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The study was conducted at the Interactive Agricultural Technical College 

in Mosul, in cooperation with the Water Resources Department, in 2024. 

Seedlings were planted as desired. The field was divided into four units 

according to different variation methods: Based on soil moisture using 

irrometer sensors, Using climate equations (Penman-Monteith),Using 

Internet of Things (IoT) technology, Using moisture distribution 

simulation using Hydrus 1D software. The experiment was carried out 

using a completely randomized block design with four treatments and 

three replicates. The effect of different irrigation methods on water use 

efficiency and plant growth was compared and the averages were tested 

under a 5% probability level. The results showed that IoT technology was 

the most efficient in saving water and managing irrigation remotely, while 

the soil moisture measurement method maintained stable moisture content 

across all depths, ranging between 18.9% - 26%, which is the ideal range 

for grape growth. The Penman-Monteith equation was effective but 

showed moisture fluctuations at depths of 15 and 30 cm, while the Hydrus 

1D program provided accurate moisture distribution data but needed more 

precise time tuning. The vegetative characteristics of grapes showed 

significant superiority of the soil moisture measurement treatment in the 

main stem diameter of the grape tree and the leaf area of the trees, which 

reached 15.53 mm and 9623 cm², respectively. 
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Introduction 

Water resources play a vital role in human life and 

the environment, and the problem of irrigation water 

scarcity and insufficiency is one of the most 

significant challenges facing the world today.[1]. 

Drip irrigation is considered one of the most water-

efficient irrigation methods compared to other 

traditional methods. [2] This system relies on a 

closed network operating under low pressure, 

ensuring that water is distributed through pipes and 

reaches the soil through drippers slowly and 

repeatedly. Well-designed drip irrigation saves up to 

50% of water compared to surface irrigation and 

30% compared to sprinkler irrigation by reducing 

water losses that may be lost through deep 

infiltration, surface runoff, or evaporation in other 

irrigation systems. [3], [4], Studies indicate that the 

agricultural sector consumes about (70-75%) of the 

total fresh water available annually to irrigate only 

about 25% of the arable land, which makes efficient 

water management in this sector essential [5], 

[6],[7]. The savings don't stop at water alone, but 

there is also energy savings because the system 

operates at lower operating pressures compared to 

sprinkler irrigation systems. This method aims to 

maintain the root zone moisture level close to field 

capacity on a continuous basis. [8]. Drip irrigation 

contributes to maintaining a high level of moisture 

in the soil, which reduces the capillary tension forces 

between water and soil particles. This makes it 

easier for plants to absorb their water needs, even 

with high osmotic tension resulting from increased 

salt concentrations in irrigation water. 

Microirrigation systems, also known as "smart 

irrigation" or "digital irrigation," rely on a set of 

sensors and actuators (such as valves and pumps) 

connected to central control units based on climate 

and soil parameters. These systems monitor and 

record real-time data. The field is dependent on 

climate and soil factors, so the controllers analyze 

them and automatically trigger the actuators when 

needed. This technology delivers precisely 

calculated amounts of water, at the right time and 

place Asadzadeh, Based on actual plant needs, 

recent studies have shown that precision irrigation 

represents a promising solution in the face of the 

increasing challenges associated with water scarcity 

and climate change, as it contributes to improving 

water use efficiency, increasing crop productivity, 

and reducing the environmental impact by reducing 

water loss resulting from evaporation, leakage, or 

unnecessary use [9],[10]. There are several well-

established methods for monitoring soil moisture, 

including traditional soil sampling and drying using 

a soil auger, TDR moisture sensors, and large-scale 

monitoring through remote sensing technologies. 

[11],[12].  While the traditional method of 

estimating moisture by drying soil samples provides 

accurate measurements of soil moisture content, it is 

time-consuming, labor-intensive, and causes 

significant disturbance to the soil structure [13],[14]. 

Numerous studies have demonstrated the feasibility 

of using saline water for irrigation, provided 

effective water management is followed. [15],Soil is 

a vital environment for plant growth, and its physical 

and chemical properties, such as texture, 

permeability, and moisture retention, affect the 

efficiency of irrigation systems. Internet of Things 

(IoT) technologies are used to monitor soil and 

plants in real time, and automatically analyze data to 

make accurate irrigation decisions [16] The 

HYDRUS model is also an important tool for 

simulating subsurface water movement, while the 

Penman-Monteith equation provides accurate 

estimates of evapotranspiration [17]. Grapes Vitis 

vinifera L are characterized by high nutritional 

value, as there are more than 700 species and 10,000 

varieties of grapes in the world [18]  , while some 

researchers estimate the number at 14,000 varieties 

[19]. Grapes contain easily absorbed sugars such as 

glucose and fructose, in addition to vitamins A, B2, 

B6 and minerals such as potassium, calcium, 

phosphorus, iron, and manganese. The global 

cultivated area is 7.38 million hectares. With an 

annual production of 61.89 million tons, Italy, 

France, the United States, Spain, China, and Turkey 

top the list of producing countries. As for Iraq, the 

cultivated area reached 48,000 hectares with a 

production of 265,000 tons, and more than 70 

varieties are grown, most of them in the north of the 

country [20]   ,[21] Objective of the study This 

method aims to maintain the root zone moisture 

level close to field capacity on a continuous basis 

and improve the efficiency of using drip irrigation to 

maintain a high level of moisture in the soil, and 

reduce the capillary tension forces between water 

and soil particles, which makes it easier for the plant 

to absorb its water needs.. 

MATERIALS AND METHODS 

The study was conducted in 2024 at the 

Technical Agricultural College in Mosul / in the 

Rashidiya , funded from the Ministry of Water 

Resources, Iraq where 1000 m² of agricultural land 

was allocated for conducting experiments. The land 

was plowed using a triple disc plow with two plows 

perpendicular to each other, then it was leveled and 

grape trees were planted according to the plan on 

February 2024. The field soil was clay loam, as 

shown in Table No.(1) showing some physical 

properties of the study soil 

 

 

 

Property 
 

Value Unit 

Clay   340.5 g kg⁻¹ 



samir farhan ayoub  /NTU Journal of Agricultural and Veterinary Sciences (2026) 6 (1) : 80-87 
 

82 

 

Silt 297 g kg⁻¹ 

Sand 362.5 g kg⁻¹ 

Soil texture Clay loam  

Bulk density 
 

1.43 g cm⁻³ 

Field 

capacity 
 

39 % 

 

 1-The Rash Mio variety 

 is a widely cultivated grape variety, 

particularly in Dohuk Governorate. It is also widely 

cultivated in various regions of central and northern 

Iraq. The cluster is conical with shoulders, and the 

berries are oval when fully ripe. A drip irrigation 

system is used to deliver small, regular amounts of 

water directly to the grape roots. 

2- Irrigation Systems and Equipment 

The surface drip irrigation network included: 

Main and sub-pipes of various diameters. 

Manual and electronic valves to control water 

flow. 

Soil moisture sensors (irrometers) buried at 

various depths (15, 30, 45, 60 cm). 

Data loggers connected to sensors to receive 

and analyze data. 

Internet-connected Hunter control system for 

remote irrigation management. 

Electronic weather station. 

Experiment design 

 The study used a randomized complete block 

design (RCBD) with four main treatments, each with 

three replicates. Differences between treatments 

were tested at the 5% probability level. The 

treatments included four irrigation scheduling 

systems: 

 Irrigation Scheduling Using soil moisture  

Sensor readings were used to determine the 

irrigation time when 75% of the available water was 

depleted. The weight moisture content at field 

capacity was 26%, and at the wilting point it was 

16.5%, meaning the available water content was 

equivalent to 9.5%. Therefore, irrigation was 

initiated when the moisture content dropped to 

approximately 18.9%. 

A calibration equation was used to convert 

sensor readings into weight moisture percentages, 

and the values were electronically monitored to 

accurately determine irrigation timing. Irrigation 

was conducted for 200 minutes per irrigation cycle, 

using drippers with a discharge of 4.9 liters/hour and 

electronically controlled by Hunter valves. 

Irrigation scheduling using the Penman-

Monteith equation. 

This system is based on calculating the actual 

water requirements of the plant based on 

evapotranspiration data calculated from the 

Penman-Monteith equation. Climatic data were 

obtained from a specialized website, and 

evaporation values were collected daily until an 

irrigation depth of 3.04 cm was reached, which 

covers the root zone (60 cm) without wasting water 

to ineffective depths 

Irrigation scheduling using Internet of Things 

(IoT) technology. 

In this system, (WATERMARK MONITOR — 

900M) were used to measure humidity around the 

clock. Data is automatically collected online using a 

dedicated portal (https://portal.irrometer.com) and 

analyzed using Excel spreadsheets to determine the 

appropriate irrigation timing (at 18.9% humidity). 

Irrigation is fully controlled remotely using the 

Hydrawise app linked to Hunter systems, enabling 

irrigation at night or from anywhere outside the 

field, effectively implementing the Internet of 

Things (IoT) principle. 

. Irrigation scheduling using Hydrus 1D 

software. 

This system was based on simulating soil 

moisture distribution using Hydrus 1D, a software 

that handles volumetric moisture. In the clayey loam 

soil, the volumetric moisture at field capacity was 

35.1%, the wilting point was 22.5%, and the 

available water was 12.6%. Irrigation was scheduled 

when 60% of the available water had been 

consumed, i.e., when the moisture content reached 

27.54%. [22] 

Vegetative growth measurements: 

All vegetative growth characteristics of the 

seedlings were measured in the first week of July 

and were taken again in October 2024 for all 

seedlings used in the study (4 seedlings for each 

experimental unit). The studied vegetative growth 

characteristics included the following: 

Paper area (cm) 

The area of a single leaf was estimated 

according to the method mentioned by [23]. 

3. Increase in main stem diameter of trees (mm). 

Tree diameters were measured for all seedlings 

at the beginning of July and again in October using 

a Vernier caliper at a height of 5 cm from the area, 

and the difference between them was calculated 

according to the following equation: 

Increase in diameter (mm) = Stem diameter 

(mm) at the end of the tenth month - Stem diameter 

(mm) at the beginning of the seventh month. 

Number of branches formed on seedlings 

(branch.seedling-1). 

The number of total lateral branches on the main 

stem of each seedling was counted at the beginning 

of July for the main branches only. 

3.3 Moisture Measurements: 

o Record sensor readings daily. 

o Convert data into electronic spreadsheets to 

determine irrigation intervals. 

 

 

Results and discussion 
Discussion of results based on the moisture 

content for a full season for each irrigation method. 
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Soil moisture content analysis is one of the most 

important indicators in assessing the efficiency of 

different irrigation systems, as it directly affects 

plant growth, water consumption, and water 

resource utilization efficiency. Based on the data 

extracted from the experiment, the effect of each 

irrigation method on soil moisture content at dif 

First: Irrigation method based on field 

measurements of soil moisture and its effect on 

moisture content. four depths (15, 30, 45, 60 cm) can 

be discussed.  

Figure (1) represents the moisture distribution 

of moisture depths using the soil moisture 

measurement method in the irrigation schedule for 

grape plants. 

 
Moisture content analysis: 

• Moisture content was maintained stable across 

all depths, ranging from 18.9% to 26%, the ideal 

range for grape growth. 

• Irrigation was carried out when the soil 

reached 75% of the available water, preventing 

sudden drying out or overwatering. 

• At a depth of 15-30 cm, moisture fluctuations 

were minimal, providing an ideal environment for 

water and nutrient uptake by the roots This is 

consistent with [23],[24]. 

• At a depth of 45 cm, a slight degree of 

fluctuation was observed during the initial growth 

period (100 days), then began to fluctuate after this 

time, tending to decrease at the end of each 

irrigation. This is due to the increased water 

consumption during this time. 

• A depth of 60 cm is observed to be more 

stable, and this stability means ensuring soil 

moisture at the field capacity at this depth. This 

supports irrigation efficiency for the plant, while 

ensuring that there is no loss of irrigation water 

added beyond the root zone, as grape roots reach a 

depth of more than 1 m. 

Second: The Internet of Things (IoT) method 

and its impact on moisture content 

Figure (2) represents the moisture distribution of 

moisture depths using the IoT method in the 

irrigation schedule for grape plants. 

 
 

Moisture content analysis: 

This method is a response to the lack of soil 

moisture that is known through devices connected to 

the Internet, whether it is a mobile phone or a 

personal computer, and this deficiency is also 

compensated for through commands to the control 

devices via the Internet to irrigate the areas that 

suffer from a lack of moisture, and irrigation is 

carried out at the optimal level of soil moisture, i.e. 

by ensuring that no excess water moves outside the 

root zone, in addition to providing the optimal need 

for water for the plant. This is consistent with [25]. 

• It is noted that it is completely consistent with 

the moisture distribution of the moisture depths 

using the soil moisture measurement method in the 

irrigation schedule and applies to all. 

• Moisture was maintained stable at all depths, 

ranging between 18.9% and 25%, making it very 

close to the soil moisture measurement method. 

• At a depth of 15-30 cm, moisture fluctuations 

were very limited, helping to reduce surface 

evaporation loss. 

• At a depth of 45-60 cm, moisture was stable, 

indicating no water loss beyond the root zone. 

• Irrigation was automatically implemented 

when needed based on sensor data, preventing 

overwatering or temporary drought. 

The results of this study confirm the 

effectiveness of smart irrigation systems based on 

the Internet of Things (IoT) and soil moisture 

sensors in improving water use efficiency and 

maintaining stable moisture levels within the 

grapevine root zone, compared to traditional 

methods or those based solely on climatic equations. 

This is consistent with the findings of 

both[26],[27],[28]. 

Third: The Penman-Monteith equation method 

and its effect on moisture content 

Moisture content analysis: 

Figure (3) represents the moisture distribution 

of moisture depths using the climate information 

method in the Penman equation. 
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• This method relies on climate data to calculate 

evapotranspiration rates and determine the required 

irrigation quantities. 

• High fluctuations in surface humidity levels 

are observed at depths of 15 and 30 cm. This is due 

to the fact that this method accumulates water 

consumption over time until it reaches a value that, 

when added, ensures no movement of irrigation 

water outside the root zone. • A higher stability in 

moisture content was also observed at a depth of 45 

cm, and this stability decreased with growth and 

rising temperatures "The results of this study are 

consistent with the findings of [29] and [25] 

regarding the effectiveness of the Penman-Monteith 

equation in estimating irrigation requirements, with 

some fluctuations observed in the absence of field 

measurements to support the climatic data.". 

• At a depth of 60 cm, this stability was 

maintained throughout the measurement period, 

meaning that water did not exceed the root zone. 

Fourth: The method of simulating the moisture 

distribution (Hydrus 1D) and its effect on the 

moisture content 

Figure (4) represents the moisture distribution 

of moisture depths using the Hydrus method in 

simulating water movement for the irrigation 

schedule for grape plants. 

 
Figure (5) represents the outputs of the Hydrus 

program for humidity ratios at different depths 

throughout the grape plant growth period. 

Moisture content analysis 

 

 

• The numerical simulation showed an accurate 

distribution of moisture within the soil, but it 

suffered from a delay in the response of irrigation 

data. 

• It is noticeable from this figure that there is a 

fluctuation in moisture content values at depths of 

15 and 30 cm. However, the fluctuation at the 15 cm 

depth is from field capacity to a decrease, while at 

the 30 cm depth, the fluctuation is from near 

saturation to close to field capacity. This is due to 

the fact that the calculations for the added water are 

to bring the depths 0-45 cm to field capacity. 

• As for the depth of 45 cm, it was characterized 

by stability at the beginning of the season, and its 

degree of fluctuation increased with the increase in 

water consumption values. This is normal because 

the speed of moisture homogenization is less than 

the speed of supplying the plant with water. This 

reflects the difference between this technique and 

previous techniques in the occurrence of fluctuation 

at the depth of 45 cm. This is due to the delayed 

response of the simulation process to the lack of 

moisture. The lack of moisture that occurs, 

especially when temperatures rise, and this is what 

can be observed in the last two-thirds of the growth 

period. This is to achieve a moisture deficiency at 

this depth until the next irrigation. This point can be 

overcome, as we mentioned previously, by irrigating 

at a depth of 50% or less than 35% of the available 

water. 

• The depth is 60 cm and is characterized by 

high stability. When comparing the values of the 

actually measured moisture content, which are 

represented in Figure (4), with the values of the 

moisture content obtained from the Hydrus program 

for the same different soil depths and throughout the 

growth period, which are represented in Figure (5), 

in which a great consistency is observed in the 

irrigation dates, but the values that the program 

gives are high values, considering that the program 

is based on the volumetric moisture. It is not the 

weight moisture that is measured by sensors, as it is 

also noted that the initial values of moisture content 

are higher in the initial periods of irrigation.  This is 

consistent with [23]. This study demonstrated clear 

accuracy in representing water movement within the 

soil profile, which contributed to improving water 

use efficiency in grape cultivation, especially when 

compared to traditional irrigation methods. The 

findings of this study are supported by recent 

research, including the studies of [2] [30], and [22]. 

 

3 characteristics of vegetative growth of grape 

trees in subsurface irrigation treatments 
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Table No. (2) shows the effect of irrigation 

treatments on the vegetative growth characteristics 

of grape trees in surface irrigation treatments. 

 

 

Number of branches: 

Table (2) shows that there are no significant 

differences between the treatments, and the largest 

number of branches was recorded in the Penman 

equation treatment, which had the highest number of 

branches, reaching 4.58 branches per plant. 

The results of Table (2) indicate that the 

irrigation treatment, based on measuring soil 

moisture, significantly increased the length of the 

branches, reaching 51.18 cm. 

Increase in leg diameter: 

From the table results, we note that the largest 

insignificant increase in stem diameter was recorded 

in the treatment based on soil moisture estimation, 

which amounted to 1.61 mm for the main stem of the 

tree. 

Leg diameter: 

Table (2) indicates the significant superiority of 

the soil moisture measurement treatment in the main 

stem diameter characteristic of the grape tree, which 

reached 15.53 mm. 

Paper space: 

It is clear from the results shown in Table (2) 

that the irrigation method based on measuring soil 

moisture had a significant impact on the leaf area of 

the trees, which amounted to 9623 cm². 

The superiority of the soil moisture 

measurement treatment may be attributed to the fact 

that it is the best irrigation method in terms of 

controlling the moisture content, as it provides an 

ideal environment for the roots, which leads to 

strong growth and high water efficiency, which in 

turn works to provide the elements ready for 

absorption by the plant. The results are consistent 

with what was reached by [31],[32] 

 

Conclusions and recommendations: 

 We conclude from this study of irrigation 

scheduling techniques for Grape plants the 

following: 

 IoT technology in irrigation scheduling has 

proven highly successful. The techniques for its 

implementation and categorization of results have 

been mastered, making it possible to easily control 

irrigation water scheduling using this technology. 

The team has gained experience in managing this 

type of technology for a period of up to eight 

months, which is sufficient time for testing within 

the context of annual climate changes. 

The technique of scheduling irrigation using 

climate information using the Penman equation to 

calculate water consumption has proven its 

feasibility and effectiveness in scheduling irrigation 

water, with no significant difference from the 

standard method of scheduling irrigation by 

measuring soil moisture. Since this method is simple 

and does not require complicated implementation or 

the provision of special equipment to determine 

water consumption, we only need to take climate 

data from a local weather station or use climate data 

from many websites that download climate 

information from the Internet. Thus, the slight 

differences between production using this method 

and production using this method and the standard 

method are covered. 

It has become possible to schedule irrigation by 

simulating the water distribution of soil moisture 

using the Hydrus program, but with the emphasis 

that the irrigation process is carried out when 50% 

of the available water is depleted during cold and 

moderately cold days. This depletion rate must also 

reach 35% on hot days due to the sensitivity of the 

program to high soil tensions, and since this method 

only requires climatic information in addition to Soil 

information and does not require any other devices 

or equipment. When we are able to run this program, 

we can obtain results close to the results given to us 

by soil moisture sensors in the field. 

All methods used in scheduling drip irrigation 

have proven effective. 
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