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ABSTRACT. Catharanthus roseus, formerly known as ornamental plant, has now been explored for its potentials as medicinal 
herb. One of the secondary metabolites produced, namely vinblastine, has been widely used to treat some human cancers. 
In addition, as the relatively high tolerance to drought, the plant species could produce proline, which plays important role 
in maintaining cellular osmotic pressure in an adverse condition. This study aims to assess the profiles of vinblastine and 
proline in C. roseus cultivated on inceptisol under water stress in combination with the applications of Zwavelzure Ammonium 
(ZA) fertilizer and rice husk biochar (RHB). A Split Plot Design was employed involving three treatments, namely water stress 
as the main plot and the combination of ZA fertilizer and RHB as the subplot. Three levels of the respective treatment were 
applied, namely 0, 2 and 4 days without watering; 0; 1.19 and 2.38 g/polybag of ZA fertilizer; and 0, 100 and 200 
g/polybag of RHB.  The results showed that the highest vinblastine content of 2,516.46 µg/g was obtained in the combination 
of 4 days without watering, 1.19 g/polybag ZA fertilizer and 200 g/polybag RHB. Meanwhile, the highest proline content of 
31.62 µmol/g was found in the applications of 4 days without watering, 2.38 g/polybag ZA fertilizer and 0 g/polybag RHB. 
The supporting agronomic parameters revealed the best responses in the applications of daily watering, 2.38 g/polybag ZA 
fertilizer and 200 g/polybag RHB. It can be concluded that the production of vinblastine increases with the higher levels of 
water stress, ZA fertilizer and RHB, while that of proline increases with only the higher water stress and RHB. ZA fertilizer and 
RHB applications are shown to increase soil fertility, while daily watering optimizes the growth of C. roseus. 
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INTRODUCTION  

Madagascar periwinkle [Catharanthus roseus (L.) 
G. Don], previously known as ornamental plant 
species, has nowadays been widely explored for its 
potentials as medicinal herbs. More than 130 
secondary metabolites produced have been used to 
treat  several non-infectious diseases, such as 
diabetes, hypertension, asthma, constipation, 
menstruation problem, and even various human 
cancers (Mendonce et al., 2025). One of dimeric 
alkaloids extracted from C. roseus, namely 
vinblastine, is known for its anticancer properties 
causing  high demand in the pharmaceutical 
industries (Vu et al., 2022). The substance, which is 
mainly  used to treat lymph node cancer and 
leukemia,  can be found  abundantly  in  the stems 
and leaves (Dhyani et al., 2022). Vinblastine was 
reported very active in an in vitro condition and 
showed antitumor effects similar  to vincristine, 
another secondary metabolite, in overcoming 
medulloblastoma. Hence, it can be considered to 
substitute vincristine for medullobastoma treatment in 
the future, since vincristine has side effect in terms of 
peripheral nerve damage, particularly in patients with 
congenital neuropathy (Nobre et al., 2019).  

The capacity of C. roseus in producing vinblastine 
was reported to be increased by the applications of 
precursors (L-phenylalanine and L-tyrosine) and 
elicitors (chitosan and methyl jasmonate) in hair root 
clones produced by Agrobacterium rhizogenes. 
Precursors were found more efficient than elicitors in 
increasing vinblastine synthesis in hair roots of C. 
roseus (Vu et al., 2022). Meanwhile, the applications 
of methyl jasmonate and ethylene on two cultivars of 
C. roseus showed different effects in inducing synthesis 
and accumulation of vinblastine, in either roots or 
shoots. This indicates the neccessity of cultivar 
selection for alkaloids, especially vinblastine (Fraser et 
al., 2020; Mall et al., 2021).  Vinblastine contents in 
C. roseus seedlings increased by 60% after the 
application of potasium (K+) in form of KNO3, while 
that in form of K2SO4 can increase vinblastine of only 
30% (Sahi et al., 2022). The increment of vinblastine 
contents in C. roseus roots can be stimulated by using 
probiotic microbes Pseudomonas fluorescens and 
Aspergillus brasiliensis (Ahmadzadeh et al., 2022).  

As a plant species originated from Madagascar, 
which is a tropical region, C. roseus grows adaptively 
in Indonesia. This plant species can grow well in a 
relatively wide range of altitudes, namely from 100 to 
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800 m above sea level and is sufficiently tolerant to 
drought conditions. C. roseus exhibits both 
morphological and physiological adaptations as the 
mechanism of survival in stress environments, one of 
which is by producing proline. The formation of this 
amino acid is a typical adjustment in C. roseus 
growing under water deficit which causes osmotic 
stress. Many enzymatic activities and biological 
macromolecule synthesis will be disturbed in the 
absence of proline formation (Zomorrodi et al., 2022). 
Proline is involved in the cell osmotic regulation by 
lowering water potential (Hassanvand et al., 2019). As 
well, it plays important role in plant growth and 
development, such as triggering seed germination and 
supporting stomata to minimize water lost (Seleiman 
et al., 2021).    

Dry lands, commonly characterized by shortages in 
nitrogen, phosphor and potassium, are found in many 
parts of Indonesia. Inceptisol is an example of soil type 
newly developing in dry lands thus having low 
physical, chemical and biological fertilities. This soil 
type is characterized by the presence of cambic 
horizon, which is formed through the processes of 
physical alteration and chemical transformation 
during pedogenesis. The horizon has a thickness of 
more than 15 cm with a dominant soil texture of sand 
to sandy clay. However, small amount of clay still 
exists, since the soil has not been experiencing further 
development (Soil Survey Staff, 2022). To optimize 
inceptisol in dry lands, some improvements on soil 
quality should be performed, some of which are by the 
applications of inorganic fertilizers such as Zwavelzure 
Ammonium (ZA) and soil ameliorants like rice husk 
biochar (RHB).  

With respect to the production of vinblastine and 
proline in C. roseus, only studies involving two 
variables, such as water stress and ZA fertilizer or 
water stress and RHB, have been reported so far, while 
none regarding the simultaneous effects of watering 
intensity, ZA fertilizer and RHB was available. Based 
on the background, the objective of our study is to 
assess the profiles of vinblastine and proline in C. 
roseus cultivated on inceptisol under water stress in 
combination with the applications of ZA fertilizer and 
RHB. This will provide scientific support on the 
cultivation of C. roseus in effort of obtaining more 
efficient production of vinblastine in dry lands. 
 
EXPERIMENTAL SECTION 
Research Methodology  

The study was carried out experimentally in the 
greenhouse of the Faculty of Biology, Universitas 
Jenderal Soedirman, Purwokerto, Central Java, from 
March to October 2023. A Split Plot Design was 
employed in which the main plot was watering 
intensity and the subplot consisted of two factors, 
namely ZA fertilizer and RHB. Three levels of watering 
intensity were used, namely 0 (I0), 2 (I1) and 4 (I2) 
days without watering respectively. The watering 

intensity was performed to fill the field capacity. As 
well, three levels of ZA fertilizer dosages, namely 0 
(N0), 1.19 (N1) and 2.38 g/polybag (N2) and three 
levels of RHB dosages, namely 0 (B0), 100 (B1), and 
200 g/polybag (B2) were applied. All combinations of 
treatments (ZA fertilizer and RHB) were randomized 
within the respective main plot (watering intensity) and 
each was subjected to three replications giving rise to 
a total of 81 experimental units. Only one plant 
individual was used in the respective experimental unit 
(polybag).  

Preparation of Growing Media  
Inceptisol collected from Karangwangkal, 

Banyumas, Central Java, was used as growing media 
for C. roseus. The soil pH is relatively low due to water 
leaching of base cations. In addition, the soil is 
suffering from drought condition during dry season 
because of the low water adsorption related to the 
high contents of sand and dust. The soil was then 
composited with 2 mm RHB corresponding to the 
specified dosage. After mixing, the soil was left for 
approximately  2  weeks enabling RHB to react with 
the soil.  After  incubation,  the soil was applied with 
ZA fertilizer according to the respective level of 
dosage. Along with ZA application, TSP and KCl of 
1.66 g/polybag  and 2.04 g/polybag respectively 
were   provided   as   basic  fertilizers   two   days 
before planting. Then, the media were ready for 
planting C. roseus. 

Parameters of Study 
The main parameter of study included secondary 

metabolites contents of C. roseus, namely vinblastine 
and proline, while the supporting parameters were soil 
and agronomical parameters. The vinblastine contents 
were measured following Fukuyama et al. (2017), 
while prolines were determined after Zomorrodi et al. 
(2022). The measurement of vinblastine contents was 
preceeded by grinding sample of 100 g dry leaf using 
mortar. Then, methanol was added to the sample to 
obtain extract suspension, which was re-dissolved in 
Na2HPO4 and acetonitrile to produce clear extract. 
This was subsequently analyzed in High Performance 
Liquid Chromatography (HPLC) at wavelength of 205 
nm. The vinblastine content measured must be 
included in the series of standard solution. Meanwhile, 
the measurement of proline contents was preceeded 
by grinding fresh leaf using mortar. The refined 
sample was then dissolved in 3% sulfosalicylate and 
toluene. Subsequenlty, the sample extract was filtered 
to produce clear extract, which was read for proline 
content using uv-vis spectrophotometer at wavelength 
of 520 nm. The proline content measured must be in 
the range of standard solution series. Soil parameters 
consisted of total nitrogen, organic carbon and soil 
pH. Total nitrogen contents were measured using the 
Kjedahl method (Ezeabara et al., 2015), while organic 
carbon contents were determined using the Walkey 
and Black method (Jha et al., 2014). Soil pH was 
determined using the electrometric method (Popoola 
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et al., 2023). Agronomic parameters comprised plant 
height, total leaf area, root dry weight and shoot dry 
weight. Plant height was observed weekly until the 
seventh week after planting. Total leaf area was 
measured at harvesting using gravimetric method 
(Chaudhary et al., 2012). Root and shoot dry weights 
were determined by weighing biomass after being 
oven-baked for approximately 3 days at 70 – 80°C.  

Data Analysis 
Data on both main and supporting parameters 

were analyzed using ANOVA. When significant 
difference among treatments was observed, further 
analysis was carried out employing the Duncan 
Multiple Range Test (DMRT) with a confidence level of 
5%. The data analysis was implemented employing 
SPSS software. 

 
RESULTS AND DISCUSSION 

During study, the greenhouse had an average 
temperature of around 22.8 ± 3.80°C. Meanwhile, 
the average air humidity was 75.4 ± 11.26%. Thus, in 
general the environmental conditions can be 
categorized as quite cool and slightly humid 
supporting optimum growth of C. roseus. 

Vinblastine and Proline Contents 
Vinblastine and proline contents of C. roseus under 

the respective combination of treatments applied are 
depicted in Figure 1. It is shown that vinblastine 
contents are highly affected by watering intensity in 
that higher water stress results in the higher vinblastine 
contents regardless the dosages of ZA fertilizer and 
RHB. The treatments of 4 days without watering (I2) 
result in the highest vinblastine contents. It is also 
revealed that I2N1B2 has the highest vinblastine 
content, namely 2,516.46 µg/g, in comparison to any 
other combinations of treatments (Figure 1A). 
However, this is not significantly different from that of 
I2N2B2 resulting in vinblastine of 2,285.25 µg/g. The 
lowest vinblastine content, namely 642.1 µg/g, was 
observed in control (I0N0B0). 

Vinblastine content, produced by C. roseus, is 
influenced by total soil nitrogen content, since the 
structure consists of complex amine groups (Kadhim et 
al., 2020). The nitrogen content will increase the 
production of primary metabolites through 
photosynthesis in plants. On the other hands, synthesis 
of secondary metabolites occurs when plants are 
suffering from stress. Vinblastine is made from the 
precursor vindoline in the biosynthesis pathway of 
tryptophan, where this amino acid is synthesized in the 
presence of drought stress (Siddiqui et al., 2023). This 
corresponds to Hashemabadi et al., (2018) that 
extreme drought stress can stimulate the production of 
secondary metabolites as the conversion of primary 
metabolite synthesis in form of protein.  

RHB application serves as maintaining nitrogen 
availability in soil to avoid lost due to volatilization and 
leaching. Nitrogen in form of ammonium and nitrate 
applied on soil will be adsorbed by RHB, so that 
nitrogen content in soil remains sufficient for 
simulating plant to perform metabolism properly. 
High soil nitrogen content will affect plant nutrient 
uptake and secondary metabolite production (Deng et 
al., 2022). The treatment I2 (4 days without watering) 
has highly significant effects both on vinblastine and 
proline contents. In the exposure to drought condition, 
plant cells of C. roseus will be subjected to 
inflammation. This will be quickly relieved by means 
of vinblastine production when primary metabolites 
are produced in a large amount (Hassan et al., 2021). 

Similar to vinblastine, proline content is also highly 
influenced by water intensity. It is shown in Figure 1B 
that the treatment I2N2B0 results in the highest proline 
content, namely 31.62 µmol/g. Meanwhile, the lowest 
proline content is found in control (I0N0B0) showing 
proline content of only 15.31 µmol/g. Water intensity 
has highly significant effect on the proline content of 
C. roseus. Watering of once in 4 days (I2) exhibits the 
highest value for proline content in comparison to 
watering of once in 2 days (I1) and daily watering (I0). 

 

  
 
Figure 1. Secondary metabolite contents of Catharanthus roseus (A = vinblastine; B = proline) N0 = No 
nitrogen, N1 = 1.19 g of nitrogen/polybag, N2 = 2.38 g of nitrogen/polybag; B0 = no RHB, B1 = 100 
g/polybag RHB, B2 = 200 g/polybag RHB; I0 = everyday watering, I1 = once in two-day watering, I2 = once 
in four-day watering 
 

A B 
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Proline is used as an indicator of stress, because 
this  amino  acid  is  produced in a large quantity in 
the  presence  of  stress  on  plants.  Less  water in 
plant  cultivation will reduce agronomical values, but 
at the same time, it will increase the production of 
secondary metabolites and amino acids such as 
proline (Alhverdizadeh & Danaee, 2023). Proline is 
synthesized as physiological response of plant for 
survival  under  drought  stress.  Providing field 
capacity  of  50%  greatly  increases  proline 
production in plants. Nevertheless, water deficit will 
reduce plant quality, stem strength, light interception 
and carbon assimilation (Patel et al., 2022). Impairs 
in the hydration status of plants undergoing water 
stress is the  occurrence  of  oxidative damage 
characterized by reduced  chlorophyl  content,  
increased membrane degradation and lipid 
peroxidation (Zomorrodi et al., 2022).  

C. roseus belongs to plant species of drought 
tolerant thus having sufficiently high proline content. 
The higher proline content in a plant species, the more 

tolerant the species to drought stress (Dullah et al., 
2019). Proline functions as nitrogen storage in plants, 
osmoregulator and protector for particular enzymes. 
Plant cells of high proline contents are presumably 
more tolerant to drought conditions (Ghosh et al., 
2022). The application of ZA shows significant effect 
on proline production, because ZA can increase 
accumulated protein resulting from photosynthesis. 
Proteins in unstressed plants are synthesized in forms 
of many other essential amino acids required for plant 
growth. When drought stress occurs, then the 
remaining nitrogen reserves will be just synthesized 
into proline (Meena et al., 2019). 

Soil Parameters  
The ANOVA of treatments shows significant effects 

on soil parameters. The applications of ZA fertilizer 
and RHB have significant effects on total soil N 
content, organic carbon content and soil pH. Further 
analysis of DMRT at confidence level of 0.05 results in 
data presented in Table 1.   

 
Table 1. Soil parameters under treatments of water intensity, ZA fertilizer and 
RHB applications  

No. Treatment Total soil N (%) Soil organic carbon 
(%) 

Soil pH 

1 I0N0B0 0.236 ef 2.91 f 5.42 cd 
2 I0N0B1 0.230 ef 3.35 d 5.54 c 
3 I0N0B2 0.237 ef 4.42 a 5.82 a 
4 I0N1B0 0.524 cd 2.98 f 5.39 e 
5 I0N1B1 0.583 c 3.32 d 5.55 c 
6 I0N1B2 0.608 bc 4.32 b 5.65 b 
7 I0N2B0 0.674 b 2.95 f 5.25 f 
8 I0N2B1 0.792 ab 3.29 d 5.45d 
9 I0N2B2 0.885 a 4.22 c 5.6 bc 
10 I1N0B0 0.210 f 2.95 f 5.41 cd 
11 I1N0B1 0.213 f 3.2 e 5.51 c 
12 I1N0B2 0.296 e 4.39 a 5.77 a 
13 I1N1B0 0.535 cd 2.93 f 5.33 e 
14 I1N1B1 0.562 c 3.3 d 5.54 c 
15 I1N1B2 0.674 b 4.31 b 5.61 bc 
16 I1N2B0 0.707 ab 2.9 f 5.23 f 
17 I1N2B1 0.705 ab 3.21 e 5.44 cd 
18 I1N2B2 0.795 ab 4.24 bc 5.58 bc 
19 I2N0B0 0.283 e 2.92 f 5.4 cd 
20 I2N0B1 0.290 e 3.18 e 5.49 c 
21 I2N0B2 0,.341 d 4.4 a 5.71 ab 
22 I2N1B0 0.529 cd 2.91 f 5.3 d 
23 I2N1B1 0.571 c 3.19 e 5.51 c 
24 I2N1B2 0.672 b 4.29 bc 5.58 ab 
25 I2N2B0 0.690 b 2.88 f 5.2 f 
26 I2N2B1 0.709 ab 3.21 e 5.41 cd 
27 I2N2B2 0.809 ab 4.21 c 5.56 bc 

Note: I = water intensity; N = ZA fertilizer; B = rice husk biochar; the values 
in bold are the best one in the respective parameter; numbers followed by the 
same letter in each column show no significant different at 0.05% level of 
confidence 
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It is shown that the application of daily watering in 
combination with ZA fertilizer of 2.38 g/polybag and 
RHB of 200 g/polybag (I0N2B2) reveals the highest 
total soil N content, namely 0.885%. This is 
significantly different from that obtained in control and 
some other treatments of daily watering with no 
nitrogen application (I0N0B0, I0N0B1 and I0N0B2), 
which results in total soil N content of 0.236%, 0.230% 
and 0.237% respectively. These are considered very 
low in comparison to those obtained from ZA 
applications of 2.38 g/polybag (N2).  

The distribution of total soil N is determined by soil 
depth. The more the soil depth, the lower total soil N 
content because of the lesser the source of soil 
nitrogen. Nitrogen availability is influenced by 
mineralization process, decomposition of organic 
matters and the existence of nitrogen-fixing 
microorganisms. The total soil nitrogen content is 
related to several factors, such as the amount of 
organic matters, the number of soil microorganisms, 
land use intensity, vegetation, fertilizing interval and 
soil drainage (Widyasunu et al., 2023). In addition, 
RHB application will maintain nitrogen availability in 
soil, because the cation exchange capacity (CEC) and 
water retention increase avoiding easy lost of  
ammonium and nitrate ions from soil (Aslam et al., 
2021). RHB application of 15 ton/ha can reduce 
nitrogen lost due to volatilization up to 40.7% and 
diminish N2O emission up to 24% (Selvarajh et al., 
2021). Watering and RHB applications can increase 

soil humidity thus stimulating microorganisms to 
decompose soil. The soil decomposition will convert 
organic compounds into minerals, which are essential 
for plant growth (Hale et al., 2013).  

RHB application of 200 g/polybag with no ZA 
fertilizer and 4 days without watering (I2N0B2) is 
found capable of increasing soil organic carbon of 
4.4%. Meanwhile, combinations of treatments of the 
same ZA and RHB dosages with different intervals of 
watering reveals non-significant different results. ZA 
application of 2.38 g/polybag with no RHB and 4 days 
without watering (I2N2B0) shows the lowest soil 
organic carbon, namely 2.88%. Thus, it can be said 
that any treatment  without RHB application shows 
lower soil organic carbon in comparison to those with 
RHB applications.  

The addition of organic matters is the key for soil 
quality improvement, because it can increase soil 
decomposition due to the role of microorganisms 
therein. This corresponds to do Carmo et al., (2016) 
that organic matter application and fertilization can 
increase plant productivity due to the increasing 
physical, chemical and biological soil fertilities. This 
will in turn increase nutrient supply in soil. The 
application of organic matters can also increase 
aggregate stability, which serves as plant growth 
media. The contents of soil organic matters are 
influenced by several factors, such as parent materials, 
vegetation of legumes and cogongrass, and humid 
climate (Paiman & Effendy, 2020). 

 

  

 

 

 
Figure 2. Agronomical parameters of Catharanthus roseus under treatments of water intensity, ZA fertilizer and 
RHB applications (A = plant height; B = total leaf area; C = root dry weight; D = shoot dry weight) N0 = No 
nitrogen, N1 = 1.19 g of nitrogen/polybag, N2 = 2.38 g of nitrogen/polybag; B0 = no RHB, B1 = 100 
g/polybag RHB, B2 = 200 g/polybag RHB; I0 = everyday watering, I1 = once in two-day watering, I2 = once 
in four-day watering 
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With respect to soil pH, the combination of 
treatments I0N0B2 shows the best result as capable of 
increasing soil pH up to 5.82. Meannwhile, the 
combination of treatments with no ZA, RHB of 200 
g/polybag and 2 days without watering (I1N0B2) 
shows non-significant different from I0B0N2. On the 
other hands, ZA application of 2.38 g/polybag with 
no RHB and 4 days without watering (I2N2B0) shows 
significant decrease in soil pH and is the lowest among 
other treatments, namely 5.2. RHB and any other types 
of biochars serve as ameliorants, which are 
amphoteric depending on the surrounding soil 
conditions. 

Soil of low pH can be restored by the application 
of soil ameliorants in form of RHB. Biochars are 
ameliorants of high organic matter and functional 
groups contents. These are amphoteric and capable 
of chelating Al, Fe, Mn and Ca which bind to P in soil. 
Amine is functional group playing role in increasing 
soil pH, while carboxyl group serves to reduce soil pH 
in regulating soil pH (Ghorbani et al., 2019). In 
addition, the application of ZA in a large quantity will 
lead to decreasing soil pH. This is because ZA fertilizer 
contains nitrogen and sulphur, which in binding to 
water will release many H+ ions into the soil (Havlin et 
al., 2017). Too low soil pH can reduce plant 
productivity due to plant cell metabolism impairs (do 
Carmo et al., 2016). Watering can increase soil pH as 
a result of carbonate ions formation in soil (Widyasunu 
et al., 2023). 

Agronomical Parameters  
The ANOVA of watering intensity in combination with 
ZA  and  RHB  applications reveals significant effects 
on some agronomical parameters, namely plant 
height,  dry weight of roots and shoots. Further 
analysis of DMRT at confidence level of 0.05 is shown 
in Figure 2. 

It is shown in Figure 2 that watering intensity in 
combination with ZA and RHB applications has 
significant effects on agronomical parameters of C. 
roseus. The combination of treatment I0N2B2 results 
in the highest plant height, total leaf area, root dry 
weight and shoot dry weight, which are 62 cm, 
1,923.3 cm2, 3.4 g and 11.15 g respectively. When 
compared to control, the combination of treatment 
I0NB2 shows highly significant difference. On the 
other hands, the lowest response was observed in 
control with watering once in 4 days (I2N0B0). Plant 
height, total leaf area, root dry weight and shoot dry 
weight in this treatment are 44 cm, 970 cm2, 2.2 g 
and 7.1 g respectively.  

Nitrogen plays important role on the plant growth. 
This element accelerates meristematic cell division, so 
that it stimulates the growth of both plant roots and 
shoots (Wulandari et al., 2023). In addition, higher 
nitrogen content can increase metabolism activities, 
photosynthesis and regulates stomata opening 
(Sampaio et al., 2014). 

Organic matter application will increase nutrient 
uptake, especially nitrogen, so that fertilization 
effectivity will be increased. RHB application 
considerably increases the efficiency of nitrogen 
fertilization as it significantly prevents the lost of 
ammonium and nitrate ions (Li et al., 2021). ZA 
fertilization can increase plant height, because in 
comparison to urea it has better persistence in soil due 
to its non-hygroscopic properties (Supriyono et al., 
2021). Water intensity also influence significantly 
agronomical parameters. Optimum water availability 
will increase photosynthesis rate and maintain cell 
turgor, so that the metabolism processes occur faster. 
Moreover, water serves also as fertilizer solvent 
(Hashemabadi et al., 2018). 

Broader leaves can capture more light and have 
more stomata, so that higher photosynthesis rate can 
be obtained. Photosynthesis activity is influenced by 
light intensity, stomata number and foliar chlorophyl 
contents (Huang et al., 2019). Larger size and number 
of leaves represent optimalization of nutrient uptake 
giving rise to increasing dry matters of plants 
(Supriyono et al., 2023). ZA application can stimulate 
protein synthesis and increase the rate of meristematic 
cell division at root and meristems (Aslani et al., 
2021). 

ZA fertilization can increase N availability in soil 
thus increasing N uptake by roots. The nitrogen 
absorbed by plants through a large number of roots 
will increase metabolism activities, formation of 
proteins composing plant cells and photosynthesis 
(Acharya et al., 2020). The photosynthates thus 
produced by plants will be distributed to all parts of 
plant body, particularly roots that meristematic root 
cells will remain to divide. The cell division will 
increase the growth of root hairs, root elongation and 
root enlargement, so that expanded range of nutrient 
uptake will be obtained. In addition, the increasing 
root biomass will result in better plant vigour 
(Supriyono et al., 2023). 

ZA fertilizer will increase the dynamics of nitrogen 
and sulphur. Deficiency of sulphur can increase 
nitrogen fertilization efficiency, and vice versa. 
Watering is an effort to be performed in protecting soil 
moisture from drying out. Moist soil will increase soil 
microorganism colonies, so that soil decomposition 
can occur more rapidly. In addition, soil in dry 
condition will impair plant metabolisms and reduce 
soil physical, chemical and biological fertilities (Kolega 
et al., 2020). 

In general, secondary metabolites of vinblastine 
and proline in C. roseus are influenced by both soil 
and agronomical parameters. The total soil N 
enhances soil fertility, so that C. roseus is capable of 
growing well. A higher content of nitrogen in plants 
can lead to the increasing level of tryptophan, so that 
vinblastine is produced more rapidly when C. roseus 
is grown in sub-optimum conditions (Rosa et al., 
2023). Higher organic carbon is used as nitrogen 
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coating and stimulates soil microorganism activities in 
soil decomposition. The intensive soil decomposition 
will provide nitrogen by means of mineralization 
(Widyasunu et al., 2023). In addition, neutral soil pH 
of 6 – 7 can provide several essential nutrients for 
plant growth (Abbas et al., 2017). Better soil fertility 
will enhance photosynthesis rate, which can in turn 
lead to better agronomical parameters.  On the other 
hands, agronomical parameters such as plant height, 
leaf area, root and shoot dry weights are subjected to 
decrease in the presence of vinblastine and proline 
synthesis. Photosynthesis rate will be reduced when 
plants are under adverse environmental conditions. 
Water stress lowers enzymatic performance in the 
process of primary metabolite synthesis (Supriyono et 
al., 2021). Hence, the three variables, namely soil 
fertility, agronomical attributes and water stress 
altogether influence the production of vinblastine and 
proline.  

In summary, it can be concluded that the 
production of vinblastine increases with the higher 
levels of water stress, ZA fertilizer and RHB, while that 
of proline increases with only the higher water stress 
and RHB. ZA fertilizer and RHB applications are shown 
to increase soil fertility, while daily watering optimizes 
the growth of C. roseus. This provides valuable 
information for further studies in efforts of increasing 
the vinblastine and proline contents in C. roesus.   
  
ACKNOWLEDGEMENTS 

The authors thank the Head of Integrated Research 
and Assessment Laboratory (LPPT), Universitas Gadjah 
Mada for admission in using facilities regarding 
vinblastine analysis. High appreciation is also 
addressed to the Head of Soil Laboratory, the Faculty 
of Agriculture, Universitas Gadjah Mada, for soil 
parameter analysis. As well, the authors are grateful 
to Supriyono, the staff in Plant Physiology Laboratory, 
the Faculty of Biology, Universitas Jenderal 
Soedirman, for laboratory assistance with respect to 
proline and agronomical parameter analysis.   
 
REFERENCES 
Abbas, A., Yaseen, M., Khalid, M., Naveed, M., Aziz, 

M., Hamid, Y., & Saleem, M. (2017). Effect of 
biochar-amended urea on nitrogen economy of 
soil for improving the growth and yield of wheat 
(Triticum aestivum L.) under field condition. 
Journal of Plant Nutrition, 40(16), 2303–2311. 
https://doi.org/10.1080/01904167.2016.126
7746 

Acharya, T. P., Reiter, M. S., Welbaum, G., & 
Arancibia, R.A. (2020). Nitrogen uptake and 
use efficiency in sweet basil production under 
low tunnels. Horticultural Science, 55(4), 429–
435. https://doi.org/10.21273/HORTSCI14515-19 

Ahmadzadeh, M., Keshtkar, A.H., Moslemkhany, K., 
& Ahmadzadeh, M. (2022). Effect of the plant 
probiotic bacteria on terpenoid indole alkaloid 

biosynthesis pathway gene expression profiling, 
vinblastine and vincristine content in the root of 
Catharanthus roseus. Molecular Biology 
Reports 1–17. https://doi.org/10.1007/s11033-
022-07841-z 

Alhverdizadeh, S. & Danaee E. (2023). Effect of humic 
acid and vermicompost on some vegetative 
indices and proline content of Catharanthus 
roseus under low water stress. Environment and 
Water Engineering. 9(1), 141–152. https://doi. 
org/10.22034/EWE.2022.333951. 1745 

Aslam, M. A., Aziz, I., Shah, S. H., Muhammad, S., 
Latif, M., & Khalid, A. (2021). Effects of biochar 
and zeolite integrated with nitrogen on soil 
characteristics, yield and quality of maize (Zea 
mays L.). Pakistan Journal of Botany, 53(6), 
2047–2057. https://doi.org/10.30848/ 
PJB2021-6(27) 

Aslani, P., Davari, M., Mahmoodi, M,A., 
Hosseinpanahi, F., & Khaleghpanah N. (2021). 
Archive of effect of zeolite and nitrogen on some 
basic soil properties and wheat yield in potato-
wheat rotation. Agricultural engineering, 44(1), 
97–119. https://doi.org/10.22055/AGEN. 2021. 
37397.1603 

Chaudhary, P., Godara, S., Cheeran, A,N., & 
Chaudhari, A. K. (2012). Fast and accurate 
method for leaf area measurement. 
International Journal of Computer Applications, 
49(9), 22–25. https://doi.org/ 10.5120/7655-
0757 

Deng, R., Lan, Z., Shang, X., & Fang, S. (2022). Effects 
of biochar application pyrolyzed at different 
temperatures on soil properties, growth and 
leaf secondary metabolite accumulation in 
Cyclocarya paliurus. Forests, 13(10), 1–16. 
https://doi.org/10.3390/f13101572 

Dhyani, P., Quispe, C., Sharma, E., Bahukhandi, A., 
Sati, P., Attri, D.C., Szopa, A., Sharifi-Rad, J., 
Docea, A.O., Mardare, I., Calina, D., & Cho, 
W. C. (2022). Anticancer potential of alkaloids: 
a key emphasis to colchicine, vinblastine, 
vincristine, vindesine, vinorelbine and 
vincamine. Cancer Cell International, 22(1), 1–
20. https://doi.org/10.1186/s12935-022-02624-9 

do Carmo, D. L., de Lima, L. B., & Silva, C. A. (2016). 
Soil fertility and electrical conductivity affected 
by organic waste rates and nutrient inputs davi 
lopes. Revista Brasileira de Ciencia Do Solo 40, 
1–17. https://doi.org/10.1590/18069657 
rbcs20150152 

Dullah, I. C, Sulandjari, & Supriyono. (2019). Abiotic 
stress and biofertilizer on the Pereskia bleo 
(Kunth) DC. against growth, proline, and 
antioxidant. Sains Tanah, 16(1), 36–45. 
https://doi.org/10.20961/STJSSA.V16I1.25158 

Ezeabara, C. A., Okeke, C.U., & Amadi, J. (2015). 
Studies on the proximate and mineral 
compostion of leave, stem and root of 



Molekul, Vol. 21. No. 1, March 2026: 175 – 183 

182 

Catharanthus roseus (Linn) view project. Amer. 
Journal of Life Sciences Research, 3(4), 273–
281. www.worldofresearches.com 

Fraser, V.N., Philmus, B., & Megraw, M. (2020). 
Metabolomics analysis reveals both plant 
variety and choice of hormone treatment 
modulate vinca alkaloid production in 
Catharanthus roseus. Plant Direct, 4(9), 1–14. 
https://doi.org/10.1002/pld3.267 

Fukuyama, T., Ohashi-Kaneko, K., Hirata, K., 
Muraoka, M., & Watanabe, H. (2017). Effects 
of ultraviolet a supplemented with red light 
irradiation on vinblastine production in 
Catharanthus roseus. Environ. Control Biology, 
55(2), 65–69. https://doi.org/10.2525/ecb. 55.65 

Ghorbani, M., Asadi, H., & Abrishamkesh, S. (2019). 
Effects of rice husk biochar on selected soil 
properties and nitrate leaching in loamy sand 
and clay soil. Int. International Soil and Water 
Conservation Research, 7(3), 258–265. 
https://doi.org/10.1016/j.iswcr.2019.05.005 

Ghosh, U.K., Islam, M.N., Siddiqui, M.N., Cao, X., & 
Khan, M.A.R. (2022). Proline, a multifaceted 
signalling molecule in plant responses to abiotic 
stress: understanding the physiological 
mechanisms. Plant Biology, 24(2), 227–239. 
https://doi.org/10.1111/plb.13363 

Hale, S.E., Alling, V., Martinsen, V., Mulder, J., 
Breedveld, G.D., & Cornelissen, G. (2013). The 
sorption and desorption of phosphate-P, 
ammonium-N and nitrate-N in cacao shell and 
corn cob biochars. Chemosphere, 91(1), 
1612–1619. https://doi.org/10.1016/ 
j.chemosphere.2012.12.057 

Hashemabadi, D., Sabzevari, F., Kaviani, B., & Ansari, 
M.H. (2018). Organic N-fertilizer, 
rhizobacterial inoculation and fungal compost 
improve nutrient uptake, plant growth and the 
levels of vindoline, ajmalicine, vinblastine, 
catharanthine and total alkaloids in 
Catharanthus roseus L. Folia Horticulturae, 
30(2), 203–213. https://doi.org/10.2478/ 
fhort-2018-0018 

Hassan, F.A.S., Ali, E., Gaber, A., Fetouh, M.I., & 
Mazrou, R. (2021). Chitosan nanoparticles 
effectively combat salinity stress by enhancing 
antioxidant activity and alkaloid biosynthesis in 
Catharanthus roseus (L.) G. Don. Plant 
Physiology and Biochemistry, 162, 291–300. 
https://doi.org/10.1016/j.plaphy.2021.03.004 

Hassanvand, F., Rezaei, Nejad, A., & Fanourakis, D. 
(2019). Morphological and physiological 
components mediating the silicon-induced 
enhancement of geranium essential oil yield 
under saline conditions. Industrial Crops and 
Products, 134, 19–25. https://doi.org/10. 
1016/j.indcrop.2019.03.049 

Havlin, J.L., Tisdale, S.L., Nelson, W.L., & Beaton, J. 
D. (2017). Soil fertility and fertilizer: An 

Introduction to nutrient management 8th Ed. 
India: Pearson India Education Service Pvt. Ltd. 

Huang, W., Ratkowsky, D.A., Hui, C., Wang, P., Su, 
J., & Shi, P. (2019). Leaf fresh weight versus dry 
weight: which is better for describing the scaling 
relationship between leaf biomass and leaf 
area for broad-leaved plants? Forests, 10(3), 
1–19. https://doi.org/10.3390/f10030256 

Jha, P., Biswas, A.K., Lakaria, B.L., Saha, R., Singh, 
M., & Rao, A.S. (2014). Predicting total organic 
carbon content of soils from Walkley and Black 
analysis. Communications in Soil Sci. Plant 
Analysis, 45(6), 713–725. https://doi.org/ 
10.1080/00103624.2013.874023 

Kadhim, A.A., Hadi, A.A., & Abdul-Latif, S.A. (2020). 
Effect of biofertilizer and chitosan on medicinal 
active compounds of salty stressful vinca plants. 
Plant Archives, 20, 116–125. 

Kolega, S., Miras-Moreno, B., Buffagni, V., Lucini, L., 
Valentinuzzi, F., Maver, M., Mimmo, T., 
Trevisan, M., Pii, Y., & Cesco, S. (2020). 
Nutraceutical profiles of two hydroponically 
grown sweet basil cultivars as affected by the 
composition of the nutrient solution and the 
inoculation with izospirillum brasilense. 
Frontiers in Plant Science, 11, 1–17. 
https://doi.org/10.3389/fpls.2020.596000 

Li, X., Xu, S., Neupane, A., Abdoulmoumine, N., 
DeBruyn, J.M., Walker, F.R., & Jagadamma, S. 
(2021). Co-application of biochar and nitrogen 
fertilizer reduced nitrogen losses from soil. PLoS 
ONE, 16, 1–17. https://doi.org/10.1371/ 
journal.pone.0248100 

Mall, M., Singh, P., Kumar, R., Shanker, K., Gupta, 
A.K., Khare, P., Shasany, A.K., Khatoon, S., 
Sundaresan, V., Baskaran, K., Yadav, S., & 
Shukla, A.K. (2021). Phenotypic, genetic and 
expression profiling of a vindoline-rich 
genotype of Catharanthus roseus. South African 
Journal of Botany, 139, 50–57. 
https://doi.org/10.1016/j.sajb.2021.02.004 

Meena, M., Divyanshu, K., Kumar, S., Swapnil, P., 
Zehra, A., Shukla, V., Yadav, M., & Upadhyay, 
R.S. (2019). Regulation of L-proline 
biosynthesis, signal transduction, transport, 
accumulation and its vital role in plants during 
variable environmental conditions. Heliyon, 
5(12), e02952. https://doi.org/10.1016/ 
j.heliyon.2019.e02952 

Mendonce, K.C., Palani, N., Rajadesingu, S., 
Radhakrishnan, K., Ayyar, M., & Priya, L.S. 
(2025). Pharmacological potential of bioactive 
compounds in Catharanthus roseus extract: a 
comprehensive review.  Toxicology Reports, 14, 
1-13. https://doi.org/10.1016/j.toxrep.2025. 
101998 

Nobre, L., Pauck, D., Golbourn, B., Maue, M., Bouffet, 
E., Remke, M., & Ramaswamy, V. (2019). 
Effective and safe tumor inhibition using 



Assessing Vinblastine and Proline Contents   Sinbar Sulanjari Susanto, et al. 

183 

vinblastine in medulloblastoma. Pediatric Blood 
and Cancer, 66(6), 1-4. https://doi.org/10. 
1002/pbc.27694 

Paiman & Effendy, I. (2020). The effect of soil water 
content and biochar on rice cultivation in 
polybag. Open Agriculture, 5(1), 117–125. 
https://doi.org/10.1515/opag-2020-0012 

Patel, J., Khandwal, D., Choudhary, B., Ardeshana, 
D., Jha, R.K., Tanna, B., Yadav, S., Mishra, A., 
Varshney, R.K., & Siddique, K.H.M. (2022). 
Differential physio-biochemical and metabolic 
responses of peanut (Arachis hypogaea L.) 
under multiple abiotic stress conditions. 
International Journal of Molecular Sciences,  
23(2). https://doi.org/10.3390/ijms 23020660 

Popoola, L.T., Udeagbara, S.G., Yusuff, A.S., Adeyi, 
A.A., Lala, M.A., & Salaudeen, I. A. (2023). 
Oilfield produced water assessment from 
onshore treatment facilities in Niger Delta: 
water quality susceptibility and suitability for soil 
irrigation. South African Journal of Chemical 
Engineering, 45, 127–135. https://doi.org/ 
10.1016/j.sajce.2023.05. 006 

Rosa, R., Hajko, L., Franczuk, J., Zaniewicz-
Bajkowska, A., Andrejiová, A., & Mezeyová, I. 
(2023). Effect of L-tryptophan and L-glutamic 
acid on carrot yield and its quality. Agronomy, 
13(2), 1–23. https://doi.org/10.3390/ 
agronomy13020562 

Sahi, N., Mostajeran, A., & Ghanadian, M. (2022). 
Changing in the production of anticancer drugs 
(vinblastine and vincristine) in Catharanthus 
roseus (L.) G. Don by potassium and ascorbic 
acid treatments. Plant, Soil Environ, 68(1), 18–
28. https://doi.org/10.17221/121/2021-PSE 

Sampaio, I.M.G., Marcelo, de A.G., Janiquelle, da 
S.R., Caris, dos S.V., & Fransisca, G.A. (2021). 
Productive and physiological responses of basil 
to nitrogen fertilization. J. Hort. Brasileira, 
39(3), 335–340. 

Seleiman, M. F., Al-Suhaibani, N., Ali, N., Akmal, M., 
Alotaibi, M., Refay, Y., Dindaroglu, T., Abdul-
Wajid, H. H., & Battaglia, M. L. (2021). Drought 
stress impacts on plants and different 
approaches to alleviate its adverse effects. 
Plants, 10(2), 1–25. https://doi.org/10.3390/ 
plants10020259 

Selvarajh, G., Ch’ng, H.Y., Zain, N.M., Sannasi, P., & 
Azmin, S.N.H.M. (2021). Article improving soil 
nitrogen availability and rice growth 
performance on a tropical acid soil via mixture 
of rice husk and rice straw biochars. Applied 
Sciences, (Switzerland), 11(1), 1–18. 
https://doi.org/ 10.3390/app11010108 

Siddiqui, Z.H., Mujib, A., Abbas, Z.K., Noorani, M.S., 
& Khan, S. (2023). Vinblastine synthesis under 

the influence of CaCl2 elicitation in 
embryogenic cell suspension culture of 
Catharanthus roseus. South African Journal of 
Botany, 154,319–329. https://doi.org/10. 
1016/j.sajb.2023.01.046 

Soil Survey Staff. 2022. Keys to soil taxonomy 13rd Ed. 
US Department of Agriculture, Natural 
Resources Conservation Service. 
http://www.nrcs.usda.gov/Internet/FSE_DOCU
MENTS/nrcs142p2_051546.pdf 

Supriyono, Pertiwi, K.S., Sulandjari, Purnomo, D., & 
Pujiasmanto, B. (2023). The use of ZA and SP 
36 fertilizer on growth and yield of red ginger 
(Zingiber officinale var. Rubrum). IOP Conf. 
Series: Earth and Environmental Science, 
1162(1), 0–10. https://doi.org/10.1088/ 
1755-1315/1162/1/012013 

Supriyono, Zakiyyah, J.R., Sulistyo, T.D., & 
Pujiasmanto, B. (2021). The impact of ZA 
substitution with organic fertilizer through red 
ginger’s growth and yield in mixed cropping 
with maize and cassava. IOP Conf Series: Earth 
and Environmental Science, 905(1), 1–7. 
https://doi.org/ 10.1088/1755-1315/905/1/ 
012038 

Vu, P.T.B, Cao, D.M., Bui, A.L., Nguyen, N.N., Van 
Bui, L., & Quach, P.N.D. (2022). In vitro growth 
and content of vincristine and vinblastine of 
Catharanthus roseus L. hairy roots in response 
to precursors and elicitors. Plant Sciences 
Today, 9(1), 21–28. https://doi.org/10. 
14719/pst. 1337 

Widyasunu, P., Rif’an, M., Sulistyanto, P., Rahayu, 
A.Y., Panjaitan, M.F.M., & Pinangit, M. (2023). 
Study on soil sulfur, organic-C and nitrogen, 
nutrient content of rice and fertilization 
recommendation in the downstream Serayu 
subwatershed area in Kesugihan District, 
Cilacap Regency. Proc. ICSARD Atlantis Press 
International,  261-274. https://doi.org/ 
10.2991/978-94-6463-128-9_27 

Wulandari, C., Nasih, W.Y., Yudhistira, G.P., & Sri, L. 
(2023). Improving basil productivity in coastal 
sandy soil Yogyakarta by balanced urea­ZA 
(N­S) fertilizers and application of soil 
amendment to increase fertilization 
effectiveness. Agricultural Science, 8(2), 121 – 
132. 

Zomorrodi, N., Rezaei Nejad, A., Mousavi-Fard, S., 
Feizi, H., Tsaniklidis, G., & Fanourakis, D. 
(2022). Potency of titanium dioxide 
nanoparticles, sodium hydrogen sulfide and 
salicylic acid in ameliorating the depressive 
effects of water deficit on periwinkle ornamental 
quality. Horticulturae, 8(8), 1-20. 
https://doi.org/10.3390/horticulturae8080675 

 


