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Biomass Development in SRI Field under Unmaintained
Alternate Wetting-Drying Irrigation
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Abstract. The aim of this research are to observe biomass development of SRI on
farmers practice in three plots with different level. This research observe the farmer
practice of SRI and Non SRI during the uncertainity of irrigation water supply and it
effects on paddy biomass development during growth stages and final stage of crop. A
farmer group that already understand the principle of SRI, applied this method into
several plots of their rented paddy field. Researcher intervention were eliminated
from their action, so it is purely on farmers decision on managing their SRI plots.
Three plots from both SRI and Non-SRI were choosen based on the position of the
plot related their access to water. First plots had direct access to water from tertiary
irrigation channel (on farm). Second plots were received water from previous upper
plots and drainage water into another plots. Third plots were in the bottom position,
where they received water from upper plot, and drainage water into farm drainage
channel. Result shows there are similar pattemn of root, straw, and leaves of biomass
during crop growth. On the other hand, during generative phase. grain develoment
shows different pattern and resulting different biomass in harvest time. Second plot,
(of SRI) that has water from first plot has the average of biomass grain per plant of
54.4, higher than first plot and third plot, which are 33.8 g and 38 4. Average biomass
in second plot is 74.6 g. higher than fisrs and third plot, which are 49.9 g and 523 g.

Keywords: Biomass, Alternate Wetting and Drying Irrigation, System of Rice
Intensification, Farmer Practice

SRI cultivation method emphasize on increasing rice productivity by improving surrounding
environment, be it above or below the ground [1]. Over 50 countries reported the effectiveness of SRI
method to increase yield [2] as well as decrease water consumption in paddy field [3.4] The high vield
observed as influenced by the activity of microbe in aerobic condition [5-7]Alternate wetting and
drying irrigation is the key factor to provide acrobic condition.

Eventhough SRI practice said to be excellent in water-saving, still water availability during
vegetative stage is important to maintain alternate wetting-drying irrigation pattern. The irrigation
pattern should be managed well during the early stage of crop season. The actual problem farmer face
in the field, that is during early stage of crop, when alternate wetting-drying irrigation applied,
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irrigation schedule is not well maintain due to water availability. Often, water is not available when
irrigation scheduled, and conversely water is plenty during drying time.

Training on correct SR1 methods has been one of interest for government instructor (Penyuluh
Pertanian Lapang) and university’s teacher (under university community service program). The
training usually conducted to make farmers aware to practice SRI well according to it’s principles.
However, after the training, farmers adopt the technology according to their flavour to match their
schedule, time, or local practice. Water availability during vegetative stage is important to maintain
good plant structure growth and preparing for generative stage [8]. According to common practice by
the farmer, continuous flooding is good practice [9,10] . However, when the water management
shifting from continuous flooding to alternate wetting and drying, farmers need adjustment in their
practice.

The aim of this research are :

1. Observe biomass development on SRI rice field under farmer’s alternate wetting and drying
irrigation practice

2. Comparing SRI to Non-SRI fields. under farmers management

3. Creating baseline for growth model callibration from water management pont of view

2. Material and Methods

This research observe the farmer practice of SRI during the uncertainity of irrigation water
supply and it effects on paddy biomass development during growth stages and final stage of crop. A
farmer group that already understand the principle of SRI, applied this method into several plots of
their rented paddy field. while at the same time, they're also applied Non-SRI (conventional practice of
continuous flooding) into several plots of theirs. Researcher intervention were eliminated from their
action, so it is purely on farmers decision on managing their SRI and Non-SRI plots. Three plots were
choosen from both SRI and Non-SRI practice to make total six plot. The selection is based on the
position of the plot related their access to water. First plots of both SRI and Non-SRI had direct access
to water from tertiary irrigation channel (on farm). Second plots of both were recived water from
previous upper plots and drainage water into another plots. Third plots were in the bottom position,
where they received water from upper plot. and drainage water into farm drainage channel.

Biomass of leaves during growth stages were estimated by using image processing technique
[11.12]. Biomass of root were approximated using exponential growth equation model [13]. Initial
value were measured from young crop seedling, while final value measured from after harvested crop
samples. Model parameters were obtained by fitting parameters procedure.

2.1. Biomass Model for Plant Growth and Development

Growth pattern for all plots were evaluated by fitting growth pattern data into biomass growth
model. The biomass growth model used in this research is Shierary Rice Model [14]. This model
convert radiation intercept by plant into biomass production through coefficient called radiation
efficiency to biomass production ( € ). Crop growth and development occur by the concept of Thermal
Unit (TU) [15-17]. The phase of development need certain amount of TU. If the amount of TU is not
fulfilled, there will be no biomass improvement in the phase.

Potential biomass production ( aw ) modelled by equation (1) :
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85 Where T (T5¢ or Q, ) is ration between transmitted radiation by crop canopy to daily
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incoming radiation, and Q. is daily incoming radiation ( MJ .m ).

Biomass growth in Equation (1) the allocated into organs namely root, straw, leaves and
grains. Proportion of allocated biomass into organs were different following growth phase. Equation
(3) describe the allocation mechanism :

dw =ndiW-R,~R, 3)

920 aw, _ amount of biomass gain for certain organ (x) ( £ m " ). and N = biomass proportion
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allocated for certain organ (root, straw, leaves, or grains). Growth respiration ( R, . &M yand

maintenance respiration ( R, , & m " ) [18] is taken as biomass subtracter, that calculated using
Equation (4) and Equation (5) :
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95 dimana ke - growth respiration coeficcient = 0.0108 (Sulistiono, 2005), dan b - maintenance

respiration ceoficeient = 0.13 (Sulistiono, 2005). W, _ organ biomass at computing time( £ ), o
Qm= (LTZ)“:-? )
[19] were formulated as ! which accordingly can be stated as :
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3. Result and Discussion

100 3.1 Irrigation Pattern

As previously observed in the field, irrigation for SRI plots were highly depend on water
availability in paddy field channel. Figure 1 shows Non-SRI plots applying continuous irrigation and
drainage as water always exsist in the field, while SRI plots applying intermittent irrigation and
drainage. Water availability were scarce in the 50" days after transplanting. It create drying condition

105 for both SRI and Non-SRI plots. However, in the days after transplanting below 60, water scarcity
were no longer problem. Irrigation were returned to normal according to farmers practice.
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Figure 1. Irrigation and drainage pattern for SRI and Non-SRI plots

120 3.2 Biomass and Growth

Statistical analysis between Non-SRI and SRI shows there is not significant biomass

difference between SRI plots and Non-SRI plots. Totally, biomass developed in Non-SRI plots and

SRI plots are similar. However, looking deeper into plants organs, there is significant biomass
difference between Non-SRI and SRI in Root and Straw. while leaves and Grains are statistically equal

125 (Table 1). During vegetative phase of plant development, root and straw biomass in Non-SRI plot were
develop higher than in SRI plots, while leaves were develop equally for both groups. Entering
generative phase, where grains biomass developing, there were no difference between Non-SRI and

SRI groups.
Table 1. Level of significance difference between Non-SRI and SRI

Root Straw Leaves Grains Total
Biomass

Non-SRI to SRI Significance + + - - -
Level

+ @ significant

- : not significant

130  Table 2 shows significance among 6 plots. Straw shows significant biomass difference for all plots,
while leaves, grains, and total biomass shows no biomass difference. Average biomass for each plants
organ for 6 plots were shown in Figure 2, which visually confirms the results of Table 1 and Table 2.




Plot 2 in SRI shows highest grain biomass of all 6 plots, however, the other SRI plots (Plot 1 and Plot
3) considered similar with other Non-SRI plots.

135
Table 2. Level of significance difference between Non-SRI plots and SRI plots
Cropping Practice  Plot No. Root Straw Leaves Grains  Total
Biomass
Non-SRI Plot 1 - + - - -
Plot 2 + + - - -
Plot 3 + + - - -
SRI Plot 1 - + - - -
Plot 2 - + - - -
Plot 3 + + - - -
+ : significant
- not significant
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140 Result shows in Figure 3 confirms the similar pattern in the growth of root, straw, and leaves

of biomass during crop growth and development. On the other hand, during generative phase, grain
development shows different pattern and resulting different biomass in harvest time. For example,
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second plot in SRI, which has water from first plot has the average of biomass grain per plant of 54 .4,
higher than first plot and third plot, which are 33.8 g and 38.4. Average biomass in second plot is 74.6
g. higher than fisrs and third plot, which are 49.9 g and 52.3 g. SRI group develop less straw than all
Non-SRI group (Figure 2 and Figure 3), however the yield (grain) consistent on the statement that
“higher yields (higher grain biomass) are in line with the higher leaves biomass™. From Figure 2, we
can see second plot in SRI group, that has higher grain biomass, develop comparatively smaller straw
biomass. In spite of that, leaves biomass are similar to third plot in Non-SRI group, which make grain
biomass for both quite similar.
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Figure 3. Biomass development of plant organs during crop growth

3.3. Growth Model and Simulation

Realizing that biomass depend on the availability of water, there is a need to include “water
management factor” the existing growth model. Shierary Rice Model [14] separated growth phase by
distinguish its biomass allocation to plant organ. Each phase marked by different portion of biomass
allocation to root, straw, leaves and grains. Figure 4 and Figure 5 shows the result of model without
callibration for water management. During vegetative stage, when farmers applying water
management on rice plant, whether continuous flooding or alternate wetting and drying,
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According to plant growth model, each phase (s) of crop growth has different allocation value
for plant organ development. Equations needed to describe the nature of this allocation. The portion of
allocation (" ) can be 0 (no biomass allocation) or 1 (all biomass allocation goes to the organ) or the
value in between. For example, the model that result shows in Figure 4 and Figure 5, the allocation

formulation is as follows :

1. In plant emergence phase (beginning of the crop. s<0.25). biomass allocation to plant organs

is following the equation of :

= 001"
M oot , for root




180

185

190

200

_ (642.9)
M.y~ 001 € . Tor straw

Miogea™ 1= Mjee=1N

strav _ for leaves

=0 .
Mgan . for grain
2. During vegetative stage (s between 0.25-0.5) biomass allocation to plant organs is following :

_ (1249
Nroa™ 00te , for root

= (3%.9)
N stran 0.02e . for straw

Meaes™ 1™ Moot ™ Mot , for leaves

n_.=0

gan , for grain
3. Ingenerative stage (s between 0.5-0.75) biomass allocation to plant organs is following :

n,,,= 0.08log(s)+0.24

, for straw

= 0.11 log(s)+0.12

Myrar , for leaves

Nyya,= 02510g(8)+080

nroot= 1_ nstrav_ nle‘aﬁ_ nga'n

4. Finnaly, in plant maturity stage (s>0.75), biomass allocation equations are :

=0
N strav . for straw

Moo= . for root

M)eaes™ g . for leaves

n_ =1

gan”  for grain, where all the biomass growth allocated to grain

From the model point of view, total biomass or allocated biomass to plant organs is the
circular effect of photosynthetic activity and radiation efficiency ( € ) that influenced by leaf area
index (Figure 6). Therefore, high biomass can be resulting from good growth vegetative stage, which
depend on nutrient uptake by plant root, As generally known well, soil nutrient is available (can be
uptaked) by the root in the forms of ion [@0-22]. Soil solution is important in nutrient uptake process,
thus water availability is also important. Alternate wetting and drying irrigation is the way to shifting
from water filled porosity in soil to partially air filled porosity that can influence active decomposition
bacteria. The callibration for “water management™ should be influence allocation equations in
vegetative stage ( s between 0.5-0.75).
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From the result, it can be conclude that unmaintained alternate wetting-drying in SRI make
insignificant biomass increase in SRI. It probably causes by the soil water soil water were not fully
alternating from wet to dry. It sometimes create extremely dried soil water in upper root zone layer
that is intolerable for early stage of growth. Aeration is important in drying paddy field in vegetative
stage, so that it can create different environment for soil bacteria responsible for providing nutrition.
The biomass itselt, is result of complex and interdependency among soil water availability, nutrien
availabiity, and radiation efficiency. The latter is very much depend on leaf area (further Leaf Area
Index). that higher leaf area will lead to higher grain biomass. Callibration for water management
should be further concern in estimating biomass using growth model.

4. Conclusion
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