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ABSTRACT 31 

The objective of this study was to determine the effect of organic fertilizer application and 32 

biochar plus low-dose synthetic fertilizer application on physiological characteristics and 33 

purple sweet potato yield. A factorial Randomized Block Design consisted of two factors: 34 

biochar plus a dose of 8 t/ha, viz. biochar, biochar+liquid organic fertilizer (LOF), 35 

biochar+azolla, and organic fertilizers with a dose of 15 t/ha, viz., no organic fertilizer, goat 36 

organic fertilizer, and cow organic fertilizer. Synthetic fertilizer of N, P, and K was applied at 37 

a low dose of 50% of the recommendation. The physiological variables observed were stomata 38 

density and stomatal opening width, leaf chlorophyll content, and total soluble solids (°Brix). 39 

Yield components were observed on tuber diameter and length, tuber weight per plant, and 40 

harvest index. Stomatal density, stomatal opening width, and total soluble solids were not 41 

improved due to the application of biochar and organic fertilizer. In general, the application of 42 

organic fertilizer in combination with biochar, could increase chlorophyll contents in leaves. 43 

However, the application of organic fertilizer or the enrichment of biochar with LOF and azolla 44 

failed to increase sweet potato yields. This result indicates that local cultivar of purple sweet 45 

potato has low response to organic fertilization and biochar application under reduced synthetic 46 

fertilizers. 47 

 48 

Keywords: Azolla; biochar; liquid organic fertilizer; organic fertilizer; sweet potato 49 
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INTRODUCTION 52 

Sweet potatoes are an important food crop that contributes to the growth of the agricultural 53 

industry. Sweet potatoes can be preserved for longer periods and are more effective when 54 

processed into semi-finished products such as flour and starch (Hasmadi et al., 2021). Sweet 55 

potatoes are available in various varieties in Indonesia and contain fiber, antioxidants, minerals, 56 

and vitamins that can be used as food, medicine, and cosmetics (Kurnianingsih et al., 2021). 57 

Sweet potato production in Indonesia currently exhibits an unstable pattern, both in terms of 58 

planted area and harvest yield (Karuniawan et al, 2021). This situation has the potential to 59 

hinder the sustainability of supply and the development of downstream processing. Therefore, 60 

strategies to increase productivity are needed through the application of cultivation technology, 61 

the provision of superior varieties, and policy support that can ensure the sustainability of purple 62 

sweet potato production in various regions. 63 

The long-term and continuous use of synthetic fertilizers and pesticides during fertilization 64 

and in controlling plant pests has been proven to cause serious problems such as water pollution, 65 

soil pollution, decreased soil fertility, and the development of biological elements (Bai et al., 66 

2020; Beaumelle, 2023). Therefore, efforts to maintain crop production include the use of 67 

organic materials. According to Aytenew & Bore (2020), organic fertilizers are beneficial in 68 

improving soil aeration, nutrient retention, water-holding capacity, soil buffering capacity, and 69 

serving as an energy source for soil microbes. Organic fertilizers can improve soil structure and 70 

increase the availability of essential macro- and micronutrients for plants (Fan et al., 2023). 71 

The application of organic fertilizers derived from cattle and goat manure offers significant 72 

advantages for sweet potato (Ipomoea batatas L.) growth and yield because these amendments 73 

provide essential nutrients, improve soil structure, enhance water-holding capacity, and 74 

stimulate microbial activity. Cattle manure contributes to increased soil organic matter and 75 

nutrient availability, leading to higher tuber production and improved nutrient uptake, while 76 
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goat manure is characterized by relatively rapid mineralization and has been reported to 77 

enhance agronomic traits and yield components of sweet potato. Long-term organic fertilization 78 

also promotes potassium accumulation in soil aggregates, thereby increasing potassium uptake 79 

and yield stability in sweet potato. Consequently, the utilization of cattle and goat manure 80 

represents an environmentally friendly and sustainable strategy for improving sweet potato 81 

productivity while maintaining soil fertility (Oliveira et al., 2010; Caruana & Cagasan, 2020; 82 

Yuan et al., 2023). 83 

Another organic material that can be utilized in crop cultivation systems is biochar. Biochar 84 

improves root morphology, such as root biomass, volume, length, and diameter, which in turn 85 

enhances nutrient uptake, shoot growth, and yield in maize (Gaurav et al., 2025). Another study 86 

also revealed that biochar enhances soil nutrient retention and water-holding capacity, improves 87 

soil structure (aeration and root penetration), and leads to significantly higher tomato yield 88 

(Olasekan et al., 2025). 89 

Biochar can eliminate soil pollution chemically and physically (Qiu et al., 2022), and the 90 

combination of organic fertilizer and biochar can create a synergy that enhances the benefits of 91 

each treatment, such as increasing nutrient availability and soil microbial health, thus 92 

supporting long-term soil fertility and nutrient utilization efficiency by plants (Ali et al., 2025). 93 

Biochar has the potential to improve agricultural physiology and yield (Naz et al., 2025). 94 

Several approaches to biochar's role include nutrient addition, the development of systemic 95 

insect resistance, and reduced aluminum (Al) toxicity caused by biochar's high pH (Deng et al., 96 

2025).  97 

Despite numerous studies reporting the beneficial effects of organic fertilizers, biochar, 98 

and plant-based amendments on sweet potato production, limited information is available 99 

regarding the integrated use of cow manure- and goat manure-based organic fertilizers in 100 

combination with biochar, as well as the synergistic effects of biochar enriched with liquid 101 
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organic fertilizer and Azolla on the growth, physiological characteristics, and yield of purple 102 

sweet potato (Ipomoea batatas L.). Previous studies have generally focused on the individual 103 

application of these amendments, whereas their combined effects on physiological and yield 104 

characteristics have not been comprehensively evaluated. Therefore, the novelty of this study 105 

lies in the comparative assessment of different organic nutrient management strategies 106 

involving animal manure-derived fertilizers, biochar, and biochar supplemented with liquid 107 

organic fertilizer and Azolla, with particular emphasis on their influence on physiological traits 108 

and tuber yield of purple sweet potato. This approach is expected to provide a more sustainable 109 

and environmentally friendly nutrient management alternative for enhancing purple sweet 110 

potato productivity. The objective of this study was to determine the effect of the application 111 

of organic fertilizer and biochar plus with low-dose synthetic fertilizer on the physiological 112 

characteristics and yield of purple sweet potatoes. 113 

 114 

MATERIALS AND METHODS 115 

The study was conducted in Bobosan Village, North Purwokerto District, Banyumas 116 

Regency, Central Java, Indonesia, with coordinates of Latitude -7.40809° S and Longitude 117 

109.22214° E. The research period was carried out from April 2025 to August 2025. 118 

A Factorial experiment in a Randomized Complete Block Design was applied, consists of 119 

two factors viz. the first factor of biochar-based amendment treatment consisting of Biochar at 120 

a dose of 8 t/ha (128 g/polybag), Biochar (128 g) + Liquid Organic Fertilizer (192 ml), and 121 

Biochar (128 g) + Azolla (12.8 g); and the second factor of organic fertilizer treatment at a dose 122 

of 15 t/ha (240 g/polybag) consisting of no organic fertilizer, goat organic fertilizer, and cow 123 

organic fertilizer were tested. All treatments were combined, resulting in nine combinations and 124 

each replicated three times. Each combination treatment consisted of four experimental units 125 

as subsamples in a total of 108 polybags. Four units in each treatment were averaged to obtain 126 
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a single data point. Therefore, each replication (block) had nine data points. A polybag of 40 127 

cm x 50 cm was used and filled with dry soil weighing 17 kg.  128 

Organic fertilizer of goat and cow manure was made using a standard fermentation method 129 

by adding bio-fermenter liquid and sugar. The mixed bio-fermenter and sugar solution was then 130 

poured onto the livestock waste and fermented for one month.  131 

Biochar was made from corn cobs using pyrolysis method of open pit. The substrate was 132 

put into an open pit in the ground and started with a small fire at the bottom, then gradually 133 

added by corn cobs layer by layer. Oxygen was restricted by the walls of the pit and by covering 134 

the pit with green leaves and soil. This process took about 4 hours to complete, resulting in 135 

black charcoal. Biochar was then ground and filtered through a 2 mm sieve. Liquid Organic 136 

Fertilizer was made from banana stems, which were then chopped into small pieces. The 137 

chopped banana stems were then mixed with rice washing water and sugar, and then stored in 138 

a closed bucket for one month. Fresh Azolla was dried until its moisture content was a 139 

maximum of 15%, after which it was finely ground and filtered through a 2 mm sieve. 140 

Biochar+liquid organic fertilizer (LOF) was made by dissolving biochar in a bucket 141 

containing LOF until evenly distributed. The media was mixed between biochar and LOF with 142 

a ratio of 1:1.5 (128 g biochar + 192 ml LOF per polybag), then dried to a maximum water 143 

content of 15%. For biochar+azolla, biochar and filtered dry azolla were mixed with a ratio of 144 

10:1 (128 g biochar + 12.8 g azolla per polybag). The soil media used in polybags was 17 kg, 145 

with the application of 240 g each of organic cow or goat fertilizer and 128 g of biochar, biochar 146 

+ 192 ml of LOF, and biochar + 12.8 g of azolla.  147 

Prior to the experiment, the soil, organic fertilizer, and biochar were analyzed to determine 148 

their chemical characteristics. The measured characteristics included pH (electrometric 149 

method), organic C (spectrophotometric method), total N content (Kjeldahl method), P₂O₅ 150 
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(spectrophotometric method), K₂O and CEC (AAS method), and moisture content (gravimetric 151 

method). 152 

The treatments of biochar and organic fertilizer were applied at 7 days before planting by 153 

mixing them with soil, then put into polybag and added water to reach field capacity condition. 154 

Planting material was prepared from 25 cm length stem of a local cultivar of purple sweet potato 155 

regularly cultivated by farmers in Banyumas Regency. One single stem was planted into 156 

polybag after 7 days incubated. Crop management applied were fertilization, installing stakes, 157 

watering, weeding and pest control. Harvesting was carried out at 90 days after planting by 158 

cutting the sweet potato vines and subsequently digging the tubers out of the soil. 159 

Fertilization was carried out in two stages, 14 days after planting and 30 days after planting. 160 

At a 50% fertilizer dose recommendation of 46 kg N/ha, 27 kg/ha P2O5, and 25 kg/ha K2O was 161 

applied. Based on the dose and number of populations per hectare (62,500 plants resulted from 162 

40 x 40 cm planting space), the equivalent dose applied to the soil in each polybag (17 kg of 163 

dry soil) was 0.75 g of N, 0.45 g of P2O5, and 0.4 g of K2O. 164 

The physiological variables observed included stomatal density and total stomatal number, 165 

which were determined from epidermal imprints and quantified under a light microscope 166 

following image analysis procedures commonly employed for stomatal characterization (Hill 167 

et al., 2021; Li et al., 2026). Using the nail polish approach, stomatal features were examined 168 

by putting nail polish to the leaf surface to create an imprint, waiting for the polish to dry, 169 

carefully removing the polish, looking at the leaf imprint using a light microscope, and taking 170 

and analyzing pictures (Pathoumthong et al., 2023). Each treatment in each block is represented 171 

by one sample plant. The leaf used is the second leaf from the flag leaf. 172 

Referring to Lichtenthaler and Buschmann (2001) Chlorophyll content was measured using 173 

a spectrophotometer with acetone extraction. The levels of chlorophyll a and chlorophyll b can 174 

be calculated with the following equations: 175 
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Chl.a (µ g/ml) = 11.24 A661.6 – 2.04 A644.8  176 

Chl.b (µ g/ml) = 20.13 A644.8 – 3.96 A661.6 177 

Total soluble solids (°Brix) in storage roots were determined using a digital refractometer and 178 

expressed as °Brix, which represents soluble sugar accumulation and quality attributes (Jaywant 179 

et al., 2022). All physiological observations were conducted when the plants reached the early 180 

flowering stage. 181 

Yield components included tuber diameter and tuber length, which were measured using a 182 

vernier caliper, while tuber weight per plant was determined using a digital balance immediately 183 

after harvest. Harvest index (HI) was calculated as the ratio between storage root fresh weight 184 

and total plant biomass, providing an estimate of assimilate partitioning efficiency to economic 185 

yield (Amao et al., 2018). 186 

The observed data were statistically analyzed using the analysis of variance test with a 187 

p≤0.05 level to determine the effect of the treatments. If the analysis results showed a significant 188 

effect, the analysis was continued with Duncan's Multiple Range Test (DMRT) at a p≤0.05 189 

level. The software used for statistical analysis was DSAASTAT ver. 1.514. 190 

 191 

RESULTS  192 

Chemical properties of soil, manure, biochar, and biochar plus 193 

The soil used in the pot trial has pH 6.4, 20.19 me/100g CEC, 2.39% organic C, 0.40% 194 

Nitrogen, 1.75% P2O5, 0.20% K2O, and 19.05% water content. Organic fertilizer of goat manure 195 

was characterized as pH 8.22, 19.88% Carbon, 1.27% Nitrogen, 16.06 C/N ratio, 2.08 P2O5, 196 

0.95% K2O, and 30.83% water content, while cow manure as pH 8.25, 19.33% Carbon, 1.31% 197 

Nitrogen, 15.08% C/N ratio, 2.42% P2O5, 1.17% K2O, and 30.35% water content. This chemical 198 

properties have meet the national standard of solid organic fertilizer in Indonesia except water 199 

content that over minimum standard (8-25%)  200 
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Chemical analysis for biochar has showed that pure biochar consisted of 6.67% organic C, 201 

0.91% Nitrogen, 6.69% P2O5, 10.12% K2O, pH 9.7, and 11.22% water. Biochar plus LOF 202 

consisted of 11.78% organic C, 1.04% Nitrogen, 4.78% P2O5, 6.34% K2O, pH 9.1, and 40.57% 203 

water. Biochar plus azolla consisted of 8.46% organic C, 0.98% Nitrogen, 8.62% P2O5, 21.81% 204 

K2O, pH 9.5, and 28.75% water. 205 

 206 

Physiological characteristics of purple sweet potato plants with liquid organic fertilizer 207 

and biochar plus application 208 

Stomata density (number of stomata/mm²) and stomata opening width (μm) 209 

 Table 1 shows that the application of organic fertilizers and biochar had no significant 210 

effect on stomatal characteristics. Stomatal density remained statistically similar among plants 211 

receiving no organic fertilizer, goat manure organic fertilizer, and cow manure organic 212 

fertilizer, with values ranging from 170.51 to 198.46 mm². Likewise, the application of biochar 213 

alone, biochar combined with liquid organic fertilizer (LOF), and biochar combined with azolla 214 

did not significantly alter stomatal density, which varied between 167.71 and 194.27 mm². A 215 

similar trend was observed for stomatal width.  216 

 Neither the different sources of organic fertilizer nor the various biochar treatments 217 

caused significant differences in stomatal aperture, with values ranging from 12.22 to 14.17 μm 218 

for organic fertilizer treatments and from 12.72 to 14.03 μm for biochar treatments. These 219 

findings suggest that stomatal density and stomatal opening were relatively stable and were not 220 

markedly influenced by the application of organic fertilizers or biochar under the conditions of 221 

the present study.  222 

 223 

  224 
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Total soluble solids (oBrix) 225 

 The results revealed that all treatments had no significant effect on the total soluble 226 

solids (TSS) or sweetness level (°Brix) of the harvested products. Applications without organic 227 

fertilizer, as well as those receiving goat and cow organic fertilizers, produced statistically 228 

similar TSS values ranging from 10.49 to 11.05 °Brix. Likewise, the application of biochar 229 

alone, biochar combined with liquid organic fertilizer (LOF), and biochar combined with azolla 230 

resulted in no significant differences, with TSS values varying from 10.55 to 10.98 °Brix (Table 231 

1).  232 

 These findings indicate that the different sources of organic fertilizer and biochar 233 

amendments did not markedly influence sugar accumulation, suggesting that the sweetness 234 

characteristics of the crop remained relatively stable across all treatments under the conditions 235 

of the present study. 236 

 237 

Leaf chlorophyll a content (mg/kg) 238 

The application of organic fertilizer and biochar showed a significant difference in leaf 239 

chlorophyll content. The high chlorophyll a content resulted from the application of biochar 240 

plus azolla, goat organic fertilizer, and biochar, and cow organic fertilizer, along with all 241 

treatments of biochar and biochar plus. Thus, the lower chlorophyll content resulted from goat 242 

organic fertilizer and biochar plus azolla, with an insignificant difference from other treatments, 243 

except for applications of goat organic fertilizer and biochar and cow organic fertilizer and 244 

biochar plus LOF (Table 2).  245 

The results demonstrated that the application of organic fertilizer and biochar 246 

significantly affected leaf chlorophyll content. In general, treatments involving biochar, either 247 

applied alone or in combination with organic amendments, tended to enhance chlorophyll 248 

concentration. Higher chlorophyll content was observed in plants treated with biochar 249 
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combined with azolla, goat manure organic fertilizer plus biochar, cow manure organic fertilizer 250 

plus biochar, as well as all treatments containing biochar and biochar plus.  251 

In contrast, relatively lower chlorophyll a content was recorded in plants receiving goat 252 

manure organic fertilizer and biochar plus azolla, although the values were not significantly 253 

different from most other treatments, except for goat manure organic fertilizer plus biochar and 254 

cow manure organic fertilizer combined with biochar plus liquid organic fertilizer (LOF). The 255 

overall findings suggest that the interaction between biochar and different organic fertilizer 256 

sources plays an important role in determining chlorophyll accumulation in leaves. 257 

 258 

Leaf chlorophyll b content (mg/kg) 259 

The results showed in Table 2 that chlorophyll b content tended to vary among 260 

treatments, although several treatments were statistically comparable. The highest chlorophyll 261 

b concentrations (>480 mg kg⁻¹) were observed in plants receiving cow organic fertilizer 262 

combined with biochar plus liquid organic fertilizer (LOF), which did not differ significantly 263 

from the treatments of biochar plus LOF, goat organic fertilizer combined with biochar, and 264 

cow organic fertilizer combined with biochar.  265 

In contrast, relatively lower chlorophyll b contents (<470 mg kg⁻¹) were recorded in 266 

plants treated with biochar without organic fertilizer, and these values were not significantly 267 

different from those obtained with biochar plus azolla, goat organic fertilizer combined with 268 

biochar plus LOF, or biochar plus azolla, and cow organic fertilizer combined with biochar plus 269 

azolla. Overall, the findings suggest that the combination of organic fertilizers with biochar, 270 

particularly when supplemented with LOF, tended to promote greater chlorophyll b 271 

accumulation, whereas biochar applied alone or in combination with azolla generally resulted 272 

in comparatively lower chlorophyll b content. 273 

 274 
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Total leaf chlorophyll content (mg/Kg) 275 

The total chlorophyll content varied among the different treatment combinations. Plants 276 

treated with cow organic fertilizer combined with biochar plus liquid organic fertilizer (LOF), 277 

as well as those receiving goat organic fertilizer combined with biochar, exhibited the highest 278 

total chlorophyll content, exceeding 2000 mg kg⁻¹. In contrast, all other treatment combinations 279 

produced total chlorophyll contents below 2000 mg kg⁻¹, indicating comparatively lower 280 

chlorophyll accumulation. 281 

The interaction between organic fertilizer sources and biochar plays an important role 282 

in enhancing chlorophyll synthesis. In particular, the combination of cow organic fertilizer with 283 

biochar plus LOF and the combination of goat organic fertilizer with biochar provided the most 284 

favorable conditions for chlorophyll accumulation, resulting in superior total chlorophyll 285 

content compared with the other treatments.  286 

 287 

Yield characteristics of purple sweet potato plants with organic fertilizer and biochar plus 288 

applications 289 

Number of tuber (units) 290 

 The number of tubers was not significantly affected by the application of organic fertilizer 291 

or biochar treatments, although numerical variations were observed among the treatments 292 

(Table 3). Under organic fertilizer application, the number of tubers ranged from 2.97 to 3.03 293 

tubers per plant, while values under biochar treatments varied from 2.66 to 3.51 tubers per plant. 294 

Despite the relatively higher number of tubers recorded with biochar plus liquid organic 295 

fertilizer (LOF), the differences among treatments were statistically insignificant, indicating 296 

that the treatments had a comparable effect on tuber formation. 297 

 298 

  299 
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Tuber weight per plant (g) 300 

Tuber weight per plant also showed no significant differences among the treatments, 301 

even though the recorded values varied considerably. Organic fertilizer treatments produced 302 

tuber weights ranging from 491.94 to 540.14 g plant⁻¹, whereas biochar treatments resulted in 303 

values between 455.37 and 591.39 g plant⁻¹ (Table 3). The highest tuber weight was observed 304 

with biochar plus LOF; however, this increase was not statistically different from that of the 305 

other treatments, suggesting that all treatments had a similar effect on tuber biomass 306 

accumulation. Tuber weight showed that in most treatments, the sweet potato tubers produced 307 

had an average weight in groups A and B, according to SNI quality standards. Some treatments 308 

showed a higher concentration of tuber weight in group A, which is an indicator of better tuber 309 

quality and readiness for harvest (Table 3). 310 

 311 

Tuber diameter (cm) 312 

Statistical analysis revealed that tuber diameter was not significantly influenced by 313 

either organic fertilizer or biochar applications, despite some numerical differences among 314 

treatments. Tuber diameter ranged from 3.530 to 3.814 cm under organic fertilizer treatments 315 

and from 3.419 to 3.834 cm under biochar treatments (Table 3). Although biochar plus Azolla 316 

and cow organic fertilizer tended to produce larger tuber diameters, these differences were not 317 

statistically significant, indicating that tuber enlargement occurred similarly across all 318 

treatments. 319 

 320 

Tuber length (cm) 321 

Likewise, tuber length did not differ significantly among the treatments, even though 322 

values ranged from 11.02 to 12.90 cm for organic fertilizer treatments and from 11.28 to 12.94 323 

cm for biochar treatments (Table 3). The longest tubers were observed in plants treated with 324 
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biochar plus Azolla and in those without organic fertilizer; however, these values were 325 

statistically comparable to those obtained from the other treatments. This finding suggests that 326 

the different combinations of organic fertilizer and biochar had no marked effect on tuber 327 

elongation. 328 

 329 

Harvest index 330 

The harvest index was also not significantly affected by the application of organic fertilizer 331 

and biochar treatments. Although the values ranged from 0.39 to 0.42 under organic fertilizer 332 

treatments and from 0.37 to 0.42 under biochar treatments, the observed differences were 333 

statistically insignificant. Therefore, all treatments exhibited a similar efficiency in partitioning 334 

assimilates to storage roots, indicating that the allocation of biomass between vegetative growth 335 

and economic yield remained relatively stable regardless of the fertilizer and biochar 336 

combinations applied. 337 

 338 

DISCUSSION 339 

The present study demonstrated that the application of organic fertilizers and biochar-340 

based amendments affected physiological responses of purple sweet potato more markedly than 341 

yield components. Stomatal density and stomatal opening width remained statistically 342 

unchanged across all treatments, indicating that neither goat manure, cow manure, biochar, 343 

liquid organic fertilizer (LOF), nor Azolla substantially modified leaf anatomical characteristics 344 

(Fig 1). Stomatal traits are generally considered conservative characteristics that are strongly 345 

regulated by genetic factors and environmental conditions rather than nutrient supply. 346 

Therefore, although biochar and organic amendments improved soil fertility, as mentioned by 347 

Elshony et al. (2025) that soil conditioners accelerate the process of soil recovery or improve 348 

soil quality and similar findings have been reported by several studies showing that biochar 349 
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mainly influences plant physiological processes through improved water availability, nutrient 350 

retention, and microbial activity rather than through alterations in leaf morphology (Agbede et 351 

al., 2024; Osman et al., 2023), they were insufficient to induce significant changes in epidermal 352 

development.  353 

Interestingly, despite the absence of significant differences in stomatal characteristics, 354 

chlorophyll accumulation responded positively to the interaction between organic fertilizer and 355 

biochar. Treatments consisting of cow organic fertilizer combined with biochar plus LOF and 356 

goat organic fertilizer combined with biochar produced the highest chlorophyll a, chlorophyll 357 

b, and total chlorophyll contents. This result suggests that the beneficial effects of biochar are 358 

primarily associated with enhanced nutrient retention and increased availability of nitrogen, 359 

magnesium, and micronutrients involved in chlorophyll biosynthesis. Biochar possesses a 360 

highly porous structure and a large exchange capacity that improves nutrient use efficiency and 361 

stimulates microbial communities responsible for mineralization processes. Consequently, 362 

photosynthetic pigment synthesis was promoted, leading to increased chlorophyll 363 

concentration. Similar observations have been reported in sweet potato and other crops, where 364 

biochar-organic fertilizer combinations significantly improved chlorophyll content and leaf 365 

nutrient concentrations (Agbede et al., 2024; Antonious, 2024).  366 

A possible improvement in light absorption ability is suggested by the rise in 367 

chlorophyll concentration, which might theoretically allow increased creation of carbohydrates. 368 

While chlorophyll b serves as an accessory pigment that expands the spectrum of light 369 

absorption, chlorophyll an is the main pigment involved in photosynthetic processes. enhanced 370 

pigment accumulation is shown by higher total chlorophyll content, but without gas exchange 371 

data, this cannot be directly taken as proof of enhanced photosynthetic rate or overall efficiency. 372 

Since liquid organic fertilizers provide easily accessible nutrients and growth-promoting 373 

compounds, the additional application of LOF seemed to promote chlorophyll production. 374 



Accepted manuscript / Uncorrected proof  Agriculturae Conspectus Scientificus, 2026, 91, e015 

https://doi.org/ 10.5513/KHUA1739   Ahadiyat et al.: Biochar and fertilizer effects on purple sweet potato  
 

© 2026 The Authors. Agriculturae Conspectus Scientificus by the University of Zagreb Faculty of Agriculture. This is an open access article 
distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited 

16 

Additionally, animal manures supply organic carbon and vital nutrients required for pigment 375 

formation, while Azolla adds biologically fixed nitrogen. Recent studies have shown that 376 

integrated nutrient management involving biochar and organic amendments stimulates soil 377 

microbial activity and nutrient cycling, thereby increasing chlorophyll concentration and 378 

photosynthetic efficiency (Osman et al., 2023; Niedzbała et al., 2024; Zhang et al., 2024).  379 

Nevertheless, the enhancement of photosynthetic pigments did not translate into 380 

significant differences in tuber number, tuber weight, tuber diameter, tuber length, or harvest 381 

index. Although numerical variations were observed, all treatments produced statistically 382 

similar yield components. This phenomenon indicates that improvements in chlorophyll content 383 

alone are insufficient to guarantee greater assimilation partitioning toward storage roots. Sweet 384 

potato yield is determined not only by source strength (photosynthesis) but also by sink 385 

strength, genetic factors, and environmental conditions. Similar results were reported by 386 

Antonious (2024), who observed that biochar and organic fertilizers improved nutritional 387 

quality without always producing significant increases in yield. Likewise, Zhang et al. (2024) 388 

demonstrated that biochar enhanced nutrient availability and carbohydrate metabolism, but 389 

yield responses depended on the application rate and soil conditions. Thus, According to 390 

Adnyana et al. (2025), the better the soil structure, the easier it is for tubers to develop. 391 

Therefore, under the conditions of the present study, the increase in photosynthetic pigments 392 

likely improved physiological status without significantly altering storage-root formation.  393 

The stability of total soluble solids (°Brix) further supports the notion that carbohydrate 394 

accumulation in the storage roots remained relatively constant among treatments. Sweetness is 395 

closely associated with sucrose and soluble sugar concentrations, which are products of 396 

photosynthetic assimilation and translocation processes. Although chlorophyll concentration 397 

increased in several treatments, the similar °Brix values suggest that sugar metabolism and 398 

partitioning reached a physiological equilibrium. Transcriptomic studies by Zhang et al. (2024) 399 
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revealed that biochar influences genes involved in starch and sucrose metabolism without 400 

necessarily affecting starch quality. Furthermore, Antonious (2024) found that biochar and 401 

organic fertilizers improved the nutritional composition of sweet potato while maintaining 402 

relatively stable sugar concentrations. Therefore, the unchanged sweetness observed in this 403 

study indicates that biochar-based nutrient management preserved tuber quality while 404 

maintaining consistent sugar accumulation.  405 

Another important observation was the absence of significant differences in harvest 406 

index. Values ranging from 0.37 to 0.42 indicate that the efficiency of assimilating partitioning 407 

between vegetative organs and storage roots remained relatively stable. Harvest index is often 408 

influenced by environmental conditions, genotype, and source-sink relationships. Since tuber 409 

weight and vegetative growth were proportionally similar among treatments, biomass allocation 410 

patterns were apparently unaffected by the nutrient amendments. Biochar has been shown to 411 

improve soil physical properties, moisture retention, and nutrient availability; however, these 412 

benefits are often expressed more strongly under nutrient-deficient or degraded soils. 413 

Consequently, in soils with moderate fertility, improvements in physiological processes may 414 

not necessarily lead to substantial changes in harvest index or yield components (Osman et al., 415 

2023; Agbede et al., 2024).  416 

Overall, the results suggest that integrated application of organic fertilizers and biochar 417 

primarily enhanced physiological characteristics, particularly chlorophyll accumulation, while 418 

maintaining relatively stable anatomical traits, tuber yield components, sweetness, and 419 

assimilate partitioning. Among the treatments, cow organic fertilizer combined with biochar 420 

plus LOF and goat organic fertilizer combined with biochar produced the most favorable 421 

physiological responses. These findings support the concept of integrated nutrient management 422 

as a sustainable strategy for sweet potato cultivation. Numerous studies conducted during the 423 

last decade have emphasized that biochar-organic fertilizer interactions improve soil health, 424 
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nutrient cycling, and plant physiological performance, although the translation of these 425 

improvements into higher yield is strongly influenced by cultivar, environment, soil conditions, 426 

and application rates. Therefore, further studies involving longer experimental periods and 427 

different combinations of biochar and organic fertilizers are needed to elucidate how enhanced 428 

photosynthetic capacity can be converted into greater storage-root productivity.  429 

 430 

CONCLUSION 431 

The present study demonstrated that the application of organic fertilizers combined with 432 

biochar-based amendments under a reduced synthetic fertilizer regime (50% of the 433 

recommended dose) enhanced chlorophyll accumulation while maintaining comparable tuber 434 

yield, harvest index, and sweetness of purple sweet potato. The combinations of cow organic 435 

fertilizer with biochar plus liquid organic fertilizer and goat organic fertilizer with biochar 436 

produced the highest total chlorophyll content, indicating improved physiological performance 437 

and nutrient utilization. Under a 50% synthetic fertilizer regime, some amendment 438 

combinations increased chlorophyll content while yield and quality parameters remained 439 

statistically comparable among treatments 440 

 441 
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TABLES 574 

Table 1. Effect of organic fertilizer and biochar plus application on stomatal density, stomatal 575 

opening width, and total soluble solids 576 

Treatment 
Stomata density 
(stomata/mm2) 

Stomata 
opening width 

(μm) 

Total Soluble 
Solids (oBrix) 

Organic fertilizer    
   No organic fertilizer 177.49 14.17 11.05 
   Goat organic 
fertilizer 

170.51 12.22 10.49 

   Cow organic 
fertilizer 

198.46 13.41 10.85 

Biochar    
   Biochar  194.27 12.72 10.98 
   Biochar plus LOF 184.49 14.03 10.55 
   Biochar plus Azolla 167.71 13.05 10.86 

CV (%) 13.97 16.78 5.56 
Note: CV = Coefficient of Variance; LOF = liquid organic fertilizer. 577 

  578 
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Table 2. Effect of organic fertilizer and biochar plus application on content of chlorophyll a, b, 579 

and total 580 

Treatment  
chlorophyll a 

(mg/Kg) 
chlorophyll 
b (mg/Kg) 

Total 
chlorophyll 

(mg/Kg) 
Organic 
fertilizer 

Biochar    

No 
organic 
fertilizer 

Biochar 1201.66   bc 299.88   c 1501.55   bc 
Biochar plus 
LOF 

1354.20   bc 508.04   ab 1862.25   bc 

Biochar plus 
Azolla 

1371.96   abc 467.17   bc 1839.14   bc 

Goat 
organic 
fertilizer 

Biochar 1607.87   ab 562.08   ab 2169.95   ab 
Biochar plus 
LOF 

1039.07   c 439.40   bc 1478.48   c 

Biochar plus 
Azolla 

1263.63   bc 427.49   bc 1691.12   bc 

Cow 
organic 
fertilizer 

Biochar  1454.55   abc 481.29   ab 1935.83   abc 
Biochar plus 
LOF 

1888.90   a 666.92   a 2554.83   a 

Biochar plus 
Azolla 

1369.50   abc 457.12   bc 1826.83   bc 

CV (%) 19.74 21.45 18.50 
Note: Numbers followed by the same letter indicate no significant difference in the Duncan's 581 

Multiple Range Test (DMRT) at (p>0.05); CV = Coefficient of Variance; LOF = liquid 582 

organic fertilizer. 583 

  584 
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Table 3. Yield and yield components of sweet potato due to application of organic fertilizer 585 

and biochar plus.  586 

Treatment 

Number 
of 

tubers 

Tuber 
Weight 

per plant 
(g) 

Tuber 
diameter 

(cm) 

Tuber 
length 
(cm) 

Harvest 
Index 

Organic fertilizer      
   No organic fertilizer 3.03 521.06 3.530 12.90 0.42 
   Goat organic 
fertilizer 

3.01 540.14 3.725 11.88 0.40 

   Cow organic 
fertilizer 

2.97 491.94 3.814 11.02 0.39 

Biochar      
   Biochar  2.66 455.37 3.815 11.59 0.37 
   Biochar plus LOF 3.51 591.39 3.419 11.28 0.42 
   Biochar plus Azolla 2.83 506.39 3.834 12.94 0.41 

CV (%) 22.33 15.20 12.40 18.10 14.06 
 587 

  588 
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FIGURE CAPTIONS 589 
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Figure 1. Stomata of purple sweet potato due to the treatment of organic fertilizer and biochar 591 
 592 


