J.Basrah Researches (Sciences) Vol. 33. No.3. G0SEP. (2007)

THE EFFECT OF MOISTURE DEPLETION ON SOIL WATER
EVAPORATION AND BARLEY WATER CONSUMPTIVE USE

Sabah Shaffi Al-Hadi

Department of Soil and water Science,
Agriculture College, Basrah University

| SSN -1817 -2695
(Received 10/8/2006 , Accepted 26/6/2007)

ABSTRACT

Three soil moisture depletion treatments of 10%)(5% (M) and 50% (M) of field
capacity were used in a loamy sand soil. Moistwss Ifrom bare soil by evaporation,
transpiration and water consumptive use by bartewg in plastic pots was calculated using
the soil moisture depletion method. There was aarkatle increase in water consumptive
use with time , the highest values were recordethatproductivity stage for all moisture
treatments.

The M1 treatment gave significantly higher totaltevaconsumptive use value (423)
mm than the values 298 and 183 mm for theavid My moisture treatments, respectively.
Moisture loss values from bare soil by evaporaffom sowing to maturity stages were 266,
156 and 109 mm for MM, and M, respectively.

The low values of the top and grain yield dry weésglvere related with the small
amount of water available for plant use in the .sdihe highest reduction in water
consumptive use by plant and yield dry weight wereorded in N moisture depletion
treatment, which was attributed to the adverseceftd water stress during the growing
season and seed formation. The highest water dmgeedy was calculated for the M
moisture treatment.

The amount of water lost by evaporation from bari¢ was higher than the amount
used by the plant. This can be related with thelahitity of pore spaces in the loamy sand
soil for air and water movement, which eventuadigduce the amount of water available for
plant use in the soil. The Mmnoisture depletion treatment gave highest waterafciency
values.

The highest monthly and daily water consumptivesusy plant were recorded during
the maturity and seed formation stages. They wespectively, 129 and 5.25 mm for, MO
and 3.50 mm for Mand 77 and 2.48 mm for M

Key Words Moisture Depletion, Evaporation, Water Consumptise, Water Use
Efficiency, Barley Growth.

INTRODUCTION

The relation between the plant and soil moistur@ ég@mplex one since it is influenced
by a number of continuously changing factors Sca'li water, nutrient and climate). The soil
water is the largest element that restricts plaowehi'?)

. The amount of moisture available
to plant depends largely on the amount of moisstioeed in the soil profile at sowing time
and the water added during the growth period. Sofrthe water may be run off or drained
beyond the reach of the roots and some may béjosvaporation from the soil surface. Loss
of water can occur by transpiration, evaporationiraércepted water by vegetation and
evaporation from bar sdi. The evaporation from soil surface and the infetioa of rainfall

water by vegetation can cause large error in estign@onsumptive water use and water flux.
With wet soil and complete plant cover, transpoatwvill be dominant, but when plant leaf
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area is small, evaporation from soil surface wél igh®. Therefore, the important of plant
cover is the greatest when the soil surface is esgtecially ate the arid and semiarid areas.

Evaporation rate from soil surface decreases dsvstér decreases and vice vétsa
When the soil drying persists for a long time, mais evaporation extracted from lower
layers. Plant with good root system are able toaektwater from good structure soil up to
75% to 80% of the available water without serioesluction in yield. These results
suggested that wheat crop can draw 52 to 57% biveder, before plant growth reduced.

However, the available water in the soil varieshwabil type, where a clay soil may
contains three to four times as much water as dysaail both at 15 bar tensidh The
uniformity, texture, depth and subsurface structfréhe soil can affect rate of soil water
flow, and consequent evaporation lo§8e$he change in particle size distribution of tbd s
greatly alter water movement and water loss in wmated soff’. The cumulative water loss
by evaporation from bar soil found to be the leah coarse textured soil surface, related
with their low water holding capacity.

In order to increase the consumptive water useieffty in dry land, it is important to
plane for a proper soil and water management pnogoaincrease the storage coefficient of
water in the soﬁpl).

Regarding the increasing demand for water use, itnportant to estimate how much
water requirements for each crop in each soil andr@nmental area, in order to minimize
the loss of water and optimize the use of the mh&ource of water in Irag. However, so far
little has been carried out to determine the watsrsumptive use by crops under southern
conditions of Iraq. Therefore, an experiment wasied out to determine the use of irrigation
water by barley crop and the loss of water by exaimn from a loamy sand soil under
different levels of soils moisture depletion.

MATERIALS AND METHODS

The experiment was carried out at the Agricultucdlé€ge, Basrah University, Basrah,
Irag, using a loamy sand soil of 100 clay, 30 aitid 870 gm. Kg sand. The soil was
collected from the surface layer of (0-10) cm depthAl-Zubair Research Station of the
Ministry of Agriculture, South Basrah, Iraq. It was dried, mixed and passed through 8 mm
sieve ( in order to obtain soil particle sizes aarnas possible to field soil) before being
packed into eighteen plastic pots of 6.87 literazdly and 40 cm depth. Each pot was filled
with 8 Kg air dry soil up to a few cms. from thetdlrhe resulting soil bulk density ranged
from 1.46 — 1.50 Kg. M.

The electric conductivity (EC), (PH) and organictiea(OM) were determined at the
beginning of the experiment as described by Blacké” and their values were 4.30 dSim
7.20 and 0.15%, respectively.

Fertilizers were mixed thoroughly with soil at sogitime, at rates of 120 kg:ha
nitrogen (half of this amount was added tillerimgé). 60 kg. ha phosphorus and 60 kg:ha
Potassium.

On 11 December, seeds of local barley were sovncat depth in half of the pots (i. e.
nine) each pot was sown with 12 seeds. The rentaimime pots were left without planting, in
order to calculate the loss of moisture by evapamairom bare soil. Seven days after plant
emergency plants were thinned to eight plants per After maturity, the plants were
harvested and dried at76. The dry weights of top and grain yield watetedmined.

The pots were exposed to field conditions and vpeo¢ected from the rain by using a
transparent polyethylene shelter. Water was adoehc¢h pot slowly until the soil had been
saturated, using a small metal sprayer of five litdume. Soil in each pot was saturated three
times for a period of three days in order to ensunigorm saturation and to reduce electrical
conductivity in the soil. The soil was saturated pi@vide enough water for good seed
germination. After all excess of water had draioed of the soil, each pot was weighed and
soil moisture content was calculated. The pots wlesa left without addition of water until
soil moisture depletion treatments were began. & hreisture depletion treatments were used
for each of the planted and unplanted part of tkpeement. The moisture depletion
treatments were 10%, 25% and 50% of field cap4€iG), and they were named; MM, and
M3, respectively. Each moisture depletion treatmead veplicated three time in a completely
randomized block design. The weight of each pot veken every day throughout the
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experiment (using a digital balance with 0.003 gso)that any deficit in soil moisture content
from the designed moisture depletion treatmentddcbe calculated and added slowly to the
soil. The values in mm of water consumptive uséanley (ET) and water evaporated from
bare soil (E) were calculated from_the amount ofewapplied for each treatment using the
formula cited in Hanks and Ashcrdfl. The transpiration values (T), for each waterttreat
were calculated from the differences in values ketw ET and E at each time of
measurement.

Results and discussion

There is an increase in trend of cumulative watersamptive use (CET) with time of
the three planted moisture depletion treatmentgu¢€i 1). The moisture depletion treatment
of 10% FC (M) gave the highest values, while the 25% FG)(&hd 50% FC (M) had the
intermediate and the lowest values, respectiveherd@ are significant differences in values
between the treatment and time of measurement: values at P = 0.05 were 106.24 and
27.21, respectively. Generally, the RLSD value géatid significant differences between the
CET values of the three moisture treatments.
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Figu re 1. The relationship between cumulative water consumptive use (CET)
inmm., and growthtime in days of different moisture depletion treatments with
plant. RLSD repsents the revise least significant differences at P=0.05.

The higher increase in cumulative water evapora(iCk) values with time of the
unplanted treatments were recorded on the M1 nreistapletion treatment compared with
the other treatments (Figure 2). The RLSD valuesgggnificant differences between the CE
values of all depletion treatments. The differente€E values between (Mand M, were
smaller than those between Mnd M; treatments. The reason can be related with tlyedar
amount of moisture available for evaporation ig ?le and M than of moisture in soil of
M3 treatment. Darusman et. & and Kang et. f found that, the treatment with the high
soil moisture content gave higher evapotranspmatalues than the treatment with the low
soil moisture content. The F values indicated $icgmt differences at P = 0.05 between
moisture treatment (80.11) and time of measuren{#ft29). However in the planted
treatments the CET values were higher than the &tes for the treatment without plant.
This must be related with the transpiration of wateplant.
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Figure 2. The relationship between cumulative water evaporation (CE)inmm.,
and growth time in days of different moisture depletiontreatments with plant.
RLSD repsents the revise least significant differences at P=0.05.

The cumulative transpiration of water by plant (CWas calculated from the
differences in cumulative soil moisture loss valt@sthe planted and unplanted moisture
deletion treatments. There is an increase in cumal&ranspiration (CT) with the increase
in the period of growing (figure 3). The moistureptetion of M treatment showed lowest
increases in trend of CT values throughout the tohehe experiment. The Mand M
treatments gave similar increases in CT values witk. The highest values were recorded
at March and April. This can be attributed to thegé amount of water available to plant in
the soil. The plant need more water at productistgge than the vegetative stateThe
RLSD value (10.49) indicated insignificant diffece's between Mand M treatments.
However the analysis of variance of CT values gsigaificant F values at P = 0.05 for
moisture depletion treatments (64.25) and for trhmeasurement (15.05).
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Figure 3. The relationship between cumulative water transpiration (CT)in mm.,
and growth time in days of different moisture depletion treatments with plant.
RLSD repsents the revise least significant differences at P=0.05,
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The total amount of water consumptive use by badéeyeach moisture depletion
treatment was higher than the total water evapmratiom bare soil (Table 1). The total
amount of water removed by evaporation from bareveas higher than the total amount of
water transpired by plant. This is related with ke soil water retention and rapid loss of
water by evaporation from loamy sand soil, whiohsequently, leave small amount of water
available fro plant use. When soil moisture conisnelatively low, most of the pore space
will be available for air and water vapor movememiliich cause an easy water evaporation
from the soff*®*”). It has been stated by Kopec etl.that at the high evaporation demand
(i.e. at limited water supply), the rate of watexewy plant can be restricted, either by a
physiological factor inside the plant, or by thenglex movement of water from soil to plant
roots. However, the percentage values of water eeapd from bare soil throughout the
growing period of the M M, and My moisture depletion treatments were 63%, 52% afd 60
of the total water consumptive use by plant, respely. These results indicate that more
water had been transpired by the plant fromtMatment. With wheat grown in the field of
Australia, Doyle and Fish&? found that the evaporation from bare soil rangethf18% to
41% of crop evapotranspiration, while the valuesntb by Kang et. af” in China were
ranged from 25% to 40% of winter wheat evapotraasippn. The RLSD values for all
parameters in table 1 indicated significant diffees between the three soil moisture
depletion treatments.

Table1: Total amount of water removed from soil by plant or by evaporation for each moisture
depletion treatment (mm).

Moisture Total moisture loss (mm)

depletion

treatment Water consumptive use (ET) Evaporation (E) Transpiration (T)
M1 423 266 157
M2 298 156 142
M3 183 109 74

RLSD at P=

0.05 9.15 11.83 10.49

RLSD representsthereviseleast significant differences.

The top and yield dry weights values had shownigioifecant differences between the;M
and M, moisture depletion treatments (Table 2). The tatter consumptive use values gave
significant differences between all treatments.

The highest water use efficiency value was caledldbr the M moisture depletion
treatment (i.e. top or yield dry weight / ET). Tloavest values in all cases were recorded for
the Ms treatment. Proffitt et.” 4. Found that water stress reduced yield of spritgat
grown in South African by 40%. These results suggbshat the highest top and yield dry
weights in M treatment are corresponding with the largest amotiwater use by plant.
Similar results were found by Aoda et.(zé?on yield dry weight of wheat grown for two
years in silt clay loam soil in the field. They falian increase in total dry weight with the
increase in water use by plant.

In general the low yield which had been obtainedlirmoisture depletion treatments
resulted from the late sowing of seed on 11 Decenddthough, barley is the least affected
by drought, seeds sown late in the season withd&ekater for most of the growing period
showed early ripen with little grain yi¢fd.
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Table 2: Effect of moisture depletion treatment of top and yield dry weights (g. pot™), total water
consumptive use (mm) and water use efficiency (g. pot™ mm™)

Moisturedepletion | Top dry weight Yield dry weight Total water Water use efficiency
treatment (g. pot 1) (g. pot Y consumptive use (mm) (g.pott. Mm?)
M1 25.03 411 423 0.06 0.009
M2 21.07 3.29 298 0.07 0.011
M3 7.68 1.09 183 0.04 0.006
RLSD da_ EJS P= 7.46 1.76 9.15 0.021 0.003

RL SD representstherevise least significant differences.

Moreover, the monthly and daily rates of water congtive use by barley were higher
for the My than for the M and M; treatments (Table 3). The highest rate values attmw
consumptive use by barley were occurred on Marcéeat formation stage. There was an
increase in the rates from December to March, aftech a decrease was recorded in April.
This decrease occurred on the seeds ripening dtagéo the death and drying of most of the
vegetative part of the plant. Variability in rataelwes were higher in Mcompared with the
other moisture depletion treatments. Similar resédr monthly and daily rates of water
cKons:chnsz))tive use by wheat under various moistur@nesg were obtained by Naoom and

erefa””.

Table 3: Monthly and daily rates of water consumptive use (mm) under different soil
moisture depletion treatments.

M M, M3
Period
Monthly Daily Monthly Daily Monthly Daily
December 36 1.08 14 0.70 10 050
January 69 2.23 56 181 30 0.97
February 105 3.62 82 2.83 56 1.93
March 129 4.16 0 2.90 77 2.48
April 84 5.25 56 350 10 0.63
Total 423 17.06 298 11.74 183 6.51
Average 84.60 341 59.60 2.35 36.60 1.30
CONCLUSION

The management of water in a loamy sand soil uaddror semi-arid conditions is a
very difficult aspect. It is very important to mattee best use of the irrigation water and the
storage water in the soil in order to obtain a higéld production and best water use
efficiency. Therefore, to minimize the large logsmater by evaporation which was recorded
in the low soil moisture depletion treatment (10%) Ft is optimal to use 25% FC moisture
depletion treatment for growing barley in a loamang soil under Basrah climate. This

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



THE EFFECT OF MOISTURE DEPLETION ON SOIL WATER...

treatment resulted in high water use efficiency ®&YUvith low loss of moisture by
evaporation from bare soil. Also, it showed a digant differences in results of ET with no
significant differences in yield dry weight whenwtis compared with the 10% FC moisture
depletion treatment. The reduction in the loss afewevaporated from bare soil can be very
important in the arid and semiarid areas when thezeshortages in irrigation water.

Further experiments are needed for determiningrately the water consumptive use in
the field for different cereal crops, climate agpds of soil. This will be useful in developing
an irrigation plan for cereal crop production undierited water supply conditions in the
South of Iraqg.
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