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Unravelling the growth potential of rice under modified rice cultivation system in

Tamil Nadu, India

Abstract

There is a need for increasing rice productivity to cope up with increasing population and
water shortages, especially in Tamilnadu, India. Efforts were made in the past, mainly to increase
the genetic potential of the crop, by developing high yielding varieties. However, adoption of
improved agronomic practices and production technologies could further increase the
productivity besides saving water. System of Rice Intensification (SRI) comprises the various
altered agronomic practices and is proved to be an effective cultivation method by enhancing the
rice growth and productivity. It is important to understand influence of individual practices and
their combinations on rice growth and productivity for deriving the maximum growth and yield
advantages of SRI features. A field experiment was conducted at Tamil Nadu Agricultural
University, Coimbatore, Tamilnadu to study the growth responses of rice to different practices of
SRI viz., 14 days old seedling with single seedling per hill, square planting pattern with wider
spacing, Alternate Wetting and Drying (AWD) method of irrigation and, use of cono-weeders to
control weeds. It was found that planting younger seedlings with single seedling per hill greatly
increased dry matter assimilation in rice plants and the use of cono-weeders encouraged the tiller
production in rice. The treatments with complete SRI practices produced 3 times higher number
of tillers and panicles per hill and 38.9 percent more dry matter content than conventional
practices. SRI practices could be adopted by the farmers to boost the growth attributes of rice

and to achieve higher rice productivity in Tamilnadu.

Keywords: System of Rice Intensification, alternate wetting and drying, cono-weeding, rice
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Introduction

Oryza sativa L. seeds of the Poaceae family, commonly known as paddy, is one of the
most important grains as half of the world population consumes it. It occupies a major position
in food supply and has a major role in food security, especially in the Asian continent, where it is
the staple food [1]. The land area available for rice production has increased from 30.5 million
hectares in 1950 to 43.66 million hectares in 2019-2020. Total production of rice increased from
23.50 million tons in 1950 to 118.87 million tons in 2019-2020 and the productivity increased
from 771 kg/ha in 1950 to 2722 kg/ha in 2019-2020 [2]. Rice is a most versatile crop growing
from altitudes below sea level to hilly regions and from temperate regions to dry regions
covering about 118 countries [3].

Even with the increase in production and cultivation area over time, the average
productivity of rice in India still has a lot of space to improve. Rice is also one of the most water-
consuming crops, accounting for around 40 percentage of global irrigation water [4]. Coupling
with the increased water shortages due to climate change and increased human consumption, the
production of rice is not enough to meet the needs of future population. There is a need for
technologies to improve the productivity and reduce water usage of rice. System of Rice
Intensification (SRI) is one of such technologies that is gaining attention in recent decades. The
SRI and its principles originated from Madagascar region from the work of a priest [5] and from
his technical writings during the 1980s. The set of principles widely used for SRI are 14 days old
seedlings planted in square pattern and wider spacing 25 cm x 25 cm at a rate of one seedling per
hill, weeding done by cono-weeders or a rotary hoe and alternate wetting and drying (AWD)
method of irrigation for water saving. The views of researchers towards SRI suggest that there
were an increase in productivity of rice cultivated under SRI practices [6]-[8]; while others
report that SRI did not influence productivity positively than conventional rice cultivation
method [9], [10]. SRI practices are not a defined set that is universally applicable. Rather, they
should require research and modification of various components as per specific location and
needs [11]. A five-year study conducted in India at 25 different locations followed by farmers
survey have shown that SRI method promoted the rice growth and increased the yield in irrigated
rice tracts [12]. Nevertheless, there are only few studies that analyzed the influence of each
practice of SRI on growth and productivity. Thus, a field study was aimed to observe the effect



of younger seedlings, wider and square planting, AWD irrigation and cono-weeding practices of

SRI and their combinations on growth characteristics and productivity of Rice.
Materials and Methods

Experimental details: A field experiment was conducted at wetlands of Tamil Nadu
Agricultural University, Coimbatore (10.98 °N, 77.00 °E), Tamil Nadu state in India during
summer season of 2021. A short duration variety ADT 43 was chosen for this experiment. The
weather data was collected from Agro Climate research Centre and soil data acquired from the
soil analysis in Tamil Nadu Agricultural University. The soil at the experimental site was clay
loam in texture with a pH of 8.2, EC of 0.5 dS m™, low nitrogen content of about 225 kg ha™,
low carbon (0.56%) but high in Phosphorous (54.1 kg ha™) and Potassium (290 kg ha™). The
average maximum temperature of 34 °C, average minimum temperature of 23.9 °C and 121 mm
of rainfall over a period of 10 rainy days and 2 more days of light rainfall prevailed during
cropping period. The average bright sunshine hours about 7.9 hours and average daily solar
radiation of about 14.9 MJ m™ was observed and average daily evaporation was 6.8 mm d™
during the experiment. The treatments were selected in a way to add each practice to
conventional rice cultivation and SRI in different combinations to observe their influence on rice
growth and yield. The treatments were laid out in a randomized complete block design with four

replications. The treatment details are represented in Table 1.

Table 1. Treatment details of the experiment

Treatment | Nursery Plant Method of Irrigation Weeding method
duration spacing

T, 14 25 x 25 Continuous Flooding Manual weeding

T, 14 25x 25 Continuous Flooding Cono weeder

T; 14 25x 25 Alternate wetting and Drying Manual weeding

T, 14 25 x 25 Alternate wetting and Drying Cono weeder

Ts 21 15x 10 Continuous Flooding Manual weeding

Te 21 15x 10 Alternate wetting and Drying Manual weeding

T4=complete SRI, Ts = conventional



The field was prepared by puddling twice with roto-puddler three days prior to
transplanting. Each plot with a dimension of 5 x 5 m was separated from nearby plots with
channels of 1 m width and buffer bunds of 30 cm in width for prohibiting water movement from
one plot to others. Recommended dose of fertilizers (150:50:50 N: P: K) for the study region was

applied to all treatments [13].

AWD Irrigation was done by installing a field water tube in the plot with 10 cm of it
sticking out and 20 cm was submerged inside the soil. The irrigation was done to flood the field
to about 2 to 3 cm above the soil layer and allowed to dry till the water level reaches more than
10 cm below the soil layer. A practice named “safe-AWD” given by Bouman et al. (2007) was
adopted where the field was irrigated sufficiently during the week of peak flowering to prevent
yield losses due to water stress. Conventional treatments were irrigated using continuous
flooding where the water level is maintained at 5 cm above the soil. Cono-weeding was done at
10 days interval till 45 days after transplanting in two directions in a crisscross pattern. Manual
weeding was done as per need when the weeds are above threshold level. Weeding was done
once in 10 days to remove the weed growth in the plots with alternate wetting and drying

irrigation. The irrigation channels and the buffer channels were kept weed free by hand weeding.

Biometric observations: Plant height, number of leaves, number of tillers, dry matter production
and leaf length and width were taken at three stages viz., vegetative stage at 35 days after sowing
(DAYS), flowering stage at 65 DAS and before maturity at 90 DAS. The dry matter production
was taken from plants in the plot, omitting border rows to avoid border effect. The non-
destructive observations were taken from five randomly tagged plants in each plot, following the
procedures given by Gomez (1972). Dry matter content was measured after drying the plants in a

hot air oven at 70 °C for 48 hours.

Leaf area index was calculated using the dimensions of flag leaf (the length and
maximum width of the leaf) and a K-factor formulated by [16] using the formula given below.
The K-factor value for rice varieties with leaf length to width ratio falling in the range 19 to 45

for the dry season was taken from [16]

LAI = K x L x W x number of leaves per hill

Spacing (cm?)



where

K = factor for leaf area (0.74 for dry season was used)

L = length of flag leaf in centimetres (third leaf from the top)
W = maximum width of third leaf in centimetres

Statistical analysis

The observed data were statistically analysed for significance using analysis of variance
(ANOVA) as per randomized complete block design. The mean dataset was then arranged in
descending order and grouped or differentiated using Duncan multiple range test (DMRT) with

5% significance level and the results are presented in the Table 2.
Results and Discussion

Plant Height: Significant differences among treatments in various biometric parameters were
observed. At all three stages, treatment with complete SRI practices such as 14-day seedling
(younger seedling), 25 x 25 cm spacing, cono-weeding and AWD irrigation (T,) had
significantly taller plants (90.98 cm) which was on par with other treatments with early
transplanting and wider spacing while compared to treatments with 21 days old seedlings and
closer spacing (Ts). The Treatment with younger seedling, cono-weeding and conventional
flooding irrigation (T,) had second-tallest plants during flowering (73.30 cm) and maturity
(89.65 cm) stages (Figure 1.).

Cono-weeding and early transplanting (younger seedling) favored the plant growth and produced
taller plants. This might be due to active growth of younger seedlings through effective
utilization of nutrients and other resources with extended growth period for assimilating
photosynthates during vegetative phase in the main field after transplanting. Similar results were
reported in previous studies in which plants under SRI cultivation recorded taller plants than in
conventional method [17]-[19]. This might be due to increased growth of rice plants in
vegetative stage with less competition between the plants and also due to less weeds by cono

weeding.

Number of tillers per hill: The highest number of tillers per hill (31.95) was observed in the
treatment with 14 days seedlings, 25 x 25 cm spacing, cono-weeding and AWD irrigation (T,),



followed by treatments T, and T, except at vegetative stage during which the treatment T3 had
higher tiller number per hill than T4. Though the number of tillers were high in treatments with
wider spacing than treatments with dense planting, the tiller density per unit area was always
higher in Ts and Tg than other treatments at all stages of rice (Table 2).

The increased number of tillers could be attributed to the physiology of rice plants
termed phyllochron which is the interval between emergence of successive leaves or tillers and
root to form a phytomere from the main stem/tiller. The younger seedlings established at 4™
phyllochron exhibited vigorous growth compared to 21 days age seedlings which was established
at 6" phyllochron in the main field. The robust growth of young seedlings and increased soil
aeration due to cono-weeding might have helped in emergence of new tillers [7], [20].

Leaf Area Index: Leaf area index was found to be higher in treatments with closer spacing than
wider spacing treatments during vegetative stage while, treatment with all SRI practices had
larger LAI (9.81) than treatment Ts. Closer spaced treatment with AWD irrigation T maintained
the second-highest LAI values (9.31) throughout the growth period. The LAI was highest during
flowering stage and began to reduce after the end of grain filling stage. The SRI treatment T, had
much broader leaves and higher number of leaves because the younger seedlings got an
opportunity to have longer growing period in the main field and less competition for resources
under wider spacing, that resulted in higher LAI [18], [21]-[23].

Number of panicles per hill: The number of panicles were highest (30.88) in complete SRI
treatment (T,) which was followed by a treatment (T,) with cono-weeding (27.58), indicating the
positive effect of cono weeding on tiller and panicle production. Mandal et al., (2013) also stated
that SRI treatments had higher panicle density, grain filling efficiency and superior yield than
manually weeded treatments. The number of panicles is directly influenced by the number of
tillers. Number of panicles greatly influences grain yield and the ability of plants to sink nutrients
into the seed. Panicle length varied significantly among treatments and it was observed that the
difference in panicle length among treatments was not based on SRI practices. Conventional

treatments had similar panicles lengths as that of SRI treatments.
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Figure 1( a- ¢). Influence of conventional and SRI practices on growth of rice

Dry matter production: Dry matter accumulation per plant was also higher in complete SRI
(T4) treatment (73.80 g/plant). The treatments T, and T3 were at par with each other with 69.85
g/plant and 68 g/plant respectively. Cono weeded plots produced second highest biomass at all
stages (Table 2) as a result of profuse tillering and increased root growth in cono weeded

treatments. Similar findings were reported in many earlier studies [25]-[27].

The results of past studies demonstrated an increase in biomass accumulation in SRI
treatments [17], [19], [28], [29]. Dry matter production at maturity stage was 38 percent more in
modified cultivation practice (T4) than the conventional rice cultivation. Cono weeding with

wider spaced treatment (T5) produced 14 % more biomass than conventional treatments.
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Figure 2. panicle length and number of panicles per hill for treatments at a) flowering stage
and b) maturity stage



Table 2. Growth characteristics of rice plants under conventional and SRI treatments at
three different stages 1) vegetative stage 2) flowering stage and 3) maturity stage

Stage | Treatment |Plant Height Number of LAI Number of Panicle Length | Dry Matter
Tillers Panicles Production

1 T1 3880°+1.01 [1530°£0.82 [0.96“+0.12 |- - 435" +0.06
T2 38.38°+123 [11.78°+0.17 [0.869+0.03 |- - 4.08° £ 0.05
T3 3835°+1.80 [19.18%x2.01 [0.97°%£0.06 |- - 420" +0.22
T4 39.73°+£0.93 [1538°+059 [0.94°+0.16 |- - 4.18%%0.10
T5 33.78°+£0.66 [490°+0.08 [1.30°x0.14 |- - 1.839+0.05
T6 3590°+051 [4489+0.01 [1.41%£0.09 |- - 1.759+0.06

2 T1 7040°+£2.16 [27.48°x2.23 [7.59™+0.70 [11.83™+150 [23.68°+1.36 [30.13°+0.71
T2 73.30°+0.67 [30.13°+126 [830™+163 [13.10°£0.61 [22.83®x1.42 [3230°+0.71
T3 7120 +0.80 [27.33°+0.67 [7.08°£0.93 [10.73°+£0.30 [21.63™+0.48 [31.98°+0.13
T4 7358°+055 [3360°x1.24 [9.98%+1.38 [18.23°+252 [23.20°+0.85 [34.43°+1.26
T5 66.80°+152 [10.837+0.94 [8.04™+034 [6.08°+0.15 [19.80%+2.79 [9.359%0.39
T6 69.58°+2.53 [12.05°+0.86 [8.94®+063 [653°+0.46 [21.13°°+165 [8.60°+0.26

3 T1 88.23®+317 [2585°+1.05 |7.06°+#0.97 |2455°+250 [28.63°+1.13 [65.70%+0.73
T2 89.65®+236 [28.65°+0.65 [(7.78°+1.21 [2758°+128 [28.18°+1.59 [69.85°+0.53
T3 86.43°+161 [24.93°+092 [552%+057 [2350°+0.74 [2553°+0.63 [68.03°+0.81
T4 90.98%+2.2 31.95°+0.10 [9.95°+122 [30.88%+1.34 [26.00°+0.42 |73.80%+1.54
T5 79.75°+3.9 10.33°+0.90 [7.98™+0.29 [9.98°+0.94 [2420°+3.13 [12.88°+0.15
T6 79.35°+263 [11.90°+1.03 [9.31°+0.63 [11.70°+0.96 [25.73°+1.87 [12.73°%0.33

T Mean with the different superscript letters show significant differences (p < 0.05)

Conclusion:

The results obtained in the study showed that use of young seedlings resulted in an

increase in growth and development of rice and tiller production was augmented by cono

weeding. In the earlier days, most advancements in rice cultivation were attained in creating new

varieties with high vyielding potential, increasing use of N fertilizers and formulating

recommended dose of fertilizers during green revolution. Adoption of SRI techniques could be

the next right step to enhance the growth and productivity of rice in Tamilnadu.
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