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Abstract
Agronomic practices such as transplanting age, plant spacing, and water application regimes in irrigated paddy production can have a significant impact towards the performance in rice growth
and yield. A study was conducted to investigate the optimum transplanting age for maximum rice
productivity under the systems of rice intensification (SRI) technology. The study treatments
adopted were three representing 8, 12 and 15 days old seedlings replicated 3 times each. The experiment was set in randomized complete block design (RCBD) and transplanted at spacing 25 cm
× 25 cm between rice hills. The rice variety tested was TXD 306 Super SARO, which was recommended by the ministry of Agriculture in Tanzania. Data was collected throughout the growing
season in two mixed short rains and dry season of September 2013/2014 and September
2014/2015. Data collected included biomass at vegetative, flowering and harvesting stages, total
number of tillers per hill, number of productive tillers per hill, number of grains per panicle and
rice grain yield at the end of the season. Data was analyzed using SAS software version 9.1. The
results suggested that transplanting at younger age of 8 to 12 days was recommended for Mkindo
area in Mvomero Distirct, and other areas with similar soil conditions and agro ecological characteristics.
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1. Introduction

The Systems of rice intensification (SRI) has been reported as a rice cultivation practice that is characterized by
water saving principles during rice production process [1]. This practice has become more suited in many rice
production systems due to the stresses imposed on the already stressed water resources. These inevitable stresses
result from the need to meet domestic water demands, irrigation water requirements and environmental requirements as well as the effect that climate change has on the water resources. SRI practices are comprised of a wide
range of rice management principles that aims for higher yields while managing the water regime that ensures
the wetting and drying practice other than the flooding practice that is cursed with the generation of methane gas
that contributes to greenhouse gases [2].
The underlying principles of SRI practice within the growing season include seed sorting, sowing, application
of organic fertilizer, transplanting younger seedlings and at wider spacings, weeding, and water management [1]
[3] [4]. These principles have also been reported by other researchers such as [5]-[7]. In addition to the organic
fertilizer being environmental friendly, it is affordable to rural small-holder farmers [8], it enriches the cultivated
land with nutrient and organisms whose activities favour rice growth [4]. Intermittent wetting and drying practices allow weeds infestation that provides evidence of the existence of favourable soil conditions and the weeding process further improves the soil aeration of root zone by providing oxygen that facilitates the development
of strong and healthy roots that leads to optimal tillering and development of healthy rice grains. [9] reported
that frequency of weeding ranged between 3 - 4 times per rice growing season.
These and many other management practices implemented in SRI practices have been reported to considerably increasing rice grain yield [6]. For instance, studies on transplanting age have shown that rice seedlings
transplanted at an earlier stage (8 - 16 days) contribute to higher grain yields [4]. However, the processes of
transplanting younger seedlings should be carried out in a well-designed and levelled field to avoid irregular
distribution of irrigation water that may lead to the submergence of the transplanted seedlings that consequently
result to premature crop failure [10]. These and many technological aspects enhance sustainable high yield per
unit area of rice production [11]. However, this technology requires high reliability of water so as to facilitate
physiological and nutritional maintenance of the fields [9].

SRI Practices’ Crop Phenology Performance Indicators
Tillers: Higher rice yields under SRI practices are evidenced by high number of tillers that are bearing panicle
per unit area, number of rice grains per panicle, and high average weight of individual grains [4] [6] [12]-[15].
The process of transplanting rice seedling at its youngest possible age has been reported to contribute to higher
tillering [14] [16]-[18] that contributes to higher yields.
Biomass: SRI practices has been reported to perform better in terms of the amount of roots, lesser days to
flowering and harvest index [12] [14]. Different studies have suggested that achieving higher yields depends on
increasing total crop biomass because proportion of the biomass is allocated to grain filling [6] [19]. The increase in crop biomass depends on crop photosynthesis and respiration losses. These factors depend on roots
ability to extract nutrients in the soil, which is attained when the soil is aerated, the condition that defines SRI
practice.
Panicle: Higher number of grains per panicle attained in SRI practice leads to higher yield of rice [12] [15]. It
is therefore recommended to transplant rice at youngest possible age so as to get higher number of grains per
panicle [17]. This increases number of filled grains per panicle and hence influences the level of rice yield at the
end of the season.
Due to its proven potential in different areas of the world, SRI has now been adopted in Tanzania in recent
years [1]. However, different parameters of SRI practice that fits Tanzania conditions including optimum transplanting age are still not well known. This limits its adoption rate in the country as farmers do not know exactly
which transplanting age is most suitable for their local conditions. To answer these questions, experiments were
conducted at Mkindo village, Mvomero district within Morogoro region, Tanzania with the main objective of
investigating the optimum rice transplanting age, which will produce higher grain yield. To obtain this, yield
contributing factors such as biomass, number of tillers and productive tillers per hill and number of grain per
panicle were monitored. Data of yield contributing factors was collected in two dry seasons of 2013/2014 and
2014/2015. The treatments were T1, T2 and T3 representing rice seedlings transplanted at 8, 12 and 15 days old
while other agronomic factors were uniformly applied in all treatments. These treatments were considered be-
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cause they are recommended by many researchers. Moreover, the research wanted to know if rice can be transplanted at the later age so as to minimize young seedlings handling challenges.

2. Description of the Study Area
Mkindo Irrigation Scheme is located in Mkindo village in Hembeti Ward, Mvomero District, Morogoro Region
in Tanzania (Figure 1). Geographically, the Mkindo Irrigation Scheme lies between latitude 6˚16' and 6˚18'
South and longitude 37˚32' and 37˚36' East The altitude ranges from 345 metres to slightly above 365 metres
amsl. The study area is characterised by an average annual temperature of 24.4˚C, with a minimum of 15.1˚C in
July and a maximum of 32.1˚C in February. The mean relative humidity is 67.5%. The area has bimodal rainfall
regime with short rains from October to December (OND) and long rains from March to May (MAM). The average total rainfall per year is between 1200 mm to 1500 mm [20].
The Mkindo rice irrigation scheme has a well-organized irrigation infrastructure (headwork on Mkindo Perennial River, partly lined main canal, and unlined secondary and tertiary canals, and drainage canals). The
scheme was constructed in the period between 1980 and 1983. The scheme started producing rice in 1985 with
only 17 ha under cultivation. Currently the scheme serves about 250 acres and a near future expansion is about
620 ha downstream of the current cultivated area.
The soils of Mkindo falls under WRB Soil sub unit Ferralic Cambisols with low natural fertility. The Reference Soil Group of the Ferralsols is deeply weathered, red or yellow soils of the humid tropics. The soils have
diffuse horizon boundaries, a clay assemblage dominated by low activity clays (mainly kaolinite) and a high
content of sesquioxides [21].

3. Methodology
3.1. Investigation of Rice Transplanting Age
The experiment to investigate rice transplanting age was conducted in two short rainy (vuli) cropping seasons of
2013/2014 and 2014/2015. In each season sampling was conducted and data was collected at different growth
stages. The data included biomass, number of tillers per hill, number of productive tillers per hill, number of
grains per panicle and grain yields at the end of the season.

3.2. Experiment Set-Up
The experimental site for rice transplanting age was located within Mkindo irrigation scheme and water was not
a limiting factor during the growing season. This experiment was set in two dry seasons of September 2013/
2014 and September 2014/2015 with three treatments, T1, T2 and T3 representing rice seedlings transplanted at
8, 12 and 15 days old, respectively (Figure 2). In this experiment all other agronomical practices were kept uniform in all the treatments.
The experiment was conducted using a field of 63.5 m × 6.7 m. Treatments were replicated 3 times each to
form 9 sub plots of 8 m × 6.7 m, with buffer strips of 0.5 m. The field trial experiments for each season were set
in randomized complete block design (RCBD). The general field layout is as shown in the Figure 2.
The field preparation involved ploughing and pulverized by a power tiller and levelling. The rice variety used
during the experiment was TXD 306 Super SARO which is recommended by the Ministry of Agriculture, Food
Security and Cooperatives. All treatments were transplanted at a spacing of 25 cm × 25 cm. Transplanting was
conducted using seedlings from one seedbed prepared following SRI principles in three different days. Treatments T1, T2 and T3 were transplanted using seedlings at age of 8, 12 and 15 days old. Spacing between rice
hills were marked using a wooden space marker at 25 cm × 25 cm spacing and one seedling was transplanted
per rice hill.

3.3. Biomass
The sampling of the biomass was conducted in three phases during the growing season. The first phase was
during vegetative stage (60 - 65 days from transplanting), flowering stage (85 - 90 days from transplanting), and
at crop maturity/harvesting (110 - 115 days from transplanting). Rice biomass was harvested using knives and
sickles. During harvesting, a tape measure was used to measure a randomly selected area of 1 m2 and then biomass was cut on the ground level in each plot. The harvested biomass was then packed in labelled bags for

156

P. Reuben et al.

Figure 1. Location of the study area (Source: [22]).
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Figure 2. Transplanting age experiment layout.

identification purposes, finally sent to the Sokoine University of Agriculture laboratory for processing. At the
laboratory, biomass was chopped into small pieces, weighed using measuring scale and then recorded on data
recording sheet as a fresh weight biomass. For oven drying purposes, the sub sample biomass was taken from
each biomass bag, reweighed again, labelled and then put in the oven which was set at a temperature of 70˚C
and then oven dried for 3 consecutive days. Re-weighing of the dry biomass was conducted after three days,
then results were recorded for analysis. The following formula was used to calculate the crop biomass per hectare:
=
uare metre Gross weight − weight of the bag
Netgross weight offresh biomass per sq
=
Net subsam
ple fresh weight Fresh subsample weight − weight of the bag

Gross weight of dry biomass
per square metre
=

Dry sub sample weight
× Gross fresh weight
Fresh sub sample weight

Gross
=
dry biomass per hectare Gross weight per square metre × 10, 000

(1)
(2)
(3)
(4)

3.4. Total Number of Tillers and Productive Tillers per Hill
The number of tillers per hill in different treatments was monitored throughout the growing season. Data was
collected from the random set experiment with three treatments and three replicates for each treatment. From
each replicate, 5 hills were chosen randomly, marked with a thin stick pressed in the soil at early stages of plant
growth. Tillers were manually counted in 2 weeks interval throughout the growing season and recorded in the
data recording sheet for analysis. Number of productive tillers per hill was counted at crop maturity stage. This
was considered to be an important factor to investigate the number of total tillers per hill against productive
ones.

3.5. Number of Grains per Panicle
The number of grains per panicle was considered to be among of the factors contributing to rice yield. The
higher the number of grains per panicle, the higher the rice yield. The randomly chosen 5 hills above were also
used to estimate the number of grains per panicle at crop maturity. Numbers of grains in each panicle were
counted, averaged and data was recorded in recording sheet for analysis.

3.6. Yield
Rice grain yield was estimated at the end of each cropping season (110 - 120 days after transplanting). In each
subplot a tape measure was used to measure 1 m2 for harvesting samples for analysis. During harvesting rice panicles were cut and put into the labelled bag for further processing in the laboratory. At the laboratory rice seed
was separated from straws, weighed using measuring balance and then recorded on data recording sheet as a
fresh weight grains. The sub sample grains was taken from each bag, reweighed again, labelled and then put in
the oven which was set at a temperature of 70˚C and then oven dried for 3 consecutive days. Re-weighing of the
dry grains was conducted after three to five days. Data was then recorded for analysis. The following formula
was used to calculate the crop grain yield per hectare.
Gross fresh biomass weight per =
squaremetre Gross weight − weight of the bag
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=
Sub sample fresh weight Fresh sub sample weight ( g ) − weight of the bag ( g )
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=
Weight
of dry subsample dry subsample weight − weight of the bag

Gross weight
per square metre
=

Dry sub sample weight
× Gross fresh weight
Fresh sub sample weight

=
Gross weight per heactre Gross weight per square metre × 10, 000

(6)
(7)
(8)
(9)

3.7. Data Analysis
Data analysis was conducted using the commonly used SAS version 9.1, a product from SAS institute Inc. The
analysis employed the General Linear Model (GLM) procedures. The procedures followed include Analysis of
variance (ANOVA) which was used to find variations that exist between seedlings transplanted at 8, 12 and 15
old day treatments in different crop yield indicators such as biomass, total number of tillers and productive tillers per hill; and number of grains per panicle. To control type I comparison-wise error rate of the treatments, the
t test Least Square Difference (LSD) were followed provided that there is a significance difference between
treatments. This similar methodology was used by several researchers [10] [17] [18].

4. Results and Discussion
4.1. Biomass
The crop dry biomass was investigated in three stages of crop cycle, these include vegetative, flowering and
crop maturity stages. Results show that, there was no significant variation (p > 0.05) at both vegetative, rice
flowering and maturity stages non grain biomass respectively. At vegetative stage the biomass in tons per hectare were 3.03, 2.99, 2.57 and 1.19 for 8 days, 12 days, 15 days transplanting age treatments and non SRI experiments respectively (Figure 3).
At flowering stage the biomass in tonnes per hectare were 7.82, 8.05, and 7.45 for 8, 12, 15 days transplanting
age treatments and non SRI, respectively (Figure 1) Whereas at harvesting stage it was 6.65, 6.22, 5.92 and 2.38
for 8, 12, 15 days transplanting age treatments and non SRI, respectively. The highest biomass was attained at
flowering stage because the rice is at initial stage of grain filling.

4.2. Number of Tillers per Hill at Different Periods and Productive Tillers per Hill
The number of tillers per hill was also investigated at the interval of 14 days from transplanting to crop maturity
(Figure 4). 14 days from transplanting, tillers was increased from 1 to 4.3, 3.9 and 3.9. Higher increase rate was
attained between 14 and 35 days. In this period, the number of tillers per hill increased to 20.6, 19.9 and 20.7 for
8, 12 and 15 days old transplanted seedlings. Between the periods of 35 to 48 days, the increase in number of
tillers per hill was much higher (43.9, 38.5 and 40.0); this might be contributed by the application of urea fertilizer. Between 48 and 70 days period, also the number of tillers increased to 54.4, 48.0 and 46.7, respectively.
The maximum number of tillers per hill was found between the periods of 70 to 85 days. Here the number of tillers per hill increased to 58.1, 51.7 and 51 for the treatments in question. The counted number of tillers per hill
at 104th day after transplanting was 57.2, 51.1 and 49.3 respectively. The results show that, there was very insignificant mortality of tillers.
The analysis performed at 0.05 level of significant in separate periods, found that there was no significant
difference in number of tillers per rice hill in periods between 0 days and 48 days after transplanting. The significance existed between the periods of 48 - 80 days. Here, 8 days seedlings performance was significantly higher
than 12 and 15 days transplanted seedlings. Thus in terms of number of tillers per hill 8 days transplanted seedlings performed better as compared to the rest.
The comparison of number of total tillers per hill and productive tillers per hill was investigated during crop
maturity (Figure 5). Results showed that there was no significant difference (p > 0.05) in number of productive
tillers per rice hill for all the three treatments. The total number of tillers per hill was 58.2, 51.7 and 51.1 tillers
for 8, 12 and 15 days transplanting age, respectively. The number of productive tillers per hill was 55.6, 47.6
and 46.9. Unproductive tillers are normally formed due to late tillering of some tillers during rice growth stages.
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Figure 3. Dry biomass results for rice transplanted at different age and non SRI.
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4.3. Number of Grains per Panicle

The results show that there is no significant difference (p > 0.05) of the number of grains per panicle between
three treatments. This indicates that rice transplanting at age in question using SRI have the same influence in
terms of number of grains per panicle performance. The average number of grains per panicle was 224.4, 218.1
and 202.1 for 8, 12 and 15 days old transplanted rice seedlings respectively (Figure 6).

4.4. Yield
The yield for the three treatments was also investigated at the end of the season. No significant, differences (p >
0.05) was observed in rice yield in all the three treatments though 12 days has a slight higher yield compared to
other rice ages. The rice yield was 8.4, 8.5 and 8.1 tonnes/ha (Figure 7) for 8, 12 and 15 days old transplanted
seedlings respectively. Therefore, from the results, and considering average performance of all parameters it can
be concluded that transplanting at early stages of 8 - 12 days give better crop growth performance than 15 days.
However, considering yield performance still the transplanting age range of 8 to 15 can be recommended for
Mkindo area. However, the general trend of crop performance in different stages of rice growth shows that there
is slightly higher performance on early transplanted seedlings (8 - 12 days).
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Figure 6. Number of grains per rice panicle for different treatments.
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Figure 7. Rice yield at different transplanting age.
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5. Conclusions

The experiment is conducted to investigate the optimum transplanting age in SRI practice that will give maximum grain yield. This is done by monitoring some of yield indicators throughout the cropping season. The indicators leading to optimum yield include higher biomass, maximum number of tillers per hill leading into high
productive tillers and higher number of grains per panicle. Treatments performed include rice transplanted at
seedlings age of 8, 12, and 15 days old.
The results have shown no significant difference in biomass yield, number of tillers per hill, number of productive tillers per hill and number of grains per panicle. These results have led to insignificant difference in rice
grain yield at harvesting between the three treatments.
It is therefore recommended that, rice seedlings can be transplanted at any age between 8 and 15 days. However, transplanting at earlier age (8 - 12 days) has shown to be more potential in terms of higher number of tillers per hill which in some cases may lead into higher yield of rice.
Moreover, because transplanting age difference between 8 and 15 days has shown to have no significant effect on rice yield in SRI practice, more trials need to be conducted on optimum transplanting spacing and irrigation water regime, which will produce highest significant rice yield difference. Answering these questions will
help farmers to adopt the system easily and also using less water for irrigation as more irrigable area is expanding while the water resource remains the same.
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