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Abstract – Growth analysis is an important approach to studying the physiological basis of crop yield. There are 

several methods for computing growth analysis parameters, but the best methods for computing growth rate (GR) 

and relative growth rate (RGR) are not known for maize (Zea mays L.) in the rainforest agroecological zone of sw 

Nigeria.  A study was conducted to compare three methods of computing GR and RGR, identify the best method, 

and determine which of the two traits is a better growth indicator in maize. Ten maize varieties were evaluated in 

three-replicate, randomized complete-block design experiment at the Obafemi Awolowo University Teaching and 

Research Farm during the 2013 late cropping season. From 9 to 39 days after planting (DAP), dry-matter samples 

were obtained at 5-day intervals and used to compute GR and RGR by calendar day, heat unit, and regression 

methods. Statistical analysis of the data showed significant differences among the methods (P< 0.01). The calendar-

day and heat unit methods, with coefficients of variation (CVs) of about 36% for GR and 12% for RGR, were not 

different from each other while the regression method with CVs of 33% for GR and 10% for RGR was more efficient 

than the other methods in computing the growth analysis parameters. The CV also showed that RGR is a better 

growth indicator than GR.  
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Introduction 

Maize (Zea mays L.) is an important food and 

feed crop whose high productivity and low input 

requirements have made it attractive for African  

farmers to produce, and it is the most widely 

grown cereal crop in the continent (Jamil el al., 

2012). The numerous desirable qualities of 

maize have made it the crop of choice in 

combating the food security challenges in Africa 

(Badu-Apraku et al., 2010). The cultivation of 

maize is often impaired by biotic factors such as 

downy mildew and Striga hermonthica (Del.) 

Benth. (Fakorede et al., 2003; Kanampiu et al., 

2003) and abiotic factors such as poor climatic 

conditions and declining soil fertility (Vanlauwe 

et al., 2006; Harrison et al., 2011). These 

constraints are accentuated by poor emergence 

followed by low seedling vigor and poor growth 

rate in maize fields. Accurate prediction of crop 

growth and development is crucial in crop 

production. Growth analysis involves monitoring 

of dry-matter accumulation in plants over time 

for the purpose of predicting crop productivity 

(Hunt et al., 2002). Growth Rate (GR) and 

Relative Growth Rate (RGR) are important 

parameters in growth analysis (Hokmalipour and 

Darbandi, 2011), and could be computed using 

different methods. Calendar-day, heat unit, and 

regression methods are most common for the 

computation of GR and RGR. It is important 

therefore to identify the best methods for 

computing the growth analysis parameters for 

efficient prediction of maize growth. The 

objectives of this study, therefore, were to 

compute GR and RGR of maize using the 

calendar-day, heat unit and regression methods, 

identify the best method for computing GR and 

RGR, and determine which of GR and RGR is 

better for quantifying maize growth. 

Materials and Methods 

Ten maize varieties were planted in a three-

replicate, randomized complete block design 

experiment at the Obafemi Awolowo University 

Teaching and Research Farm during the 2013 

late growing season. Each experimental plot 

contained three rows which were 5 m long and 
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0.75 m apart; within row spacing was 0.5 m. 

Three seeds were planted per hill. Dry matter 

samples obtained from 9 to 39 days after 

planting (DAP) were used to compute GR and 

RGR per plot by the three methods: (i) the 

calendar-day method, computed as: (w2-w1)/t2-

t1 for GR and (logw2-logw1)/t2-t1 for RGR; where 

w1 and w2 are dry weight/plant at time t1 and t2; 

(ii) the regression method, given by: w= a + bt 

and w1 = a1 + b1t; where w = dry weight/plant; w1 

= log dry weight; t = time in DAP; a and a1 are 

intercepts of the regression models; b and b1 are 

regression coefficients representing GR and RGR, 

respectively; (iii) the heat unit method, given by: 

(w2-w1)/∑hu2-∑hu1 for GR and (logw2-

logw1)/∑hu2-∑hu1 for RGR; where hu1 and hu2 are 

accumulated heat units at times t1 and t2. Heat 

units is given as ((Xi
H + Xi

L)/2) – 10, where Xi
H is 

the maximum temperature of the day; Xi
L is the 

minimum temperature of the day and the base 

temperature is 10OC. Growth rate and RGR 

determined by the three methods were 

subjected to the analysis of variance (ANOVA) 

and correlation analysis. 

Results and Discussion 

Highly significant differences were observed for 

variety and method of computation for GR 

(Table 1). Method was also highly significant for 

RGR but variation among varieties mean squares 

was not significant. This shows that the three 

methods of computing GR and RGR were 

different from one another. The linear 

regression method recorded the highest mean 

values while the heat unit method recorded the 

lowest mean values (Table 2). This probably 

resulted from the different approaches to 

computation in the three methods. The major 

difference between the calendar-day and heat 

unit methods was in the divisor used in the 

respective equation. The divisor in the calendar-

day method was the number of days between 

successive sampling periods which was 5 days in 

this experiment, as opposed to the amount of 

heat units accumulated during the successive 

sampling periods which was used as the divisor 

in the heat unit method. 

Temperature, which is the main component of 

HU, varies rather widely from day to day. 

Although dry matter sampled every 5 days was 

used for both calendar-day and heat unit 

methods, the products were of different units; 

that is g/day and g/hu for the GR of the two 

methods, respectively. It may be concluded that 

the two methods quantify two different growth 

parameters.    

Table 1: Mean squares from the ANOVA of 

growth rate (GR) and relative growth rate 

(RGR) of 10 maize varieties computed using 

three methods. 

 

Source DF GRᵻ RGR 

Rep 2 0.012 0.00004 
Variety (V) 9 0.687** 0.00046 
Method (M) 2 38.479** 0.776** 
VxM 18 0.314* 0.00019 
Error 58 0.172 0.00035 
CV,%  45.41 14.90 

*,**- F statistic significant at P= 0.05 and P=0.01 level 

respectively. CV- Coefficient of Variation.    
ᵻGR is in g/day in calendar-day and regression methods and 

in g/hu in heat unit method. RGR is in g/g/day for 

calendar-day and regression methods, and in g/g/hu for heat 

unit method. 

 

Table 2: Mean and LSD values for the methods 

used in determining GR and RGR. 

      LSD - Least Significant Difference 

The regression method, on the other hand, takes 

the least square of all the data and plots a 

perfect fit. This might be a reason for the higher 

mean values observed for the method. There 

was a significant variety by method interaction. 

This indicates that specific methods might be 

more efficient for certain group of varieties. For 

Method GR RGR 

Regression 2.19 g/day 0.308 g/g/day 
Calendar 0.52 g/day 0.064 g/g/day 
Heat unit 0.03 g/hu 0.004 g/g/hu 
LSD0.05 0.21 0.009 



 

 

instance, the mean interaction between 

varieties 1, 2 and 9, and the calendar-day and 

heat unit methods were not significantly 

different despite the high level of significance 

recorded earlier in the means for methods 

(Figure 1).  This was not so for the other two 

varieties and their interactions with the three 

methods. This is a reason for the significance 

recorded for the environment by method 

interaction. There were significant positive 

correlations among GR and among RGR for the 

three methods. However, the correlations 

between both GR and RGR for the three methods 

ware rather weak (Table 3). This indicates that 

these methods are somewhat  

Figure 1: GR Means of the interaction between variety and method. 

(First number in each interaction on the horizontal axis represents variety while  

the second number represents method e.g.1x3 implies variety 1 by method 3 interaction). 

Table 3: Ranks correlation coefficients among three growth analysis computation methods for 10 

maize varieties evaluated at the T&R Farm, Obafemi Awolowo University, Ile-Ife, 2013. 

  

 GR_1ƚ GR_2 GR_3 RGR_1 RGR_2 RGR_3 

GR_1 -      

GR_2     0.99** -     

GR_3     0.99** 0.98** -    

RGR_1         0.65* 0.69*   0.61 -   

RGR_2         0.63 0.67*   0.59      0.99** -  

RGR_3         0.51 0.55   0.47      0.84**       0.79** - 

ƚGR_1= growth rate mean ranking under method 1, GR_2= growth rate mean ranking under method 2,    

 GR_3= growth rate mean ranking under method 3, RGR_1= relative growth rate mean ranking under method 1,  

  RGR_2= relative growth rate mean ranking under method 2, RGR_3= relative growth rate mean ranking under method  

Table 4: Mean squares and CVs for GR and RGR for each of the three growth analysis methods. 

 

   Calendar-day  Heat unit  Regression 

Source DF  GR RGR  GR RGR  GR RGR 

Rep 2  0.003 0.00003  0.000012 1.80X10-7  0.036 0.0002 
Var 9  0.105* 0.00013  0.0004* 5.36X10-7  1.211 0.0007 
Error 18  0.034 0.00006  0.00013 2.7X10-7  0.516 0.0010 
CV,%   35.99 12.26  35.73 12.41  32.81 10.46 

*- F statistic significant at 0.05 level of probability; CV- Coefficient of variation.  
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related while the growth analysis parameters are 

somewhat different. This contrasts the findings 

of Fakorede and Agbana (1983) who found 

significant positive correlations between GR and 

RGR thereby concluding that the two parameters 

are related. The coefficient of variation (CV) from 

the separate ANOVA of the three methods 

showed that the calendar-day and heat unit 

methods were not really different (Table 4). 

Growth rate had CVs of about 36% while RGR 

was about 12% for calendar-day and heat unit 

methods. The regression method on the other 

hand had the lowest CVs of the three methods 

for both GR (32.81%) and RGR (10.46%). It seems 

therefore, that the regression method is the best 

for computing GR and RGR. Also, RGR had much 

lower CVs than GR across methods.  

In conclusion, the calendar-day, regression and 

heat unit methods were different from one 

another for computing GR and RGR. The 

coefficient of variation showed that the best 

method for computing GR and RGR was the 

regression method. Relative growth rate was a 

better growth index than GR. 
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