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Abstract: Evaluation of varieties from different years in a common environment is one of the most direct methods used to estimate 

breeding progress. Twenty upland rice varieties released in Ethiopia from 1998 to 2016 were evaluated at Fogera National Rice 

Research and Training Center in 2017 cropping season to estimate the amount of genetic gain over the years. The varieties were laid 

out in a randomized complete block design with three replications. Analysis of variance revealed significant differences among 

varieties for all traits. Grain yield was increased from 2.76 t ha-1 to 4.86 t ha-1 over the past 18 years. The average rate of increase in 

grain yield of upland rice per year, estimated from the linear regression on year of variety release, was 0.044 t ha -1 with a relative 

genetic gain of 1.59% year-1, although non-significant. The study showed significant improvements in grain-filling period, panicles 

length and number of filled-grains panicle-1. Significant reduction was also observed in days to heading and thousand-seed weight. No 

marked changes were observed in grain yield per plant and biological yield, number of fertile tillers, plant height and days to maturity 

over the 18-year period. 
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1. Introduction 
The global production area and yield of rice has been 

estimated to be 167 million hectares and 769.6 million 

tons, respectively. About 692 million tons of paddies are 

produced from 145 million hectares of land in Asian 

continent. Asia produces about 90% of the world's rice 

production (FAOSTAT, 2017) which shows its 

importance in food security for Asians. Africa harvested 

36.5 million tons of rice from 14.9 million ha of cultivated 

land, with productivity of 2.4 t ha-1. In Ethiopia, 48484 ha 

of land was covered, and 140335 tons of paddy rice was 

produced in 2017 resulting with a national average 

productivity of 2.89 ton ha-1 (FAOSTAT, 2017). 

Nonetheless, a yield as high as 6 ton ha-1 has been 

recorded on research fields under upland ecosystem 

(Dessie et al., 2018). 

Rice introduced to Ethiopia in 1970s but formal research 

was started in 1985/6 with the establishment of Pawe 

and Abobo agricultural research centers during the 

resettlement program. Since then, a number of rice 

germplasm have been introduced from different 

international institutions for different agro-ecosystems 

and objectives, and evaluated on multi-locations and 

years. Consequently, the first rice variety was released in 

1998 by Pawe agricultural research center. Up to now, 35 

varieties have been released and registered for different 

agro-ecosystems (MoANR, 2016). 

Evaluation of breeding progress allows quantification of 

genetic change that has been achieved over time. 

Different traits influencing yield should be analyzed 

periodically to evaluate breeding progress and to 

determine traits with greatest contribution to yield 

(Green et al., 2012). Assessment of the contribution of 

plant breeding on yield improvement of a certain crop 

and appraisal of the past gains are useful for identifying 

potential areas for future breeding endeavors 

(Waddington et al., 1986). As stated by Evans (1993) 

knowledge of changes resulted by crop breeding on grain 

yield and its components is important to evaluate the 

efficiency of previous works. In measuring progress in 

genetic yield potential, complications can arise as a result 

of interactions between cultivar and growing condition 

(Evans and Fischer, 1999). Nonetheless, evaluation of 

improved varieties released in different years in a 

common environment has been a direct method used to 

estimate the progress in yield improvement made in a 

given crop (Perry and D’Antuono, 1989). Breseghello et 

al. (1998) proposed the method used to calculate grain 
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yield growth rate for a region, a state, or the entire area 

of interest in a breeding program. The gain for sub 

regions within the same program may show whether the 

new lines are adapted to specific environmental 

conditions. 

In Ethiopia, works pertaining to genetic gain have been 

documented on bread wheat (Tarekegn et al., 1995), tef 

(Teklu and Tefera, 2005; Dargo et al., 2016), barley 

(Fekadu et al., 2011), maize (Worku and Zelleke, 2007), 

lowland sorghum (Woldesemayat et al., 2015), haricot 

bean (Bezaweletaw et al., 2006), groundnut (Hagos et al. 

2012), lentil (Bogale et al., 2015), faba bean (Tolessa et 

al., 2015) and chick pea (Belete et al., 2017). However, no 

work has been reported on rice in Ethiopia. The 

objectives of the present investigation are to know the 

level of genetic gain on yield and yield related characters 

of released upland rice varieties based on their time of 

release and to determine changes produced by genetic 

improvement on yield and yield related traits. 

 

2. Material and Methods 
2.1. Description of the Study Area 

The study was undertaken at Fogera national rice 

research and training center, Ethiopia. Average altitude 

of Fogera ranges from 1,750 to 2,500 meters above sea 

level (m.a.s.l.) with an average rain fall of 1284 

millimeter and temperature ranging from 11.5°C to 

27.9°C. The experimental site is located at 11°58’ N 

latitude, 37° 41’E longitude and at an elevation of 1810 

m.a.s.l. Based on ten years’ average meteorological data, 

the annual rainfall is 1300 mm and mean annual 

minimum and maximum temperatures are, 11.5° C and 

27.9°C, respectively. The soil type is Vertisol with pH of 

5.90. 

2.2. Experimental Materials 

Experimental materials were 20 upland rice varieties 

released by different research centers in different years. 

Eight of the varieties were NERICA (New Rice for Africa) 

types initially developed for upland ecosystem by Africa 

Rice. NERICA varieties were developed by interspecific 

hybridization of Oryza glaberrima and Oryza sativa 

(Samado et al., 2008). The description of the varieties is 

as shown in Table 1. 

2.3. Experimental Design and Management 

A field experiment was conducted using 20 released 

upland rice varieties at Fogera national rice research and 

training center during 2017 main cropping season. 

Randomized complete block design with three 

replications in 14m x 39.5m total area was used. Each 

experimental plot had a total area of 6m2 (1.5m x 4m) 

and six rows at 0.25m interval while the distance 

between plots and between blocks were 0.5m and 1m, 

respectively. Seeds have been sown in rows with manual 

drilling at a rate of 60kg ha-1. Fertilizer application was at 

a rate of 60.5 kg NPS and 125 kg urea per hectare. All NPS 

have been applied during planting while urea application 

was in three splits at planting, tillering and at panicle 

initiation stages. 

Table 1. List of upland rice varieties used for the study 

No Variety Pedigree Year of 

release 

1 Pawe-1  M-55 1998 

2 Kokit  IRAT-209 2000 

3 Suprica-1  WAB 450 2006 

4 NERICA3  WAB 450-IB-P-2B-HB 2006 

5 NERICA4  WAB 450-IB-P-9/1 2006 

6 NERICA2 WAB 450-1-1-P31-1-HB 2007 

7 Getachew  AD-01 2007 

8 Andassa  AD-012 2007 

9 Tana  AD-048 2007 

10 NERICA14 WAB 880-1-32-1-2-P1-HB 2010 

11 Kallafo-1  FOFIFA-3737 2010 

12 NERICA6 WAB 450-IBP-160-HB 2011 

13 NERICA15 WAB 881-10-37-18-3-P1-HB 2011 

14 Hidasse  WAB 515-B-16A1-2 2012 

15 Chewaqa  YIN lu 20 2013 

16 NERICA10 WAB 450-11-1-1-P41-HB 2013 

17 NERICA12 WAB 880-1-38-20-17-P1-HB 2013 

18 Adet  WAB 450-1-B-P-462-HB 2014 

19 NERICA13  WAB 880-1-38-20-28-P1-HB 2014 

20 Fogera-1 ART15-7-16-30-2-B-B 2016 

Source: MoANR (2016) 

 

2.4. Data Collection 

Observation and data recording for the traits under study 

were based on the standard evaluation system for rice 

(IRRI, 2013). The data were collected from ten randomly 

selected plants of each plot for traits treated on plant-

basis like plant height (cm), panicle length (cm), number 

of panicles per plant, number of total grains per panicle, 

number of filled-grains per panicle, number of fertile 

tillers per plant, yield per plant (gm). However, days to 

heading, days to maturity, grain-filling period, thousand-

seed weight (gm), biological yield (t ha-1) and grain yield 

(t ha-1) were taken on plot-basis; the four central rows 

were considered. Grain yield was adjusted at 14% 

moisture level. 

2.5. Statistical Analysis 

2.5.1. Analysis of variance 

Analysis of variance (ANOVA) was done using Statistical 

Analysis System (SAS) version 9.4 Computer software 

program following SAS statement for randomized 

complete block design (SAS, 2012). Mean separation was 

done by comparing every pair of means by Least 

Significance Difference (LSD) test. 

2.5.2. Genetic gain 

Linear regression analysis was used to calculate the 

genetic gain for each trait considered in the study. The 

breeding effect was estimated as a genetic gain for grain 

yield and associated traits in upland rice by regressing 

mean of each character for each variety against the year 

of release of that variety using PROC REG procedure of 

SAS. The coefficient of linear regression gives the 
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estimate of genetic gain in ton ha-1 year-1 or in % per year 

(Evans and Fisher, 1999). The relative annual gain 

achieved over the years was determined as a ratio of 

genetic gain to the corresponding mean value of oldest 

variety and expressed as percentage. 

Annual rate of gain (b)  
     

    
 

where X= the year of variety release, Y= the mean value 

of each character for each variety, Cov= Covariance, and 

V= Variance 

The functional form of linear relationship between a 

dependent variable Y and independent variable X is 

represented by the equation: 

 

Y = α + βx 

 

where Y= the value of the dependent variable, X= the 

independent variable, α= the intercept of the line and β= 

the regression coefficient (slope of the line), or the 

changes in Y per unit change in X. 

 

3. Results and Discussion 
3.1. Analysis of Variance and Performance of 

Varieties 

The result of the analysis of variance for the different 

morphological and agronomic traits is presented in Table 

2. There were significant differences (P<0.01) among 

varieties for all characters studied, indicating the 

existence of genetic variability within the varieties. The 

present investigation is in confirmation with early 

findings (Veasey et al., 2008; Worede et al., 2014; Fentie 

et al., 2014). 

Mean of days to heading of all varieties in the trial was 

94.71 days. The variety NERICA10 was significantly 

(P≤0.05) earliest in heading than the other varieties 

whereas Pawe-1 was very late in heading than the other 

varieties. Likewise, mean days to maturity of all varieties 

were 142.87. The variety NERICA14 had significantly 

(P≤0.01) earliest maturity. However, Pawe-1 had highly 

significant (P≤0.01) late days to maturity from all the 

other varieties. The mean of grain-filling period of 

varieties was 48.15 days. The variety Kokit had the 

shortest (33.3) grain-filling period, although it was not 

significantly (P≤0.01) different from variety NERICA14. 

The variety NERICA10 had significantly longest grain-

filling period than the other varieties (Table 3). 

The mean plant height was 85.38cm which ranged from 

70.7cm (NERICA10) to 107.6cm (Getachew). Getachew 

was the tallest (107.6cm) followed by Andassa (104cm), 

Tana (101.8cm) and Chewaqa (101.4cm); however, 

Pawe-1 was the shortest (71.4cm). Panicle length of the 

varieties ranged from 12.1 cm to 20.9 cm with a mean of 

18.39cm. The variety NERICA2 showed the longest 

panicle length (20.9 cm) which was significantly (P≤0.01) 

different from all the other varieties in the study except 

NERICA13, NERICA12 and Getachew. In contrast, the 

variety Pawe-1 had the smallest panicle (12.1 cm) of all 

the varieties (Table 3). 

Number of fertile-tillers ranged from 6 to 9.7. The variety 

NERICA4 scored the highest number of fertile-tillers per 

plant followed by Andassa (9.4) and Tana (8.8). While 

that of variety NERICA15 was significantly lower than the 

rest of the varieties. The mean number of panicles per 

plant was 10.02 and it ranged from 8.4 (Kokit) to 13.5 

(Hidasse). Hidasse, followed by NERICA6 (11.7) and 

NERICA12 (11.1) had higher number of panicles per 

plant. The oldest improved variety, Pawe-1, had 9.7 

panicles. 

The total number of grains per panicle ranged from 57.5 

(NERICA14) to 105.8 (NERICA4). NERICA4 followed by 

Fogera-1 (105.1), NERICA6 (104) and Superica-1 (102.7) 

were varieties with higher total number of grains per 

panicle. Likewise, number of filled-grains panicle-1 of 

varieties ranged from 53.5 to 98.5 with the mean of 75.09 

filled-grains panicle-1. The variety NERICA4 produced 

highest number of filled-grains panicle-1 than the others. 

The varieties such as NERICA15, NERICA14, Kokit, Pawe-

1 and NERICA10 produced lower number of filled-grains 

panicle-1 than the other varieties in the study (Table 3).

 

Table 2. Analysis of variance for 13 traits of 20 upland rice varieties at Fogera in 2017 

Traits Variety (df=19) Error (df=38) R2 (%) 

Days to heading 303.413** 2.439 0.984 

Days to maturity 259.137** 4.997 0.963 

Grain-filling period 256.894** 5.578 0.958 

Plant height (cm) 382.638** 11.694 0.943 

Panicle length (cm) 10.882** 0.689 0.89 

Number of panicles per plant 3.911** 0.744 0.78 

Number of total grains per panicle 753.097** 3.256 0.991 

Number of filled-grains per panicle 650.801** 3.386 0.989 

Number of fertile tillers per plant 3.070** 0.354 0.815 

Thousand-seed weight (gm) 26.124** 0.950 0.932 

Yield per plant (gm) 47.803** 0.621 0.975 

Biological yield (t ha-1) 10.465** 0.379 0.933 

Grain yield (t ha-1) 1.874** 0.113 0.893 

*,**= Significant at P ≤ 0.05 and 0.01, respectively, df= degree of freedom R2= coefficient of determination. 
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Mean yield per plant of upland rice varieties was 13.02 g, 

and it ranged from 5.2 g for NERICA15 to 20.7 g for 

NERICA12. Besides NERICA12, NERICA4, NERICA3, 

Suprica-1 and Tana also had higher yield per plant. 

However, varieties such as NERICA15, Kokit, Chewaqa 

and NERICA14 had relatively lower yield per plant than 

the other varieties in the study (Table 3). 
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Thousand-seed weight ranged from 24.4gm (NERICA6) 

to 35.8gm (Pawe-1) with a mean of 28.23gm. Pawe-1 

followed by NERICA12 and NERICA13 (both 32.6gm) and 

Superica-1 (31.5gm) were large seeded varieties. 

The mean biological yield of the upland rice varieties was 

8.19 t ha-1, and it ranged from 5.4 t ha-1 for NERICA14 

released in 2010 to 12.4 t ha-1 for Getachew released in 

2007 (Table 3). Varieties such as Tana (11.1 t ha-1) and 

Pawe-1 (10 t ha-1) also had higher biological yield. The 

varieties released in 1998, 2007 and 2016 had relatively 

higher biological yield than the others (Table 4). 

 

Table 4. Trend of genetic progress for grain-yield and biological-yield in upland rice varieties released from 1998-2016 

over the oldest variety (Pawe-1) 
 

Varieties Year of 

release 

Mean grain 

yield (t ha-1) 

Increment over the 

oldest variety 

Mean biological 

yield (t ha-1) 

Increment over the 

oldest variety 

t ha-1 % t ha-1 % 

Pawe-1 1998 2.760 - - 10.00 - - 

Kokit 2000 3.490 0.730 26.449 5.78 -4.22 -42.20 

NERICA3 2006       

NERICA4 2006 4.522 1.762 63.849 8.10 -1.90 -18.98 

Superica-1 2006    

   Andassa  2007    

   Getachew 2007 4.523 1.763 63.889 10.11 0.11 1.11 

NERICA2 2007       

Tana  2007    

   Kallafo-1 2010 3.980 1.220 44.203 6.73 -2.27 -32.73 

NERICA14 2010       

NERICA15 2011 3.122 0.362 13.104 5.91 -4.10 -40.92 

NERICA6 2011       

Hidasse 2012 4.130 1.370 49.638 7.83 -2.17 -21.70 

NERICA10 2013    

   Chewaqa  2013 4.001 1.241 44.968 7.81 -2.19 -21.91 

NERICA12  2013 
   

   Adet  2014 4.598 1.838 66.606 8.74 -1.26 -12.62 

NERICA13 2014       

Fogera-1  2016 4.860 2.100 76.087 9.28 -0.72 -7.20 

 

The mean grain yield of upland rice varieties was 4.12 t 

ha-1, which ranged from 2.31 t ha-1 for the variety 

NERICA15 to 5.13 t ha-1 for the variety Andassa. Andassa 

had significantly (P≤0.05) highest yield than the others 

(Table 3). The highest yielder variety, Andassa 

represents 63.8 % increment over the older variety 

(Pawe-1). More or less, similar trends of genetic progress 

were reported in wheat in Ethiopia (Tarekegn et al., 

1995). The recently released upland rice variety, Fogera-

1, showed significantly (P≤0.05) higher grain yield than 

most of the varieties tested in the study except Andassa, 

NERICA4, Tana and NERICA12. It exceeded the oldest 

variety (Pawe-1) by 76.08%. In the same way, Tarekegn 

et al. (1995) reported 89% and 71% grain yield 

improvement of the recent bread wheat variety at 

Holetta and Kulumsa, respectively. In winter wheat, 

27.6% greater seed yield of newly released cultivar than 

the older cultivars was reported in UK (Shearman et al., 

2005). Mean grain yields of varieties released in 2006, 

2007, 2014 and 2016 exceeded that of the older variety 

released in 1998 by 1.76 (63.85%), 1.76 (63.89%), 1.84 

(66.61%) and 2.10 (76.10%) t ha-1, respectively (Table 

4). 

3.2. Genetic Improvement of Yield and Yield 

Attributing Traits 

The linear regression analysis of days to heading and 

days to maturity on year of variety release showed 

negative regression coefficient, which was significantly 

different from zero for days to heading (Table 5). In 

agreement with this study, Donmez et al. (2001) in 

winter wheat reported that modern cultivars were 

significantly earlier than the oldest ones for days to 

flowering. Breseghello et al. (2011) also reported 

reduction of 0.25 days yr-1 in days to flowering in upland 

rice. 

As evidenced from the regression of variety means 

against year of release, plant height showed 0.353 cm 

year-1 increment although it was not significant (Table 6). 

In agreement to this finding, Teklu and Tefera (2005) 

reported low (0.4285 cm year-1) and non-significant 
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genetic gain of plant height over 35 years of tef 

improvement. Contrary to this, Ortiz et al. (2002) 

reported that yield improvement was achieved by 

reducing plant height in two row barley (0.2 cm year-1) 

and six row barley (0.16 cm, year-1) varieties. Breseghello 

et al. (2011) also reported reduction of 0.52 cm yr-1 in 

plant height in upland rice. 

The analysis showed that the regression coefficient for 

panicle length for the period studied was 0.216, which is 

significantly (P≤0.05) different from zero (Table 6). This 

result indicated panicle length was steadily modified 

with the year of release of a variety. 

Number of fertile tillers per plant of upland rice varieties 

showed a slight but not significant (P≤0.05) decreasing 

trend over the 18 years period (Table 5). The annual 

relative genetic gain of number of fertile tiller per plant 

for the periods 1998-2016 was -0.45% (Table 6). This 

implies that there was a decreasing trend in number of 

fertile tiller per plant across the years of release. 

Number of filled-grains per panicle revealed significant 

(P≤0.05) trend of increase over the period studied (Table 

5). Accordingly, it increased by 0.76 grains year-1, 

indicating that rice improvement program has 

significantly enhanced number of filled-grain panicle-1. 

This implies that improved grain yield in the modern 

varieties appears to be associated more with the 

production of a higher number of filled-grain panicle-1. 

The annual relative genetic gain for number of filled 

grain panicle-1 was estimated to be 1.33 % for the period 

1998-2016 (Table 6). 

 

Table 5. Mean values, regression coefficient (b), intercept and coefficient of determination (R2) for various traits of 20 

upland rice varieties released from 1998-2016 
 

Traits Mean b Intercept R2 

Days to heading 94.72 -0.931* 1965.74 0.185 

Days to maturity 142.87 -0.104 352.46 0.003 

Grain-filling period 48.15 0.827* -1613.34 0.173 

Plant height (cm) 85.39 0.353 -624.26 0.0212 

Panicle length (cm) 18.39 0.216* -414.69 0.277 

Number of panicles per plant 10.02 0.082 -154.98 0.112 

Number of total grain per panicle 83.61 1.013 -1951.34 0.088 

Number of filled-grains per panicle 75.09 0.76* -1450.87 0.058 

Number of fertile tillers per plant 7.66 -0.033 73.15 0.022 

Thousand-seed weight (gm) 28.23 -0.232* 493.44 0.133 

Yield per plant (gm) 13.02 0.094 -175.67 0.012 

Biological yield (t ha-1) 8.19 -0.044 93.13 0.011 

Grain yield (t ha-1) 4.12 0.044 -84.10 0.067 

*= Significant at P≤0.05. 

 

Table 6. Mean annual relative genetic gain (RGG) of different traits over the18 years of upland rice improvement in 

Ethiopia 
 

Traits Mean of the oldest variety Increment/decrement RGG (% year-1) 

Days to heading 122.7 -0.931 -0.76 

Days to maturity 160.0 -0.104 -0.07 

Grain-filling period 37.30 0.827 2.22 

Plant height (cm) 71.43 0.353 0.50 

Panicle length (cm) 12.13 0.216 1.78 

Number of panicles per plant 9.77 0.082 0.84 

Number of total grain per panicle 62.70 1.013 1.62 

Number of filled-grains per panicle 57.00 0.760 1.33 

Number of fertile tillers per plant 7.40 -0.033 -0.45 

Thousand-seed weight (gm) 35.83 -0.232 -0.65 

Yield per plant (gm) 9.02 0.094 1.04 

Biological yield (t ha-1) 10.00 -0.044 -0.44 

Grain yield (t ha-1) 2.76 0.044 1.59 
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The linear regression analysis for thousand-seed weight 

depicted significant (P≤0.05) negative linear relationship 

with cultivar age (Table 5). The relative annual genetic 

gain of thousand-seed weight of varieties mean over year 

of variety release was -0.65% (Table 6). 

The average rate of increase in grain yield of upland rice 

varieties was 0.044 t ha-1 year-1, although non-significant 

(Table 5 and Figure 1). Notwithstanding yield potential 

increment with the deployment of dwarfing genes in 

wheat and rice, it is generally considered that yield is 

under multi genic control and the yield potential 

progress is mostly gradual (Evans and Fischer, 1999). 

Similar trends have been reported by dos Reis et al. 

(2015) who reported 13.99 kg ha-1 improvement in 

irrigated rice per year. Under irrigation, Peng et al. 

(2000) reported 75 and 81 kg ha-1 grain yield increment 

per year in rice in 1996 and 1998, respectively. Tabien et 

al. (2008) found 42.2 and 26.3 kg ha-1 yield improvement 

per year for irrigated rice under high and low N 

conditions, respectively. Breseghello et al. (2011) also 

found 19.1 kg ha-1, corresponding to 0.67% per year, gain 

for yield in upland rice. Zhu et al. (2016) reported 61.9 

and 75.3 kg ha-1 annual gains of rice grain yield in 2013 

and 2014, respectively. Teklu and Tefera (2005) also 

reported genetic gains of 27.16 kg ha-1 per year of release 

in tef. 
 

 

 

 

 

 

 

 

 
 

Figure 1. Relationship between mean grain yield of 20 

upland rice varieties and the year of release. 

 

Grain yield showed a general increase from old to new 

varieties during the last two decades of upland rice 

breeding in Ethiopia (Figure 1). This is in agreement with 

the findings of Teklu and Tefera (2005) in tef, Tarekegn 

et al. (1995) in wheat, Wych and Stuthman (1983) in oat. 

The relative annual genetic yield gain in the 20 varieties 

of upland rice released between 1998 and 2016 was 

1.59% year-1 (Table 6). Similar to the present study, an 

annual increase of 0.8% in oats (Wych and Stuthman, 

1983), 0.9% in malt barley (Wych and Rasmusson, 1983), 

1% in irrigated rice (Peng et al., 2000), 0.79% in tef 

(Teklu and Tefera, 2005) and 0.86% in wheat (Miri, 

2009) were reported. This indicates that grain yield of 

rice has not yet attained a ceiling in Ethiopia, signifying 

the opportunity to further improve upland rice yield. In 

line with the present findings, Teklu and Tefera (2005) in 

tef in Ethiopia, and Khodarahmi et al. (2010) in wheat in 

Iran found no indication of yield potential plateau. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Relationship between mean biological yield of 

20 upland rice varieties and the year of release. 

 

The average rate of increase in biological yield of upland 

rice varieties was -0.044 t ha-1 per annum, though not-

significant (Table 5 and Figure 1). The annual relative 

genetic gain for biological yield of the upland rice 

varieties was estimated to be -0.44% for the period 

1998-2016 (Table 6). In contrast, Zhu et al. (2016) 

reported 0.097 and 0.11 t ha-1 annual gains of biological 

yield for rice in 2013 and 2014, respectively. Teklu and 

Tefera (2005) also reported a significant biological yield 

improvement in tef. Similarly, Donmez et al. (2001) 

pointed out that the gain in grain yield in wheat 

genotypes was accompanied by an increase in total 

biomass yield (0.16%). The study revealed that upland 

rice improvement program has not significantly 

enhanced the biological yield of the modern varieties. 

3.3. Phenotypic Correlations of Grain Yield and Other 

Traits 

The result of the phenotypic correlation analysis is 

depicted in Table 7. Days to maturity showed significant 

positive association with grain yield (rp=0.30*). The 

result is in agreement with Fentie et al. (2014). The 

correlation between plant height and grain yield was 

positive and significant (rp=0.39**) which indicates that 

an increase in plant height leads to an increase grain 

yield. Similar results have been reported by Fentie et al. 

(2014) and Ratna et al. (2015). 

The correlation between number of productive tillers per 

plant and grain yield was positive and significant 

(rp=0.50**) which is in agreement with the report of 

Madhavilatha et al. (2005) and Ratna et al. (2015). 

Number of filled-grains per panicle had positive and 

highly significant association with grain yield (rp=0.64**). 

The result is substantiated with those of Elsadig and 

Abdalla (2013), Ratna et al. (2015) and Somchit et al. 

(2017). 

Yield per plant had highly significant positive correlation 

(rp=0.77**) with grain yield. Biological yield was in 

positive and significant relationship with grain yield 

(rp=0.57**). This result is supported by the findings of 

Rangare et al. (2012), Fentie et al. (2014) and Rathor et 

al. (2014). 
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Table 7. Phenotypic correlation coefficient (rp) of 13 traits of 20 released upland rice varieties 

Variable DM GFP PH PL NPP NTGP NFGP NFTP TSW YP BY GY 

DH 0.54** -0.53** 0.47** -0.32* 0.07 -0.05 -0.02 -0.05 0.42** 0.03 0.54** 0.01 

DM  0.43** 0.27* -0.2 0.2 0.49** 0.42** 0.33* 0.40** 0.47** 0.57** 0.30* 

GFP   -0.23 0.14 0.13 0.54** 0.44** 0.38** -0.05 0.44** -0.01 0.28* 

PH    0.43** 0.18 0.26* 0.26* 0.01 0 0.28* 0.50** 0.39** 

PL     0.23 0.24 0.2 -0.06 -0.41** 0.16 0.02 0.37** 

NPP      0.45** 0.43** 0 -0.08 0.34** 0.15 0.17 

NTGP       0.95** 0.48** -0.18 0.81** 0.25* 0.55** 

NFGP        0.49** -0.05 0.88** 0.34** 0.64** 

NFTP         0.05 0.56** 0.29* 0.50** 

TSW          0.16 0.39** 0.04 

YP           0.39** 0.77** 

BY            0.57** 

*, ** at 5 % and 1% probability level respectively, DH= Days to heading, DM= Days to maturity, GFP= Grain-filling period, PH= Plant 

height, PL= Panicle length, NFTP= Number of fertile tillers per plant, NPP= Number of panicles per plant, NTGP= Number of total grains 

per panicle, NFGP= Number of filled grains per panicle, TSW= Thousand-seed weight, YP= Yield per plant, BY= Biological yield and GY= 

Grain yield. 

 

The study of correlation revealed that plant height, 

number of productive tillers per plant, yield per plant 

and biological yield were characters which possessed 

significant positive association with grain yield. The 

positive and significant correlation of these traits with 

grain yield suggests that yield have increased with 

increase of those characters. 

 

4. Conclusion and Recommendation 
Information on the genetic progress achieved over time 

from a breeding program is useful to develop effective 

and efficient breeding strategies for further 

improvement. The present study showed increment in 

grain yield of upland rice varieties with 0.044 t ha-1 

(1.59% year-1) average rate of increase per year and 

decrement in biological yield with -0.044 t ha-1 (-0.44% 

year-1), although non-significant. The result 

demonstrated significant reduction in days to heading 

and thousand-seed weight, and significant increment in 

panicle length, grain-filling period and number of filled-

grains panicle-1. On the looming climate change, there 

might have been occurrences of new biotic and abiotic 

stress factors, and the latest varieties may be better 

adapted to these factors in addition to the significant 

changes. 

The positive and significant correlation of plant height, 

number of productive tillers per plant, yield per plant 

and biological yield with grain yield suggests that yield 

have increased with the increase of those characters. 

However, this study needs subsequent testing of varieties 

at different locations to come up with sound 

recommendation. 
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