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SUMMARY

Soil is linked to everything around us and plays many important roles in sustaining
life on Earth. And soil provides much food that humans consuming. But only 25 % of
the earth's surface is made up of soil, and among it, only 10 % can be used to grow crop.
And at the same time, facing more and more soil problems, and increasing food needs
all over the world, it is necessary to take appropriate measures to resolve it. So in this
study, two important soil problems, soil salinization and soil-borne diseases, were

investigated from the following two topics:

1. Experimental evaluation of irrigation methods for soil desalinization
2. Study on Irrigation Water Requirements for the Control of Ralstonia solanacearum

via Soil Solarization in Managing Tomato Cultivation

In the first research, Soil salinization is a worldwide problem, particularly acute in
semi-arid areas which use lots of irrigation water, are poorly drained, and never get well
flushed. In order to improve the soil, there are a lot of methods, among them, the most
common technique is leaching, which flush the soil with lots of water. This study was
conducted in the experiment field (2 mX2.5 m) of the Gifu Universities, in order to
evaluate the salt removal effect by the following four irrigation methods (flood
irrigation, spray irrigation, covering irrigation, puddling irrigation), field experiment
was carried out. Flood irrigation was applied at three plots with different infiltration
capacities (A: 133 mm h™'; B: 46 mm h™'; and C: 25 mm h™). Spray irrigation, covering
irrigation, and puddling irrigation were applied at the other three plots with medium
infiltration capacities (D: 66 mm h™'; E: 35 mm h”'; F: 40mm h™). Each plot was
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salinized by spraying 500 L of saline water containing 15 kg of salt, and it was dried for
3 months (from August to October in 2010). EC was measured in each plot before and
after leaching experiment in order to obtain the salt content. Results showed that (D
Salt removal rates of flood irrigation tended to be higher with smaller infiltration
capacity, @ Compared with flood irrigation, the salt removal rate of spray irrigation,
covering irrigation, and puddling irrigation were high, the salt removal effect tended to
be higher with smaller irrigation intensity, (3 Irrigation intensity greatly affected the
vertical distribution of salt after leaching, salt content of the surface tended to decrease
with smaller irrigation intensity, was observed, 4 At covering irrigation treatment,
variation of salt in the horizontal direction was small, and the most uniform salt removal

effect of the four irrigation methods, which was confirmed.

In the second research, soil-borne diseases have caused extensive damage to many
crops affecting the quality and yield. Soil disinfestation is a major approach to control
soil-borne plant pathogens, and is especially common for high-value crops. Because
of soil fumigants’ negative environmental impacts, specifically as a ozone depleting
substance, a new nonchemical soil disinfestation method, soil solarization are being
widely pursued. In this study, 6 glasshouses (A1, A2, B~E), located at Kaizu City of
Gifu prefecture in Japan, were investigated with soil solarization during the summer
from 2010 to 2012. Al and A2 belonged to the same farmer, while the other
glasshouses belonged to different farmers. The cultivated crops were Momotaro J and
Antelope of winter spring tomato, and the same variety have been planted in one
glasshouse. In this study, many survey items were investigated, such as soil temperature,
climatic conditions, temperature inside glasshouse, the effect of soil disinfestations, and
the amount of irrigation water and so on. Results showed that D The soil
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temperature was influenced strongly by airtight state of a glasshouse, temperature
differences between inside and outside of a greenhouse, and duration and climatic
conditions of the solarization period, @ The density of R. solanacearum decreased
markedly after soil solarization with daily average soil temperature greater than 40°C
for consecutive 10 days or 3 days under anaerobic condition, 3 The amount of
irrigation water ranged from 155.6 to 495.2 mm (average: 291.3 mm) for 2 greenhouses
(A1, B) where soil solarization was effective, which corresponded to 104~346 %
(average: 218 %) of the amount of water requirement from some state to become
saturation state. On the other hand, the amount of irrigation water for anaerobic soil
disinfection, which ranged from 218 to 247 mm (average: 231.5 mm), which
corresponded to 186~188 % (average: 187 %) of the amount of water requirement. In
either case, the water requirement was more than saturating the soil gap, which used as

cultivation management water, was clarified.
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I Experimental Evaluation of Irrigation Methods for Soil Desalinization

1 Introduction
1.1 Background

Soil salinization is “the accumulation of soluble salts of sodium, magnesium and
calcium in soil to the extent that soil fertility is severely reduced” (Téth et al., 2008).
Soil salinization is a severe problem throughout the world affecting approximately 20 %
of agricultural land and 50 % of cropland in the world (Flowers and Yeo, 1995), and it is
common on irrigated lands of the arid and semi-arid regions in Asia, Australia, Africa,
and South America, with a variety of extents, nature, and properties (Rengasamy, 2006).
In these regions evaporation exceeds precipitation greatly, salts which dissolved in the
groundwater rise with the water movement, and after evaporation, accumulate at the soil
surface through capillary movement (Yuan et al., 2007). Major cations in salt-affected
soils are Na*, calcium (Ca®"), magnesium (Mg”"), and, to a lesser extent, potassium (K").
The major anions are chloride (Cl ), sulphate (SO42_), bicarbonate (HCOj3 ), carbonate
(CO5%), and nitrate (NO3").These soils are generally divided into three broad types:
saline (EC>4 dS m™, pH<S8), sodic (8.5<pH<12), and saline-sodic (EC>4 dS m’,
pH<8.5). More than 120 countries are directly affected by the problem of soil salinity
(AL-Khaier, 2003). Current estimates of the salt-affected soils as a percent of irrigated
lands for different countries are: 27 % for India, 28 % for Pakistan, 13 % for Israel,
20 % for Australia, 15 % for China, 50 % for Iraq, and 30 % for Egypt (Stockle, 2001).

The formation of salinized soil is not only related to soil parent materials, climate,
and topography, but also induced by anthropogenic activities, in particular, by improper
irrigation practices. Improper quantity and quality of irrigation water and poor soil
internal drainage condition often lead to soil salinization (Kitamura et al., 2006). Based
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on different formation reasons for soil salinization, it can divide into two categories, one
is primary soil salinization, that is formed under long-term influence of various natural
processes, occurring in areas where the parent material is rich in salts, a high
groundwater, and the evapo-transpiration rate is much higher than the rainfall rate; the
another one is human-induced secondary soil salinization, that results from human
activities which change the hydrologic balance of the soil between water applied and
water used by plants. Excessive amounts of salt have adverse effects on soil physical
and chemical properties, soil microbial and biogeochemical activities, and plant growth
(Keren, 2000; Yu et al., 2011). The effect of soil salinization on plants can express
mainly in three aspects: osmotic effect (normal conditions: movement of water from a
lower salt concentration outside the plant to a higher salt concentration in the plant),
nutritional imbalance, toxic effect (Bastias et al., 2010; Li et al., 2010). Tejada and
Gonzalez (2005) demonstrated that an increase in electrical conductivity has adverse
effects on soil structural stability, bulk density, and permeability.

Saline soil reclamation is one of the major environmental challenges for humans
(Szabolcs, 1994). Numerous methods have been used to ameliorate soil salinization.
Now these methods are mainly divided into three kinds, as physical amelioration
(leaching, drainage, soil addition, deep ploughing), chemical amelioration (the
application of various soil conditioner: gypsum (CaSO4:2H,0), calcium chloride
(CaCl,2H,0), sulphuric acid (H,SOy4), calcium sulphate (CaSO,)), biological
amelioration (organic manure, crop rotation, growing of salt-tolerant crops) (Raychev et
al., 2001, Shahid Shabbir, 2002, Qadir et al., 2007, Mokoi and Verplancke, 2010). The
common technique for improvement and management of saline soils is leaching, that is,
a process of dissolving and transporting salt by the downward movement of water
through the soil (Richards, 1954; Okuda and Onishi, 2012). Among leaching methods,
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flood irrigation is commonly applied in agricultural land. There are, however, several
shortcomings in the method. First, the application is limited in arid and semi-arid area
because the practice requires a large amount of water. Second, it is suggested that flood
irrigation cannot remove salt uniformly through soil layers (Chen et al., 2002). Several
studies proposed new irrigation methods for soil leaching such as drip irrigation,
horizontal flushing (Qadir et al., 1998), and puddling irrigation (Héfeleet al., 1999).
However, conclusive analysis of leaching efficiencies of different irrigation methods is

yet to be done.

1.2 Research Objectives
In this study, a field experiment was conducted in order to evaluate leaching

efficiencies of four irrigation methods, flood irrigation, spray irrigation, flood irrigation
with covering sheet, and puddling irrigation. Specifically this study tested the three
hypotheses:

1) Salt removal efficiency is lower for soil with higher infiltration capacity because
of the short residence time of water,

2) Spray irrigation is more efficient in removing salt because of the slow infiltration
rate,

3) Puddling irrigation and flood irrigation with covering sheet remove salt more
homogeneously than flood irrigation because they reduce horizontal variability in

infiltration.



2 Materials and Methods
2.1 Study site

This study was conducted in the experimental field of Gifu University (Gifu
Prefecture, Japan; 136°44'14"E, 35°27'51"N). The field was separated by concrete
panels (total height: 70 cm; 20 cm above ground and 50 cm below ground) into 14 plots
(2mx2.5 m, Fig 2.1 and Fig 2.2). Among the 14 plots, six plots were used for the
experiment where salt was accumulated at the surface (see details below). The soil was
classified as “clay loam™ according to the soil texture triangle of USDA (clay: 29-36 %;
slit: 14-22 %; sand: 46-53 %). Soil physical conditions were similar in all plots. Soil
particle and bulk densities ranged from 2.57 g cm™ to 2.76 g cm™ and from1.23 g cm™
to 1.53 g cm”, respectively, and gradually increased towards the lower layer in the
upper 40 cm. Soil porosities (1-[bulk density]/[particle density]) ranged from 0.44 to
0.53. In advance of the leaching experiment, the infiltration capacities were obtained in
all plots. The soil surface of each plot was flooded for 2 hours with local groundwater,
and the infiltration capacity was estimated based on the amount of infiltration per hour.
Infiltration capacities of six plots used for the experiment ranged between 25 and 133
mm h' (Fig 2.3). To accumulate salt in the surface layer, each plot was salinized by
spraying 500 L of saline water containing 15 kg of salt, and it was dried for 3 months
(from August to October in 2010). The experimental field was covered with vinyl sheets
on rainy days (Fig 2.4-a, b, ¢, d). During the drying process, rainwater was
unintentionally spilled onto seven plots, resulting failure of salt to be accumulated at the
soil surface. Six plots were selected for the experiments from other seven plots where

salt was accumulated at the surface.
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Fig 2.2 The state of experimental fields
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Fig 2.4-d The state of salt accumulation



2.2 Leaching methods

Four leaching methods were applied to the 6 plots. Flood irrigation was performed at
3 plots with different infiltration capacities (A: 133 mmh™; B: 46 mmh™; C: 25 mmh™)
as given in Table 2.1. Spray irrigation, flood irrigation with covering sheet (hereafter,
covering irrigation), and puddling irrigation were performed at other 3 plots with similar
infiltration capacities (D: 66 mmh™; E: 35 mmh™; F: 40 mmh™) as given in Table 2.1.
Local groundwater with negligibly small electric conductivity (EC) (<0.1 dS m™) was
used for irrigation. The amount of irrigation water was 200 mm in water depth for all
four leaching methods, which was approximately equivalent to the pore volume of

upper 40 cm of soil layer given the porosities being around 0.5.

2.2.1 Flood irrigation

At flood irrigation treatments (A, B, and C), 1,000 L of irrigation water was flooded
on the surface (5 m”), and let the water infiltrate into the soil (Fig 2.5-a). Flooding
durations were 1, 1.3, and 1.7 h, and irrigation intensities were 200, 150, and 120 mm
h', respectively in A, B, and C (Table 2.1). These values were greater than the
infiltration capacities measured prior to the experiment, because cracks were developed

and soil texture was altered while drying the soil for the salinization.

2.2.2 Spray irrigation

At the spray irrigation treatment (D), 5 L of water was sprayed 200 times with a
watering can over 5 days (Fig 2.5-b). During the spraying process, water was applied
carefully so that water did not flood on the soil surface. The irrigation intensity was

estimated as 1.7 mm h™' by dividing total amount of irrigation water by 5 days (Table



2.1).

2.2.3 Covering irrigation

At the covering irrigation treatment (E), the soil surface was covered by
commercially available kraft paper (45 g m™?) with low permeability in order to suppress
the infiltration and to let water penetrate homogeneously, and 1,000 L of water was
flooded on the surface (Fig 2.5-c). Flooding duration was 28 h, and hence the irrigation

intensity was 7.1 mm h™' (Table 2.1).

2.2.4 Puddling irrigation

At the puddling irrigation treatment (F), the surface soil (upper 5 cm) was plowed and
mixed with 250 L of water to be muddy. Through this procedure, suspended soil
particles precipitated and sealed cracks in soil in order to reduce rapid infiltration
through cracks (Hifele et al. 1999; Haraguti 2012). Following the procedure, soil
surface was flooded with the remaining 750 L of water (Fig 2.5-c). Flooding duration

was 34 h and hence the irrigation intensity was 5.9 mm h™' (Table 2.1).

Table 2.1 Irrigation methods, infiltration capacities estimated prior to the soil
salinization, and irrigation intensities during the leaching experiment in 6 plots
(A,B,C,D, E, and F)

L Infiltration capacity  Irrigation intensity
Plot Irrigation method

[mm h'l] [mm h'l]
A 133 200
B Flood irrigation 46 150
C 25 120
D Spray irrigation 66 1.7
E Covering irrigation 35 7.1
F Puddling irrigation 40 59
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Fig 2.5-c Covering irrigation Fig 2.5-d Puddling irrigation
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2.3 Soil sampling before and after leaching and measurement

Electric conductivity (EC) was measured in each plot before and after leaching
experiment in order to obtain the salt content. Before the leaching experiment, salinized
soil samples were collected from eight depths (0, 5, 10, 15, 20, 25, 30, and 35 cm from
the surface) at four locations in each plot. After the leaching experiment, soil samples
were collected from the eight depths at 16 locations in each plot (Fig 2.6-a). In the EC
measurement, a soil sample (5 g dry weight) and distilled water (25 g) were mixed well
in a beaker (Fig 2.6-b), and left undisturbed for 1 h. Subsequently it was mixed again
and EC was determined by using an EC meter (Horiba B-173). The salt contents before
and after leaching were determined from EC values by using a standard curve. EC
values of standards (salinity range: 0.01-0.8 % NaCl) were measured and a standard
curve was obtained:

Salinity [%] = 0.0579EC [dS m™] + 0.0007 (R*=0.9977). (1)

Using the standard curve (Eq.1, Fig 2.7), we obtained salinities of the soil-water
mixtures and converted them into salt contents of the soil samples. The salt content in
each 10 cm layer was computed assuming the trapezoid rule. Salt removal rates were
obtained from the salt contents before and after the leaching experiment at four layers
(0-10, 10-20, 20-30, and 30-40 cm) for each plot.

Salt removal efficiencies of different leaching methods were analyzed in two
respects: the magnitudes and horizontal variations of salt removal. Prior to the main
statistical analyses, it was checked whether there were significant differences in salt
accumulation at each depth in six plots. One-way ANOVA was performed for EC
values before the experiment at each depth of six plots separately (n = 4 at each depth

for each plot), and no significant differences were detected. Therefore, all EC values
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from six plots (n = 24) were pooled and were considered as initial condition at each
depth. In order to evaluate the magnitudes of salt removal in different plots, pairwise
comparison of mean at each depth was performed separately using the Games-Howell
method (Games and Howell 1976; Sokal and Rohlf 2012). In order to evaluate the
horizontal variations of salt removal, coefficients of variation (CV) for EC values at
each depth were compared separately using the method of Zar (2010) with the
Bonferroni correction. These comparisons were made for initial EC (n = 24 at each
depth) and EC after the leaching experiment (n = 16 at each depth in each plot) treating
plots as a single factor. All statistical analyses were performed using the software R
(The R Foundation for Statistical Computing, http://www.r-project.org).The level of

significance a=0.05 was set in all analyses.
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Fig 2.6-a Soil sampling

Fig 2.6-b Centrifuge and soil sample
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3 Results

The initial vertical profiles of soil EC values showed a decreasing trend from the
surface to deeper layers (Fig 3.1). EC values at the surface ranged from 6.10 to 11.70 dS
m™ with the average being 8.86 dS m™. At 5 cm and below, EC values ranged from 0.53
to 4.00 dS m™ (Table 3.1). The CV values gradually increased from 16 % at the sufrace
to 39 % at 35 cm (Table 3.1).

Vertical profiles of soil EC after the leaching experiment were shown in Fig 3.2.
Profiles of flood irigation treatments (A, B, and C) showed a same trend where EC was
the highest at the soil surface and gradually decreased toward deeper layers. The
corresponding CV values ranged from 55 to 79 %, from 49 to 94 %, and from 40 to
63 % for plots A, B, and C, respectively (Table 3.1). In contrast, opposite trends were
observed in other three plots where EC increased toward deeper layers (Table 3.1). The
corresponding CV values ranged from 21 to 44 %, from 5 to 45 %, and from 35 to 88 %
for plots D, E, and F, respectively (Table 3.1).

Statistical results showed significant decreases of EC from initial condition in all
treatments at all depths with a couple of exceptions (i.e., at 35 cm of plot E and F; Table
3.1). Differences in EC were not significant among the flood irrigation treatments (A, B,
and C) at all depths, although the mean EC values were relatively greater in plots with
higher irrigation intensity at 0 and 5 cm depths (A > B > C; Table 3.1). These results did
not support first hypothesis that salt removal efficiency is lower for soil with higher
infiltration capacity. Yet observation at 0 and 5 cm depths did not contradict with the
hypothesis. Comparison of EC values of plots B, D, E, and F showed significant
differences among different leaching methods. At soil surface, EC value was

significantly greater in plot B and significantly smaller in plot D than in other plots
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(Table 3.1). This trend was consistent at depths 5 and 10 cm, where EC was the greatest
in B and the smallest in D (Table 3.1). In contrast, significant differences were not
much detected at deeper depths (Table 3.1).

Horizontal heterogeneities, evaluated by CV, significantly increased from the initial
condition by flood irrigation (A, B, and C) and puddling irrigation (D) at 0, 10, 15, 20,
and 25 cm, respectively (Table 3.1). This trend was also observed at other depths,
although the differences were not significant (Table 3.1). In contrast, horizontal
heterogeneities were significantly reduced from initial condition by covering irrigation
(E) at 0 and 5 cm, and were kept at similar levels at other depths (Table 3.1). Spray
irrigation (D) tended to keep horizontal heterogeneities at similar levels (Table 3.1).
Among flood irrigation treatments (A, B, and C), CV values were tended to be higher in
A and lower in C, although significant differences were not detected at any depths
(Table 3.1). Comparison among different leaching methods showed that horizontal
heterogeneities were kept at lower levels under spray irrigation (D) and covering
irrigation (E), while they were at higher levels under flood irrigation (B) and puddling
irrigation (F).

Salt removal rates in flood irrigation treatments ranged from 54 to 62 %, from 51 to
69 %, and 59 to 74 %, respectively in plots A, B, and C, and did not show marked
vertical patterns (Table 3.2). In contrast, salt removal rates were highest at 0 cm (94, 89,
and 91 %, respectively) and decreased toward the deeper layers in other three plots (34,
15, and 24 %, respectively, at 35 cm), in plots D, E, and F. Total salt removal rates
correlated with the corresponding log-scaled irrigation intensity with r’= 0.71 (Fig 3.3).
This indicates irrigation intensity alone can be a good predictor of total salt removal

rate.
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Fig 3.2 Vertical distributions of electric conductivity (EC) averaged at each depth in six
plots (a~f) with the SD after the leaching experiment
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4 Discussion

The present study experimentally evaluated efficiencies of various leaching methods.
Specifically, three hypotheses were tested. The first hypothesis that salt removal
efficiency negatively depends on the soil infiltration capacity was not supported by the
present study. EC values of plots A, B, and C were not significantly different after flood
irrigation though they did not contradict with the hypothesis. In the experiment, it was
considered that infiltration capacities were different among the three plots from the prior
measurement (Table 2.1). However, actual irrigation intensities were much greater than
the capacities, probably because cracks were developed during the process of soil
salinization. As a result, differences in irrigation intensities were smaller (< twofold;
Table 2.1), which may not be sufficient in order to detect significant differences in EC
values. This result also implies that infiltration capacity is highly variable during the
course of irrigation practice and that intensity of flood irrigation is difficult to control
even with prior measurements of infiltration capacity. The second hypothesis that spray
irrigation is most efficient in removing salt was supported to some degree; covering
irrigation and puddling irrigation were equally efficient in removing salt when
compared with flood irrigation near soil surface (depth < 10 cm; Table 3.1). The third
hypothesis that puddling irrigation and covering irrigation remove salt uniformly at each
depth was partially supported, and partially rejected. Specifically, covering irrigation
significantly reduced horizontal heterogeneities at shallower depths, but puddling
irrigation increased horizontal heterogeneities as much as, or occasionally more than,
flood irrigation (Table 3.1). This result did not support the ideal that muddy water
formed by puddling seals crack, reducing heterogeneous penetration of irrigation water.

In the present experiment, puddling was applied to the salinized soil surface (~5 cm).
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This may result in formation of muddy water with very high-salt concentration, which
eventually penetrated through cracks to the deeper layers. Therefore, high degree of
horizontal heterogeneity in soil EC was observed at depth below 10 cm (Table 3.1).

The results of the present study showed that spray irrigation was the most efficient
leaching method in removing salt, and that covering irrigation was the most efficient
method in reducing the horizontal heterogeneity. The practical application of these
methods needs some consideration. For example, application of spray irrigation requires
a relevant irrigation facility, and spatial coverage may be limited by the size of the
facility. In contrast, covering irrigation is a laborsaving method that does not require
specific facilities and tillage machinery unlike spray irrigation and puddling irrigation.
Efficiency of covering irrigation can be further improved by selecting an optimal sheet
material in order to control the irrigation intensity.

As shown in Fig 3.3, total salt removal rate negatively depends on the irrigation
intensity. A study is needed to investigate how differences in irrigation intensity affect
the vertical pattern of salt removal rate. Under high irrigation intensity as in flood
irrigation treatments (A, B, and C), salt removal rates were similar, and the vertical
variations were relatively small in each plot. In contrast, with low-irrigation intensity as
in other treatments (D, E, and F), salt removal rates were highest at the surface layer,
and decreased gradually with depth. Evaporation of irrigation water also needs to be
considered to determine the optimal irrigation intensity. With low-irrigation intensity,
more irrigation water evaporates especially under dry climate.

It could be presumed that salt removal rate depends on the volume of irrigation water,
but the results of the present study indicate that the extent is related to the irrigation

intensity. In Fig 4.1, we plotted salt removal rate against the ratio of the volume of
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irrigation water to the soil pore volume for four layers in each plot (hereafter, irrigation
ratio). Interestingly, salt removal rates did not appear to be affected by increases in
irrigation ratio in flood irrigation treatments (A, B, and C), where irrigation intensities
were higher (> 100 mm h™'; Table 2.1). On the other hand, salt removal rate increased in
a saturating manner with increasing irrigation ratio in other treatments (D, E, and F),
where irrigation intensities were lower (< 10 mm h™'; Table 2.1). With slow infiltration
of water, salt in soil is mobilized downward along with water due to the dissolution and
mixing of salinized pore water and irrigation water. However, with high infiltration that
exceeds the soil matrix intake rate, almost all irrigation water flows into the cracks in
the topsoil by the form of the preferential flow or finger flow (Topp and Davis 1981;
Kosmas et al. 1991; Mitchell and van Genuchten 1993). Irrigation intensity needs to be

considerably low in order for higher irrigation ratio to be effective.

25



syo1d x1s 10J (SwnjoA 210d [10S 0} J9jeM UOIRSLLI

JO owN[OA JO O1jel AY)) OljeI UONBTLLIL PUE 9)el [BAOWIAI J[BS UdaMm)dq sdrysuone[or oy ], [ 31

O1jel UoIje3LU|
S 14 € [4 ! 0

: : : : : 0¢

— T - 09
qd30ld —e— L
HI0Id —« W
a10ld - 0f 2
D10[d —»— B
g10d = - 08 &
V10ld —a— =

- 06

001



5 Conclusions and Recommendations

In this study, various leaching methods were evaluated experimentally. Results of the
present study suggest that (1) leaching efficiency was strongly dependent on irrigation
intensity (Fig 3.3), (2) irrigation intensity influences the resulting vertical distributions
of salt content (Fig 3.2), and (3) paper-covered flood irrigation was the most effective in
reducing horizontal heterogeneities of salt content among leaching methods (Table 3.1).
Leaching efficiency may be further improved by optimizing the irrigation intensity and
the water volume. For this purpose, a conclusive theoretical model would need to be
developed in addition to the experimental evaluation. The present study focused on soil
salinity alone. However, soil sodicity is also a major concern in arid and semi-arid
regions that results in soil structural degradation and inferior plant production
(Ren-gasamy and Olsson 1991; Sumner 1993). While the experiment of present study
was conducted on clay soil, sandy soil is common in arid and semi-arid regions. Further
investigations need to be conducted to evaluate leaching efficiency of irrigation

methods in reclaiming degraded soil of various soil types.
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IT Study on Irrigation Water Requirements for the Control of Ralstonia

solanacearum via Soil Solarization in Managing Tomato Cultivation

1 Introduction
1.1 Background

Tomato is a vegetable with the highest production value in Japan, in recent years,
with the spread of the facility cultivation, it caused soil-borne diseases with a focus on
Ralstonia solanacearum which were responsible to cause severe yield reduction (Fig
1.1). In the last decades, soil fumigants have been the most common approach to control
soil-borne plant pathogens. Among them, methyl bromide (MeBr) has gained popularity
from the 1960s. Since MeBr has the stable effect against soil-borne or low phytotoxicity
to crops, it has been used on many occasions of the harvest disinfection and soil
disinfection. However, methyl bromide is specified in ozone layer depletion substances
under the Montreal Protocol Parties in 1992, which has been determined to phase out by
2005 in developed countries and by 2015 in developing countries (Gullino et al., 2003).
The development and popularization of soil disinfection method as an alternative to
methyl bromide agent has become an important issue at home and abroad (Martin,
2003). Then soil disinfection, as an eco-friendly physical control method, using by
water and solar heat came to be carried out in recent years.

For previous studies of soil solarization, related to disinfection effect is in many
cases, and it has been confirmed that there is a high control effect on cucumber vine
wilt, peppers plague, pea blight and root-knot nematodes of cucumber-tomato (Ministry
of Agriculture, Forestry and Fisheries Agricultural Research Center, ed., 1982). In

addition, about soil temperature, study of thermal effect by transparent tunnel and multi

28



has been promoted (Garofalakis et al., 2006). However, in the fact soil solarization,
study example that focused on the effects of amount of irrigation and weather
conditions to rise in soil temperature and bring disinfection effect (Kotane et al., 2008;
Al-Kayssi et al, 1990; Al-Karaghouli and Al-Kayssi, 2001) is less, for the actual

situation of the effects is not clear.

1.2 Research objective

When perform irrigation planning and evaluation and update of existing facilities, it
became important to grasp the situation of water requirements in managing cultivation
with soil solarization. Therefore, in this study, the amount of irrigation water, soil
temperature and population density of a pathogenic bacterium R. solanacearum before
and after soil solarization were investigated in the glasshouses which has conducted soil
disinfection, in order to obtain the basic information of water requirement for the

control of R. solanacearum via soil solarization in managing tomato cultivation.

Fig 1.1 The state of Ralstonia solanacearum in A2 and B glasshouses
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2 Materials and methods
2.1 Soil solarization

Soil solarization (also called solar heating, plastic mulching, or soil trapping) is a
method of heating the soil by covering polyethylene sheets over sufficient irrigation, to
retain solar radiation during the hot season (July and August), and then kill soil-borne
diseases by the high temperature and excessive moisture (Horouwitz et al., 1983;
Abdallah, 1991, Fig 2.1), is a method which has less impact on the environment by not
using pesticides, on humans and animals. This technology was 