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Abstract: This research aimed to increase eggplant production in intercropping systems. Therefore, 

integrated nutrient management was carried out in Poncokusumo, Malang, from April to October 2018. It was 

conducted using a factorial randomized block design with two factors and three replications. The first factor was 

various doses of goat manure, which consisted of 3 levels, namely, 10, 20, and 30 tons ha-1. Meanwhile, the second 

was microbial concentration and consisted of 7 levels, namely, without microbes as control, and 10, 20, 30 ml L-1 

EM4, and ml l-1 PGPR (Plant Growth Promoting Rhizobacteria), respectively. The results showed no significant 

interaction between the doses of goat manure and microbial concentration on the growth and yield of the eggplants. 

Furthermore, the manure application at doses of 20 and 30 t ha-1 increased the production of the plant's fruits to 

60.33 and 64.83 t ha-1, respectively. While the use of EM4 and PGPR at concentrations of 20 and 30 ml L-1 led to 

the production at 63.16, 68.39, 61.57, and 64.61 t ha-1. The results also showed that goat manure and microbes in 

the intercropping system of eggplant, curly lettuce, and chickpeas increased land productivity. Furthermore, 

treatment with the manure at doses of 20 and 30 tons ha-1 had the same land equivalent ratio (LER) of 2.20. Finally, 

applications of 10, 20, and 30 ml of L-1 EM4 let to LER values of 2.14, 2.20, and 2.29, respectively, while PGPR at 

concentrations of 20 and 30 ml L-1 let to the values of 2,16 and 2.20.  
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通过综合营养管理提高间作系统中茄子的产量 

 

摘要：该研究旨在提高间作系统中茄子的产量。因此，综合养分管理于 2018 年 4 月至 

10月在玛琅柚木进行。采用因子随机区组设计，具有两个因素和三个重复。第一个因素是不

同剂量的山羊粪，包括3个水平，即10、20和30吨公顷-

1。同时，第二个是微生物浓度，由7个级别组成，即没有微生物作为对照，分别为10、20、

30毫升升-1有效微生物4和毫升升-

1植物生长促进根际细菌。结果表明，山羊粪的剂量和微生物浓度之间对茄子的生长和产量没

有显着的相互作用。此外，以 20 和 30 t公顷-1 的剂量施肥使植物的果实产量分别增加到 

60.33 和 64.83吨公顷-1。虽然使用浓度为 20 和 30毫升升-1 的有效微生物 4 

和促进植物生长的根际细菌导致产量为63.16、68.39、61.57和64.61t公顷-

1。结果还表明，茄子、卷心莴苣和鹰嘴豆间作系统中的山羊粪便和微生物提高了土地生产力

。此外，用 20 吨和 30 吨公顷-1 的粪便处理具有相同的土地当量比 2.20。最后，应用 

10、20 和 30毫升升-1 有效微生物 4 分别使土地当量比值达到 2.14、2.20 和 

2.29，而促进植物生长的根际细菌在浓度为 20 和 30 毫升升-1 时达到 2,16和 2.20。 

关键词：茄子，养分管理，山羊粪，微生物。 
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1. Introduction 
Eggplant is a vegetable with good prospects to be 

developed and can improve nutrition, food security, 

promote rural development, and support sustainable land 

management [1]. Furthermore, this vegetable has a 

nutritional value comparable with other vegetable crops. 

Therefore, it is necessary to improve its production [2]. 

Enhancement of eggplant production faces many 

challenges. They include depreciation of agricultural 

land, global environmental change, a decline in soil 

fertility, climate change leading to drought, and 

environmental pollution [3]. Meanwhile, the increased 

use of inorganic fertilizers, including herbicides and 

pesticides, monoculture or crop rotation practices, and 

the utilization of available resources in intensive 

farming systems is a threat to ecosystem sustainability 

[4].  Therefore a system is needed to integrate various 

practices of soil fertility maintenance. This system is 

the integrated nutrient management and intercropping 

system, and it aims to increase vegetable production 

sustainably [5].  

Increased eggplant production is mainly influenced 

by the availability of nutrients in sufficient quantities. 

This plant is a long-lived plant with high yields, thus 

requiring nutrients in large quantities [6]. In many 

cases, its growth and yield are often hampered by an 

inadequate supply of nutrients. Thus, additional sources 

of nutrients are needed to support continuous fruit 

harvesting [7].  In soils with low fertility rates, eggplant 

requires 150-200 kg N ha-1, 100-150 kg P2O5 ha-1, and 

60-100 kg K2O ha-1. Furthermore, their productivity 

could be improved using the integrated nutrient 

management techniques and eggplant varieties with 

good production and quality [8]. The application of 

organic and chemical fertilizer had a significant effect 

on the vegetative growth and yield of eggplant [9].  

Intercropping systems and integrated nutrient 

management could sustainably increase eggplant 

production. Moreover, sustainable development in 

agriculture and improvement of crop yields could be 

achieved through restoration and management of land 

productivity [10]. The basic concept underlying the 

integrated nutrient management system is the 

suitability of soil fertility and plant nutrient supply to 

the optimum level to maintain the desired plant 

productivity by optimizing the utilization of all 

resources in an integrated nutrient [7]. Many studies 

show that the balance of inorganic and organic 

fertilizers could increase soil organic carbon and 

maintain soil productivity [11]. Additionally, the use of 

microbes and nutrient management technologies could 

provide nutrients, protect plants from pathogens, and 

obtain optimum eggplant yield environmentally [12]. 

The combination of inorganic, organic, and biological 

fertilizers increases the growth and yield of eggplant 

[13]. 

Meanwhile, the intercropping system could improve 

soil fertility and nutrient balance and reduce weeds, 

pests, and diseases, thereby reducing the risk of crop 

failure and maximizing farmers' benefit [14]. This 

system also helps improve soil fertility and supports its 

physical structure. Finally, intercropping systems 

positively affect soil conservation, increase soil 

fertility, support more stable yields, and reduce pests 

and diseases [9]. 

Based on the above description, and due to the lack 

of research information on the combination of 

integrated nutrient management and intercropping 

systems in vegetable crops, this study was conducted to 

determine the effect of intercropping systems and 

integrated nutrient management on increasing eggplant 

production and land productivity.  

 

2. Materials and Methods 
The research was conducted in Poncokusumo, 

Malang Regency – East Java, from April to October 

2018. It used a factorial randomized block design with 

two factors and three replications. The first factor was 

various doses of goat manure consisting of three levels, 

namely 10, 20, and 30 t.ha-1. Meanwhile, the second 

was the type and concentration of microbes consisting 

of seven levels, namely 0, 10, 20, 30 ml L-1 EM4, and 

10, 20, and 30 ml L-1 PGPR. To calculate the land 

equivalent ratio (LER) of the planted eggplant, curly 

lettuce, and monoculture bean, each was treated the 

same, as in the intercropping system. 

In the intercropped plant, curly lettuce was planted 

simultaneously with the eggplant, and after 35 days, 

beans were planted, post-harvesting of the lettuce or 

eggplant. Furthermore, the curly lettuce and bean were 

planted at a 15 cm distance between rows of the 

eggplants and were in 50 cm distance in the rows.  

The application of goat manure was carried out 

together with soil tillage. Furthermore, the dosage of 

the manure was based on the treatment and was carried 

out by spreading on the soil surface. The dose of EM 

and PGPR in each application was 50 ml per plant, 

with concentration according to treatment. 

Additionally, the application was carried out by 

splashing around the plants.  

Growth observations were carried out four times 

within two weeks intervals, starting from 14 to 56 days 

after planting (dap). Furthermore, the non-destructive 

variables observed were plant height, number of leaves, 

and stem diameter. At the same time, the destructive 

variables observed twice at 56, and 105 daps were dry 

weight and leaf area per plant. The results were 

obtained by observing the fruit weight, number per 

plant, and weight of fruits per hectare. Furthermore, the 

land productivity was calculated based on yield per unit 

area of each plant, both on the intercropping and 

monoculture systems. Analysis of variance was 
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adopted to analyze data. Finally, 5% LSD was 

conducted when there were significant differences 

between treatments based on ANOVA.  

 

3. Results and Discussion 
 

3.1. Growth 

The results of the analysis of variance showed that 

there was no interaction between manure dosage and 

microbial concentration on height, number of leaves, 

stem diameter, leaf area, and dry weight of the 

eggplants intercropped with curly lettuce and beans at 

various ages of observation. Meanwhile, the various 

doses of the manure significantly affected plant height, 

number of leaves, and plant stem diameter at 21 to 56 

dap. The manure also significantly affected leaf area 

and plant dry weight at 56 and 105 dap.  

The provision of beneficial microbes significantly 

affected plant height, leaf number, and stem diameter 

in all observation ages and leaf area and plant dry 

weight at 56 and 105 days after planting. These results 

are similar to those of the research, which showed that 

the application of organic fertilizers and microbes 

caused better plant growth than inorganic fertilizers 

alone [12]. 

The application of goat manure significantly 

affected the growth of the eggplants that were 

intercropped with curly lettuce and chickpeas. That was 

evidenced in Fig. 1, 2, and 3, which showed that the 

application of manure significantly affected the height 

of the eggplant, the number of its leaves, and stem 

diameter at 28 to 56 dap. That is because depositing the 

manure nutrients was carried out slowly, and its 

influence on the soil properties also occurred slowly. It 

is suspected that at 28 daps, nutrients were available in 

sufficient quantities, and there were changes in soil 

properties. Additionally, in such a condition, nutrient 

uptake and the plant's metabolism would run more 

effectively to increase plant growth. Based on the 

results of soil analysis after the research, it was 

discovered that there was a change in the value of 

CEC. Before the research was conducted, this value 

was moderate, and it increased to a high level after the 

study was completed. The increase in soil CEC had a 

great effect on the availability of nutrients for the 

plants. CEC is one of the factors related to soil fertility 

and is a good indicator of soil quality and productivity 

[15]. Higher soil CECs cause an increase in alkalinity, 

which leads to higher fertility. Conversely, when CEC 

is low, the soil would not hold nutrients properly. Thus, 

they are easily washed away by water.  

Application of goat manure at a dose of 30 t ha-1 

produced better eggplant growth. That was because the 

availability of nutrients for the plants increased at this 

dose, and soil properties improved. Organic fertilizers 

help increase plant growth by providing macro and 

micronutrients through the mineralization process and 

improving the soil's physical and chemical properties 

[16]. Moreover, increased availability of nutrients and 

improved soil properties improve nutrients and 

metabolic processes. In Fig. 1, it could be seen that the 

application of goat manure at a dose of 30 t ha-1 

produced taller plants compared to the other doses, 

although the difference wasn't significantly different 

from the dose of 20 t ha-1. 

Moreover, the increase in plant height was followed 

by an increase in the number of eggplant leaves. That 

could be seen in Fig. 2, where the leaf number in the 

plant fertilized with goat manure at a dose of 30 t ha-1 

was higher than the dose with the application of the 

doses at 10 t ha-1 and 20 t ha-1. Also, the higher number 

of leaves would increase the total surface area of the 

leaves of the eggplant, and consequently, allow in more 

sunlight and improve photosynthesis. Fig. 4 showed 

that the leaf area at 56 dap and 105 dap in the plants 

fertilized with the goat manure at doses of 20 and 30 t 

ha-1 were higher than those fertilized with a dose of 10 t 

ha-1. The increased availability of nutrients and 

improvement of soil properties, accompanied by the 

increase in the area of the leaves, improved 

photosynthesis, thus allowing for better plant 

development. The formation of plant biomass depends 

on the amount of light interception through the leaves 

and its effectiveness [17]. Moreover, the wider the 

surface area of the leaves, the more sunlight could be 

trapped, therefore, allowing for abundant plant 

biomass.  

The use of microbes in the intercropping system had 

a significant effect on eggplant growth. That is because 

microbial inoculation into the soil significantly affected 

the height of the plants, the number of leaves, and stem 

diameter from 14 to 56 dap. Furthermore, it affected 

the plants' leaf area and dry weight at 56 and 105 dap 

(Fig. 1, 2, 3, and 4). The activity of soil organisms is 

very important to maintain the availability of nutrients 

to satisfy the needs of plants [18]. That is because 

beneficial microorganisms are very efficient in 

dissolving and providing nutrients for plants. 

The concentration of various beneficial microbes 

had a significant effect on the growth of the eggplants. 

Microbial applications at lower concentrations, both 

from EM or PGPR, resulted in reduced growth, while 

at higher concentrations, up to 30 ml L-1, the growth 

was increased. Fig. 1, 2, and 3 show that at age 14 and 

28 dap, the application of EM and PGPR at 

concentrations of 10 and 20 ml L-1 resulted in the 

eggplant height, the number of leaves, and stem 

diameter being lower compared to other 

concentrations. Meanwhile, at the age of 42 and 56 

dap, the PGPR application at a concentration of 10 ml 

L-1 resulted in lower plant growth which was not 

significantly different from plants that were not given 

EM or PGPR. The application of beneficial microbes at 

low concentrations result in fewer bacteria being in the 

soil, and thus, insufficient amounts of nutrient being 
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added to the soil. That causes the effects of the 

microbes to be less optimal [19].  

Application of PGPR at concentrations of 20, 30, 

and 30 ml L-1 led to the production of a higher number 

of leaves (Fig. 2). Moreover, the more the leaves, the 

more the total surface area available to trap sunlight. 

Therefore, this could increase photosynthetic activities. 

The application of EM and PGPR at 30 ml L-1 could 

lead to higher plant height, the number of leaves, and 

stem diameter (Fig. 1, 2, and 3). Furthermore, the 

formation of plant organs could increase the dry matter 

(Fig. 4). During the growth period, the formation of 

plant biomass is strongly influenced by the amount of 

received solar radiation [20]. Therefore, the greater the 

leaf area, the higher biomass, which could contribute to 

plant organs' formation. 

 

 
Fig. 1 The height of eggplant in the intercropping system of 

eggplant, curly lettuce, and bean caused by the use of goat manure 

and microbes 

 

 

 
Fig. 2 The number of leaves on the eggplants in the intercropping 

system due to the use of goat manure and microbes 

 

 

 
Fig. 3 The stem diameter of the eggplant in the intercropping 

system is due to goat manure and microbes 

 

3.2. Yield 

The application of goat manure significantly 

affected the weight of the eggplant fruits (Table 1). 

Furthermore, at a 10 t ha-1, the manure led to the 

production of the lowest fruit weight, while at 20 and 

30 t ha-1, it resulted in higher weights. This manure 

directly improves crop yields by increasing the 

availability of nutrients and indirectly by improving 

soil properties. Its application at doses of 20 and 30 t 

ha-1 could provide more nutrients and improved soil 

properties than at 10 t ha-1. Thus, the higher the dose, 

the more available phosphorus (P) is in the soil, which 

is needed for fruit formation and an increase in weight. 

The increase in the availability of P within soil affects 

its release and adsorption complex [21]. Meanwhile, 

the use of organic matter in the soil could reduce the 

adsorption of P, which Fe and Al oxide carry out. 

Based on Table 1, it could be seen that the provision 

of microbes had a significant effect on the weight of 

eggplant fruits. That is because the eggplants which 

were not given microbes had the lowest fruit weight 

compared to those given the microbes. Moreover, 
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microbial applications from either EM or PGPR at a 

concentration of 10 ml L-1 produced eggplant fruit with 

a lower weight than those of the other concentrations. 

Thus, the increase in weight was due to an increase in 

beneficial microbes. That is because EM and PGPR 

contain bacteria that could fix nitrogen and phosphate 

solvents. Furthermore, they also synthesize the plant 

growth regulator. The utilization of beneficial microbes 

is an attempt to manage environmentally friendly 

nutrients [22].  

Table 1 showed that the eggplants treated with 20 

and 30 ml L-1 of EM or PGPR resulted in more fruit per 

plant. Furthermore, the higher concentration of 

microbes given, the more that would be available in the 

soil. Finally, the use of microbes with phosphate 

solvent bacteria can increase plant growth, yield, and 

nitrogen fixation ability [23].  

 
Fig. 4 The leaf area and dry weight of eggplant in the intercropping system of eggplant, curly lettuce, and bean were caused by the use of goat 

manure and microbes at 56 and 105 dap 

 
Table 1 The weight and number of harvested eggplant fruit in the intercropping system due to the use of goat manure and microbes (Numbers 

in the same column followed by the same letter were not significantly different on LSD 5%) 

Treatment 
 Fruit weight Fruit number plant-1 

kg plant-1 ton ha-1 g fruit-1 

Doses of goat manure:  

10 t ha-1 

20 t ha-1 

30 t ha-1 

 

2.39 a 

2.59 b 

2.78 b 

 

55.67 a 

60.33 b 

64.83 b 

 

299.75 

303.36 

311.53 

 

7.95 a  

8.56 b 

8.92 b 

LSD 5% 0.20  4.62  ns 0.39 

Microbial concentration:  

Control 

EM 10 ml L-1 

EM 20 ml L-1 

EM 30 ml L-1 

PGPR 10 ml L-1 

PGPR 20 ml L-1 

PGPR 30 ml L-1 

 

2.02 a 

2.58 bc 

2.71 bcd 

2.93 d 

2.44 b 

2.64 bcd 

2.77 cd 

 

47.19 a 

60.11 bc 

63.16 bcd 

68.39 d 

56.90 b 

61.57 bcd 

64.61 cd 

 

292.27 

301.78 

307.66 

320.44 

294.30 

311.62 

306.09 

 

6.94 a 

8.57 bc 

8.79 bcd 

9.19 d 

8.26 b 

8.54 bc 

9.04 cd 

LSD 5% 0.30  7.05  ns 0.60 

 
Table 2 The land equivalent ratio (LER) in the intercropping system due to the use of goat manure and microbes (Numbers in the same 

column followed by the same letter were not significantly different on LSD 5%) 

Treatment 

Yield of intercropping 

(t ha-1) 

Yield of monoculture  

(t. ha-1)  LER 
Eggplant Curly lettuce  Beans  Eggplant Curly lettuce  Beans  

Doses of goat manure:  

10 t ha-1 

20 t ha-1 

30 t ha-1 

 

55.67 

60.33 

64.83 

 

5.45 

6.39 

7.11 

 

7.61 

8.92 

8.09 

 

46.49 

49.68 

51.77 

 

13.10 

14.10 

15.16 

 

15.08 

15.43 

15.66 

 

2.07a 

2.20 b 

2.20 b 
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LSD 5%  -  -  -  -  -  - 0.10 

Microbial concentration:  

Control 

EM 10 ml L-1 

EM 20 ml L-1 

EM 30 ml L-1 

PGPR 10 ml L-1 

PGPR 20 ml L-1 

PGPR 30 ml L-1 

 

47.19 

60.11 

63.16 

68.39 

56.90 

61.57 

64.61 

 

3.88 

5.35 

7.46 

8.56 

4.51 

6.67 

7.80 

 

6.75 

8.03 

8.64 

9.26 

7.64 

8.34 

8.79 

 

39.81 

49.57 

51.56 

53.71 

47.59 

50.63 

52.33 

 

10.04 

12.06 

16.08 

17.78 

10.85 

15.04 

16.98 

 

13.97 

15.31 

15.71 

16.19 

15.00 

15.47 

16.02 

 

2.02 a 

2.14 ab 

2.20 bc 

2.29 c 

2.08 ab 

2.16 ab 

2.20 bc 

LSD 5%  -  -  -  -  -  - 0.15 

 

3.3. Land Equivalent Ratio (LER) 

Land productivity could be increased through an 

intercropping system. The width of the eggplant 

spacing and the length of its harvest time could be 

utilized for planting short-lived vegetables such as 

curly lettuce followed by beans. Moreover, increased 

land productivity would reduce farm costs and increase 

farmer’s income. Intercropping is more advantageous 

in terms of economy, space, efficient use of nutrients, 

and moisture in unused space [24]. In addition to 

increased land productivity, this cropping system is 

also important for integrated nutrient management.  

The use of goat manure in various doses resulted in 

different land equivalent ratios (LER). The increase in 

the dose from 20 to 30 t ha-1 increased the LER value 

to 2.20. Moreover, the higher doses increased the 

availability of nutrients and improved soil properties, 

thereby increasing nutrient uptake efficiency, which 

resulted in increased crop yields. The application of 

organic fertilizer in high doses could increase the 

availability and efficiency of nitrogen use by plants to 

increase crop yields [25].  

The utilization of microbes had a significant effect 

on increasing LER value in the intercropping system. 

Thus, the cropping system that did not use beneficial 

microbes resulted in a lower LER value of 2.02. The 

higher LER values obtained through EM and PGPR at 

concentrations of 20 and 30 ml L-1 were 2.20, 2.29, 

2.16, and 2.20, respectively. Moreover, the increase in 

LER could increase the number of beneficial microbes 

in the soil. Meanwhile, this increase in bacteria number 

could allow for more nitrogen fixation and increased 

phosphate solvent, thus, more available nutrients for 

the plants. This condition could then increase the yield 

of the plants. The application of microbes at sufficient 

concentrations would increase the number of beneficial 

microbes in the soil. These microbes can convert 

nutrients from inaccessible to accessible forms for 

plants by altering organic matter, N fixation, or 

dissolving P into the available form [23]. The 

beneficial microbes also produce growth regulators that 

could increase plant growth and crop yields.  

Intercropping system increased crop yields and 

LER. Moreover, the system also increased eggplant 

yield per hectare. Table 2 showed that the yield of 

eggplant per hectare due to the treatment with goat 

manure or microbial utilization in the intercropping 

system was higher than in the monoculture system. 

Moreover, this increased yield could modify 

microclimate and improve nutrient efficiency for a 

better result.  

The intercropping system increases the availability 

of nutrients and water, reduces pest attacks, suppresses 

weed growth, and maintains and improves soil fertility 

(especially the intercropping with beans). Moreover, 

the system decreased the total yield of curly lettuce and 

bean. These plants were planted at a population of 50% 

less than in a monoculture system. Thus, the yield per 

unit of the land area was lower than the monoculture.  

 

4. Conclusion 
There was no interaction between the dose of goat 

manure and microbial concentration on the growth and 

yield of eggplant. The application of 20 and 30 t ha-1 of 

the manure increased the growth and yield of eggplant, 

with fruit yields of 60.33 and 8.92 t ha-1. Furthermore, 

the application of 20 and 30 ml L-1 EM or PGPR 

induced the highest growth and yield of this plant, with 

fruit yields of 63.16, 68.39, 61.57, and 64.61 t ha-1, 

respectively. Intercropping systems could increase land 

productivity. The application of goat manure 

significantly affected the LER value, where at doses of 

20 and 30 tons ha-1, the value was higher at 2.20. The 

use of microbes significantly increased land 

productivity. Moreover, higher LER values of 2.14, 

2.20, and 2.29 were obtained due to treatment using 10 

to 30 ml L-1 EM. While the treatment with 20 and 30 

ml L-1 PGPR led to LER values of 2.16 and 2.20.  

 

References 
[1] GÜRBÜZ N., ULUIŞIK. S, FRARY A., and 

DOĞANLAR S. Health Benefits and Bioactive Compounds 

of Eggplant. Food Chemistry, 2018, 268: 602–610. 

https://doi.org/10.1016/j.foodchem.2018.06.093 

[2] NAEEM M. Y., & UGUR S. Nutritional Content and 

Health Benefits of Eggplant. Turkish Journal of Agriculture 

- Food Science and Technology, 2019, 7(3): 31–36. 

https://doi.org/10.24925/turjaf.v7isp3.31-36.3146  

[3] HANNAH L., ROEHRDANZ P. R., KRISHNA 

BAHADUR K. C., FRASER E. D. G., DONATTI C. I., 

SAENZ L., WRIGHT T. M., HIJMANS R. J., MULLIGAN 

M., BERG A., and VAN SOESBERGEN A. The 

Environmental Consequences of Climate-Driven 

Agricultural Frontiers. Public Library of Sciences ONE, 

2020, 15(2): 1–19. 

https://doi.org/10.1371/journal.pone.0228305 

[4] PRETTY J. Intensification for Redesigned and 

Sustainable Agricultural Systems. Science, 2018, 362(6417): 

1-8. https://doi.org/10.1126/science.aav0294  

https://doi.org/10.1016/j.foodchem.2018.06.093
https://doi.org/10.24925/turjaf.v7isp3.31-36.3146
https://doi.org/10.1371/journal.pone.0228305
https://doi.org/10.1126/science.aav0294


109 

 

[5] YADAV G., SHIVRAN A. C., YADAV K. R., 

KUMAWAT S. R., and YADAV M. Chemical Science 

Review and Letters Effect of Intercropping Systems and 

Integrated Nutrient Management on Growth, Yield and 

Nutrient Uptake by Sesame under Semi-Arid Region. 

Chemical Science Review and Letters, 2017, 6(22): 1308–

1311. https://doi.org/10.4236/jacen.2018.74014  

[6] BASAVARAJA P. K., SAQEEBULLA H. M., 

GANGAMRUTHA G. V., and PRABHUDEVA D. S. Use 

of STCR Targeted Yield Approach to Increasing Nutrient 

Use Efficiency in Eggplant (Solanum Melongena L.). 

Journal of Pharmacognosy and Phytochemistry, 2019, 8(3): 

3870–3873. 
https://www.phytojournal.com/archives/2019/vol8issue3/Par

tBE/8-3-288-865.pdf  

[7] SELIM M. M. Review Article Introduction to the 

Integrated Nutrient Management Strategies. International 

Journal of Agronomy, 2020, 1:14. 
https://doi.org/10.1155/2020/2821678  

[8] THINGUJAM U., BHATTACHARYYA K., RAY K., 

PHONGLOSA A., PARI A., BANERJEE H., DUTTA S., 

and MAJUMDAR K. Integrated Nutrient Management for 

Eggplant: Yield and Quality Models through Artificial 

Neural Network. Communications in Soil Science and Plant 

Analysis, 2020. 51(1): 70–85. 

https://doi.org/10.1080/00103624.2019.1695824. 

[9] ALI M. A., GENÇOĞLAN C, and GENÇOĞLAN S. 

The Effects of Organic and Inorganic Fertilizer Applications 

on Yield and Plant Vegetative Growth of Eggplant (Solanum 

melongena L.). International Journal of Plant & Soil 

Science, 2019, 29(1): 1–9. 

https://doi.org/10.9734/ijpss/2019/v29i130132  

[10] ISSAHAKU G., & ABDULAI A. Sustainable Land 

Management Practices and Technical and Environmental 

Efficiency among Smallholder Farmers in Ghana. Journal of 

Agricultural and Applied Economics, 2020, 52(1): 96–116.  

https://doi.org/10.1017/aae.2019.34 

[11] ROBA T. B. Review on: The Effect of Mixing Organic 

and Inorganic Fertilizer on Productivity and Soil Fertility. 

Open Access Library, 2018, 05(06): 1–11. 

https://doi.org/10.4236/oalib.1104618  

[12] MEENA M. L., GEHLOT V. S., MEENA D. C., 

KISHOR S., and KUMAR S. Impact of Biofertilizers on 

Growth, Yield and Quality of Tomato (Lycopersicon 

esculentum Mill) Cv. Pusa Sheetal. Journal of 

Pharmacognosy and Phytochemistry, 2017, 6(4): 1579–

1583. 
https://www.phytojournal.com/archives/2017/vol6issue4/Par

tW/6-4-204-542.pdf  

[13] AGEGNEHU G., and AMEDE T. Integrated Soil 

Fertility and Plant Nutrient Management in Tropical Agro-

Ecosystems: A Review. Pedosphere, 2017, 27(4): 662–680. 

https://doi.org/10.1016/S1002-0160(17)60382-5 

[14] MAZZAFERA P., FAVARIN J. L., and DE 

ANDRADE S. A. L. Editorial: Intercropping Systems in 

Sustainable Agriculture. Frontiers in Sustainable Food 

Systems, 2021, 5: 1–3. 

https://doi.org/10.3389/fsufs.2021.634361 

[15] CHOWDHURY S., BOLAN N., FARRELL M., 

SARKAR B., SARKER J. R., KIRKHAM M. B., HOSSAIN 

M. Z., and KIM G. H. Role of Cultural and Nutrient 

Management Practices in Carbon Sequestration in 

Agricultural Soil. Advances in Agronomy, 2021, 166: 131–

196. https://doi.org/10.1016/bs.agron.2020.10.001  

[16] BARATH KUMAR T. R, PRADEEP KUMAR G., 

SURESH KUMAR R., and MURUGANAN-DAM C. 

Integrated Use of Organic and Inorganic Fertilizers with Bio-

Inoculants on Physicological Characteristics of Acid Lime 

(Citrus Aurantifolia Swingle). Plant Archives, 2020, 20: 

1769–1772. 
http://www.plantarchives.org/SPECIAL%20ISSUE%2020-

1/1769-1772%20(555).pdf  

[17] MÜLLER M., RAKOCEVIC M., CAVERZAN A., and 

CHAVARRIA G. Grain Yield Differences of Soybean 

Cultivars Due to Solar Radiation Interception. American 

Journal of Plant Sciences, 2017, 08(11): 2795–2810. 

https://doi.org/10.4236/ajps.2017.811189  

[18] SINGH P., GOSWAMI S. P., CHOUDHARY S., and 

KUMAR S. The Role of Soil Microbes in Plant Nutrient 

Availability. International Journal of Current Microbiology 

and Applied Sciences, 2017, 6(2): 1444–1449. 

https://doi.org/10.20546/ijcmas.2017.602.161  

[19] JACOBY R., PEUKER M., SUCCURRO A., 

KOPRIVOVA A., and KOPRIVA S. The Role of Soil 

Microorganisms in Plant Mineral Nutrition — Current 

Knowledge and Future Directions. Frontiers in Plant 

Science, 2017, 8: 1–19. 

https://doi.org/10.3389/fpls.2017.01617  

[20] PUNIA H., TOKAS J., MALIK A., RANI A., 

GUIPOTA P., KUMARI A., MOR V. S., BHUKER A., and 

KUMAR S. Solar Radiation and Nitrogen Use Efficiency for 

Sustainable Agriculture. Resources Use Efficiency in 

Agriculture. Springer, Singapore, 2020: 177-212. 

https://doi.org/10.1007/978-981-15-6953-1  

[21] HANYABUI E., APORI S O, FRIMPONG K A, 

ATIAH K, ABINDAW T, ALI M, ASIAMAH J. Y., and 

BYALEBEKA J. Phosphorus Sorption in Tropical Soils. 

AIMS (American Institute of Mathematical Sciences) 

Agriculture and Food, 2020, 5(4): 599–616. 

https://doi.org/10.3934/AGRFOOD.2020.4.599  

[22] AWODUN M. A., OLADELE S., and ADEYEMO A. J. 

Efficient Nutrient Use and Plant Probiotic Microbes 

Interaction. Probiotics in Agroecosystem. Springer Nature, 

Singapore, 2017: 217–232. https://doi.org/10.1007/978-981-

10-4059-7  

[23] LI S., PENG M., LIU Z., and SHAH S. S. The Role of 

Soil Microbes in Promoting Plant Growth. Molecular 

Microbiology Research, 2017, 7(4): 30–37. 

https://doi.org/10.5376/mmr.2017.07.0004  

[24] MAITRA S., SHANKAR T., and BANERJEE P. 

Potential and Advantages of Maize-Legume Intercropping 

System. Maize - Production and Use. IntechOpen, London, 

UK, 2020: 1–14. https://doi.org/10.5772/intechopen.91722  

[25] HUA W., LUO P., AN N., CAI F., ZHANG S., CHEN 

K., YANG J., and HAN X. Manure Application Increased 

Crop Yields by Promoting Nitrogen Use Efficiency in the 

Soils of 40-Year Soybean-Maize Rotation. Scientific 

Reports, 2020, 10(1): 1–11. https://doi.org/10.1038/s41598-

020-71932-9 
 

 

参考文: 

[1] GÜRBÜZ N., ULUIŞIK. S, FRARY A., 和 
DOĞANLAR S. 

茄子的健康益处和生物活性化合物。食品化学, 2018, 

268: 602–610. 

https://doi.org/10.1016/j.foodchem.2018.06.093 

https://doi.org/10.4236/jacen.2018.74014
https://www.phytojournal.com/archives/2019/vol8issue3/PartBE/8-3-288-865.pdf
https://www.phytojournal.com/archives/2019/vol8issue3/PartBE/8-3-288-865.pdf
https://doi.org/10.1155/2020/2821678
https://doi.org/10.1080/00103624.2019.1695824
https://doi.org/10.9734/ijpss/2019/v29i130132
https://doi.org/10.1017/aae.2019.34
https://doi.org/10.4236/oalib.1104618
https://www.phytojournal.com/archives/2017/vol6issue4/PartW/6-4-204-542.pdf
https://www.phytojournal.com/archives/2017/vol6issue4/PartW/6-4-204-542.pdf
https://doi.org/10.1016/S1002-0160(17)60382-5
https://doi.org/10.3389/fsufs.2021.634361
https://doi.org/10.1016/bs.agron.2020.10.001
http://www.plantarchives.org/SPECIAL%20ISSUE%2020-1/1769-1772%20(555).pdf
http://www.plantarchives.org/SPECIAL%20ISSUE%2020-1/1769-1772%20(555).pdf
https://doi.org/10.4236/ajps.2017.811189
https://doi.org/10.20546/ijcmas.2017.602.161
https://doi.org/10.3389/fpls.2017.01617
https://doi.org/10.1007/978-981-15-6953-1
https://doi.org/10.3934/AGRFOOD.2020.4.599
https://doi.org/10.1007/978-981-10-4059-7
https://doi.org/10.1007/978-981-10-4059-7
https://doi.org/10.5376/mmr.2017.07.0004
https://doi.org/10.5772/intechopen.91722
https://doi.org/10.1038/s41598-020-71932-9
https://doi.org/10.1038/s41598-020-71932-9
https://doi.org/10.1016/j.foodchem.2018.06.093


110 

 

[2] NAEEM M. Y., 和 UGUR S. 

茄子的营养成分和健康益处。土耳其农业杂志 - 

食品科学与技术, 2019, 7(3): 31–36. 

https://doi.org/10.24925/turjaf.v7isp3.31-36.3146  

[3] HANNAH L., ROEHRDANZ P. R., KRISHNA 

BAHADUR K. C., FRASER E. D. G., DONATTI C. I., 

SAENZ L., WRIGHT T. M., HIJMANS R. J., MULLIGAN 

M., BERG A., 和 VAN SOESBERGEN A. 

气候驱动的农业前沿的环境后果。公共科学图书馆一号, 

2020, 15(2): 1–19. 

https://doi.org/10.1371/journal.pone.0228305 

[4] PRETTY J. 

重新设计和可持续农业系统的集约化。科学, 2018, 

362(6417): 1-8. https://doi.org/10.1126/science.aav0294  

[5] YADAV G., SHIVRAN A. C., YADAV K. R., 

KUMAWAT S. R., 和 YADAV M. 

半干旱地区间作系统和综合养分管理对芝麻生长、产量

和养分吸收的影响的化学科学评论和快报。化学科学评

论和快报, 2017, 6(22): 1308–1311. 
https://doi.org/10.4236/jacen.2018.74014  

[6] BASAVARAJA P. K., SAQEEBULLA H. M., 

GANGAMRUTHA G. V., 和 PRABHUDEVA D. S. 

使用土壤测试作物反应的目标产量方法来提高茄子的养

分利用效率(龙葵).生药与植物化学杂志, 2019, 8(3): 

3870–3873. 
https://www.phytojournal.com/archives/2019/vol8issue3/Par

tBE/8-3-288-865.pdf  

[7] SELIM M. M. 

综述文章综合养分管理策略介绍。国际农学杂志, 2020, 

1:14. https://doi.org/10.1155/2020/2821678  

[8] THINGUJAM U., BHATTACHARYYA K., RAY K., 

PHONGLOSA A., PARI A., BANERJEE H., DUTTA S., 和 
MAJUMDAR K. 

茄子综合营养管理：通过人工神经网络的产量和质量模

型。土壤科学与植物分析通讯, 2020. 51(1): 70–85. 

https://doi.org/10.1080/00103624.2019.1695824. 

[9] ALI M. A., GENÇOĞLAN C, 和 GENÇOĞLAN S. 

有机肥和无机肥施用对茄子产量和植株营养生长的影响(

龙葵). 国际植物与土壤科学杂志, 2019, 29(1): 1–9. 

https://doi.org/10.9734/ijpss/2019/v29i130132  

[10] ISSAHAKU G., 和 ABDULAI A. 

加纳小农的可持续土地管理实践以及技术和环境效率。

农业与应用经济学杂志, 2020, 52(1): 96–116.  

https://doi.org/10.1017/aae.2019.34 

[11] ROBA T. B. 

评论：混合有机肥和无机肥对生产力和土壤肥力的影响

。开放存取图书馆, 2018, 05(06): 1–11. 

https://doi.org/10.4236/oalib.1104618  

[12] MEENA M. L., GEHLOT V. S., MEENA D. C., 

KISHOR S., 和 KUMAR S. 

生物肥料对番茄（番茄磨）栽培的蒲莎草的生长、产量

和质量的影响。生药与植物化学杂志, 2017, 6(4): 1579–

1583. 
https://www.phytojournal.com/archives/2017/vol6issue4/Par

tW/6-4-204-542.pdf  

[13] AGEGNEHU G., 和 AMEDE T. 

热带农业生态系统中的综合土壤肥力和植物营养管理：

综述。土壤圈, 2017, 27(4): 662–680. 

https://doi.org/10.1016/S1002-0160(17)60382-5 

[14] MAZZAFERA P., FAVARIN J. L., 和 DE ANDRADE 

S. A. L. 

社论：可持续农业中的间作系统。可持续粮食系统的前

沿, 2021, 5: 1–3. https://doi.org/10.3389/fsufs.2021.634361 

[15] CHOWDHURY S., BOLAN N., FARRELL M., 

SARKAR B., SARKER J. R., KIRKHAM M. B., HOSSAIN 

M. Z., 和 KIM G. H. 

文化和养分管理实践在农业土壤固碳中的作用。农学进

展, 2021, 166: 131–196. 

https://doi.org/10.1016/bs.agron.2020.10.001  

[16] BARATH KUMAR T. R, PRADEEP KUMAR G., 

SURESH KUMAR R., 和 MURUGANAN-DAM C. 

有机无机肥与生物孕育剂联合使用对酸性石灰生理特性

的影响(柑橘枳壳). 植物档案, 2020, 20: 1769–1772. 
http://www.plantarchives.org/SPECIAL%20ISSUE%2020-

1/1769-1772%20(555).pdf  

[17] MÜLLER M., RAKOCEVIC M., CAVERZAN A., 和 
CHAVARRIA G. 

太阳辐射拦截引起的大豆品种的粮食产量差异。美国植

物科学杂志, 2017, 08(11): 2795–2810. 

https://doi.org/10.4236/ajps.2017.811189  

[18] SINGH P., GOSWAMI S. P., CHOUDHARY S., 和 
KUMAR S. 

土壤微生物在植物养分有效性中的作用。国际现代微生

物学与应用科学杂志, 2017, 6(2): 1444–1449. 

https://doi.org/10.20546/ijcmas.2017.602.161  

[19] JACOBY R., PEUKER M., SUCCURRO A., 

KOPRIVOVA A., 和 KOPRIVA S. 

土壤微生物在植物矿物质营养中的作用—

当前知识和未来方向。植物科学前沿, 2017, 8: 1–19. 

https://doi.org/10.3389/fpls.2017.01617  

[20] PUNIA H., TOKAS J., MALIK A., RANI A., 

GUIPOTA P., KUMARI A., MOR V. S., BHUKER A., 和 
KUMAR S. 

可持续农业的太阳辐射和氮利用效率。农业资源利用效

率。新加坡施普林格, 2020: 177-212. 

https://doi.org/10.1007/978-981-15-6953-1  

[21] HANYABUI E., APORI S O, FRIMPONG K A, 

ATIAH K, ABINDAW T, ALI M, ASIAMAH J. Y., 和 
BYALEBEKA J. 

热带土壤中的磷吸附。美国数学科学研究所农业与食品, 

2020, 5(4): 599–616. 

https://doi.org/10.3934/AGRFOOD.2020.4.599  

[22] AWODUN M. A., OLADELE S., 和 ADEYEMO A. J. 

有效的营养利用和植物益生菌微生物的相互作用。农业

生态系统中的益生菌。斯普林格自然, 新加坡, 2017: 217–

232. https://doi.org/10.1007/978-981-10-4059-7  

[23] LI S., PENG M., LIU Z., 和 SHAH S. S. 

土壤微生物在促进植物生长中的作用。分子微生物学研

究, 2017, 7(4): 30–37. 

https://doi.org/10.5376/mmr.2017.07.0004  

[24] MAITRA S., SHANKAR T., 和 BANERJEE P. 玉米-

豆类间作系统的潜力和优势。玉米-

生产和使用。英泰公开赛，伦敦，英国, 2020: 1–14. 

https://doi.org/10.5772/intechopen.91722  

[25] HUA W., LUO P., AN N., CAI F., ZHANG S., CHEN 

K., YANG J., 和 HAN X. 粪肥施用通过提高 40 年大豆-

玉米轮作土壤中的氮利用效率来提高作物产量。科学报

https://doi.org/10.24925/turjaf.v7isp3.31-36.3146
https://doi.org/10.1371/journal.pone.0228305
https://doi.org/10.1126/science.aav0294
https://doi.org/10.4236/jacen.2018.74014
https://www.phytojournal.com/archives/2019/vol8issue3/PartBE/8-3-288-865.pdf
https://www.phytojournal.com/archives/2019/vol8issue3/PartBE/8-3-288-865.pdf
https://doi.org/10.1155/2020/2821678
https://doi.org/10.1080/00103624.2019.1695824
https://doi.org/10.9734/ijpss/2019/v29i130132
https://doi.org/10.1017/aae.2019.34
https://doi.org/10.4236/oalib.1104618
https://www.phytojournal.com/archives/2017/vol6issue4/PartW/6-4-204-542.pdf
https://www.phytojournal.com/archives/2017/vol6issue4/PartW/6-4-204-542.pdf
https://doi.org/10.1016/S1002-0160(17)60382-5
https://doi.org/10.3389/fsufs.2021.634361
https://doi.org/10.1016/bs.agron.2020.10.001
http://www.plantarchives.org/SPECIAL%20ISSUE%2020-1/1769-1772%20(555).pdf
http://www.plantarchives.org/SPECIAL%20ISSUE%2020-1/1769-1772%20(555).pdf
https://doi.org/10.4236/ajps.2017.811189
https://doi.org/10.20546/ijcmas.2017.602.161
https://doi.org/10.3389/fpls.2017.01617
https://doi.org/10.1007/978-981-15-6953-1
https://doi.org/10.3934/AGRFOOD.2020.4.599
https://doi.org/10.1007/978-981-10-4059-7
https://doi.org/10.5376/mmr.2017.07.0004
https://doi.org/10.5772/intechopen.91722


111 

 

告, 2020, 10(1): 1–11. https://doi.org/10.1038/s41598-020- 71932-9

 

https://doi.org/10.1038/s41598-020-71932-9
https://doi.org/10.1038/s41598-020-71932-9

