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Analysis of source–sink organ dynamics in kaffir lime (Citrus hystrix 
DC.) at different plant ages 
 
Abstract. Kaffir lime (Citrus hystrix DC.) is a leafy spice commodity widely used as a culinary ingredient, 
in bio-pharmaceuticals, and as a raw material for essential oil production. Despite its high demand, leaf 
productivity remains relatively low, highlighting the need for improved cultivation practices. A better 
understanding of source–sink dynamics is essential, as leaf production is strongly influenced by the 
balance between assimilate-producing and assimilate-consuming organs. Therefore, this study aimed 
to evaluate the source-sink capacity of kaffir lime plants of different ages as a preliminary step toward 
identifying cultivation strategies to enhance leaf production. The experiment was conducted at Bale 
Tatanen experimental field, Universitas Padjadjaran, Sumedang. This work used a randomized 
complete block design with five replications and three age treatments: A = 1 year, B = 2 years, and C = 
3 years. The results showed the source-to-sink ratio in 1-, 2-, and 3-year-old plants were 53:47, 50:50, 
and 48:52, respectively. As kaffir lime plants grow older, their source–sink balance shifts because older 
plants allocate assimilates more efficiently to developing organs. In this study, increasing plant age was 
associated with a greater capacity to develop sink organs, which in turn supports leaf expansion and 
overall leaf productivity. This study offers baseline information on the source–sink proportions of kaffir 
lime plants at different ages, providing a foundation for improving cultivation practices. The findings 
support better harvest timing and more accurate yield estimation to enhance planning efficiency. 
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Introduction 
 
Kaffir lime (Citrus hystrix DC.) is a high-value 
horticultural commodity, primarily due to its 
leaves, which serve as a key ingredient in 
culinary preparations and as a raw material in the 
food, beverage, and cosmetics industries 
(Budiarto et al., 2024). The increasing demand for 
both fresh and dried kaffir lime leaves, driven by 
the growth of the culinary and herbal industries 
(Abidin et al., 2020), underscores the need for 
cultivation strategies that sustainably optimize 
leaf production. 

As a perennial species, the growth and leaf 
yield of kaffir lime are strongly influenced by the 
balance between the source system 
(photosynthate-producing organs such as mature 
leaves) and the sink system (photosynthate-
utilizing organs such as shoots and young leaves) 
(Goldschmidt & Koch, 2017; Li et al., 2024). 
Variations in plant age and size can lead to 
differences in source capacity and sink strength 
(Sunmonu & Kudo, 2014) , thereby shaping 
vegetative growth patterns (Smith et al., 2018). A 
comprehensive understanding of source–sink 
dynamics is therefore essential as a foundation 
for developing targeted cultivation strategies, 
particularly those aimed at manipulating plant 
physiological processes to maximize leaf 
production. 

The source–sink relationship plays a crucial 
role in determining plant growth and 
productivity, as it governs the allocation of 
photosynthates between producing organs 
(sources, e.g., mature leaves) and utilizing organs 
(sinks, e.g., shoots, young leaves, stems, and 
roots) (Amarullah, 2021). Managing this 
allocation effectively is key to sustaining 
vegetative growth and optimizing productivity 
(White et al., 2016; Yu et al., 2015). In perennial 
crops such as kaffir lime (Citrus hystrix DC.), 
insights into these physiological processes 
provide a foundation for designing cultivation 
practices that enhance leaf production (Li et al., 
2024; Budiarto et al, 2023). 

Plant age strongly influences source and 
sink capacities. Younger plants typically exhibit 
higher sink demand due to rapid vegetative 
development, whereas older plants tend to have 
greater source capacity from mature leaves, often 
exceeding sink requirements (Chen et al., 2021). 
In leaf-oriented cultivation systems, strategies 
such as close planting spacing can suppress 
reproductive development and promote 

continuous leaf production (Haque & Sakimin, 
2022). 

This study investigates source and sink 
capacities in 1-, 2-, and 3-year-old kaffir lime 
plants under a close-planting system designed to 
maintain vegetative growth. The analysis focuses 
on vegetative sinks (young leaves, young stems, 
and roots) while excluding reproductive organs, 
aiming to clarify age-related differences in 
photosynthate allocation patterns and their 
implications for sustainable leaf yield 
optimization. 
 
 

Materials and Methods 

 
This research was conducted at the open field of 
Bale Tatanen garden, Universitas Padjadjaran, 
Jatinangor District, Sumedang Regency, West 
Java Province. Present experiment used kaffir 
lime (Citrus hystrix DC. cv. Puri Agrihorti) 
seedling as plant materials. The plant materials 
were produced through vegetative method, i.e., 
grafting, combining kaffir lime scion into 
Rangpur lime (Citrus limonia Osbeck) rootstock, 
produced by local seedling producer in  
Majalengka. There were three tested-plant age in 
present experiment, i.e., 1, 2, and 3 years after 
grafting. All plant were raised in Inceptisol soil 
growing bed supplemented with goat manure. 

The relationship between source and sink in 
kaffir lime plants of different ages was analyzed 
through destructive sampling. Classification of 
plant organs into source or sink categories was 
conducted using a morphometric approach. The 
experimental design employed was a 
Randomized Block Design (RBD) consisting of 3 
treatments with 5 replications. The treatments 
were based on plant age, 1-, 2-, and 3-years-old 
kaffir lime plants. Observations were carried out 
by measuring and weighing plant components 
according to the defined parameters. All 
measurements were performed on the same day 
as the destructive sampling to ensure that the 
plant materials remained fresh. 

The observation parameters consisted of 
plant height (cm), leaf length (cm), number of 
young and mature leaves, fresh weight of young 
and mature leaves (g), fresh weight of young and 
mature stems (g), fresh weight of shoots and roots 
(g), dry weight of shoots and roots (g), and 
source-sink capacity. Young leaves—
characterized by pale light-green color, thin and 
soft texture, glossy surface, and small size 
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(Budiarto et al., 2022)—were classified as sink 
organs, whereas mature leaves—dark-green, 
thicker and firmer in texture, with a rough or dull 
surface and fully expanded size (Budiarto et al., 
2022)—were classified as source organs. Young 
stems—identified by their bright green color, 
smooth surface, soft and flexible texture, and 
small diameter—were classified as sink organs, 
whereas mature stems—brownish green to dark 
brown in color indicating lignification, with a 
rough, hard, and rigid texture and larger 
diameter—were classified as source organs. 

Data Analysis. Data were analyzed using 
analysis of variance (ANOVA) based on a 
randomized complete block design (RCBD) at a 
5% significance level, followed by Tukey’s 
Honestly Significant Difference (HSD) test (5%) 
for post hoc comparisons. 

 
 

Result and Discussion 
 
Plant height and leaf length. According to the 
results (Table 1), plant height exhibited a gradual 
increase with advancing plant age. This 
increment in height indicates the cumulative 
effect of progressive and continuous vegetative 
growth, which is strongly associated with the 
dynamic balance between source capacity and 
sink demand within the plant. As plants age, 
photosynthetic organs such as leaves expand in 
size and increase in number, thereby enhancing 
the source capacity of the plant to produce 
assimilates through photosynthesis (Leng et al., 
2025). On the other hand, young organs such as 
apical meristems, roots, and lateral branches that 
function as sinks also develop more actively in 
older plants (Cheng et al., 2022), thus increasing 
the demand for assimilates and supporting 
overall plant growth (Doidy et al., 2024). 

A balanced relationship between source 
capacity and sink demand is crucial to ensure 
efficient carbon distribution, particularly to 
meristematic tissues that determine plant height 
(Amarullah, 2021). In addition, older plants tend 
to have a more developed vascular system (xylem 
and phloem) (Swidrak et al., 2014; Yang & Wang, 
2016). This allows for greater efficiency in the 
transport of water, nutrients, and 
photosynthates, thereby supporting a higher 
growth rate (Vadera et al., 2025). 

Leaf length serves as a key indicator of 
morphological growth and biomass 
accumulation in kaffir lime. Longer leaves are 

closely associated with greater surface area, 
which enhances light absorption and 
photosynthetic capacity (Telaumbanua et al., 
2024). As plants age, leaf development becomes 
more optimal in both number and size, thereby 
increasing carbon productivity and assimilate 
supply (Poorter et al., 2015; Weraduwage et al., 
2015). This improvement is supported by a more 
developed vascular system that facilitates 
efficient distribution of water and nutrients, 
promoting cell expansion and leaf elongation 
(Yang & Wang, 2016). 

 
Table 1. Plant height and leaf length of kaffir 
lime at different ages 

Treatment 
Plant height 

(cm) 
Leaf length 

(cm) 

A: 1 year old 68.00 a 4.58 a 
B: 2 years old 93.80 b 6.70 b 
C: 3 years old 187.80 c 8.64 c 

Note: Mean values followed by the same letter in the 
same column are not significantly different according 
to Tukey’s HSD test at the 0.05 significance level. 

 
Within the source–sink framework, longer 

leaves contribute significantly to source capacity 
due to their higher photosynthetic potential 
(Nuranisa et al., 2020). In three-year-old kaffir 
lime plants, the presence of longer leaves 
suggests enhanced assimilate production to 
sustain the growth of sink organs such as young 
leaves, stems, roots, and shoots (Lambers et al., 
2019). This reflects a transition toward greater 
physiological stability, allowing more efficient 
assimilate production and allocation (Chang & 
Zu, 2017). 

Number and weight of young and mature 
leaves. An increase in leaf number directly 
influences the source–sink relationship in kaffir 
lime. Mature leaves serve as the primary source 
by producing assimilates through 
photosynthesis, while young leaves act as sinks 
due to their active growth and limited 
photosynthetic ability (Zhang et al., 2023). With 
advancing plant age, the rise in mature leaf 
number significantly enhances source capacity 
(Table 2), thereby providing sufficient energy and 
carbon to sustain the growth of sink organs such 
as young leaves, shoots, and meristematic tissues 
(Bielczynski et al., 2017; Durand et al., 2018). The 
coexistence of more mature and young leaves in 
older plants indicates a more efficient and 
balanced source–sink system (White et al., 2016). 



Jurnal Kultivasi Vol. 24(3) December 2025 301 

ISSN: 1412-4718, eISSN: 2581-138x 

Rahma SA, Budiarto R, Mubarok S. 2025. Analysis of source–sink organ dynamics in kaffir lime (Citrus hystrix DC.)  
at different plant ages. Jurnal Kultivasi, 24(3): 298-308. 

A higher sink capacity, reflected in the 
increased number of young leaves, creates strong 
demand for assimilates, which physiologically 
stimulates metabolic activity in source organs 
(Fernie et al., 2020). The abundance of mature 
leaves also contributes to an eltevated overall 
photosynthetic rate, ensuring a continuous 
assimilate supply to support vegetative growth 
and leaf regeneration (Wu et al., 2018). As a result, 
older kaffir lime plants tend to accumulate 
greater biomass and exhibit faster canopy 
development (Sunmonu & Kudo, 2014). 

The increase in leaf biomass not only reflects 
the quantitative rise in leaf number but also 
indicates an enhanced physiological capacity of 
the plant to produce, store, and distribute 
photosynthates more efficiently (Weraduwage et 
al., 2015). This is closely related to the concept of 
source–sink dynamics, in which mature leaves, 
functioning as the primary photosynthetic 
organs, act as sources, while young leaves 
undergoing cell expansion and tissue 
development act as active sinks (Yu et al., 2015; 
Jansson et al., 2015; Koley et al., 2019). 

The increase in mature leaf biomass signifies 
an expansion of active surface area for 
photosynthesis, which directly enhances the 
plant’s capacity to produce soluble carbohydrates 
such as sucrose and glucose through carbon 
fixation (Liu et al., 2022). In older plants, 
particularly at three years of age, the 
accumulation of biomass in mature leaves 
indicates that the plant has reached a vegetative 
phase with a more developed phloem transport 
system, enabling efficient translocation of 
photosynthates from sources to sink tissues 
(Milne et al., 2015; Nam et al., 2022). This activity 
is critical, as young leaves, functioning as sinks, 
not only require energy for cell expansion but 
also for the construction of internal structures 
such as chloroplasts and incompletely developed 
vascular tissues (Van Campen, 2016). 

In young plants, source limitation leads to 
higher competition among sink organs, thereby 
slowing leaf growth (White et al., 2016). 
Conversely, older plants exhibit a more stable 
source–sink ratio, allowing a more proportional 
allocation of photosynthates to support extensive 
sink growth (Burnett et al., 2016), such as the 
sharp increase in the number and weight of 
young leaves. This condition demonstrates that 
enhanced source capacity accelerates sink 
expansion, while stronger sink growth also 
stimulates greater source activity (Fatichi et al., 
2014). Moreover, the increase in young leaf 
biomass in three-year-old plants indicates greater 
potential for continued growth (Table 2). Active 
sinks such as young leaves will remain a primary 
target for carbon allocation, facilitating the 
formation of a larger canopy (Fatichi et al., 2019). 
This is particularly important in kaffir lime, 
where canopy development is directly correlated 
with the productivity of vegetative organs (Feng 
et al., 2016). 

Young and mature stems weight. A greater 
biomass of young stems in older plants indicates 
that meristematic growth activity remains high in 
the stem, which functions as part of the active 
sink system (Rademacher et al., 2022). Young 
stems continue to grow through cell division and 
elongation, thus requiring large amounts of 
carbon and energy supplied by source tissues, 
particularly mature leaves (Czedik-Eysenberg et 
al., 2016; Kocurek et al., 2020). Meanwhile, 
mature stems that have undergone lignification 
and secondary tissue formation serve as 
supporting and more efficient conducting organs 
(Asaoka et al., 2024). The significant increase in 
mature stem biomass in three-year-old plants 
(Table 3) demonstrates that cambial thickening is 
actively taking place, contributing substantially 
to the accumulation of vegetative organ mass 
(Guada et al., 2018). 

 

Table 2. Number and weight of young and mature leaves of kaffir lime at different ages 

Treatment 
Number of 

young leaves 
Number of mature 

leaves 
Young leaves 

weight (g) 
Mature leaves 

weight (g) 

A: 1 year old 49.00 a 86.00 a 17.00 a 33.00 a 
B: 2 years old 64.00 a 180.40 a 21.00 a 87.00 a 
C: 3 years old 319.60 b 574.00 b 144.00 b 263.00 b 

Note: Mean values followed by the same letter in the same column are not significantly different according to 
Tukey’s HSD test at the 0.05 significance level. 
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Table 3. Young and mature stems weight of kaffir lime at different ages 

Treatment Young stems weight (g) Mature stems weight (g) 

A: 1 year old 38.14 a 57.21 a 
B: 2 years old 86.40 a 129.60 a 
C: 3 years old 306.00 b 459.00 b 

Note: Mean values followed by the same letter in the same column are not significantly different according to 
Tukey’s HSD test at the 0.05 significance level. 

 
Table 4. Fresh and dry weight of shoots and roots of kaffir lime at different ages 

Treatment 
Shoots fresh weight 

(g) 
Roots fresh weight 

(g) 
Shoots dry 
weight (g) 

Roots dry 
weight (g) 

A: 1 year old 149.36 a 24.64 a 44.81 a 7.39 a 
B: 2 years old 320.00 a 109.00 a 96.00 a 32.70 a 
C: 3 years old 1,172.00 b 332.00 b 351.60 b 99.60 b 

Note: Mean values followed by the same letter in the same column are not significantly different according to 
Tukey’s HSD test at the 0.05 significance level. 

 
 

The relationship between stem biomass and 
the source–sink system can also be understood 
from the perspective of long-term carbon 
allocation. In older plants, carbon distribution is 
not only directed toward young organs but also 
allocated to permanent tissues such as mature 
stems (Hartmann et al., 2018). Mature stems play 
a role in storing energy reserves in the form of 
starch and in maintaining the integrity of the 
vascular system (Plavcova & Jansen, 2015). 
Therefore, greater biomass of mature stems can 
be considered an indicator of long-term carbon 
allocation efficiency (Hartmann et al., 2018), 
whereas young stem biomass reflects the ongoing 
potential for vertical and lateral growth (Speck & 
Burgert, 2011). The coexistence of both young and 
mature stems with significant biomass in three-
year-old plants illustrates a balance between 
active growth and the differentiation of 
functionally mature tissues. 

Fresh and dry weight of shoots and roots. 
The shoot system, comprising leaves, stems, and 
branches, is the center of source activity where 
photosynthesis and assimilate production occur. 
The greater the shoot biomass, the larger the 
photosynthetic surface area of the plant (Chen et 
al., 2020; Zhang et al., 2020), thereby increasing 
carbon production capacity through CO₂ fixation 
(Dhami & Cazzonelli, 2021). Table 4 showed that 
three-year-old plants have the highest shoot dry 
weight (Table 4), implying that the tissues formed 
are more structural and durable, such as lignin 
and sclerenchyma, which are essential for 
supporting continued growth and facilitating 
assimilate transport to sink organs (Putra et al., 
2023). 

Conversely, roots function as active sinks 
that require carbon supply from sources for 
growth, elongation, and lateral root formation 
(Waheed et al., 2025). The sharp increase in root 
biomass at three years of age suggests extensive 
root system development to support greater 
water and nutrient demands (Carvalho & 
Foulkes, 2019). The balance between shoot and 
root biomass reflects that the plant has achieved 
an optimal shoot–root ratio (Punyasu et al., 2024). 
This ratio is important because roots are not only 
passive sinks but also long-term carbon storage 
sites in the form of starch (Irving, 2015), and they 
influence stability and efficiency of nutrient 
uptake from the soil (Lopez et al., 2023). 

The increase in both shoot and root biomass 
indicates synchronization between production 
(source) activity and the distribution and 
utilization of photosynthetic products (sink). In 
young plants, source capacity remains limited, 
leading to lower root dry weight as sinks. 
However, in three-year-old plants, the more 
developed vascular and hormonal systems 
enable more efficient communication between 
organs (Savage et al., 2016), thus allowing 
assimilate allocation to be more effective in 
generating large and balanced biomass growth 
(Wang & Ruan, 2016). 

In addition, the increase in dry weight 
compared to fresh weight reflects greater tissue 
density and structural compounds (cellulose and 
lignin) accumulation (Afzal et al., 2022). This 
indicates that the plant has reached an advanced 
vegetative phase and physiological stability. 
Plants in this condition have stronger 
adaptability to environmental stresses, 
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supported by a well-developed root system and a 
broad canopy that sustain photosynthesis and 
transpiration (Koevoets et al., 2016). 

Source-sink capacity. The results indicated 
that plant age influenced the distribution of 
source and sink capacities. Mature leaves and 
mature stems were classified as source organs, 
whereas young leaves, young stems, and roots 
represented sink organs. The relative 
contribution of each organ changed progressively 
with increasing plant age. The 1-year-old plant 
display a total source capacity for about 53%, 
while the sink capacity was 47% (Figure 1). The 
dominance of source capacity indicates that the 
plants were still in the early growth phase, 
focusing on the development of photosynthetic 
tissues (Körner, 2015). The proportion of source 
and sink capacities became balanced in 2-year-
old plants, each accounting for 50% (Figure 2). 
This indicates that the plant’s metabolic system 

began to stabilize, with an increased distribution 
of photosynthates toward actively growing sink 
organs, particularly the roots, which showed a 
significant increase from 15% to 25%. The 
decrease in the proportion of young leaves from 
10% to 5% suggests that most leaves had matured 
and functionally served as source organs. Later 
on, sink capacity increased to 52% in 3-year-old 
plants, while source capacity decreased to 48% 
(Figure 3). This indicates that the plants had 
entered an active vegetative growth phase with a 
higher demand for photosynthates to support the 
development of new tissues such as young stems 
and roots (Burnett, 2019). Roots remained the 
dominant sink organs, followed by young stems 
and young leaves. The relative proportion of 
mature leaves declined, not because their number 
decreased, but due to the increasing activity and 
demand of sink organs (Brant & Chen, 2015). 
 

 
 

 
Figure 1.  Source and sink capacity diagram for 1-year-old kaffir lime plants 

 

 
Figure 2. Source and sink capacity diagram for 2-year-old kaffir lime plants 
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Figure 3. Source and sink capacity diagram for 3-year-old kaffir lime plants 

 
 

In young plants, growth is constrained by 
source capacity because developing shoots have 
relatively low photosynthetic ability compared to 
the energy required for growth (Trugman & 
Anderegg, 2024). Conversely, in older plants, 
growth is more often limited by sink capacity, as 
growth rates slow while photosynthetic activity 
remains high (Burnett et al., 2018; Campany et al., 
2017). The transition from source-limited to sink-
limited growth typically occurs as plants begin 
entering the reproductive phase, when 
metabolism shifts toward seed or fruit 
production (Lv et al., 2020; White et al., 2016). 
This shift aligns with plant physiology theory, 
which states that with increasing age, sink 
capacity rises due to the enlargement, increased 
number, and complexity of source organs 
(Burnett, 2019). Young organs and roots continue 
to grow as major consumers of photosynthates, 
thereby influencing assimilate distribution 
patterns within the plant (Anuradha et al., 2017). 

Plant age showed a positive correlation with 
the increasing number of mature leaves, which 
serve as the primary organs of photosynthesis. 
Mature leaves have greater photosynthetic 
capacity compared to young leaves (Budiarto et 
al., 2022) because their anatomical structure and 
chlorophyll content are more fully developed 
(Wu et al., 2018). As the number of mature leaves 
increases, overall photosynthetic capacity also 
rises, producing more assimilates available for 
distribution to various plant organs. This 
enhanced photosynthetic capacity directly 
contributes to increased sink capacity, as sink 
organs such as shoots, roots, and buds gain 

greater access to photosynthates (Pawar & Rana, 
2019; Singh et al., 2017). Thus, plant aging not 
only strengthens the source system through a 
higher number of mature leaves but also 
enhances the efficiency and capacity of sink 
organs, which are critical for supporting plant 
growth and productivity (Sonnewald & Fernie, 
2018). 

Older plants also exhibit a greater ability to 
store carbon in permanent structures such as 
stems, branches, and roots (Plavcová et al., 2016). 
This activity can be categorized as carbon trading, 
a process of capturing and storing carbon from 
the atmosphere into plant biomass (Nath et al., 
2015; Shen et al., 2020). This process holds 
important ecological value as it helps reduce 
atmospheric carbon dioxide (CO₂) concentrations 
(Kukah et al., 2024) and highlights the role of 
aging plants in climate change mitigation 
through enhanced carbon storage capacity 
(Nunes et al., 2020). 

Overall, the combined increase in mature 
leaf biomass, stem thickening, and root 
development with plant age reflects a 
coordinated shift in source–sink balance. Older 
plants accumulate greater source capacity 
through expanded mature leaf area, while 
simultaneously supporting stronger sink activity 
in developing shoots and roots. This integrated 
response demonstrates that the progression of 
plant age does not enhance individual organs in 
isolation but reshapes the entire assimilate 
allocation system, ultimately strengthening both 
the source and sink components of kaffir lime’s 
growth physiology.
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Conclusion 
 
The study demonstrates that plant age 
significantly influences the source–sink dynamics 
in kaffir lime. As the age of the kaffir lime plant 
increases, the plant's ability to form sink organs 
also increases. Younger plants tend to be source-
dominated, relying on limited photosynthetic 
tissues to support growth, while older plants 
show a gradual increase in sink capacity through 
the development of young leaves, stems, and 
roots. By the third year, sink demand exceeds 
source supply, reflecting active vegetative 
growth and greater assimilate allocation to 
developing organs. These findings highlight the 
importance of managing age-related source–sink 
balance as a foundation for optimizing 
cultivation practices aimed at maximizing leaf 
production in kaffir lime. 
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