples were
taken from each pot to measure the activity of dehydrogenase and lipase enzymes. The
results of the experiment showed that bioremediation treatments led to the reduction of oil
pollutants. Likewise, dehydrogenase activity had a completely downward trend from the
beginning of the experiment, and the changes of lipase activity in contaminated soil
increased until day 10, decreased slightly from day 10 to 15, then, progressed with slight
fluctuations until day 60 and decreased again from day 60 onward. Dehydrogenase activity
changes in cow manure treatment during the experiment was from 3.39 to 0.35 (ug TPF g*
h™1), and lipase activity in integrated treatment dropped from 57 to 33.56 (mU g?). In
addition to increasing the active microbial population involved in the decomposition of
petroleum compounds and providing optimal conditions for their activity, the use of
integrated treatments and cow manure is a suitable method to reduce the concentration of
light naphtha.
Keywords: Bioaugmentation, Bioremediation, Biostimulation, Enzyme activity, Petroleum pollution
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Abstract
In the first part of this paper, multi-dimensional understanding of the soil and water management
of agricultural lands of Honam Sub-catchment was provided by determining the 53 homogeneous
soil and water management units (HSWMUSs), current behavior assessment of the farmers, and the
yield gap analysis. It was found that efficiency of water and fertilizer consumption in the region
was relatively low. Therefore, soil and water management packages including soil fertility
management, irrigation management and land degradation prevention were prepared for each
HSWMUs. The method of preparation and validation steps of management packages is the subject
of this paper. To transfer the achieved knowledge and technology and to evaluate and validate the
recommended packages, Aliabad Agricultural Jihad Center of Lorestan was selected as an
innovation platform. Scaling-up was carried out by active cooperation of multi-level local to
national experts to hold a technology exhibition including management of optimal use of chemical,
organic and biological fertilizers, and irrigation methods to test the research results. To this end,
the selected technologies and recommendations were implemented at volunteer farmers’ fields.
The pilots were separated into two treatments of farmers' conventional practice and integrated
recommendation in the beet-wheat rotation. The results of the best bet showed that, on average,
crop production of winter wheat increased from 5 to 7.5 t/ha and water use efficiency improved by
13%. These results were displayed to other farmers on the field day, which matched up with the
time of wheat harvest. By proofing the effectiveness of the results in the farmers' fields, the soil
and water management packages of the region were prepared. Despite holding workshops for
farmers, results were not scaled to others. We found that the out-scaling of soil and water
management packages within HSWMUs and improvement of the average yield along with the
principles of sustainability is rooted in three gaps: yield, research and development, and value chain
gap. In other words, the awareness and motivation of the farmers, the ability to implement
recommendations, and the availability of facilities are the basic conditions for filling crop yield
gap in the region. Therefore, one-year pilots are not effective enough and should be continued for
several years. Afterward, the capacity building of local extensions at the Soil and Water Research
Institute (SWRI) was carried out to show the different stages of preparing HSWMUs,
recommendations and instructions. All data were transferred to the innovation platform in digital
and printed format. Receiving feedback and to continue scaling-out under spiral proses method, a
number of farmers of HSWMUSs who volunteered to test the recommended packages in their farms
were selected, and the pilots was designed based on participatory research. It is expected that with
the establishment of long-term demonstration farms and the provision of various requirements such
as the existence of various fertilizers and other agricultural inputs by the collaboration of public
and private sectors, the transfer of recommendations to other farmers as well as decision makers
of the sub-basin is facilitated.

Keywords: Recommended packages, Community capacity building, Collective action, Innovation platform, Demand-driven
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Abstract

Spatial variability of soil hydraulic properties is important for soil-water balance and
irrigation management in paddy fields. The objective of this study was to determine the
spatial variability of saturated hydraulic conductivity (Ks) and the factors affecting it. Soil
samples from 120 profiles were collected using random stratified sampling scheme. Soil
samples were taken from top soil, compacted plow pan, and non-saturated subsoil. In these
samples, soil texture, organic carbon, bulk density, saturated moisture, and saturated
hydraulic conductivity were measured (by the falling head method). The most
heterogeneity with a maximum coefficient of variation (CV), positive skewness, and
lognormal frequency distribution for Ks indicated preferential flow caused by the presence
of biological pores and cracks from previous drought stress. The results of the geostatistical
analysis showed that hydraulic conductivity followed spherical and exponent semi-
variogram model in puddled top soil and the non-saturated subsoil, respectively. This
variable followed linear semi-variogram model with low slope in plow pan. The CV of Ks
in plow pan (299%) was 121% and 284% higher than, respectively, the upper and the lower
layers. The closeness of the behavior of Ks to random variables in this layer was mainly
due to the existence of biological pores and root channels and the movement of animals,
which lead to preferential flow. Despite the weak and moderate spatial structure of the
variables, the kriging interpolation method was more accurate for Ks compared to inverse
distance weighting. The spatial distribution pattern of Ks in puddled top layer was inversely
related to clay content. Despite the high clay content in the west half of the study area, the
Ks values in this region were high due to the presence of biopores. These results indicate
that the compacted plow pan cannot play its key role for reducing hydraulic conductivity
and retaining water in the soil. The magnitude and spatial variability of soil hydraulic
conductivity and the factors affecting it depend on the site-specific irrigation management.
Keywords: Biopores, Kriging, Paddy fields, Puddled layer
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