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Abstract  

 Chilies (Capsicum annuum L.) cultivated in lowland areas of Indonesia typically exhibit lower yields compared to 

those grown in highland regions. Chili growth and yield can be optimized by modifying the growing medium. This 

research aimed to determine the changing morpho-physiology and yield of four chili varieties in various soil depth media 

planted in tropical lowlands. The factorial treatments were arranged in a completely randomized design with 240 chili 

plants for 8 combination treatments. The first factor was the chili variety: Kencana, Lembang-1, Tanjung-2, and Ungara. 

The second factor was the soil depth media, consisting of 25- and 30-cm soil depth media. Data in morpho-physiology 

and yield were analyzed using factorial analysis of variance (ANOVA) based on a completely randomized design (CRD), 

followed by an Honestly Significant Difference (HSD) test at a 95% confidence interval. The results showed that the fruit 

yield in Lembang-1, Tanjung-2, and Ungara responded positively by 15.20%, 7.80%, and 8.11%, respectively, under 30 

cm compared to the 25 cm soil depth media. However, the yield in Kencana responded negatively by 8.29%, due to new 

vegetative growth. In the responsive varieties, enhanced chili yield was related to the improvement of morpho-physiology 

through increased root length, root surface area, and root:shoot ratio, as well as shoot dry weight and leaf area, total 

chlorophyll content, net assimilation rate, and relative growth rate of the plant. It was concluded that soil media up to a 

30 cm depth is recommended to improve yield in Lembang-1, Tanjung-2, and Ungara, in tropical lowland. 
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Introduction 

Chili (Capsicum annuum L.) is one of the 

important horticultural Indonesian crops for household 

and industrial consumption.  However, the productivity 

of chili planted in lowlands (6.33 t ha−1) is lower than 

that in the highland (11.79 t ha−1) [1]. Chili varieties, 

such as Kencana, Lembang-1, Tanjung-2, and Ungara 

demonstrate shoot˗root morphological diversity and 

could adapt to lowlands [2]. Ungara and Tanjung-2 have 

extensive root systems, while Kencana and Lembang-1 

exhibited more vigorous shoot growth. When the roots 

of Lembang-1, Ungara, and Kencana were cut at 8 

weeks after transplanting (WAT), the root system was 

enhanced, which promoted a fresh weight increase of 

chili fruits by 33.76%, 31.74%, and 30.66%, 

respectively, compared to control. However, Tanjung-2  

 

did not show such a response [2]. Therefore, root growth 

optimization could be related to an increment in chili 

yield, and root growth could be achieved with a suitable 

depth of soil media.  

Topsoil quality plays a vital role in influencing 

agricultural productivity, as its degradation significantly 

diminishes the land's productive capacity. This 

uppermost soil layer typically ranges from 13 to 25 cm 

in depth. As the primary cultivation layer, deeper topsoil 

can enhance nutrient availability and support crop 

growth and development. Therefore, topsoil depth 

serves as a crucial indicator of soil fertility and plant 

productivity [3]. Soil management can enhance deeper 

soil penetration by plant roots [4]. Soil depth determines 

root penetration, water retention, nutrient availability, 
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mineral reserves, and plant anchorage, which influence 

plant growth. Deep root systems contribute directly and 

indirectly to soil fauna, microbial activity, enhancing 

water uptake, minimizing nutrient leaching, and 

promoting soil carbon sequestration. More than 40% of 

the total nutrients are stored for cropping in the top 30 

cm of soil [5]. Effective soil management should 

consider soil-specific characteristics, aiming to 

maximize the soil volume accessible to improve crop 

resilience [6]. Managing soil compaction through tillage 

is a widely adopted strategy in different agricultural 

systems. Grasso et al. [7] reported that multiple tillage 

approaches can significantly lower soil bulk density and 

reduce resistance to root penetration in the tilled 

horizon. The most beneficial techniques also facilitate 

greater water infiltration, thereby improving crop access 

to soil moisture. Deep tillage can serve as a practical 

solution to the physical and hydraulic limitations in soils 

with compacted subsurface layers. Deep tillage before 

sowing enables roots to explore a larger soil volume [6].  

Crop growth depends on soil conditions for root 

extension [8]. Hirzel and Matus [9] emphasized that the 

depth of the soil and its moisture-holding capability are 

critical determinants of wheat (Triticum aestivum L.) 

yield. They observed that in mature winter wheat, 

around 15% of root biomass was present within the 

upper 1-meter soil layer, and that the spatial distribution 

of roots strongly influences the plant's capacity to absorb 

residual soil moisture. Zhang et al. [10] suggest that 

increasing topsoil depth was an effective strategy to 

enhance maize grain yield, which is closely associated 

with crop physiological changes induced by greater soil 

depth, enhancing root weight, length, and surface area, 

which contribute to yield improvement. Additionally, 

topsoil deepening enhances maize kernel number per 

ear, 1000-kernel weight, leaf area index, and net 

assimilation rate, which correlate with yield 

improvement. Bai et al. [11] found that the subsoil at a 

depth of 0.8 m in a citrus orchard has improved 

unsaturated hydraulic conductivity, thereby enhancing 

the fruit number and total orchard yield.   

Spadotto and Mingoti [12] reported that many 

important attributes of soil in tropical lowland related to 

crop production, which occur mostly in the topsoil, and 

agricultural practices change the soil’s physical, 

chemical, and biological conditions. Soil tillage is one 

method to prepare the planting medium for plant 

cultivation. Banuwa et al. [13] reported that the ridge 

tillage was often used in tropical areas to protect soil 

from erosion and nutrient loss because of wind and 

rainfall erosion. Ridge tillage is an agronomic technique 

used to create raised seedbeds that are formed above the 

average field surface, generally constructed with a 

height ranging from 15.24 to 20.32 cm in depth (6 to 8 

inches). The soil depth of 15 - 20 cm was suitable for 

leafy vegetables, which commonly have a fibrous root 

system. However, chili plants have a taproot system, and 

Kusumaningrum et al. [2] reported that chili plants 

planted in tropical lowland had total root length from 

4,177 to 7,642 cm. Therefore, it is important to evaluate 

the increment of soil depth for chili plant cultivation up 

to 30 cm to facilitate root development of chili for 

enhancing chili fruit yield. No research has been 

conducted on the changing growth and yield of chili 

varieties caused by various soil depth media in 

lowlands. The chili varieties, including Kencana, 

Lembang-1, Tanjung-2, and Ungara, were used in this 

research to evaluate their morpho-physiology and yield 

of chili responses under different soil depth media.   

 

Materials and methods 

Experimental site and design  

This research was conducted at the Sleman 

district, Yogyakarta, Indonesia. A lowland area with an 

altitude of 299 meters above sea level; latitude: 

740’36”S, longitude: 11023′51”E. The region 

experiences a tropical monsoon climate characterized by 

distinct wet and dry seasons. Average annual 

temperatures range from 23 to 31C, with relative 

humidity typically between 70% and 85%. Annual 

rainfall averages around 1,800 to 2,200 mm, 

predominantly occurring between November and April 

during the wet season. These climatic conditions 

provide a warm and humid environment favorable for 

chili cultivation, with sufficient rainfall and temperature 

stability to support plant growth during the growing 

season. 

The experiment used four chili varieties, namely, 

Kencana, Lembang-1, Tanjung-2, and Ungara. The 

research materials were arranged using a completely 

randomized design with 2 factors: The 1st factor being 

varieties, namely Kencana, Lembang-1, Tanjung-2, and 

Ungara varieties. The second factor was the depth of 
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planting media in polybags, which included 30 and 25 

cm soil depth media. A total of 240 chili plants were 

used in the research. The selection of 2 soil depths (25 

and 30 cm) was based on practical cultivation and prior 

evidence that roots were most active within the top 30 

cm, where nutrient and water uptake were optimized. 

Deeper soil layers contribute less to root function in 

many vegetable crops, especially under tropical lowland 

conditions. The 25 cm soil depth represents a commonly 

used cultivation depth, while 30 cm was chosen to 

provide slightly more root space. The use of polybags 

enabled controlled environmental conditions and 

uniform soil composition. Although polybags may limit 

root expansion compared to open-field conditions, they 

are effective for applying soil depth treatments while 

minimizing external variability such as uneven rainfall 

and soil heterogeneity. Conducting the study in 

polybags provides to simulation of lowland conditions 

prior to field-scale validation.  Therefore, this approach 

balances experimental control and provides validation 

under field conditions. 

 

Experimental procedure 

The planting medium comprised 1:1:1 of organic 

fertilizer, soil (sandy loam), and husk charcoal. It was 

placed in 50 g of nursery plastic, each containing a chili 

seed, which were arranged in a germination tray 

(30×30×15 cm3). After 7 days, chili seedlings with 4 

fully opened leaves were ready to be transplanted. For 

transplanting, the planting medium was prepared using 

a mixture of soil, husk, and cow manure in a 3:1:1 ratio, 

placed into 35×35 cm2 polybags. These polybags were 

filled with soil as planting medium up to a height of 25 

cm for 25 cm soil depth and 30 cm for 30 cm soil depth. 

Seedlings with 4 open leaves were transplanted into 

polybags at a depth of 5 cm. Each experimental unit 

consisted of 20 chili plants, resulting in a total of 240 

chili plants.  

According to the Indonesian Vegetable Research 

Institute [14] The fertilizer applied in this study was 

based on general agronomic recommendations for chili 

cultivation under tropical lowland conditions. 

Fertilization at 2 weeks after transplanting (WAT) 

included applying 300, 600, and 300 kg ha−1 of urea, SP-

36, and KCl, respectively. These field-based application 

rates were converted to the polybag scale based on the 

soil weight (10 kg) and a bulk density (BD) of 1.5 g.cm−³ 

per polybag, to ensure accurate and proportional nutrient 

delivery. The fertilizers were applied by top-dressing or 

mixing into the upper soil layer, allowing for efficient 

nutrient uptake during the growth stage. This 

standardized approach ensures that each polybag 

receives equivalent nutrient levels relative to field 

conditions, enabling an accurate comparison across 

treatments. Fertilizer treatments at 6 WAT involved the 

application of 3–5 g L⁻¹ of phosphorus (P₂O₅) and 3 g 

L⁻¹ of CaCO₃ with boron. Weed management during this 

period was carried out through manual removal. Pest 

control used a contact insecticide containing 135 and 18 

g L−1 of pyridaben and abamectin, respectively, applied 

every 7 days. Yellow traps with 800 g L−1 of eugenol 

were used in the field. Every 3 - 4 days, watering was 

done until the field capacity in the polybag. The 

polybags were watered every 3 - 4 days until the field 

capacity was reached. Harvesting was gradual, starting 

when the chili reached 80% ripeness and continuing 

until the fruits were suitable for consumption. 

 

Data observation and analysis  

Root growth variables like diameter, total length, 

and surface area were evaluated at 5 and 10 WAT.  

Measurements of total root length (RL, cm) and root 

surface area (RSA, cm²) were analyzed through a video 

capture system interfaced with WinRHIZO software. 

The root diameter (RD) was determined with a caliper.  

To determine the dry weight, the roots were dried in an 

oven at 80 °C for 24 h until a constant weight. Shoot 

growth variables, leaf area, and shoot dry weight were 

evaluated at 5 and 10 WAT. The leaf area (cm2) (LA) 

was measured with a leaf area meter (Delta-T Devices, 

Cambridge, UK). The shoots were dried in an oven at 80 

°C for 24 h until a constant weight. Partitioning of 

photoassimilate between belowground and aboveground 

organs is often interpreted as a physiological balance 

between root and shoot functions. The root:shoot ratio 

was assessed by comparing the dry biomass of roots with 

that of shoots. When root development was more active 

than shoot, a higher root:shoot ratio was obtained. 

Root:shoot ratio was calculated using Eq. (1).  

 

R: S ratio =  
DWR

DWS
          (1) 
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where DWR = dry weight of root; DWS = dry weight of 

shoot  

Photosynthesis was essential for biomass 

production and was regulated by chlorophyll (Chl) 

pigments, including Chl a, Chl b, and carotenoids [15]. 

The total chlorophyll content was analyzed at 5 WAT 

and 10 WAT on composite leaf samples. The preparation 

was initiated by crushing 1 g sample using a mortar and 

then mixing it with 20 mL of 80% acetone. 

 The mixture was filtered using filter paper. The 

total chlorophyll content was measured using a 

spectrophotometer, Genesys 10S UV-Vis λ 645 and λ 

663 nm. The total chlorophyll content was calculated 

using Eq. (2) [16].  

 

Total chlorophyll =  (20.2 x A645) + (8.02 x A663) ×

0.02 mg. 𝑔−1                                     (2) 

 

 Net assimilation rate indicates the efficiency of a 

plant in producing dry matter per unit of leaf area 

through photosynthesis [17]. Net assimilation rate was 

calculated using Eq. (3). 

 

NAR =  
W2−W1

T2−T1
×

Ln LA2−Ln LA1

LA2−LA1
 mg. cm−2. weeks−1   (3) 

 

 Relative growth rate reflects an increase in dry 

weight over a given period. Relative growth rate was 

interpreted under the assumption that early-stage 

conditions played a role in determining the rate of 

biomass increase over time [17]. Relative growth rate 

was calculated using Eq. (4). 

 

RGR =  
LnW2−LnW1

T2−T1
 g. g−1. weeks−1    (4) 

 

where R:S ratio = root:shoot ratio; NAR = net 

assimilation rate; RGR = relative growth rate; W2 = dry 

weight plant (g) at 10 WAT; W1 = dry weight plant (g) 

at 5 WAT; T2 = time at 10 WAT; T1 = time at 5 WAT; 

LA2 = leaf area at 10 WAT; LA1 = leaf area at 5 WAT.  

The chili yield was based on the fruit weight of fruit per 

plant (FWF) and fruit number per plant at 15 WAT. The 

harvest index (HI) can be calculated utilizing Eq. (5).  

 

HI =
DWF

DWP 
                                                                    (5) 

 

where HI = Harvest index; DWF = dry weight of fruit 

per plant (g); DWP = dry weight of plant (g). The yield 

stability index (YSI) indicated the power of stability, 

representative of a good level of stress tolerance, by 

applying Eq. (6) [18]. 

 

YSI =
Ync

Yc 
           (6) 

 

where Yc and Ync refer to the mean FWFs at 30 and 25 

cm soil depths. A YSI >1 indicated that plants showed 

tolerance in soil depth media treatment. 

 

Data analysis was performed using factorial 

ANOVA under a completely randomized design (CRD), 

followed by post-hoc comparison using the Honestly 

Significant Difference (HSD) test at a 5% significance 

level. Principal component analysis (PCA) was 

conducted to evaluate the responses of chili varieties 

grown at soil depths of 25 and 30 cm, considering yield 

and morpho-physiological characteristics. Pearson 

correlation analysis was used to examine the 

associations between yield and morpho-physiological 

traits in chili variety responses to 30 cm soil depth. 
Multiple linear regression analysis was used to 

determine the influence of morpho-physiological traits 

on fruit fresh weight in 25 and 30 cm soil depth. Excel 

(Microsoft, CA, USA), OriginPro 2023 

(https://www.originlab.com/2023), and SAS version 9 

(SAS Institute Inc. 2002) software were employed for 

the analyses. 

 

Results and discussion 

Root morphology at 5WAT (root diameter, 

root:shoot ratio, and total root length at 5 WAT) 

The structural characteristics of the root system, 

including diameter, length, and surface area, were 

considered essential for effective soil resource 

acquisition [19]. Variations in root diameter influenced 

the plant’s capacity to absorb water and nutrients. Based 

on the research findings, it was shown that the 4 varieties 

had the largest root diameter compared to other soil 

solum (Figure 1). Moreover, Kencana and Ungara had 

larger root diameters in the 0 - 5 cm soil solum at 30 cm 

soil depth media than in 25 cm soil depth media. 

Conversely, Lembang-1 and Tanjung-2 had smaller root 

diameters in the 0 - 5 cm soil solum at 30 cm soil depth 
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than at 25 cm soil depth. At the 6 to 25 cm soil solum, 

no significant difference in root diameter between 

Tanjung-2 and Ungara at 30 cm soil depth compared to 

25 cm soil depth. Lembang-1 had a larger root diameter 

at the 6 - 10 cm soil solum in the 30 cm soil depth than 

in 25 cm soil depth, then at 11 - 25 cm soil solum the 

root diameter was smaller or similar in 30 cm soil depth 

compared to in 25 cm soil depth. Ungara had a more 

extensive root diameter in 30 cm soil depth media than 

in 25 cm. These results indicated that at 5 weeks after 

transplanting (WAT), Kencana, Lembang-1, and 

Tanjung-2 had smaller root diameters in the 30 cm soil 

depth compared to 25 cm soil depth, while the opposite 

trend was observed in Ungara. Interestingly, the 4 

varieties could grow roots up to 30 cm in soil solum with 

root diameters of 0.10 to 0.13 cm. According to 

Schneider et al. [20], larger root diameters promoted 

deeper penetration into compact soils and supported 

greater assimilate accumulation in the roots [21]. 

However, reduced root diameter was shown to hinder 

root penetration and overall development. In cucumbers, 

smaller root diameters enabled more efficient resource 

use with minimal assimilate demand by the root system 

[22]. According to Rieger and Litvin [23], further 

demonstrated that reduced root diameter in soybean 

improved root conductivity, contributing to more 

effective absorption of water and nutrients.

  

 

Note: The numbers presented are the means ± standard error. 

Figure 1 Root diameter (cm) of 4 chili varieties at 5 WAT. 
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Note: The numbers presented are the means ± standard error. 

Figure 2 Total root length (m) distribution of 4 chili varieties at 5 WAT. 

 

Root length affects nutrient and mineral 

absorption optimization, enabling the roots to reach 

essential nutrients. However, shorter roots can minimize 

the nutrient transport pathway, making nutrients more 

readily available. Root elongation is a response 

mechanism to water and nutrient availability in the 

growth medium. The 4 varieties (Kencana, Lembang-1, 

Tanjung-2, and Ungara) showed similar responses in 

total root length (Figure 2). When the plants grew in 30 

cm soil depth media, the roots could penetrate to 26 - 30 

cm soil solum with a total root length greater than in 21 

- 25 cm soil solum. The distribution of total root length 

showed that Kencana and Tanjung-2 had similar total 

root length distribution patterns. In the 0 - 5 soil solum, 

Kencana and Tanjung had shorter total root length in the 

30 cm soil depth compared to the 25 cm soil depth. In 

contrast, total root length at 6 - 20 cm soil solum was 

longer in 30 cm soil depth than in 25 cm soil depth. 

Meanwhile, total root length at 21 - 25 cm soil solum 

was shorter in the 30 cm soil depth treatment than 25 cm 

soil depth treatment. Total root length accumulated at 26 

- 30 cm soil solum on Kencana and Tanjung-2 by 2.67 

m and 1.70 m, respectively (Figure 2). In Lembang-1, 

the total root length at 0 - 15 cm soil solum under the 30 

cm soil depth treatment was greater than 25 cm soil 

depth. However, in 16 - 25 cm soil solum under 30 cm 

soil depth treatment resulted in shorter total root length 

compared to 25 cm soil depth. The accumulated total 

root length in Lembang-1 at 26 - 30 cm soil solum under 

30 cm soil depth media was 1.09 m (Figure 2). In 

Ungara, total root length at 0 - 25 cm soil solum was 

longer under 30 cm soil depth media compared to 25 cm 

soil depth media. Total root length of Ungara at 26 - 30 

cm soil solum under 30 cm soil depth treatment reached 

2.70 m (Figure 2). A long-rooted plant can reach distant 

resources [24]. Plants exhibited root elongation as a 

response mechanism to environmental uncertainty. 

Variations such as drought and increased evaporation 

stimulated root systems to enhance water acquisition for 

continued shoot development [25].
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Note: The numbers presented are the means ± standard error, when followed same letters, indicate no significant 

difference between combination varieties and soil depth media treatment by the Honestly Significant Difference test at 

95% confidence interval. 

Figure 3 Total root length (m) (A), Root:shoot ratio (B) of 4 chili varieties at 5 WAT. 

 

 An extended root system indicated improved 

water acquisition from deeper layers, a trait closely 

associated with enhanced root penetrability [26]. Based 

on the research findings, the total root length at 5 WAT 

in Kencana, Lembang-1, Tanjung-2, and Ungara under 

the 30 cm soil depth was longer by 30.54%, 13.25%, 

25.89%, and 37.16%, respectively, compared to the 25 

cm soil depth (Figure 3(A)). These results indicated that 

the 30 cm soil depth produced a longer total root length 

than the 25 cm soil depth at 5 WAT. Kulkarni & Phalke 

[26] reported that an increase in root length showed that 

better root growth affects biomass translocated to roots. 

Biomass partitioning reflected through the root-to-shoot 

ratio was recognized as an adaptive mechanism by 

which plants responded to environmental constraints 

limiting growth. In nutrient-rich conditions, where 

competition for light in the canopy was intense, plants 

tended to allocate more biomass to stems and leaves. 

Conversely, in nutrient-deficient environments 

characterized by stronger belowground competition, a 

greater proportion of biomass was directed toward root 

development [25]. Biomass partitioning did not exhibit 

a linear response to the type of competition, as 

aboveground interactions were typically highly 

asymmetric, whereas belowground competition tended 

to be more symmetric or only slightly asymmetric [27]. 

Our results indicate that root:shoot ratio at 5 WAT in 

Kencana, Lembang-1, Tanjung-2, and Ungara under the 

30 cm soil depth was higher by 30.09%, 34.15%, 

50.00%, and 24.39%, respectively, compared to the 25 

cm soil depth (Figure 3(B)). Our data showed a 

consistent pattern of increased root:shoot ratio in the 30 

cm soil depth compared to the 25 cm soil depth. 

Sathiyavani et al. [28] reported that roots become more 

competitive for photosynthates than shoots, which leads 

to higher export of carbohydrates to roots 

 

Root morphology at 10 WAT (root dry weight, 

length, root:shoot ratio, and surface area at 10 

WAT) 

The root system was essential for acquiring water 

and nutrients, both of which significantly affected crop 

yield. Moreover, roots contributed to increasing soil 

organic matter and promoting microbial activity in the 

rhizosphere. Among various root traits, root length and 

root dry weight were commonly assessed in numerous 

studies, primarily due to the relative ease with which 

they could be measured compared to more complex root 

characteristics [28]. Our results indicate Ungara variety 

exhibited the longest roots under the 30 cm soil depth 

(18.88 m), significantly outperforming all other 

varieties (p < 0.05).  Significant differences in root 

length were observed between the soil solum for both 

Tanjung-2 and Ungara varieties.  Root length at 10 

WAT in Tanjung-2 and Ungara in 30 cm soil depth 

media treatment was markedly elevated by 25.80% and 

29.50%, respectively, compared to 25 cm soil depth 

(Figure 4(A)). These findings suggest that both 

varieties exhibit enhanced root development under 

deeper soil conditions, with Ungara indicating 

particularly high responsiveness. At the 25 cm soil 

depth, no significant difference was observed in root 

length between Kencana and Lembang-1 compared to 

in 30 cm soil depth. However, Root length at 10 WAT 
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in Kencana and Lembang-1 in 30 cm soil depth media 

treatment was markedly declined by 16.35% and 

9.10%, respectively, compared to 25 cm soil depth 

(Figure 4(A)). This suggests that under shallow soil 

conditions, both varieties exhibited comparable root 

development. These contrasting responses suggest that 

the varieties differ in their ability to adapt to increased 

soil depth, likely due to genetic variation in root system 

architecture and plasticity. Varieties such as Tanjung-2 

and Ungara may possess a greater inherent capacity for 

deep root development and are more responsive to 

expanded rooting zones. Conversely, Kencana and 

Lembang-1 may be genetically predisposed to 

shallower rooting or exhibit limited plasticity in root 

elongation under deeper soil conditions. 

Ungara showed the highest root dry weight, which 

was not significantly different from Kencana and 

Tanjung-2 (Figure 4(B)). In contrast, Lembang-1 

displayed the lowest root dry weight, suggesting a 

lower root biomass accumulation capacity. In terms of 

soil solum, plants grown in 30 cm soil depth enhanced 

root dry weight by 23.53% compared to 25 cm soil 

depth (Figure 4(B)). This result confirmed the positive 

influence of deeper soil depth on root biomass 

development. Kamran et al. [29] indicated that 

improved root dry mass was closely related to a higher 

proportion of assimilates being directed toward root 

development, leading to enhanced root architecture and 

overall root biomass.  

Our results indicate that the Ungara variety 

showed the highest root surface area under 30 cm soil 

depth (Figure 4(C)). This finding aligns with root 

length; Ungara had adaptability to deeper soil profiles. 

Notably, the root surface area of Ungara increased by 

24.41% at 30 cm compared to 25 cm soil depth (Figure 

4(C)). In contrast, Kencana showed an 11.05% 

reduction in root surface area at 30 cm compared to 25 

coil depth, although this difference was not statistically 

significant. Lembang-1 and Tanjung-2 showed the 

lowest root surface area at both depths, suggesting a 

limited capacity for root expansion response in root 

expansion. Root growth variation was associated with 

the structural composition of the soil profile. Soils with 

well-defined layers exhibited greater efficiency in water 

retention and storage [30]. Maize plants grown in 

shallow solum encountered water limitations, while 

those in deeper solum conditions benefited from 

consistent water supply, which improved their tolerance 

to drought through maintained transpiration and 

photosynthesis [31].  

As shown in Figure 4(D), significant variation in 

root-to-shoot ratio was observed among chili varieties 

and soil depths. Ungara, Kencana, and Lembang-1 had 

a higher root:shoot ratio compared to Tanjug-2, 

indicating strong root biomass allocation relative to 

shoot biomass (Figure 4(D)). The 30 cm soil depth 

increased root:shoot ratio by 35.00% compared to 25 

cm soil depth. This finding highlights the positive 

influence of deeper soil profiles on root biomass 

allocation and dry matter partitioning.  This indicates 

that biomass allocation in below- and aboveground 

components varies with chili varieties and soil depth 

treatment. Sathiyavani et al. [28] demonstrated that 

plant species differed in the mechanisms regulating 

transport and distribution of assimilates to shoot and 

root systems. The coordination between roots and 

shoots was crucial for overall growth, with roots as the 

source of water and nutrient acquisition, while shoots 

acted as the primary providers of carbon assimilates 

necessary for root development. Root:shoot biomass 

ratio typically declined throughout plant ontogeny, 

particularly as the plant neared its flowering stage, after 

which the ratio tended to stabilize. A reduction in this 

ratio reflected a preferential allocation of 

photoassimilate to the shoots rather than the roots. This 

shift often resulted in enhanced photosynthetic surface 

area due to increased leaf development, although it 

concurrently reduced the plant’s capacity for water and 

nutrient absorption.
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Note: The numbers presented are the means ± standard error, when followed same letters, indicate no significant difference 

between combination varieties and soil depth media treatment by the Honestly Significant Difference test at 95% 

confidence interval. 

Figure 4 Total root length (m) (A), Root dry weight (g) (B), Root surface area (dm2) (C), Root:shoot ratio (D) of 4 chili 

varieties at 10 WAT. 

 

Shoot morphology and physiology (shoot dry 

weight, leaf area, net assimilation rate, relative 

growth rate) 

At the early generative phase (7 WAT), the 4-chili 

varieties developed young chili fruits (Figure 5). The 3 

chili varieties (Kencana, Lembang-1, and Ungara) had 

vigorous plant habitus compared to Tanjung-2, both 

planted in 25 and 30 cm soil depth media. At 5 WAT, 

Kencana, Lembang-1, and Ungara had higher shoot dry 

weights by 14.90%, 10.09%, and 35.40% in the 30 cm 

compared to the 25 cm soil depth media (Figure 6(A)), 

conversely, shoot dry weight in Tanjung-2 14.14% 

lower in the 30 cm compared to the 25 cm soil depth. 

These findings suggest that deeper soil profiles (30 cm 

soil depth) generally promote greater shoot biomass 

accumulation through improved root development. In 

case of Tanjung-2, the root surface area in the 30 cm 

soil depth was lower than in 25 cm soil depth (Figure 

4), which might have decreased shoot dry weight (r = 

0.38) (Figure 10(A)). The increase in shoot dry weight 

was consistent with that in leaf area. The leaf area in 

Kencana, Lembang-1, and Ungara was enhanced by 

18.11%, 45.01%, and 25.78%, respectively, in 30 cm 

soil depth compared to the 25 cm soil depth media 

(Figure 7(A)). In contrast, the shoot dry weight and leaf 

area of Tanjung-2 were lower by 14.14% and 20.15%, 

respectively, under 30 cm soil depth compared to the 25 

cm soil depth at 5 WAT. Tanjung-2 showed a slow 

response to the deeper soil media. However, 

chlorophyll content in Kencana, Lembang-1, and 

Tanjung-2 was higher than in Ungara. However, the 

chlorophyll content of Tanjung-2 at 5 WAT was similar 

to that in Kencana and Lembang-1. At 30 cm soil depth, 

the chlorophyll content was significantly higher 

(11.46%) than at 25 cm soil depth. The finding of 

chlorophyll content suggested that deeper soil solum 

supports enhanced physiological function through 

improved photosynthetic pigment accumulation. 

Therefore, net assimilation rate and relative growth rate 

of Tanjung-2 were elevated under 30 cm soil depth 

(Figures 7(E) - 7(F)). Good vegetative growth can 

support an increase in shoot dry weight and leaf area 
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[32]. The accumulation of dry matter reflected the 

quantity of photoassimilate generated, as it was closely 

influenced by the photosynthetic rate and the efficiency 

of the photosynthetic apparatus [33]. An increased 

number of leaves facilitated more efficient 

photosynthesis, resulting in elevated production of 

carbohydrates and proteins, which in turn supported 

higher dry weight accumulation. The photosynthates 

generated were subsequently distributed throughout the 

plant, enhancing its biomass [32].

 

 

 

Figure 5 Shoot morphology of 4 chili varieties at 7 WAT, Kencana (A), Lembang-1 (B), Tanjung-2, (C), Ungara (D) 

planted in 30 cm soil depth media. 

 

 

 

Note: The numbers presented are the means ± standard error, when followed same letters, indicate no significant 

difference between combination varieties and soil depth media treatment by the Honestly Significant Difference test at 

95% confidence interval.  

Figure 6 Shoot dry weight (g) of 4 lowland chili varieties at 5 WAT (A), 10 WAT (B).    
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Note: The numbers presented are the means ± standard error, when followed same letters, indicate no significant difference 

between combination varieties and soil depth media treatment by the Honestly Significant Difference test at 95% 

confidence interval. 

Figure 7 Leaf area (cm2) at 5 WAT (A), Leaf area (cm2) at 10 WAT (B); Total chlorophyll at 5 WAT (C), Total chlorophyll 

at 10 WAT (D); Net assimilation rate (mg.cm–2.weeks–1) (E); Relative growth rate (g.g–1.weeks–1) (F) of 4 chili varieties. 

 

During the generative phase (10 WAT), shoot dry 

weight varied significantly among chili varieties. 

Kencana had the highest shoot dry weight, indicating 

more efficient resource allocation under favorable root 

conditions. In contrast, Tanjung-2 had the lowest shoot 

dry weight, suggesting limited shoot growth capacity. 

Furthermore, plants grown in 30 cm soil depth produced 

higher shoot dry weight by 23.34% compared to 25 cm 

soil depth (Figure 6(B)). This increase in shoot dry 

weight was consistent with the increase in leaf area at 10 

WAT (Figure 7(B)). Leaf area is important for crop 

light interception and therefore has a large influence on 

growth. The expansion of leaf area played a vital role in 

facilitating energy capture and promoting dry matter 

accumulation within the crop canopy [34]. Leaf area 

was significantly different between the two varieties and 

soil depth (Figure 7(B)). Deeper soil depth (30 cm) 

generally supported greater leaf area than 25 cm soil 

depth. The leaf area of Lembang-1, Kencana, Tanjung-

2, and Ungara increased by 24.69%, 18.11%, 8.99%, 

and 8.13%, respectively, in 30 cm soil depth media than 

in 25 cm soil depth media (Figure 7(B)).  
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The expansion of leaf area was driven by an 

elevation in the net assimilation rate (NAR). NAR, often 

referred to as the unit leaf rate, described the gain in 

plant dry mass per unit of leaf surface and served as a 

composite physiological indicator linked to both 

photosynthetic activity and respiratory expenditure. It 

represented the net dry matter accumulation per leaf 

area, effectively reflecting the surplus of carbon gain 

through photosynthesis over carbon loss via respiration 

[35]. The NAR of Kencana, Lembang-1, Tanjung-2, and 

Ungara was elevated by 14.38%, 23.81%, 31.60%, and 

32.64%, respectively, in 30 cm soil depth media than in 

25 cm soil depth (Figure 7(E)). An increase in the net 

assimilation rate (NAR) was often associated with 

enhanced photosynthetic efficiency, potentially 

resulting from greater allocation to photosynthetic 

structures [35]. NAR reflected plant productivity 

relative to its biomass and served as a useful metric to 

assess photosynthetic efficiency. It indicated the net 

balance between photosynthetic carbon gain, respiratory 

losses, and tissue degradation rates. The increase in net 

assimilation rate was supported by chlorophyll content, 

which was similar both in varieties and soil depth 

treatment (Figure 7(D)). Chlorophyll in leaf tissues 

functions as a photosynthetic antenna that accumulates 

light in the leaf. The light energy that falls on the leaves 

is used in the photolysis process, is beneficial in the 

conversion of light to organic compounds, and is 

thereafter harvested as glucose [36]. The increment in 

net assimilation rate resulted in a higher relative growth 

rate (RGR) of Kencana, Lembang-1, Tanjung-2, and 

Ungara, elevated by 17.94%, 19.35%, 21.74%, and 

14.71%, respectively, in 30 cm soil depth media than in 

25 cm soil depth (Figure 7(F)). The relative growth rate 

(RGR) represented an integrative measure influenced by 

physiological activity, plant morphology, and the 

distribution of biomass. To quantify the individual roles 

of these factors, RGR was commonly partitioned into its 

fundamental components: net assimilation rate (NAR), 

specific leaf area (SLA), and leaf mass ratio (LMR). 

Among these, the allocation of biomass to foliar 

structures, rather than to non-photosynthetic organs, 

played a dominant role in formation of RGR [37]. A 

high dry matter generally indicates that the plant 

exhibited enhanced adaptability and yield performance 

[31]. Chen et al. [31] reported that the high number of 

leaves maximized photosynthesis, producing more 

carbohydrates, which are transported to the leaves, 

stems, and roots to increase generative growth. A similar 

phenomenon also occurred in maize grown at a 40-cm 

depth, which holds more usable water from deeper 

layers. The expansion of leaf area and enhancement of 

photosynthetic activity in maize cultivated in deeper soil 

profiles required greater water uptake to support 

transpiration demands. Consequently, plants required 

access to water at deeper soil layers to support this 

increased consumption. The study also demonstrated 

that maize grown in shallower solum exhibited reduced 

leaf area compared to those in thicker profiles, likely as 

an adaptive response to limit transpirational water loss 

through minimized evaporative surface. 

Tanjung-2 was less responsive than other varieties 

during the generative phase (10 WAT), particularly 

when grown in deeper soil (30 cm soil depth), as 

evidenced by its relatively lower increases in key growth 

parameters. The shoot dry weight of Tanjung-2 only 

increased by 12.95%, which was substantially lower 

than in Kencana (40.80%), Ungara (17.14%), and 

Lembang-1 (13.62%). This indicated that Tanjung-2 

was less effective in utilizing water and nutrients 

available in deeper soil to enhance biomass production. 

Similarly, its leaf area increased by 8.99%, compared to 

increases in Kencana (18.11%) and Lembang-1 

(24.69%) in 30 cm compared to 25 cm soil depth. Leaf 

area was crucial for light interception and 

photosynthesis; this limited development suggested a 

reduced capacity for energy capture and growth in 

Tanjung-2. Interestingly, Tanjung-2 exhibited a high 

increase in net assimilation rate (NAR) in 30 cm soil 

depth, higher than in Kencana and Lembang-1. 

However, physiological enhancement did not lead to an 

increase in shoot dry matter and leaf area, suggesting 

that photosynthetic improvement was not effectively 

allocated to vegetative growth. This discrepancy 

indicates potential limitations in other factors, such as 

leaf expansion or root activity.  

 

Fruit yield characters (fresh weight, number of 

fruits, harvest index, yield stability index) 

Fruit yield is closely related to natural factors and 

human activities, particularly soil management.  

Bindraban et al.  [38] stated that several factors, such as 

the soil depth, available water content, and soil nutrient 

levels, strongly determined plant performance. The 
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essential composition of the soil was a type of porous 

medium, which was arranged efficiently and orderly 

according to a specific sequence and size [39]. The 

increase in yield can occur due to an enhancement in 

sink demand, which promotes assimilate-translocation 

to the fruits [40].  

 

 

Note: The numbers presented are the means ± standard error, when followed same letters, indicate no significant difference 

between combination varieties and soil depth media treatment by the Honestly Significant Difference test at 95% 

confidence interval. 

Figure 8 Fresh weight fruit (g) (A), Number of fruit (B), Harvest index (C), Yield stability index (D) of 4 chili varieties at 

15 WAT. 

 

The results demonstrated that soil depth and 

variety significantly affected the fresh weight of fruit 

per plant (Figure 8(A)). The fresh weight fruit per plant 

in Lembang-1, Tanjung-2, and Ungara increased by 

15.20%, 7.82%, and 8.12%, respectively, in 30 cm soil 

depth media compared to 25 cm (Figure 8(A)). 

Conversely, in Kencana, it decreased by 8.29%.  

Moreover, Lembang-1 produced the highest number of 

fruits (Figure 8(B)). The effect of planting depth was 

also significantly different. Plants grown at 30 cm soil 

depth increased the number of fruits by 11.23% 

compared to 25 cm soil depth media (Figure 8(B)). The 

increase in fresh fruit weight elevated the harvest index. 

Lembang-1, Tanjung-2, and Ungara produced yield 

stability index (YSI) >1 in 30 cm soil depth media, 

indicating that these 3 varieties responded more to the 

deeper soil solum conditions (Figure 8(D)). These 

findings aligned with Kavut and Avcioglu [41], who 

stated that soil characteristics influencing root growth 

and development, consequently impacting crop yield, 

could be categorized as nutritional, biological, or 

physical factors, including soil temperature, aeration, 

and root penetration resistance. Kavut and Avcioglu  

[41] reported that economic yield increased due to 

enhanced photosynthate translocation to the fruits. Soil 

thickness significantly influenced hydrological 

dynamics and ecological functions at the global scale. 

The depth of the topsoil layer enriched with organic 

matter, nutrients, and biological activity regulated plant 

development, determined agricultural productivity, 

contributed to carbon sequestration, and regulated key 

biogeochemical processes. This is similar to the study 

on maize, where shallow soil solum had less water 

available, but thicker soil solum due to the access to 
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stable deeper water, thereby maintaining transpiration 

and photosynthesis [31]. This effect is because, in 

addition to nutrients and water in sufficient quantities, 

the deep soil allows the roots to develop optimally, 

thereby enhancing yields than the shallow soil solum. 

A solum depth of 30 to 60 cm enhanced the yield to >6 

tons per hectare, as it provided a longer retention period 

for water within soil micropores. Additionally, maize 

roots, which do not penetrate too deeply, efficiently 

utilize the available water, optimizing maize 

productivity [42].  

Regarding root and shoot growth in Kencana, 

when planted in 30-cm soil, it demonstrated the 

maximal shoot growth at 10 WAT compared to the 

other 3 varieties.  The shoot dry weight was 2.3 - 3.1fold 

higher than the other 3 chili varieties. However, the 

ability of Kencana to translocate photosynthates to 

fruits as a sink decreased, which was expressed in the 

lowest harvest index compared to that of 25 cm soil 

depth media (from 0.529 to 0.402) (Figure 8(C)). This 

phenomenon caused the fresh weight of fruit in 

Kencana to be lower in the 30 cm soil media than in the 

25 cm soil depth media. The fresh weight of fruit did 

not increase in 30 cm soil depth because fruits number 

was decreased significantly.  High shoot dry weight in 

Kencana during the generative phase (10 WAT) was 

negatively correlated to fresh weight of fruit (r = –0.59) 

(Figure 10(B)), suggesting that the plant shifted 

resources toward new vegetative growth. Kusumasari 

et al. [43] also reported that the number of fruits did not 

increase in Kencana, although high fertilizer input 

enhanced canopy growth. Moreover, Azmi et al. [44] 

described that Kencana had a low fruit yield compared 

to Lembang-1 and Tanjung-2. This might be because 

Kencana had a low sink capacity to store photosynthetic 

products. Qidway et al. [45] observed that the net rate 

of carbon assimilation per unit leaf area increased 

progressively over several days when the demand from 

sink organs intensified, but declined when sink demand 

weakened. The suppression of photosynthesis was more 

pronounced in species that predominantly stored starch 

instead of sucrose during the day under conditions of 

low sink demand.  

Responses of chili variety for 25 and 30 cm soil 

depth were analyzed through principal component 

analysis based on yield and morpho-physiology. By 

Principal Component Analysis (PCA) identification of 

the major traits contributing to varietal differentiation 

under different soil depths could be determined 

(Figures 9(A) and 9(B)). The analysis showed distinct 

responses among the 4 chili varieties, indicating 

genotype-specific adaptability and morpho-

physiological traits to soil depth variation.  

 

Principal component analysis  

PCA in 25 cm soil depth displayed that the first 2 

principal components accounted for 83.01% of the total 

variance, with PC1 and PC2 explaining 55.25% and 

27.76% of the variability, respectively (Figure 9(A)). 

Traits such as leaf area (LA), net assimilation rate 

(NAR), relative growth rate (RGR), root length (RL), 

and root surface area (RSA) were positively loaded on 

PC1, indicating that this axis represented overall plant 

vigor and below-ground development. In contrast, traits 

such as chlorophyll content (Chl), harvest index (HI), 

and root-to-shoot ratio (RSR) were negatively 

associated with PC1, highlighting contrasting strategies 

in resource allocation. Under 25 cm soil depth, Kencana 

showed divergence from Tanjung-2, Lembang-1, and 

Ungara. In the biplot, Kencana was positioned far along 

the positive axis of PC1 association with traits related 

to root development (RL, RSA), growth efficiency 

(RGR, NAR) (Figure 9(A)). Additionally, Kencana 

was linked to a higher harvest index (HI), suggesting 

that this variety did not only develop a robust root 

system and grows efficiently but also allocated more 

biomass towards the fruit. This pattern highlights that 

Kencana growth strategy at 25 cm soil depth focused on 

effective root development, efficient biomass 

accumulation, and better partitioning of resources to 

yield. Conversely, at 25 soil depth, Ungara and 

Lembang-1 were positioned closer to the positive side 

of PC2, and were strongly associated with leaf area 

(LA) (Figure 9(A)). Tanjung-2 did not show strong root 

growth. However, it was more associated with fresh 

fruit weight (FWF), root:shoot ratio (RSR), and root dry 

weight (RDW) (Figure 9(A)). This suggested that 

Tanjung-2 might not have the most vigorous root, and 

maintains a balance between root and shoot biomass.  

Under 30 cm soil depth, the first 2 principal 

components cumulatively explained 83.85% of the total 

variation, with PC1 accounting for 62.08% and PC2 

contributing 21.77%. Positive PC1 was heavily 

associated with fresh weight fruit per plant (FWF), 
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harvest index (HI), root:shoot ratio (RSR), leaf area 

(LA), net assimilation rate (NAR), and relative growth 

rate (RGR). In contrast, traits such as root dry weight 

(RDW), shoot dry weight (SDW), chlorophyll (Chl), 

root surface area (RSA) were negatively associated 

with PC1. In the biplot, Tanjung-2, Lembang-1, and 

Ungara were positioned far along the positive axis of 

PC1 association with traits fresh weight fruit per plant 

(FWF), harvest index (HI), root:shoot ratio (RSR), leaf 

area (LA), net assimilation rate (NAR), relative growth 

rate (RGR) (Figure 9(B)). The grouping of these 

varieties at 30 soil depth, such as FWF and HI, indicated 

efficient resource partitioning toward fruit production. 

Simultaneously, their association with RSR, NAR, and 

RGR highlighted their robust photosynthetic capacity 

and balanced root-shoot development, contributing to 

plant growth. Conversely, at 30 cm soil depth, Kencana 

was positioned closer to the negative side of PC1, and 

was strongly associated with root dry weight (RDW), 

shoot dry weight (SDW), chlorophyll (Chl), and root 

surface area (RSA) (Figure 9(B)). This positioning 

suggests that Kencana might rely more on structural 

biomass accumulation rather than on traits linked to 

chili yield.

 

 

 

Note: FWF = fresh weight of fruit per plant, NF = number of fruits, HI = harvest index, RSR = root:shoot ratio, RL = 

total root length, RSA = root surface area, RDW = root dry weight, LA = leaf area, SDW = shoot dry weight, NAR = net 

assimilation rate, RGR = relative growth rate, Chl = Chlorophyll. 

Figure 9 Principal component analysis in 25 cm soil depth (A), and 30 cm soil depth (B). 

 

 
 

 

A 

B 
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  Correlation analysis  

Lembang-1, Tanjung-2, and Ungara were 

responsive chili varieties to 30 cm soil depth media 

showed a correlation between fresh weight of fruit and  

number of fruits (r = 0.76*), or harvest index (r = 0.55*) 

(Figure 10(A)). Uzair et al. [46] reported that the 

number of fruits per plant in tomato and the weight of 

each fruit are key factors that determine tomato plant 

yield. In the responsive plants, the shoot and 

physiological characters were positively correlated with 

the fresh fruit weight. The fresh fruits had a correlation 

with relative growth rate (r = 0.86), net assimilation rate 

(r = 0.58), leaf area (r = 0.48), and shoot dry weight (r = 

0.48). Moreover, the root dry weight (r = 0.41*), root 

length (r = 0.54*), root surface area (r = 0.43*), and 

root:shoot ratio (r = 0.64*) also correlated with the fresh 

fruit weight. These findings indicated that yield 

improvement in chili varieties, responsive to soil depth, 

was associated with root system development and the 

physiological improvement of chili plants. Therefore, 

the fresh weight of fruit increased in Lembang-1, 

Tanjung-2, and Ungara was influenced by yield 

components as well as the root and shoot morpho-

physiology. Enhanced shoot growth influenced the 

development of branches, which increased the number 

of fruits by providing more space for flower formation 

and subsequent fruit set. The increased number of fruits 

resulted in a higher fresh weight of chili fruits [47]. 

In the variety Kencana, nonresponsive to soil 

depth, the fresh fruit weight correlated with the fruit 

number (r = 0.41*), and harvest index (r = 0.50*). These 

results suggested that an increase in fresh fruit weight 

was related to a higher number of fruits and harvest 

index. However, the fresh fruit weight was negatively 

correlated with the root system. Thus, root system 

enhancement influenced the yield decrement in 

Kencana. Moreover, the fresh weight of fruit correlated 

negatively with the shoot dry weight (r = -0.59*) 

(Figure 10(B)).  Therefore, excessive shoot growth in 

Kencana reduced yield, as a large portion of assimilates 

in net assimilation rate (r = 0.66*) and relative growth 

rate (r = 0.60*) was allocated to leaf area (r = 0.47*) 

rather than fruit yield.

 

 

 

 

Note: FWF = fresh weight of fruit per plant, NF = number of fruits, HI = harvest index, RSR = root:shoot ratio, RL = 

total root length, RSA = root surface area, RDW = root dry weight, LA = leaf area, SDW = shoot dry weight, NAR = net 

assimilation rate, RGR = relative growth rate, Chl = Chlorophyll. *p < 0.05. 

Figure 10 Yield and morphology relationship in Lembang-1, Tanjung-2, Ungara (A), and Kencana (B) at 30 cm soil 

depth.  
  

 

 

A 

B 
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 Multiple linear regression analysis was conducted 

to quantify the influence of selected morpho-

physiological traits on fresh weight of fruit per plant 

(FWF) at 30 cm soil depth. The resulting model was 

explained in Eq. (7): 

 

𝐹𝑊𝐹 = 183.0 + 0.360 𝑁𝐹 + 0.0254 𝐿𝐴 +

0.67 𝑁𝐴𝑅 + 22.5 𝑅𝐺𝑅 + 10.3 𝑅𝑆𝑅    (7) 

 

where: 

FWF = fresh weight fruit per plant  

NF = number of fruits, 

LA = leaf area, 

NAR = net assimilation rate, 

RGR = relative growth rate, and 

RSR = root-to-shoot ratio. 

The positive coefficients for all independent 

variables indicated that an increase in each trait 

contributed positively to fresh weight fruit per plant 

(FWF). Among the predictors, relative growth rate 

(RGR) and root:shoot ratio (RSR) had the largest 

coefficients, suggesting that growth efficiency and 

balanced biomass allocation between root and shoot 

systems were the most influential factors in determining 

fruit yield. This implied that varieties with higher RGR 

and RSR were more likely to accumulate greater fruit 

biomass. Additionally, net assimilation rate (NAR) was 

important for photosynthetic efficiency in supporting 

yield. This model highlighted the combined contribution 

of morpho-physiological parameters in predicting fruit 

yield, particularly in responsive varieties at 30 cm soil 

depth.  

The effect of morpho-physiological to fresh 

weight fruit per plant at 25 cm soil depth could be 

formulated using multiple linear regression Eq. (8).  

 

𝐹𝑊𝐹 = 181.4 + 0.445 𝑁𝐹 + 0.0406 𝐿𝐴 +

13.74 𝑁𝐴𝑅 − 27.1 𝑅𝑆𝐴 − 2.265 𝑆𝐷𝑊    (8) 

 

where: 

FWF = fresh weight fruit per plant  

NF = number of fruits, 

LA = leaf area, 

NAR = net assimilation rate, 

RSA = root surface area, and 

SDW = shoot dry weight 

The results revealed both positive and negative 

predictors of FWF. Positive coefficients for NF, LA, and 

NAR indicated that higher fruit number, expanded leaf 

area, and improved photosynthetic efficiency 

contributed positively to fruit yield. Conversely, RSA 

and SDW had negative coefficients, indicating that 

greater biomass allocation to roots and shoots was 

associated with reduced fruit yield. This result suggested 

a trade-off in assimilate distribution, where excessive 

vegetative growth may divert resources from 

reproductive organs. 

 

Conclusions 

The responses of the chili varieties planted in the 

tropical lowland under 30 cm soil depth media were 

classified into 2 groups. Lembang-1, Tanjung-2, and 

Ungara were response varieties at 30 cm soil depth with 

increasing fresh weight of fruit per plant, unlike in 

Kencana. The varieties in which the yield improved in 

response to 30 cm soil depth were related to the root 

morphological traits, including root diameter, root 

length, and root surface area. Improved root 

morphological traits in 30 cm soil depth increased the 

shoot morpho-physiology traits, including shoot dry 

weight, leaf area, total chlorophyll content, net 

assimilation rate, and relative growth rate compared to 

25 cm soil depth. It can be concluded that the 30-cm soil 

depth could be employed for managing some chili 

varieties and enhancing yield in tropical lowland 
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