
  

Copyright © 2019 IJAIR, All right reserved 

380 

International Journal of Agriculture Innovations and Research 

Volume 7, Issue 4, ISSN (Online) 2319-1473 

Screening Lowland Rice Genotypes for Ratooning 

Performance in the Associated Mangrove Swamp of 

Sierra Leone 
 

Vandi Alieu Sama1*, 2, Fayia A. Kassoh2 and Alieu Mohamed Bah2 
1. Crop Improvement Programme, Rokupr Agricultural Research Center, Rokupr - Sierra Leone Agricultural Research Institute, 

PMB 1313, Tower Hill, Freetown, Sierra Leone. 
2. Department of Crop Science, School of Agriculture, Njala University, Njala, Sierra Leone. 

 
 

Abstract – Doubling harvesting systems in rice ratooning 

may be one practical way to increase productivity per unit 

land. A study to evaluate 30 lowland rice varieties with good 

ratooning performance of main crop and relationship of 

traits with grain yield was conducted at the Mawirr crop site 

of the Rokupr Agricultural Research Centre. Data collected 

were subjected to analysis of variance for each of main and 

ratoon crops. Significant treatment means were separated 

and compared using Duncan’s multiple range test at 5% 

probability level. Pearson’s correlation coefficient was also 

performed for each of the main and ratoon crops to deter-     

-mine traits association with grain yield. Results revealed 

significant differences among the 30 rice varieties for both 

the main and ratoon crops for the traits evaluated. The main 

crop recorded highest number of hills harvested, number of 

tillers per hill, plant height, and effective tillers per hill and 

grain yield than the ratoon crop. NERICA-L-21 produced 

the highest grain yield, longest days to 50% flowering and 

maturity of main crop and demonstrated good ratoon 

performance while Hitomebore had the least grain yield, 

shortest days to 50% flowering and maturity of main crop 

and exhibited very poor ratoon performance. Correlation 

studies revealed that genotypes with taller plant height, late 

flowering and maturity and with large culm diameter would 

effectively and ultimately increase grain yield in main crop. 

Grain yield in ratoon crop is a complement of the main crop, 

improvement of any trait in the ratoon crop would 

simultaneously translate into an improvement in the others 

thereby increasing total grain yield.  
 

Keywords – Ratooning Performance, Rice Variety, Grain 
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I. INTRODUCTION 
 

Rice (Oryza sativa L.) is the main staple food of the vast 

majority of Sierra Leoneans. It is eaten on a daily basis by 

almost every household in the country [1]. Rice is grown 

mainly by small scale farmers on both the upland and 

diverse lowland ecologies including inland valley swamp, 

mangrove swamp, boliland and riverine grassland [2]. 

Seventy-four percent of the land area of the country, 

covering 5.4 million hectares, is suitable for cultivation. 

This area comprises 4.3 million hectares of upland and 1.1 

million of lowland. Over 90% of the lowland area is arable 

and suited to rice cultivation. Current total rice production 

in the country is estimated to be 756, 000 metric tons [3] 

in an area of 504,000ha. Yields are still very low, 

estimated at nearly 2 metric tons over the past 10 years 

with 104 kg per person [4] local consumption demand of 

rice. However, the total production in the country does not 

meet the local consumption demand which results in the 

country importing nearly 40% of the national staple food, 

rice.   

In rainfed lowland ecologies such as inland valley 

swamps, mangrove swamps, bolilands and riverine 

grasslands, only one crop per year is generally grown. The 

moisture left in the field at the end of the wet season is 

often adequate for a second, short duration crop, especially 

if the first crop is early maturing and the rainy season lasts 

about six months. Soil moisture may not be enough to 

permit high returns on investment in fertilizers and 

pesticides for another crop. Thus, ratoon crop stands 

advantageous in this regard with about 50-60% less labour 

and the crop matures with about 60% less water than the 

main rice crop [5].  

Ratooning is the practice of obtaining a second harvest 

from tillers originating from the stubble of the previously 

harvested crop (main-crop) [6]. It requires low input and 

has potential to increase rice production in the lowland 

ecologies without expanding land. This improves the re-

silience of farmers to climate change [7], enables farmers 

to produce more rice in a limited area, using limited water 

and at low cost, thereby increasing farmers’ incomes and 

improving their livelihoods.  

Ratoon grain yield is nonetheless affected by some 

factors such as main plant harvesting time, climatic 

condition, water and fertilizer management in the ratoon 

[8]; height of crop, leaf area, leaf canopy, which are 

affected by genetic factor of the plant [9]-[11]; tempera- 

ture at ratoon reproductive stage, cutting plant crop height 

and growth regulators [12].  

Reference [13] reported that low yields of the ratoon 

crops are due to improper land cultivation, low quality of 

the soil, difficulty in controlling weeds, lack of water 

availability, low potential ratoon cropping, competition 

among shoots and disturbance. As a result of these, 

research showed that yields of ratoon cropping decreased 

by 25.1 6% [14], however, other research showed that the 

reduction reached 42 - 61% from the first crops [15]. 

Reference [16] and [17] further suggested that water is the 

basic requirement for plants to grow, develop, and produce 

better yields, which requires 1300-1900 mm during land 

preparation until planting time and starting the filling 

phase to spikelet filling.  

It has been opined that plant crop should be harvested 

immediately when matured grains are at maximum and 

their stems are physiologically alive. Reference [8] 

conducted a field experiment to investigate the effect of 

harvesting time and main plant residual on grain yield and 

yield components of rice. His results showed that plant 
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height, total tillers, fertile tillers, filled spikelet percentage, 

and ratoon grain yield were decreased with delaying 

harvesting time.  

Reference [18] reported that the rice crop which was 

ratooned of 0-5 cm in height resulted the highest yield 

(2.95 t/ha), decreased of 49% from the first crop. The 

cutting height of 10-15 cm by considering the pests and 

diseases, as well as the death rate of the ratoon rice and 

interval without flooding for 2 days related to water 

efficient use as the recommended treatment for ratoon rice 

cropping.  

The addition of N to the ratoon crop can delay the 

maturity of the ratooned rice, which typically requires 90 

days of frost-free weather; and the later the main crop is 

harvested, the less N should be applied [19] and [20].  

Another important aspect is stubble management. 

Research from Texas has shown that reducing stubble 

height will generally result in higher ratoon rice yields, but 

it also requires a longer growing period in order to 

produce a ratoon crop [20]. Reference [21] reported that 

stubble height was quantified following main crop harvest 

and there was no significant influence of main crop N rate 

on stubble height, with cultivar being the only significant 

factor influencing main crop stubble height.  

Rice yield is a complex quantitative trait that is determi- 

ned by combined effect of various yield determination 

factors. Correlation is a useful tool for selection of rice 

lines in breeding programs [22] and explains the relative 

contribution of different traits on yield determination [23]. 

It quantifies the degree of association between a response 

variable and a predictor variable [24]. The existence of 

correlation is attributed to the presence of genetic effect of 

genes or environmental effect or in combination of all 

factors [11]. Utilizing these relationships effectively is 

critical in rice breeding [25]. Significant association 

between yield and other traits should be considered to 

determine a selection criterion for rice [26]. Different 

morphological traits act differently on rice production 

[27], [28].  

There is the need to increase production and 

productivity of rice in the rainfed lowland ecologies. 

However, to our knowledge, based on literature research, 

no information exists on rice ratooning in Sierra Leone. 

Doubling harvesting systems in rice ratooning may be one 

practical way to increase productivity per unit land, 

particularly on rainfed lowland agro-ecologies in Sierra 

Leone. This work aimed at identifying high yielding rice 

varieties with good ratooning ability with a view of 

enhancing productivity, income and improving the 

livelihoods of smallholder rice farmers. 

 

II. MATERIALS AND METHODS 
 

Description of Experimental Site 
The experiment was conducted at the Mawirr crop site 

of the Rokupr Agricultural Research Centre (RARC), 

Rokupr (8◦ 40’N and 12◦ 23’W) at an altitude of 80m 

above sea level during 2016 wet cropping season. Rokupr 

is in the Magbema Chiefdom, Kambia District, Northern 

Province of Sierra Leone. Rokupr had an average rainfall 

of 0.6mm and temperature of 33oc during the time of 

experimentation. The crop was grown on an associated 

mangrove swamp soil with a characteristic of Entisols 

poorly drained swamps or lagoons that are waterlogged 

throughout the year. 

Experimental materials, Trial design, Crop 

Management practices and Data collection 
Trial consisted of thirty diverse lowland rice varieties 

including one check obtained from the Crop Improvement 

Program and Farm Management Unit (Table 1). 

 

Table 1. List of rice varieties and seed source 

Entry number Variety Source 

 1 ARICA 6 CIP 

 2 ARICA 9 CIP 

 3 CCA CIP 

 4 CK 90-1 CIP 

 5 Hitomebore FMU 

 6 NERICA-L-4 CIP 

 7 NERICA-L-8 CIP 

 8 NERICA-L-16 CIP 

 9 NERICA-L-19 CIP 

 10 NERICA-L-20 CIP 

 11 NERICA-L-21 CIP 

 12 NERICA-L-29 CIP 

 13 NERICA-L-32 CIP 

 14 NERICA-L-34 CIP 

 15 NERICA-L-36 CIP 

 16 NERICA-L-38 CIP 

 17 NERICA-L-43 CIP 

 18 NERICA-L-45 CIP 

 19 NERICA-L-48 CIP 

 20 NERICA-L-49 CIP 

 21 NERICA-L-50 CIP 

 22 NERICA-L-53 CIP 

 23 NERICA-L-60 CIP 

 24 OM3242 CIP 

 25 ROK 11 CIP 

 26 ROK 14 CIP 

 27 ROK24 CIP 

 28 ROK 30 CIP 

 29 ROK34 (Check) CIP 

 30 TGR 19 CIP 

  

The land was brushed manually and debris was cleared. 

The land was plough and puddle using a power tiller 

machine. Long handle native hoes were then used to level 

the plot in order to facilitate uniform distribution of water.  

Seedlings were raised on 1m x 7m dry seed beds 

prepared on the upland. The rice varieties were sown on 

drilled rows 20cm apart using short handle drilling hoes. 

The seeds were covered with soil to prevent damage by 

birds and rodents. Each variety was sown in five rows, 

leaving a space of 40 cm between plots to avoid mixtures.  

 Twenty-one-day old seedlings were transplanted in five 

rows per plot in 1m x 5m plots at 1 seedling per hill, 

spaced 20cm within and between rows and 40 cm between 

plots. Trial was laid out in randomize complete block 

design with three replications.  

NPK 15:15:15 fertilizers were applied at the rate of 67.5 

kgha-1 at transplanting. This was followed by the 

application of 55.2 kgha-1 N in the form of urea in two 
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equal splits at 21 days and 42 days after transplanting for 

the main crop, while 23 kgha-1 N in the form of urea was 

used for the ratoon crop at 15 days after harvesting. Hand 

weeding was done prior to fertilizer application at 21 days 

and 42 days after transplanting and 15 days after 

harvesting of main crop. 

At physiological maturity, the rice crop in each plot was 

harvested separately, cutting the tillers at the height of 15 

cm above ground level by using a harvesting knife. The 

following data were collected according to the standard 

evaluation system for rice [29]: 

Tiller Number per Plant: 
Average number of tillers per plant was counted and 

recorded on five individual plants.  

Panicle Number per Plant: 
Average number of tillers per plant bearing panicles was 

counted and recorded on five plants.  

Days to 50% Heading: 
Observation was made on plot basis on the time when 

50% of the plants produced heading.    

Days to Maturity: 

Observation was recorded on plot basis from seeding to 

the time when 85% of grains on panicle became mature 

and ripe.   

Plant Height: 

Average height of five plants on plot basis measured 

from the soil surface to the tip of the tallest panicle.   

Culm Diameter: 
The diameter of culm of five plants was measured on 

plot basis using Vernier caliper.  

Grain Yield: 

The dried grains obtained from each plot were weighed 

and moisture content recorded. The grain weight was then 

adjusted to 14% according to the following formula: 
 

Adjusted grain weight = Grain weight x (100 – Moisture content) 

             (100 – 14) 
 

Statistical Analysis 
Data collected were subjected to analysis of variance 

(ANOVA) for each of main and ratoon crops to determine 

the effects of varieties for the different traits recorded.  

Significant treatment means were separated and compared 

using Duncan’s multiple range test (DMRT) at 5% 

probability level. Pearson’s correlation coefficient was 

also performed for each of the main and ratoon crops to 

determine traits association with grain yield. The 

Statistical Tool for Agricultural Research (STAR, 2014), 

version 2.0.1 was used for the analyses. 
 

III. RESULTS 
 

Analysis of Variance of Traits of Main and Ratoon 

Crops 
Table 2 shows the analysis of variance showing means 

squares of traits of main crop of 30 rice varieties. Result 

showed significant (p<0.01) differences among the 30 rice 

varieties for number of hills, harvested number of tillers 

per hill, plant height, days to 50% flowering, days to 

maturity, culm diameter, effective tillers per hill and grain 

yield.  

The analysis of variance showing mean squares of traits 

of ratoon crop of 30 rice varieties is presented in Table 3. 

Results revealed that the 30 rice varieties showed signifi-   

-cant (p<0.01) differences for number of hills harvested, 

tiller numbers per hill, plan.t height, panicle number per 

hill and grain yield. 

Means of traits of Main and Ratoon Crops 
Table 4 shows the means of traits of main crop of 30 

rice varieties. Results showed that ARICA 9 recorded the 

highest number of hills harvested while NERICA-L-38 

recorded the lowest number of hills harvested. ARICA 6, 

CK 90 - 1, OM 3242, ROK 11, ROK 30 ; CCA, NERICA 

- L - 16, NERICA - L - 20, NERICA - L - 43, TGR 19; 

HITOMEBORE, NERICA - L - 19, NERICA - L - 21, 

NERICA - L - 29, NERICA - L - 36, NERICA - L - 45, 

NERICA - L - 50, ROK 14, ROK 24; NERICA-L-32; 

NERICA - L - 34, NERICA - L - 8; NERICA - L - 4, 

NERICA - L - 48, ROK 34; produced significantly similar 

number of hills harvested.  

  

Table 2. Analysis of variance showing mean squares of traits of main crop of 30 rice varieties 

Source DF 

Number of hills 

harvested 

Number of 

tillers per hill 

Plant height 

(cm) 

Days to 50% 

flowering 

Days to 

maturity 

Culm 

diameter 

Effective tiller 

per hill Grain yield 

Rep 2 10.53ns 10.87** 461.78** 12.13ns 3.74ns 0.03** 2.49ns 421800.21ns 

Variety 29 245.67** 8.05** 1404.77** 149.87** 132.96** 0.01** 4.54** 950079.67** 

Error 58 47.12 2.22 42.87 4.58 6.99 0.00 1.46 224041.99 

Total 89 

        Mean 

 

116.53 7.84 111.95 100.43 130.29 0.41 5.86 2161.29 

CV (%) 

 

5.89 18.99 5.85 2.13 2.03 12.13 20.62 21.90 

**= significant at probability level of 0.01; ns = non-significant 

 

Table 3. Analysis of variance showing mean squares of traits of ratoon crop of 30 rice varieties. 

Source DF 

Number of hills 

harvested Tiller number/hill 

Plant height 

(cm) 

Panicle 

number/hill Grain yield (kg/ha) 

Rep 2 264.04ns 74.90** 773.88** 43.62** 893.48ns 

Variety 29 1779.04** 17.44** 410.88** 11.34** 95987.69** 

Error 58 510.87 6.15 39.48 4.30 501.14 

Total 89 

     Mean 

 

59.94 7.14 59.49 5.77 281.44 

CV (%) 

 

37.71 34.76 10.56 35.97 7.95 

  **= significant at probability level of 0.01; ns = non-significant.  
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In the number of tillers per hill, Hitomebore showed the 

highest while OM 3242 indicated the lowest number of 

tillers per hill. ARICA 6, CK 90 - 1, NERICA-L-20, 

NERICA-L-48, NERICA-L-60, ROK 11, ROK 24, ROK 

30; ARICA 9, NERICA-L-32, NERICA-L-49; NERICA-

L-16, NERICA-L-45, NERICA-L-53, NERICA-L-8; 

NERICA-L-21, NERICA-L-43; NERICA-L-38, NERICA-

L-4; ROK 34, TGR 19; produced significantly similar 

number of hills harvested. 

With plant height, CK 90-1 revealed the highest plant 

height while Hitomebore recorded the lowest plant height, 

ARICA 6, NERICA-L-32, NERICA-L-38, NERICA-L-43, 

NERICA-L-45, NERICA-L-48; NERICA-L-16, NERICA-

L-60; NERICA-L-4, NERICA-L-53; NERICA-L-49, 

NERICA-L-50; OM 3242, ROK 34; ROK 11, ROK 24; 

showed significantly similar plant height. 

NERICA-L-21 and ROK 24 showed longer duration to 

50 % flowering while Hitomebore showed earliness than 

all the other varieties to 50 % flowering. ARICA 9, 

NERICA-L-20, NERICA-L-49, CK 90 - 1, ROK 30; 

NERICA-L-19, NERICA-L-38; NERICA-L-29, NERICA-

L-32, NERICA-L-43, NERICA-L-48; NERICA-L-29, 

NERICA-L-32, NERICA-L-43, NERICA-L-48, NERICA-

L-50; NERICA-L-4, NERICA-L-45, OM 3242; NERICA-

L-53, NERICA-L-8; ROK 11, ROK 14; had significantly 

similar days to 50% flowering. 

With number of days to maturity, NERICA-L-21 and 

CK 90-1 showed late duration to maturity while 

Hitomebore matured very early. ARICA6, NERICA-L-38, 

NERICA-L-49; ARICA 9, NERICA-L-20, NERICA-L-29, 

NERICA-L-32, NERICAL-L-50; NERICA-L-16, 

NERICA-L-19, NERICA-L-4, NERICA-L-45, NERICA-

L-53; NERICA-L-43, OM 3242; showed significant 

similar days to maturity. 

 Result also revealed that, ROK 24 showed bigger culm 

diameter while Hitomebore indicated smallest culm 

diameter. ARICA 6, NERICA-L-16, NERICA-L-19, 

NERICA-L-20, NERICA-L-21, NERICA-L-38, NERICA-

L-4, NERICA-L-43, NERICA-L-60, ROK 11, ROK 34 

and TGR 19; ARICA 9, NERICA-L-48; CCA, NERICA-

L-32 and ROK 14; NERICA-L-53 and ROK 30; 

NERICA-L-34 and ROK 34 revealed significant similar 

culm diameter. 

Effective tillers per hill were recorded highest in 

Hitomebore and lowest in NERICA-L-19. ARICA 6, CK 

90-1, NERICA-L-16, NERICA-L-20, NERICA-L-38, 

NERICA-L-4, ROK 11, ROK 24, and ROK 30; ARICA 9 

and NERICA-L-48; CCA and NERICA-L-29; NERICA-

L-20, NERICA-L-49, NERICA-L-49, NERICA-L-49, 

NERICA-L-53 and NERICA-L-8; NERICA-L-43 and 

NERICA-L-45; NERICA-L-50 and ROK 34; OM3242 

and TGR 19 indicated significant similar effective tillers 

per hill. 

Results further revealed that NERICA-L-21 showed the 

highest yield while Hitomebore showed the lowest yield. 

ARICA 6, ARICA 9, NERICA-L-16, NERICA-L-19, 

NERICA-L-29, NERICA-L-38, NERICA-L-4, NERICA-

L-45, ROK 11 and ROK 14; NERICA-L-20, NERICA-L-

45 and NERICA-L-53; NERICA-L-36, NERICA-L-48 

and NERICA-L-49 produced significantly similar grain 

yield. 

Table 5 shows the means of traits of ratoon crops of 30 

rice varieties. Results revealed that, the highest number of 

hills was harvested from Hitomebore while the lowest 

number of hills was harvested from ROK 11, ARICA 6 

and NERICA-l-29; ARICA 9, CK 90-1, NERICA-L-4, 

ROK 11, and TGR 19; NERICA-L-21, NERICA-L-36, 

NERICA-L-45 and NERICA-l-8; NERICA-l-38 and 

NERICA-L-50; NERICA-L-43 and OM3242; NERICA-L-

48 and NERICA-L-60 showed significantly similar 

number of hills harvested. 

The highest number of tillers per hill was recognized in 

ROK 43 and the least number of tillers was observed in 

ARICA 6. ARICA 9, NERICA-L-60, OM3242, ROK 11 

and ROK 14; CCA and NERICA-L-53; CK 90-1, 

NERICA-L-16, NERICA-L-29, NERICA-L-, NERICA-L-

34, NERICA-L-38 and NERICA-L-48; Hitomebore, 

NERICA-L-19 and ROK 30; NERICA-L-50 and TGR 19 

revealed significantly similar number of tillers per hill. 

Results of plant height showed that, NERICA-L-50 had 

the highest plant height and the shortest in the ratoon was 

observed in NERICA-L-60. CCA and NERICA-L-19; CK 

90-1, NERICA-L-21, NERICA-L-50, ROK 30 and ROK 

34; Hitomebore, NERICA-L-34 and ROK 14; NERICA-L-

16; NERICA-L-43; NERICA-L-21, NERICA-L-50, ROK 

30 and ROK 34; NERICA-L-32, NERICA-L-36 and 

NERICA-L-4 indicated significant similar number of plant 

height. 

In the number of panicles per hill, ROK 34 showed the 

highest number of panicles per hill while ARICA 9, 

NERICA-L-4, and ROK 11 recorded the least number of 

panicles per hill. ARICA 6, NERICA-L-32, NERICA-L-4, 

OM3242, ROK 14; ARICA 9, NERICA-L-43, ROK 11; 

CCA, Hitomebore, NERICA-L-16, NERICA-L-19, 

NERICA-L-34, NERICA-L-38, NERICA-L-48, NERICA-

L-53 and ROK 30; CK 90-1, NERICA-L-36, NERICA-L-

49, NERICA-L-50, NERICA-L-60 and TGR 19; 

NERICA-L-20 and ROK 24; NERICA-L-21 and 

NERICA-L-45 all showed significantly similar number of 

panicles per hill. 

In addition, the highest grain yield was observed in 

ROK 24 and least yield was revealed in ROK 14. ARICA 

6, ARICA 9, Hitomebore, NERICA-L-34, NERICA-L-36, 

NERICA-L-4, NERICA-L-48, NERICA-L-60, OM3242 

and ROK 30; CK 90-1, NERICA-L-29, NERICA-L-38; 

NERICA-L-19 and NERICA-L-50; NERICA-L-20, 

NERICA-L-53 and TGR 19; NERICA-L-32, NERICA-L-

43, NERICA-L-49, ROK 11 and ROK 11 produced 

significantly similar grain yield. 

  
Table 4. Means of traits of main crop of 30 rice varieties. 

Variety 

Number of 

hills harvested 

Number of 

tillers per hill 

Plant height 

(cm) 

Days to 50% 

flowering (days) 

Days to 

maturity (days) 

Culm 

diameter 

Effective 

tiller per hill 

Grain yield 

(kg/ha) 

ARICA 6 122.67 ab 7.20 e-i 107.73 h-k 102.00 cd 131.67 d-g 0.45 a-f 4.87 e-i 2268 d-i 

ARICA 9 129.00 a 8.60 b-f 108.80 g-k 98.33 e-h 128.33 g-j 0.40 c-g 5.67 d-i 2128 d-i 
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CCA 121.00 a-c 8.53 b-g 121.07 e-g 91.67 j 123.33 l 0.37 f-h 6.67 b-f 2721 a-e 

CK 90-1 122.33 ab 6.73 e-i 161.33 a 111.0 a 141.0 a 0.49 a-d 4.87 e-i 3159 ab 

Hitomebore 118.67 a-d 12.60 a 60.87 n 74.67 k 104.67 m 0.21 i 9.27 a 732.7 k 

NERICA-L-16 121.33 a-c 8.00 c-g 100.20 j-l 101.33 de 131.33 e-h 0.41 a-f 5.53 e-i 2163 d-i 

NERICA-L-19 118.33 a-d 5.40 hi 124.80 d-f 101.67 c-e 131.33 e-h 0.41 a-f 3.87 i 2267 d-i 

NERICA-L-20 121.00 a-c 7.20 e-i 110.47 g-j 98.33 e-h 128.33 g-j 0.45 a-f 5.20 e-i 1814.0 f-j 

NERICA-L-21 118.33 a-d 7.80 c-h 115.13 f-i 112.0 a 141.667 a 0.42 a-f 6.27 b-g 3279 a 

NERICA-L-29 119.67 a-d 9.13 b-e 115.33 f-h 99.67 d-g 129.33 g-j 0.41 b-f 6.67 b-f 2201 d-i 

NERICA-L-32 109.67 de 8.93 b-f 106.07 h-k 99.33 d-g 129.33 g-j 0.36 f-h 6.80 b-e 1570 ij 

NERICA-L-34 104.67 ef 10.13 a-c 72.33 n 95.00 h-j 126.00 i-l 0.27 hi 7.87 a-c 1256 jk 

NERICA-L-36 119.67 a-d 11.00 ab 84.67 m 94.00 ij 124.00 kl 0.31 g-i 8.13 ab 1674 h-j 

NERICA-L-38 83.00 g 7.47 d-i 107.93 h-k 101.67 c-e 131.67 d-g 0.41 a-f 5.60 e-i 2267 d-i 

NERICA-L-4 115.00 b-e 7.40 d-i 102.13 jk 101.00 d-f 131.00 e-h 0.43 a-f 5.60 e-i 2166 d-i 

NERICA-L-43 121.33 a-c 7.87 c-h 103.27 h-k 99.33 d-g 129.67 g-i 0.44 a-f 6.00 c-h 1814 f-j 

NERICA-L-45 118.00 a-d 8.00 c-g 105.80 h-k 101.00 d-f 131.00 e-h 0.50 ab 6.00 c-h 2198 d-i 

NERICA-L-48 115.67 b-e 6.73 e-i 103.80 h-k 100.00 d-g 130.00 f-i 0.40 c-g 4.53 g-i 1674.3 h-j 

NERICA-L-49 110.67 c-e 9.07 b-f 103.00 i-k 98.33 e-h 131.67 d-g 0.39 d-g 6.40 b-g 1639.3 h-j 

NERICA-L-50 120.67 a-d 6.53 f-i 136.60 b-d 99.33 d-g 129.33 g-j 0.37 fg 4.80 f-i 2477 b-g 

NERICA-L-53 96.67 f 8.40 c-g 102.67 jk 105.00 bc 131.33 e-h 0.48 a-e 6.40 b-g 1849 f-j 

NERICA-L-60 117.67 b-d 6.80 e-i 99.80 j-l 96.67 g-i 127.33 h-l 0.44 a-f 5.67 d-i 1954 e-j 

NERICA-L-8 106.00 ef 8.07 c-g 98.07 kl 105.00 bc 135.00 c-e 0.38 e-g 6.27 b-g 2372.3 c-h 

OM3242 122.00 ab 4.93 i 139.93 bc 100.33 d-f 129.67 g-i 0.49 a-c 4.27 hi 2512 a-f 

ROK 11 122.00 ab 7.07 e-i 132.73 c-e 105.67 b 134.00 d-f 0.43 a-f 5.53 e-i 2093 d-i 

ROK 14 120.67 a-d 9.87 b-d 89.80 lm 106.00 b 135.67 b-d 0.36 f-h 7.60 a-d 2128 d-i 

ROK 24 120.67 a-d 6.87 e-i 130.33 c-e 112.0 a 138.67 a-c 0.51 a 5.27 e-i 3105 a-c 

ROK 30 122.67 ab 6.93 e-i 148.07 b 109.67 a 139.33 ab 0.47 a-e 5.13 e-i 2825 a-d 

ROK 34 115.67 b-e 6.00 g-i 140.47 bc 95.33 hi 125.33 j-l 0.45 a-f 4.73 f-i 1709.0 g-j 

TGR 19 121.33 a-c 6.00 g-i 125.27 d-f 97.67 f-h 127.67 g-k 0.43 a-f 4.2667 hi 2826 a-d 

  Means with the same letter are not significantly different at 5% probability level using Fisher’s least significant difference.  

 

Table 5. Means of traits of ratoon crop of 30 rice varieties. 

Variety 

Number of hills 

harvested Tiller number/hill Plant height (cm) Panicle number/hill 

Grain yield 

(kg/ha) 

ARICA 6 57.7 d-k 4.00 g 53.80 f-l 3.60 de 189.67 i 

ARICA 9 49.67 f-k 4.40 fg 66.73 a-f 2.93 e 189.67 i 

CCA 73 a-j 7.00 c-g 69.73 a-c 6.53 b-e 232.0 h 

CK 90-1 46.7 f-k 7.93 b-g 76.07 a 5.27 c-e 251.7 gh 

Hitomebore 108.33 a 8.00 a-g 44.80 kl 6.53 b-e 162.33 i 

NERICA-L-16 87.67a-e 7.13 b-g 53.13 g-l 6.53 b-e 488.0 d 

NERICA-L-19 100.67 ab 8.40 a-g 69.87 a-c 6.53 b-e 392.7 e 

NERICA-L-20 91.3 a-d 11.80 ab 61.27 b-h 8.20 a-c 352.67 f 

NERICA-L-21 82 a-f 11.27 a-c 74.73 a 9.33 ab 542.3 c 

NERICA-L-29 56.67 d-k 7.67 b-g 54.73 e-k 6.60 a-e 251.3 gh 

NERICA-L-32 33.67 m 4.73 fg 48.40 h-l 4.07 de 123.67 j 

NERICA-L-34 65 b-k 7.07 b-g 43.07 kl 5.53 b-e 166.00 i 

NERICA-L-36 81.3 a-f 5.93 e-g 49.13 h-l 4.87 c-e 170.00 i 

NERICA-L-38 64 c-k 7.27 b-g 60.47 b-i 5.93 b-e 267.00 gh 

NERICA-L-4 45.33 f-k 5.20 fg 52.00 h-l 4.13 de 166.33 i 

NERICA-L-43 28 m-o 4.13 fg 53.07 g-l 3.13 e 100.33 j 

NERICA-L-45 75.67 a-f 10.80 a-d 59.13 c-j 9.33 ab 275.00 g 

NERICA-L-48 37 kl 7.47 b-g 47.60 i-l 5.67 b-e 169.0 i 

NERICA-L-49 24.67 m-p 5.60 fg 46.07 j-l 4.80 c-e 120.00 j 

NERICA-L-50 62.3 c-k 6.33 d-g 78.40 a 4.87 c-e 422.00 e 

NERICA-L-53 85 a-k 6.10 c-g 54.00 d-l 5.70 b-e 337.0 f 

NERICA-L-53 48 e-k 5.60 b-g 50.40 d-l 5.60 a-e 319.50 f 

NERICA-L-60 38.3 kl 5.47 fg 41.47 l 4.87 c-e 166.33 i 

NERICA-L-8 79 a-f 8.87 a-f 59.33 c-l 7.47 a-d 581.0 b 

OM3242 26.7 m-o 4.20 fg 68.40 a-d 3.87 de 189.67 i 

ROK 11 17.67 p 4.27 fg 65.47 a-g 2.93 e 96.67 j 

ROK 14 46.3 f-k 5.40 fg 42.00 kl 4.00 de 88.67 j 

ROK 24 97.33 a-c 10.47 a-e 73.40 ab 8.13 a-c 852.7 a 

ROK 30 42 jk 8.53 a-g 76.33 a 6.27 b-e 189.67 i 

ROK 34 74.3 a-j 12.73 a 76.27 a 10.47 a 573.33 bc 

TGR 19 45.67 f-k 6.07 d-g 67.13 a-e 4.93 c-e 348.33 f 
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Correlation of Traits of Main and Ratoon Crops 

Table 6 presents the correlation of eight traits of main 

crop in 30 genotypes evaluated at Rokupr. In this study, 

plant height, number of days to 50% flowering, number of 

days to maturity and culm diameter exerted positive and 

significant (p≤0.01) correlation with grain yield. However, 

number of tillers per hill and effective tillers per hill 

showed negative and significant (p≤0.01) relationship with 

grain yield. Number of tillers per hill showed positive and 

significant (p≤0.01) correlation with effective tillers per 

hill. Plant height, number of days to 50% flowering, and 

number of days to maturity exerted positive and 

significant (p≤0.01) correlation with culm diameter. Traits 

such as plant height and number of days to 50% flowering 

also showed positive and significant (p≤0.01) correlation 

with days to maturity. Plant height revealed positive and 

significant (p≤0.01) relationship with days to 50% 

flowering. Number of hills harvested showed positive and 

significant (p≤0.01) correlation with plant height. On the 

other hand, plant height, number of days to 50% 

flowering, number of days to maturity and culm diameter 

revealed negative and significant (p≤0.01) association with 

effective tillers. Number of tillers per hill showed negative 

and significant (p≤0.01) correlation with plant height, 

number of days to 50% flowering, number of days to 

maturity, and culm diameter.  

Table 7 shows the Pearson’s correlation of five traits of 

ratoon crops in 30 genotypes. Results showed number of 

hills harvested, number of tillers per hill, plant height and 

number of panicles per hill recorded positive and 

significant (p≤0.01) correlation with grain yield. Number 

of hills harvested, number of tillers per hill and plant 

height exerted positive and significant relationship with 

number of panicles per hill. Number of hills harvested and 

number of tillers per hill indicated positive and significant 

correlation with plant height. Also, number of hills 

harvested showed positive and significant correlation with 

number of tillers per hill.  

 

Table 6. Pearson correlation of traits of main crop of 30 rice varieties. 
Traits Number of hills 

harvested 

Number of 

tillers per hill 

Plant 

height 

Days to 50% 

flowering 

Days to 

maturity Culm diameter 

Effective tiller 

per hill 

Number of tillers 

per hill -0.12 

      Plant height 0.28** -0.57** 

     Days to 50% 

flowering -0.03 -0.41** 0.49** 

    Days to maturity -0.04 -0.40** 0.48** 0.96** 

   Culm diameter 0.13 -0.50** 0.59** 0.51** 0.48** 

  Effective tiller 

per hill -0.21* 0.94** -0.54** -0.38** -0.36** -0.44** 

 Grain yield 0.22* -0.40** 0.58** 0.60** 0.58** 0.40** -0.40** 

*, ** = significant at probability levels of 5% and 1%, respectively.    

 

Table 7. Pearson’s correlation of traits of ratoon crop of 30 rice varieties. 

Traits Number of hills harvested Tiller number/hill Plant height Panicle number/hill 

Tiller number/hill 0.55** 

   Plant height 0.25** 0.47** 

  Panicle number/hill 0.59** 0.95** 0.43** 

 Grain yield 0.49** 0.47** 0.46** 0.48** 

** = significant at probability levels of 1%.  

 

IV. DISCUSSION 
 

Mean Performance of main and Ratoon Crops  
Increasing and sustainable production of rice in 

associated mangrove swamp is critical where rice 

ratooning can overcome this limitation. Considering rice 

ratooning as an important practice will help the rice 

breeders as well as marginal rice farmers to achieve 

sustainable rice production in associated mangrove swamp 

for maximum gains.  

There were significant differences observed among the 

30 rice varieties for both the main and ratoon crops for 

number of hills, number of tillers per hill, plant height, 

days to 50% flowering and maturity, culm diameter, 

effective tillers per hill and grain yield. The significant 

genotypic effects observed for all the traits evaluated in 

both main and ratoon crops suggest the potential inherent 

genetic diversity of the genotypes. Similar results were 

observed by [30] and [31]. Reference [32] reported 

significant differences in grain yield for main and ratoon 

crops.  

The main crop of the 30 lowland rice varieties recorded 

highest number of hills harvested, number of tillers per 

hill, plant height, effective tiller per hill and grain yield 

than the ratoon crop. This is in agreement with earlier 

studies for number of tillers and productive tillers [11], 

[31] - [33], grain yield [32] - [34], and plant height [31].  

The highest number of tillers and productive tillers 

recorded in the main crop than the ratoon crop may had 

possibly contributed to the observed lower grain yield in 

the ratoon crop compared to the main crop. Tillering 

ability has been cited as one of the most genetic factors 

affecting ratoon performance of grasses [11]. 

In general, 77% of genotypes out-yielded the check 

genotype (ROK 34) by 5% to 73% for main crop whereas 

only two genotypes out-yielded the check genotype by 3% 

and 100% for ratoon crop. Specifically, results revealed 
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that NERICA-L-21 produced the highest grain yield, 

longest days to 50% flowering and maturity of main crop 

and demonstrated good ratoon performance. ROK 24 and 

NERICA-L-8 also exhibited higher grain yields, late days 

to 50% flowering and maturity of main crop and produced 

very good ratoon performance, with ROK 24 yielded 

highest in ratoon crop. On the other hand, Hitomebore had 

the least grain yield, shortest days to 50% flowering and 

maturity of main crop and exhibited very poor ratoon 

performance. Genotypes such as NERICA - L - 34, 

NERICA - L - 60 and ROK 34 produced low grain yields 

with early days to 50% flowering and maturity. These 

genotypes demonstrated very poor ratoon performance, 

except ROK 34 which showed very good ratoon 

performance. However, ROK 34 which flowered and 

matured very early with very good ratoon performance is 

more likely to escape drought stress and could has the 

potential to benefit local rice farmers in drought prone 

areas where soil moisture is critical in the production of 

ratoon crop. It is therefore deduce that, genotypes which 

flowered and matured very late produced better grain 

yields of main crop and had good ratoon performance, 

whereas those with very early days to flowering and 

maturity expressed low grain yields of main crop and poor 

ratoon performance.  

Characters Association of main and Ratoon Crops  
Grain yield, being a quantitative trait is a complex 

character of any crop that depends on other traits. These 

yield contributing components are interrelated with each 

other showing a complex chain of relationship and also 

highly influenced by the environmental conditions [35]. 

Information on correlation coefficient has always been 

helpful as a basis for selection in a breeding programme - 

breeding strategy in rice mainly depends upon the degree 

of associated characters as well as its magnitude and 

nature of variation [35], [36].  

A significant and positive correlation of traits showed 

that these traits could be improved simultaneously. In this 

study, grain yield showed positive and significant 

correlation with plant height, days to 50% flowering and 

maturity, and culm diameter in the main crop. These traits 

also revealed positive and significant relationships with 

each other, implying that genotypes with taller plant 

height, late flowering and maturity, and with large culm 

diameter would effectively and ultimately increase grain 

yield. Reference [37] observed positive and highly 

significant relationship of grain yield per hill with days to 

flowering and plant height. Reference [30] reported that 

days to maturity showed positive and highly significant 

correlation with grain yield per plant. The negative 

association that existed between grain yield and number of 

hills harvested, number of tillers per hill and effective 

tiller per hill in the main crop is not a guarantee that 

improving these traits would translate into an increase in 

grain yield, although indirect contribution may be 

suspected. This result is contrary to the findings of [38] 

who observed that plants with heavy panicles tend to have 

high number of fertile grains thereby increasing rice yield. 

Reference [39] also reported positive and significant 

association of grain yield with number of fertile tillers per 

plant and number of tillers per plant. The study also points 

out that traits such as number of hills harvested, number of 

tillers per hill and panicle number per hill which exerted 

negative and significant correlation with grain yield in the 

main crop revealed positive and significant association 

with grain yield in the ratoon crop. These traits also 

showed positive and significant relationship with each 

other, indicating that improving one of these traits would 

simultaneously improve the others and hence improve 

grain yield. This further indicates that grain yield in ratoon 

crop is a complement of the main crop - improvement of 

any trait in the ratoon crop would simultaneously translate 

into an improvement in the others thereby increasing total 

grain yield. 

 

V. CONCLUSIONS 
 

There were significant genetic differences observed 

among the 30 rice varieties for both the main and ratoon 

crops for the traits evaluated. The main crop of the 30 

lowland rice varieties recorded highest number of hills 

harvested, number of tillers per hill, plant height, effective 

tiller per hill and grain yield than the ratoon crop. Most of 

genotypes evaluated out-yielded the check genotype (ROK 

34) by 5% to 73% for main crop and only two genotypes 

out-yielded it by 3% and 100% for ratoon crop. NERICA-

L-21 produced the highest grain yield, longest days to 

50% flowering and maturity of main crop and 

demonstrated good ratoon performance while Hitomebore 

had the least grain yield, shortest days to 50% flowering 

and maturity of main crop and exhibited very poor ratoon 

performance. Correlation studies revealed that genotypes 

with taller plant height, late flowering and maturity and 

with large culm diameter would effectively and ultimately 

increase grain yield in main crop. Grain yield in ratoon 

crop is a complement of the main crop, improvement of 

any trait in the ratoon crop would simultaneously translate 

into an improvement in the others thereby increasing total 

grain yield.   

Recommendations 
It is recommended that:  

 NERICA-L-21, ROK 24 and NERICA-L-8 which 

produced better grain yield, flowered and matured 

very late in main crop and demonstrated good ratoon 

performance should be advanced on-farm prior to 

their commercial production as ratoon crop varieties.   

 ROK 34 which flowered and matured very early with 

very good ratoon performance could has the potential 

to benefit local rice farmers where soil moisture is 

critical in the production of ratoon crop.  

 

REFERENCES 
 
[1] Alhaji Mohamed Hamza Conteh*, Xiangbin Yan, Foday Pinka 

Sankoh 2012 the influence of price on rice production in Sierra 

Leone. 

[2]  Kristen H, Wendy K, Hardwick T and Darcey J 2013. 
Agricultural profile for Sierra Leone. P12. 

[3] United States Department of Agriculture (USDA), (2017) World 

Rice Production. 
[4] Ministry of Agriculture, Forestry and Food Security 2009. 

 



  

Copyright © 2019 IJAIR, All right reserved 

387 

International Journal of Agriculture Innovations and Research 

Volume 7, Issue 4, ISSN (Online) 2319-1473 

[5] Elias, R.S, 1969. Rice production and minimal tillage, outlook 

Agric. 
[6] Jones, D.B. and G.H. Snyder, 1987. Seeding rate and row 

spacing effects on yield and yield component of drilled seeded 

rice. Agron. J., 79: 627-629. 
[7]  FAO (Food and Agriculture Organization), (2014). Revitalizing 

rice ratooning to reduce risk and impact during harzard-prone 

months in the Bicol region, the Philippines. Food and 
Agriculture Organization (FAO), Rome, Italy. http:// 

teca.fao.org/read/7739. 

[8] Tari DB. (2011). Effect of harvesting time and plant residual on 
agronomic traits of rice ratoon. American-Eurasian J. Agric. & 

Environ. Sci., 11(1): 129-132. 

[9] Quddus, M.A. 1981. Effect of several growth regulators, shading 
and cultural management practices on rice ratooning.MS thesis, 

University of the Philippines at Los Banos, Philippines, p. 100. 

[10] Krishnamorty, K., 1988. Rice ratooning as an alternative to 
double cropping in tropical Asia. In rice ratooning. International 

Rice Institute. Manila, Philippines, pp; 3-16 

[11]  Oad FC, Samo A, Hassan ZU, Pompe SC, Oad NL. Correlation 

and path analysis of quantitative characters of rice ratoon 

cultivars and advance lines. Int J Agri Biol. 2002 ; 4(2):204-207.  

[12] Bollich, C.N., B.D. Web and J.E. Scott. 1988. Breeding and 
testing for superior ratooning ability of rice in Texas. In: rice 

ratooning. International Rice Research Institute. Manila, 

Philippines, pp: 47-54  
[13] Arsana WD, Marjayanti SA, Syafrudin D. (1997). The problems 

of sugarcane ratoon crop in district P G Asem Bagus, P G 
Jatiroto and P G Pesantren Baru (in Indonesian), News of P3G1 

19: 5-7.  

[14] Begum MK, Hasan KM, Hossain SMAand Hossain MA. (2002). 
Effect of culm cuttings height and nitrogenous fertilizer on the 

yield of ratoon of late boro rice. Department of Agronomy, 

Bangladesh Agricultural University, Mymensingh - 2202, 
Bangladesh. Pakistan J. of Agronomy, 1 (4) : 136-138. 

[15] Reddy, V.R.; Rao, P.V.; Reddy, C.V., 1988. Chemical 

composition and nutritive value of processed neem cake. Indian 
J. Anim. Sci., 68: 870-873. 

[16]  Bouman BAM, Peng S, Castenada AR, Visperas RM. (2005). 

Yield and water use of irrigated tropical aerobic rice system. 

Agric. Water manag., 3 : 87-105.  

[17]  Kalsim KD, Subari M, Deon M, Hanhan A. (2007). Irrigation 

operational design for SRI development (in Indonesian). Seminar 
KNI-ICID. Bandung, pp. 1-13.  

[18] Setiawan, Budi I., Arief Imansyah, et al. 2014. SRI paddy 

Growth and GHG emissions at various groundwater levels. 
Irrigation and Drainage. Published online first Sept. 12. Doi : 

10.1002/ird.1866. 

[19]  Saichuk, J., D. Harrell, K. Fontenot, D. Groth, C. Hollier, N 
Hummel, S. Linscombe, X. Sha, M. Stout. E. Webster, and L. 

White. 2012. Rice Varieties and Management Tips. Pub. 2270. 

LSU AgCenter, Baton Rouge, La. 
[20]  Way, M.O. and G.N. McCauley. 2012. Texas Rice Production 

Guidelines. Texas A&M University System. Beaumont, Texas. 

Table 

[21]  Roberts TL, Norman RJ, Slaton NA, Shafer J, Greub CE, 

Fulford AM, Williamson SM, Frizzell DL and Clark S. (2012). 

Main Crop and Ratoon Crop Grain Yield Response of the Rice 
Cultivars CL111, RTCLXL745, RTXP4523, and RTCLXP4534. 

[22]  Akhtar N, Nazir MF, Rabnawaz A, Mahmood T, Safdar ME, 

Asif M, Rehma A. Estimation of heritability, correlation and 
path coefficient analysis in grain rice (Oryza sativaL.). The 

Journal of Animal & Plant Sciences. 2011 ; 21 (4):660-664. 

[23] Chaubey PK, Singh R. Genetic variability, correlation and path 
analysis of yield components of rice. Madras Agric J. 1994; 

81(9):468-470. 

[24]  Aladag CH, Egrioglu E, Guna S, Basaran MA. Improving 
weighted information criterion by using optimization. Journal of 

Computational and Applied Mathematics. 2010; 233: 2683-2687. 

[25]  Gravois KA, Helms RS. Seeding rate effects on rough rice yield, 
head rice, and total milled rice. Agron J. 1996; 88: 82-84. 

[26] Habib SH, Bashar MK, Khalequzzaman M, Ahmed MS, Rashid 

ESMH. Genetic analysis and morpho-physiological selection 
criteria for traditional biroin Bangladesh rice germplasm. J Biol 

Sci. 2005; 5: 315–318. 

[27] Yang W, Peng S, Laza RC, Visperas RM, Sese MLD. Grain 
yield and yield attributes of new plant type and hybrid rice. Crop 

Sci. 2007; 47: 1393–1400.  

[28] Yang XC, Hwa CM. Genetic modification of plant architecture 

and variety improvement in rice. Heredity. 2008; 101: 396–404.  

[29]  International Rice Research Institute (1996). Standard 

Evaluation System for Rice, International Rice Research 
Institute, Manila, Philippines, 4th edition. 

 [30]  Rashid M, Cheema AA and Ashraf M. (2008). Numerical 

Analysis of variation among basmati rice mutants. Pakistan 
Journal of Botany 40: 2413-2417. 

 [31]  Farug G, Taha RM, Prodhan ZH. (2014). Rice ratoon crop: A 
sustainable rice production system for Tropical Hill Agriculture. 

Sustainability, 6:5785; doi: 10.3390/su6095785. 

[32]  Sanni KA, Ojo DK, Adebisi MA, Somado EA, Ariyo OJ, Sie M, 
Akintayo I, Tia DD, Ogunbayo SA, Cissé B, Sikirou M, 

Adekoya MA. 2009. Ratooning potential of interspecific 

NERICA rice varieties (Oryza glaberrima x Oryza sativa). 
International Journal of Botany 5(1), 112-115. 

 [33]  Ringera TJ, Kingamario IJ, Amuguve ON and Kanya IJ. (2014). 

Ratooning ability and its effect on grain yield of upland Nerica 
rice varieties in central Kenya. International Journal of 

Agronomy and Agricultural Research, vol. 4 (4): 44-55 

[34] Liu, K., J. Qin, B. Zhang and Y. Zhao, 2012. Physiological traits, 

yields and nitrogen translocation of ratoon rice in response to 

different cultivations and planting periods. Afr. J. Agric. Res., 7: 

2539-2545. 
[35]  Prasad B, A. K. Patwary and P. S. Biswas (2001). Genetic 

variability and selection criteria in fine rice (Oryza sativa L.). 

Pakistan J. Biol. Sci. 4:1188-1190. 
[36]  Zahid M. A., M. Akhtar, M. Sabir, Z. Manzoor and T. H. Awan 

(2006). Correlation and path analysis studies of yield and 

economic traits in Basmati rice (Oryza sativa L.). Asian J. Plant 
Sci., 5:643-645. 

[38]  Ukaoma AA, Okocha PI, Okechukwu RI (2013). Heritability 

and character correlation among some rice genotypes. Journal of 
plant breeding and Genetics 1 (2): 73-84.  

[39] A.L. Ranawake1* and U.G.S. Amarasinghe1 Journal of 

Scientific Research & Reports 3(18): 2395-2403, 2014; Article 
no.JSRR.2014.18.002 Relationship of Yield and Yield Related 

Traits of Some Traditional Rice Cultivars in Sri Lanka as 

Described by Correlation Analysis 

 

http://teca.fao.org/read/7739
http://teca.fao.org/read/7739
http://onlinelibrary.wiley.com/doi/10.1002/ird.1866/full
http://onlinelibrary.wiley.com/doi/10.1002/ird.1866/full
http://dx.doi.org/10.1002/ird.1866

