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An analyst can screen an outstanding
phenotype out from a breeding field, whether for ornamentation or landscaping. However, this is carried out subjectively and imprecisely, while invasively
handling the object. The simple linear clustering algorithm (SLIC) and box-counting method (BCM) can offer a breakthrough framework for predicting the
intensity of the color of a showy flowering structure upon the irregular external shape of a plant by processing high-resolution imagery data. By bringing
such a cutting-edge computational solution into implementation, we can control the visual quality of an ornamental crop with greater objectivity, accuracy,
and realism than what would be possible to achieve with conventional phenotyping through organic vision. View this paper (https://www.mdpi.com/2073-
4395/12/6/1342)
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Abstract This study aimed to evaluate the impacts of mechanized harvesting and soil tillage on soil penetration resistance (PR), influenced by the eucalypt straw management
under sandy clay Oxisol in Southern Brazil. The study was conducted in a eucalyptus production area under Oxisol in
[...] Read more.
(This article belongs to the Special Issue Tillage, Soil Management, and Field Traffic: Impact on Soil Physical and Mechanical Properties (
/journal/agronomy/special_issues/tillage_soil
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Abstract Water-saving irrigation is recognized as an effective agricultural management due to water security and environmental protection problems. In Northeast China, an
increasing number of paddy fields are shifting from conventional irrigation to water-saving irrigation. However, there is limited knowledge regarding the carbon (C)
[...] Read
more.
(This article belongs to the Special Issue Low Carbon Agriculture and Low Reactive Nitrogen Losses under Intensification (
/journal/agronomy/special_issues/low_reactive_nitrogen
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Abstract The depletion of soil organic matter is one of the major challenges constraining agricultural production in the southern zone of Mali. This study evaluated the effects of
compost types, methods, and dose applications on the productivity and sustainability of sorghum. Two types of
[...] Read more.
(This article belongs to the Special Issue Cropping Systems and Agronomic Management Practices of Field Crops ( /journal/agronomy/special_issues/Cropping-
Systems
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Abstract Boron plays a critical role in pollination and fertilization and can affect fruit set and yield. We applied 0 g, 15 g (manufacturer recommendation) or 30 g boron pre-
flowering to Hass avocado trees to determine the effects on fruit set, fruitlet paternity, yield,
[...] Read more.
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Abstract Because there is a close relationship between plant physiological response and crop performance, the current study aims to evaluate the photosynthetic efficiency and
productive performance of vegetable versus conventional soybean cultivars for edamame production. The study was conducted at the School of Agriculture
[...] Read more.
(This article belongs to the Special Issue Researches on Crop Nutritional Molecular Biology ( /journal/agronomy/special_issues/crop_nutritional_molecular
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Abstract Real-time detection of fruit targets is a key technology of the Xiaomila green pepper (Capsicum frutescens L.) picking robot. The complex conditions of orchards make it
difficult to achieve accurate detection. However, most of the existing deep learning network detection algorithms cannot
[...] Read more.
(This article belongs to the Special Issue Application of Deep Learning in Precise Analysis of Agricultural Crops ( /journal/agronomy/special_issues/deep_precise
))
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Abstract The present study investigates the comparative effect of pre- and post-storage quarantine heat treatments (hot water treatment (HWT) and vapor heat treatment (VHT))
on the post-harvest performance of the mango fruit cv. ‘Chenab Gold’. The results indicate that the application of HWT at
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Abstract Sewage sludge management for fertilizer purposes can be a step in the circular phosphorus (P) economy. Using microbial solubilization in manufacturing fertilizers from
recycled materials is an innovative approach with the potential to increase P compounds’ bioavailability, and fertilizers from sewage sludge ash
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Abstract Groundnut is a very important crop in the West and Central Africa (WCA) region, accounting for almost 70% of Africa’s groundnut production in 2019. Despite its
economic importance, the crop’s yield is still low. For a high yield and profitable economic returns, optimal
[...] Read more.
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Abstract Interest in the use of silver as a component of plant protection products and growth regulators appeared relatively recently with the development of methods for the
effective stabilization of colloidal systems containing nanoparticles of this metal. In the present work, we studied the
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Abstract As an indispensable grain crop, foxtail millet (Setaria italica L.) is becoming a functional food in China because of its abundant nutrients. However, low rainfall and
uneven precipitation limit its growth and production, especially in northwest China. Understanding the root phenotypic characteristics
[...] Read more.
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Abstract This study assesses the impact of irrigating with desalinated seawater (DSW) on the profitability of greenhouse tomato in south-eastern Spain, comparing different
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[...] Read more.
(This article belongs to the Special Issue Frontier Studies in Legumes Genetic Breeding and Production (
/journal/agronomy/special_issues/Legumesbreeding_production
))


►
Show Figures
(/agronomy/agronomy-12-01470/article_deploy/html/images/agronomy-12-01470-g001-550.jpg) (/agronomy/agronomy-12-01470/article_deploy/html/images/agronomy-

12-01470-g002-550.jpg) (/agronomy/agronomy-12-01470/article_deploy/html/images/agronomy-12-01470-g003-550.jpg) (/agronomy/agronomy-12-

01470/article_deploy/html/images/agronomy-12-01470-g004-550.jpg) (/agronomy/agronomy-12-01470/article_deploy/html/images/agronomy-12-01470-g005-550.jpg)

(/agronomy/agronomy-12-01470/article_deploy/html/images/agronomy-12-01470-g006-550.jpg)

Open Access Article

Genome-Wide Association Mapping Revealed SNP Alleles Associated with Spike Traits in Wheat (/2073-4395/12/6/1469)
by
 Shamseldeen Eltaher (https://sciprofiles.com/profile/1961005),

Ahmed Sallam (https://sciprofiles.com/profile/author/L1FjNWdpYk14dHdPZFNTMlFVeHFUOEZFR2xQUTVWZk5rbHlCVEJOeFcyTT0=),
Hamdy A. Emara (https://sciprofiles.com/profile/author/UW1uR3NaSWp4QUhEUEtFdnZ6UEh5Wm9KcE5xQ2JpZWRzcnZvdS8xa0tKND0=),
Ahmed A. Nower (https://sciprofiles.com/profile/2269832), Khaled F. M. Salem (https://sciprofiles.com/profile/2219949),
Andreas Börner (https://sciprofiles.com/profile/1040245), P. Stephen Baenziger (https://sciprofiles.com/profile/14562) and
Amira M. I. Mourad (https://sciprofiles.com/profile/author/Z1BIM2hyZDdCcXNWYW0xejlkTHozQWpLSmZrNkhjZDlwem92NHdsb05XST0=)

Agronomy 2022, 12(6), 1469; https://doi.org/10.3390/agronomy12061469 (https://doi.org/10.3390/agronomy12061469) - 18 Jun 2022
Viewed by 717

Abstract Wheat (Triticum aestivum L.) is one of the most important crops in the world. Four spike-related traits, namely, spike weight (SW), spike length (SL), the total number of
spikelets per spike (TSNS), total kernels per spike (TKNS), and thousand-kernel weight (TKW), were
[...] Read more.
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Abstract The thermal stress caused by high temperatures on cut rose flowers grown in greenhouses is a major environmental impact that reduces the yield of growing cut rose
flowers during summer. To confirm the resistance of grafted cut rose flowers to high-temperature stress, roses
[...] Read more.
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Abstract Thioredoxin (TRX) is a small molecule protein that participates in the redox process and plays a decisive role in various functions of plants. However, the role of TRX in
Medicago sativa (alfalfa), a widely cultivated perennial herb of legume, is still poorly understood.
[...] Read more.
(This article belongs to the Special Issue Advances in Genetics, Breeding, and Quality Traits in Forage and Turf Grass (
/journal/agronomy/special_issues/genetics_grass
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Abstract Sour orange (Citrus aurantium L.), which belongs to the Rutaceae family, is used around the Mediterranean Sea for ornamental and agronomic purposes as a rootstock
for the Citrus species. Peels and flowers, the most-used parts of Citrus aurantium L., have constituted a largely
[...] Read more.
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))


►
Show Figures
(/agronomy/agronomy-12-01466/article_deploy/html/images/agronomy-12-01466-g001-550.jpg)

Open Access Article

Evaluating Sensor-Based Mechanical Weeding Combined with Pre- and Post-Emergence Herbicides for Integrated Weed Management in Cereals (/2073-
4395/12/6/1465)
by
 Marcus Saile (https://sciprofiles.com/profile/2005040), Michael Spaeth (https://sciprofiles.com/profile/1285206) and

Roland Gerhards (https://sciprofiles.com/profile/97241)
Agronomy 2022, 12(6), 1465; https://doi.org/10.3390/agronomy12061465 (https://doi.org/10.3390/agronomy12061465) - 18 Jun 2022
Viewed by 412

Abstract Due to the increasing number of herbicide-resistant weed populations and the resulting yield losses, weed control must be given high priority to ensure food security.
Integrated weed management (IWM) strategies, including reduced herbicide application, sensor-guided mechanical weed control and combinations thereof are indispensable
[...]
Read more.
(This article belongs to the Special Issue Robotic Weeding ( /journal/agronomy/special_issues/robotic_weeding
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Abstract Manual vineyard yield estimation approaches are easy to use and can provide relevant information at early stages of plant development. However, such methods are
subject to spatial and temporal variability as they are sample-based and dependent on historical data. The present work aims
[...] Read more.
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Abstract Fall armyworm [Spodoptera frugiperda (J./E. Smith); FAW] is negatively impacting sustainable maize production, particularly in smallholder farming systems in sub-
Saharan Africa. Two sets of germplasm (commercial cultivars and experimental hybrids, and local and exotic inbred lines) were evaluated under managed and natural
[...] Read
more.
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Abstract: Irrigation and fertilization technologies need to be adapted to climate change and pro-
vided as effectively and efficiently as possible. The current study proposed pocket fertigation, an
innovative new idea in providing irrigation water and fertilization by using a porous material in
the form of a ring/disc inserted surrounding the plant’s roots as an irrigation emitter equipped
with a “pocket”/bag for storing fertilizer. The objective was to evaluate the functional design of
pocket fertigation in the specific micro-climate inside the screenhouse with a combination of emitter
designs and irrigation rates. The technology was implemented on an experimental field at a lab-scale
melon (Cucumis melo L.) cultivation from 23 August to 25 October 2021 in one planting season. The
technology was tested at six treatments of a combination of three emitter designs and two irrigation
rates. The emitter design consisted of an emitter with textile coating (PT), without coating (PW),
and without emitter as a control (PC). Irrigation rates were supplied at one times the evaporation
rate (E) and 1.2 times the evaporation rate (1.2E). The pocket fertigation was well implemented
in a combination of emitter designs and irrigation rates (PT-E, PW-E, PT-1.2E, and PW-1.2E). The
proposed technology increased the averages of fruit weight and water productivity by 6.20 and 7.88%,
respectively, compared to the control (PC-E and PC-1.2E). Meanwhile, the optimum emitter design of
pocket fertigation was without coating (PW). It increased by 13.36% of fruit weight and 14.71% of
water productivity. Thus, pocket fertigation has good prospects in the future. For further planning,
the proposed technology should be implemented at the field scale.

Keywords: pocket fertigation; water productivity; innovative technology; subsurface irrigation

1. Introduction

Irrigation and fertilization are the main components in determining agricultural pro-
duction successfully. Climate change causes uncertainty in environmental conditions; thus,
optimizing irrigation and fertilization should be adjusted. Suitable adaptation strategies
for climate change on irrigation and fertilization could minimize the negative impacts [1].
Water resource availability tends to decrease and become more scarce with the impact of
climate change [2]. However, irrigation is often oversupplied, thus resulting in more water
loss and reducing water productivity [3]. In addition, excessive use of fertilizers leads
to soil damage due to a large amount of soluble nitrate; thus, more nitrogen is wasted
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before being absorbed by plants [4]. Therefore, it is necessary to develop water-saving
and efficient technology in fertilizers. An example of water-saving irrigation technology
is subsurface irrigation by the innovative emitter [5]. The technology is very effective in
water use because water is supplied directly to the plant roots, reducing evaporation. Sev-
eral subsurface irrigation technologies have been developed, such as ring-shaped emitter
irrigation [6,7] and sheet-pipe technology [8], as well as evapotranspiration irrigation [9].
Unfortunately, the technology still does not consider the use of fertilizers yet.

Both chemical and organic fertilizers should be applied at the right time and in the
right amount to avoid the loss and negative impact on the environment. The excessive
use of chemical fertilizers and residue in the soil changes the soil’s physical and chemical
properties, so the soil is easily eroded due to decreased organic content [10]. Furthermore,
fertilizers dissolve in water due to rain, and irrigation can cause eutrophication of organic
matter accumulation, thus reducing water quality [11]. In addition, long-term use of
chemical fertilizers causes a decrease in soil pH [12]. On the other hand, organic fertilizer is
more environmentally friendly. However, it is suspected to reduce production, convincing
the farmer to consider using it less [13]. In addition, a large amount of organic fertilizer
content in the rainwater can make a loss in the nitrate content before being absorbed
properly by the crops [4].

This study examines pocket fertigation technology as an innovative idea for water and
fertilizer applications. It is developed from a previous emitter irrigation called ring-shaped
subsurface irrigation [6,7,14]. This technology uses a ring/disc porous material installed
surrounding the roots as an emitter and equipped with a “pocket” for fertilizer storage on
the upper side. It is simple, inexpensive, effective, efficient, easy, and fast to construct and
manageable by the farmers. All materials used should be available in the local markets and
reachable in cost. It is in line with the “farmer-led irrigation development” program [15]. In
this sense, the farmers should be capable of planning, constructing, operating, maintaining,
repairing, and even developing the irrigation system. This research aims to apply such
a type of irrigation technology constructible using locally available materials and easily
manageable by the farmers, whether individually or collectively.

By the current technology, water is irrigated through the pocket and then flows
directly to the root zone via the emitter. It is expected that water and fertilizer are absorbed
by the roots simultaneously. Therefore, it is important to test the performance of the
developed technology, particularly for a high economic horticultural product such as melon
(Cucumis melo L.). Melon is a fruit that has high commercial value in Indonesia with a
wide and diverse market range, from traditional markets to modern markets, restaurants,
and hotels. Therefore, it can be cultivated because of its competitiveness compared to
other commodities. In addition, the fruit by-product can be incubated as a functional food
ingredient [16].

The current study was proposed as a preliminary study on the functional design of
the pocket fertigation technology. The objective of the study was to evaluate the functional
design of the pocket fertigation for melon (Cucumis melo L.) production particularly in
the emitter design and irrigation aspect. The scope of evaluation aspects consisted of the
soil moisture fluctuation, fruit weight, and water productivity under different emitters
design and irrigation rates. As an indicator, soil moisture is related to water and nutrient
uptake, while crop yield is related to the income obtained by the farmers [17]. In addition,
water productivity is related to water use efficiency because it reflects the yield or biomass
produced per water used [18].

2. Materials and Methods
2.1. Time, Location, and Soil Properties

The current preliminary study was conducted at lab-scale inside a screenhouse located
at Kinjiro Farm with coordinates 6.59◦ S, 106.77◦ E, Bogor, West Java, Indonesia. Glamor,
a variety of melon seeds, was sown on 6 August 2021, planted on 23 August 2021, and
harvested on 25 October 2021. The physical characteristics of soils are presented in Table 1.



Agronomy 2022, 12, 1362 3 of 15

Table 1. The physical characteristics of planting media soil.

No Parameter Value Unit

1 Dry bulk density 0.77 g/cm3

2 Particle density 1.92 g/cm3

3 C-organic 5.73 %
4 Organic content 9.89 %
5 Permeability 5.18 cm/hour
6 Soil texture

Sand 17 %
Silt 59 %

Clay 24 %
Soil Texture Silt Loam

7
Soil water content at

the following soil
suction:

pF 1 0.476 cm3/cm3

pF 2 0.369 cm3/cm3

pF 2.54 0.294 cm3/cm3

pF 4.2 0.182 cm3/cm3

Based on the physical characteristics of the soil, especially the data on soil water
content at various pF (soil-water matrix potential) values, a water retention curve was made
to determine the saturated and residual soil water contents by the following equation [19]:

θ = θr +
(θ s − θr)

[1 + (α h)n]m (1)

where θ is the soil moisture (m3/m3) in volumetric water content, θs is the saturated soil
water content (m3/m3), θr is the residual soil water content (m3/m3), h is the pressure head
(cm H2O), and α, n, and m are constants. The values of θs, θr, α, n, and m were optimized
with a solver in Microsoft Excel (Figure 1). From the optimization results, the values of θs
and θr were 0.485 m3/m3 and 0.100 m3/m3, respectively.

Figure 1. Water retention curve for the type of soil at the study site.

2.2. Experimental Design of the Pocket Fertigation

The experimental design consisted of a combination of emitter types of the pocket
fertigation and irrigation rates with six treatments and two replications in total. The pocket
fertigation was applied in a pot experiment with a 50 cm diameter in the top and 30 cm
diameter in the bottom (Figure 2a). Meanwhile, the design of pocket fertigation is presented
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in Figure 3. Here, two designs were developed with the same dimensions. As previously
mentioned, pocket fertigation has two parts: an emitter and a pocket to store the fertilizer.
The emitter material was made from a perforated hose, 14 holes in total, with the interval
of the hole being 5 cm. The first design of the emitter was coated with a textile material
(PT) and without coating material (PW). The emitter was oval with a longer diameter of
30 cm and a shorter one of 25 cm. The pocket’s diameter was 9 cm with a 25 cm height that
was created from used plastic bottles with a size of 1500 mL. In this experiment, the emitter
was placed 5 cm below the soil surface. For the control, surface irrigation was applied in
which the fertilizer was sprinkled on the soil surface (PC).

Figure 2. (a) The dimensions of pot; (b) the dimensions of pan evaporation.

Figure 3. The pocket fertigation design: (a) emitter with textile coating (PT), (b) emitter without
coating (PW).

For the irrigation rate, it is commonly supplied based on crop evapotranspiration
(ETc); however, it is difficult to apply by the farmer due to the complicated method.
In this research, we used a simple method by pan evaporation to determine the open
water evaporation rate on a daily basis. The irrigation water was supplied based on the
evaporation rate, i.e., one times the evaporation (E) and 1.2 times the evaporation (1.2E)
in all designs of emitters, so there were six treatments in total, i.e., PT-E, PW-E, PC-E,
PT-1.2E, PW-1.2E, and PC-1.2E (Figure 4). For the pan evaporation, we used a pan filled
with water, 50 cm in diameter and height (Figure 2b). The daily evaporated water was
recorded every morning (around 7.00 a.m.). For the leaching process, all treatments were
supplied with more water ranging from 2 to 4 L/plant six times at 26, 33, 38, 41, 46, and
51 days after transplanting (DAT). In addition, this watering was also performed to avoid
extreme drought in the growing media.
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Figure 4. Testing of the pocket fertigation with various emitter designs and irrigation rates.

As we focused on the application of pocket fertigation under different irrigation rates,
during the experiment, all treatments were given the same amount and materials content
of fertilizer. They were “ABmix” and NPK “Mutiara” fertilizers. The “ABmix” fertilizer
contains macro and micro-nutrients. During the planting season, the “ABmix” fertilizer
was dissolved with an EC (Electrical Conductivity) value of 4500–5000 µS/cm and the NPK
“Mutiara” fertilizer of 20 g/plant at 20 DAT was stored in the pocket.

2.3. Micro-Climate and Soil Moisture Monitoring

The micro-climate inside the screenhouse was measured by an automatic weather
station (AWS) connected to the server. It was part of an IoT-based measurement previously
developed [20]. There were several weather sensors, i.e., air temperature, relative humidity,
wind speed, and solar radiation. Each parameter was measured at 15 min intervals. The
micro-climate conditions in the screenhouse fluctuated throughout the cultivation period.
However, the daily average, minimum, and maximum air temperatures had a constant
trend (Figure 5a). The daily minimum, average, and maximum air temperature values
ranged between 22 ◦C, 28 ◦C, and 35 ◦C, respectively. The same thing also occurred with
the relative humidity (RH). Although it fluctuated more, the trend was also relatively con-
stant with the average value of RH being approximately was 82% (Figure 5a). Something
quite extreme happened on 14 September 2021 (22 DAT). The daily maximum and average
air temperatures decreased significantly. On the other hand, RH increased significantly.
Here, the daily maximum temperature only reached 27.7 ◦C with an average of 25.1 ◦C.
Meanwhile, the RH increased and reached a maximum value of 90.1%. In atmospheric
pressure, air temperature and RH are inversely proportional, as presented in Figure 5b. The
type of greenhouse strongly influences variations in air temperature and RH in the green-
house used [21]. The air temperature inside the greenhouse should be controlled properly
because an increase in air temperature before harvest can reduce fruit sweetness [22]. Many
air temperature control systems, including RH control systems, have been developed for
optimal plant growth, such as fuzzy control systems [23,24].
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Figure 5. (a) Daily maximum, average, and minimum air temperatures, and relative humidity;
(b) linear correlation between daily average air temperature and relative humidity.

The weather data (air temperature, relative humidity, wind speed, and solar radiation)
were then used to determine the reference evapotranspiration based on the following
Penman–Monteith equation [25]:

ETo =
0.408∆(Rn − G) + γ 900

Tave+273 u(es − ea)

∆ + γ(1 + 0.34u)
(2)

where ETo is the reference evapotranspiration (mm), Rn is the net radiation (MJ/m2/d),
G is the soil heat flux density (MJ/m2/d), Tave is the daily average air temperature (◦C),
u is the wind speed (m/d), es is the saturated vapor pressure (kPa), ea is the actual vapor
pressure (kPa), γ is the psychrometric constant (kPa/◦C), and ∆ is the slope of the vapor
pressure curve (kPa/◦C). Rn, G, es, ea, and γ were determined based on observed solar
radiation and relative humidity parameters. In addition, to perform the equation, elevation,
latitude, and Julian day data were required. The data were compared to evaporation rate
that was measured daily as previously explained.

For effectiveness of emitter design, the soil moisture was monitored at a depth of
5 cm below the soil surface and in the middle of the emitter. The 5-TE soil moisture sensor
from the Meter Group was used for this purpose. The sensor was placed at a 5 cm soil
depth because the emitter of pocket fertigation was kept at this location. The sensor was
connected to a ZL datalogger (Meter Group) with a measurement interval of 15 min. From
the fluctuations in soil moisture, the actual evapotranspiration between the treatment was
estimated and compared.

2.4. Crop Performances and Water Productivity Analysis

The indicators of crop performance were plant growth, fruit weight, and soluble solid
content. The soluble solid content represented the sweetness level of fruit. For plant growth
parameters, the number of leaves and plant height were measured at the ages of 10, 20, and
30 DAT during the vegetative phase. Meanwhile, in the generative phase (fruit formation),
fruit weight and total soluble solid content representing sweetness levels were observed
on the harvesting day. The total soluble solid was measured by the Atago Pocket Digital
Refractometer in % Brix.

Water productivity was determined based on the product produced per amount of
water used based on the definition [26]. As the experiment was conducted inside a screen
house and there was no rain, the equation for water productivity is represented as follows:

WPI =
Y
I

C (3)
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where Y is the fruit weight (g), I is the total irrigation (mL), C is the conversion factor
(in this case, 1000), and WPI is the water productivity based on total irrigation water
(kg weight/m3 water).

2.5. The Limitation of the Study

The current study only presented the functional design of pocket fertigation. The
evaluation scopes were on soil moisture fluctuation, evapotranspiration, and crop and
water productivities. As the numbers of pots and screenhouse areas were limited, statistical
analysis was limited on the average value and standard deviation. Thus, the values will be
compared among the treatments. The proposed technology will be implemented at field
scale and it is planned for the next phase of the study.

3. Results
3.1. Evaporation and Evapotranspiration during the Season

Figure 6 shows fluctuations in solar radiation, evaporation, and reference evapotran-
spiration (ETo) during the growing season. Inside the screenhouse, the solar radiation
was relatively low, ranging from 2.1 to 9.8 MJ/m2/d. The low solar radiation affected
the low reference evapotranspiration and pan evaporation (Figure 6). The reference evap-
otranspiration value ranged from 0.4 to 2.2 mm, while the pan evaporation was from 1
to 4 mm. The pan evaporation value was higher than the reference evapotranspiration
because more water evaporated from the water surface than in the soil media when the
soil was unsaturated, as found in all treatments. This condition is in line with previous
experiments that stated that evaporation increases with the presence of flooded water
(unsaturated condition) in the soil and vice versa [27].

Figure 6. Daily total solar radiation, evaporation (E), and reference evapotranspiration (ETo).

ETo was strongly correlated with solar radiation, represented by high R2 (>0.85), as
shown in Figure 7a. Therefore, solar radiation is the strongest parameter affected on the
ETo [20]. The minimum ETo was 0.4 mm when the solar radiation was also a minimum
(2.1 MJ/m2/d). A similar condition also existed for its maximum value, which reached
2.2 mm when the solar radiation was at its maximum level (9.8 MJ/m2/d). It was indicated
that solar radiation had the greatest influence on the evapotranspiration process particularly
through the soil surface and plants [28]. The solar radiation also had a positive correlation
to evaporation, although it had a lower R2 compared to the ETo correlation (Figure 7b).
Evaporation also correlated (R2 > 0.48) to ETo, as shown in Figure 7c. It was indicated that
evaporation from the water surface and evapotranspiration (evaporation and transpiration)
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occurred simultaneously. Commonly, evaporation from the water surface (Epan) was higher
than that of evaporation from the soil surface, which was measured by a lysimeter (Elys) [29].
Evaporation can be converted to evapotranspiration via the pan coefficient (Kp) [30]. In this
study, based on empirical data, Kp was 0.56, indicating that evaporation was approximately
56% higher than the ETo.

Figure 7. Relationship between (a) reference evapotranspiration (ETo) and solar radiation, (b) evapo-
ration (E) and solar radiation, and (c) evaporation (E) and reference evapotranspiration (ETo).

3.2. Soil Moisture Conditions in Various Irrigation Rates

For in-plant cultivation systems inside the screenhouse or greenhouse, soil moisture
is the key to success in horticultural crop production. Thus, it is important to control soil
moisture accurately [31]. The soil moisture in PT-E and PT-1.2E fluctuated depending
on the irrigation supplied because the plant water requirement for the plants was only
supplied from irrigation (Figure 8). The PT-1.2E with a higher irrigation rate had higher soil
moisture levels than those in the PT-E. At the PT-1.2E, soil moisture ranged from 0.198 to
0.496 m3/m3, while at PT-E, it ranged from 0.116 to 0.437 m3/m3. The highest soil moisture
level occurred at 41 DAT (3 October 2021) when 4000 mL of irrigation was supplied to PT-E
and PT-1.2E treatments. At this time, the soil moisture value was reached at its saturation
level in the PT-1.2E. However, the maximum soil moisture in the PT-E treatment was still
lower than that of the soil saturation level. At both irrigation rates (E and 1.2E), the soil
moisture tended to be at the field capacity level at the beginning of the vegetative phase.
Then, water irrigation in large quantities was supplied when the soil moisture level was
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too low, particularly in the mid-season phase. In the generative phase, the soil moisture
condition was maintained in the range of field capacity in both irrigation rates.

Figure 8. The fluctuation in soil moisture and irrigation: (a) PT-E treatment, (b) PT-1.2E treatment.
Note: Sat: saturated water content, FC: field capacity water content, RWC: residual water content.

A similar thing occurred with the PW treatments (Figure 9). The soil moisture level
increased rapidly when a large amount of irrigation was supplied. In the PW-E, soil
moisture was slightly higher than the field capacity level in the beginning phase until 6 DAT
(29 August 2021). Then, the soil moisture decreased below field capacity level until harvest.
Here, the soil moisture conditions ranged from 0.147 to 0.339 m3/m3. Meanwhile, as more
water was supplied, soil moisture in the PW-1.2E was consequently higher than that in the
PW-E. At the beginning phase, the soil moisture was at field capacity level until 23 DAT
(15 September 2021), and it reached the saturation level when a large amount of water was
supplied, particularly at 26 DAT. Hereafter, soil moisture was below the field capacity level.
In this treatment, soil moisture ranged from 0.150 to 0.493 m3/m3. Overall, the average soil
moisture in the PW-E and PW-1.2E was 0.222 and 0.269 m3/m3, respectively.

Figure 9. The fluctuation in soil moisture and irrigation: (a) PW-E treatment, (b) PW-1.2E treatment.
Note: Sat: saturated water content, FC: field capacity water content, RWC: residual water content.

The fluctuations in soil moisture of the PC treatments are presented in Figure 10. The
soil moisture level in the PC-E ranged from 0.112 to 0.426 m3/m3, while at the PC-1.2E, it
ranged from 0.135 to 0.454 m3/m3. For the PC-E, the soil moisture level was below the
field capacity level for most of the growing period, except on the specific days (at 26, 33,
and 41 DAT) when large amounts of water were applied. Meanwhile, in the PC-1.2E, soil
moisture ranged from the field capacity level in the beginning phase to 26 DAT, and then
dropped to below field capacity.
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Figure 10. The fluctuation in soil moisture and irrigation: (a) PC-E treatment, (b) PC-1.2E treatment.
Note: Sat: saturated water content, FC: field capacity water content, RWC: residual water content.

Table 2 shows the average value of soil moisture levels for each treatment every
10 DAT. Among the two emitter designs (PT and PW) of pocket fertigation, soil moisture
tended to be stable with an average level close to the field capacity. PW was more able to
maintain soil moisture above the value of 0.200 m3/m3 compared to PT. This means the
emitter without the coating distributed irrigation water more uniformly and it also reduced
actual evapotranspiration by up 13.6%. This indicated that the PW was probably more
efficient in water use compared to PT.

Table 2. The maximum, average, minimum soil moisture, and actual evapotranspiration among
the treatments.

Parameters

Treatments Summary

PT-E PT-1.2E PW-E PW-1.2E PC-E PC-1.2E Pocket
Fertigation * Control **

Soil moisture
(m3/m3) at:
0–10 (DAT) 0.312 0.334 0.295 0.306 0.276 0.326 0.312 0.301

11–20 (DAT) 0.257 0.304 0.240 0.277 0.223 0.283 0.269 0.253
21–30 (DAT) 0.181 0.263 0.214 0.330 0.158 0.250 0.247 0.204
31–40 (DAT) 0.170 0.238 0.178 0.228 0.153 0.187 0.203 0.170
41–50 (DAT) 0.245 0.293 0.202 0.225 0.216 0.252 0.241 0.234
51–62 (DAT) 0.293 0.282 0.207 0.252 0.225 0.245 0.258 0.235
Maximum 0.312 0.334 0.295 0.330 0.276 0.326 0.334 0.326
Minimum 0.170 0.238 0.178 0.225 0.153 0.187 0.170 0.153
Average 0.243 0.285 0.223 0.270 0.209 0.257 0.255 0.233

ETa (mm) 118.8 123.9 98.7 114.9 143.9 107.9 114.1 125.9

* average value of PT-E, PT-1.2E, PW-E, PW-1.2E. ** average value of PC-E and PC 1.2E.

Table 2 also shows that the pocket fertigation was better than the control treatment in
retaining soil moisture at a depth of 5 cm. The indicator had a higher soil moisture at the
pocket fertigation than that of the control treatment. In addition, pocket fertigation was
able to reduce the actual evapotranspiration by 10.32% of the control. The pocket fertiga-
tion functioned well, indicated by the higher efficiency of water used. It was seemingly
subsurface irrigation that was more effective in distributing water along the root zone than
that of surface irrigation. Previous research utilizing a similar emitter type showed that
subsurface irrigation can maintain soil moisture in the root zone without causing stress to
the plants [7].
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3.3. Plant Growth and Their Productivities

The vegetative growth in each treatment is depicted in Figure 11. The highest average
number of leaves at 20 DAT was produced by the PT, followed by the PC and PW treatments.
However, the PW grew the highest plant height at 20 DAT, followed by the PT and PC
treatments. After 30 DAT, pruning of the plants was carried out by maintaining the height of
each plant at 200 cm. Overall, the vegetative growth among the treatments was comparable,
particularly after 30 DAT.

Figure 11. Plant growth performances among the treatments: (a) number of leaves, (b) plant height.

According to Table 3, the PW produced a 13.36% bigger average fruit weight than that
of the PT. However, the PW produced a 13.07% lower total soluble solid than that of the
PT. From the perspective of water used, the PW was more efficient as represented by the
higher water productivity by up 14.71%. Therefore, it is recommended to use the pocket
fertigation without coating materials. The lower effectivity of the PT is probably due to the
clogging problems that occurred by the sedimentation of fertilizers. Thus, this clogging
inhibited the distribution of water and fertilizer in the root zone. Clogging is generally a
problem that must be overcome when utilizing irrigation systems with low flow rates [32],
such as subsurface irrigation.

Table 3. Crop and water productivities among the treatments.

Treatments Yield (Fruit
Weight) (g) Irrigation (mL) Total Soluble

Solid (%brix)
WP

(kg/m3)

PT-E 733 ± 50.9 34,825 10.5 ± 0.0 21.0
PT-1.2E 925.5 ± 116.7 38,925 9.4 ± 2.4 23.8
PW-E 898 ± 0 34,825 9.3 ± 0 25.8

PW-1.2E 982 ± 5.7 38,975 8.3 ± 0.5 25.2
PC-E 551 ± 0 34,875 10.8 ± 0 15.8

PC-1.2E 1115 ± 0 38,925 7.7 ± 0 28.6
Pocket Fertigation 885 ± 92.6 36,888 9.4 ± 0.8 24.0

Control 833 ± 282.0 36,900 9.3 ± 1.5 22.2
Irrigation rate at E 727.3 ± 141.7 34,842 10.2 ± 0.6 20.9

Irrigation rate at 1.2E 1007.5 ± 79.4 38,942 8.5 ± 0.7 25.9
Note: The presented data are the mean ± SD.

Table 3 shows that better performances were found in the pocket fertigation for fruit
weight, total soluble solid, and water productivity compared to the control. It increased the
average fruit weight by 6.20% and water productivity by 7.88%. Meanwhile, a higher water
irrigation rate at 1.2E produced a bigger fruit weight than that at the E irrigation rate. Fruit
weight increased significantly by 38.53% (Table 3). The increasing fruit weight of 1.2E may
be contributed by increasing the actual evapotranspiration due to more irrigation water,
particularly in the pocket fertigation (Table 2). This reason was supported by a previous
study [33]. However, the increase in the fruit weight decreased the sweetness level (total
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soluble solid), as shown in Figure 12. The heavier melon, the higher water content, and the
low dissolved solids may reduce the sweetness level. The results are similar to the previous
observation [34,35].

Figure 12. Relationship between total soluble solid and weight of fruit.

4. Discussion

In the context of climate change, water resources for the agriculture sector may become
scarce in the future. Therefore, it is important to develop innovative and applicable
technologies in utilizing irrigation water more effectively and efficiently, such as the pocket
fertigation. Pocket fertigation is easy to produce by the farmers in Indonesia. The basic
materials are a hose as the emitter and used bottles to store the fertilizer. In this preliminary
study with a limited area, the pocket fertigation was shown to retain soil moisture better
than surface irrigation as a control. Maintaining soil moisture implies that more water is
stored in the soil, and it can be utilized by plants more optimally. Consequently, the fruit
weight was heavier and had higher water productivity (Table 3).

The irrigation water delivery method of the pocket fertigation is similar to drip irriga-
tion in which the emitter is placed below the soil surface near the root zone. Subsurface
irrigation, both the pocket fertigation and drip irrigation, proved to be more effective and
efficient in the utilization of irrigation water by reducing water loss due to evapotranspira-
tion, as shown in Table 3 and reported in previous studies. As reported by Wang et al. [36],
a long-time field experiment of drip irrigation in 2014–2018 showed that irrigation reduced
0.1–23% of evaporation and 7% of evapotranspiration per year. Consequently, the water use
efficiency of drip irrigation can be significantly improved under various crop evapotranspi-
ration scenarios [37]. In addition, subsurface irrigation with drip irrigation, combined with
fertigation, increased production up to 41% as reported by Rolbiecki et al. [38]. Subsurface
irrigation is not only known as effective and efficient in water used, but also more environ-
mentally friendly. The indicates a reduction in greenhouse emissions from the soil under
subsurface irrigation, especially N2O and CO2 [39,40].

The current developed technology has good prospects in the near future and should
be continuously developed. Pocket fertigation is a kind of subsurface irrigation. It has a
better performance indicated by the higher effectiveness of water use, and consequently,
it can increase water productivity [31]. The performance tests on a field scale are needed
not only for melon (Cucumis melo L.) but also for other crops. Crop type selection depends
on the local climate condition and farmer’s preference. Several locations in Indonesia are
characterized by dry areas with low rainfall intensity such as East Nusa Tenggara (NTT), a
province located in eastern Indonesia [41]. The location lacks water resources, so it is very
appropriate to be chosen as the location for field-scale trials.
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5. Conclusions

An innovative technology, pocket fertigation, was well implemented in the lab-scale
experiment. The pocket fertigation with subsurface irrigation was better than surface
irrigation in retaining soil moisture at a 5 cm soil depth. The soil moisture could be
maintained at nearly field capacity level. The pocket fertigation was able to reduce the
actual evapotranspiration by 10.32%. It also showed better performances in fruit weight
production and water productivity. It increased the average fruit weight by 6.20% and
water productivity by 7.88%, respectively. Thus, pocket fertigation has good prospects in
the future. For further planning, the proposed technology will be implemented at the field
scale, particularly in dry areas with minimum water resources.
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