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Abstract. Open green spaces in urban area can be utilized in many ways. Recently, more of the 
open spaces have been cultivated for vegetable production, gradually shifted from aesthetical 
purpose to the need for fresh healthy foods. Urban vegetable farming can be conventionally 
practiced on a limited backyard. Our research was aimed to assess the effects of shading 
treatments on growth and yield of purple pakchoi (Brassica rapa var. chinensis). The research 
was arranged based on the randomized block design with 4 levels of shading treatment. The 
results showed that shading treatments at 0%, 45%, 55%, and 80% significantly affected 
morphological growth traits, including plant height, number of leaf, lengths of petiole, length of 
leaf midrib, width of leaf blade, canopy diameter, and leaf SPAD index, total leaf fresh and dry 
weights, total fresh and dry roots, and lengths of stem; but did not significantly affect the leaf 
thickness. In all affected traits, heavier shading inhibited growth, confirming that the purple 
pakchoi prefers full sunlight. The leaf of purple pakchoi reached its maximum size at less than 
14 days counted from the first day of leaf blade was fully unfolded. Purple pakchoi can be 
harvested at 35 days after transplanting. The accurate leaf area estimation in purple pakchoi can 
be achieved by using LW as predictor and calculated using the power regression (R² = 0.9806). 
 
Key words: aesthetic value, fresh vegetable, green space, healthy food, morphological trait, 
urban farming. 
 

INTRODUCTION 
 

The open green space in urban area is continuously decreasing due to  
socio-economic pressures, public policies, and the physical condition (Ustaoglu & 
Williams, 2017). Increase in economic value of urban land enhanced conversion of the 
green space to urban settlements (Rondhi et al., 2018). Essentially, the function of green 
space in urban area should be conserved in order to maintain comfortability, aesthetic 
value, and healthy environment. Intensification of the urban agricultural activities could 
ecologically and aesthetically improve living environment and also increase availability 
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of fresh and healthy vegetables for urban community (Lakitan, 2021). Urban farming 
has been globally practiced and well accepted by city dwellers (Grebitus et al., 2020). 

Urban farming opened opportunity for the knowledgeable community to apply 
science and technology in producing fresh foods (Orsini et al., 2013; Ferreira et al., 
2018), especially fruits and vegetables (Lal, 2020). Walters & Midden (2018) suggested 
to grow vegetable crops with shallow roots. This farming activity may also improve 
community welfare (Surya et al., 2020). 

Green pakchoi (Brassica rapa var. chinensis) has been globally recognized, 
including in Indonesia (Priadi & Nuro, 2017); however, purple pakchoi has not been 
widely known. Purple pakchoi and other colorful vegetables have attracted urban 
community to grow them for their aesthetic value (Zhang et al., 2014), encouraged the 
community to consume natural healthy substances, including anthocyanins (Zhu et al., 
2017; Hao et al., 2020), and considered as a good selenium supplement for humans  
(Li et al., 2020). Leaf of pakchoi has a good tasted, high economic value, and easy to 
cultivate (Wahyuningsih et al., 2016). 

In the tropical agroecosystem, shading was commonly practiced in the cultivation 
of purple pakchoi (Abdel–Ghany & Al–Helal, 2020). Shading application has been 
reported to increase number of leaf in pakchoi (Mansyur et al., 2014; Andini & Yuliani, 
2020). However, it should be specified at what ranges or peak that the optimal shading 
percentage for the purple pakchoi can be achieved. 

This research was aimed to specify optimum shading percentage for maximizing 
growth and yield of the purple pakchoi (Brassica rapa var. chinensis) in the tropical 
urban ecosystem. 

 
MATERIALS AND METHODS 

 
The study was carried out in the tropical lowland climate at the research facility in 

Jakabaring (104°46΄44˝E; 3°01΄35˝S), Palembang, South Sumatera, Indonesia. Average 
air temperature is 31 °C and relative humidity is 51% during period of cultivation. Seeds 
of purple pakchoi (Brassica rapa var. chinensis) were purchased from commercial seed 
producer. The seeds soaked in tap water for 15 minutes for breaking the dormancy. After 
soaked, seeds were sown in seedling trays filled with mixture of soil and chicken manure 
(1:1 v/v). Chemical characteristics of soil used include pH = 6.63, N-total 0.27%,  
P2O5-total 720.53 mg per 100 g, K2O-total 63.94 mg per 100 g, Mg-total 123.09 mg per 
100 g, and Available P Bray II 1306.4 ppm. Nutrient contents of the commercial chicken 
manure used were 3–5% nitrogen, 1.5–3.5% phosphorous, and 1.5–3.0% potassium. 

The seedlings were transplanted to plastic pots at 14 days after sowing (DAS). The 
seedlings had two unfolded leaves at time of the transplantation. Each pot was filled with 
a mixture of soil and chicken manure at ratio of 3:1 v/v (Jaya et al., 2021). Fourteen  
days prior to transplanting, the growing mix was sterilized using bio-sterilization and 
aerobic decomposers (Streptomyces sp.; Geobacillus sp.; and Trichoderma sp.) at dose 
200 mL plant-1. The plants were daily watered at 5 p.m. for maintaining soil moisture 
near the field capacity (35%). The maximum wet-dry cycle was around 30 to 35 in the 
morning and 25 to 30 at late afternoon. Therefore, the purple pakchoi plants were never 
under water stress condition. 
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Experimental design 
The experimental design used in this study was the randomized block design. 

Seedlings of the purple pakchoi were directly allocated in each of the 45%, 55%, and 
80% shading house and on an open space for 0% shading at time of transplanting. 
Percentage of shading was calculated by substracting light intensity under full sunlight 
with the directly measured light intensity using a light meter (Krisbow KW06-291). 
Three shade houses were constructed for each shading treatment. Dimension of the house 
was 4 m length × 2 m width × 2 m height. The knockdown frames made of 1.5 inch PVC 
pipes were used in constructing the shading house. Each of the shading house was 
covered in all sides with black polyethylene net at different shading levels. 

 
Data measurement 
Collected data on plant growth included plant height, number of leaf, petiole length, 

leaf blade length, leaf blade width, leaf thickness, canopy diameter, and leaf chlorophyll 
index. The leaf chlorophyll index was measured using an instrument for soil plant 
analysis and development (SPAD) produced by the Konica Minolta (SPAD–502 Plus). 
The mature plants were harvested at 49 DAS or 35 days after planting (DAP). The 
measured traits at time of harvest included above ground organs, i.e., whole-plant 
weight, fresh and dry weight of leaf blade, fresh and dry weight of petiole, fresh and dry 
weight of stem; and under ground organs, i.e., root length, root fresh and dry weights. 
The measurement of all dimensional traits used the transparent regular ruler, except for 
leaf thickness that was measured using a digital caliper. Weight-related traits were 
measured using a digital scale. 

Calculation of leaf growth rate was carried out based on directly measured 
length (L) and width (W) of the leaf blade for 18 consecutive days until the leaf was fully 
expanded. Leaf area (LA) estimation model was developed based on directly measured 
data on leaf length and width. Direct LA measurement used digital image analysis 
software (LIA32, developed by Kazukiyo Yamamoto, Nagoya University, Japan). The 
LIA32 digital measurement software recognizes all visible color spectrum (Kitao et al., 
2022).These two morphological traits were used as predictors, individually (L or W) or 
in combination (LW). The zero-intercept linear model was used if LW was used as 
predictor. The power and polynomial regression was used if individual L or W was 
selected as predictor. 

 
Data analysis 
Analysis of variance (ANOVA) were carried out using statistical analysis software 

(SAS 9.0 for Windows, SAS Institute Inc., USA). Significant differences amongst 
treatments were tested using the Least Significant Difference (LSD) test at P > 0.05. 
Trend analysis between predictor and the leaf area was using the zero-intercept linear, 
power, and polynomial regressions (Meihana et al., 2017; Lakitan et al., 2021a). Leaf 
area estimation model was tested for accuracy based on the determination coefficient 
(R²). The predictors used were leaf length (L), leaf width (W), and the multiplication of 
leaf length and width (LW). 
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RESULTS AND DISCUSSION 
 
Growth responses to shading 
The purple pakchoi has a short single stem without any branch; therefore, the shoot 

was dominated by leaf petioles and blades. Both stem growth and increase in number of 
leaves in the purple pakchoi were significantly halted if the sunlight received on the 
surface of the leaves is reduced as a result of being partially blocked by shading. The 
differences due to the effect of shading were increasingly noticeable as the purple 
pakchoi plant continued to grow (Fig. 1). 

 

 
 

Figure 1. Stem height and number of leaf in purple pakchoi as affected by shading measured at 
7 to 35 days after planting. 
 

A common response of plants exposed to shade conditions is etiolation, i.e., 
excessive elongation of the stem (Armarego-Marriott et al., 2020). However, the 
symptoms of etiolation were not seen in the purple pakchoi plant in this study. On the 
contrary, the lengthening process of the stem was hampered in the shaded conditions. 
The incidence of etiolation resulting from lack of light occured only during the seedling 
phase in leafy vegetables, including green and purple pakchoi (Kong & Zheng, 2018). 

The process of leaf formation was also hampered by shading treatments. Higher 
shading intensity (80%) suppressed stem lengthening and new leaf formation more 
strongly than moderate shading intensity (45% and 55%). Thus, the incidence of shading 
is believed to inhibit the overall growth of the purple pakchoi plant. The difference in 
stem length and number of leaves between plants that experienced different shade 
intensities became more noticeable as the purple pakchoi plant grew larger. Low light 
intensity (55% shading) significantly decreased the shoot and root growth in pakchoi 
(Yang et al., 2009). 

Shading has direct and indirect effects on plant growth and development since 
shading alters microclimate condition underneath the shade screen. In addition to 
directly reducing the intensity of sunlight, the shading treatments also indirectly affects 
various climatic elements on the microscale at a position below the shade screen. Effects 
of shading on the length of leaf midrib, width of leaf blade, and length of petiole 
exhibited similar patterns to the effects on stem length and number of leaf. Higher 
shading intensity (80%) severely limit all measured components of leaf growth in purple 

A B 
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pakchoi. Differences amongst 0, 45, 55, and 80% shading treatments were much clearer 
at 35 days after transplanting (Fig. 2). 
 

 
 

 
 

Figure 2. Leaf midrib length (A), leaf blade width (B), and petiole length (C) in purple pakchoi 
as affected by shading application measured at 7 to 35 days after planting. 
 

Decrease in sunlight intensity would lower air and soil temperatures, increase 
relative humidity, decrease evapotranspiration, and increase soil moisture (Mahmood et 
al., 2018; Lakitan et al., 2021b). Furthermore, higher soil moisture could reduce oxygen 
transport into the soil matrix (Uteau et al., 2022), in turn, could decrease root metabolisms 
(António et al., 2016). In contrast, Budiarto et al. (2019) also reported that shading 
significantly improved the plant growth and number of leaves at early vegetatif growth. 

The diameter of canopy also negatively affected by shading but the leaf thickness 
was not affected by shading (Fig. 3). The resistance to enlargement of the canopy area 
of purple pakchoi plant due to the influence of shading proportionally followed a pattern 
of resistance to all observed morphological traits, except for the thickness of the leaves. 
The leaf maintains the ability to form lateral cell additions throughout their life cycle 
and then develop into a flattened structure. The flattened leaf shape is advantageous for 
plants to capture more light needed for photosynthetic activity. 

Du et al. (2018) explained that the flattened structures can optimally fulfill this 
function by precisely control the initiation, shape, and polarity of leaves. Leaf 
development underlies their morphogenesis to establish the three-dimensional leaf 
flattening forms. 

A B 

C 
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Figure 3. Canopy diameter (A) and leaf thickness (B) in purple pakchoi as affected by shading 
application. 

 
Overall average of the mature leaf SPAD index was around 47.7 in purple pakchoi. 

The leaf SPAD index was above average in plant exposed to full sunlight intensity and 
reversely the index falled to below average in the heavily shaded purple pakchoi plant, 
i.e., exposed to 80% shading. The distributions of SPAD values on mature leaves were 
relatively the same at measurements on 21, 28, and 35 DAP. The highest SPAD value 

addition to determining the total chlorophyll concentration, SPAD meter is also widely 
used as an indicator of leaf nitrogen status (Rongting et al., 2020). SPAD measurements 
in this study were used to monitor the effect of shading on the growth and health of 
pakchoi plants through changes in the green color intensity of the leaves. 

Leaf surface area were measured daily for 18 consecutive days from the time the 
leaves began to unfold until they reached their full size. Knowledge of when the leaves 
cease to enlarge is a very useful in determining the right harvest time for leafy vegetables 
such as purple pakchoi. Leaf area monitoring based on leaf length and width separately 
is shown in Fig. 5 and monitoring based on the multiplication results between leaf length 
and width is presented in Fig. 6. The result of these two monitorings was consistent with 
each other. 

was always obtained in plants exposed 
to full sunlight, regardless of the age of 
the plant at the time of measurements 
(Fig. 4). 

The standard SPAD index 
measurement is on mature leaves that 
are characterized by their maximum 
size and have not shown symptoms of 
senescence. It should also be 
understood that the SPAD meter only 
measures the total chlorophyll 
concentration based on the optical 
principle and cannot distinguish 
between chlorophyll a and b. Technical 
details about the SPAD meter are 
provided by Süß et al. (2015). In addition 

 

 
 
Figure 4. The effect of shading on the SPAD 
index on mature leaves in purple pakchoi. 

A B 



944 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

Figure 5. Continuous leaf growth based on their length and width in purple pakchoi exposed to full 
sunlight (A, B); 45% shading (C, D); 55% shading (E, F); and 80% shading (G, H). 

 
Based on the results of this study, the final leaf area differed according to the 

percentage of shading treatment imposed to each group of the pakchoi plants. Plants 
exposed to full sunlight exhibited the largest leaf size, plants that were shaded 45% and 
55% produced almost the same medium size leaves, and plants with 80% shade produced 
the smallest leaf size. However, the number of days it took to reach the full leaf size was 
about the same, which was between 13 to 15 days. 

A 

C 

E 

G 

B 

D 

F 
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Healthy purple pakchoi has spoon-like leaves with distinctive elliptical shape of its 
leaf blade as indicated in plant exposed to full sunlight, i.e., the leaf length exceeds its 
width. Increase in shading treatment to 80% gradually alter the leaf shape of the purple 
pakchoi from elliptical to more rounded shape, i.e., measurement of the leaf length and 
its width are almost similar. Therefore, increase in shading exposure not only decreases 
the leaf size but also changing the shape of purple pakchoi leaf. 

In this study, if leaf growth was represented by the length or width of the leaf, then 
the growth patterns was seen following an asymptotic curve, not fully following the 
Sigmoid curve (Fig. 5). This actually happened because the slow initial growth phase (as 
in an early segment of the full Sigmoid curve) occured when the leaf blade had not yet 
opened. The length or width of the leaves was still too small (< 5 mm), fragile, and had 
not been perfectly formed to be measured manually. In this phase, it is estimated that the 
leaf lengthening rate is still less than 1 mm per day. Meanwhile, if leaf growth was 
represented through the result of multiplication of leaf length by width, then the shape 
of the Sigmoid curve is slightly visible (Fig. 6). The technical information obtained from 
this study is that the growth of purple pakchoi leaves will start to grow rapidly when the 
leaf blade begins to unfold. 

 

 
 

 
 

Figure 6. Growth of leaf blade length × width at 0% (A), 45% (B), 55% (C), and 80% (D) shading. 
 
The growth pattern of leaves as well as individual plants generally follows the 

Sigmoid curve. Ding et al. (2022) reported that leaf growth (based on leaf length and 
width) and plant growth (based on plant height and canopy width) followed sigmoidal 
curves in three pakchoi cultivars. Similarly, Baker & Wang (2021) found that growth of 
bokchoy, measured based on image analysis of its canopy, consistently followed the 
Sigmoid curve. 

A B 

C D 
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Yield and biomass components 
Leaf blade, petiole, and stem of purple pakchoi were negatively affected by shading 

(Table 1). Increase in shading intensity decreased fresh and dry weight of all above 
ground organs and also spesifically on the yield components, i.e., leaf blade and petiole. 
A sharp drop was observed at 80% shading treatment. Similar effects were also found in 
underground organs as indicated by decrease in root length, fresh weight, and dry weight 
(Table 2). More severe drop in roots of plant exposed to 45% shading than 55% shading 
indicated that the drops may not be solely due to shading treatment, it may confound 
with indirect effect of soil moisture condition. Heavy shading treatment caused low 
evaporation rate; therefore, increased soil moisture content. 

 
Table 1. Effect of shading application on above-ground organs including leaf blade, petiole, and 
stem at fresh and dry weight conditions in purple pakchoi  

Leaf FW Leaf DW Petiole FW Petiole DW Stem FW Stem DW 
N0 39.9 ± 1.79a 5.4 ± 0.32a 0.5 ± 0.04a 1.3 ± 0.11a 5.4 ± 0.32a 0.5 ± 0.04a 
N1 13.6 ± 2.93b 1.8 ± 0.12b 0.2 ± 0.02b 0.2 ± 0.01b 1.8 ± 0.12b 0.2 ± 0.02b 
N2 13.2 ± 0.59b 2.3 ± 0.10b 0.2 ± 0.01b 0.3 ± 0.02b 2.3 ± 0.10b 0.2 ± 0.01b 
N3 1.9 ± 0.10c 0.5 ± 0.04c 0.0 ± 0.01c 0.0 ± 0.01c 0.5 ± 0.04c 0.0 ± 0.01c 
LSD 6.54 0.75 0.08 0.10 0.75 0.08 
Data were presented as mean + standard error. The means followed by different letters within each column 
indicate significant difference at the LSD.05 

 
Shading not only decreases the quantity of yield (fresh weight of leaf blade and 

petioles) but also has an impact on reducing the yield quality of purple pakchoi plants 
(the intensity of their attractive purple color becomes faded). In our study, the deep and 

that had formed on the surface of mature leaves. 
Song et al. (2020) proved that the purple color in pakchoi leaf was associated with 

the anthocyanin content. The ratio of anthocyanin to chlorophyll content was responsible 
for the color formation in purple pakchoi. If the ratio was high, the leaf appeared reddish 
purple. If the ratio was low, the leaf appeared deep purple or even blackish purple. Zhu 
et al. (2017) added that the purple color on the leaf surface decreased and turned green 
if the pakchoi plant was exposed to shading conditions for a longer period of time. 

 

blackish purple colors were found 
in all plant fully exposed to 
sunlight. Meanwhile, under 
heavy shading (80%), only a thin, 
uneven layer of soft purple color 
covered the surface of the leaf so 
that in some spots the green color 
was also visible. The result of  
the observations showed that 
exposure to shade for a long time 
inhibited the formation of a purple 
layer on young leaves and at the 
same time eroded the purple layer 

 
Table 2. Effect of shading application on under-
ground organs including root length, root fresh weight 
and dry weight conditions in purple pakchoi 

 Root Length Root FW Root DW 
N0 26.27 ± 0.54a 6.12 ± 0.24a 0.616 ± 0.020a 
N1 13.87 ± 0.72b 0.79 ± 0.06c 0.078 ± 0.003cb 
N2 17.75 ± 0.07b 1.69 ± 0.40b 0.123 ± 0.018b 
N3 7.22 ± 0.55c 0.20 ± 0.03c 0.016 ± 0.001c 
LSD 4.55 0.73 0.07 
Data were presented as mean + standard error. The means 
followed by different letters within each column indicate 
significant difference at the LSD.05. 
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Estimating purple pakchoi leaf area 
Leaf area can be estimated using appropriate regression models such as linear, 

polynomial, and power regression. Some dimensional traits can be used as predictors 
such as leaf length (L), leaf width (W), and multiplication of these two traits (LW). The 
accuracy can be very high if regular shape leaves are used. The purple pakchoi has a 
regular oval shape. Results of this study shown that if single predictor was used (L or 
W), the zero–intercept linear model was not suitable as indicated by lower coefficient of 
determination. Meanwhile, both polynomial and power models were very reliable in 
predicting LA if single predictor was used. Meanwhile, the simpler zero–intercept linear 
model was also very reliable in predicting LA if LW was used as predictor (Table 3). 

 
Table 3. Regression models for leaf area estimation using individual and combination of the leaf 
length and width in purple pakchoi 

Predictor Regression model Leaf Area (LA) R² 
Leaf length (L) Power LA = 0.3305 L2.1412 0.9357 

Polynomial LA = 0.7135 L² - 3.0651 L + 6.8704 0.9299 
Zero-intercept linear LA = 5.266 L 0.6933 

Leaf width (W) Power LA = 1.0348 W1.8859 0.9477 
Polynomial LA = 0.469 W² + 3.7209 W - 6.6256 0.9504 
Zero-intercept linear LA = 6.9926 W 0.8185 

LW Power LA = 0.5191 LW1.0428 0.9806 
Polynomial LA = 0.0002 LW² + 0.6213 LW - 0.6181 0.9784 
Zero-intercept linear LA = 0.6428 LW 0.9774 

R2 is the coefficient of determination used as the indicator for accuracy level of the leaf area estimation models. 
 

Leaf is the most important and dominant organ in leafy vegetables, including purple 
pakchoi. Continuous measurement of leaf growth requires a non-destructive approach 
such that measurement of leaf morphological traits can be collected using the same 
individual leaf. Purple pakchoi has a spoon shape leaf which is relatively easy to estimate 
with high accuracy. Each leaf has three dimensions, i.e., length (L), width (W), and 
thickness (T). However, only L and W individually and in combination (LW) are 
commonly used as predictors. Leaf thickness is considerably negligible, compared to 
L or W (Walia & Kumar, 2016; Fascella et al., 2018). 

Three most commonly used regression models are linear if LW is used as predictor 
and polynomial order–2 or quadratic and power regression are used if L or W is used 
separately as predictor. To ensure LA = 0 if L = 0 and W = 0 then zero-intercept linear 
regression is recommended (Lakitan et al., 2021a).  

In this study, the best results were obtained with the power regression model on all 
predictors, with values of R² = 0.9357 (L), R² = 0.9477 (W), and R² = 0.9806 (LW). In 
previous studies, polynomial and zero-intercept linear regression were also used in 
estimating LA of tatsoi, a herbaceous leafy vegetable (Kartika et al., 2021). The power 
regression has been proven accurate for estimating the leaf area in many herbaceous 
vegetables, including leaf celery (Lakitan et al., 2021a), and Talinum paniculatum 
(Lakitan et al., 2021b). The zero–intercept linear regression is very accurate if LW is 
used as predictor (R2 = 0.9774). 

For future research, a study on the interaction effects of shading and split fertilizer 
applications in the pakchoi leaf area is proposed. 
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CONCLUSIONS 
 

The full sunlight intensity produced the best results on growth and yield in purple 
pakchoi. Therefore, the purple pakchoi can be classified as sun plant. The shading 
density at 45–80% reduced growth and yield of the purple pakchoi plant and also 
affected leaf SPAD values. Shading was not only reduced yield quantity but also yield 
quality. The atractive purple color of pakchoi leaves was diminished after long shading 
exposure. Leaves of the purple pakchoi reached their maximum size at 13–15 days, 
counted after the young leaves were fully unfolded. The purple pakchoi can be  
harvested starting at 35 DAP. The power and polynomial regression model can be  
used for estimating leaf area in all predictors, including L, W, and LW. However, the  
zero–intercept linear regression is recommended only for LW as predictor. It is 
recommended to urban communities to choose a location that is directly exposed to 
sunlight in cultivating purple pakchoi vegetable. 
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