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Abstract: 

 

Planting density is one of the most important factors determining the yield of rice. The 

growth, development and yield of rice are greatly influenced by plant spacing under field condition. 

Optimum plant spacing ensures the plant to grow properly with their aerial and underground parts by 

utilizing more solar radiation and nutrients. The maximum benefit in respect of rice yield can be 

obtained where planting is done with proper spacing. Closer planting geometry in rice recorded the 

higher growth attributing characters like leaf area index, dry matter accumulation and crop growth 

rate. Closer planting geometry recorded significantly higher number of effective tillers and grain 

yield over wider planting geometry. Planting geometry shows negative relation with weed dry matter 

but positive relation with rice yield under aerobic soil conditions. The transplanting manually under 

puddle condition produced more number of effective tillers than line sowing of sprouted seeds 

without puddling. System of Rice Intensification (SRI) practice reduced transplanting injury, 

increased number of productive tillers plant-1, increased root number of lower nodes and also leads to 

more nitrogen uptake compared to conventional method of planting. The yield of aerobic rice 

varieties could be increased by increasing the planting density in order to produce more panicles 

from main stem. Early transplanting of aerobic rice genotypes produces more number of tillers 

compared to delayed planting.  
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Introduction: 

 

Rice (Oryza sativa L.) is the most important food crop of India and is a major energy source 

for about 60 per cent of the world population. Asia’s food security largely depends on the irrigated 

rice which produces three quarter of total rice production. About 90 per cent rice is produced and 

consumed in Asia, where the demand for rice is on the rise due to increasing population [1].  Rice 

production under current inputs and technology is likely to fail to meet the projected demand and 

there is an urgent need to increase rice productivity in the world [2]. Manipulation of different 

cultural practices could increase the competitiveness of a crop with weeds for aboveground and 

belowground resources and hence helps weed management. Increasing crop density by narrowing 

row spacing enhances crop competitiveness against weeds. Planting density of a crop determines 

solar radiation interception, canopy coverage and biomass accumulation which have cumulative 

effect on its weed suppressive ability. Of the agronomic practices, planting technique is of 

considerable importance as proper adjustment of plants in the field not only ensures optimum plant 

population but also enables the plants to utilize the land and other input resources more efficiently 

and resolutely towards growth and development [3]. The microclimate can be manipulated by proper 

agronomic practice and maintenance of optimum soil moisture in the root zone, which will help in 

augmenting the production of rice. A better understanding is necessary before suggesting planting 

geometry and method of planting as a viable tool for sustainable productivity in rice.  
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Planting Geometry  
The arrangement of the plants in different rows and columns in an area to efficiently utilize 

the natural resources is called planting geometry. It is otherwise area occupied by a single plant e.g. 

rice - 20 cm x 15 cm. This is very essential to utilize the resources like light, water, nutrient and 

space.  

Importance of plant population / planting geometry  
1. Yield of any crop depends on final plant population  

2. The plant population depends on germination percentage and survival rate in the field  

3. Under rain fed conditions, high plant population will deplete the soil moisture before maturity, 

where as low plant population will leave the soil moisture unutilized  

4. When soil moisture and nutrients are not limited high plant population is necessary to utilize the 

other growth factors like solar radiation efficiently  

5. Under low plant population individual plant yield will be more due to wide planting geometry.  

6. Under high plant population individual plant yield will be low due to narrow planting geometry 

leading to competition between plants.  

7. Yield per plant decreases gradually as plant population per unit area is increased, but yield per unit 

area increases upto certain level of population  

8. That level of plant population is called as optimum population  

9. So to get maximum yield per unit area, optimum plant population is necessary. So the optimum 

plant population for each crop should be identified.  

 

Effect of Planting Geometry on Growth Parameters 

 

Closer planting geometry (10 cm x 15 cm) in rice recorded the higher growth attributing 

characters like leaf area index, dry matter accumulation and crop growth rate [4]. Planting practices 

in China have been shifting from closer planting geometry to wider planting geometry in high 

yielding cultivation, especially for hybrid rice varieties. This improves the canopy’s photosynthesis, 

increases the percentage of productive tillers and the spikelet number per panicle. At the same time, 

in combination with less irrigation water, pests may be better controlled and lodging can be 

prevented. The transplanting of small aged seedlings increased the tiller number hill-1 up to 

maximum number of 45 and 40 with densities of 9 and 11 hills m-2 respectively in Youming-86 and 

50 and 43 at densities of 9 and 11 m-2 respectively in Xieyou-9308 [5]. The amount of biomass 

produced in 15 cm x 15 cm and 45 cm x 45 cm crop density were 14. 97 t ha-1 and 10.79 t ha-1 [6]. 

Dense planting geometry (30 cm x 30 cm) prolonged the growth duration and increased the number 

of tillers hill-1, number of ear bearing tillers, number of grains panicle-1, 1000 grain weight, leaf area 

index and dry matter production when compared to 40 cm x 40 cm and 50 cm x 50 cm [7]. Sowing 

of aerobic rice at a planting geometry  of 45 cm x 20 cm has recorded significantly higher number of 

leaves plant-1 (187.3), leaf area  plant-1 (4583 cm2), number of tillers plant-1 (41.1), total dry matter 

production (79.4 g plant-1), panicle length (22.1 cm), number of grains panicle-1 (195.8) and grain 

yield (57.3 q ha-1) compared to other planting geometry  [8]. The adoption of 30 cm x 30 cm plant 

planting geometry  ensure a sustained improvement in rice growth and grain yield than the ones 

transplanted at 10 cm x 10 cm and 20 cm x 20 cm [9].  The plant planting geometry  of 22.5 cm row 

to row and plant to had maximum values of plant height (79.1 cm), tillers m-2 (594), panicle length 

(25.4 cm), number of grains  panicle-1 (133.0), grain yield (5461 kg ha-1), straw yield (9662.kg ha-1) 

and least value of sterility percentage (5.7%) in rice [10]. In a study at Mandya, Karnataka on rice 

under aerobic condition during kharif 2005 and summer 2006, [11] reported that rice grown with a 

planting geometry of 30 x 40 cm recorded significantly the higher plant height (90.9 cm), number of 

tillers hill-1 (26.5), Panicle length (19.6 cm), number of seeds panicle-1 (200.4) and hundred seed 

weight (2.2 g) compared to 30 x 30 cm and 30 x 15 cm. In another study [12] reported planting 

geometry, 30 cm x 30 cm recorded significantly higher root length (24.4 cm), root volume (60.30 

cc), root number (154.2) and root weight (6.5 g) as compared to 45 cm x 20 cm. Significantly higher 
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dry matter accumulation, number of panicles plant-1, test weight was recorded with 30 cm x 30 cm 

planting geometry. Planting geometry shows negative relation with weed dry matter but positive 

relation with rice yield under aerobic soil conditions. Closer planting geometry like 10 cm x 10 cm 

could be adopted for higher growth, yield and better weed suppression [13]. 

 

Effect of Planting Geometry on Yield Parameters and Yield 

Grain yield was higher with 4 seedlings hill-1 when compared with 2 and 6 seedlings hill-1, 

while different planting geometry i.e. 20 cm x 10 cm, 20 cm x 15 cm and 15 cm x 15 cm did not 

significantly influence the grain yield [14]. In a study on the performance of Basmati 385 at different 

planting geometry of 30 cm x 25 cm, 30 cm x 20 cm, 30 cm x 10 cm and 20 cm x 20 cm and found 

that 20 cm x 20 cm planting geometry produced higher grain yield (4.88 t ha-1) as compared to other 

planting geometry [15]. The planting geometry of 15 cm x 10 cm resulted in significantly higher 

grain yield in hybrid rice than 15 cm x 20 cm planting geometry during wet season [16]. Yield 

declined as planting geometry  increased from 15 cm x 15 cm to 25 cm x 25 cm for low tillering rice 

cultivars whereas in high tillering cultivars reverse trend was noticed [17]. Under System of Rice 

Intensification (SRI), seedlings in a square pattern with wide planting geometry  of 25 cm x 25 cm 

was recommended, but with soil was rich in biological terms, wider planting geometry  (30 cm x 30 

cm or 40 cm x 40 cm) with fewer plants per m-2 recorded higher yield [18]. Closer planting geometry 

(10 cm x 10 cm) recorded significantly higher number of effective tillers and grain yield over wider 

planting geometry (20 cm x 10 cm) [19]. Maximum grain yield of 7.61 t ha-1 by modified SRI 

method of rice cultivation. This method comprised of planting younger seedlings at wider planting 

geometry (35 cm x 15 cm) in restricted irrigation regime. This method saved 59 to 60 per cent 

irrigation water [20]. Closer planting geometry  increased plant tillering, number of culms and 

panicle unit area-1, while row planting geometry  of 30 cm recorded the highest grain yield in a study 

on the effect of row planting geometry  (30,40 and 50 cm) in upland rice [21]. Planting geometry of 

20 cm x 10 cm recorded significantly higher grain and straw yields, whereas grain yield was reduced 

by 8.5 and 20.8 per cent and the straw yield by 9.0 and 21.9 per cent due to adoption of wider 

planting geometry of 20 cm x 15 cm and 20 cm x 20 cm. He further reported that the grain yield was 

significantly higher by 11.99 and 28.18 per cent with 30 days old seedlings than 40 and 50 days old 

seedlings [22]. The higher grain yield (35.41 q ha-1) was recorded in closer planting geometry (10 cm 

x 15 cm) while better quality was found with wider planting geometry of 20 cm x 15 cm [23]. The 

total number of panicle-1 was higher with a planting geometry of 23.3 cm x 11.4 cm, while the 

number of grains panicle-1 was higher with a planting geometry of 33.3 cm x 8.0 cm. Yields ranged 

from 676 kg 670 m-2 with a planting geometry of 23.3 cm x 11.4 cm and 625 kg 670 m-2 with a 

planting geometry of 33.3 cm x 8.0 cm [24]. Grain yield of rice under closer planting geometry (10 

cm x 10 cm) was significantly superior to that under wider planting geometry (20 cm x 10 cm) on 

clay loam soil at Chiplima (Orissa) [25]. Similarly the short duration rice varieties up to 100 days 

transplanted at 10 cm x 15 cm planting geometry and varieties upto 135 days duration transplanted at 

15 cm x10 cm planting geometry recorded the maximum grain yield. The transplanting of seedlings 

at a closer planting geometry  of 20 cm x 10 cm produced significantly highest grain (63 q ha-1) and 

straw (162 q ha-1) yields than wider planting geometry  of 20 cm x 20 cm and 20 cm x15 cm but was 

comparable to 15 cm x 15 cm planting geometry  [26]. Wider planting geometry (25 cm x 25 cm) 

registered significantly higher grain yield of 46.80 q ha-1 compared to 42.80 q ha-1 with closer 

planting geometry (25 cm x 12.5 cm) in a study conducted at west Java of Indonesia [27]. Similarly 

in East Java of Indonesia, wider planting geometry  of 25 cm x 25 cm recorded significantly higher 

grain yield (74.10 q ha-1) compared to 20 cm x 20 cm planting geometry  (70.70 q ha-1) and 15 cm x 

15 cm planting geometry  (62.80 q ha-1). The seedlings planted at 20 cm x 20 cm and 20 cm x 15 cm 

planting geometry produced higher number of productive tillers, grain yield and harvest index than 

seedlings planted at 20 cm x 10 cm [28]. Closer planting geometry (20 cm x 10 cm) gave higher 

sterility percentage than wider planting geometry . The highest paddy yield of 34.42 q ha-1 was 

recorded in plots planted in the pattern of 20 x 20 cm hills against the lowest of 30.66 q ha-1 in plots 

planted in the pattern of 75 cm apart four row strips [29]. The crop yield did not vary significantly 
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among 20 cm x 10 cm and 15 cm x 15 cm planting geometry [30]. At closer planting geometry, 

although number of panicles unit area-1 was higher, grain yield decreased because of fewer filled 

spikelets panicle-1 and lower panicle weight. At wider planting geometry, panicle production was 

lower despite higher number of filled spikelets and higher panicle weight. The grain yield of rice at 

different planting geometry like 30 cm x 10 cm, 30 cm x 17 cm and 30 cm x 27 cm and reported that 

higher number of tillers was with lower plant densities and grain yields were 8.3 t ha-1 (30 cm x 10 

cm), 9.4 t ha-1 (30 cm x 17 cm) and decreased with decreasing plant densities to 8.56 t ha-1 (30 cm x 

27 cm) [31]. The crop transplanted at closer planting geometry 15 cm x 10 cm and 15 cm x 15 cm 

recorded significantly higher grain yield and effective tillers m-2 than wider planting geometry of 15 

cm x 20 cm [32]. Closer planting geometry recorded decreased yield components including filled 

grains panicle-1, panicle length and panicle weight in a study on the performance of rice at different 

planting geometry of 20 cm x 10 cm, 15 cm x 10 cm and 10 cm x10 cm, [33]. The yield of the cv. 

Shayou 63 increased from 9.27 t ha-1 with a planting geometry of 20 cm x 20 cm to 9.77 t ha-1 with a 

planting geometry of 20 cm x 13.3 cm and 9.78 t ha-1 with a planting geometry of 16.67 cm x 16.67 

cm [34]. In a study on rice hybrid 6201 and R 320-300 grown at 20 cm x 15 cm, 15 cm x 10 cm 

planting geometry at 1, 2, 3 seedlings hill-1 it is observed that R-320-300 grown at 15 cm x 10 cm 

planting geometry at 2 seedlings hill-1 produced the higher grain yield of 7.59 t ha-1 [35]. Effective 

tillers hill-1 and number of filled grains panicle-1 were significantly higher in wider planting geometry 

(20 cm x 20 cm) as compared to closer planting geometry (20 cm x 10 cm) [36]. The yield of aerobic 

rice varieties could be increased by increasing the planting density in order to produce more panicles 

from main stem, thus improving the sink strength by increasing the ratio of superior to inferior grains 

[37].  Among the planting geometry studied, significantly higher grain yield (48.2 q ha-1) was 

recorded in 30 x 30 cm planting geometry compared to 45 x 20 cm (43.9 q ha-1) [38].The rice crop 

sown at 25 cm x 15 cm produced the higher grain yield of 5.69 t ha-1. Whereas, the lowest grain yield 

of 2.11 t ha-1 was found with 20 cm x 2.5 cm planting geometry under aerobic system of cultivation 

in boro season [39]. Based on their studies at Faisalabad, Pakisthan, [40] concluded that use of 

plastic mulch and the planting pattern of 62.5 cm spaced four row strips in direct seeded rice under 

aerobic condition has the potential to give comparatively higher paddy yield and apparently this 

seems to be due to soil moisture and nutrient conservation along with better weed control thus 

increasing water and fertilizer use efficiency as well as better land use by giving comparatively 

higher paddy in a cost effective way. In a study at Bapatla, Andhra pradesh on sandy loam soil 

during kharif 2012, [41] observed that the higher grain yield of 3476 kg ha-1 was observed with a 

plant population of 47 hills m-2 and it was significantly superior to 35, 28, 20 drum seeded and 33 

hills m-2 transplanting paddy. 

 

Effect of Method of Planting on Growth Parameters 

The root growth and extension was deeper in dry seeded crop than in puddled field. Due to 

low mechanical impedence (0.01 Mpa) dry seeded soil with granular structure promoted the root 

growth compared to puddle (0.5Mpa) which decreased root extension by 75 per cent [42]. The 

transplanting manually under puddle condition produced more number of effective tillers (277 tiller 

m-2) than line sowing of sprouted seeds without puddling (269 tillers m-2) in a study on the effect of 

different tillage system on growth and yield of rice [43]. It was noticed that three times yield 

increased by adopting system of rice intensification SRI method (6000 kg ha-1) compared to 

traditional method (2000 hg ha-1) [44]. The results of an experiment at Kyoto, Japan, to study of 

effect of SRI practices on growth and yield of aerobic rice revealed that SRI practice reduced 

transplanting injury, increased number of productive tillers plant-1, increased root number of lower 

nodes and also leads to more nitrogen uptake compared to conventional method of planting [45].  In 

an experiment conducted on aerobic rice at IRRI, Philippines and reported that early transplanting 

favour tiller emergence, increased shoot dry matter accumulation, whereas transplanting increased 

crop duration and water requirement. They also reported that early transplanting of aerobic rice 

genotypes produces more number of tillers (38 tillers plant-1) compared to delayed planting (8-10 

tillers plant-1) [46]. The experiment conducted at Kamarganj, Faizabad with different crop 
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establishment methods and found that crop growth rate as well as relative growth rate was 

significantly higher under transplanting compared to broadcasting of sprouted seeds and dry seeding 

[47]. In a study on the behaviour of aerobic rice genotypes, that genotypes developed very strong 

root system under dry seeded condition with more root length (23.5 cm) and thicker roots [48]. The 

total weed dry weight and weed density were lower with conventionally puddled transplanted rice 

(CPTR) and higher with aerobic direct-seeded rice (ADSB) on a furrow-irrigated raised-bed systems 

(FIRBS) [49]. The exploitation of seeding rate has a decisive role to play in minimizing weed 

pressure. Increasing seeding rate up to 300 seeds m-2 may be worthwhile to reduce weed pressure 

without sacrificing rice yield under the experimental conditions [50]. Despite no influence on weed 

suppression, row sowing in east-west direction is desirable from yield view point. In addition, rice 

yield is influenced by weed dry matter rather than by weed density. Higher dry matter production 

was observed in aerobic condition (50.5 g plant-1) as compared to puddled condition (46.4 g plant-1). 

Higher dry matter production was also due to higher leaf area (1378.7 cm2 plant-1) in aerobic 

condition as compared to puddled condition (1291.1 cm2 plant-1). Higher yield in aerobic condition 

was due to better utilization of nutrients and probably less competition and also due to vigorous root 

growth and root volume. Under aerobic condition, favourable condition helps in better development 

of roots, thereby increased root length (27.9 cm), root weight (9.1 g plant-1), root number (155.2) and 

root volume (67.0 cc) reported by [51]. 

 

Effect of Method of Planting on Yield Parameters 

The method of establishment did not influence the grain yield while varieties differ 

significantly in an experiment conducted at Rajendranagar, Hyderabad to study the varieties 

performance under two crop establishment methods (direct seeding and transplanting) [52]. The seed 

hardening with water for 24 hours was found to induce stress tolerance in rainfed rice by the way of 

better root growth and consequent absorption of more nutrients and water, resulting in higher yield to 

the tune of 23 to 26 per cent, higher net income and benefit cost ratio [53]. In a study on the crop 

establishment practices in rice at the DRR, Rajendranagar, Hyderabad revealed that wet seeding of 

sprouted seeds recorded maximum grain yield (5.17 t ha-1) and net returns (` 10,095 ha-1) followed 

by transplanting [54]. The direct seeding increased the number of panicles (279 panicles m-2) as 

compared to transplanted condition (265 panicles m-2) [55]. The transplanting resulted in 

significantly higher yield (5.88 t ha-1) than direct seeding [56]. The direct seeding had the highest 

yield with improvement over wet seeding and transplanting of 37.8 per cent and 40.8 per cent 

respectively [57]. Significant increase in rice yield by adopting dry seeding cultivation without any 

significant increase in the investment on seeds, fertilizer and plant protection chemicals as compared 

to conventional method [58]. The SRI establishment technique recorded significantly higher grain 

and straw yield (10171 and 11265 kg ha-1 respectively), total energy output (290329 MJ ha-1), energy 

output: input ratio (15.78), gross income (` 66,658 ha-1), net income (` 49,256 ha-1) and B:C ratio 

(2.84) compared to transplanting and aerobic techniques [59]. The aerobic direct-seeded rice (ADSR) 

was as effective as conventionally puddle-transplanted rice in attaining higher rice grain yield and 

net returns when weeds were kept under control (Samar et al., 2008). In a study conducted by [60] 

during summer seasons of 2007 and 2008 under irrigated conditions of Bhadra command area 

reported that System of Rice Intensification (SRI) method recorded significantly higher grain yield 

(6140 kg ha-1), straw yield (9306 kg ha-1), number of total tillers (448 m-2), effective tillers (376.5 m-

2), panicle length (23.5 cm), number of seed panicle-1 (94.5), 1000 grain weight (27.5 g), net return (` 

37,086 ha-1) and B:C ratio (2.03) compared to zero tillage, drum seeder, normal transplanting, 

transplanter (manual) method and aerobic methods. Among the methods of planting, sowing of 

sprouted seeds produced significantly higher grain yield (38.58 q ha-1), straw yield (50.33 q ha-1), 

higher net return (` 22,326 ha-1) and B:C ratio (1.7) compared to direct seeding and transplanting. 

The reduction in yield in direct seeding and transplanting were 5 and 15 per cent respectively over 

sprouted seed sowing [61].  
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Conclusion: 

It is known that growth and yield of a crop are affected to a great extent by canopy 

configuration and by the canopy microclimate, which fluctuates under different methods of 

cultivation. Planting geometry in rice has a direct bearing on the grain yield, since it is an important 

yield parameter maintaining inadequate or excess plant population often leads to reduction in yield. 

Closer planting geometry under established field condition is recommended for higher productivity. 
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