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Spacing, number of seedlings per hill and nitrogen are some of
the important agronomic factors which are known to influence grain
yield in rice. In the case of short duration and shy t i l lering varieties
as well as in soils of low fer t i l i ty , closer spacing and larger number
of seedlings per hill have been found to increase grain yields due to
greater plant population per unit area (Ghose, 1956). Individual plant
yield declines with less space, but yields per hectare increase provided
that the plant population is not increased beyond the optimum limit
(Hedaythullah et al, 1947, Matsuo, 1964, Sahu and Lenka, 1966). Similarly
when spacing is increased beyond the opti nun limit, the yields decrease
significantly (Khan and Shafi, 1956). Plant population has a direct bearing
on fertiliser needs as it determines the number of plants that take
nutrients from the soil. It is therefore important to determine spacing,
number of seedlings per hill and level of nitrogen for each variety and for
each igroclimatic region for projecting the maximum yield potential of
that variety. The present paper deals with the results of an experiment
conducted with the above objective in view at the Central Rice Research
Station, Pattambi representing the middle kteri t ic region of Kerala.

Materials and Methods

The field experiments were conducted during the first (June to
September) and second (September to December) crop seasons of 1969
and 1970 in the double crop wet lands where a green manure crop
(Daincha) was raised in the proceeding summer season The soil was
lateri t i? loam with 0 89 percent organic carbon, and 68 and 140 kg of
available P205 and K2O respectively per hectare. The pH of the soil was
5.4. The experiment was laid out in split plot design with 3 replications.
The gross plot size was 3.6 X 3.3 m. The main plot treatments were the
combinations of 3 spacings (15 X 10 cm, 15 x 15 cm and 15 X 20 cm) and 3
seedling rates (1, 2 and 3 seedlings per hi l l ) . The sub plot treatments
included 4 levels of nitrogen (0, 40, 80 and 120 kg N per ha ), Nitrogen
was applied in two instalments, 2/3 as basal dressing before planting and
1/3 at the time of panicle initiation. P2O5 and K2(D were applied as basal
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The results revealed that a closer spacing of 15 x 10 cm was the optimum
for the test variety. The number of seedlings planted per hill had no
significant inf luence either on plant characters or on grain yield in the
majori ty of the seasons. However, planting 3 seedlings per hill in the
first crop season and 2 seedlings per hill in the second crop season
appeared to be advantageous. Nitrogen significantly influencedplant he igh t ,
effective tillers per hill , ear weight and grain yield. The grain yield
response due to N was positive an-l significant upto 80 kg level. The
natuie of response curve was quadratic and the optimum dose of N
corresponding to the maximum yield of paddy was 94,4 kg per ha- The
economic optimum level with the prevailing market conditions was 76.6 kg
N per ha.

Transplanting 2 to 3 seedlings per hill at a spacing of 15 X 10 cm
with 76-6 kg N per hectare proved to be the best agronomic practice for
Annapurna.
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Fig. t • Response Of Annapurna rice to N levels (grain yield)
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a result of raising a green manure crop (Daincha) in the preceding summer
season. During the remaining three seasons the grain yield increased with
levels of N but failed to show statistical significance beyond 80 kg N
per ha. In the pooled analysis also the grain yield increased significantly
with graded doses of N from 0 to 80 kg and at 120 kg level the yield
declined. Thus the significant reduction in grain yield at 120 kg N
level obtained in the first crop season of 1969 has reflected in the pooled
mean. The pronounced influence of ear weight on grain yield was evident
only at 40 kg N level. The statistically not significant increase in grain
yield beyond 80 kg N level during the last three seasons of the trial could
be ascribed to the proportionately low rate of increase in the number of
effective tillers per hill and a significant reduction in ear weight.

The interactions between spacing and number of seedlings per
hill and between nitrogen level and number of seedlings per h i l l
were not significant in any of the 4 seasons. The interaction between
spacing and N level was significant in 2 out of the four seasons. I
however failed to show significance in the pooled anilysis Average grain
yield corresponding to different spacings and N levels (Table 3) reveals
that the maximum yield of 3858 kg grain per ha. was recorded at a spacing
of 15 X 10 cm with 80 kg N per ha. Hills spiced at 20 X 15 cm without N
produced the lowest yield of 2792 kg psr ha, In all the spacings tried
the response for N was evident. The reduction in grain yeild due to
wider spacing (20 X 15 cm) over cl ~>ser spacing (10 X 15) cm at 0, 40, 80
and 120kg N levels was 381, 403, 201 ani 289 kg respectively per ha.
This evidently shows the comparative advantage of closer spacing
(15 X 10 cm) over the widest spacing (20 X 15 cm) under a l l the levels of
N tried. At higher levels of N, the grain yield increased with number
of seedlings per hill and the maximum yield was obtained at 80 kg N per
ha. However, the differences between 2 and 3 seedlings were not much.

The response to N levels as indicated by second order poly-
nomial equation (Y = ax" + b* + c) drawn out for grain yield is presented
in the accompanying Figure 1. The optimum dose of N corresponding
to the maximum yield of paddy expected is 94.4 kg per ha, The level
of nitrogen giving the maximum profit works out to be 76.6 kg per ha.
at a price of Rs. 2.25 per kg of nitrogen and at Rs. 0.70 per kg of
paddy.

Summary

Investigations on the effect of spacing, number of seedlings per
hill and application of N at different levels, on the growth and yield
of Annapurna rice were carried out at the Central Rice Research Station
Pattambi for four consecutive seasons from the first crop season of 1969'
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Table 2

Effect of spacing, number of seedlings per hill and levels of nitrogen
on grain yield (kg/ha)

NS:- Not significant.
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dressing at the rate of 50 kg each per hectare as super phosphate and
muriate of potash respectively. The test variety Annapurna (90 to 100
days) is a dwarf indica rice evolved from a cross between Ptb. 10 and
Taichung (Native) 1 in the year 1966.

Results and Discussion

Effect of spacing on plant height at maturity was not significant.
But it exerted significant influence on the number of productive tillers
per hill and mean ear weight (Table 1). With wider spacing there was an
increase in the number of effective tillers per hill accompained by a
decrease in ear weight. With closer spacing there was a reduction in the
number of effective tillers per hill. Higher plant population per unit area
on account of closer spacing possibly caused competition among the plants
for light and nutrients, resulting in the reduction in tillering. With
wider spacing the competition among the t i l lers within a hill would have
resulted in the reduction of mean ear weight.

The grain yield was found to go down as the spacing became wider.
Highest grain yield was obtained under closer spacing viz. 15 X 10 cm in
all the four seasons (Table 2). This can be attributed to the increased
number of panicles per unit area and higher panicle weight obtained ujuksr
closer spacing. Mandal and Mahapatra (1968), Matsuo (1964', Ramiah^ ''
Rosher (1959) and Vachhani et al (1961) have reported good yield responses
due to closer spacing in early matur ing shy tillering varieties.

Number of seedlings per hill did not influence the plant characters
and grain yield significantly except for the number of effective tillers per
hill and grain yield in the second crop season of 1970. However the
trend in grain yield was in favour of 3 seedlings per hill in the first
crop season and 2 seedlings per hill in the second crop season.

Nitrogen exerted significant influence on plant height, number of
effective tillers per hill, ear weight (Table 1) and grain yield (Table 2) in
all the four seasons. A positive response in plant heigtt and ear weight
with increasing levels of N was noticed only up to 80 kg N per ha. Beyond
that level a s ignif icant reduction in the mean ear weight was recorded.
Effective tillers per hill increased progressively with level of N in all
the seasons The data clearly show that the nitrogen levels are more
important for grain yields than the adopted spacings (Table 2). In the
first crop season of 1969 the grain yield response due to 40 kg N was
significantly superior to no nitrogen, The effects due to 40 and 80 kg
N levels were en par and at 120 kg. N level a drastic reduction in
grain yield was noticed. This lack of response to appl ied N beyond 40 kg
level in this season was due to the high initial fer t i l i ty of the soil as
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