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ABSTRACT
Rice is the greatest consumer of water among all crops and uses about 80% of the total irrigated
freshwater resources. The high demand for rice in Kenya due to urbanization has led to
increases in price. In Mwea, rice is grown under continuous flooding. This system of rice
production depends on a continuous supply of water for irrigation and soils with high water
holding capacities yet, the main rice growing season coincides with the low rainfall season.
Thus, water rationing during this period is inevitable. To be able to meet the growing demand
with the depreciating water resources sustainably, new innovative ways of rice crop production
are needed.
System of Rice Intensification (SRI) is a new innovation that offers an opportunity to reduce
water demand accompanied by yield increase of rice.
Field experiments were conducted in 2010/2011 at Mwea Irrigation Agricultural Development
(MIAD) of Mwea Irrigation Scheme (MIS) during the main growing season (August 2010January 2011) to assess the effects on water savings for three varieties of rice grown under SRI
versus CF.
The results showed that SRI gave the highest savings on water, yields hence water productivity
for all the three varieties. Yield increased by 0.6t/ha, 2t/ha and 1.5t/ha while water savings were
2528m3/ha, 2268m3/ha and 2846m3/ha for the Basmati 370, BW 196 and IR 2793-80-1
varieties, respectively. Similarly, calculations showed water productivity (kilograms of rice per
cubic meter of irrigation water supplied) averaging 120% higher for the three varieties under
SRI management (2.16 kg/m3 vs. 0.98 kg/m3).

______________________________________________________________________
Keywords: SRI, Rice, Mwea, Water
savings, Water productivity
INTRODUCTION
Water available for agriculture is
diminishing due to rapid population growth
and climate change along with rising
demand for food. This is especially true for
rice due to urbanization, which has led to
an upward shift in demand for rice
worldwide as people change their eating
habits (Mishra, 2009). Increased rice
supply, on the other hand, is constrained
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due to lack of sufficient water availability
as this crop is the largest consumer of water
in the agricultural sector (Bera, 2009;
Mishra, 2009; Prasad, 2009; Prasad and
Ravindra, 2009; Thakur et al., 2011). Rice
production in Kenya is based mostly on the
conventional practice of continuously
flooding the paddy fields (Republic of
Kenya, 2008). This method is not
sustainable due to the already existing
competition for water among farmers
within and outside the scheme (Mati et al.,
2011). Thus, innovative ways for efficient
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use of water need to be put in place to
ensure
sustainable
rice
production
(Bouman et al., 2005; Mati and Nyamai,
2009; Mishra, 2009).
The System of Rice Intensification (SRI),
developed in Madagascar over 25 years ago
(Laulaniѐ, 1993; Sarath and Thilak, 2004),
offers this opportunity to improve food
security through increased rice productivity
by changing the management of plants,
soil, water and nutrients while reducing
external inputs like fertilizers and
herbicides (Berkelaar, 2001; Thakur et al.,
2009; Uphoff, 2003; Vermeule, 2009). The
system proposes the use of single, very
young seedlings with wider spacing,
intermittent wetting and drying, use of a
mechanical weeder which also aerates the
soil, and enhanced soil organic matter
(Uphoff et al., 2009). All these practices
are aimed at improving the productivity of
rice grown in paddies through healthier,
more productive soil and plants by
supporting greater root growth and by
nurturing the abundance and diversity of
soil organisms (World Bank Institute,
2008; Stoop et al., 2002). Previous research
has shown yield increases of between 50100% while irrigation water inputs can be
reduced by between 25% and 50% with
SRI (Bera, 2009; Berkelaar, 2001;
McDonald et al., 2006; Sarath and Thilak,
2004; WBI, 2008).
However, little is known about SRI and the
impact of its adoption on water savings in
Mwea scheme and Kenya as a whole. This
study investigated whether SRI practices,
particularly transplanting quickly one
young seedling per hill, alternate wetting
and drying and wider spacing could have
significant effects on plant growth and
subsequently on water productivity.
A detailed comparison of the performance
of rice plants grown under SRI and under
conventional management practices for
three varieties is presented here. Soil and
climatic conditions, fertilization and
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weeding method were the same for both
sets of trial.
MATERIALS AND METHODS
Experimental site and soil
This field experiment was conducted in
2010/2011 at the Mwea Irrigation Scheme
in Kenya. The experimental site is situated
between latitudes 37°13‘E and 37°30‘E and
longitudes 0°32‘S and 0°46‘S. The region
is classified as tropical with a semi-arid
climate, having an annual mean air
temperature of 23-25°C with about 10°C
difference
between
the
minimum
temperatures in June/July and the
maximum temperatures in October/March.
Annual mean precipitation is 950 mm, with
annual sunshine of 2485 h.
Land preparation for both CF and SRI was
standard wet tillage and harrowing. This
was done by first flooding the paddies for
three days then paddled to soften and mix
the mud as illustrated in Wanjogu et al.,
1995.
For
nursery
establishment,
germinated seeds for SRI practice were
broadcasted on raised beds on 31 August
2010 while those for the conventional
practice were broadcasted on 11 August
2010.
The soils have been classified previously as
Vertisols (Sombroek et al., 1982). The
topsoil contained 0.014% available N, 29
ppm available P, and 0.042 meq/100g
available K, 1.13% organic carbon, and had
a pH value of 6.3 at the start of the
experiment.
Experimental design and treatments
The experimental design was a randomized
split-plot design with three replications and
subplot sizes of 3m by 3m. In the main
plots, rice was grown under the two
alternative crop management systems
(treatments) of SRI and conventional
practices with continuous flooding (CF).
Three rice varieties (Basmati 370, BW 370
and IR 2793-80-1) were grown on the
plots, with three replications each. Basmati
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370 is an aromatic, low tillering, and shortduration, 120 days; BW 196 is a long
duration of 150 days and considered high
tillering while IR 2793-80-1 is mediumlong duration of 140 days and medium
yielding - close to BW 196.
Each plot was surrounded by consolidated
bunds and lined with plastic sheets installed
to 0.3m deep to prevent seepage and
nutrient diffusion among plots, followed by
1m wide channels for irrigation. The
spacing was 20cm by 20cm for SRI
practice and 10cm by 10cm for CF
practice.
Crop management and irrigation
The nursery was adjacent to the main field
so that transplanting could be performed
quickly to minimize injury to the young
plants (WBI, 2008). Seedlings were
transplanted on 8 September with 8-dayold seedlings at a rate of one seedling per
hill for SRI. At 8 days old, seedlings were
still in their second phyllochron as
recommended for SRI practice (Stoop et
al., 2002). For the CF practice, 28-day-old
seedlings were transplanted at a rate of
three seedlings per hill. This is the
conventional way of growing rice in the
scheme. The difference in plant populations
was thus 25 compared with 400 per square
meter.
Both sets of treatments received the same
basal fertilizer supply of 125kg/ha DiAmmonium Phosphate (DAP) and 62kg/ha
Mulate of Potash (MoP) 1 day before
transplanting. All plots received an
additional 125kg/ha of Sulphate of
Ammonia (SA) 10, 30 and 60 days after
transplanting (DAT) according to Wanjogu
et al., 1995. No herbicide, insecticide or
chemical disease control measures were
used.
The CF treatments were continuously
flooded with water to a depth of 5cm
except at the end of the tillering stage when
the depth was reduced to 3 cm. The SRI
plots were kept saturated at the first week
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after transplanting. After that and up to
panicle initiation stage, plots were
maintained with a thin layer (2 cm) of
standing water for 2 days and without
standing water for 5 days before reirrigation with the river water. At this
stage, the cracks ranged between 1-1.5 cm
and the moisture content of the soil at 10
cm depth was 40% while that at 20 cm
depth was 80%. A rice growth staging
system by Wanjogu et al., 1995 was
followed to describe the rice growth stages.
Climate data and water measurements
Data on daily rainfall, pan evaporation,
wind speed, daily minimum (Tmin) and
maximum temperature (Tmax) were
collected from the weather station (Table 1)
at the research farm located 500 m away
from experimental plots.
Water was supplied through a concrete
channel to a plot channel and subsequently
to the plots. A trapezoidal Parshall flume
was installed at the gate provided for each
plot during the construction of bunds for
the purpose of supplying and measuring
water for both practices. However, for the
SRI plots, water measurement was made
during irrigation and when draining excess
water. Water measurement for the CF plots
was made only during irrigation. The
amount of water applied was estimated by
reading both water height and time taken
for the water to flow through the Parshall
flume and into the plot to the required
level, and then converted to the volume of
water required for the cropping season
(Herschy, 1995; ASTM D1941-91). Each
plot was irrigated separately. All plots were
drained at 14 days before harvest. Water
productivity was estimated as grain yield
divided by total water supplied into the plot
(rainfall and applied) (Boumann and
Tuong, 2000) and expressed as kgm3.
The SRI plots were weeded four times,
while CF plots were weeded three times
during the growing season. Manual
weeding, where weeds were uprooted, was
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used in both practices since the rotary
weeder was not available at the time of the
trial.
Assessing root dry weight
Three hills from each replicate were
randomly selected at the early-ripening
stage of each variety for collection of root
samples. This was done using an auger of
10 cm diameter to remove soil of 20 cm
deep along with the hill (Kawata and
Katano 1976). A uniform soil volume
(1571 cm3) was excavated to collect root
samples from all the treatments. Roots
were carefully washed and dry weight
measured (Yoshida 1981). Root volume
was measured by the water displacement
method of putting all roots in a measuring
cylinder and getting the displaced water
volume.
Measurement of yield and yield
components
Yields are normally 3-5 t/ha, 7-9 t/ha and
9-11 t/ha for Basmati 370, IR 2793-80-1
and BW 196 varieties, respectively (MIAD
Manager,
personal
comm.
2010).
Harvesting for Basmati 370, BW 196 and
IR 2793-80-1 under SRI was done after
135 days, 151 days, and 135 days,
respectively, while plots under CF were
harvested after 141, 172 and 156 days,
respectively, giving differences of 6, 21
and 21 days, respectively.
All plants in an area of 3m by 3 m for each
replicate were harvested for determination
of yield per unit area, and grain yield was
adjusted to 14.5% seed moisture content
using the following equation:
Yield
in
t/ha
=
[(100MC)/86*GW*10000]/Plot area
Where;
MC= Moisture Content after
drying, GW= Grain Weight per plot area
Harvest Index (HI) was calculated by
dividing dry grain yield by the total dry
weight of aboveground parts (Thakur et al.,
2009). Average tiller number and panicle
number were determined from the crop

66

harvested from 1 m2 area per replication.
Panicle length, number of grains per
panicle, and number of filled grains were
measured for each panicle individually
harvested from the sample area. The per
cent of ripened grains was calculated by
dividing the number of filled grains by the
number of total grains.
Statistical analysis
All data were analyzed statistically using
analysis of variance (ANOVA) technique
as applicable to split-plot design (Gomez
and Gomez 1984). The significance of the
treatment effect was determined using Ftest; and to determine the significance of
the difference between two treatment
means, least significant difference (LSD)
was estimated at performance of rice at 5%
probability level. If the LSD was less than
the difference in means between two
treatments, then the two treatments were
significantly different and vice versa.
RESULTS
Grain yield and yield components
The System of Rice Intensification plots
produced significantly (P=0.026) larger
grain yield for all varieties (26% on
average) than CF plots. The long-duration
and high-yielding BW 196 variety had the
highest percentage increase (51%),
followed by the mid-duration IR 2793-80-1
at 16% and finally the short-duration at
Basmati 370 at 11% (table 2).
Among the yield components, grains per
panicle, grain-filling percentage, and grain
weight were significantly (P < 0.05)
affected by cultivation practice and variety
(Table 2). IR had the highest number of
grains per panicle, followed by Basmati
370 and lastly BW 196. However, SRI
panicles had significantly lesser (P=0.85)
number of filled grains than CF panicles,
although significantly higher (0.006) grain
weight than CF. Thus, most of the
percentage increase in grain yield and
hence in net income is a result of higher
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grain weight. Overall, SRI plots had
significant improvement in various yield
components compared with CF plots.
Root dry weight
The results of root dry weight showed a
significant (P= 0.042) improvement in root
growth in the SRI plants of all varieties
(Table 5). Basmati 370 and BW 196 root
dry weight under SRI practice was more
than double that of CF practice. However,
on an area basis, the root dry weight for IR
2793-80-1 variety was more in CF than
SRI practice.
Water productivity and water savings
During the cropping season, rainfall
received was 346.4 mm. However, the SRI
plots were drained leaving 61.3 mm, 69.6
mm and 61.3 mm for the Basmati 370, BW
196 and IR 2793-80-1, respectively.
Because the rice varieties took different
durations, the rainfall amount utilized by
the varieties was different. It was 282.1
mm, 346.4 mm and 264.4 mm for Basmati
370, BW 196 and IR 2793-80-1,
respectively, under CF practice. There was
significant water savings with SRI
compared to CF (Table 4). BW 196, the
long-duration variety, had the highest
consumption, followed by IR 2793-80-1,
which was close to Basmati 370. However,
IR 2793-80-1 had the highest water savings
in both seasons. SRI demonstrated
significantly higher water productivity
(1.72 kg/m3, 1.42 kg/m3 and 3.35 kg/m3 for
Basmati 370, BW 196 and IR 2793-80-1)
compared to CF with 0.89 kg/m3, 0.61
kg/m3 and 1.54 kg/m3 for the varieties
respectively. Average water productivity
for the three varieties under SRI
management was 2.16 kg/m3, 120% more
than the 0.98 kg/m3 average under
conventional management.
DISCUSSION
System of Rice Intensification (SRI) is an
effective water-saving methodology. The
objective of the evaluation in this study
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was to assess the impact of SRI practices
on yields and water productivity of paddy
rice. The results showed that for all
varieties, using SRI methods increased
yields and reduced water use thus
increasing water
productivity.
The
reduction in water use under SRI practice
ranged
between
26%-31%.
Water
productivity was much higher for SRI
practice than CF, doubling the grain
produced per amount of water input (table
4).
Clearly, the rice plants responded better to
alternate wetting and drying of the soil
compared to conventional CF. Previous
studies have shown that yield increase with
SRI practices involves some improvement
in nutrient availability. Inubushi and Wada
(1987) found that drying and rewetting
Japanese soils not only generated or
enlarged a nutrient pool that mineralized
rapidly according to first-order kinetics, but
also increased the size of a more stable
nitrogen pool which mineralized more
slowly. This could be explained by an
increase in the availability of organic
substrates through desorption from soil
surfaces (Seneviratne & Wild, 1985;
Cabrera, 1993) as well as through an
increase in the extent of organic surfaces
exposed (Birch, 1958; Cabrera, 1993). This
suggests that wetting-and-drying cycles are
one of the mechanisms by which the soil
nitrogen pool is replenished from
successively more recalcitrant or physically
protected nitrogen pools (Elliot, 1986). It is
also argued that alternate wetting and
drying can maintain or even increase grain
yield because of the enhancement in root
growth,
grain-filling
rate
and
remobilization of carbon reserves from
vegetative tissues to grains
All this is consistent with the hypothesis
that SRI water management practice of
drying and wetting cycles is beneficial to
plant growth through an increase in nutrient
availability.
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Under flooded conditions, despite the fact
that ample water is available to the rice
plant, there are numerous constraints
introduced in terms of nitrogen supply.
Lowland rice generally loses more than
60% of applied nitrogen through ammonia
volatilization from the floodwater (Ceesay
et al., 2006). Microbial activity is reduced,
and as a result, the decomposition of soil
organic matter is reduced by 50% under
anaerobic conditions. Zinc deficiency has
been reported as a widespread nutritional
disorder in flooded rice. Further, recent
research is showing that in continuously
flooded rice soils, much of the nitrogen in
soil organic matter becomes bonded to
aromatic rings and thus is not readily
available to the crop (Schmidt-Rohr et al.,
2004). The microbial biomass nitrogen is
an important repository of plant nutrients
that is more labile than the bulk of soil
organic matter and able to contribute
substantial amounts of nutrients in the soil.
Of the factors that contribute to high
nitrogen availability and high nitrogen useefficiency
under
SRI
management
practices, repeated wetting and drying
process may have the greatest influence.
SRI‘s water management practices of
intermittent irrigation also help in
improving root systems (Bouman et al.
2007). According to Kirk and Soilivas,
1997, 75% of roots of rice plants growing
in continuously flooded soil remain
shallow, in the top 6cm.
CF can also cause degeneration of as much
as three-fourths of a rice plant's roots by the
flowering stage (Kar et al. 1974). This
degenerative
physiological
process
presumably has some limiting effect on rice
plant performance (Kirk & Bouldin, 1991).
Lack of aeration of the soil affects not only
root health and functioning but also the
populations of beneficial organisms that
contribute to plant nutrition and health.
Yanni et al., 2001; Feng et al., 2005; Dazzo
and Yanni, 2006 have shown that
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Diazotrophic rhizobacteria render growth
promoting services to rice plants by living
within them as endophytes. There is also
evidence that phosphorus solubilization and
availability are increased by alternate
wetting and drying of soil (Turner &
Haygarth, 2001; Turner et al., 2006;
Oberson et al., 2006). Mycorrhizal
associations may also be contributing to
plant nutrition with SRI practices as these
symbiotic fungi, which require aerobic soil
conditions, can greatly increase the volume
of soil from which plant roots can acquire
nutrients (Sieverding, 1991; Pinton et al.,
2000). In more aerobic soils, mycorrhizal
fungi can enhance the yields of rice
(Solaiman & Hirata, 1997; Ellis, 1998).
In Mwea irrigation scheme, yields and
increases in the area under rice cultivation
are currently constrained by the amount of
irrigation water available to support
production. There is high demand for water
in the entire scheme, thus not all farmers
grow their crop during the main rice
growing
season
(August-December).
Farmers who grow their crop out of this
season (January-April) experience high
losses in yields due to unfavorable weather
conditions.
For sustainable rice production and
agriculture in general, ways of minimizing
water usage are needed. SRI offers
opportunities to raise production while
using less water. By reducing the need for
and use of agrochemical inputs, it can also
contribute
to
food
security
and
environmental quality.
CONCLUSIONS
This study has shown that SRI water
management practice is capable of
producing considerably higher rice yields
as well as save on water usage than
conventional water management practice.
SRI practices can address some key
constraints for rice production in Kenya
and in many other countries. It can reduce
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water requirements for production (while
increasing yield) hence increase water
productivity.
FAO, 2006 indicate that a 1% increase in
water productivity in food production
makes available extra 24 liters of water per
day per capita. Investing in agriculture and
in
agricultural
water
management,
therefore, is an attractive strategy for
freeing water for other purposes.
Water scarcity is likely to become a more
significant problem around the world.
Adopting cultivation practices such as SRI
that use less water is the way forward.
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Table 1: Monthly cumulative rainfall and relative humidity and monthly averages of
maximum (Tmax) and minimum (Tmin) air temperature during the main crop season in
2010/2011
Parameter
Tmax
Tmin
Rainfall
RH (%)

August
24.98
16.74
7.3
82.29

September
27.49
18.63
0
77.53

October
29.49
19.93
78.6
77.22

November
27.19
19.83
120.6
81.37

December
28.81
18.46
39.7
74.45

January
27
14.5
6.3
63

Source: Kenya Meteorological Department (2010/2011)
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Table 2: Grain yield and yield components with different rice varieties under SRI and CF
Panicle length
(cm)

Grain
no./panicle

Grain
(%)

filling

1000-grain
(g)

Variety

SRI

CF

SRI

CF

SRI

CF

SRI

CF

SRI

CF

Basmati

25.2

22.4

115

92

67.67

81.67

23.05

21.57

5.9

5.3

BW

21.3

19.7

70

43

45.67

53.67

27.85

24.39

5.9

3.9

IR

22.3

20.4

119

76

71.67

85.33

26.27

26.08

10.9

9.4

Mean

22.9

20.8

101

70

61.34

73.56

25.72

24.35

7.6

6.2

P

V

P

P

V

P

V

P

V

1.65

2.02

14.21

V
17.3
9

10.53

12.89

1.46

1.79

1.02

1.25

LSD 0.05

wt

Grain
(t/ha)

yield

P-Practice, V-Variety

Table 3: Comparison of root dry weight (g) under SRI and CF during early ripening stage
Root dry weight (g/hill)

Root dry weight (g/m²)

Variety

SRI

CF

SRI

Basmati

5.6

2.0

80.3

50.0

BW

6.6

2.9

105.6

74.4

IR

5.6

5.0

97.1

128.3

Average

5.9
P

3.3
V

94.3
P

84.2
V

3.56

4.369(ns)

70.11

85.86(ns)

CF

Table 4: Water use and water productivity for the three rice varieties

Variety

Rainfall (m3/ha)

Irrigation water
(m3/ha)

Water use
(m3/ha)

SRI

SRI

SRI

CF

CF

Water
Productivity
(kg/m3)
CF

SRI

Savings on
irrigation
water (%)

CF

Basmati 370

613*

2452**

8422

11610

9035

14062

0.7

0.4

27.5

BW 196
IR 2793-801

696*

2784**

11573

15691

12269

18475

0.5

0.2

26.2

613*

2452**

10420

15096

11033

17548

1.0

0.5

31.0

*Rainfall water was drained from the SRI plots hence lower than that in the CF plots
**The rainfall amount is different for each variety because of difference in crop duration. Only
rainfall utilized by the crop during its growing season was considered.
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