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Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

 

GROWTH RESPONSES AND SECONDARY METABOLITES PROPERTIES 
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By 

 

 

MOHD HAFIZAD BIN RAHMAT 

 

 

December 2020 
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Justicia gendarussa Burm F., (family: Acanthaceae) have been used to treat diseases in 

the traditional medicine. Many pharmacological studies have demonstrated that this 

plant is beneficial for human health and has the potential for commercialization due to 

its therapeutic properties. Morphological and secondary metabolites changes in plants 

can occur naturally during the growth periods as to be influenced by of environmental 

factors. Therefore, this study aimed to evaluate the effects of accessions, plant age, 

water stress, and chicken manure on the growth of J. gendarussa based on biomass, 

morphological characters, and secondary metabolites compounds (phenolic (TPC) and 

flavonoid (TFC)) 

 

 

Two glasshouse experiments were carried out at glasshouse complex at Field 2, Faculty 

of Agriculture, Universiti Putra Malaysia. The first experiment aimed to examine the 

effects of plant age on growth, gas exchange attributes, and secondary metabolites of 

three J. gendarussa accessions (‘Black stem’; JGB, ‘Green stem’; JGG, and, 

‘Variegata’; JGV). The treatments were laid in a randomized complete block design 

(RCBD) and blocked five times. The second experiment was design to evaluate the 

effect of water stress (100%, 75%, 50%, and 25% of evapotranspiration replacement, 

ET-R) and chicken manure application (0 kg N ha
-1

 and 90 kg N ha
-1

) on growth, gas 

exchange attributes as well as secondary metabolites of J. gendarussa. The treatments 

were laid out in RCBD with three blocks. The recorded parameters were measured 

within three regular intervals of every four weeks at 4, 8, and 12 WAT and were 

statistically analysis.  

 

 

Among three accessions evaluated at three different plant ages, JGG exhibited the 

highest dry weight at each observation weeks (3.9 g to 11.5 g). This JG accession also 

produced highest growth (for example 42% to 162% higher in leaves number than 

other accessions) at 12 WAT. For the secondary metabolites evaluation had shown that 
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JGB exhibited a highest TPC and TFC at 8 WAT of plant ages (0.75 mg GAE g
-1

 DW), 

and TFC (0.39 mg QE g
-1

 DW). As plant became older (12 WAT), JGG exhibited a 

highest dry weight and total secondary metabolite production (TPC: 4.2 mg GAE; 

TFC: 2.60 mg QE). Therefore, JGG was then chosen to be used in the second 

experiment. The combined treatments of water stress and chicken manure did not 

affected growth as well as secondary metabolite production in JGG. However, water 

stress had significantly (p≤0.01) affected most of the growth, and physiological 

attributes of JGG which reduced to 3.5% to 7% as the water stress severity increased 

compared to control (4.4g). In contrast, secondary metabolites accumulations were 

increased under the water stress, especially at level of w50, which demonstrated the 

highest total production in JGG at 12 WAT. The highest secondary metabolites 

production was recorded in JGG exposed to water stress at 50% ET-R (TPC: 0.9 mg 

GAE g
-1

 DW dan TFC: 0.37 mg QE g
-1

 DW. The chicken manure application at 90 kg 

N ha
-1

 (n90) had significant improved 2.7% of total dry weigh JGG. However, the 

chicken manure application had no significant (p<0.05) effect on the secondary 

metabolites’ accumulation and total production. 

 

 

This study suggests that accessions, plant age, water stress, and chicken manure had 

significantly affected the growth and secondary metabolites of J. gendarussa. JGG 

harvest at age of 12 WAT and subjected to 50% ET-R of water stress level have shown 

to yield different amount of secondary metabolites production (TPC and TFC). 

Additional chicken manure application improved growth attributes of JGG. Thus, 

cultivation of JG based on the suggestion made from this study may increase its 

potential in bio business, which can further aid the socio-economic farming community 

in Malaysia. 

 

 

Keywords: Justicia gendarussa Burm F., secondary metabolites, plant age, water 

stress, chicken manure 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

 

RESPON PERTUMBUHAN DAN KANDUNGAN METABOLIT SEKUNDER 

TIGA ASESI Justicia gendarussa Burm F. DIPENGARUHI OLEH UMUR 

TANAMAN, KETEGASAN AIR DAN TINJA AYAM. 

 

 

Oleh 

 

 

MOHD HAFIZAD BIN RAHMAT 

 

 

Disember 2020 

 

 

Pengerusi : Hawa ZE Jaafar, PhD 

Fakulti  : Pertanian 

 

 

Justicia gendarussa Burm F., (keluarga: Acanthaceae) telah digunakan dalam 

perubatan tradisional untuk merawat penyakit. Banyak kajian farmakologi 

menunjukkan bahawa tanaman ini bermanfaat untuk kesihatan manusia dan berpotensi 

untuk dikomersialkan kerana sifat terapeutiknya. Perubahan morfologi dan kandungan 

metabolit sekunder pada tanaman boleh berlaku secara semula jadi semasa tempoh 

pertumbuhan akibat dipengaruhi oleh faktor persekitaran. Sehubungan dengan  itu, 

kajian ini dilakukan bagi tujuan menilai kesan asesi, umur tanaman, ketegasan air, dan 

tinja ayam terhadap pertumbuhan J.gendarussa berdasarkan parameter biomas, 

morfologi, dan kandungan metabolit sekunder (fenolik (TPC) dan flavonoid (TFC)). 

 

 

Dua eksperimen dijalankan di kompleks rumah kaca di Lapangan 2, Fakulti Pertanian, 

Universiti Putra Malaysia. Eksperimen pertama adalah mengkaji kesan umur tanaman 

terhadap pertumbuhan, atribut pertukaran gas, dan kandungan metabolit sekunder dari 

tiga jenis asesi J. gendarussa (‘Batang hitam’, ‘Batang hijau’, dan, ‘Variegata’). Reka 

bentuk adalah blok lengkap secara rawak (RCBD) dan di blok sebanyak lima kali. 

Eksperimen kedua dijalankan untuk mengkaji kesan ketegasan air (100%, 75%, 50%, 

dan 25% daripada kadar penggantian evapotranspirasi) dan pembajaan tinja ayam (0 kg 

N ha
-1

 dan 90 kg N ha
-1

) pada pertumbuhan, atribut pertukaran gas serta kandungan 

metabolit sekunder J. gendarussa. Rekabentuk RCBD di blok sebanyak tiga kali 

digunakan dalam eksperimen kedua ini. Parameter yang direkodkan secara tetap bagi 

setiap empat minggu pada 4, 8, dan 12 WAT dan data dianalisis menggunakan perisian 

statistik. 

 

 

Di antara tiga asesi yang dinilai pada tiga usia tanaman yang berbeza, JGG merekodkan 

berat kering tertinggi pada setiap minggu pemerhatian (3.9 g hingga 11.5 g). Asesi JG 

ini juga menunjukkan pertumbuhan tertinggi (contohnya 42% hingga 162% lebih tinggi 

pada jumlah daun daripada aksesori lain) pada 12 WAT. Manakala penilaian 
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kandungan metabolit sekunder menunjukkan bahawa JGB mengandungi TPC dan TFC 

tertinggi pada 8 WAT usia tanaman (0.75 mg GAE g
-1

 DW), dan TFC (0.39 mg QE g
-1

 

DW). Ketika tanaman menjadi lebih tua (12 WAT), JGG menghasilkan berat kering 

tertinggi dengan jumlah kandungan metabolit sekunder (TPC: 4.2 mg GAE; TFC: 2.60 

mg QE). Oleh yang demikian, aksesi JGG dipilih untuk digunakan dalam eksperimen 

kedua. Kombinasi rawatan ketegasan air dan tinja ayam tidak mempengaruhi 

pertumbuhan serta kandungan metabolit sekunder JGG. Walau bagaimanapun, 

ketegasan air secara signifikan (p≤0.01) mempengaruhi sebahagian besar pertumbuhan, 

dan parameter fisiologi JGG yang berkurang menjadi 3.5% hingga 7% setelah 

ketegasan air ditingkatkan berbanding dengan kawalan (4.4 g). Sebaliknya, penghasilan 

kandungan metabolit sekunder meningkat di bawah ketegasan air, terutama pada tahap 

w50, yang menunjukkan jumlah tertinggi pada 12 WAT. Penghasilan metabolit 

sekunder tertinggi dicatatkan pada JGG yang terdedah kepada ketegasan air pada 50% 

ET-R (TPC: 0,9 mg GAE g
-1

 DW; TFC: 0,37 mg QE g
-1

 DW. Pembajaan tinja ayam 

pada 90 kg N ha
-1

 (n90) menghasilkan peningkatan 2.7% yang signifikan daripada 

jumlah berat kering JGG. Walau bagaimanapun, pembajaan tinja ayam tidak 

mempunyai pengaruh yang signifikan (p<0.05) terhadap penghasilan metabolit 

sekunder. 

 

 

Kajian ini menunjukkan bahawa asesi, umur tanaman, ketegasan air, dan tinja ayam 

telah mempengaruhi pertumbuhan dan kandungan metabolit sekunder J.gendarussa. 

Penuaian JGG pada usia 12 WAT dan mengalami 50% ET-R dari tahap ketegasan air 

telah terbukti menghasilkan kandungan metabolit sekunder yang berbeza (TPC dan 

TFC). Pembajaan tinja ayam meningkatkan pertumbuhan JGG. Kesimpulannya, 

penanaman JG mengikut syor dari kajian ini dapat meningkatkan potensinya dalam 

perniagaan bio, yang dapat membantu sosio-ekonomi untuk petani di Malaysia. 

 

 

Kata kunci: Justicia gendarussa Burm F., kandungan metabolit sekunder, umur 

tanaman, ketegasan air, tinja ayam 
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 CHAPTER 1  

 

 

INTRODUCTION 

 

 

Medicinal plants have played a vital role in the traditional medicinal systems 

throughout the world to be used as a treatment against diseases. In Malaysia the 

increase in the use of herbal medicine has resulted in the expansion of the production 

from 2,176 hectares in 2014, to 2,312 ha increasing the yield of local medicinal plant to 

11,649 tonnes (MOA, 2016). By 2020, the market value of the medicinal plants' 

industry in Malaysia is also projected to reach RM29 billion, with the annual growth 

rate of 15% (BERNAMA, 2013). Thus, the growing market of medicinal plants 

industry offers an opportunity as wealth creation, especially to Malaysian farmers to 

compete in the global markets.  

 

 

One of the potential medicinal plants to be planted is Justicia gendarussa; a perennial 

plant from a family of Acanthaceace and for usually grows in a small area as 

ornamental plants and domestic uses. There are a number of accessions of J. 

gendarussa commonly found and available in Malaysia including ‘Black Stem’, ‘Green 

stem’, and ‘Variegata’. In general, the fresh leaves of J. gendarussa have been used 

traditionally, pounded and applied topically, to treat inflammation, headache, flatulence 

(Ong et al., 2011), and stomach ache (Kulip, 2003).  

 

 

  Problem statements 1.1

 

 

To our knowledge, there is so far no comprehensive information on these agronomy 

practices of large-scale cultivation of Justicia gendarussa under glasshouse condition 

in Malaysia. As consequence, it has contributed to the production of low quantity and 

quality herbal products. Despite the long-term and widespread use of J. gendarussa, 

little information on secondary metabolites production is known especially for J. 

gendarussa accessions; ‘Green stem’ and ‘Variegata’ and each accession may contain 

different type of beneficial secondary metabolite compounds. In many cases, each plant 

genotype may differ in it responses to the agronomic practice. Hence, it is important to 

identify the best accessions containing high beneficial secondary metabolite 

compounds.  

 

 

The other problem associated with Justicia gendarussa is that there are lack of 

knowledge and information about agronomic practice of specific medicinal herbs such 

as in J. gendarussa. A numbers of studies have shown that secondary metabolites 

compounds in plants can be induced according to different factors besides genotype, 

plant age, water availability, nutrient supply, etc. (Jaafar et al., 2012, Ibrahim et. al, 

2013, Ghasemzadeh et. al, 2014). With regard to J.gendarussa, there is little published 

data on secondary metabolites compounds of accessions and its interaction with the 

environment. Therefore, this study was proposed to examine the cultivation of potential 

J. gendarussa accessions under glasshouse condition within the vegetative growth 
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periods with two important agronomic practices (water and organic nutrition) being 

determined. 

 

  Glasshouse crop production in Malaysia  1.2

 

 

In the tropics such Malaysia, agriculture sectors in particularly conventional open 

growing system always subjected to adverse climatic variation including temperature, 

rainfall, flooding and etc. (Alam et al., 2011). Controlled environment agriculture 

system plays an important role as an alternative to conventional open growing system 

in order to sustain agriculture productivity. Controlled environment system including 

glasshouse are  designed  to  adapt  the  plant  microclimate for optimizing plant growth 

and quality (Niu & Masabi, 2018).  

 

 

Plant productions of some medicinal herb in controlled environmental system 

structures such as glasshouse have many advantages compared to open field (Ibrahim 

& Jaafar, 2011b). This production system warrants higher yield under better 

microclimatic condition with good water and nutritional control. Moreover, this 

production system not only make the planning and scheduling of production can be 

possible, but also could reduce or eliminated the contamination (diseases, insects, 

metals and other harmful factors) (Kozai, Kubota et al., 2000). Therefore, cultivation 

under a controlled environment can be considered an alternative way to ensure the 

safety and efficiency of the medicinal plant and its beneficial secondary metabolites. 

 

  General objectives 1.3

 

 

The main objective of this study was to evaluate the growth, physiology, and secondary 

metabolites production of three Justicia gendarussa accessions cultivated in soil 

medium under glasshouse conditions. The plant was evaluated at different plant age 

and was exposed to water stress and chicken manure application. For herbal plant 

growers, this study could help them to identify the best accessions of J. gendarussa that 

contains pharmacological active ingredient, and provide the growing information (plant 

age plant age, water management, chicken manure application,) for large-scale 

cultivation. In economic perspective, producing this potential herb can diversify 

growers’ income, increase their profits, and contribute to the enhancement of the 

development of national herbal industry. 

 

  Specific objectives 1.4

 

Two experiments were carried out with specific objectives: 

 

1. To examine the changes in growth and physiological characteristics of three 

different J. gendarussa accessions leaves collected at three plant ages; 
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2. To determine the secondary metabolites (total phenolic content TPC and total 

flavonoid content, TFC) production of three different J. gendarussa 

accessions leaves collected at three plant ages;  

 

3. To determine the interaction effects of water stress and chicken manure rates 

on growth, physiology, and production of secondary metabolites compounds 

(TPC and TFC) in J. gendarussa; and 

 

4. To calculate the total productions of secondary metabolites compounds (TPC 

and TFC) of J. gendarussa extract as a result of water stress imposition and 

chicken manure rates. 

 

  Hypothesis 1.5

 

It was hypothesized that secondary metabolites concentrations of J. gendarussa 

accessions may vary at different age as determine by harvest period, and according to 

water stress and chicken manure application rate. This secondary metabolite compound 

would increase through introduction of water stress and low chicken manure 

application. 
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