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Abstract

The cument study was conducted do evaluate water management of altemale wetting and
drving irrigation in e System of Bice Inlensification (SR} paddy Gelds by usiog the dala
collected from developed field monitoring system. The experimental field wes located on SR
paddy field in the Magrak Organics SE1 Center (MOSC), Sykabumi West Java, Indooesia during
the first rice season 200002001 (Oclober 2000 to February 2011, wet season). Sodl molsture was
meazured and monitored every 30 minutes and the data were sent dialy (o the server as well as
meteoralogical data. Then, the monitored 501l modsture dota were used to evaluate four waler
managermenls thal were classified as Wet (W), Medium (M) and Doy (D) conditions according to
four growth stages. Accordingly, we called the water managements as WWWW, MRWW,
MMM sod WWDD regimes for first, second, thied and fourdh plots, respectively. The resulis
showed that maximum yield was produced on the WA and WWDD regimes as well as water
productivity. Accordimgly, durmg one sesson expeoment of SE1 puddy coltivalion, the WWDD
regime i be the best regime because it could save waler up by 26% compare 13 the WWWIW
regime, Therefore, the fizld should be more suturated 0 the initial and crop development stages,
and then drained water to make the field drier in the mid-season and late stages a5 applied in this

regime.

Kep Wards: divernofe welting and drying irrigalion, waler mamagement, sofl moisture, monitoring

1. Introduction

Becently, the Svstem of Rice Intensification
(SRI) is well-known as a et of crop management
practices for raising the productivity of imigated
rce by changing the management of plants, soil,
water and nutrents. s benefits have been
validated in 42 countrics of Asia, Africa and Latin
America (UphofT et al, 20013'

[n the SRI paddy cultivation, the water is
irtigated absolutely diffecent to the conventional
rice cultivation, Commonly, intermittent irrigation
with an alternate wetting and drying imigation
system instead of continuous fleoding is applied
o save waler, Previous researches showed it could
save up to 28%-of water in Japan {Chapagain and
Yamaji, 20100, 40% in Castern Indonesia (Sato
et al, 2011y and 38.5% in Iraq {Hameed et al,
20113 %,

Optimization of water management is o be

the main challenges in maintaining sustzinability
of SBI with the scarcity and competition of water
resources. Accordingly, optimization proccesses
could be imitiated by piviog different water
management regimes to the fields. Then, those
regimes are evaluated o identify plant response to
water and water productivity as well.

S0il moisture represents the water availability
in the field, thus different water menagement
regimes will give different soil moisture level
during planting period. In addition, it also affecs
pattern of water balance wvariables such as
cvipoiranspiration, percolation end munoff in
paddy field {Kim et al, 2009™: Reshmidevi et al.
lﬂﬂlﬂa:'; Li and Cui, 199%™. Therefore, soil
misture could be considerad as the main vanabie
is] t-'"-'B[IJEIC water lI'I.B.ﬂEgA'.']'.I'.II:I'It

Field momifong sysfemt 15 importent to
collect precise  soil  moisture  data  through
CONbMUOLS  measurement a5 well as




meteorological  data. By  precise  data,  the
technology and crop management practice are o
be possible 10 improve m developing sustainable
apriculture.

The objectve of this study was to develop
field monitoring svstem for SRI paddy field
paricularly in Indonesia. Then, by monitored soil
moisture date as well as meteorological data,
different water management regime of alternate
wetting  and  drying  irrigation was  evaluated
particularly in term of water productivity.

2. Methodology
2.1 Field experiments

The current study wos conducted ot the
experimental SREI paddy feld in the MNagrak
Orgamics SEI Center (NOSC), Sukaburmi West
Java, Indonesia during the first rice season
20002001 (Ociober 2010 to February 2011, wet
scason), The field is located at 06°50°437 5 and
[06743° 20" E, at an altitude 536 m above meoan
soa level (Fig. 1)

L T

Fig.l Map showing the study area in Magrak,

Sukabumi, [ndonesia.

There were four experimental plots and cach
plot was a 4 in x 4 m rectangular shape, All plots
were planted with the local variety of rice (Oriza

sativa L), Sintanur, a rice variety usually use for
the 3RI in West Java, Indonesia The elements of
SRI practices were; single planting of voung
seedling (5 days after seedling) speced at 30om x
30cm, using an ocganic fertilizer at | h:g.-’m2 on the
land preparation and no chemical fertilizer.

1.1 Water Management

Four experimental plots were irrigated under
different wuter manopement regimes based on the
growth stage. During cultivation period, the
prowth stage was divided into four stapges, e
initial, crop development, mid-season and late
semson stapes, respectively. The field conditions
were classified into three conditions i.e. wet (W),
medivm (M) and dry (D)) according to soil
moisiure fevel and itz relation 1o soil suction (pF)
is presented on Fig 2.

4.2

DRY  MEDRIUM
DIDI(_____}. il it i ]
a

t]
Volumatric Water Content {cm3fom3}

Jaturated

Fig.2 Clagsification of [eld condition dunng
cultivation period.

Table |. Water management regime in each plat

ol Water monagement regimes
| stame WY | MMWY [ MMMM | WWDD
[ et Medium | Medaon Wi
Il Wet Medium | Moedium Wet
1T et Wet Mednom Dy
| et Wiel Mediom | Dy

I: Iawiad; 1z Crop development; 1 Madseason;
IV Late seasan

As 0 control, the WWWW regime was
imigated to maintain wet condition in all growth
stuges o5 4 control. For the MBIWW regime,
during initial and crop development stages, the
ficld was conditioned at medium level and then
wel condition wunel late stage. In the BMMMM
regime, medium condition was applicd during
cultivation petod, while for the WWDD repime;
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wel condition was applied in the iniGal and mid-
crop development stages and then let it dry until
late stage (Table 1)

The wet condition was teached iF soil s
saturated with the soil suetion between 0 and 1.6,
Medium condition was achieved if sopil suction
value between the air ealry and field capacicy
conditions (1.6=pF<2.34), while drv condition
wits ceached i the soil 15 doer then medium level,
Each plot has different soil retention and its curve
was defined by the van Genuchten model (van
Genuchten, 1980)". The model showed the
relationship berween  soil water coolent and
pressure head in simple equation as follows:

(8, —6,)
ey i
m=1-1lin (2)

where, © is soil water content {cm’fem’), h is
pressure head (om H200, 8, 8, o, »n, and m are
Genuchten independent parameters for saturated
warter cobfent l{cm"‘a‘cms}. residual waler contemnt
{em’fem’) and shape factors, respectively. These
parameters were estimated Gom observed soil-
water retention data and presented in Table 2.

Table 2. Genuchten parameters of each regime
Watce manageenent seoimes

Pararmler A B C [
Satumied water
content femem®y | 0578 | 0.597 | poEa | Dsos
Eesidial water
cantent femfem ) (250 | d3sa | oo | 0o

Shape factnr;

e 3 63| 63| 50
M LAL6 | 1.330 ) 1410 | 1.340
M 0240 | 0.245 | 0291 | 0254

A WEEOET B RIMWOWG O MMM D WOWDD
23 Field Measurements

So0il moisture was  monitored by the
developed feld monitonng system as well as
meteorological parameters (Fig. 3).

The =oil moisture sensor, developed by
Decagon Devices, Inc,, USA, was installed af the
[ 0-em depths from the top of soil to measure soil
mnisture and soil temperature every 30 minutes,
The meteomological data incloding precipitation
were recorded by uwsing Daviz Vantage Pro2
Wenther Station every 30 minutes. Daily average
values of air temperature, wind speed and relative

humidicy as well as total solar radiation were used
to calculate reference evapotrenspiration (ETo)
based on the FAD Penman-bMonteith (Allen et al,
1998y, All of data wers sent daily to the web
server o the particular fime (1200 - 12.30 p.m.),
thus we called this information system as & quasi
real fme monilering sysiem,

i e er——_

rl Vénatkerssnmrs |
[ [

| Agro-meteoenicgine | "
ol daaleggen  F
+ | Bavie vartage Pmd

8 ¢

B[STE s sensans]

Fir.3 Field monitoring syvstem for SEI paddy
field in Indonesia.

2.4 Water Balances Analysis

Water balance analysis was performed based
on the measurement data. Here, water inflow to
the field consists of precipitation and imigation
water, while water leave from the Geld through
runaff, percolation and crop evapotranspiration.
We defined runoff as lateral water movement
cither artificially through drainape or paturally
when water level exceeds the height of ihe
drainage outlet and as seepage through bunds in
paddy fields,

Accordingly, water balance equation can be
expressed as:

AS(t) = P(1) + I{t)— Qr(t) — DB(t) - ETe(t) (3)

where, AS is the change of soil moisture (mm), P
is precipitation (mmy), | is irmigation water (mm),
O is runoll (mm), DP iz percolation {mm) and
ETe is crop evapotranspiration {mm).

Furthermore, we calculated water productivity
{WF) to look vp another water-rice production
relationship. In paddy felds, WP 5 caleulated
using the following equation:

We= ZL’-:: ©

where, ¥ s the vield {lonho) and ETc s total



water consumption by ¢rop evapoiranspiration
(mm) derived from water balance analysis.

3. Results and Discussions

3.1 Weather conditions during cultivation
period

Fig.4 shows daily minimom, average and
meximum air temperatuce  during  cultivation
period as well as relative humidity. Fig.5 shows
the duily changes of solar radiation and reference
evapotranspiration (ETo).
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Dy aftor trarepiarting (g

Fig.4 Changes in air temperamre and relative
humidity.
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Fig.5 Daily solor rmdistion and  measured

gvipotranspiration duning cultivation period,

The meteorological data were mensured

continuously and duily seol 1o the server. However,

the data on 94 and 95 DAT were lost dus to
battery of the Davis console was depleted. The
dota trend of air temperature was found fo be
contrasting to those of relative humidity (Fig.d)
The maximum, average and minimum  air
temperatures were 31.9°C, 23.6°C, and 19.5°C,
respectively. Meanwhile, the maximum, average
and minimum values of relative humidily were
785, 91% and 7%, respectively.

_FE_

Fig.fi Regression slope between measured daily
evapoiranspiration and solar radiation,

Chy the other hand, the solur radiation data had
a positive  corelation  to  the  reference
evapmmusplmtmn {Fig.6i) with the coefficient
determination I:R:I of 0.951% The maximum
value of solar radiation was 220 ‘uil."mi'."d:ly oh
the 30 January 2011 when the age of plant was
102 DAT. Also, the meaximum reference
evapotranspiration was reached to 4.0 mm/day on
this day. On the other hnnd the minimum solar
radiation wes 2.4 MIm® ‘day and the minimum
reference evapotranspiration was (L6 mm/day on
the 19 January 2011, During cultivation period,
the averages of solar radiation d.i'ld. relerence
evapotranspiration were 123 MIm*/day and 2.3
mitvday, respectively.

1.2 Dynamicz change in monitored soil
parameters

Fig.7 shows monilored seil moisture and rain
precipitation for the WWWW regime in the Grst
plot. Based on water retention curve, the wet
condition was reached when soil moisture 15 equal
or higher than 0.540 cm’fem’. During cultivation
period, the goil moisture was slmost wet excepl
particular day in the initial stage. It was occurred
when heavy rain with high intensity came which
caused great changed in soil moisture level, Total
ruin precipitation during cultivation period was
1231.8 mm and the highest daily precipitation was
T5.2 mmiday (24 October 2010},

In the MMWW regime, the border bet'.keen
wet and medium condition was 0,550 em’/em’
and the changes of soil moistune was presented in
Fig-8. In this regime, the heavy rain in the initial
arapge was drained to keep the soil at medium level.
The averages of soil moisture for initia] and crop
develnpmem stages were 0537 cmfem’ and
0.545 cm’fom’, respectively. Then, soil moisture
increased by in‘[gal;jnn water in the mid-season



stage since rain intensity was low. We recorded
the averapes between (1.561 crfem’ and 0.578
cm'/em’  for  mid-season and late  stages,
respectively.

A WA Regime
5
{ |
i - 50
£ |zom . mmFrecioilation{mm) | g
5 —WE [CnEenE) L on D
i -E-u"'m : Jh-uﬁ-—ﬂw E
g ; 1 E
14 o
:A } ------------------- m E_
= 1 il m W
(=T .
RS R R . 2
a o a1 Bd A0 Lo
Dy shiEriransplanting

I; [nitial; I Crop development; 1TT; Mid-senson;
[%" Labe scazan
Fig. 7 Dynamics changed of s0il moisture during
cultivation period for the WAWW regime,

- kAW i
i mﬁ W Regime i
1
= i
oy | || | ! ‘ | | LBy
g EB.E’.'I _: B Precipitation {mm) E
B | ——WWEC [en3fom ) e,
o [~}
¥ a4 -3
£ g ._.*_.ww--»v—-ﬁ.—"‘*v-,‘a"w 160
F1] 1 -
=i be g =
040 205
E i I moow
b === m o mm = b = e ]
o : : : . L 250
0 ¥ ab G BO  i00
Cray after transplanting
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Fiz.10 Dynamics changed of soil  miodsture
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The field was kept in medium condition in all
growth stages for the MMMM regime in the third
plot (Fig.2). Here, the threshold between wet and
medium condition was L.560 cmfem’ based on
soil refention curve. We observed the averages soil
maisture for initial, crop development, mid-season
gnd late stopes were (L3533 em'fem’, 0,550
cmfem’, 0.550 cmem’, and 0.553 cm’fom’,
respectively,

The WWDD regime has widespread interval
of soil moisture condition from wet to dry
condition as shown in Fig. [0, The mediom
condition was teached when the so0il moisture was
in between 0L430 cmifom® end 0.550 cm’fom’,
while s walue was higher or lower than the
interval, the field will be wet or dry, respectively.
The highest soil moisture was reached at level of
611 em'fem” in the initiel stage when high rain
intensity was occurred. On the other hand, its
lowest value was 0,320 cmem” in the mid-season
stape when rain intensity was the lowest for
several days.

Soil temperature trends were comparahle
among all plots as shown in Figll. The soil
temperatures’ frends were high until the plant age
reeched to 45 DAT (October-Movember 2010) and
then decreased during December 2000 &2 February
2011. This phenomenon was affected by the plant
cover. Here, in the initial stage when planiz only
approximately 10% cover soil surface, the soil
temperature  frepds was  high because solar
radiation and sir temperature that directly reached
the soil. On the other hand, from 43 DAT (o the
last stage, when the plants covered all =oil
surfaces, the soil femperature trends decreased,
because plants became a bamier from  solar
radiation. The highest soil temperature of 35.7°C



was ghserved on 13 November 2010 in the second
repime. On the other hand, the lowest value was
22.0°C in the MMWW and WWDD regimes.
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Fig.1l Soil temperatures fluctuations for all
regimes,

3.3 Effects of different soil moisture on plant
growtl

The maximum and average plant heights were
affected by different water management as shown
in Fig. 12.
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Fig.12 The maximum and average plant hesghe
for each water management.

The highest plant height was resulted by the

WWDD regime, however, the WWWW regime
resulted in the average plant height at the highest
level. Accordingly, the WWWW repgime was the
best regime in producing plant with more uniform
in height compared to other rerimes,
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Fig. 13 Mumber tillers and panicleshill for each
Witer I'I'I.I.IIIEgﬂ“EFI.L

The number of tillersthill and panicleshill
between the WWWW and WWDD repimes were
comparable and their values were higher than the
MMWW and MMMM regimes. We observed the
maximum numbers of tillers'hill and paniclesthill
of 23 and 18, respectively. Number tillersthill
represents total biomass produced; therefore, the
WYWWW and WWDD regimes can be selected for
producing more biomass in the SRI paddy
cultivation,

3.4 Water management evaluation

Table 3 presents  waler management
evaluation for each regime. From the water
balance analysis, toral irtgation water for the
WWWW regime was highest among all repimes
to keep the field wet in all growth stages.
Although the field was drier than the MMWW
and MMMM regimes in the two later stages, the
WWDD regime necds more irrigation water 1o
keep the field wel in the initial and crop
development stages. We observed that during
cultivation period m wet season, the total
irigation water were relatively low since high
rain precipitation intensity ocourred.

Water consumption hrough CTUP
evapotranspiration  for all water management
regimes  were comparable, Bven though the
WWDD  regime has the highest crop
evapotranspitation, its value was not significantly

_?T_



different compare to the others regimes,

Table 3. Water management evaluation for each

reime
Parasiveiers A B C J&]
\Waier Balance
Inflow {mm)
Precipitation 1332 [ 1332 | 1332 [ 1332
Irrigntion 2RO [ 128 133 | 207
Ot {mrm}
Evapotrancpiration 330 | 31l 131 | 344
Runuft 1036 [ 997 | 003 [ 10835
Pereolntion 9| 106 17 113
Provluction
Yield (roali) 531 47 | 375 | 331
Waler Profuctivaty
{keim’) 157 | r4a | a3 ] 15e
Water saving (o) - S | % | 2e%

AL WRWW repime; B MMWW regime; 0 MMMM
regime; O WWDID cepiime as contral

For the yield, the WWWW and WWDD
regimes produced 5.31 fonha, the highest among
the four regimes. Yield has a positive comrelation
te water productivity and iz values for ihe
WWWW and WWDD regimes were comparable.
Accordingly, the WWDD regime locked (o be the
best water manapgement for SR paddy coltivation
that can produced the maximum wvield, saviog

witter up to 26% compared to the WWYWW regime.

Therefore, the field should be more samrated in
the initial und crop development stages and conld
b drier in the mid-zeason and lafe season stages,

4. Conelusinns

The current study was conducted to evaluate
four different water management regimes by
considening in-situ monitored soil moisture. We
found, from one season experiment in wet seasod,
the WWDD regime in which the field was more
saturated in fhe initial and crop development
stages and then driest in the next stages as the best
witer management regime. By thizs regime, the
Maximum in'v.:l-;l of 531 ton'ha was produced and
.36 kg/m” of water productivity was achieved
with water saving of 26% compare to WWWW
regime as the control. More feld experiments will
be meaningful to take the advantages of this
finding,
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