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Abstract.
White tea is made from peko shoots, which is beneficial for human health as an antivirus
including avian influenza, antidiabetic, anticancer, antimicrobial, and reduces oxidative
stress. White tea production is still low due to the lack of peko shoot production
as its raw material. This study aims to evaluate the stability of peko production of
9 Indonesian tea genotypes in producing peko shoots. Nine tea genotypes were
observed at six different times. The research was conducted in a randomized block
design with four replications. The time is treated as a location factor in the AMMI
model, and can be assumed to be independent of each other. The results of the study
showed that the main effect of time was significant for KUI1 and KUI2 tea genotypes.
In the biplot it appears that GMB 3, GMB 4, Tambi 1, and Kiara 8 are stable genotypes.
GMB 3 and Tambi 1 have higher stability, respectively with an average percentage
of peko shoots over banji shoots of 38% and 39%. The stable genotypes could be
recommended for further development.
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1. Introduction

White tea is one of the types of tea consumed in Indonesia. Compared to other types

of tea, white tea undergoes the simplest processing procedures, namely withering and

drying process for a long time without a fermentation process [1,2]. White tea is not only

a refreshing drink but has many benefits for human health . Apart from being an antidote

to the bird flu virus (H5N1) [3], white tea is also good for the heart (cardioprotective),

nerves (neuroprotective), anti-diabetic, anti-cancer and anti-microbial [4] and reduces

oxidative stress [5].

Tea plants produce active shoots called peko shoots. Peko shoots which contain high

antioxidants are used as raw material for processing white tea. The amount of white

tea production is still small due to the lack of peko shoot production. Apart from being
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influenced by its genotype, peko shoot production is greatly influenced by the plant’s

adaptability to environmental conditions. Information on the stability of a genotype is

very important for breeders in identifying and selecting genotypes that perform well

in given environmental conditions. In an effort to produce a superior genotype, it is

necessary to test various tea genotypes. The genotype is said to be superior based on

the observed stability of the genotype over time of observation

One of theways to identify the best genotype is by observing the pattern of interaction

between genotypes and the environment by using AMMI (Additive Main Effect and

Multiplicative Interaction) analysis. Various multi-location studies using AMMI analysis

have been widely reported [1–7]. AMMI analysis is a multi-location experimental data

analysis method that combines an additive variance analysis for the main effect of

treatment and principal component analysis for the interaction effect [8]. The advantage

of the AMMI method is that it is able to increase the efficiency of selecting the best

genotype by looking at the pattern of interaction relationships between genotypes and

their environment using biplots [9]. AMMI can be used for multi-time tests, by viewing

experiments between locations as experiments between times, so that the stability of

each genotype can be revealed at each observation time. To date, there have been

many research reports on the stability of results between locations, however the stability

between time is not yet complete. The objective of this study is to disclose tea genotypes

that are stable in producing peko shoots and adapt over several observation periods.

2. Materials and Methods

The study was carried out in Pemandangan, Tambi Wonosobo Regency, Central Java

Province, Indonesia, namely an area with an altitude of 1,750 m above sea level, with

a type B climate in accordance with the Schmidt-Ferguson classification, the rainfall

ranging from 4 - 440 mm/day with the number of rainy days between 1 – 21 days, the

temperature ranges from 10-230C with the humidity of 70-90%, the soil type of Regosol

with pH value of 4.82, the location coordinates Lat: -7𝑜 16’ 09.52” Long: 109𝑜 58 ‘18.06”.

The study used a Randomized Block Design (RBD) in four groups. The factor of time

as a location factor; In this case, the times can be assumed to be independent of each

other. The treatment factors included 9 tea genotypes, namely GMB 3, GMB 4, TRI 2024,

TRI 2025, Tambi 1, Tambi 2, Cin 143, Kiara 8, and RB 3, each of which was repeated

four times. A total of 20 tea bushes were planted in each plot (3.75 × 4.80 m) with a

distance between bushes of 120 × 75 cm.
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Plant maintenance in this experiment was carried out in accordance with the Standard

Operating Procedures for tea cultivation [10]. The plants are fertilized with Urea (high

Nitrogen content), triple super phosphate, and potassium chloride (ratio 2:1:1). Fertiliza-

tion is carried out twice, namely in April with a dose of 25 grams and in August with

a dose of 20 grams. Picking is carried out according to a picking cycle of ± once in 3

week time.

The observations were carried out at the third year of trimming against the response

of the percentage of peko shoots to bird shoots of the nine genotypes which were

observed at six different times each from April to August 2017. The observations on the

quality of the results included the weight of active shoots, the weight of dormant shoots,

and the comparison of the active shoot weights and the weight of inactive (dormant)

shoots of 100 gr of wet weight of leaves per plot taken randomly.

The mean difference test for all parameters was analyzed using analysis of variance

(ANOVA).

3. Results and Discussion

The highest average percentage of peko shoots based on observation time was at P6,

namely 53.7, and the lowest was at P4, 24.7 (Figure 1).

 
 

Explanation:  
P1=19th of April, 2017; P2=12th of Mei, 2017; P3=3rd of 

June, 2017; P4=21st of June, 2017; P5=17th of July, 2017; 

P6=8th of August, 2017. 

 

 

 

Observation time 

Figure 1: Average percentage of peko shoots based on time.

The highest average percentage of peko shoots based on the type of genotype was

in Tambi 2 at 50.7 and the lowest was in TRI 2024 (12.7). The greater the number or

dry weight of peko shoots, the better the quality of the tea shoots and the best grade

of tea is produced [11]. Tambi 2 is able to produce better quality shoots compared to
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other genotypes. TRI 2024 produces shoots of lower quality than other genotypes. The

average pattern according to genotype can be seen in Figure 2.

 
Explanation: 

G1 = GMB 3, G2 = GMB 4, G3 = TRI 2024, G4 = TRI 2025, G5 = Tambi 1, G6 = Tambi 2, G7 = Kiara 8, G8 = Cin 

143, G9 = RB 3 

Figure 2: Average percentage of peko shoots based on genotype.

The peko shoot percentage data analyzed has met the assumptions of analysis of

variance, namely the normality of error, the homogeneity of variance and the freedom of

error at a significance level of 5%. By using the Kolmogorov-Smirnov test the response

has a p-value of 0.150 which is greater than alpha, meaning that it can be said that

the error is normally distributed. Bartlett’s test was used to test the homogeneity of

variance, which resulted in a p-value of 0.154 which was greater than alpha so it could

be said that the error had a homogeneous variance. Apart from that, considering that

a distribution plot that did not form a pattern meant that the errors could be said to be

independent.

The results of the analysis of the combined variance of the response to the per-

centage of peko shoots are presented in Table 1. Based on the p-value in the table,

information is obtained that the main effect and the interaction effect of the response

have a significant effect at the 5% real level. A significant main effect of genotype means

that there is at least one genotype that responds differently to other genotypes, and

the same goes for the main effect of time. The significant interaction effect between

time and genotype indicates differences in results from genotypes observed at different

times. Therefore, the AMMI method can be used to classify genotype stability.

The results of the combined analysis of variance, the factors of time, the genotype

and the interaction of time and genotype show an influence on the response variable,

with a very small p-value (0.000). With the influence of the factors, the genotype

stability was then tested at each time. The coefficient of determination of the ANOVA

model is 78.39%, indicating the suitability of the model for variations in the response
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variables. The existence of an interaction effect shows that the differences in the

average percentage of peko shoots between genotypes are not all the same at different

times. It is necessary to reveal further which types of genotypes are stable and which

are unstable over time.

Table 1: Analysis of combined variance of the percentage of peko shoots.

Sources of
Variance

Degree of
freedom Sum of Squares Mean

Square F P -- Value

Genotypes 8 2.899 0.362 29.60 0.000

Time 5 1.918 0.384 31.32 0.000

Group 3 0.053 0.018 1.44 0.234

Genotype*Time 40 2.193 0.055 4.48 0.000

Error 159 1.947 0.012

Total 215 9.010

Figure 3 presents the average values of the response variables at various observation

times. In Figure 3, there appears to be an interaction between genotype and time, which

is visible in the non-parallel line pattern. This shows that the effect of genotype on the

percentage of peko shoots produced depends on the time of observation, as well as

the effect of time on the percentage of peko shoots depending on the genotype.

 
Explanation: 

P1 = 19th of April, 2017; P2 = 12th of  May, 2017; P3 = 3rd of June, 2017; P4 = 21st of June, 2017; P5 = 17th of July, 

2017; P6 = 8th of August, 2017. 

G1 = GMB 3, G2 = GMB 4, G3 = TRI 2024, G4 = TRI 2025, G5 = Tambi 1, G6 = Tambi 2, G7 = Kiara 8, G8 = 

Cin 143, G9 = RB 3 

Figure 3: Interaction plot between time and genotype.

Based on the decomposition of the singular values of the matrix of estimated inter-

action effects on the response, a total of six non-zero characteristic roots are produced.

This means there are six main components of interaction (KUI) that are considered for

use.
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Based on the postdictive success method, namely KUIs that are significant in the F-

test analysis of variance, the number of KUIs that are significant at the 5% significance

level in Table 2 are three KUIs, namely KUI1, KUI2, and KUI3. By using three KUIs,

it is possible to explain 94.96% of the diversity, while thediversity that could not be

explained by the model was 5.04%. Therefore, the AMMI-2 biplot can then be used.

Table 2: AMMI analysis of variance based on the combined response of the percentage of
peko shoots.

Sources
Variance

Degree of
freedom Sum of Squares Mean Square F P-Value

Time 5 1.918 0.384 31.32 0.00

Genotype 8 2.899 0.362 29.60 0.000

Group 3 0.053 0.018 1.44 0.234

Time*Genotype 40 2.193 0.055 4.48 0.000

KUI1 12 1.136 0.095 7.73 0.000

KUI2 10 0.719 0.072 5.87 0.000

KUI3 8 0.228 0.028 2.32 0.022

Deviation 12 0.110 0.021 1.74 1.000

Error 159 1.947 0.012

Total 215 9.010

The AMMI-2 biplot provides information regarding the interaction structure of geno-

type with observation time. The AMMI-2 biplot is based on KUI1 and KUI2 with an

explainable interaction diversity of 84.59%. The genotypes GMB 3, GMB 4, Tambi 1, and

Kiara 8 are stable genotypes at all observation times because they are in an ellipse.

However, only the GMB 3 and Tambi 1 genotypes are believed to have higher stability

because they are closer to the center point of the biplot, meaning that these genotypes

have stable peko shoot productivity at all observation times. GMB 3 and Tambi 1 are

superior varieties of assamica tea and sinensis tea respectively with potential yields of

4.25 tonnes/ha/year and 2.20 tonnes/ha/year [12,13].

According to Fentie et al. [14], in the AMMI-2 biplot analysis, genotypes and environ-

ments located far from the center point of the biplot (point 0.0) were more responsive.

Other genotypes that are outside the ellipse can be said to be unstable, these geno-

types tend to interact at certain observation times or specific genotypes. Based on

Figure 4, the RB 3 genotype can interact well at the P5 observation time, meaning that

the RB 3 genotype is specific at the P5 time. The TRI 2024 and TRI 2025 genotypes

are specific at the P1 and P4 observation times. The Tambi 2 genotype is specific at the

time of P3 observation. The Cin 143 genotype is specific at the observation time of P2.
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Explanation: 

P1 = 19th of April, 2017; P2 = 12th of May, 2017; P3 = 3rd of  June, 2017; P4 = 21st of June, 2017; P5 = 17th of July, 

2017; P6 = 8th of August, 2017 

G1 = GMB 3, G2 = GMB 4, G3 = TRI 2024, G4 = TRI 2025, G5 = Tambi 1, G6 = Tambi 2, G7 = Kiara 8, G8 = 

Cin 143, G9 = RB 3 
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Figure 4: Biplot of AMMI-2 KUI 1 with KUI 2 on the combined response of peko shoot
percentage.

4. Conclusion

AMMI analysis of the percentage response of peko shoots produced four genotypes

within the ellipse, namely genotypes GMB 3, GMB 4, Tambi 1, and Kiara 8. GMB 3

and Tambi 1 are genotypes that have a stable percentage of peko shoots at all times.

RB 3 is specific at the observation time of P5; TRI 2024 and TRI 2025 are specific at

the observation time of P1 and P4; Tambi 2 is specific at the observation time of P3,

and Cin 143 is specific at the observation time of P2. The stable genotypes could be

recommended for further development.
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