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Abstract. Setyaningrum D, Suhita CP, Paryanto E, Ningsih H, Arifin Z, Suryadi D, Suprihatin DN, Nurhidayati F, Pradana AGR, 

Hantari D. 2025. Effect of organic fertilizer types and dosage on yield and nutrient uptake of red ginger in an Alfisol. Asian J Agric 9: 

636-644. Declining red ginger production in Indonesia, partly due to reduced optimal land availability, has prompted the use of 

suboptimal soils, such as Alfisols are known to be fertile soils with relatively high concentrations of essential nutrients. This study 

evaluated the effects of animal manure type (cow, goat, and chicken) and application dosage (0, 10, 20, and 30 tons.ha-¹) on yield 

performance and nitrogen (N), phosphorus (P), and potassium (K) uptake of red ginger (Zingiber officinale var. rubrum) in Alfisol. A 

randomized complete block design with a split-plot arrangement was applied. Results showed that both manure type and dosage 

significantly influenced yield and nutrient uptake. Goat manure at 30 tons.ha⁻¹ produced the highest fresh weight, biomass, rhizome 

weight, and N and P uptake. Rhizome weight and volume were positively correlated with N and P uptake, indicating that improved 

nutrient absorption efficiency contributed to yield enhancement. Increasing manure dosage consistently elevated biomass, rhizome 

volume, and K uptake, with optimal results at 30 tons.ha-¹. These findings demonstrate that organic fertilization, particularly with goat 

manure at 30 tons.ha-¹, is an effective strategy to boost red ginger productivity and nutrient use efficiency on marginal Alfisol soil. The 

approach supports sustainable cultivation and could help meet increasing market demand, although long-term impacts on soil health 

require further investigation. 
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INTRODUCTION  

Red ginger, a herbal medicine and spice, contains 

phenolics such as gingerol, shogaol, and paradol, which 

have antioxidant, anti-inflammatory, antimicrobial, and 

anticancer activities (Marwan et al. 2023; Nugraha et al. 

2025). This potential increases demand for red ginger in 

Indonesia annually (Nisa’ et al. 2023). According to the 

Indonesian Central Bureau of Statistics, the average weekly 

consumption of red ginger reaches 2,756 (BPS 2024a). One 

province in Indonesia, East Java, reported annual 

household consumption of red ginger in 2021 of 302,088 

tons. High demand for red ginger must be balanced by high 

production. However, red ginger production in Indonesia 

fluctuates, reaching 307.240 tons in 2021 and declining 

annually, reaching only 198,870 tons in 2023. One of the 

causes of the decline in red ginger production is the 

reduction in the area of red ginger cultivation in Indonesia. 

The area of red ginger cultivation in 2022 reached 

10,409.3877 ha, decreasing every year, namely in 2023 it 

was 8,343.2551 ha and in 2024 it was only 7,492.2114 ha 

(BPS 2024b). This decrease in land area is caused by the 

low availability of agricultural land, which is only 

187,938.7 thousand hectares due to high land conversion 

(Gandharum et al. 2024). A substantial 78.2% of this farm 

land area, with an area of 108,775,830 ha, is suboptimal, 

consisting of dry, acidic soils, including Alfisols 

(Khumairah et al. 2025). The availability of Alfisol land is 

quite high and has not been optimally utilized so that it can 

be used for red ginger cultivation. 

In Indonesia, there is a lot of Alfisol soil with high 

acidity characteristics (Li et al. 2022; Setyaningrum et al. 

2025a, b). The interaction between soil minerals and 

organic carbon components is low, so Alfisol lack soil 

binding agents, resulting in poor aggregate stability (Chen 

et al. 2025). Furthermore, these soils have a high density of 

organic matter, low pore aeration, and low water-holding 

capacity, thus limiting root penetration (Maro’ah et al. 

2025). The sustainable management of Alfisol soils 

necessitates the application of organic fertilizers, such as 

manure (Pan et al. 2025; Shifa et al. 2025) since various 

fertilizer types influence the soil’s physical, chemical, and 

biological characteristics differently (Li et al. 2024; Culas 

et al. 2025). In contrast, prolonged use of chemical 

fertilizers may lead to decreased soil fertility and the 

depletion of organic carbon reserves (Liang et al. 2021). 

Fertilization with animal manure can increase the 

abundance of oligotrophic bacterial taxa associated with 

carbon metabolism and net soil C acquisition in Alfisol soil 

(Mao et al. 2024). Animal manure can have a greater 

impact on the metabolic activity of soil carbon sources than 

chemical fertilizers (Hu et al. 2022). Animal manure can 

increase the abundance and change the community 

composition of denitrifying bacteria related to N2O 
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emissions in the soil because it can increase soil nutrients 

and organic matter and change soil pH values (Zheng et al. 

2024). Animal manure improves soil quality indices better 

than organic plant fertilizers (Liu et al. 2025). Several 

previous studies used fertilization strategies with organic 

animal manure to enhance soil quality, supporting plant 

growth and yield. Recent research shows that cow manure 

can improve soil quality, reduce nutrient loss, and increase 

plant height, leaf number, and yield (Pradhan et al. 2025). 

This is supported by increased soil phosphorus availability 

after cow manure application, resulting in plant growth 

rates, net photosynthesis rates, and optimal yields (Ali and 

Ali 2025). Chicken manure can reduce soil bulk density 

and increase porosity, water content, and chemical 

properties, increasing crop yield and seed mineral 

composition at a dose of 15 tons.ha-1 (Agbede 2025). 

Red ginger cultivation requires cultivation strategies 

such as fertilization because the enlarged root system, 

reduced palisade and spongy parenchyma, and thickened 

fibrous root cortex collectively cause low red ginger 

rhizome productivity (Zhao et al. 2025). Fertilization 

strategies in red ginger cultivation have been carried out 

with a combination of 10 tons.ha-1 of rice husk biochar and 

250 kg ha-1 of chemical fertilizers, which showed high 

plant height, tiller formation, and fresh rhizome weight 

(Masulili et al. 2025). Goat manure fertilizer can increase 

the fresh weight of red ginger rhizomes in agroforestry 

systems (Setyaningrum et al. 2024, 2025a, b). Combining 

bokashi planting media, rice husk charcoal, and coconut 

fiber, with 4.5 cc.l-1 liquid organic fertilizer, resulted in 

shoot growth and high fresh rhizome weight per plant and 

biomass. A dose of 2 kg/m2 of cow manure fertilizer can 

increase the growth and yield of red ginger (Supriyono et 

al. 2021). Research by Setyaningrum et al. (2024) on the 

types of local organic fertilizers on the absorption of 

nitrogen, phosphate, and potassium nutrients in red ginger 

in an agroforestry system. Meanwhile, research by Azizah 

et al. (2022) on the optimal dose of potassium for 

absorption efficiency and antioxidant quality. Comparative 

studies on the types and doses of organic fertilizer for red 

ginger on Alfisol soil are still lacking. The novelty of this 

study lies in comparing the type and dose of organic animal 

manure fertilizer on the yield and absorption of nitrogen, 

phosphate, and potassium in red ginger in Alfisol soil. The 

study aims to examine the role and dose of organic animal 

manure fertilizer on the yield and absorption of nitrogen, 

phosphate, and potassium in red ginger in Alfisol soil. 

MATERIALS AND METHODS  

Study area  

The research was conducted in the Field Laboratory of 

the Faculty of Agriculture, Universitas Sebelas Maret, 

located in Sukosari Village, Jumantono District, 

Karanganyar District, Central Java, Indonesia, with 

coordinates 07°38.070' South Latitude and 110°56.851" 

East Longitude, and an altitude of 176 meters above sea 

level. The research location has an average temperature and 

humidity of 31.14-32.38°C and 71.4-76.28% at noon. 

Average rainfall at the research site is 142 mm per month. 

Animal manures and initial soil analysis were conducted at 

the Soil Chemistry Laboratory, Faculty of Agriculture, 

Universitas Sebelas Maret. Soil pH analysis was carried out 

using the potentiometric method using a pH meter, nitrogen 

analysis using the Kjeldahl method, phosphorus analysis 

using the Bray method, potassium analysis using 

ammonium acetate extraction, and organic matter analysis 

using the Walkley-Black method. The soil type in the 

research area is Alfisol with a soil pH of 6.1 (low); total 

nitrogen 0.373% (moderate); total phosphorus 0.242% 

(very low); total potassium 0.030% (very low); and organic 

carbon 0.463 ppm (very low).  

Research design 

The study used a randomized completely block design 

with a split plot pattern to manage land diversity, with 

organic fertilizer as the type of fertilizer in the main plot 

and organic fertilizer dosage as the subplot. The fertilizer 

consists of four levels: without fertilizer, cow manure, goat 

manure, and chicken manure. The dosage of organic 

fertilizer consists of three levels, namely 10, 20, and 30 

tons.ha-1. Replication was carried out three times. Soil 

organic carbon and fertilizer analysis using the ashing 

method. Total soil nitrogen analysis using the Kjeldhal 

method. Phosphorus analysis using the Olsen method and 

potassium analysis using the 25% HCl extraction method. 

Cow manure fertilizer contains 32.13% organic carbon, 

0.96% total nitrogen, 1.02% total phosphorus, and 11.49% 

organic potassium. Goat manure fertilizer contains 52.58% 

organic carbon, 2.23% total nitrogen, 1.67% total 

phosphorus, and 1.56% total potassium. Chicken manure 

fertilizer contains 42.58% organic carbon, 2.18% total 

nitrogen, 1.04% total phosphorus, and 1.38% total 

potassium. The planting distance of red ginger is 50×40 

cm, and there was a population of 20 plants per treatment. 

The materials used in this study were red ginger rhizomes 

of the Jahira I variety, cow manure fertilizer, chicken 

manure fertilizer, goat manure fertilizer, fungicides, and 

plant tissue analysis materials. The research contained a 

population of 40 plants for each treatment with a treatment 

plot size of 8 m2 with a plot length of 1.6 meters and a 

width of 3.5 meters. Fertilization was carried out before 

planting, eight weeks after planting and sixteen weeks after 

planting. 

Observation variables included yield and nutrient 

uptake of nitrogen, phosphate, and potassium. Yield 

variables were observed at twenty-eight weeks after 

planting: rhizome weight, fresh weight, plant biomass, 

rhizome volume, and thickness. Rhizome volume was 

observed using the Displacement Method. Plant tissue 

analysis was carried out at the maximum vegetative phase, 

sixteen weeks after planting. Tissue nitrogen analysis used 

the Kjeldahl method by carrying out destruction, 

distillation, and titration of the tissue solution (Sjölund et 

al. 2025). Tissue phosphorus analysis used a 

spectrophotometric tool with the P-Bray method (Kaur et 

al. 2024). Potassium analysis used the ammonium acetate 

extraction method and flame photometry (Suriyagoda et al. 

2024). Nutrient uptake to evaluate the plant's ability to 
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absorb nitrogen from the environment was calculated by 

multiplying biomass by the plant tissue's nutrient content 

divided by one hundred.  

Data analysis 

Data analysis was performed using Statistical Product 

and Service Solutions version 21 with Analysis of Variance 

at the 5%. If significant, further testing was performed 

using Duncan's Multiple Range Test at the 5% level. 

Relationships between variables were analyzed using 

Pearson correlation analysis.  

RESULTS AND DISCUSSION 

Red ginger yield 

The type and dosage of animal manure affected the 

fresh weight of red ginger plants (Figure 1). Goat manure 

produced the highest fresh weight of red ginger plants, at 

227.41 g plant-1, significantly different from cow and 

chicken manure. This is because goat manure application 

increases soil pH and organic matter (Katakula et al. 2021). 

The pH of Alfisol soils determines the rate of cation 

exchange and nutrient retention, so increasing pH can 

increase nutrient availability and soil cation exchange 

capacity. This facilitates increased absorption of essential 

elements by plants (Budiastuti et al. 2023). Organic matter 

in goat manure acts as a bacterial inoculum and stimulates 

soil microbial activity for mineralization and nutrient 

cycling (Verma et al. 2024). Increased microbial activity 

accelerates the breakdown of complex organic compounds 

into forms available to plants. Soil with a manure dose of 

30 tons.ha-1 showed the highest results and significantly 

differed from 10 and 20 tons.ha-1. Applying a dose of 20 

tons.ha-1 has increased the fresh weight of red ginger plants 

by 64.3% compared to a dose of 0 tons.ha-1 and 13.61% 

compared to a dose of 10 tons.ha-1. These results are due to 

an increase in the supply of nutrients such as N, P, and K 

and soil organic matter supported by the characteristics of 

organic fertilizer. The dose of organic fertilizer can 

increase soil pH, organic carbon, and organic nitrogen, 

thereby increasing the diversity and activity of 

microorganisms (Louati et al. 2025). Improved soil 

properties facilitate root development and nutrient 

absorption, so plants efficiently receive nutrients to support 

cell division and plant growth. The results of this study by 

Kumar et al. (2025) show that higher doses of organic 

fertilizer can improve plant growth and yield attributes 

because they improve the physical and chemical properties 

of the soil. The application of manure can increase the 

content of organic matter, total nitrogen, hydrolyzable 

nitrogen, available phosphorus, and available potassium in 

the 0-40 cm soil layer, increase the number of bacteria, 

fungi, and actinomyces, thereby encouraging growth and 

increasing plant yields (Zhao et al. 2025). 

The type and dosage of manure affect the biomass of 

red ginger plants (Figure 2). Goat and chicken manure at a 

dose of 30 tons.ha-1 showed high biomass and was not 

significantly different. Goat manure fertilizer at a dose of 

10 tons.ha-1 was not significantly different from doses of 20 

and 30 tons.ha-1 and was able to increase biomass by 30% 

compared to a dose of 0 tons.ha-1. This is because the 

organic material in goat manure is high in carbon, so it 

improves soil structure and water retention capacity, 

thereby increasing the efficiency of nutrient absorption. 

Organic fertilizer can increase the proportion of aggregates 

>0.25 mm, soil organic carbon, soil microbial biomass 

carbon and nitrogen, and soil enzyme activity (Yang et al. 

2022). This encourages an increase in fresh weight and 

plant biomass by 75-138% (Kominko et al. 2022). Goat 

manure and chicken manure fertilizers contain high 

nitrogen at 2.23% and 2.18%, respectively. The high 

nitrogen content in goat and chicken manure modulates leaf 

photosynthesis by allocation to Rubisco, an electron 

transport protein, and a key enzyme of the Calvin cycle 

(Kang et al. 2023). Total plant biomass increased by 

21.05% and 16.85% with nitrogen fertilizer application (Li 

et al. 2025). This is due to the role of nitrogen in 

influencing plant biomass distribution and photosynthetic 

activity (Mu and Chen 2021). Red ginger plant biomass 

increased with increasing doses of organic fertilizer (Figure 

2). This is supported by the high nitrogen and potassium 

content of the animal manures, which play a role in 

stomatal conduction, affecting water use and nutrient 

absorption. High nutrient absorption encourages sugar 

assimilation in leaves and rhizomes by regulating enzyme 

expression (Xiao et al. 2024). The application of manure 

with high nitrogen content can increase the abundance of 

genes in the carbon, nitrogen, phosphorus, and organic acid 

cycles of root exudates (Liao et al. 2024). This encourages 

microbial activity that contributes to the production of 

extracellular enzymes that mediate the decomposition of 

organic matter, releasing nutrients in a form accessible to 

plants (Le et al. 2025), improving soil structure and thus 

enhancing root growth (Qi et al. 2025). Plant nitrogen 

content has important implications for improving plant 

growth by influencing photosynthesis and sugar transport 

(Wu et al. 2024). 

The combination of organic fertilizer types and doses 

affected the weight of red ginger rhizomes (Table 1). 

Chicken manure and goat manure at 30 tons.ha-1 doses 

showed high rhizome weights of 168.17 and 132.06 g 

plant-1, respectively. Application of goat manure at a dose 

of 10 tons.ha-1 increased rhizome weight by 43% compared 

to a dose of 0 tons.ha-1. This was supported by the high 

organic carbon content of 42.08% (Erdogdu et al. 2019). 

Organic carbon, as a highly available carbonaceous organic 

material, can encourage the activity, composition, and 

diversity of soil microorganisms to increase plant nutrient 

availability (Zhang et al. 2025). In addition, goat manure's 

high organic carbon content can increase the cation 

exchange capacity and water holding capacity of the soil, 

thereby supporting root absorption activity (Rana and Roy 

2024). Water retention can encourage hormones that 

stimulate root development and the expansion of red ginger 

root hairs (Zaghloul et al. 2024). Organic carbon 

contributes to humus formation, increasing soil aggregation 

and porosity, resulting in a more stable and prolonged 

water supply to the root zone to develop and expand red 

ginger rhizomes. Cell expansion and nutrient uptake in red 
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ginger depend on moisture, so water availability facilitates 

nutrient transport and metabolic processes. High organic 

carbon increases cation exchange capacity, thus promoting 

nutrient accessibility to plants, supporting rhizome growth 

(Haruna et al. 2020; Alwitwat 2022). Rhizome weight 

positively correlates with red ginger's nitrogen and 

phosphate uptake (Table 4). These results are consistent 

with Sarathambal et al. (2024), who found that red ginger 

rhizome weight is positively correlated with plant growth 

and nutrient uptake, which is influenced by organic 

nutrients. Applying organic fertilizer with high organic 

carbon content can stimulate soil biological activity by 

increasing microbial populations and activities, thereby 

accelerating nutrient cycling and the transformation of 

organic substrates into forms easily accessible to plants. 

 

 

Table 1. Effect of type and dose of organic fertilizer on the weight of red ginger rhizome (g plant-1) 

 

Types of fertilizer 
Organic fertilizer dosage (ton.ha-1) 

Average 
0 10 20 30 

Cow manure 38.25±7.23 a 55.91±18.47 ab 33.25±7.80 a 65.75±13.18 ab 48.29 a 

Goat manure 65.50±11.23ab 94.08±51.86 bc 165.37±18.91 d 168.17±26.46 d 122.91 c 

Chicken manure 50.58±18.06 ab 56.49±4.59 ab 58.98±16.36 ab 132.06±60.29 cd 74.53 b 

Average 51.44 a 68.83 ab 85.38 b 121.99 c + 

Note: Numbers followed by the same letter indicate no significant difference based on the 5% DMRT. Values followed by ± indicate 

standard deviation. +: Interaction 

 

 

 

 
 

Figure 1. Effect of type and dose of organic fertilizer on fresh weight of red ginger plants (g plant-1) 

 

 

 

 
 

Figure 2. Effect of type and dose of organic fertilizer on red ginger plant biomass (g plant-1) 
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The combination of type and dose affected the volume 

of red ginger rhizomes (Table 2). The highest rhizome 

volume was achieved with chicken manure at a dose of 30 

tons.ha-1, at 139.50 cm³, and was not significantly different 

from that with goat manure at a dose of 30 tons.ha-1. These 

results are supported by the higher organic carbon and 

organic matter content in chicken and goat manure than in 

cow manure. Organic matter increases soil porosity and 

aggregate stability, resulting in high water retention 

capacity, facilitating nutrient absorption and biomass 

production (Li et al. 2025). High organic matter content 

can improve the soil's physical structure by increasing 

water retention, thus maintaining root zone moisture and 

facilitating deeper root penetration and expansion. This 

encourages plant nutrient absorption, resulting in red ginger 

rhizome development. In addition, organic matter can 

stimulate microbial activity, accelerating nutrient 

mineralization, thereby increasing nutrient absorption and 

correlating with increased red ginger biomass and rhizome 

development. 

Red ginger nutrient uptake 

The combination of goat manure at a dose of 30 tons.ha-

1 showed the highest nitrogen uptake at 121.97%, and was 

not significantly different from the 20 tons.ha-1 dose. Goat 

manure at a dose of 10 tons/ha could not increase red 

ginger nitrogen uptake in Alfisol soil (Table 3). Nitrogen 

uptake in the combination of chicken manure at 30 tons.ha-

1 was not significantly different from that in the 20 and 30 

tons.ha-1 doses of goat manure. Nitrogen uptake at doses of 

10 and 20 tons.ha-1 of chicken manure was not significantly 

different from that at a dose of 0 tons.ha-1. This is because 

the rate of decomposition and nutrient release from organic 

fertilizer depends on the quality and quantity of the organic 

fertilizer. The results of this study are consistent with Li et 

al. (2024), that goat manure can increase water retention by 

4.2%, promoting plant nitrogen uptake. This is because 

organic fertilizers can change alkaline hydrolyzed nitrogen 

content, phosphorus, potassium, and soil water content in 

various layers, affecting nitrogen absorption (Hou et al. 

2025). Furthermore, organic fertilizers can reduce soil 

acidity and increase the soil's carbon sequestration 

capacity, encouraging plant nutrient uptake (Gu et al. 

2025). Nitrogen uptake is correlated with red ginger plant 

biomass. This is because increased nitrogen uptake 

encourages photosynthetic capacity, plant biomass 

accumulation, and leaf area index (Zhai et al. 2024). 

Fertilizer dosage affects phosphorus absorption in red 

ginger (Figure 3). Application of higher doses of organic 

fertilizer encourages increased phosphorus nutrient 

absorption. Goat manure fertilizer with a dose of 30 

tons.ha-1 showed the highest phosphorus absorption of 9.96 

and was not significantly different from goat manure 

fertilizer with a dose of 20 tons.ha-1. Goat manure fertilizer 

with a dose of 20 tons.ha-1 can increase phosphorus 

absorption by 5.88% compared to a dose of 0 tons/ha. 

Organic fertilizer can increase pH and cation exchange 

capacity to mobilize phosphorus (Li et al. 2019; Nobile et 

al. 2020). Goat manure fertilizer contains higher nitrogen 

and phosphorus than chicken and cow manure fertilizers 

(Washaya and Washaya 2023). Goat manure fertilizer has a 

low C:N, contributing to nutrient mineralization. 

Furthermore, goat manure contains high levels of organic 

matter, providing sufficient N, P, and K for most plants 

(Purnomo et al. 2022). Research by Ndung et al. (2021) 

indicates that applying goat manure, with its high organic 

carbon and total nitrogen content, increases microbial 

enzymatic activity, increasing crop yields by 85-142%. 

Application of goat and chicken manure can increase soil 

calcium, magnesium, and phosphorus (Mbatha et al. 2021). 

A dose of 10 tons/ha did not show a significantly different 

phosphorus uptake by red ginger plants compared to a dose 

of 0 tons.ha-1. This may be because nutrient release and 

absorption depend on the type and dose of organic fertilizer 

(Azwardi et al. 2021; Soliaman et al. 2022). Phosphorus 

availability in Alfisol soils is low, so applying low-nutrient 

organic fertilizers does not address soil phosphorus 

limitations (Joseph et al. 2021; Blankson et al. 2025). 
 

 

Table 2. Effect of type and dose of organic fertilizer on the volume of red ginger rhizome (cm³) 

 

Types of fertilizer 
Organic fertilizer dosage (ton.ha-1) 

Average 
0 10 20 30 

Cow manure 38.75±8.75 a 66.25±8.75 ab 50.48±6.72 a 67.50±15.20 ab 55.74 a 

Goat manure 68.42±11.86 ab 111.67±30.88 bc 76.86±4.44 ab 111.67±37.96bc 75.47 b 

Chicken manure 51.25±18.02 a 47.83±12.78 a 63.33±19.13 ab 139.50±60.40 c 91.06 b 

Average 52.80 a 75.25 b 62.10 ab 106.22 c + 

Note: Numbers followed by the same letter indicate no significant difference based on the 5% DMRT. Values followed by ± indicate 

standard deviation. +: Interaction 

 

Table 3. Effect of type and dose of organic fertilizer on nitrogen absorption of red ginger (g plant-1) 

 

Types of fertilizer 
Organic fertilizer dosage (ton.ha-1) 

Average 
0 10 20 30 

Cow manure 50.95±26.63 a 71.08±29.61 ab 52.47±20.47 a 54.52±18.13 a 57.25 a 

Goat manure 59.61±10.55 ab 88.79±35.73 abc 98.29±15.97 abc 144.79±50.70 c 97.47 b 

Chicken manure 38.60±16.94 a 56.43±14.47 ab 121.97±79.44 bc 56.61±13.03ab 68.40 a 

Average 49.72 a 72.10 ab 90.38 b 85.31 b + 

Note: Numbers followed by the same letter indicate no significant difference based on the 5% DMRT. Values followed by ± indicate 

standard deviation. +: Interaction 
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Organic fertilizer dosage affects potassium uptake 

(Figure 4). A 30 tons.ha-1 dosage showed the highest 

potassium uptake of 221.67 g plant-1 and was not 

significantly different from a dosage of 20 tons.ha-1. A 

dosage of 10 tons.ha-1 increased potassium uptake by 100% 

compared to a 0 tons/ha dosage. This indicates that organic 

fertilizers' organic matter and organic carbon content play a 

role in modulating soil nutrient dynamics, thereby 

encouraging plant nutrient uptake (Friedel and Ardakani 

2021). Goat and chicken manure contain high levels of 

organic matter and organic carbon, thus increasing the 

organic carbon of Alfisol soil with low soil fertility. In 

addition, organic carbon in animal manure can increase soil 

aggregation, water retention, and cation exchange capacity, 

and stimulate microbial communities responsible for 

nutrient mineralization (Wang et al. 2022). Increasing soil 

organic carbon encourages converting complex organic 

matter into mineral nutrients, including potassium, thereby 

increasing plant availability (Dhaliwal et al. 2024).  

 

 

Table 4. Correlation between yield and nutrient uptake of red ginger 

 

 Fresh plant 

weight 

Plant 

biomass 

Rhizome 

weight 

Rhizome 

volume 

Nitrogen 

uptake 

Phosphorus 

uptake 

Potassium 

uptake 

Fresh plant weight 1 0.912** 0.827** 0.892** 0.457** 0.421* 0.239 

Plant biomass 0.912** 1 0.739** 0.907** 0.408* 0.440** 0.229 

Rhizome weight 0.827** 0.739** 1 0.719** 0.519** 0.414* 0.301 

Rhizome volume 0.892** 0.907** 0.719** 1 0.390* 0.358* 0.442** 

Nitrogen uptake 0.457** 0.408* 0.519** 0.390* 1 0.553** 0.160 

Phosphorus uptake 0.421* 0.440* 0.414* 0.358* 0.553** 1 0.090 

Potassium uptake 0.239 0.229 0.301 0.442** 0.160 0.090 1 

Note: **: Correlation is significant at the 0.01 level (2-tailed), *: Correlation is significant at the 0.05 level (2-tailed) 

 

 

 
 

Figure 3. Effect of type and dose of organic fertilizer on phosphorus absorption of red ginger (g plant-1) 

 

 

 
 

Figure 4. Effect of type and dose of organic fertilizer on potassium absorption of red ginger (g plant-1) 
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In conclusion, the type and dosage of organic fertilizer 

affect red ginger's yield and nutrient uptake in Alfisol. 

Animal manure at a dosage of 30 tons.ha-1 produced the 

highest fresh weight, biomass, rhizome weight, and 

nitrogen and phosphate uptake. Rhizome weight and 

volume were positively correlated with nitrogen and 

phosphorus uptake, indicating a link between increased 

yield and nutrient uptake efficiency. Higher fertilizer 

dosages increased biomass, rhizome volume, and 

potassium uptake, with the best results achieved at 30 

tons.ha-1. This strategy supports sustainable cultivation in 

marginal lands, though long-term effects on soil health 

warrant further study.  

ACKNOWLEDGEMENTS 

Thank you to Universitas Sebelas Maret, Indonesia, for 

providing research funding through the 2025 Non-APBN 

Research Grant Group Research with Contract number 

371/UN27.22/PT.01.03/2025.  

REFERENCES 

Agbede TM. 2025. Poultry manure improves soil properties and grain 

mineral composition, maize productivity and economic profitability. 
Sci Rep 15: 16501. DOI: 10.1038/s41598-025-00394-8. 

Ali S, Ali A. 2025. Integrated single superphosphate with cattle manure 

increased growth, yield, and phosphorus availability of maize (Zea 
mays L.) under rainfed conditions. Nitrogen 6 (1): 9. DOI: 

10.3390/nitrogen6010009. 

Alwitwat RMA. 2022. Assessing the impact of soil quality on plant 
growth and crop yields. J Res Appl Sci Biotechnol 1 (1): 114-121. 

DOI: 10.55544/jrasb.1.1.16. 

Azizah N, Nihayati E, Khotimah H, Rohmah S, Widaryanto E, Sugito Y, 
Kurniawan S. 2022. Impact of potassium fertilization on yield, 

nutrient use and response efficiency, and antioxidant content of red 

ginger (Zingiber officinale var. rubrum Theilade). Chilean J Agric 
Res 82 (3): 380-389. DOI: 10.4067/S0718-58392022000300380. 

Azwardi D, Dwipa I, Dipinto M. 2021. Effect of chicken manure and 

mulch types to growth and yield of shallot (Allium ascalonicum L.) in 
lowland. Asian J Adv Agric Res 15 (1): 18-23. DOI: 

10.9734/ajaar/2021/v15i130143. 

Badan Pusat Statistik (BPS). 2024a. Average Weekly Per Capita 
Consumption and Expenditure by Food Commodity and Weekly Per 

Capita Expenditure Group in Indonesia. Central Bureau of Statistics, 

Jakarta. [Indonesian] 
Badan Pusat Statistik (BPS). 2024b. Biopharmaceutical Crop Harvest 

Area by Province and Crop Type, 2024. Central Bureau of Statistics, 

Jakarta. [Indonesian] 
Blankson D, Atiah K, Arthur E, Frimpong KA. 2025. Immediate chemical 

response and potential phytotoxicity of different tropical soils to 

empty oil palm fruit bunch biochar application. J Soil Sci Plant Nutr 
25: 4552-4569. DOI: 10.1007/s42729-025-02415-x. 

Budiastuti MTS, Setyaningrum D, Purnomo D, Wahidurromdloni F, 

Supriyono, Pujiasmanto B. 2023. Effectiveness of peanut green 
manure on root growth and corn yield in Alfisol soil. Int J Design 

Nature Ecodyn 18 (5): 1273-1278. DOI: 10.18280/ijdne.180530. 

Chen Y, Huang L, Gao J, Zhou Z, Mehran M, Geng M, He Y, Zhang H, 
Huang J. 2025. Long-term Chinese milk vetch incorporation promotes 

soil aggregate stability by affecting mineralogy and organic carbon. J 

Integr Agric 24 (6): 2371-2388. DOI: 10.1016/j.jia.2024.10.002. 
Culas RJ, Rajin M, Narayan T. 2025. A framework for evaluating benefits 

of organic fertilizer use in agriculture. J Agric Food Res 19: 101576. 
DOI: 10.1016/j.jafr.2024.101576. 

Dhaliwal SS, Dubey SK, Kumar D, Toor AS, Walia SS, Randhawa MK, 

Kaur G, Brar SK, Khambalkar PA, Shivey YS. 2024. Enhanced 
organic carbon triggers transformations of macronutrients, 

micronutrients, and secondary plant nutrients and their dynamics in 

the soil under different cropping systems—A review. J Soil Sci Plant 

Nutr 24: 5272-5292. DOI: 10.1007/s42729-024-01907-6. 
Erdogdu AE, Polat R, Ozbay G. 2019. Pyrolysis of goat manure to 

produce bio-oil. Eng Sci Technol Intl J 22 (2): 452-457. DOI: 

10.1016/j.jestch.2018.11.002. 
Friedel JK, Ardakani MR. 2021. Soil nutrient dynamics and plant-induced 

nutrient mobilisation in organic and low-input farming systems: 

Conceptual framework and relevance. Biol Agric Hortic 37 (1): 1-24. 
DOI: 10.1080/01448765.2020.1855247. 

Gandharum L, Hartono JM, Karsidi A, Ahmad M, Prihanto Y, Mulyono 

S, Sadmono H, Sanjaya H, Sumargana L, Alhasanah F. 2024. Past 
and future land use change dynamics: Assessing the impact of urban 

development on agricultural land in the Pantura Jabar region, 

Indonesia. Environ Monit Assess 196: 645. DOI: 10.1007/s10661-
024-12819-4. 

Gu K, Gao K, Guan S, Zhao J, Yang L, Liu M, Su J. 2025. The impact of 

the combined application of biochar and organic fertilizer on the 
growth and nutrient distribution in wheat under reduced chemical 

fertilizer conditions. Sci Rep 15: 5285. DOI: 10.1038/s41598-025-

88879-4. 
Haruna SI, Anderson SH, Udawatta RP, Gantzer CJ, Phillips NC, Cui S, 

Gao Y. 2020. Improving soil physical properties through the use of 

cover crops: A review. Agrosyst Geosci Environ 3 (1): e20105. DOI: 
10.1002/agg2.20105. 

Hou P, Li B, Cao E, Jian S, Liu Z, Li Y, Sun Z, Ma C. 2025. Optimizing 

maize yield and mitigating salinization in the Yellow River Delta 
through organic fertilizer substitution for chemical fertilizers. Soil 

Tillage Res 249: 106498. DOI: 10.1016/j.still.2025.106498. 

Hu X, Gu H, Liu J, Wei D, Zhu P, Cui X, Zhou B, Chen X, Jin J, Liu X, 
Wang G. 2022. Metagenomics reveals divergent functional profiles of 

soil carbon and nitrogen cycling under long-term addition of chemical 

and organic fertilizers in the black soil region. Geoderma 418: 
41815846. DOI: 10.1016/j.geoderma.2022.115846.  

Joseph S, Cowie AL, Zwieten LV et al. 2021. How biochar works, and 

when it doesn’t: A review of mechanisms controlling soil and plant 

responses to biochar. GCB Bioenergy 13 (11): 1731-1764. DOI: 

10.1111/gcbb.12885. 
Kang J, Chu Y, Ma G, Zhang Y, Zhang X, Wang M, Lu H, Wang L, Kang 

G, Ma D, Xie Y, Wang C. 2023. Physiological mechanisms 

underlying reduced photosynthesis in wheat leaves grown in the field 
under conditions of nitrogen and water deficiency. Crop J 11 (2): 638-

650. DOI: 10.1016/j.cj.2022.06.010. 

Katakula AAN, Handura B, Gawanab W, Itanna F, Mupambwa HA. 2021. 
Optimized vermicomposting of a goat manure–vegetable food waste 

mixture for enhanced nutrient release. Sci Afr 12: e00727. DOI: 

10.1016/j.sciaf.2021.e00727. 
Kaur H, Nelson KA, Singh G, Kaur G, Davis MP. 2024. Spring applied 

phosphorus loss with cover crops in no-till terraced field. J Environ 

Manag 355: 120431. DOI: 10.1016/j.jenvman.2024.120431. 
Khumairah FH, Irwandhi, Hibatullah FH, Ambarita DDM, Hendra, 

Islamiati A, Nurbaity A, Herdiyantoro D, Kamaluddin DN Simarmata 

T. 2025. Revealing the import dilemma and attributing factors to 
Indonesia’s inability to achieve soybean self-sufficiency: A 

bibliometric analysis and systematic literature review. Intl J Agric 

Sustain 23 (1): 2492546. DOI: 10.1080/14735903.2025.2492546. 
Kominko H, Gorazda K, Wzorek Z. 2022. Effect of sewage sludge-based 

fertilizers on biomass growth and heavy metal accumulation in plants. 

J Environ Manag 305: 114417. DOI: 
10.1016/j.jenvman.2021.114417. 

Kumar V, Walia SS, Kalra VP, Kaur T, Gaber A, Alshehri MA, Hossain 

A. 2025. Organic manure combined with biofertilizer influences the 
growth, herb yield, oil content and soil health of Japanese Mentha 

(Mentha arvensis L.). J Plant Nutr 48 (16): 2796-2814. DOI: 

10.1080/01904167.2025.2499134. 
Le TYL, Lee J, Shim SY, Jung J, Kim SR, Hong SH, Lee MG, Hwang 

SG. 2025. Effects of liquid bio-fertilizer on plant growth, antioxidant 

activity, and soil bacterial community during cultivation of Chinese 
cabbage (Brassica rapa L. ssp. pekinensis). Microorganisms 13 (5): 

1036. DOI: 10.3390/microorganisms13051036. 

Li H, Liu G, Dan C, Zhou Z, Liu Y, Liu C, Shen E, Zhang Q, Xia X, Liu 
D, Guo Z, Zhao X. 2025. Effects of soil porosity on water stability of 

aggregates. Soil Tillage Res 254: 106741. DOI: 

10.1016/j.still.2025.106741. 
Li K, Lu H, Nkoh JN, Hong Z, Xu R. 2022. Aluminum mobilization as 

influenced by soil organic matter during soil and mineral 



SETYANINGRUM et al. – Yield and nutrient uptake of red ginger in Alfisol soil 

 

643 

acidification: A constant pH study. Geoderma 418: 115853. DOI: 

10.1016/j.geoderma.2022.115853. 

Li M, Liu J, Zhou Q, Gifford M, Westerhoff P. 2019. Effects of pH, 
soluble organic materials, and hydraulic loading rates on 

orthophosphate recovery from organic wastes using ion exchange. J 

Clean Prod 217: 127-133. DOI: 10.1016/j.jclepro.2019.01.215. 
Li P, Jia L, Chen Q, Zhang H, Deng J, Lu J, Xu L, Li H, Hu F, Jiao J. 

2024. Adaptive evaluation for agricultural sustainability of different 

fertilizer management options for a green manure–maize rotation 
system: Impacts on crop yield, soil biochemical properties and 

organic carbon fractions. Sci Total Environ 908: 168170. DOI: 

10.1016/j.scitotenv.2023.168170. 
Li T, Yang L, Zhao D, Li T, Liu Y, Wang X. 2025. Induced 

photosynthesis significantly influences biomass in Betula platyphylla 

seedlings compared to steady-state photosynthesis under different 
nitrogen forms. Plant Physiol Biochem 228: 110225. DOI: 

10.1016/j.plaphy.2025.110225. 

Li W, Wang K, Feng T, Miao P, Zheng Z, Zhang X, Zheng W, Li Z, Zhai 
B. 2024. Optimizing combination of chemical nitrogen fertilizer and 

manure can increase yield and economic benefits of dryland wheat 

while reduce environmental risks. Eur J Agron 159: 127272. DOI: 
10.1016/j.eja.2024.127272. 

Liang Y, Al-Kaisi M, Yuan JC, Liu JZ, Zhang H, Wang LC, Cai HG, Ren 

J. 2021. Effect of chemical fertilizer and straw-derived organic 
amendments on continuous maize yield, soil carbon sequestration and 

soil quality in a Chinese Mollisol. Agric Ecosyst Environ 314: 

107403. DOI: 10.1016/j.agee.2021.107403. 
Liao L, Wang J, Dijkstra FA, Lei S, Zhang L, Wang X, Liu G, Zhang C. 

2024. Nitrogen enrichment stimulates rhizosphere multi-element 

cycling genes via mediating plant biomass and root exudates. Soil 
Biol Biochem 190: 109306. DOI: 10.1016/j.soilbio.2023.109306. 

Liu B, Zhang Y, Yi X, Zheng H, Ni K Ma Q, Cai Y, Ma L, Shi Y, Yang 

X, Ruan J. 2025. Partially replacing chemical fertilizer with manure 
improves soil quality and ecosystem multifunctionality in a tea 

plantation. Agric Ecosyst Environ 378: 109284. DOI: 

10.1016/j.agee.2024.109284. 

Louati Z, Wahab MA, Drapanauskaitė D, Doyeni M, Bakšinskaitė A, 

Žiūra K, Zvicevičius E, Jedidi N, Trabelsi I, Barčauskaitė K. 2025. 
Benefits of pig manure digestate-derived biochar on soil properties 

and plant growth. Euro-Mediterr J Environ Integr 10: 2789-2802. 

DOI: 10.1007/s41207-025-00740-2. 
Mao H, Li G, Leng K, Sun L, Liu K, Lin Y, Liu J, Xiang X. 2024. Effects 

of core soil microbial taxa on soil carbon source utilization under 

different long-term fertilization treatments in Ultisol. Soil Ecol Lett 6: 
240241. DOI: 10.1007/s42832-024-0241-7. 

Maro’ah S, Cahyono O, Ariyanto DP, Pramudita T. 2025. Analysis of 

Alfisol soil infiltration rate on various land cover and its effect on soil 
erodibility in Mount Bromo Special Purpose Forest Area, Indonesia. 

Jurnal Sylva Lestari 13 (1): 190-204. DOI: 10.23960/jsl.v13i1.993. 

Marwan H, Hayati I, Mulyati S. 2023. Effectiveness of biofungicide 
formula on rhizome rot disease of red ginger and its plant growth. 

Biodiversitas 24: 2143-2148. DOI: 10.13057/biodiv/d240425. 

Masulili A, Suryani R, Kurniadi E. 2025. The use of biochar and fertilizer 
to maximize the growth and yield of ginger on degraded alluvial soil. 

J Degrad Mining Lands Manag 12 (3): 7523-7532. DOI: 

10.15243/jdmlm.2025.123.7523. 
Mbatha KC, Mchunu CN, Mavengahama S, Ntuli NR. 2021. Effect of 

poultry and goat manures on the nutrient content of Sesamum alatum 

leafy vegetables. Appl Sci 11 (24): 11933. DOI: 
10.3390/app112411933. 

Mu X, Chen Y. 2021. The physiological response of photosynthesis to 

nitrogen deficiency. Plant Physiol Biochem 158: 76-82. DOI: 
10.1016/j.plaphy.2020.11.019. 

Ndung M, Ngatia LW, Onwonga RN, Mucheru-Muna MW, Fu R, Moriasi 

DN, Ngetich KF. 2021. The influence of organic and inorganic 
nutrient inputs on soil organic carbon functional groups content and 

maize yields. Heliyon 7 (8): e07881. DOI: 

10.1016/j.heliyon.2021.e07881. 
Nisa’ IA, Mubarokah, Soedarto T. 2023. Analysis of demand for red 

ginger (Zingiber officinale Roscoe var. rubrum) in East Java. J 

Pertanian Agros 25 (1): 590-596. 
Nobile CM, Bravin MN, Becquer T, Paillat JM. 2020. Phosphorus 

sorption and availability in an Andosol after a decade of organic or 

mineral fertilizer applications: Importance of pH and organic carbon 
modifications in soil as compared to phosphorus accumulation. 

Chemosphere 239: 124709. DOI: 

10.1016/j.chemosphere.2019.124709. 

Nugraha F, Fahrurroji A, Anastasia DS, Meilvina M. 2025. Red ginger 
effect on yield percentage and antioxidant activity in red ginger–

Angkak combination. Majalah Obat Tradisional 30 (1): 6-12. DOI: 

10.22146/mot.89432. 
Pan Y, Wang D, Tan T, An J, Jin X, Zou H, Zhang Y, Yu N, Siddique 

KHM. 2025. Effect of organic amendments on soil organic carbon 

fractions, water retention, and mechanical properties in a Chinese 
Alfisol. Soil Tillage Res 254: 106723. DOI: 

10.1016/j.still.2025.106723. 

Pradhan S, Parthasarathy P, Mackey HR, Al-Ansari T, McKay G. 2025. 
Effect of pistachio shell biochar and organic cow manure application 

on plant growth, water retention capacity and nutrient stress 

mitigation. Waste Biomass Valorization 16: 761-772. DOI: 
10.1007/s12649-024-02681-3. 

Purnomo J, Miftakhurrohmat A, Prihatiningrum AE. 2022. Effect of goat 

manure and NPK fertilizer against the growth and production of 
tomato plants (Lycopersicon esculentum). IOP Conf Ser: Earth 

Environ Sci 1104 (1): 012009. DOI: 10.1088/1755-

1315/1104/1/012009. 
Qi Y, Wu Z, Wang Y, Zhou R, Liu L, Wang Y, Zhao J, Jiang F. 2025. 

Bacillus bio-organic fertilizer altered soil microorganisms and 

improved yield and quality of radish (Raphanus sativus L.). Plants 14 
(9): 1389. DOI: 10.3390/plants14091389. 

Rana T, Roy A. 2024. Goat manure production and waste management. 

In: Rana T (eds). Trends in Clinical Diseases, Production and 
Management of Goats. Academic Press, London. DOI: 

10.1016/B978-0-443-23696-9.00007-9. 

Sarathambal C, Srinivasan V, Jeevalatha A, Sivaranjani R, 
Alagupalamuthirsolai M, Peeran MF, Sankar M, George P, Dilkush F. 

2024. Unravelling the synergistic effects of arbuscular mycorrhizal 

fungi and vermicompost on improving plant growth, nutrient 
absorption, and secondary metabolite production in ginger (Zingiber 

officinale Rosc.). Front Sustain Food Syst 8: 1412610. DOI: 

10.3389/fsufs.2024.1412610. 

Setyaningrum D, Budiastuti MTS, Purnomo D, Suhita CP. 2024. The role 

of organic fertilizer and tree pruning on the growth and nitrogen, 
phosphate and potassium uptake of red ginger in sengon agroforestry 

system. Int J Design Nature Ecodyn 19 (6): 2205-2212. DOI: 

10.18280/ijdne.190637. 
Setyaningrum D, Budiastuti MTS, Purnomo D, Suhita CP. 2025a. 

Response of root growth and rhizome yield of red ginger to organic 

fertilizer and pruning in agroforestry systems. IOP Conf Ser: Earth 
Environ Sci 1463 (1): 012018. DOI: 10.1088/1755-

1315/1463/1/012018. 

Setyaningrum D, Putri RN. 2025b. Antagonistic effect of nitrogen 
fertilizer and Rhizobium on growth, nodulation and yield of peanut 

(Arachis hypogaea L.) in acidic soil. Planta Tropika 13 (1): 1-10. 

DOI: 10.18196/pt.v13i1.23242. 
Shifa S, Worku M, Beyene A. 2025. Compost and biochar application to 

acidic soils in a hot submoist tropical environment improves the 

forage yield and quality of Desho grass (Pennisetum pedicellatum 
Trin.). All Life 18 (1): 2448173. DOI: 

10.1080/26895293.2024.2448173. 

Sjölund J, Westman G, Wågberg L, Larsson PA. 2025. On the 
determination of charge and nitrogen content in cellulose fibres 

modified to contain quaternary amine functionality. Carbohydr Polym 

347: 122734. DOI: 10.1016/j.carbpol.2024.122734.  
Soliaman SB, Hossain MB, Saha MK, Mandal R, Khan HR. 2022. 

Impacts of cow dung and poultry manure on the mineral nutrient 

uptake of red amaranth grown in a mixture of acid and calcareous 
soils. Dhaka Univ J Biol Sci 31 (2): 329-342. DOI: 

10.3329/dujbs.v31i2.60891.  

Supriyono, Parameswati I, Budiastuti MTS, Nyoto S. 2021. Substitution 
of ZA with organic fertilizer on monoculture red ginger. IOP Conf 

Ser Earth Environ Sci 905(1): 012039. DOI: 10.1088/1755-

1315/905/1/012039.  
Suriyagoda L, Dandeniyac WS, Kadupitiya HK, Madushan R, Senarathne 

S. Chandrajith R. 2024. Evaluation of exchangeable potassium 

concentration in Sri Lankan rice paddy soils with ICP-MS using 
CaCl₂ extraction. Commun Soil Sci Plant Anal 55 (22): 3547-3561. 

DOI: 10.1080/00103624.2024.2402807.  

Verma SK, Pradhan SS, Singh A, Kushuwaha M. 2024. Effect of organic 
manure on different soil properties: A review. Int J Plant Soil Sci 36 

(5): 182-187. DOI: 10.9734/ijpss/2024/v36i54515.  



 ASIAN JOURNAL OF AGRICULTURE 9 (2): 636-644, December 2025 

 

644 

Wang D, Lin JY, Sayre JM, Schmidt R, Fonte SJ, Rodrigues JLM, Scow 

KM. 2022. Compost amendment maintains soil structure and carbon 

storage by increasing available carbon and microbial biomass in 
agricultural soil—A six-year field study. Geoderma 427: 116117. 

DOI: 10.1016/j.geoderma.2022.116117.  

Washaya S, Washaya DD. 2023. Benefits, concerns and prospects of using 
goat manure in sub-Saharan Africa. Pastoralism Res Policy Pract 28: 

13. DOI: 10.1186/s13570-023-00288-2.  

Wu H, Chen S, Huang Z, Huang T, Tang X, He L, Li Z, Xiong J, Zhong 
R, Jiang J, Han Z, Tang R. 2024. Effects of intercropping and 

nitrogen application on soil fertility and microbial communities in 

peanut rhizosphere soil. Agronomy 14 (3): 635. DOI: 
10.3390/agronomy14030635.  

Xiao Z, Chen ZY, Lin YH, Liang XG, Wang X, Huang SB, Munz S, 

Graeff-Hönninger S, Shen S, Zhou SL. 2024. Phosphorus deficiency 
promotes root:shoot ratio and carbon accumulation via modulating 

sucrose utilization in maize. J Plant Physiol 303: 154349. DOI: 

10.1016/j.jplph.2024.154349.  
Yang Y, Li M, Wu J, Pan X, Gao C, Tang DWS. 2022. Impact of 

combining long-term subsoiling and organic fertilizer on soil 

microbial biomass carbon and nitrogen, soil enzyme activity, and 
water use of winter wheat. Front Plant Sci 12: 788651. DOI: 

10.3389/fpls.2021.788651.  

Zaghloul EAM, Awad ESA, Mohamed IR, El-Hameed AMA, Feng D, 
Desoky ESM, Algopishi UB, Al Masoudi LM, Elrys AS, Mathew BT, 

AbuQamar SF, El-Tarabily KA. 2024. Co-application of organic 

amendments and natural biostimulants on plants enhances wheat 

production and defense system under salt-alkali stress. Sci Rep 14: 

29742. DOI: 10.1038/s41598-024-77651-9.  
Zhai L, Zhang L , Cui Y, Zhai L, Zheng M, Yao Y, Zhang J, Hou W, Wu 

L, Jia X. 2024. Combined application of organic fertilizer and 

chemical fertilizer alleviates the kernel position effect in summer 
maize by promoting post-silking nitrogen uptake and dry matter 

accumulation. J Integr Agric 23 (4): 1179-1194. DOI: 

10.1016/j.jia.2023.05.003.  
Zhang N, Bai L, Wei X, Li T, Tang Y, Wen J, Peng Z, Zhang Y, Wang Y, 

Zeng X, Su S. 2025. Effects of organic material addition on carbon 

cycling and soil fertility in paddy soil. J Environ Manag 379: 124898. 
DOI: 10.1016/j.jenvman.2025.124898.  

Zhao X, Yuan J, Cai X, Zeng Z, Wei L, Liu Y. 2025. Transcriptome 

analysis reveals the effects of root development across different 
ginger generations on plant morphology and yield. Authorea 

(preprint). DOI: 10.22541/au.174348751.14411766/v1.  

Zhao XQ, Liu X, Jiang DZ, Wang RR, Cai XD, Liu YQ. 2025. Low 
rhizome productivity of micropropagated ginger plants in the first 

growing season: Insights from genetic variation, root characteristics, 

endogenous hormone profiles, and anatomical features. Ind Crops 
Prod 233: 121465. DOI: 10.1016/j.indcrop.2025.121465.  

Zheng Z, Wang Y, Zeng X, Zhang Y, Zhang N, Zhang T, Xu L, Wu C. 

2024. Response of community composition of denitrifying bacteria to 
long-term fertilization in Alfisol soil. J Soil Sci Plant Nutr 24: 3162-

3177. DOI: 10.1007/s42729-024-01741-w.  

 

 


