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Impacts of Planting Density on Nutrients Uptake by System of Rice 
Intensification under No-tillage Paddy in Korea
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The System of Rice Intensification (SRI) is a new concept of increasing the yield of rice produced in farming. 
Therefore, we investigated the impacts of planting density on nutrient uptake as affected by SRI under no-till 
cropping system. The field was prepared as a randomized complete block design with three treatments: 10×10 
cm, 20×20 cm and 30×30 cm planting densities. The root dry mass was significantly increased in the wider 
planting densities (p<0.05%). The highest grain yield was obtained in 20×20 cm planting density plot 
(p<0.05%) due to higher plant density per unit area and spikelets number per panicle. The total uptake amounts 
by rice plant were significantly higher in 20×20 cm planting density plot as 94.8 kg ha-1 for T-N and 29.9 kg 
ha-1 for P than other planting densities plots, but K and Mg uptake were significantly higher in 10×10 cm 
planting density plot (p<0.05%). In this study, our findings suggest that SRI should be considered as a new 
practice for the rice productivity. 
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Introduction

System of rice intensification (SRI) farming (Uphoof, 
1999) was first introduced to Republic of Madagascar 
and has been practiced in several other countries as an 
alternative sustainable low-cost system to the conventional 
farming systems (Batuvitage, 2002). SRI farmers have 
reported that their cost of production is usually half that 
of conventional system and their yield were higher 
(Shao-hua et al., 2002). Researchers have used several 
concepts to explain the higher yields obtained with SRI. 
Productivity gains are accomplished, first, by inducing 
larger root systems on rice plants that are not crowded 
together and whose roots do not suffocate in flooded 
(hypoxic) soil (Kar et al., 1974). Second, aerobic soil 
conditions with plentiful soil organic matter enhance 
not only root health and performance, but also the 
abundance, diversity and activity of soil organisms 
which provide both nutrients and protective services to 
plants (Bonkowski, 2004; Dobbelaere et al., 2003). The 

principles that have determined SRI practices are: 1) 
rice is not an aquatic plant, 2) rice plants loose growth 
potential when transplanted at an older age, 3) enough 
spacing to grow fully, 4) careful transplanting and 5) 
specific soil amendment practices to facilitate the 
growth and development of microorganisms. The SRI 
practices introduced to farmers in Myanmar are: 1) 
planting younger seedlings, 2) planting seedlings one 
by one, 3) planting with wider spacing, 4) planting 
seedlings as immediately as possible, 5) using compost, 
6) alternate irrigation and 7) mechanical weeding 
(Kabir, 2006). 

No-tillage is a relatively recent practice and its effects 
on changes in soil microbe have been investigated 
extensively. Plant growth in organic systems greatly 
depends on the functions performed by soil microbes, 
particularly in nutrient supply. In comparison with 
conventional farming, organic farming has potential 
benefits in promoting soil structure formation (Wright 
et al., 1999), enhancing soil biodiversity (Mäder et al., 
2002; Oehl et al., 2003), alleviating  environmental 
stress (Altieri, 2002), and improving food quality and 
safety (Torjusen et al., 2001). Chinese milk vetch 
(Astragalus sinicus L.) is popular green forage grown as 

Article



Impacts of Planting density on Nutrients Uptake by System of Rice Intensification under No-tillage Paddy in Korea 99

Fig. 1. The average temperature and rainfall amounts during rice growing periods. Vertical bar indicates mean SE.

Table 1. Chemical properties of soil before experiment.

Soil pH OM Avail. P2O5 K Ca Mg NH4-N NO3-N

(1:5) g kg-1 mg kg-1 ------- Exch. Cation (cmolc kg-1) ------- --------- mg kg-1 ---------

Average 5.1 30 191 0.25 7.3 2.1 48 44

SD 0.1   1.6   18.1  0.026  0.44  0.05    3.1    1.8

Table 2. Nutrients amount of Chinese milk vetch before experiment.

Chinese milk vetch Dry weight T-N P2O5 K2O CaO MgO Na2O

kg ha-1 --------------------------------------------- % ---------------------------------------------

Average 3,273 2.66 0.55 2.33 1.62 0.49 0.44

SD    238.0  0.093  0.002  0.074  0.934  0.194  0.132 

an off-season crop in paddy field to improve rice culture 
in China, Japan and Korea for a long time (Yasue, 1982). 
Crop residues mulched on the soil surface reduces 
evaporation, thereby conserving soil water (Moody et 
al., 1961; Smith and Lillard, 1976). Jones et al. (1969) 
reported that mulch improved water infiltration, resulting 
in conservation of rainfall. The rapid economic growth, 
and the modernization of agriculture, especially the 
transition in the technology of rice culture with spread 
of chemical fertilizer along with mechanization, caused 
quick decline in the culture and use of Chinese milk 
vetch (Yasue, 1982). Recently, it has been reassured 
for promoting and maintaining soil productivity, and 
considered to be very efficient for establishment of 
low-input sustainable crop production systems (Yasue, 
1982; Choe et al., 1998; Lee et al., 2010). In a no-tillage 
system, grain yield was increased in Chinese milk vetch 
application plots compared with rye application plots 
due to higher miss-planted rate (Lee et al., 2009).

The purpose of this study was to find out impacts of 
planting density on nutrient uptake, grain yield and 

yield components as affected by SRI under no-till 
cropping system.

Materials and Methods

Experimental site description   The experiment was 
conducted at Agriculture Research and Extension 
Services in Jinju, Gyeongsangnam-do, South Korea 
in 2008 (35°12'17"N and 128°07'13"E). The average 
temperature and rainfall amounts during rice growing 
periods were presented in Fig. 1. The soil texture of 
experimental field was silt loam (8.2% sand, 73.2% silt, 
and 18.6% clay) as Ihyeon series which is a member 
of the fine silty over coarse silty, mixed, mesic family 
of Dystric Fluventic Eutrudepts (Alluvial soils). The 
chemical properties of the paddy soil before treatment 
are shown in table 1. Selected soil chemical properties 
in the experimental sites were 5.1 for soil pH (1:5), 30 g 
kg-1 for soil organic matter, 191 mg kg-1 for available 
phosphorus concentration, 0.25, 7.3 and 2.1 cmolc kg-1 
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Table 3. Chemical properties of pig slurry. 

Pig slurry T-N P2O5 K2O CaO MgO Na2O

------------------------------------------------------------ % ------------------------------------------------------------

Average 0.88 0.03 0.61 0.21 0.11 0.46

SD  0.059  0.003  0.009  0.000  0.004  0.003

for exchangeable K, Ca, and Mg concentrations, and 
48 mg kg-1 for NH4-N content. The total nutrients in 
Chinese milk vetch (3.27 Mg ha-1 dry weight) were 87, 
18, 76, 53, 16 and 14 kg ha-1 for T-N, P2O5, K2O, CaO, 
MgO and Na2O, respectively (Table 2). In addition, the 
pig slurry (N-P2O5-K2O-CaO- MgO-Na2O = 0.88-0.03- 
0.61-0.21-0.11-0.46%) sprayed at the rate of 15 Mg ha-1 
was applied before transplanting (Table 3).

Treatments and plot design   Triplicate experimental 
plots were 100 m2 (10 m × 10 m) in size and were laid 
out in a randomized complete block design with three 
treatments: 10×10 cm, 20×20 cm and 30×30 cm spacings. 
Rice cultivar used experiment was Sobibyeo. Seedlings 
grown in seedbed for 15 days were transplanted on 14 
June at a rate of one seedling per hill (Stoop et al., 2002). 
Hand weeding was done twice during the growing season 
before and after tillering, and weeds were incorporated 
with soil by simultaneous stirring up. To reduce water 
wastage, transplanting was performed in the rice paddy 
that was in muddy and not flooded condition. Then, 
irrigation was controlled to improve soil aeration by 
draining water from the rice field or by keeping the rice 
field from being continuously flooded and saturated 
during the vegetative growth phase. Irrigation was 
stopped 10 days prior to harvest.

Determination of soil chemical properties and yield 
components   Soil samples were collected from the 
topsoil (0-15 cm in depth) at the tillering, heading and 
harvesting stages. The chemical properties of the soil 
were determined using standard methods of RDA 
(NIAST, 2000). Soil samples were collected in triplicate, 
air-dried and sieved (< 2 mm) before analysis. Rice 
grain and straw were separated after harvesting and 
oven-dried at 70°C for 72 hours. Rice grain, straw, 
Chinese milk vetch, and pig slurry were dissolved in 
sulfuric acid for determination of total nitrogen and in a 
ternary solution of nitric acid:sulfuric acid:percloric 
acid = 10:1:4 (vol:vol:vol) for determination of nitrogen, 

phosphorous, potassium, calcium and magnesium using 
RDA methods (NIAST, 2000). Rice grain yield and 
yield components were determined using the RDA 
methods (RDA, 1995).

Statistical analyses   Statistical analyses were conducted 
using SAS 9.1 software (SAS Institute, 2002). Properties 
of plant nutrient uptake, soil chemical contents, root 
biomass, yield components and yield were analyzed 
by employing least significant difference (LSD) at a 
probability level of 5% for the comparison of means.

Results and Discussion

Root development   There were significant effects 
of different planting densities on root dry weight in 
Sobibyeo (Fig. 2). The widest planting density of 30×30 
cm produced significantly greater root dry mass over 
other planting densities (p<0.05%). The root dry weight 
was 10.6 g hill-1 for 30×30 cm, 7.3 g hill-1 for 20×20 cm, 
and 2.2 g hill-1 for 10×10 cm planting density. Deeper 
and stronger root systems were developed due to 
intermittent irrigation practiced on soil without physical 
barriers to root growth, transplanting of young and single 
seedlings at wider planting density, and application of 
slowly releasing nutrient sources such as compost 
(Stoop et al., 2002). Oxygenation in wider planting 
density with SRI leads to better development of rice root 
systems (Armstrong and Webb, 1985). Also, aerobic 
soil conditions with plentiful soil organic matter 
enhance not only root health and performance, but also 
the abundance, diversity and activity of soil organisms 
which provide both nutrients and protective services to 
plants (Dobbelaere et al., 2003; Bonkowski, 2004). 

Soil chemical properties   Soil chemical properties 
were affected by different planting densities during 
growing stages (Table 4). The soil chemical properties 
of 20×20 cm planting density at heading stage were 
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Fig. 2. Root dry mass per hill as affected by different 
planting densities measured at full heading stage. Vertical 
bar indicates mean SE. Means were analyzed by employing 
least significant difference (LSD) at a probability level 
of 5%.

Table 4. Changes in soil chemical properties at different growth stages. 

Growth stage Planting density pH OM Avail. P2O5 K Ca Mg NH4-N
(1:5) g kg-1 mg kg-1 --- Exch. Cation (cmolc kg-1) --- mg kg-1

Tillering 10×10 cm 5.7 26 164 0.32 5.9 2.1 21.3
20×20 cm 5.5 28 179 0.35 4.8 1.8 27.8
30×30 cm 5.6 26 166 0.28 4.8 1.7 28.4
LSD (p<0.05)  0.04 NS     2.9  0.015  0.78  0.30 NS

Heading 10×10 cm 6.3 23 189 0.16 5.7 1.8 26.7
20×20 cm 6.3 25 202 0.24 6.4 1.8 28.2
30×30 cm 6.2 23 178 0.17 5.4 1.7 22.8
LSD (p<0.05)  0.04 NS     8.5  0.007  0.11  0.05   4.86

Harvesting 10×10 cm 6.1 27 176 0.30 5.8 1.7 20.9
20×20 cm 6.1 26 196 0.32 5.6 1.7 18.0
30×30 cm 6.1 28 158 0.52 6.3 1.8 16.0
LSD (p<0.05) NS NS     8.8  0.009  0.08  0.01 NS

Table 5. Grain yield and yield components by different planting densities.

Planting density Panicle Spikelets 1,000 grain weight Ripened rate Grain yield Straw
No. m-2 No. Panicle-1 g % --------- Mg ha-1 ---------

10×10 cm 633 123 34.3 82.9 5.72 7.13
20×20 cm 350 133 38.3 84.6 6.10 6.02
30×30 cm 136 120 37.8 89.5 3.50 4.43
LSD (p<0.05)    35.9 NS NS NS  0.803  0.770

Table 6. Nutrients uptake of rice plant affect by planting density.

Planting density Grain (kg ha-1) Straw (kg ha-1) Total (kg ha-1)
T-N P K Ca Mg T-N P K Ca Mg T-N P K Ca Mg

10×10 cm 47.8 6.2 5.1 0.1 1.4 40.5 2.6 118.1 21.4 12.2 88.3  8.8 123.2 21.6 13.6
20×20 cm 56.9 8.6 8.1 0.2 2.8 37.9 4.5 105.3 17.5  8.7 94.8 13.1 113.4 17.7 11.5
30×30 cm 34.4 5.4 4.5 0.1 1.5 29.0 3.8  84.7 16.0  6.6 63.4  9.1  89.2 16.1  8.1
LSD (p<0.05)  7.35  3.05  2.37  0.08  1.04  7.91  0.91 19.49 NS  2.20 13.43  2.98 21.12 NS  2.25

significantly increased 202 mg kg-1 for available P2O5, 
0.24 cmolc kg-1 for exchangeable K, 6.4 cmolc kg-1 for 
exchangeable Ca, 1.8 cmolc kg-1 for exchangeable Mg, 

and 28.2 mg kg-1 for NH4-N compared with other planting 
densities (p<0.05), while there were not significant 
differences in soil organic matter. Meanwhile, 30×30 
cm planting density plots at harvesting stage showed 
significantly higher exchangeable K of 0.52 cmolc kg-1, 
exchangeable Ca of 6.3 cmolc kg-1, and exchangeable 
Mg of 1.8 cmolc kg-1  due to wider planting density. 

Nutrients uptake of rice plant and grain yield   Grain 
yield was significantly affected by different planting 
densities (Table 5). The lowest grain yield was observed 
in 30×30 cm planting density plot (p<0.05%) due to 
lower number of panicle per unit area, but ripened rate 
was highest in that plot. The highest grain yield was 
obtained in 20×20 cm planting density plot (p<0.05%) 
due to higher of plant density per unit area and spikelets 
number per panicle.
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At harvesting stage, the uptake of nutrient amounts in 
20×20 cm planting density were significantly higher for 
T-N, P, K, Ca and Mg in the rice grain as well as P2O5 in 
the rice straw (Table 6). Generally, the uptake amounts 
of T-N and P were higher in rice grain than rice straw. 
The total uptake amounts by rice plant were signifi-
cantly higher in 20×20 cm planting density plot as 94.8 
kg ha-1 for T-N and 13.1 kg ha-1 for P than in other 
planting densities plots, but K and Mg uptake were 
significantly higher in 10×10 cm planting density plot 
(p<0.05%). This is due to higher planting densities that 
resulted in higher plant population per unit area. A 
larger root system is more likely to capture some of the 
essential nutrients and other nutrients that are important 
for plant growth, and no-tillage soil under direct seeding 
mulch-based cropping systems (DMC) leads to an 
increased protection of soil organic matter in aggregates 
that may provoke lower rates of soil N mineralization 
(Balesdent et al., 1990; Kristensen et al., 2000). On the 
other hand, DMC systems increase soil total N stocks, 
thereby also increasing the pool of mineralizable N 
(Balesdent et al., 2000; Sanchez et al., 2001).

Conclusion

In this study, we investigated the impacts of planting 
density on nutrient uptake as affected by SRI under no- 
till cropping system. The root dry mass was significantly 
increased in the wider planting densities (p<0.05%). 
The highest grain yield was obtained in 20×20 cm 
planting density plot (p<0.05%) due to higher plant 
density per unit area and spikelets number per panicle. 
The total uptake amounts by rice plant were significantly 
higher in 20×20 cm planting density plot as 94.8 kg ha-1 
for T-N and 13.1 kg ha-1 for P than those of other 
planting densities plots, but K and Mg uptake were 
significantly higher in 10×10 cm planting density plot 
(p<0.05%). Our findings suggest that SRI should be 
considered as a new practice for the increase in rice 
productivity although this experiment was performed 
under no-tillage during only one growing season. 
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