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Abstract. Waxy cassava having high amylopectin content could contribute and increase 

genetic background.  Unfortunately, the genetic parameter information of three elite cassava 

clones as Waxy, UJ-5, and BW-1 is still limited.  Consequently, the objective of this study was 

to evaluate leaf weight and yield by correlation and path analysis of three cassava clones. This 

study was conducted on the Integrated Field Lab of Lampung from December 2019 to October 

2020. Treatment was arranged by a single factor in RCBD with two replications. There were 

three cassava genotype clones, as Waxy, UJ-5 (originally Kasetsart), and BW-1 (originally 

Huay Bong-60). Genetics parameters were analysed by using Minitab programs (Version 17). 

Variables observed were plant height (PH), total leaf number (TLN), tuber number (TN), tuber 

fresh weight (TFW), tuber dry weight (TDW), attached leaf dry weight (ALDW), stem dry 

weight (SDW), petiole dry weight (PDW), starch weight (SW), and harvest index (HI). These 

variables were observed and measured at 10 months after planting (MAP) on one tree. The 

results showed that attached leaf dry weight has direct effect of 1.16 on starch weight with 

correlation coefficient of 0.58. It was recommended to select a criterion for high yielding of 

elite clones based on high attached leaf dry weight. 

1.  Introduction 

Lampung is the biggest cassava harvest areas still need a new cassava clone having high yield. The 

productivity of root fresh weight of cassava was around 26 tons/ha.  This cassava productivity was still 

low compared to potential productivity which could achieve up to 60 tons/ha. To increase the 

productivity, it should be analyzed the genetic variability.  The previous study was reported by [1] 

who stated that starch content had low genetic advanced and low heritability.  Among 43 cassava 

genotypes showed high genetic variably to be useful for selection of desirable traits [2]. One 

of the established methods to achieve high yielding cassava clone is selection method through path 

analysis.  In wheat, the most significant and positive direct effect (P= 0.57) by harvest index [3].  

Moreover, a significant and positive correlation was found between root yield and plant height (r 

=0.5436***) [4].  Their result also showed that plant height had direst effect to yield, as 0.29.  It seems 

that plant height could contribute to the cassava yield. 

 Root fresh weight did not have correlation with plant height yet, root fresh weight showed high 

correlation with stem gird (r=0.80**) [5].  Interestingly, they also reported that root fresh weight had a 

high negative correlation with shoot dry weight (r=-1.00**).  Cassava yield had a positive correlation 

with stem gird (0.37*) yet cassava yield did not have a correlation with plant height. It could imply 
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that cassava leaves were able to contribute high cassava yield [6].  Consequently, the objective of this 

study was to evaluate leaf weight and yield by correlation and path analysis of three cassava clones. 

2.  Methods  

This study was conducted on Integrated Field Lab of Agriculture College, University of Lampung 

from December 2019 to October 2020. Treatments were arranged by a single factor in randomized 

completely block design (RCBD) with two reps. There were three cassava genotype clones, as Waxy, 

UJ-5 (selected from Kasetsart), and BW-1 (selected from Huay Bong 60). Stem cutting of cassava was 

planted using a monoculture planting system with a spacing of 80 cm x 60 cm to obtain population of 

424 plants plot-1. Fertilizers used in this study were 200 kg urea ha-1 (45% N), 150 kg TSP ha-1 (46% 

P2O5), and 200 kg KCl ha-1 (60% K2O).  

 Variables observed in this study were plant height (PH), total leaf number (TLN), tuber number 

(TN), tuber fresh weight (TFW), tuber dry weight (TDW), attached leaf dry weight (ALDW), stem dry 

weight (SDW), petiole dry weight (PDW), starch weight (SW), and harvest index (HI). These 

variables were observed and measured at 10 months after planting (MAP) on one tree. Total leaf 

number was calculated from total dropped leaf and total attached leaf. Data were analyzed by Minitab 

17 for analysis of variance and different treatment means were analyzed by least significant difference 

(LSD) with 5% level. 

 The measurement of cassava starch content as follow: first, tuber was peeled skin out and then 

weighed as skinless tuber fresh weight (STFW). Second, tuber was washed and cleaned and then 

sliced into small pieces like chips. Third, small pieces of chips were collected and then air dried for 

one day. After this, air dried small pieces were put in oven at 70oC for three days then weighed as 

tuber dry weight (TDW). To calculate starch content (1) and starch weight (2) used the formula: 

 

 Starch content (SC) =  
TDW

STFW
 (1) 

 

 Starch weight (SW) = SC x TFW (2) 

 

Harvest index calculation (3) is as followed: 

 

 Harvest index (HI)  =  
TDW 

(SDW + ALDW + PDW + TDW)
   (3) 

 
To determine relationship between characters, correlation analysis (4) was carried out using the 

following formula: 

 

 rxy=  
nΣXi Yi − (ΣXi)(ΣYi) 

√[nΣXi 
2−(ΣXi )

2][nΣYi 
2−(ΣYi )

2]

   (4) 

 

rxy = correlation between variables x and y 

x = variable X 

y = variable Y 

n = number of observations 

 

 𝑡 − ℎ𝑖𝑡 =  
𝑟√𝑛−2

√1−𝑟2
 (5) 

 

If the value of t count > t table 5% is significant, t count > t table 1% means very real, t count < t table 

means not real (5). 
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The data obtained from results of the correlation analysis are used to determine direct and indirect 

effects by means of path analysis with the following simultaneous equations. 

 

 

Rx = correlation matrix between observed agronomic traits R XiXj (i,j = 1,2,…n) 

C = the coefficient matrix of the direct influence of Xi on Y (I = 1, 2,…n) 

Ry = correlation coefficient matrix against Xi against Y (i = 1, 2,…n) 

Rx-1 = the inverse of the matrix Rx 

 

The direct effect of the 1st variable on the Y factor is obtained from: 

P= R-1 A 

P = path coefficient vector between the variable and the outcome factor (Y). 

R-1 = inverse matrix R 

A  = correlation between variable and outcome factor 

 

The indirect effect of a variable xi through a variable to xj on vector Y is obtained by the formula [4]: 

Pij= rij Pj 

rij  = correlation between the i component and the j component 

Pij  = indirect effect of a variable Xi through a variable to Xj on the vector Y 

Pj = the path coefficient of the jth component with respect to the result. 

3.  Result and discussion 

Correlation coefficients between independent variables (PH, TLN, TN, TFW, TDW, ALDW, SDW, 

PDW, HI) and between the independent variables and the dependent variable (SW) are presented in 

Table 1. Correlation analysis shows that there is correlation between the independent variable and 

dependent variable as well as between independent variables. In this study there was correlation 

between SW and ALDW (r=0.58*) and PDW (r=0.61*). This indicates that two variables are closely 

related and interrelated with SW. Furthermore, independent variables are correlated with one another. 

PH had correlation with SDW (r=0.85**) but negatively correlated with HI (r=-0.68*). This means 

that the higher the plant, the lower the HI. This seems to be due to the negative correlation between HI 

and SDW (r=-0.67*). So far, no literature has been found regarding negative correlation between PH 

and HI, but in this study PH had negative correlation with HI. Furthermore, TLN correlated with 

ALDW (r=0.73**) so that TN (r=0.78**), then ALDW correlated with PDW (r=0.82**). 

 The greatest correlation coefficient between the independent variables, namely TFW and TDW was 

r=0.945**. This means that the heavier the TFW, the heavier the TDW. Furthermore, the TFW was 

also significantly correlated with TLN (r=0.67*) which, in a correlation with ALDW (r=0.79**) and 

PDW (r=0.58*) so that TN (r=0.85**). TFW was positively correlated with the dry matter partition, 

TN, and TLN [1,7-8]. It means the more photosynthate that is translocated to the stem and leaves, the 

more photosynthate that is translocated to the root part of cassava. 

 Similarly, TDW was significantly correlated with TLN (r=0.69*), TN (r=0.78**), and ALDW 

(r=0.85**).  This could explain that translocation photosynthate from source (leaves) to the root parts, 
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as TDW and TN.  Moreover, positive correlation between TDW and PDW (r=0.69**) indicated that 

photosynthate would be translocated from leaf to root parts through petiole, then passed through stem. 

 

Table 1. Correlation coefficient between independent variables Xi (r-XiXi) and between independent 

variables Xi and dependent Y (starch weight) 

Variable 

independent 

(Xi) 

PH TLN TN TFW TDW ALDW PDW SDW HI SW 

PH  0.49 0.17 
0.28 0.14 0.19 

-0.18 0.85** -

0.68* 

-0.13 

TLN     0.42 0.67* 0.69* 0.73** 0.39 0.55 0.00 0.42 

TN     0.85** 0.78** 0.65* 0.41 0.28 0.37 0.06 

TFW      0.95** 0.79** 0.58* 0.40 0.38 0.22 

TDW      0.85** 0.69* 0.33 0.48 0.51 

ALDW       0.82** 0.37 0.34 0.58* 

PDW        0.05 0.50 0.61* 

SDW    
   

  -

0.67* 

0.07 

HI          0.30 

 

 

Table 2. Coefficient of indirect influence (CII) of the Xi variable through the independent variable 

(Xb), coefficient of direct influence (CDI), and coefficient of total influence (CTI) of the independent 

variable Xi on the dependent variable Y = starch weight 

Variable 

independent 

(Xi) 

PH TLN TN TFW TDW ALDW PDW SDW HI R2 

PH  0.04 0.02 0.02 0.01 0.02 -0.02 0.08 -0.06  

TLN   -0.24  -0.20 -0.32 -0.34 -0.36 -0.19 -0.27 0.00  

TN  -0.07 -0.17  -0.34 -0.31 -0.26 -0.16 -0.11 -0.15  

TFW  -0.54 -1.31 -1.66  -1.86 -1.55 -1.15 -0.78 -0.74  

TDW 0.57 2.88 3.25 3.95  3.55 2.89 1.36 1.99  

ALDW 0.22 0.85 0.75 0.92 0.99  0.95 0.43 0.40  

PDW 0.07 -0.16 -0.17 -0.24 -0.28 -0.34  -0.02 -0.21  

SDW -1.88 -1.23 -0.62 -0.89 -0.73 -0.82 -0.10  1.48  

HI 1.64 -0.01 -0.90 -0.91 -1.15 -0.83 -1.21 1.61   

∑CII -0.22 0.90 0.46 2.19 -3.66 -0.58 1.02 2.29 2.71 0.97 

CDI 0.09 -0.49 -0.40 -1.96 4.17 1.16 -0.41 -2.22 -2.41  

CTI -0.13 0.42 0.06 0.22 0.51 0.58 0.61 0.07 0.30  
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Figure 1. Path diagram of the direct influence of the independent variable Xi on the 

dependent variable Y=starch weight (SW) of the three cassava clones; Line = direct effect is real, = 

correlation is real, = correlation is not real. The number in brackets is the total effect coefficient; on 

the correlation line is the correlation coefficient; on the line of direct influence is the coefficient of 

direct influence. 

 

 Path analysis showed that there were three variables that directly affected SW, namely ALDW, 

TDW and PH (Table 2). TDW has highest direct influence coefficient, which is 4.17. The value of this 

direct influence there is direct effect between soybean production and the number of filled pods (2.16) 

and there is direct effect between the weight per cob and the weight of 100 seeds (1.10) [7-11]. The 

direct influence value was obtained by involving several other value factors such as correlation and 

regression so it was very possible if the direct influence value was more than 1 [10]. Although TDW 

has no correlation with SW, this variable can be considered for selection criteria for high SW. 

 Figure 1 shows the value of the correlation coefficient of the variable which has almost the same 

direct Influence value, namely ALDW.  Photosynthate from leaves as source was translocated to 

cassava via stems. Thus, before going to the stem, photosynthate passes through the petiole first. This 

is supported by the high correlation value between PDW and SW, namely r=0.61. Direct selection 

using ALDW variable to obtain SW will be effective because the direct effect is 1.16. In addition, the 

correlation coefficient value of SW and PH was also high, namely r = 0.58. Thus, these variables can 

be considered to be a determinant for producing high SW. This is in line with [12] who revealed that if 

the x and y correlations are almost as large as the direct effect, then the correlation actually measures 

the degree of closeness of the two relationships, so selection based on x will be very effective. 

4.  Conclusion 

It could be concluded that attached leaf dry weight had direct effect on starch weight as 1.16 and also 

showed a high positive correlation coefficient of 0.58. It was recommended to select high attached leaf 

dry weight as a criterion for high yielding of elite clones. 
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