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Abstract— Using modified SRI (The System Rice of Intensification) was aimed at determining the optimum planting range and
frequency of weeds management that could increase rice productivity. The research was consisted of two factors, planting range and
frequency of weeds management. The trials were arranged in factorial using Randomized Block Design (5x4) and three replications.
Thefirst factor wasfive levels of planting range, 20 x 20 cm; 20 x 25 cm; 25 x 25 cm; 25 x 30 cm; and 30 x 30 cm. While the second
factor was four levels of weeds management (manually) frequency, once (30 days after planting (DAP); twice (20; 40 DAP); 3 times
(20; 30; 40 DAP); and 4 times (10; 20; 30; 40 DAP). Parameters measured were the maximum number of tillers, crops growth rate,
net assimilation rate, number of productive tillers, the weight of 1000 seeds, seeds weight per clump, and seeds weight per hectare.
The result showed that planting range 20 cm x 25 cm and three times frequency of weeding per planting season was the best
interaction with the productivity 9.005 t ha’. Rice cultivation technique by giving the height of water surface 10 cm under the soil
surface, a distance of furrows 2 m, the dosage of compost 10 ton/ha, planting range 20 x 25 cm , and frequency of weeding three
times per planting season could increasericeyield as much as 50.08 %.
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of rice, not necessary flooded) compared to a conventional
I. INTRODUCTION method that needs much water in the field during most of the
rice growth. Reducing water use and using less external

Rice is an important staple food in the world mainly in | ke S bl h f o
Asia. Rice is one of the factors that can increase poverty andnPut make SRI suitable to the concept of LEI W

decrease food sustainability in Asian countries. ResearchEXternal Input Sustainable Agricultyreand could save

done by world bank indicated that only 5% of global water r_esources_[Z]. . .
produced rice is traded in the international market SRl is one of intensification method that can optimize the

Therefore, the rice price fluctuates sensitively based Onexpression of plant genetic capability. Rice cultivation using

supply and demand, and even rice is exported only by three>R! has been practiced for a long time in Indonesia to

countries, Thailand, India, and Vietnam [1]. For the reasons,"crease the yield of rice. However, it still needs

the countries consuming rice, majority Asian countries, improvement to reach optimum yield. Modification on SRI

should increase national rice production which one of them V&S done in a pot by giving water 10 cm under the soil
is increasing rice productivity surface, and this showed prospective results. 28.7184 ton

The System of Rice Intensification (SRI) is one of dried seed. A further application in rice field showed that the
technique that has been tested from various researches an%rOdUCt'V'ty was still high, 8.288 ton dried seed per ha. This

field applications that can increase rice productivity. SRI indicated that there was 38.13 % increase in productivity of

method does not require higher external input compared to? v_ariety of rice, Batang Piaman, cqmpared to its descripti_on
conventional system. SRI needs much lower chemical which was 6 ton per ha. In order to increase rice productivity,

fertilizers and seeds. One crucial thing in SRI is using Iessthedre]c was one O; poszi_bilit{), Le., g_(f)mbinigglplantri]n% rg_‘ge
water (water available enough for growth and developmentan requency ot weeding by modilying method. Rice
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field was not flooded, but instead, it was watered 10 cm + 21 days, and weeds were removed. Then the plots were
below soil surface. arranged such a way by giving water in ditches 10 cm under

One of suggestion for SRI is giving wider planting range. the soil surface, and distance of ditches were 2 m. Compost
However, some researchers stated that planting range wawas given using dosage 10 t'h&lanting range was made
determined by varieties, texture, structure, and soil fertility. into five levels as in treatments. Then the plots were ready
Implementing planting range that also determines the for planting using SRI method.
number of plant population varies. According to Prihatman
[3], planting range was adjusted with local condition like 20
cm x 20 cm (250.000 population Ha22.5 cm x 22.5 cm
(200.000 population H3 and 25 cm x 25 cm (160.000
population h#). Based on the guideline of integrated
resources plant management, the planting range was 20 cm x
20 cm, 25 cm x 25 cm and feggowo4:1 (10 cm x 20 cm)
or 400.000 population Ha Further, a researcher from IRRI
reported that there were some weaknesses in SRI, one of
them was using wider planting range which reduced plant
population so that the solar radiation capture converted to
seed became less [4]. The weeds growing in ricefield could
decrease yield up to 34 % [5].

The weeding in SRI system has many variations. It
depends on soil condition and local climate. The weeding )
intensity on the SRI system was four times. The first ~2) Preparation of Nursery and Seedbiursery was
weeding should be carried out 10 days after seedling, andPrepared near trial plots in damp condition with size 1m x
another weeding was implemented in accordance with thedM = 5 nf, and given 0,5 kg compost (1 thaSeeds were
growth and development of weeds. Directorate General ofS0aked for two days, and the ones are floating were
Land and Water Management [6] recommended the time 0fd|scard§d. Then seeds were cleaned, dried, and sowed
application of weeding in SRI system were 10, 20, 30 and 40evenly in the nursery.

days after seedling. According to CIIFAD [7], the 3) Planting: The seedlings were planted after 12 days in
productivity of rice without the weeding was obtained 6.0 t the nursery with a depth + 2 cm. In one hole there was only
ha and increase to 7.7 t ha7.4tha, 9.1thd and 11.8t  one seediing. In different planting ranges, there were a
ha™ respectively with the increase in the frequency of gitferent number of the individual plant. Number of
weeding applied from one time to four times. _ individuals in planting range 20 x 20 cm was 100 plants, in
The main purpose of weeding was to improve aeration of 5q x 25 cm was 80 plants, in 25 x 25 cm was 64 plants, in 25

paddy soil, so the supply of oxygen was adequate into they 30 cm was 48 plants, in 30 x 30 cm was 36 plants.
ground. The ground will be more fertile, and toxic gases in

‘ Ditch between plots, 0.5 m width ]

Plot, 2 m width

Height of water surface
10 ¢m under soil surface

Out side ditch 1 m width

Fig. 1 Condition in field before planting rice

the soil can get out so that the soil will be crumblier. ~ 4) lrrigation: Water was managed based on soil
Weeding was done by removed and then buried of the weedé§ondition. The height of water surface was 10 cm under the
growing in rice field into the soil [8]. soil surface. Water management was designed such a way so

This research aims to determine the effects of interactionthat height of water surface was kept in 10 cm under the soil.
between p|anting range and frequency of Weeding byAt the time rice was in its maturity, the land was dried

modifying SRI method on growth and yield of rice. totally.
5) Fertilization Two weeks before planting, compost
Il. MATERIAL AND METHOD was applied 10 ton Ha Synthetic fertilizers applied were

The research was done in ricefield of BBI Pantai 200 kg Urea ha+ 100 kg SP-36 har 100 kg KCI h&. Urea,
Marpoyan, Pekanbaru, Riau Province from April to SP-36 and KCI were given 0.80 g, 0.40 g, and 0.40 g per
September 2013. plant for treatment of planting range 20 cm x 20 cm, 1.00 g,

Research was conducted in factorial consisting of two 0.50 g, and 0.50 g for planting range 20 cm x 25 cm, 1.25 g,
factors, planting range and frequency of weeding done0.625 g and 0.625 g for planting range 25 cm x 25 cm, 1.50
manually. It was arranged using Ramdomized Block Designg, 0.75 g, and 0.75 g for planting range 25 cm x 30 cm, 1.80
with three replications. Factor | consisted of five levels of g, 0.90 g, and 0.90 g for planting range 30 cm x 30 cm. A
planting range (T1), T1 =20 x 20 cm; T2 = 20 x 25 cm; T3 = half of urea and all SP-36 and KCI were given at the time of
25 x 25 cm; T4 = 25 x 30 cm; and T5 = 30 x 30 cm. Factor Il planting, and the rest of urea were divided into two, then
consisted of four levels of weeding frequency, G1 = 1X (30 were applied 21 and 42 days after planting (dap).

days after planting (dap)); G2= 2X (20; 40 dap); G3= 3X (20; 6) Plant ProtectionWeeding was done by four different

30; 40 dap); and G4= 4X (10; 20; 30; 40 dap). There wereg : . ; e
; : A requencies, 1) once; 30 days after planting (dap), 2) twice;

60 trial plots. The plot settings were presented in Fig. 1. 20qand 40 dap), 3) three time)g; 20, 3(;)and 4% (dar?,)an()j 4) four

A. Research Procedure times; 10, 20, 30 and 40 dap. All plots were treated with

: . . Curater 3-Gfor pest control applied at the time of planting
1) Land Preparation Plots for trial was plowed semi- _using dosage 17 kg fia

mechanically using hand tractor and manpower, and made in
muddy condition. While plowing, the land was flooded for 7) Harvesting:Rice was harvested when all panicles had
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been 80 % yellow. After being harvested, seeds were dried = Average general value
for three days to get water content 14 % -16 %. Then the = Effect of block k

seeds were observed and scaled. Z ) )
Ti = Effect of planting range i

8) Parameters Measured: = Effect of weeding frequency j

Characteristics of plant growth: G ) ) _
- Total number of tillers, in every sample the number of (1) = Effect of interaction between planting
tillers was counted. ! . : ,
. Crops growth rate (CGR) (g:fday"), the increase of _ rEar?g;at:azri;]d weeding frequency j
weight gained was compared with land width per time L
unit.
- Net assimilation rate (NAR) (mg.cfday), total leaf Two weeks before planting, compost was applied 10 ton
weight was measured usifepf area meter ha'. Synthetic fertilizers applied were 200 kg Ured-hd00

kg SP-36 hda+ 100 kg KCI h&. Urea, SP-36 and KCI were
given 0.80 g, 0.40 g, and 0.40 g per plant for treatment of
planting range 20 cm x 20 cm, 1.00 g, 0.50 g, and 0.50 g for
planting range 20 cm x 25 cm, 1.25 g, 0.625 g and 0.625 g
for planting range 25 cm x 25 cm, 1.509g, 0.75g,and 0.75 g
for planting range 25 cm x 30 cm, 1.80 g, 0.90 g, and 0.90 g
for planting range 30 cm x 30 cm. A half of urea and all SP-
36 and KCI were given at the time of planting, and the rest
of urea were divided into two, then were applied 21 and 42
days after planting (dap).

Characteristics of yield components and yield of rice:

« The number of productive tillers. All tillers producing
panicle were counted at harvesting time for each
sample.

« The weight of 1000 seeds (g). This was conducted at
the same time measuring production.

« The weight of seeds per clump.

« The weight of seeds per plot. This weight was then
converted into hectare.

9) Linear Model of ObservationThis was factorial
research consisting of two factors. Factor | was five levels of [ll. RESULTS ANDDISCUSSIONS
planting range, and factor Il was four levels of weeding
frequency, with three replications so that there were GOA' Plan.tGrowt.h .
observation units. The design used was Randomized Block The interaction between planting range and frequency of
Design of Environment. Based on environment design andweeding showed an effect on rice growth like net

treatments, the linear model was as follow: assimilation rate (NAR), crops growth rate (CGR) and total
b e et + number of tillers (TNT) (Table 1-3). The wider planting
Y~ AT 0 TTG (TG).J Ll (1) range and higher frequency of weeding, the higher TNT,
Where: CGR, and NAR became. The highest TNT, CGR, and NAR
= Result from effects of planting range, were found in the interaction between planting range 30 x 30
Y cm and frequency of weeding four times.

weeding frequency, and their interaction.

TABLE |
TOTAL NUMBER OFTILLERS (INDIVIDUALS ) GIVEN TREATMENTS OFPLANTING RANGE, WEEDING FREQUENCY AND THEIRINTERACTION
ON BATANG PIAMAN VARIETY OF RICE

‘Weeding frequency
1X 2X 3X 4X

Planting range

20x 20 cm 2678 b B 27.78 ab B 288l a C 28.83
20x 25 cm 2889 b A 3022 ab A 3111 a B 30.77
25x25cm 2945 b A 2922 ab A 3145 ab B 31.56
25x30 cm 2922 b A 30.11 ab A 31.11 ab B 3222
30x30 cm 2944 b A 3144 ab A 34.76 ab A 3522 a
Numbers followed by same lower case letter in same row or same capital letter in same
column were not significantly different based on DNMRT at 5% level of confidence

B o
>mmw WO

Generally, in each treatment of planting it was seen thatbecame higher. Planting range 30 x 30 cm was better than
the total number of tillers increased as the frequency ofother ones. In wider planting range, plants did not overlap
weeding increased which meant 4X weeding frequency gaveeach other so they could use sunlight optimally. Further, in
the best result. Higher frequency of weeding caused thewider planting range the roots of rice did not also overlap
weed not to develop and could decrease weed seed bank ieach other so there was no competition to get nutrients from
the field, and it, of course, gave benefit for rice not to the soil so that most of the nutrients could be absorbed
compete with weed to get more nutrients which resulted in optimally by each plant.
more tillers produced because nutrient around plant could be The highest number of tillers was obtained from the
absorbed optimally. According to Sudianto [9] periodically interaction between planting range 30 x 30 cm (35.22 plants)
weeding could decrease the accumulation of weed seed banknd weeding frequency 4 times because weed did not
in ricefield. develop and sunlight energy could be used optimally by

Generally, in each of weeding frequency treatment as therice.
width of planting range increased, the total number of tillers
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TABLE Il
CROPSGROWTH RATE GIVEN TREATMENTS OFPLANTING RANGE, WEEDING FREQUENCY AND THEIRINTERACTION ONBATANG PIAMAN VARIETY OF RICE

. Weeding Frequency
Planting range X X X X
B g.m”day’1 -----------------
20x 20 cm 787 b A 8.22 ab AB 837 ab A 8.57 a AB
20x25cm 668 b AB 815 a B 801 a B 843 a B
25x25cm 745 b AB 8.16 ab B 851 ab A 8.67 a AB
25x30 cm 627 b B 8.38 ab A 837 ab A 8.68 a AB
30x30 cm 633 b B 839 a A 851 a A 9.36 a A

Numbers followed by same lower case letter in same row or same capital letter in same column were not
significantly different based on DNMRT at 5% level of confidence

It is clear that from each of planting range level as occurred from the age of rice plants 40 days until harvest
weeding frequency increased, crops growth rate was higher(111-114 days). At this condition, rice plants were unable to
The best weeding frequency was four times. The higher thecompete with weed in obtaining nutrients and sunlight as a
frequency of weeding, the population of weed around plantssource of energy. Further, at one time weeding, crops growth
could not develop or the surface of the soil around plantsrate at wider planting range (25 x 30 cm and 30 x 30 cm)
was free from weed. This condition could give the advantagewas significantly lower compared to narrow planting range
to plant growth because nutrients around plants could be(20 x 20 cm, 20 x 25 cm, 25 x 25 cm). At wider planting
absorbed optimally by plants. On the contrary, the morerange, weed grew faster because sunlight fell directly to
weed grew around rice plants, the more competition for weed or surface of the soil. Weed development would be
nutrients between weed and plants. This could be seen fronmaximum if sunlight fell directly to weed. However, in
low crops growth rate on one time weeding frequency. Fromgeneral, at four, three, and two times weeding, crops growth
each of weeding frequency, plants growth rate was found torate was higher as the width of planting range increased.
increase as the width of planting range increased, except atVider planting range was better than a narrow one. The best
weeding frequency one time. crops growth rate was found at the interaction between

For the treatment of one time weeding frequency done 30planting range 30x30 cm and weeding frequency four times
days after planting, before weeding the weed grew faster and9.36 g.nfday).
densely and even higher than rice plants. This condition also

TABLE Il
NET ASSIMILATION RATE GIVEN TREATMENTS OFPLANTING RANGE, WEEDING FREQUENCY AND THEIRINTERACTION ONBATANG PIAMAN VARIETY OF RICE
. Weeding Frequency
Planting range X X IX X
-------------- mg.cm"day’1 e
20x20 cm 041 b A 042 ab B 042 ab B 044 a B
20x25cm 042 ¢ A 042 ¢ B 043 b AB 044 a B
25x25cm 041 b A 043 ab AB 045 a AB 046 a AB
25x30 cm 035 b B 042 ab B 045 ab AB 049 a AB
30x30cm 033 b B 044 a A 046 a A 052 a A

Numbers followed by same lower case letter in same row or same capital letter in same column were not
significantly different based on DNMRT at 5% level of confidence

In general, at weeding frequency four, three, and two productive tillers, and weight of seeds per clump because the
times, net assimilation rate was higher at wider planting parameters were the basic components to form weight seed
range. The best net assimilation rate was at planting range 3@er plot.

x 30 cm. Relatively good interaction was between planting In each of weeding frequency, the narrower the planting
rate 30 x 30 cm and weeding frequency four, three, and tworange, the higher weight of seeds per plot. This fact was
times which gave the results 0.52 mgday’; 0.46 contrary to the parameter of seed weight per clump. The

mg.cm®day’, and 0.44 mg.cifday”. highest weight seeds per clump were found in wider planting
. . _ range, while the highest weight per plot was in narrow
B. Component of Yield and Yield of Rice planting range. This occurred because in narrow planting

The interaction between planting range and weeding range there were more clumps than in wider one within the
frequency affected the total number of productive tillers same size of plots so that more clumps would result in a
(Table 4), the weight of seeds per clump (Table 6), andhigher weight of seeds per plot.
weight of seeds per plot (Table 7), but did not affect the The best interactions that gave the highest weight of seeds
weight of 1000 seeds (Table 5). per plot were between planting range 20 x 20 cm and

Generally, in each of planting range, the higher frequencyweeding frequency four times (3600 g), planting range 20 x
of weeding, the higher the weight of seeds per plot. Weeding20 ¢cm and weeding frequency three times (3602 g), and
frequency of four and three times was better than two andplanting range 20 x 25 cm and weeding frequency four times
one time weeding. This case was in accordance parameterg409.6 g).
of NAR, CGR, the total number of tillers, number of
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TABLE IV
TOTAL NUMBER OFPRODUCTIVE TILLERS GIVEN TREATMENTS OFPLANTING RANGE, WEEDING FREQUENCY AND THEIR INTERACTION ON
BATANG PIAMAN VARIETY OF RICE

. Weeding Frequency
Planting range X X X X
-------------- individuals ----------mn-mn-m-
20x20cm 2007b C 2007 b C 2169 a B 2266 a B
20x25cm 2219b B 2388 b B 23.57 ab B 2437 a B
25x25cm 2454 b A 2488 b AB 2654 a A 2725 a A
25x30cm 2489 bec A 2442 ¢ AB 26.69 ab A 2747 a A
30x30cm 2437b AB 26.53 ab A 2719 a A 2850 a A

Numbers followed by same lower case letter in same row or same capital letter in same column were not
significantly different based on DNMRT at 5% level of confidence

Statistical analysis showed that there was linearity planting range was affected by weeding frequency, and also
between the number of productive tillers with the total the total number of tillers in each treatment of weeding
number of tillers, the higher the total number of tillers the frequency was affected by planting range. The higher the
higher the number of productive tillers. It was shown in frequency of weeding and the wider of planting range, the
Table 4 that number of productive tillers in each treatment of higher the number of productive tillers.

TABLE V
WEIGHT OF1000SEEDS PERPLOT GIVEN TREATMENTS OF PLANTING RANGE, WEEDING FREQUENCY AND THEIRINTERACTION
ON BATANG PIAMAN VARIETY OF RICE

. Weeding Frequency
Planting range X X X i<
gram
20x 20 cm 27.67 27.00 27.33 27.00
20x 25 cm 27.00 27.00 28.33 27.33
25x25cm 27.00 27.33 27.33 27.33
25X 30 cm 27.67 27.00 27.33 28.33
30X 30 cm 27.33 27.33 27.67 27.67

Table 5 showed that weight of 1000 seeds was notthat kind of fertilizers did not affect the weight of 1000 seeds
affected by different planting range and weeding frequency.of rice. This happened because of genetic characters
Therefore, it was concluded that the weight of 1000 seedsattaching on varieties of rice.
could not be affected by environmental factors such as In each treatment of planting range, the higher frequency
planting range and weeding frequency, but it is controlled by of weeding the weight of seeds per clump was higher. The
a genetic factor. It was shown in the description of a variety frequency of weeding four and three times was better than
of rice Batang Piaman that weight of 1000 seeds was +27 gwo and one time. This was in accordance with parameters
which was more or less the same as the result of this studyof NAR, CGR, the total number of tillers, and the number of
Manurung and Ismunadji [10] stated that weight of rice seedproductive tillers, because these parameters were the basic
relatively fixed because the size of husk (lemma and palea)}omponents which resulted in forming seed weight in a
is determined by a genetic factor. Further, it was supportedclump.
by the result of research done by Bambang and Anggit [11]

TABLE VI
SEED WEIGHT PERCLUMP GIVEN TREATMENTS OFPLANTING RANGE, WEEDING FREQUENCY AND THEIRINTERACTION ONBATANG PIAMAN VARIETY OF RICE
. Weeding Frequency
Planting range X X X X
gram
2020 cm 3423 b B 3414 b B 3602 a C 3600a C
20 x 25 cm 38.10 b AB 4062 a B 4148 a BC 4262 a BC
25x25cm 4652 b A 4529 b A 49.19 ab AB 50.82 a AB
25Xx30cm 48.69 b A 49.84 ab A 5020 ab AB 51.79 a A
30 x30 cm 4826 b A 49.66 ab A 5320a A 5343 a A

Numbers followed by same lower case letter in same row or same capital letter in same column were not
significantly different based on DNMRT at 5% level of confidence

In each of weeding frequency, the wider the planting were the basic components for forming seed weight per
range, weight of seed per clump was higher. It could be seerclump.
that in general planting range 30 x 30 cm, 25 x 25 cm and 25 The best interaction for seed weight per clump was
x 25 cm were better than 20 x 25 cm and 20 x 20 cm. Thisbetween planting range 30 x 30 cm and weeding frequency
was in accordance with parameters of NAR, CGR, the totalfour times (53.43 g), planting range 30 x 30 cm and weeding
number of tillers, and the number of productive tillers which frequency three times (53.20 g), and planting range 25 x 30
cm and weeding frequency four times (51.76 grams).
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TABLE VII
SEED WEIGHT PERPLOT GIVEN TREATMENTS OFPLANTING RANGE, WEEDING FREQUENCY AND THEIRINTERACTION ONBATANG PIAMAN VARIETY OF RICE

. Weeding Frequency
Planting range X X X X
gram
20x20cm 342300 b A 341400 b A 3602.00 a A 360000 a A
20x25cm 3048.00 b AB 3249.60 ab A 331840 ab A 340960 a A
25x25cm 297728 b AB 2898.56 b AB 3148.16 a AB 325248 a AB
25x30cm 258057 b B 2641.52 ab BC 2660.60 ab B 274487 a BC
30x30cm 212344 b B 2185.04 b C 2340.88 ab C 235092 a C

Numbers followed by same lower case letter in same row or same capital letter in same column were not
significantly different based on DNMRT at 5% level of confidence

Generally, seed weight per plot in each planting range decrease and increase of NAR relate to the development of
was higher as the frequency of weeding was higher.leaf width and availability of nutrients could be absorbed.
Weeding frequency four and three times were better thanThe wider the planting range the competition of rice plants
two and one time. This was in accordance with parametersfor nutrients absorption becomes low and even could be no
of NAR, CGR, the total number of tillers, number of competition among rice plants at planting range 30 x 30 cm
productive tillers and weight of seeds per clump becausebecause of root distribution laterally less than 30 cm.
these parameters were the basic component for forming seeBesides that, the higher weeding frequency causes the weeds
weight per plot. less developed. Thus, at the interaction between planting

In each weeding frequency, the weight of seeds per plotrange 30 x 30 cm and weeding frequency three and four
was higher as the planting range was narrower. This fact wagimes, rice plants could absorb nutrients more optimum that
contrary to the parameter of seeds weight per clump. Thewill cause NAR and CGR higher compared to other
highest weight of seeds per individual clump was found in interactions. This case was in accordance with Oghalo [14]
wider planting range, while the highest weight of seeds perwho compared three planting range, 40 cm x 30 cm, 30 cm X
plot was found in narrow planting range. This could happen30 c¢cm and 30 cm x 20 cm, and the result indicated that
because seeds weight per plot was counted from the totaplanting range 30 x 30 cm performed good growth and the
individual clump, and in the same size of plot there was ahighest productivity. Further, based on Hogeteal. [15],
higher number of clumps using narrow planting range thatweeding done three times could increase the vyield of rice
resulted in the higher weight of seeds per plot. compared to weeding frequency two times.

The highest weight of seeds per plot was found in the According to Gardneet al [16], leaf area index was the
interaction between planting range 20 x 20 cm and weedingratio between leaf width and soil width. Index of leaf width
frequency four times (3600.00 g), 20 x 20 cm and frequencyshows the amount of assimilating of a plant and function as a
of weeding three times (3602.00 grams), and 20 x 25 cm andorimary value to determine growth characters like NAR and
frequency of weeding four times (3409.60 g). CGR. Net assimilation rate is a pile of dried weight per unit

Parameters of NAR and CGR related with other leaf width and time. Net assimilation rate shows the average
parameters such as total number of tillers, number ofof leaf photosynthesis efficiency. The higher net assimilation
productive tillers and weight of seeds per clump. The higherrate, the pile of dried materials will be more.
the value of NAR and CGR, the higher the total number of The yield of rice plants is determined by growth, and
tillers, number of productive tillers and weight of seeds per good growth will give high yield [17]. Results of this
clump. In general, all parameters showed a better response teesearch showed that better rice growth was found in the
wider planting range and higher frequency of weeding. Theinteraction between wider planting range and more frequent
best interactions for a total number of tillers was betweenweeding which caused a higher number of productive tillers
planting range 30 x 30 cm and weeding frequency four timesand weight of seeds per clump (Table 4 and 6). The
(35.22 individuals), for a number of productive tillers was interaction between planting range and frequency of
between 30 x 30 cm and frequency of weeding four timesweeding gave different significant effects on seeds weight
(24.50 individuals). Relatively good interaction for the per clump. Wider planting range and more frequent weeding
weight of seeds per clump was between 30 x 30 cm andresulted in high seed weight per clump.
weeding frequency four times (53.43 g), 30 x 30 cm and The yield of seeds relied on size and efficiency of
weeding frequency three times (53.20 g), and 25 x 30 cmassimilation surface area available after flowering, dried
and weeding frequency four times (51.76 Q). material produced which was stored in vegetative organ, and

Physiological process and growth of rice will be disturbed duration of the process [18]. Assimilate available in the
if the nutrients absorption is not optimum, mainly nitrogen stem and other parts after flowering was combined and
absorption. According to Sitompul and Guritno [12], translocated into the seed. Implementing SRI method, rice
nitrogen availability influences much the index value of leaf plants have more tillers per clump, more seeds produced and
width and plant biomass production. The index value of leaf bigger root size [16]. Further, Suseno [20] stated that the
width determines net assimilation rate and crops growth ratenumber of productive tillers mostly determined during the
When index value of leaf width is low, photosynthesis rate vegetative phase. Starch in seeds comes from two sources, (a)
becomes low; bud formations are impeded so that theproducts assimilated and accumulated in stem and leaves
number of tillers formed decreased. This case is inbefore blooming stage, then are converted into sugar and
accordance with the finding of Hadirochmat [13] that the translocated to seeds (called accumulated starch) and (b)
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products assimilated and produced during maturing stage.

The high weight of seed per clump was obtained from the
interaction between planting range 30 x 30 cm and weedingT
frequency four times (53.43 g), 30 x 30 cm and weeding
frequency three times (53.20 g), and 25 x 30 cm and
weeding frequency four times (51.76 g). This was caused by
high yield component (number of productive tillers).
According to Suseno [20], rice seed product is a function of
three yield components, (1) number of panicle per plant (2)
number of filled out seeds per panicle, and (3) average
weight of one seed. Then, Pratastaal. [21] stated that the  [1]
characters of plants such as height, the age for blooming, th?2
age for harvest, number of tillers per clump, number of ]
productive tillers, the total number of seeds per panicle, and
weight 1000 seeds, related strongly with yield.

After seed weight was converted into width unit (seed [
weight per plot) it could be seen that the highest weight was
obtained from the interactions between 20 x 20 cm and
weeding frequency four times (3600.00 g), 20 x 20 cm and [4]
weeding frequency three times (3602.00 g), and 20 x 25 cm
and weeding frequency four times (3409.60 g). Different
from yield of high seeds weight per clump, it was found [5]
from the interaction between wider planting range and more
often weeding, i.e. between planting range 30 x 30 cm and
weeding frequency four times (53.43 g), 30 x 30 cm and
weeding frequency three times (53.20 g), and 25 x 30 cm
and weeding frequency four times (51.76 g). This case wad7]
caused by more population at narrow planting range
compared to wider one, even though for clump individually (8]
the wider planting range was better compared to narrow one [g]

Furthermore, after being converted into width unit per
hectare, the best interactions were found between narrov
planting range and more often weedinge. between
planting range 20 x 20 cm and weeding frequency four times[10]
with population 250,000 (9 t A 20 x 20 cm and weeding
frequency three times with population 250,000 (9.005% ha
and 20 x 25 cm and weeding frequency four times with
population 200,000 (8.524 t fa This result agreed to the
statement of Mondadt al. [22] that the best planting range
was 20 cm x 20 cm with productivity 8.53 t*ha The
productivity of rice in this study was higher compared to the
description of rice variety of Batang Piaman (6 Hha

(6]

(11]

[12]

(23]

V. CONCLUSION

The interaction between planting range and weeding [14]
frequency statistically affected the total number of tillers,
crops growth rate, net assimilation rate, number of
productive tillers, seeds weight per clump, and seeds weighfis)
per plot. The interaction did not affect the weight of 1000
seeds. The best interaction for growth and productivity of
rice was between planting range 20 x 25 cm and Weeding[16]
frequency three times. Implementing modified SRI method
in planting rice giving 10 cm water under the soil surface, a
distance of ditch 2m, the dosage of compost 10tusing
planting range 20 x 25 cm and weeding frequency three
times, could increase rice yield 50.08 %.

(17]

(18]

278

ACKNOWLEDGMENT

We would like to thank Indonesian Ministry for Research,
echnology and Higher Degree of Education for the Funding.
We thank Andalas University Research and Community
Services Institute. And We thank Department of Agronomy,
Faculty of Agriculture, Riau University for the supporting of
administration of this study.

REFERENCES

Indonesia InvestmentBeras Jakarta. 2016. (online) Available:
http://www.indonesia-nvestment.com/id/bisnis/komoditas/beras/item.
C.M. Moser, and C.B. BarretfThe System of Rice Intensification in
Practices Explaining Low Farmer Adoption and Haigh Diasadoption
in MadagascarDepartment of Applied Economics and Management
Cornell University Ithaca, New York, 2002.

K. Prihatman, Teknologi Tepat Guna Budidaya Pertanian Padi
(Oryza sativa). Ristek, Bidang Pendayagunaan dan Pemasyarakatan
llmu Pengetahuan dan Teknologi. Jakarta. 2000,
http://www.warintek.ristek.go.id/pertanian/padi.pdf

Suyamto, Abdulrachman S, Wardana Putu I, Sembiring H, dan
Widiarta Nyoman I.,Pengelolaan Tanaman Terpadu (PTT) Padi
Sawah Irigasi- Pedoman Bagi Penyuluh Pertanian. Badan Penelitian
Dan Pengembangan Pertanian. Departemen Pertanian. Jakarta, 2007
K. Jabran, G. Mahajan, V. Sardana, and B.S. Chaulieiopathy

for Weed Control in Agricultural SystenGrop Protection.Vol 72.pp.
57-65, 2015.

Directorate General of Land and Water Managem@&ethnical
Guidelines for Developing Organic Rice Farming System Method of
Rice Intencification (SRIAgriculture department. Jakarta. 2008.
CIIFAD. SRI, the System of Rice Intensification: Less Can be.More
ECHO Development Notes. 2001.

J. Mutakin, 2008Budidaya dan Keunggulan Padi Organik Metode
SRI (System of Rice Intensificatiobiversitas Garut. Jabar.

E. Sudianto, Ting-Xiang Neik, Sheh May Tam, Tse-Seng Chuah,
Idris A.A., Olsen K.M., and Beng-Kah Song. Morphology of
Malaysian Weedy Rice Qryza sativi Diversity, Origin and
Implications for Weed Management/eed Science64: 501-512,
2016.

S.0. Manurung dan Ismunadylorfologi dan fisiologi padi Dalam

Padi Buku |. Badan Penelitian dan Pengembangan Pertanian. Pusat
Penelitian dan Pengembangan Tanaman Pangan. Bogor. 1988.

S. Bambang dan Anggit B., Respon Macam Pupuk dan Varietas
Terhadap Pertumbuhan dan Hasil Padi dalam SRé$tém of Rice
Intensificatior). YogyakartaJurnal AgriSainsVol. 4 No. 5, 35-50,
2012.

S.M. Sitompul dan B. GuritnoAnalisis Pertumbuhan Tanaman
Fakultas Pertanian Universitas Brawijaya. Gadjah Mada University
Press, Yogyakarta, 1995.

N. Hadirochmat, Karakteristika efisiensi kompetisi gulma dengan
tanaman pada system tumpang sari kedelai - jagung dan kedelai -
padi gogo. Padandurnal StigmaVulume XIl No. 5 hal. 559-564.
Edisi khusus, Oktober 2004.

S.0. Oghalo, Effect of Population Density on the Performance of
Upland Rice Qryza sativa in a Forest-Savanna Transition Zone.
International Journal of Sustainable Agricultuf® (2), pp. 44-48,
2011.

M.M. Hoque, M.M. Hossain, K.M. Khalequzzaman, and S.M.R.
Karim, Effect of Varieties of Rice and Weeding on Weed Growth
and Yield of Transplant RicAsian Journal of Plant Scienc2913),

pp. 993-998, 2003.

F.P. Gardner, R. Brent Pearce, and Roger L. MitcRblsiology of
Crop Plants The lowa State University Press. 1985. Translater.
Herawati Susilo. Penerbit Universitas Indonesia. Ul Press. 1991, p.
427.

A.M. Fagi dan I. Lad,ingkungan tumbuh padradi, 1nd ed., Badan
Penelitian dan Pengembangan Pertanian, Pusat Penelitian dan
Pengembangan Tanaman Pangan, Bogor, 1988.

J. Yang, J. Zhang, L. Liu, Z. Wang, and Q. Zhu, Carbon
Remobilization and Grain Filling in Japonica/Indica Hybrid Rice
Subjected to Postanthesis Water Defickgron J94, pp. 102-109,
2002.



[19] D. BerkelaarSRI, the System of Rice Intensificasion, Less Can Be Korelasinya dengan Komponen HasilFakultas Pertanian,

More. ECHO Development Notes, ECHO Inc. 17391 Durrance RD. Universitas Jendral Sudirman, 2013.

North Ft. Myers F1.33917 USA, pp.1-6, 2001. [22] M.M.A. Mondal, A.B. Puteh, M.R. Ismail, and M.Y. Rafii,
[20] H. SusenoFisiologi tanaman padiFakultas Pertanian, IPB, Bogor, Optimizing Plant Spacing for Modern Rice Varietiést. J. Agric.

1975. Biol., 15, pp. 175178, 2013.

[21] A.B. Pratama, A. Riyanto, and D. SusaBtialuasi Daya Hasil Padi
Populasi F5 Keturunan Persilangan G39 x Ciherang dan

279





