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Abstract: Food security in Kenya is at stake due to decline in farm productivity with a combination of an ever increasing
population and worsened by global warming. Improvement of agricultural productivity may not be realized soon as rice
farmers currently uses traditional method of flooding rice which has been reported to yield low rice. There is need for a
deliberate use of new agricultural technologies that improves productivity of rice farming. System of Rice intensification (SRI)
provides an opportunity of yield improvements in rice production. This study was undertaken in Ahero Irrigation Scheme to
compare yield production of conventional and SRI rice production for IR 2793-80-1 cultivar. The experiment was laid out in a
randomized complete block design with three replications. SRI experiments recorded higher number of effective tillers with
experiment having a spacing of 20cm by 20cm and transplanted at 8-11 days gave 321 per m” as compared to 226 effective
tillers/m”. Seed yield/plant was highly significant in SRI (39.61 g) as compared to a traditional paddy system (17.32 g).
Transplanting rice seedling at the age of 8 to 11 days and at 20cm by 20cm spacing recorded highest seed yield/ha of 4.7 t/ha
as compared to traditional flooding which recorded 2.7 t/ha. These results imply that planting young rice seedlings improves
grain yield because of increase in number of tillers per square meters, plant height and better plant rooting ability.
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decline in farm productivity and this has been attributed to
low fertility levels of agricultural farms, unreliable weather
such that there is delayed rainfall, and high input costs such
as the ever increasing prices of fertilizer. This situation has
been worsened by global warming due to climate change,
hence food security in Kenya is at stake. This explains an
urgent need for a shift from normal food production systems
to sustainable water management and at the same time
expanding on irrigated agriculture [2].

A deliberate use of less water to obtain optimum yields by
most irrigators has been triggered by a number of reasons
including cost of irrigation going up, low prices of

1. Introduction

Access to adequate food for an increasing population has
drew a number of strategies worldwide. One among the many
strategies is a strategy of increasing agricultural productivity in
smallholder managed irrigation schemes. If sustainable food
production systems and resilient agricultural practices are
implemented, increase productivity and production would be
realized and this will as well as strengthen capacity for
adaptation to climate change and extreme weather conditions [1].

Shortage of food in Kenya has been experienced due to
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commodities, less irrigation system capacity and limited and
unreliable water supply [3]. Reddy and Reddy noted that
when specific depth of water is applied only during water
sensitive period of flowering and yield formation stages and
allowing some water stress at some stages such as vegetative
and maturity stages, optimum yields with less water
consumed during a crop growth period is achieved [4].

Currently, rice farmers in Kenya still use traditional
technique of flooding their fields [5]. The challenge with this
technique is the decreasing trend in the water resources
availability especially during dry season. On the other hand,
the water demands for domestic and industrial water supply
are increasing. As a result, the water availability for agriculture
purposes is decreasing and conflicts among the water users and
among farmers cannot be avoided. Moreover, conventional
method has also been reported to yield low rice production or
low water productivity [6]. This study therefore aimed at
comparing rice yield production for traditional conventional
system and system of rice intensification which involve
deliberate use of less water for optimum yields.

2. Materials and Methods
2.1. Study Area

The study was conducted at Ahero Irrigation Scheme

(AIS) located at 0°10'28.63" N 34°54'58.68"E, at Kano plain
and is 25 km southeast of Kisumu town, Kisumu County.
Black cotton is a type of soil in the study and is fertile. The
rainfall pattern of the western Kenya region is characterized
by bimodal rainy season, governed by the passage of the sun
across the equator and the associated movement of the Inter-
Tropical Convergence Zone. Also it is characterized by
isolated rainfall due to the influence of Lake Victoria, located
about 25 km away. The average annual rainfall is
approximately 1175 mm, of which 39% is received during
the long rain period (March to May), 29% is concentrated in
the short rain period (August to November) and 32% is
received during drier months. Amount of rainfall received in
the area is important for it forms the basis of calculating
irrigation water supplies with crop evapotranspiration (ET.).
The temperature at Ahero ranges from a monthly mean of
22.1°C in June to 23.5°C in March [2].

2.2. Experimental Design and Treatments

The experiment was laid out in a randomized complete
block design with three replications. Experiment compared
conventional (CS) system as a control and SRI (SS) systems.
SRI system had four treatments (Table 1) with three
replicates each. Spatial allocation of plots was done using
random numbers (Figure 1).
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Figure 1. Experiment Layout.

Square plot of size Sm x 5m was set up for SRI system but
for traditional system, farmer’s field was used as control and
for comparing yields and water consumption. These plots

were also surrounded by consolidated bunds and lined with
plastic sheets installed to 0.3 m deep to prevent seepage from
conventional system.

Table 1. Treatments.

Treatment 1 Treatment 2

Treatment 3

Treatment 4 Treatment 5 (Control)

Rice Variety IR 2793-80-1 IR 2793-80-1 IR 2793-80-1 IR 2793-80-1 IR 2793-80-1
Seedling . . 12 to 15 day-old 1 per 12 to 15 day-old 1 per

T 8 to 11 day-old 1 per hill ~ 8 to 11 day-old 1 per hill hill hill 28 day-old

Spacing 30 x 30cm 20 x 20cm 30 x 30cm 20 x 20cm Randomly

Irrigation Intermittent Intermittent Intermittent Intermittent Continuous flooding
Weeding Mechanical Mechanical Mechanical Mechanical Uprooting
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2.3. Land Preparation, Nursery Establishment and
Transplanting

Land preparation for both conventional and SRI was done
one month before transplanting rice for both systems as
suggested by [7] that sufficient time should be provided for
puddling process such that hard lumps of soil can be soften
and broken more easily. The field was flooded then ploughed
after three days. Ploughing was done mechanically. Puddling
followed where the soil was harrowed shallowly thereafter
the field was flattened [8].

Nursery was also established in a section of the field and
this was done so that transplanting could be done in a very
short time hence injury to young seedlings was minimized
[9-11]. Nursery was designed in a way that would enable it
accommodate seedlings for both systems. The size of the
nursery was approximately 1% of the field size and 3.16kg
rice seed was used. Nursery beds were made 1m wide each
and raised to 10-15cm high. This allowed easy access to the
nursery bed from both sides. The height of the bed was made
sufficient such that during transplanting, seedlings were
uprooted without damaging young seedlings roots. The seeds
to be planted were also sorted.

In SRI system, 8-day-old seedling was transplanted as
treatment one and two under different spacing, thereafter 15-
day-old seedling was transplanted after 7 days as treatment
three and four. One seedling was done per hill. For
conventional system, 28-day-old seedling was transplanted.

2.4. Water and Crop Management

The experiment adopted user-defined intervals for SRI
technology [5]. The SRI experimental plots were kept moist
for the first seven days after planting young seedlings,
thereafter the plots were bonded until panicle initiation stage
with water of 2 cm depth of water for two days and without
ponding water for five days before irrigating again. The
cracks at this stage were between 10-15 mm on the soil
surface. For the remaining days, SRI plots were saturated
with water.

Control treatment was flooded throughout with water up to
a of depth of 50 mm [12]. The depth was reduced to 30mm
only at the end of the tillering stage, this was to enhance
tillers to develop.

For all plots and in the last two weeks, rice fields were left
dried before harvesting so that maximum transfer of nutrients
to the grains is enhanced.

Weeds were control mechanically in SRI 4 times
throughout the season by using mechanical weeder and
manually in farmer’s field by uprooting them. 125 kg per ha
of DAP and 62 kg per ha of MoP was applied at the nursery.
Additional 125 kg per ha of Sulphate of Ammonia (SA) was
supplied to all experimental plots 10, 30 and 60 days after
transplanting (DAT).

2.5. Sampling Procedure and Data Collection

Pre-harvest and post-harvest observations were undertaken

to capture information regarding rice growth and
development in regard to water management and crop yields.
Data were recorded on tiller number before harvest and
panicle length, number of seeds per panicle and number of
filled seeds per panicle were recorded after harvest. This
enhanced the calculation of percent chaffy seeds per panicle
using equation (1).

Ts—Ns

%C = x 100 (1)

Where % C — percentage chaffy, Ty-Total number of
seeds/panicle, Ns- Number of filled seeds/panicle

The crop in all treatments was harvested in order to get
plot yield, threshed and expressed in kilograms per hectare at
14% moisture content in grain using equation (2) [8]:

(100-MC)10000
Yip=—7—
(100-14)A

2

Where Y4~ Grain yield (kg/ha) at 14% moisture, A- Net
plot area (m*) and MC- Moisture content.

2.6. Data Analysis

Collected data was cleaned, arranged in a presentable
manner then analysed using Analysis of Variance (ANOVA)
technique. The significance of every treatment was
determined using F-test and significant means separated
using Least Significant Difference (LSD) test at 5%
probability level [13, 14]. Two treatments were
insignificantly different if the LSD was more than the
difference in means between two treatments and vice versa.

3. Results and Discussion
3.1. Production Systems and Crop Growth

The tiller number counted/hill indicated continuous
increase upto 90 DAT with the increase being rapid up to 60
DAT but slight decrease at harvest.

Number of Tillers

Treatment 1 (SS1) Treatment2 (852) Treatment3 ($S3) Treatment 4 (S54) Control (C8)

"3

=)

w

m30DAT m60DAT 90 DAT mAtHarvest

Figure 2. Number of Tillers in SRI and Convectional Irrigation System.

Significantly higher tiller number/hill was noticed in SRI
system compared to CS method at all the growth stages. SRI
treatment transplanted with 12 to 15 days seedling and more
spacing of 20cm by 20 cm recorded 13.50, 18.17, 22.67 and
22.67 tillers per hill at respectively 30, 60, 90 DAT and at
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harvest while CT method registered 10.67, 13.50, 15.50 and
14.67 tiller number per hill of each treatment at 30, 60, 90
days after transplanting and at harvest, respectively.

More tillers in SRI treatments could be explained by
wetting and drying irrigation method recommended in SRI
technology which allowed more tillers to develop as
compared to conventional method. This advantage of SRI
method of allowing the field to dry during tillering stage
hence increased tiller numbers [15-23]. Ravi, Nobuhiko and
Pabitra found similar results of increased number of
reproductive tillers from 11.22 for non-SRI to 43.34
reproductive tillers for SRI system [15].

More tillers in SRI method could also be explained by
transplanting younger seedlings. Reddy, K., Reddy, C.,
Abbas, Abel, and Muralidharan, opined that when seedlings
are transplanted at less than 15 days, plant’s potential for
tillering and root growth is preserved and that careful
transplanting promotes rapid resumption of growth [24].

3.2. Production System on Yield Components

The number of effective tillers in both production systems
indicated that SRI system in all the treatments was highly
significant with p= 0.005 as compared to conventional paddy
rice system. This was attributed to wide spacing of SRI
method which results to reduced plant population hence less
water requirement.

Table 2. Number of Tillers and Panicle Length.

This was in conformity with the results by [25] that
effective tillers m™ can be attributed to proper plant spacing
which ensures good water management and photosynthetic
activities and assimilate partitioning thereby resulting in
good yield in well-spaced rice fields. This implies that plant
spacing linearly affects performance of individual plants
because of the area around to draw nutrients and have more
water solar radiation to absorb for better photosynthetic
activity [25]. Wider plant range resulting to more tillers per
hill could be attributed to sunlight energy being used
optimally by rice [26].

Regarding panicle length, SRI system recorded longer
panicle lengths than in CS. The panicle length in widely
spaced hills was longer than in closely spaced hills [27]. [30]
recorded similar results.

3.3. Seed Yield

Seed yield/plant was highly significant in SRI (39.61 g) as
compared to a traditional paddy system (17.32 g).
Significance difference was also observed among all the
treatments. Treatment 4 (SS4) recorded the highest seed yield
per plant (42.19 g) while treatment 2 (SS2) recorded the
lowest (37.32 g).

On seed yield per plot (kg), SRI again recorded higher
yields of 10.95 kg while CS recorded lower yields of 6.87 kg.
This could be explained that a number of spikelet and filled
grain in System of Rice Intensification are more as compared
to conventional system. Wider spacing and younger seedlings
in SRI could be attributed to more tillers due to AWD
irrigation method hence more spikelet and filled grained [26].

As indicated in figure 2 higher seed yield for SRI
technology (4380Kg Ha') as compared to conventional
system (2746.7Kg Ha™). This could mean that SRI method
provides better aeration and more spacing hence better root
activity and plant water uptake.

Seed and Straw Yield(Kg Ha-1)

Number of Effective Panicle Length
Tillers/m’ (cm)

Treatment 1 (SS1) 297 19.93
Treatment 2 (SS2) 321 22.83
Treatment 3 (SS3) 293 22.80
Treatment 4 (SS4) 312 22.23
Control (CS) 226 21.03

5000.0

4500.0
4000.0

7 3500.0
= 30000
¥ 2500.0
E 2000.0
= 1500.0
1000.0
500.0

0.0

Treatment 1 (SS1) Treatment 2 (S52)

Treatment 3 (3S3)

Treatments

Treatment 4 (3S4) Control (CS)

o Seed yield (kg ha-1)

Figure 3. Seed Yield per Hectare.

Among all the treatments, transplanting rice seedling at the
age of 8 to 11 days and at 20cm by 20cm spacing recorded
highest seed yield/ha of 4733.3 kg/ha. The increased seed yield
when rice is transplanted at young age and more spacing could

be attributed to the higher root growth which enabled them to
access to nutrients from much greater volume of soils. It
helped to capture all the essential nutrient elements important
for plant growth. Increased seed yield also could be due to
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more number of tillers which were experience during tillering
stage when there was no application of water. At this stage the
plant developed more tillers linked to more number of primary
and secondary panicles. Similar findings have been highlighted
earlier by [29, 30].

Young seedlings lead to improve in straw and grain yield
as compared to old seedlings. This might be because of
increase in number of tillers per square meters, plant height,
better plant rooting ability, Leaf Area Index, and the highest
matter accumulation (DMA) [31, 32].

3.4. Conclusion

Basing on the findings of this study, SRI technology
produces higher rice yields as compared to traditional
farming method of flooding system. Results indicated that
improvements in crop yield in SRI system was due to
vigorous plant growth and increased number of tillers
attributed to AWD form of irrigation. Allowing the field to
dry until cracks of 1 to 1.5cm during tillering stage enhances
profusion of more tillers. On the contrary, there is ineffective
use of water in conventional system since flooding is done
continuously and this affects negatively the growth of tillers
and as the results indicated this system has less effective tiller
number as compared to SRI technology which uses less
water for more effective tillers.
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