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Abgract
Increasing scarcity of fresh water for agriculture in the drylands area is necessitating the use of the marginal quality water, including saline water.
However, for sustainableagricultureit isnecessary that the use of salinewater iscombined with suitable crop management practicesto reduce salinity
effect. This study investigated the effect of gravel mulch (GM) and rice-straw mulch (RM) on the soil salinity, crop evapotranspiration (ET) and
fresh and dry weight yield and water use efficiency (WUE) of Swisschard (Beta vulgarisL. var. flavescens) grown on Tohaku clay soil and irrigated
with diluted seawater (6.86 dSm?). The experiment was conducted in agreenhouse using aweighing lysimeter system and irrigation was given from
below to allow the water table to remain between 50 cm and 80 cm. The ET was determined every 15 minutes by weighing the lysimeter. Soil
temperature was monitored at different depths. At the end of the experiment, the electrical conductivity of the soil was measured in four different
layers (0-30 cm). The cumulative ET was higher with ‘no mulch’ control (292 mm) than under RM (254.7 mm) and GM (216.6 mm). Mulching
generally increased the soil temperature dlightly. RM treatment increased fresh matter yield by 76% and GM by 49% over control. Dry matter yield
was a so the highest under RM followed by that under GM and control. Salt accumulation in the top 25 cm soil layer was higher under control than
under mulching and the differences were particularly conspicuousin the top 10 cm soil layer. This contributed to the yield reduction under control
as compared to mulching treatments. RM treatment increased WUE by 143 and 10% as compared to control and GM treatment, respectively. Thus,

RM isrecommended for reducing salinity effect under shallow water table of saline water and improving WUE.
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Introduction

Drought and salinization represent seriousthreatsto the sustainability
of irrigated agriculturein arid and semi-arid regions’. Given current
demographic trends and future growth projections, as much as
60% of the global population may suffer water scarcity by the
year 2025 4. Because of the growing shortage of water resources
of good quality, the water-scarce countries will have to use the
availablefreshwater suppliesmoreefficiently 2 and they will have
to rely increasingly on the use of non-conventional water
resources to partly alleviate the shortage of water 1418,

Direct evaporation from soil is often amajor loss of available
water because it is not contributing to biomass production.
Reducing evaporation can help conserve soil moisture, save
irrigation water, and reduce salt accumulation in surface layer of
the soil . Application of mulchisknown to beeffectiveinreducing
soil evaporation 2. Sun et al. % reported that organic mulch and
tree-shelter treatmentsincreased the survival of tree ascompared
to no mulching under saline condition. Mulching has also been
reported to be effective in reducing leaching of nitrate fertilizer
and thus reduce pollution *7.

Salinewater was previously considered unusablefor irrigation,
but research during the past two decades has helped bring into
practice its use for irrigation and some large saline water based
irrigation schemes have been developed * **. Saline water can
provide an interesting opportunity to meet increasing demand for
irrigation water to produce food for rising population without
competing with other pressing needs for fresh water such as
domestic and industrial usein water scarceregions®.

Sugar beet isknown to be a salinity-tol erant species which can
use its tap-root as a sink for accumulating large quantities of
absorbed Na3. Swisschard, akind of beet (BetavulgarisL.),isa
highly nutritious crop frequently grown in rotation with other
crops?, particularly to break the disease cyclein mono-cropping
systems 2, Itisexpected that Swisschard can dsotolerate salinity
like sugar beet and can be grown with saline water.

Ghadiri et al.* have shown that a1:1 mixture of Caspian Seaand
tap water can be used for irrigation without asignificant reduction
inthe growth and yield of barley, whenitisapplied at the time of
ear formation. However, saline water irrigation can lead to salt
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accumulation in the soil if the proper crop management is not

followed. Salt accumulation in soil can bereduced by preventing
evaporation onlandswith shallow water tables. Only afew studies
have been made about the effect of mulching on preventing salt
accumulation  and information on relative effects of different
types of mulches on reducing salt accumulation is lacking.

Therefore, this experiment was conducted to assess the effect of
two different kinds of mulches on the temperature of and the salt
accumulation in the soil and the yield, evapotranspiration (ET),
and water use efficiency (WUE) of Swiss chard grown with sub-
irrigation with diluted seawater.

Materialsand M ethods

The experiment was carried out in agreenhouse at the Arid Land
Research Center, Tottori University, Japan, using three weighing
lysimeters. Each lysimeter was 1.2 m high and had a diameter of
0.798 m (surface area 0.5 m?). Thetop 40 cm of lysimeter column
was filled with the Tohaku clay soil (sand : silt: clay = 17.8%:
28.3% : 53.9%) to achieveabulk density of 1.1 g/cm?, and therest
of columnwasfilled with asandy soil withabulk density 1.58 g/cm?®,
The ET was estimated by measuring the weight changes of the
lysimeter with an el ectronic balance, with aresolution of 50 g, which
corresponds to 0.1 mm depth of water. Detailed description of the
lysimeter is given by Inoue and Shimizu 5. Soil temperature was
monitored by 4-€letrode sensorsat six depths (7, 17, 27, 47,67 and
97 cm) in each column. A computer continuoudly recorded theweight
of lysimeter and soil temperature dataat 15 mintimeinterval.

Swisschard (BetavulgarisL. var. flavescens) seedswere sown
on October 1, 2005 in plastic tray containing potting sail to produce
seedlingsfor the experiment. Fourteen seedlingsweretransplanted
ineach lysimeter on November 3, 2005. Just before transplanting,
acompound NPK fertilizer (12-12-12) was applied at the rate of
1800 kg ha. Anirrigation tube, 70 cmin height withasmall hole
in the bottom, was inserted into the center of each lysimeter and
used for sub-irrigation. The plantswereirrigated with tap water in
the first 20 days after transplanting. From November 23, 2005,
they wereirrigated with salinewater (ECw of 6.86dSm?) prepared
by diluting seawater with tap water. Theground water level waskept
between 50 and 80 cm bel ow the soil surface.

Three mul ching treatments, control, rice-straw mulch (RM) and
gravel mulch (GM) were compared. Based on the study of Sharma
et al.*°, the thickness of mulch waskept 3 cm. During thewhole
experimental period, which lasted from November 2005 to June
2006 and covered the winter (November to February) and the
spring (March to early June) seasons, the Swiss chard was
harvested two times. First harvest was done at the end of the
winter season, on March 1, 2006, when only thelargest four leaves
of each plant were cut at their base. Second harvest was donein
spring, at the end of the experiment, when all of the above ground
material (leaves and stem) were harvested and their fresh and
oven-dry weightswere determined.

Soil samplesweretaken fromfour layers(5, 10, 15 and 25 cm soil
depth) at the end of experiment to measure electrical conductivity
(1:5s0il extract, EC ) using aconductivity meter B-173 (HoribaCo.).

Satistical analysis: The statistical analysis software SPSSv11.5
(SPSS Inc, Chicago, IL, USA) was used to analyze data. Means
were compared by the LD (least significant difference) at p < 0.05
level of significance.
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Resultsand Discussion
Evapotranspiration: Fig. 1 showsthe cumulative ET during the
winter and spring parts of the total growth period. The ET was
higher in spring thaninwinter under dl treatments. Thisdifference
can be attributed to low evaporative demand of the atmosphere
and smaller growth of the plantsin winter than in spring. During
winter both the mulching treatments reduced ET more or less
equally as compared to control. In contrast, during spring the
reductionin ET dueto mulching washigher under GM than under
RM. The RM gave higher ET compared to GM in spring because
the crop grew better under RM and would have transpired more
water than under the GM treatment. These results show reduction
in ET because of mulching are consistent with the observations
of several other workerst15.%,
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Figure 1. Cumulative evapotranspiration of Swiss chard measured in
winter and spring as affected by mulching treatment under sub-drip
irrigation with diluted seawater.

Effects of mulching on the hourly changein the cumulative ET
during each day on three daysin both winter (Feb. 27 to 29) and
spring (May 20t0 22) areshownin Fig. 2. Therewasnoirrigation
given on these days, hence the hourly changein ET reflected the
water balance (Aw) inthelysimeter asthe system interacted with
the ambient atmosphere. Results showed that for the control
treatment, the Aw increased rapidly before 14:00, then the rate of
increase slowed down. We attribute thisto higher solar radiation
before 14:00. For gravel mulch treatment, the Aw showed nearly
the same trend as for the control. Under RM, however, the Aw
value became negative during early morning on thefirst two days
in spring and during afternoon on all thethreedaysin winter, i.e.
theweight of thelysimeter increased. The maximum weight increase
for RM ranged from 0.2 to 1.4 mm/day. Sincetherewasnoirrigation
given and the phenomenon occurred only during early morning
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Figure 2. Effects of mulching on hourly change in cumulative ET of
Swisschard during each day on 3 consecutive daysin winter and spring
Seasons.

in spring and during afternoon in winter, when humidity is high,
we think that this reflects the capability of RM to adsorb water
vapor fromtheair. Thiswasalso confirmed by visual observation
of therice straw mulch. Asaresult, RM not only prevented soil
evaporation, but a so could “ catch” water fromtheair, which would
be of benefit for crop growth in drylands. The ability of straw
mulch to adsorb water vapor from the air has al so been reported
earlier®s,

Electrical conductivity (EC,,): Theelectrical conductivity (EC, )
of soil at different depths for three treatments at the end of the
experiment isshownin Fig. 3. Therewere significant differences
between control and thetwo mulch treatments and the differences
were particularly conspicuousin the top 10 cm soil layer, where
most of theroots of the plant arelocated. This could be attributed
to higher evaporation of water from the soil surface under control,
whichwould haveallowed greater upward movement of salt from
the sub-irrigation with saline water. Therewere no differencesin
the EC_, values between the RM and GM treatments.

Soil temperature: Theaverage soil temperature (Table 1) at every
depth was higher under GM and RM than under control but the
differencedid not generally reach thelevel of significance. Only
at 17 and 47 cm depths the average temperatures during winter
were significantly higher under GM than under control. During
spring again, significantly higher average temperatures were
recorded for 17 cm depth under mulching treatments than under
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Figure3. Sdt distribution at the end of experiment under different mulching
treatments as reflected by electrical conductivity of 1.5 soil extract.

control. Mao ', Li **and Rahman et al.*® also reported increasein
soil temperature due to mulching in winter cropping season.

Yield and water use efficiency: The effect of mulching on total
ET, freshand dry matter yield, and WUE of Swisschard, for winter,
spring and the whole crop durationisshownin Table 2. Thetotal
seasond fresh matter yield under RM was 76% higher as compared
to control and under GM it was 49% higher than control. The dry
matter yield results showed similar trends. Thisimprovement in
the yield because of mulching over control can be attributed to
thereduction in salinization of the surfacelayer of soil (Fig. 3) and
improved moisture availability to the plants because of lesser ET
(Fg. ).

The relative increases in the yield because of mulching were
higher in the spring part of the growing season than in the winter.
This can be attributed to higher evaporative demand of the
atmosphere in spring, which would have subjected the plants
under control to more stressthan the mulched plants. Asalready
indicated, the total seasonal ET was highest under control and it
was reduced by 26 and 13% by GM and RM treatments,
respectively. Thus, GM was more effective in reducing ET as
compared to RM. As both GM and RM would have provided
nearly the same ground cover to prevent evaporation, the higher
ET under RM should have been because of more transpiration
under thistreatment, which should haveimproved photosynthesis
and ultimately benefited crop growth and yield (Table 2).

Table 1. Average soil temperature at different layers measured during the entire winter

and spring seasons of the experimental period.

Depth (cm) 7 17 27 47 67 97

Winter season (°C)

Control 8.30a 8.05b 8.6la 8.97b 7.51a 7.23a

GM 9.98a 10.25a 8.82a 9.67a 7.89a 7.82a

RM 9.59a 9.87ab 8.23a 9.54ab 8.03a 7.82a
Spring season (°C)

Control 22.80a 19.53b 19.26a 18.03a 18.03a 18.06a

GM 23.18a 23.11a 20.04a 19.74a 18.74a 18.47a

RM 23.14a 23.14a 20.01a 18.92a 18.24a 18.73a

Different letters in a column denote significant differences between treatments at p < 0.05.
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Table2. Evapotranspiration (ET), freshyidld, dry yield and water use efficiency (WUE) of Swiss

chard as affected by mulching treatment.

Treatment ET Fresh matter yield Dry matter yield WUE3
(mm) (g per plant) (g per plant) (kg m™)

Winter season

Control 110.8 14.843.1 1.6+£0.9 0.23

GM 77.9 16.6+2.5 1.9+0.5 0.39

RM 81.6 19.242.1 2.3+0.9 0.45
Spring season

Control 181.2 33.6+6.3 9.5+2.5 0.84

GM 138.7 55.5+5.6 16.3+1.8 1.88

RM 173.1 66.1£5.9 21.3+4.1 1.97

Total

Control 292 48.4+11.3 11.1£3.6 0.61

GM 216.6 72.1+14 18.242.9 1.34

RM 254.7 85.3+13 23.6+4.2 1.48

WUE wasimproved by mulching treatment (Table 2) because of
reduced ET and higher yield than under control and the highest
value was recorded under RM. WUE increased by 143% under
RM treatment over control and by 10% over GM treatment.
Although both ET and yield were higher under RM than GM, the
relative increase in yield under RM was higher than in GM.
Therefore, the WUE wasthe highest under RM.

Conclusions

Both gravel mulch (GM) and rice-straw mulch (RM) could reduce
salt accumulation when diluted seawater irrigation was used for
irrigation. Compared with control, the EC_ _of soil under mulches
was nearly 38% lesser. The ET was 26% |esser under GM and 13%
lesser under RM than under control. On the other hand, the fresh
and dry yields were, respectively, 64% and 113% higher under
RM and 49% and 64% higher under GM than under control.

Therefore, the WUE increased by 143% under RM and 120% under
GM as compared with control treatment. Monitoring of hourly
changeof cumulative ET over threedaysperiod, whennoirrigation
was given, indicated that there was small adsorption of water

from the atmosphere by the RM during therel atively cooler hours
of the day, and this could be very useful for crop growth in the
arid and semi-arid regions. It can be concluded from this study
that mulching was a good strategy for getting good yield and

water use efficiency for Swiss chard when grown with saline
shallow ground water. Compared with gravel mulch, rice-straw
mulch showed ameasure of superiority, and given the additional
advantage of convenience in managing the material used,

therefore, rice straw mulch wasabetter option than gravel mulch.
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