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Abstract—This work aimed to assess the influence of cacao pod husk biochar treatments combined with the urea fertilizer addition on 

the growth and yield of pak choy (Brassica chinensis L.). The study used pot trials in a completely randomized design with two factors. 

The first was the addition of biochar from cacao pod husk, which consisted of 4 levels, namely 0, 62, 125, and 187 g/pot. The second 

factor was the dosage of urea addition with 4 levels, namely 0, 0.46, 0.93, and 1.40 g/pot. Pak choy was planted in triplicate polybags. 

Plant parameters included plant height, number of leaves, canopy cover area, fresh yield, water consumption, and water productivity. 

The results exhibited that adding biochar was significant in terms of parameters. Low dose biochar (62 g/pot) increased plant height, 

number of leaves, and water productivity, whereas high dose (125 to 187 g/pot) negatively affected pak choy growth and yield. The 

addition of urea is significant, except for pH and number of leaves. A fertilizer dose of up to 1.40 g/pot positively affected plant growth 

and yield of the pak choy. The most optimal interaction of the two factors occurred at a biochar dose of 62 g/pot and urea dose of 1.40 

g/pot, which produced a maximum crop fresh yield of 111.83 g/plant. This research concluded that biochar from pyrolysis of cacao pod 

husk can be employed as soil amendment during pak choy cultivation but with controlled doses. 
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I. INTRODUCTION

Pak choy (Brassica rapa L. chinensis) is locally called sawi 

pakcoy. It is a healthy green mustard vegetable that is good 

for human health. In each 100 g eatable material, the 

nutritional value of Pak choy is 65 kJ of energy, 0.2% fat, 2.5% 

carbohydrates, 1.2% protein, 0.5% fiber, 4.9‰ Ca, 0.7 mg Fe, 

38 mg vitamin C, 0.9 mg vitamin A, and 95 g water [1]. Pak 

choy is also rich in glucosinolates, precursor metabolites that 

can be anti-cancer [2]. Several types of mustard are currently 

quite popular and widely consumed, including green mustard, 

pak choy, and white mustard or chicory. Pak choy is 

characterized by a thicker stem and broader leaves, which 
makes this mustard used every so often in various processed 

dishes. Therefore, of the three types of mustard, pak choy is 

the most widely cultivated today. The market demand for 

vegetables in Indonesia, especially pak choy, constantly 

increases. This is reflected in the harvested area of pak choy, 

which continuously increased from 60,871 ha in 2019 to 

71,085 ha in 2022, with production of 652,723 tons to 727,467 

tons [3]. In the same period, the harvesting area of pak choy 

in Lampung Province slightly decreased from 1,329 ha in 

2019 to 1,305 ha in 2021. However, the production increased 

by 11.8% from 9,095 tons in 2019 to 10,180 tons in 2021 [4]. 

In Southeast Asia, including Indonesia, pak choy can be 
well cultivated throughout the year [5], both in the highlands 

and lowlands. It is best cultured in areas with temperatures 18 

– 20 C, although it can tolerate up to 35 C [6]. Good soil for

cultivating mustard plants is characterized by having a loose

texture, rich in humus, fertile, and good drainage. The soil pH

tends to be neutral, which is ideal for the optimum growth of

pak choy [7]. Pak choy can be cultivated in large fields or

narrow areas using pots, polybags, and hydroponic

technology.

One of the obstacles to cultivating vegetables in Lampung 

is infertile, acidic ultisol soil. Some problems encountered in 

this soil are low soil pH (< 5), low organic matter content, 
high exchangeable Al, low level of essential macronutrients, 

some micronutrients in toxic amounts, low soil cation 

exchange capacity (CEC), and sensitivity to erosion [8]. 
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Biochar is a good material for improving the quality of 

infertile soils, such as ultisol, which is widely spread in 

Lampung. Biochar is a previous material rich in organic 

carbon manufactured via the pyrolysis method under 

conditions of no or with minimal oxygen, which avoids 

combustion [9]. Pyrolysis converts biomass into a durable 

form of carbon (C), which can be employed as a soil 

conditioner [10]. Biochar has porous characteristics, a large 

specific surface area, and a remarkable ability to absorb 

nutrients, making it a good place for microorganisms to grow 
and multiply in the soil. Research on the usage of biochar for 

soil improvement has increased dramatically in the last few 

decades [11].  

Materials commonly used to manufacture biochar are 

agricultural or forestry wastes, including wood chips, coconut 

shells, rice husks, cacao pods, oil palm bunches, wood 

residues, corn cobs, and other recycled organic materials. 

Unlike biomass materials, biochar consists of more stable 

carbon that is difficult to decompose [12] and vanishes in a 

very extended time in the soil [13], [14]. Geng (2022) 

revealed that using biochar in acid soils raises soil pH and 
declines exchangeable Al [15].  

The properties of biochar are governed by the method of 

production and the raw materials used [15], such as wood, 

plantation, and animal wastes. As one of the world's third 

largest cacao (Theobroma cacao L.) producers, Indonesia is 

rich in cacao pod husk biomass that can be potentially 

explored as biochar feedstock. Cacao pod husk is the most 

significant part of the cacao fruit, comprising 60-76% of the 

wet pod, implying that every ton of dry cacao bean produces 

around 10-ton pod husk [16], [17], [18], [19]. So far, cacao 

pod husks have not been used optimally, and most of them are 
still handled minimally by only stockpiling in holes [20]. The 

waste becomes a severe problem, which causes significant 

inoculum disease when used as compost for plants [17], while 

the theobromine content is toxic when used as animal feed 

[21]. Better management should be applied to explore the 

economic potential of cacao pod waste [22]. Cacao pods have 

high minerals such as calcium and potassium so that they can 

be used as a source of K in the soil [23]. Consequently, it is 

essential to find a more efficient way of utilizing cacao pod 

husks by converting them into biochar. As far as authors know, 

the interaction of a cacao pod husk biochar and urea addition 

has not been studied extensively for pak choy cultivation. This 
study aims to assess the influences of cacao pod husk biochar 

and urea addition on the growth and yield of pak choy. 

II. MATERIAL AND METHOD  

A. Location and Materials  

This research was carried out in a greenhouse facility of the 

Integrated Field Lab., Faculty of Agriculture, the University 

of Lampung (UNILA). Materials used in this study consisted 

of soil, biochar, and pak choy seeds. Infertile ultisol soil taken 
from the Integrated Field Lab. was collected from the subsoil 

layer after removing the topsoil. The use of low-fertility soil 

aimed to obtain a more real treatment effect. The soil was 

dried naturally for 5-7 days by spreading on the plastic mat 

and then ground and screened using a 5 mm soil sieve. Soil 

characteristics were analyzed at the Laboratory of Soil 

Science, Agricultural Faculty, UNILA. The soil properties 

have been reported in our previous work [24]. The soil used 

in this study had low nutrients (Table I) with N-total of 0.04% 

(very low), P-available of 11.85 ppm (low), exchangeable K 

of 0.09 (very low), C-organic 0.385% (very low), and soil pH 

of 5 (acid). This implied that the soil used as a growing 

medium is infertile. 

TABLE I 

CHARACTERISTICS OF ULTISOL SOIL USED IN THE STUDY [24]   

Parameters Unit Value 

N-Total  % 0.04 
C-Organic  % 0.38 

K-exchangeable  me/100g 0.09 
P-available  ppm 11.85 
pH -- 5 

 

Biochar was made from dried cacao pods from a Central 

Lampung farmer. Cacao pods were pyrolyzed in a closed 

container heated for 1.5 hours. The resulting biochar has an 

ash content of 36.93% and an essential property with a pH of 

9.7. The biochar was pulverized and then screened using a 

sieve of 0.9 mm (20 mesh). Fine biochar was mixed evenly 

with the soil. Pak choy seeds, purchased from the local farm 

kiosk, were seeded by spreading over a mixture of soil and 

compost for two weeks until 2-3 true leaves appeared. Good 
seedlings were selected and transferred into the prepared 

polybags sized 20×20 cm. 

B. Experimental Design 

This study was arranged in a factorial, completely 

randomized design with two factors and three replications. 

The first was biochar with four levels, namely B0 (without 

biochar), B1 (62 g/pot ≈ 2%), B2 (125 g/pot ≈ 4%), and B3 

(187 g/pot ≈ 6%). The second factor was urea dosage with 

four levels, namely U0 (without fertilizer), U1 (0.46 g/pot), 
U2 (0.93 g/pot), and U3 (1,40 g/pot). Urea (46% N) was 

purchased from a local supplier. Pak choy planting was 

carried out in black polybags of 20×20 cm filled with 3000 g 

of prepared growing media.  

C. Observation and Measurement  

The ash content was quantified by burning biochar sample 

in a Muffle Furnace (FB 1410-M33) at 550 C for two h. Ash 

content (AC) was calculated as the following: 

 AC = 100% × (Ash/dry sample) (1) 

The pH (biochar, initial soil, and soil after harvest) was 
measured using a pH meter indicator after the soil or biochar 

was mixed with distilled water. Consumption of irrigation 

water was measured every afternoon by weighing polybags 

containing plants, followed by giving irrigation water to 

return to initial conditions. Crop yield (CY) was measured at 

harvest (age 36 DAP). Water productivity (WP) was 

calculated from (CY) and total water consumption (TWC) as: 

 WP (g/L) = CY/TWC (2) 

Crop growth parameters, including number of leaves, plant 

height, and canopy area, were measured every four days. The 

canopy area was determined using an application, Canopy 
Cover Free, available on smartphones. The pot was equipped 

with a square frame of 60×60 cm2, which was installed at the 

level of the soil surface in the pot. The crop image was 

captured at such a height that the frame hit the edge of the 
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smartphone screen. After the filtering process, the application 

automatically scans the picture, and the canopy area 

according to green leaf color will be displayed in % of the 

frame (Figure 1). 

 

 
Fig. 1  Canopy Cover Free application to measure the canopy area  

D. Data Analysis  

Experiment data was analyzed using ANOVA to observe if 

the treatments were significant. The analysis was performed 

using SAS software version 9.13. If the treatment was 

significant (p<0.05), then the analysis was sustained with the 

LSD (least significant difference) test to see the differences 

among treatments at the level of  = 5%. 

III. RESULTS AND DISCUSSION  

A. Ash Content of Biochar 

Biochar mainly consists of carbon, so the main goal of 
biochar addition is to increase soil organic carbon. It was 

reported that cocoa pod husk biochar increased soil carbon by 

215% for 7 days of incubation, from 1.12 (no treatment) to 

3.53 mg/kg with an amendment rate of 80 g/kg [25]. Another 

essential characteristic of biochar about its function as a soil 

amendment is the ash content. Measurements show that cocoa 

pod husk biochar has a high ash content, reaching 36.93%. 

This is by the study of [26] that reported cacao pod husk 

biochar contains ash of 33.67%. Ash is the remaining part of 

the material from complete combustion. The ash component 

of biomass charcoal contains several minerals such as 
potassium, sodium, calcium, magnesium, etc. Therefore, the 

ash content of biochar is closely related to its pH. The 

measurement results show that the cocoa pod husk biochar is 

very alkaline, with a pH value of 9.70. Cacao pod has a near-

neutral pH of 6.25 [22], but once converted to biochar, it 

becomes highly alkaline due to the high content of alkali 

(potassium) and alkaline earth (calcium) metals. Biochar from 

cacao pod husks pyrolyzed at 350 C contained CaCO3eq 10.1% 

and an acid-neutralizing capacity of 198.1 mmol/kg [25]. The 

high pH value agrees with the findings of other studies where 

the pH of cacao pod husk biochar was reported to be higher 

than 9 [25], [27]. Another study reported cacao pod husks 

pyrolyzed at 450 C have a pH value of 9.1, electrical 

conductivity (EC) of 998 (μS/cm), surface area of 0.18 m2/g, 

moisture of 4.83%, volatile matter of 23.11%, and fixed 

carbon 39.21% [26]. 
Our cocoa pod husk biochar has a relatively high-water 

content (12.41%, wet basis). This high-water content is 

related to the way it turns off the pyrolysis process, which is 

carried out by sprinkling (spraying) water. Biochar has a low 

bulk density, only 0.266 g/cm3. The low bulk density causes 

biochar to have a strong tendency to float in the soil when 

watered.  

B. Soil pH 

Measurement of soil pH after harvest (Table II) showed a 
significant rise (p = 0.000) in soil alkalinity, especially in the 

treatment with the highest dose of biochar, namely 125 g/pot 

(B2) and 187 g/pot (B3). On the other hand, the dose of urea 

was not statistically significant in terms of soil pH. The dose 

of urea fertilizer was not statistically significant (p = 0.102) 

on the soil pH. Urea is a chemical fertilizer extensively used 

as a worthy source of nitrogen. With a chemical formula of 

CO(NH2)2, urea is a very slightly base fertilizer. In the soil, 

urea reacts to form bicarbonate and ammonium-N with a total 

effect that is just slightly acidifying. The continuous use of 

urea in the long term will result in the impact of soil 
acidification [28]. Recently, urea fertilizer application was 

reported to decrease soil pH in paddy fields [29]. The minor 

effect of urea on the soil pH in our study can result from the 

fact that the dose (0.49–1.40 g in 3000 g media) is 

substantially low as compared to the growing media 

(equivalent to 0.016–0.047%) and furthermore within the 

very short application. 

The ultisol soil utilized in this trial was acidic and had a 

low pH of 5 (Table I). Meanwhile, cacao pod biochar had a 

pH of 9.7 (essential). Therefore, supplementing the biochar to 

ultisol soil (low pH) is the right step to increase soil pH value 

to neutral conditions. Vegetable crops like pak choy grow 
optimally with a soil pH of around 6.5 [30]. Measurement of 

soil pH after harvest (Table II) showed a significant increase 

in soil alkalinity, especially in the treatment with the high 

biochar dose (B3).   

TABLE II 

EFFECT OF CACAO POD BIOCHAR AND UREA ON THE FINAL SOIL PH 

Urea 
Biochar 

B0 B1 B2 B3 Average 

U0 5.67 7.00 8.00 8.67 7.33 
U1 6.33 6.33 9.33 10.33 8.08 
U2 7.67 6.00 8.33 8.67 7.67 
U3 5.67 6.67 8.00 8.33 7.17 

Average 6.33B 6.5B 8.4A 9A  

Notes: Same letters mean no significant difference at  = 5% of LSD test  

 

The increase in soil pH due to the addition of cacao pod 

husk biochar is in line with other studies. Addition of cacao 

pod husk biochar pyrolyzed at 350 C increased soil pH by 
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0.68, 1.27, 2.32 units respectively at doses of 20, 40, and 80 

g/kg [25].  

C. Plant Height  

The application of biochar and urea fertilizer affects the 

development of pak choy plants. Figure 2 shows that the 

biochar implementation at 62 g/pot (B1) resulted in the best 

growth compared to other treatments. The results from 
ANOVA showed that the dose of cacao pod biochar affected 

significantly (p = 0.000) the plant height of pak choy at 8 DAP 

to 36 DAP. Cacao shell biochar utilization as soil amendment 

was reported to increase cayenne pepper grown in acid upland 

soil [31]. Application of other biochar as a soil amendment 

has been reported to positively improve yield in several crops, 

such as cauliflower [32], tomato [33], maize, okra and cassava 

[34], cowpea [35], cotton [36], lettuce [37], red chili [38], and 

corn [39]. Urea fertilizer dosage significantly affected (p < 

0.05) on 28 DAP to 36 DAP. Meanwhile, the interaction of 

biochar dose and urea dose was not statistically different from 

the height of pak choy. 
 

 
Fig. 2  Influence of biochar and urea dose on the plant height of pak choy up to 36 DAP. (Descriptions of B0 – B3 and U0 – U3 are in the Research Method) 

 

Table III shows that treatment B1 (biochar 62 g/pot) 

resulted in an average plant height of 22.88 cm and was 

statistically higher than those of other doses (B2, B3, and B0). 

Increasing the dose of biochar to 125 g/pot (B2), however, 
resulted in a decrease in plant height (18.41 cm), and at a 

biochar dose of 187 g/pot (B3) resulted in the lowest plant 

growth (14.58 cm), which was lower than that of without 

biochar (16.23 cm) even though statistically are not different. 

This correlates to the increase in soil alkalinity caused by 

applying biochar, where the soil pH reached nine at high 

biochar doses, as shown in Table 2. The influence of biochar 

depends on the dose [40], and therefore, biochar must be 

applied in a correct dose to have an optimum effect on plant 

growth. This is by [41] where biochar application at 1% to 2% 

improves plant growth and suppresses Fusarium wilt, but at 

3% increases disease in tomatoes. The negative effect of 

biochar at high doses can be attributed to the increase of soil 

pH, as mentioned. Based on these results, adding cacao pod 

biochar at a dose of 62 g/pot (2%) is recommended. 
Table III also shows that urea fertilizer dose significantly 

(p = 0.02) increased plant height. At a dose of U1 (0.46 g/pot), 

the height of pak choy plants still did not show a significant 

increase compared to the treatment without urea fertilizer. A 

urea dose of U2 (0.93 g/pot) resulted in the highest plant 

height. This implies urea can meet the nutritional needs 

required during plant vegetative growth. This is to the 

findings of another study that applied 352 g N per plant, which 

resulted in the highest yield compared to higher N-dose 

treatments [42]. However, increasing the urea dose to 1.40 
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g/pot tends to decrease plant height, although it is not 

statistically different from a urea dose of 0.93 g/pot.  

TABLE III 

EFFECT OF BIOCHAR AND UREA ON PLANT HEIGHT (CM) AT 36 DAP 

Urea 
Biochar 

B0 B1 B2 B3 Average 

U0 13.90 17.77 17.93 15.23 16.21c 
U1 16.43 22.77 15.67 14.27 17.28bc 
U2 18.20 25.00 19.40 15.83 19.61a 
U3 16.40 26.00 20.63 13.00 19.01ab 

Average 16.23C 22.88A 18.41B 14.58C  
Notes: Same letters mean no significant difference at  = 5% of the LSD test. 

Capital letters for rows (biochar) and lowercase for columns (urea dose). 

D. Number of Leaves 

The leaf development of pak choy is shown in Figure 3. We 

can see that applying biochar and urea fertilizer affects the 

development of pak choy leaves. Adding biochar at a dose of 
62 g/pot (B2) resulted in the best growth compared to other 

doses. The number of leaves is closely related to the plant 

growth. Plants that experience instability in their development 

will produce fewer leaves than typical plants. Biochar and 

urea fertilizer should be applied in combination. The addition 

of urea without biochar did not make maximum effect. The 

application of biochar without urea fertilizer also resulted in 

suboptimal growth. 

 
Fig. 3  Effect of biochar and urea fertilizer on the development of the number of leaves of pak choy up to 36 DAP. (Descriptions of B0 – B3 and U0 – U3 are in 

the Research Method) 

 

Table IV shows the effect of treatment on the number of 
leaves of pak choy plants at 36 DAP. The application of cacao 

pod husk biochar with a dose of 62 g/pot (B1) provided the 

best growth of plants with the number of leaves significantly 

highest (p = 0.000) with an average of 20.17. Meanwhile, in 

treatment B3 (187 g/pot), the growth was stunted from the 

beginning of planting to harvesting, reflected by the lowest 

number of leaves. 

TABLE IV 

EFFECT OF BIOCHAR AND UREA ON NUMBER OF LEAVES AT 36 DAP 

Urea 
Biochar 

B0 B1 B2 B3 Average 

U0 11.33 15.67 13.33 9.33 12.42 
U1 12.67 22.33 14.33 10.00 14.83 
U2 13.33 21.00 15.33 10.67 15.08 
U3 11.67 21.67 17.33 8.00 14.67 

Average 12.25C 20.17A 15.08B 9.50D   
Notes: Same letters mean no significant difference at  = 5% of the LSD test.  

E. Canopy Area 

The canopy area closely relates to plant growth and crop 

yields. The low canopy area indicates that the plant is 

experiencing disturbances, disrupting its growth. This is 

because the canopy area determines the photosynthesis 

intensity, ultimately determining the growth rate and yield of 

plants [43]. A good canopy area reflects optimal plant growth. 

Figure 4 shows the development of the canopy area of the pak 

choy plant up to 36 DAP. The development of the canopy area 
at 0–12 DAP is still the same for all treatment combinations. 

Significant differences started at 20–36 DAP. Based on the 

development of the canopy area, the B1 treatment revealed 

the best growth. In contrast, the B3 treatment (187 g/pot) 

produced stunting crops from the beginning of planting to 

harvesting so that the resulting canopy area was much smaller 

than the other treatments, even with the plants from untreated 

soil media. 
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Fig. 4   Effect of biochar and urea fertilizer on the development of the canopy area of pak choy up to 36 DAP. (Descriptions of B0 – B3 and U0 – U3 are in the 

Research Method). 

 

The ANOVA results indicated that the interaction of 

biochar dose and urea dose significantly affected (p = 0.014) 

the canopy area of the pak choy plant (Table V). Without the 

application of Urea (U0), adding biochar (especially at low 

doses) could increase the canopy area, but it was not 

statistically significant. Likewise, in the treatment without 

biochar (B0), the application of urea fertilizer alone could not 

significantly increase the canopy area. Table V shows that the 

addition of biochar at 62 g/pot in combination with urea at a 

dose of 0.93 g/pot (B1U2) or 1.40 g/pot (B1U3 produced pak 

choy plants with the uppermost canopy area. This confirms 
that adding biochar with the correct dose will affect the 

effectiveness of urea in increasing the canopy cover area and, 

ultimately, plant growth. 

TABLE V 

EFFECT OF BIOCHAR AND UREA ON CANOPY AREA (CM2) AT 36 DAP 

Urea 
Biochar 

B0 B1 B2 B3 

U0 150.00de 373.20cd 272.40cde 124.80de 
U1 218.40de 825.60b 346.80cd 142.80de 
U2 309.60cde 1015.20ab 501.60c 174.00de 
U3 200.40de 1130.40a 482.40c 78.00e 

Notes: Same letters mean no significant difference at  = 5% of the LSD test. 

F. Pak Choy Yield 

Pak choy plant is a green vegetable so the fresh weight of 

the plant's top portion (shoot) is used as a parameter of fresh 

yield. The previously discussed pak choy growth parameters 

(plant height, number of leaves, and canopy area) show 

extensive data from stunted to normal plant conditions. This 

is also reflected in the production of pak choy resulting from 

this research. Figure 5 shows an example of pak choy 

resulting from the highest urea dose (1.4 g/pot). An excessive 

dose of biochar (187 g/pot) resulted in stunted plants despite 

being given a high fertilizer. 

 

 

 

 

 
Fig. 5  Pak choy plants produced from treatment with a dose of urea fertilizer 

of 1.4 g/pot (U3) at various doses of biochar (B0 = 0; B1 = 62 g/pot; B2 = 

125 g/pot; B3 = 187 g/pot). 
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TABLE VI 

EFFECT OF BIOCHAR AND UREA ON PAK CHOY FRESH YIELD (G/PLANT)  

Urea 
Biochar 

B0 B1 B2 B3 

U0 8.96de 28.30cd 20.18cde 3.04e 
U1 15.36de 87.57b 23.36cde 9.61de 
U2 21.67cde 94.76ab 38.20c 12.94de 
U3 11.44de 111.83a 42.26c 3.55e 

Notes: Same letters mean no significant difference at  = 5% of the LSD test.   
 

A study by [44] reported a similar finding that the positive 

effect of biochar on pak choy crop yields occurred at specific 

doses (10-30%). Further addition of biochar significantly 
reduced the yield of pak choy plants.  Table VI shows the 

effect of adding cacao pod biochar and urea fertilizer on the 

production of pak choy plants. The interaction between 

biochar and urea fertilizer has a significant impact (p = 0.001) 

on the yield of pak choy. Without biochar (B0), the 

application of urea fertilizer increased the fresh weight of pak 

choy plants, but statistically, it was not significant. The 

positive effect of cocoa pod husk biochar was recently 

reported on the growth and yield of okra. Treatment of low-

dose biochar (5 t/ha) and NPK 60 kg/ha resulted in the highest 

plant height, number of leaves, and yield of okra [45]. 

Similarly, without urea, the addition of biochar failed to 
increase the yield of pak choy significantly. Even at a dose of 

187 g/pot, it caused the plants to become underdeveloped with 

considerably lower yields than the control. The dosage of 

biochar applied in this research was based on [46] where for 

acid-dry land in Lampung, the application of biochar at a dose 

of 5-10 tons/ha gives stable results up to three consecutive 

growing seasons without the addition of biochar in the second 

and third growing seasons. The dose also referred to the work 

of [47], who used biochar of 2% (low), 5% (medium), and  

10% (high). 

Our results reinforce the previous statement that adding 
biochar must be combined with urea fertilizer in the right 

amount. In general, the fresh product of pak choy in this study 

was not optimal, with the highest yield of 111.83 g/pot 

obtained from the B1U2 treatment. Assuming a spacing of 

20cm x 25cm, the best results in this study could reach 22.37 

t/ha. This result is higher than that reported by [24], where the 

pak choy with corncob biochar achieved the best yield of 35.6 

g/plant, and that was of [48] with a yield of around 70 g/m2 at 

plant spacing of 40cm x 40 cm. However, these results are still 

far from those reported by [49], where the fresh weight of pak 

choy reached 246.84 g/plant. 

The low yield of pak choy in our research can be a result of 
infertile growing media (ultisol soil). Ultisol is an acid soil 

that has undergone heavy leaching, so it has a low fertility 

level. Typical constraints on Ultisol soils are low pH, low N 

and P elements, lack of Ca, Mg, K, and Mo elements, excess 

Mn and Fe content, and high Al solubility, which become the 

main obstacles for plant growth. [8]In our case, the situation 

became worse due to the excessive addition of cacao pod 

biochar, which boosted the soil pH beyond the limit that is not 

in accordance with plant needs, resulting in stunted plants, as 

happened in the combination of B3 treatment with various 

doses of urea fertilizer application (U0, U1, U2, and U3). 
 

 

G. Water Consumption and Water Productivity 

Water consumption in plants is closely related to plants' 

water needs, namely for the process of plant photosynthesis. 

Plants with an excellent vegetative growth period will need a 
lot of water to help the growth process. Whereas stunted 

plants only need a little water to grow. This study used water 

supply (irrigation) to replace water lost through evaporation 

and transpiration of pak choy plants. Therefore, there is a 

reciprocal relationship between water consumption and plant 

growth. Sufficient water is needed to ensure good plant 

growth. On the other hand, good plants will also evaporate 

more water. 

The results from the variance analysis showed that the 

interaction of biochar cacao pod and urea fertilizer application 

had a significant effect on the total water consumption of pak 
choy plants (Table VII). Pak choy plants showed the highest 

water consumption under the biochar treatment with doses of 

125 g/pot and urea application of 1.4 g/pot. Based on the LSD 

test, the interaction of the two factors showed that the B1U1, 

B1U3, and B2U3 treatments consumed the highest irrigation 

water and were significantly different (p = 0.014) from other 

treatments. This implies that giving biochar and urea fertilizer 

with the correct dose will determine the optimal conditions for 

plant growth. Cocoa pod husk biochar application in 

excessive doses can cause detrimental effects on plants and 

soil. The soil becomes highly alkaline, so plant roots will find 

it difficult to absorb water and their growth will be stunted.  
Analysis of variance showed that both the application of 

cacao pod biochar and urea fertilizer and their interaction had 

a significant effect (p = 0.000) on the water productivity of 

the pak choy. From Table VIII, we can see that fertilizer has 

increased water productivity by 113.5% from 7.41 g/L 

(without fertilizer) to 15.82 g/L at a dose of U2 fertilizer (0.93 

g/pot). Applying biochar gave a more significant effect in 

increasing the water productivity of pak choy plants, namely 

272.6% at a dose of B1 (62 g/pot).  This reveals that the role 

of biochar in increasing water productivity is more dominant 

than the role of urea fertilizer. 

 TABLE VII 

EFFECT OF BIOCHAR AND UREA ON IRRIGATION WATER CONSUMPTION (ML) 

Urea 
Biochar 

B0 B1 B2 B3 

U0 513.67cd 523.33cd 512cd 906bcd 
U1 525cd 1317ab 585cd 331.33d 
U2 528.67bcd 1061.67bcd 707bcd 472cd 

U3 511cd 1123.33abc 1449a 406.33cd 
Notes: Same letters mean no significant difference at  = 5% of the LSD test. 

TABLE VII 

EFFECT OF BIOCHAR AND UREA ON WATER PRODUCTIVITY (G/L) 

Urea 
Biochar 

B0 B1 B2 B3 Average 

U0 4.49 14.07 9.82 1.25 7.41b 
U1 8.32 25.83 10.08 6.14 12.59a 
U2 10.29 32.02 15.01 5.97 15.82a 
U3 5.93 36.29 13.88 1.99 14.52a 

Average 7.26C 27.05A 12.20B 3.84C   
Notes: Same letters mean no significant difference at  = 5% of the LSD test. 
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IV. CONCLUSIONS 

The addition of biochar and urea showed a significant 

effect on the growth and yield of pak choy. The interaction of 

biochar and urea dose showed substantial differences in the 

parameters of plant height, crop fresh yield, and water 

consumption. The effects of single-factor biochar dose are 
significant for final soil pH, plant height, and a number of 

leaves. Meanwhile, the single factor of urea addition showed 

substantial differences in plant height and water productivity. 

Based on the plant's vegetative growth and pak choy yield, the 

best interaction is cacao pod biochar of 62 g/pot with urea 

fertilizer of 1.40 g/pot. Within this condition, the pak choy 

produces 111.83 g/plant of fresh vegetables. 
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