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Abstract Dryland ecosystems can be utilized in producing food crops to strengthen the local food security.
Implementation any dryland ecosystems can be utilized in producing food crops to strengthen the local food security.
Implementation any dry lands farming usually are constrained by the serious problems thatis asoil moisture stress. Purposes
ofthis research is to evaluate availability of soil moisture ata depth of root zone by using The Model Cropwat 8, it is expected
can provide the required informations in decision making in the planting calendar. The model will estimate
evapotranspiration, crop water requirement and soil moisture balance; these informations are important in designing drylands
cropping pattern, cropping calendar and in assessing crop productivity under dryland conditions. Results of simulation
analysis suggest that the crop water requirements can be sufficiently supplied by the available soil moisture and there is no
risk of yield losses. The losses of yield would be great if it is not appropriate in determining the planting time of cultivated
crops.
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1. Introduction

Dryland ecosystems is one ofthe land resources which can
be utilized to produce any foodcrops. Sumbawa Regency is
one of regencies in West Nusa Tenggara province which has
drylands area about 23.795 ha[l]. Rainfed agriculture,
especially in dryland areas suggested a high potential in
producing foodcrops[2];[3].

Cultivation of dryland agriculture in Sumbawa faced
serious problems, one of this serious problems is the soil
moisture stress which significantly reduced crop yield. In
2010, drought and drought extremes that occur as a result of
the impact of El Nino phenomenon, resulting in the serious
crop damages and yield losses, particularly maize planted on
drylands[4]. The crop yield reductions were associated with
the crop evapotranspiration (ET)[5], soil moisture stress[6].
Effects of drought on soil moisture availability depends on
the water holding capacity (WHC) of soils[7]. The crop yield
losses due to drought depends on several factors, i.e. periode
of water stress, intensity and duration of water stress[8]. Soil
moisture stresses and water scarcity significantly inhibited
any crop production activities in drylands agriculture[9],
farmers are particularly vulnerable to water scarcity, because
it has a limited capital to deal with shocks such as crop
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failures[10]. Many studies have shown the importance of
seasonal climate fluctuation in explaining any change of crop
yield. Climate changes have suggested the potential effects
on crop production, difficulties in determining the time of
planting and harvesting, selection of appropriate crop under
fluctuating growing period, limited available soil moisture,
extreme rainfall, water loss through run-off, crop losses due
to extreme environment, decline in soil fertility, pest and
diseases risks, change of total seasonal rainfall, and
temperature  variability[11];[12];[13]. Average annual
rainfall in Sumbawa region is relatively low about 114.40
mm in the period 2005 to 2011, with the uneven distribution
of rainfall; it is one of the reasons for the scarcity of water
and the high risk of water stress in dryland agriculture
system[14].

Rainwater is a major source of water in dryland farming
systems, the rainfall does not always synchronize with the
water requirement of the cropping pattern; it results in
sub-optimum crop production. At the moment most of the
rainwater can be lost through surface runoff or deep
percolation out of the root zone, so that water is not available
during the dry periode. Availability of soil moisture for crops
is one of limiting factors that determine type and distribution
of crop and planting periode. The relationship between crop
water requirements and crop yield is verycomplex[15];[16];
[17].

Conventional cropping practices by most dryland farmers
in the Unter Iwes region were conducted only during the
rainy season. This conventional farming practices are
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regarded as the main cause of drylands degradation[18]. One
of the major environmental issues in the twenty-first century
is land degradation aridic regions, and it suggests serious
implications in global food security and environmental
quality[19]. The minimum soil degradation and optimum
crop production should be achieved by implementing land
management based on climatic resources, suitable crop
rotation and soil quality[20].

Climatic informations can be used in determining proper
time of planting in a suitable cropping pattern, it is expected
can improve water use efficiency to maximize crop
production perunit of water. Availability of soil moisture is a
determinant factor in dryland farming systems. The
computer simulation approaches to evaluate soil moisture
balance in root zone could be used in estimating water
requirement of dryland crop and in designing the suitable
cropping patterns.

Soil-crop simulation models is the valuable tool in
designing soil conservation practices, which are
economically feasible and environmental friendly[21]. A
simulation model can be used as an experimental frame work
in integrating informations from any complex farming
systems, including soil qualities, water availability,
mechanicaltools and micro climatic data[22].[23], suggested
that adequate irrigation scheduling reduced yield losses
significantly. Rainwater irrigation were analyzed by using
Cropwat-8 methode, it is be sufficient for 0.3 to 0.8 ha of
maize[24].

Estimation of soil moisture storage is very important in
agricultural hydrology and water management in the annual
foodcrop production systems. This study is very important
because until now there have been no research on the
estimation of soil moisture availability in dryland
agricultural crops in Sumbawa and determination of
cropping schedules. This is particularly important in relation
to the soil and water conservation under the sustainable
dryland crop production system. Increase in cropping
intensity and provide certainty two crops on dryland is the
key to success in the management of drylands in improving
agriculture productivity in Sumbawa region. Cropwat-8 is
the computer program that involved the FAO
Penman-Monteith model in calculating ETo, estimation crop
water requirements (ETm) and soil moisture balance[25].
This method can be implemented in irrigation scheduling
under various management conditions and water availability
conditions, evaluation of dryland crop production,
assessment of drought impacts, and efficiency of irrigation
practices. Soil moisture balance simulations was aimed to
evaluate water requirement of major crops in Unter-Iwes
region and effects of groundwater on crop production.

2. Research Methods

Field research was conducted in drylands area of the Unter
Iwes District, at position of 8°32.5,5°S - 8°32.315°S and
117°24.51,8° E - 117°26.312° E, Sumbawa, Indonesia, for

September to November 2012. Evaluation of crop water
requirements and soil moisture balance used the Cropwat-8
Model. Meterological data were retrieved from the Brangbiji
station at position of 8 south latitude (SL) and 117° east
longitude (LE), and at altitude 117 m above sea level.

Soil and crop data were retrieved fromthe data base of the
Cropwat-8 (Table 1 and Table 3).

Table 1. Soil Characteristics Used in Simulation
Parameter Value
Texture Medium
Totalmoisture available 140 mm/m
Maximum infiltration rate 40 mm/m

Maximum dept of roots Im
Availability of initial moisture 140 mm/jam

Table 2. Average Of Effective Rainfall (mm) and Potential
Evapotranspiration (mm/d) For 2005-2011
Average
Month ETo Effective rainfall
(mm/day) (mm)
January 340 145.6
February 390 155.8
March 4.11 1349
April 420 114.0
May 437 55.8
June 443 10.8
July 436 15.6
August 451 2.0
September 473 222
October 459 48.5
November 4.05 105.8
December 371 1302

Table 3. Crop Growth Stages and Its Indicators

Crop Indicator Growth Stages: Total
I 1 11 v
Growth Stage 30 45 70 30
(‘]1?’) 070 080 105 070 150
Rice K° 080 080 080 080
Root y () >>> >>> 0.10 0.60 0.80
O0ZONeM) g h0 sss 040 020
Deplecion (p)
Growth Stage 15
30 33 25
(‘]1?’) g'ig >>> 120 030 103
. ¢ : 040 130 050
Maize Ky 030
>> 100 100 125
Root zone (m) 0.55 . 055 0380
Deplecion (p) ’ ’
Growth Stage 15 15 40 15
Sovh (‘]1?’) 040 >>> 115 050 85
isea K° 040 080 100 040
Root mie @ 030 >>> 100 100 085
! 050 >>> 065 090
Deplecion (p)
GrowthStage 5 435 45 o5
Ground (‘]1?’) 040 >>> 115 060 130
;’“tn K° 020 080 060 020
Y Root mie @ 030 >> 080 080 070
045 >>> 045 050

Deplecion (p)

Data sources: Database Cropwat for Windows; Allen et al.(1998); Doorenbos &
Kassam(1986); Emest & Cornelius (CDP No.37.pdf)
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Cropwat model was originally developed by[26] for
planning and management of irrigation projects. The latest
version is called Cropwat-8 which can be operated by the
window-interface. It is the result of collaboration between
the Land and Water Development Division of FAO, the
Institute of Irrigation and Development Studies of
Southampton-UK, and the National Water Research Center
(NWRC) Egypt. Input data include the meteorological data,
soil and plants. Estimation of ETP (potential
evapotranspiration) used the Penman-Monteith method and
estimation of the effective rainfall used "USDA Soil
Conservation Service” method.

After all of required data have been completed, the
Cropwat-for-Windows can estimated the following
parameter in each decade: (1) crop coefficient, (2) crop
evapotranspiration, (3) effective rainfall, (4) crop water
requirements and (5) perco lation.

The soil moisture balances were estimated by the
following equation:

SMD; = SMD, | + ETc — PE— IR+ RO+ DP (D

(SMDt and SMDt-1 = soil moisture depletion (mm) in
periode of t and t-1; ETc = actual evapotranspiration (mm);
PE=effective rainfall (mm); IR = irrigation thickness (mm);
RO = runoff (mm); DP = percolation (mm)).

The model involved five scenarios in designing irrigation
schedule of each crop: (1) each irrigation is defined by the
executor, (2) irrigation below or above the soil water
depletion (% RAW), (3) irrigation at fixed intervals on each
growth stages, (4) deficit irrigation, and (5) without
irrigation. The Cropwat-for-windows Method began to
simulate soil moisture balance, involving five factors: (1)
duration of irrigation, irrigation date and thickness, (2)
depletion of soil moisture, (3) amount of percolation, (4)
actual evapotranspiration, and (5) crop yield.

Reduction of crop yield in each growth stages and its
cumulative can be calculated by the formula:

Ya FTa
(1_Ym)7Ky(1_ETm 2

(2] (22) () (2],
Ym Ym ), \Ym ), Ym J;

(i = crop growth stages; Ky = yield reduction factor; Ya
and ETa = actual yield and actual ET; Ym and ETm =
maximumyield and maximum ET).

Estimation of soil moisture balance in the Unter Iwes
District was performed by using the Thorntwaite-Mather
methode. Results of this analysis suggest the monthly soil
moisture surplus and deficit, it is used in determining the
suitable cropping patterns.

Analysis of soil moisture balance involved a number of
crop, that are: rice, maize, soybean and groundnut (Table 3).
Simu lation of cropping patterns, namely: The annual crop
are planted two times a year. Time of planting of the first
crop (at the rainy season) is 1°' December.
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3. Results and Discussion

Results of analysis of soil moisture balance in Krekeh
Village are presented in Table 4. It is suggested that a soil
moisture surplus for six months and a soil moisture deficit
for three months.

Table 4. Moisture balance in region of Krekeh Village

Month P PE PPE DST  AE D S
Jan 2310 1534 77,6 -251,1 1534 00 3287
Feb 3080 132 1760 00 12 00 176

March 1970 1509 46,1 00 1509 00 46,1

April 1500 1514  -14  -14 1514 00 00
May 620 1759 -1139 -931 1551 208 00
June 11,0 1717 -160,7 -8l 920 79,7 00
July 16,0 196 -180,0 -495 655 1305 00

Agust 20 220,01 -2181 -297 31,7 1884 00
Sept 23,0 2326 -2096 -133 363 1963 00
Okt 53,0 230 -177,0 -56 586 1714 00
Nop 1350 1907 -557 -1,1 1361 546 00
Dec 1850 1613 23,7 237 1613 00 00

13730 21660 -793,0 -502,1 13243 8417 5508

Table 5. Crop Water Requirement and Yield Reduction Of Rice

Period of Analysis

Parameter (01 December-30 (11 April-13
March) August)
Actual water useof crop 4937 4713
(mm)
Potensial water use of 4937 3030
crop (mm)
Effective rainfall (mm) 6682 2984
Irrigation Requirement 158.0 6165
(mm) ’ ’
Yield reduction (%) 0,0 0,0

Table 6. Crop Water Requirement and Yield Reduction Of Maize

Period of Analysis
Parameter (01 December— 13 (11 April-13
March) August)
Actual water use of 29623 3555
crop (mm)
Potensial water use of 2963 3254
crop (mm)
Effective rainfall 4922 119.0
(mm)
Irrigation 0.0 271.0
Requirement (mm) ’ ’
Yield reduction (%) 0,0 0,0

The calculation of crop water requirements by using the
Cropwat-8 method showed highly variable values among
species and their cropping patterns. The soil moisture
balance in the root zone appears a highly variable; also
appear the serious threat of yield reduction. This condition
suggested a high risk in drylands cultivation due to the soil
moisture stresses for three months.

When the amount of available soil moisture is outside the
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range of crop water requirement, any cultivating crops may
experience moisture stress. This stress can take the form of
water shortage if soil moisture content is around the lower
limit, it will greatly affect growth and yield of crop.
Additional water should be supplied into the soil in
preventing any disorders of crop growth and any losses of
crop yield.

Results showed that crop water requirement is affected by
rainfall, temperature, humidity, wind speed and radiation. A
high intensity of irradiation results in a high rate of water
evaporation from soil and plant surfaces. There are
differences in crop water requirements and different time of
water supply in the dry season , it depends on species and its
planting time. A high amount of rainfall during the rainy
season will produce an excess supply of water, otherwise a

A

low rain fall during the dry season will result in a shortage of
soil moisture. The effective rainfall during dry season can
not meet water requirement of the crop in achieving its
potential yield.[29], explains that the most important
climatic factors that influence crop growth, and crop yield
are solar radiation, temperature and precip itation.

Table 5 shows that the water requirement of rice in the dry
season i higher than the effective rainfall. But, no
significant decrease in crop yield for the whole growing
period, it means that soil moisture in the Village Krekeh
sufficiently supply water need of rice. Rice plants need water
as much as 180-300 mm /month[27]. This plant is sensitive
to the soil moisture stress, especially during the primordia
growth stage[28].
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Figure 1. Soil moisture balance in the root zone of rice (wet season)
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Figure 2. Soil moisture balance in the root zone of rice (dry season)
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Figure 3. Soil moisture balance in the root zone of maize (wet season)

Figure 4. Soil moisture balance in the root zone of maize (dry season)

Figure 5. Soil moisture balance in the root zone of soybean (wet season)
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Figure 6. Soil moisture balance in the root zone of soybean (dry season)

Figure 7. Soil moisture balance in the root zone of groundnut (wet season)

Figure 8. Soil moisture balance in the root zone of groundnut (dry season)
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Figure 9. Soil moisture balance in the root zone of maize
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Figure 10. Soil moisture balance in the root zone of soybean

Table 7. Crop Water Requirement and Yield Reduction of Soybean filling and ripening
Period of Analysis . . .
Parameter (01 December — (01 March — 24 Table 8. Crop water requirement and yield reduction for groundnut
23 February) May) Parameter Period of Analysis
Actual water use of crop 2600 3033 (01 December — (12 March — 14
‘ (mm) 09 April) June)
Potensial m)use of crop 260,0 3033 Actual water use of crop 4025 3109
L (mm)
Effective rainfall (mm) 3998 2963 Potensial water use of crop 4025 4700
Irrigation Requirement (mm) 0,0 65,7 (mm)
Yield reduction (%) 0,0 0,0 Effective rainfall (mm) 603,7 136,1
) Irrigation Requirement (mm) 0,0 371,1
Table 8 shows that the need for water in the dry season for Yield reduction (%) 0.0 0.0
groundnut is higher than the effective rainfall. There are no
significant decrease of crop yield for the whole growing Table 9 shows the soybeans water demand is lower (143

period, it means that the soil moisture in the Village Krekeh  mm) than the effective rainfall (216.2 mm). Results show
can fulfill the water needs of groundnut. This water that water demand in each cropping pattern is not the same,
requirement simply divides into the five growth stages, in the dry season plants require the addition of more water, it
namely germination, vegetative, flowering, pod formation, due to the decrease of soil moisture available.
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Table 9. Crop water requirement and yield reduction of maize and soybean

Period of Analysis
Parameter Maize Soybean
(01 December — 13 (22 March-14
March) June)
Actual water use of 2963 3109
crop (mm)
Potensial water use 2963 3109
of crop (mm)
Effective rainfall 4922 2162
(mm)
I.rrlgatlon 00 143
Requirement (mm)
Yield reduction
0,0 0,0
%) ’ ’

The results show that water demand in each cropping
pattern is not the same, the cropping pattern in the dry season
irrigation water requires the addition of a lot more with the
same plant species, this is caused by the decreased
availability of soil moisture. Cropping arrangements with the
utilization of rainfall during the rainy season and use a
suitable commodity can increase the intensity of crop
planting once to twice a planting. Cropping pattern based on
rainfall during the rainy season and cultivating the suitable
crops can increase the drylands cropping intensity; maize as
the first crop and soybean or groundnut as a second crop.
This cropping pattern not require addition of water and yield
reduction is 0%.

Simulation results suggested that the cropping pattern by
using soybean and groundnut as a second crop have a low
risk with the yield reduction of <50% during the dry season
(Figure 9). Increase in crop yields are also determined by
arranging time of planting, at the early periode of cropping
calendar.[30], suggested that the exact time of planting can
improve plant growth and crop yield.

4. Conclusions

Time of planting and cropping patterns significantly
effected variation of soil moisture balance in the root zone.
ETc is largely determined by soil moisture storage and
amount of rainwater falling on the surface of the ground. The
crop water requirements and soil moisture balance are should
be considered in designing any productive cropping patterns.
The main problemin dryland farming is the limited available
soil moisture during the crop growing season.
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