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INTRODUCTION

Eggplant is a representative of the Solana-
ceae family which is widely consumed by the 
public. Eggplant has a delicious taste and high 
nutritional content (Thingujam et al., 2016). Ac-
cording to El-Nemr et al. (2015), eggplant fruit is 
known to have low calories and contains lots of 
carbohydrates, protein, and several minerals that 
are beneficial to humans. Eggplant also contains 
several phytochemicals from the phenol group, 
flavonoids, alkaloids, and glycosides. In addition, 
eggplant contains quite a lot of anthocyanins and 
high antioxidants (Adamczewska-Sowinska and 
Krygier, 2013). Jagatheeswari (2013) suggests 
that consuming eggplant can lower cholesterol, 

and is suitable to regulate high blood pressure. On 
the basis of the nutritional content and benefits of 
consuming eggplant, the need for eggplant in the 
future will increase. The growth, yield, and yield 
quality of eggplant are mainly influenced by fer-
tilization factors. Fertilization is the main limiting 
factor for the growth and productivity of eggplant 
(El-Nemr et al., 2015). According to Agbo et al. 
(2012) stated that eggplant is an annual plant. The 
growth and yield of eggplant can be hampered 
due to the inadequate supply of nutrients and the 
fast absorption of nutrients. On low fertility soils, 
eggplant plants need 150–200 kg N·ha-1, 100–150 
kg P2O5·ha-1 and 60–100 kg K2O·ha-1. The growth 
and development of eggplant plants are influenced 
by the availability of nutrients, especially nitrogen 
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and phosphorus (Sharma and Brar, 2008). Nitro-
gen is a nutrient that is needed by the eggplant. 
Aminifard et al. (2010) stated that eggplant plants 
are very responsive to N fertilization. Nitrogen 
is the main constituent of all amino acids in pro-
teins and lipids which act as chloroplast structural 
compounds. The availability of nitrogen is one of 
the limiting factors for plant growth (Direkvandi 
et al., 2008). This is because element N is easily 
lost through leaching. Lack of nitrogen can reduce 
crop yields and quality (Sendi et al., 2011). There-
fore, efforts are needed to increase the efficiency of 
N fertilizers by utilizing various nutrient sources.

The application of an integrated nutrient man-
agement system can increase the production of 
eggplant in sustainable agriculture. Rather et al. 
(2018) explained that the application of inorganic 
fertilizers becomes more efficient when combined 
with organic and biological fertilizers. The appli-
cation of organic fertilizers, such as manure, in-
creases the physical and chemical properties of the 
soil, e.g. soil texture, and water holding capacity, 
creating good soil aeration and reducing the pH 
value so that nutrients become more available for 
plants (Dawa et al., 2015). Meanwhile, microbial 
inoculation can increase plant growth by regulat-
ing the balance of nutrients and hormones, produc-
ing plant growth regulators, dissolving nutrients, 
and encouraging resistance to soil nematodes (Li 
et al., 2017). The results of the research by Ananda 
Kumar et al. (2018) showed that the application 
of inorganic, organic, and biological fertilizers 
had a major effect at all stages of eggplant plants. 
Through the application of a combination of vari-
ous nutrient sources due to the balance of the C/N 
ratio, increased decomposition, mineralization, 
and nutrient availability (Rather et al., 2018).

Manure is a good organic fertilizer to in-
crease plant growth and yield. Organic fertilizers 
provide nutrient needs, reduce plant pest popula-
tions as well as increase the yield and quality of 
agricultural crops in the same way as inorganic 
fertilizers (Islam et al., 2017). Piravena and Seran 
(2012) explained that organic fertilizers increase 
the macro and micronutrient content in the soil, 
water holding capacity, pH, and soil structure. 
The role of manure lies in its role as a soil repair-
er, improving physical conditions and biological 
activity parameters to increase soil productivity 
(Saravaiya et al., 2010). Microbes are an impor-
tant part of integrated nutrient management. Vari-
ous biological fertilizer products have been sold 
on the market. In general, commercial biological 

fertilizers contain several types of live microor-
ganisms that play an important role in increasing 
plant growth and yield (Meena et al., 2017). The 
biofertilizer products that can be used in an inte-
grated nutrient management system include EM 
and PGPR. Biofertilizer solutions generally con-
tain several types of microbes. According to Olle 
and Williams (2013), EM consists of a mixture of 
beneficial microorganisms such as photosynthetic 
bacteria, Lactobacillus, yeast, and Actinomycetes. 
Meanwhile, PGPR is a biological fertilizer prod-
uct containing the microbes of Azotobacter, Azo-
spirillum, Aspergillus, Pseudomonas, and Bacil-
lus. Soil microorganisms play an important role 
in regulating the dynamics of decomposition of 
organic matter and nutrient availability for plants 
(Maghfoer, 2018). Muhammad et al. (2017) ex-
plained that biological fertilizers have been devel-
oped as an important part of an integrated nutrient 
management system. The entire agricultural sys-
tem depends on microbial activity, with microbes 
having a key role in increasing crop yields.

The efficiency of nutrient management in 
eggplant can be improved through intercropping 
systems. Ouma and Jeruto (2010) explain that 
intercrops with short morphology plants can be 
used as ground cover so that the soil temperature 
is lower. This prevents the evaporation of organic 
matter in the soil and the loss of nutrients. Plant-
ing plants with short roots among plants with long 
roots can also complement each other to increase 
the plant nutrient uptake (Yildirim and Turan, 
2013). According to Gebru (2015), differences 
in root systems make plants grown in an inter-
cropping system absorb more nutrients than in a 
monoculture system. The plants with shallow root 
systems can help increase soil aeration and break 
down soil hardness so that penetration of plant 
roots with longer roots becomes easier. This con-
dition will increase nutrient uptake and increase 
plant growth (Qosim et al., 2013).

On the basis of the description above, it is hoped 
that the application of an integrated and intercrop-
ping nutrient management system can reduce the 
use of inorganic fertilizers, thereby increasing the 
growth and yield of eggplant sustainably.

MATERIALS AND METHODS

The research was conducted in andosol soil, 
Wonorejo – Poncokusumo, Malang Regency 
from June to December 2019. The altitude was 



219

Journal of Ecological Engineering 2022, 23(11), 217–227

625 m.asl., the average temperature was 26–
27°C, and the average rainfall was 2000–3000 
mm year-1. The materials used were mulch and 
eggplant seeds variety of Hijau Kuat and cab-
bage seeds variety of Grand 11, PGPR, and EM4. 
Fertilizers used were goat manure and inorganic 
fertilizers (Urea and Phonska). Control of weeds, 
pests, and diseases using herbicides (Roundup 
and Gramaxone), insecticides (Furadan, Cali-
cron, Samite, Curacrop, and Libero), and fungi-
cides (Antracol, Goneb), acaricides (Agrept and 
Benzim), molluscicides (Toxiput). 

The study was conducted using a random-
ized block design with three replications. The 
treatments were D0 = control (180 kg N), D1 = 
75% inorganic N fertilizer + manure 20 t·ha-1 + 
without microbes, D2 = 75% inorganic N fertil-
izer + manure 20 t·ha-1 + EM 10 ml·l-1, D3 = 75% 
inorganic N fertilizer + manure 20 t·ha-1 + EM 20 
ml·l-1, D4 = 75% inorganic N fertilizer + manure 
20 t·ha-1 + PGPR 10 ml·l-1, D5 = 75% inorganic N 
fertilizer + manure 20 t·ha-1 + PGPR 20 ml·l-1, D6 
= 50% inorganic N fertilizer + 20 t·ha-1 manure 
+ no microbes, D7 = 50% inorganic N fertilizer 
+ manure 20 t·ha-1 + EM 10 ml·l-1, D8 = 50% in-
organic N fertilizer + manure 20 t·ha-1 + EM 20 
ml·l-1, D9 = 50% inorganic N fertilizer + manure 
20 t·ha-1 + PGPR 10 ml·l-1, D10 = 50% inorganic 
N fertilizer + manure 20 t ha-1 + PGPR 20 ml·l-1, 
D11 = 75% inorganic N fertilizer + manure 30 t 
ha-1 + without microbes, D12 = 75% inorganic N 
fertilizer + manure 30 t·ha-1 + EM 10 ml·l-1, D13 
= 75% inorganic N fertilizer + manure 30 t·ha-1 
+ EM 20 ml·l-1, D14 = 75 % inorganic N fertil-
izer + manure 30 t·ha-1 + PGPR 10 ml·l-1, D15 = 
75% inorganic N fertilizer + manure 30 t·ha-1 + 
PGPR 20 ml·l-1, D16 = 50% inorganic fertilizer + 
manure 30 t·ha-1 + without microbes, D17 = 50% 
inorganic N fertilizer + manure 30 t·ha-1 + EM 10 
ml·l-1, D18 = 50% inorganic N fertilizer + manure 
30 t·ha-1 + EM 20 ml·l-1, D19 = 50% inorganic 
fertilizer + manure 30 t·ha-1 + PGPR 10 ml·l-1, 
D20 = 50% inorganic fertilizer + manure 30 t·ha-1 
+ PGPR 20 ml·l-1. The plot size was 2.4 × 4 m. 

Eggplant fertilization was carried out three 
times, i.e. 7, 28, and 42 days after planting (DAP), 
with a dose of 1/5 dose at 7 DAP, and 2/5 doses, at 
28 and 42 DAP, respectively. Inorganic fertilizers 
for eggplant plants used urea and phonska, with 
the recommended dosage of 180 kg N·ha-1, 90 kg 
P2O5·ha-1 and 90 kg K2O·ha-1 (196 kg urea ha-1 
and 600 kg phonska·ha-1). Inorganic fertilizers 
for cabbage used urea and phonska fertilizers at 

a dose of 75% of the recommended dosage, with 
the recommended dosage being 120 kg N, 105 
kg P2O5 and 105 kg K2O (700 kg·ha-1 phonska 
fertilizer and 33 kg·ha-1 urea fertilizer). The ap-
plication of inorganic fertilizers on cabbage was 
applied 3 times, i.e. 7, 28, and 42 DAP, with a 
dose of 1/3 for each. The manure used was goat 
manure at a dose according to treatment. Manure 
application was carried out during soil cultivation 
by spreading it on the ground and then mixing it 
with the soil. The types of commercial microbes 
used were PGPR and EM4. EM4 and PGPR were 
given 4 times, i.e. when the eggplant and cabbage 
plants were 7, 2, 35, and 49 DAP. Giving EM4 
and PGPR according to treatment. The dosage 
of EM and PGPR for each application was 30 ml 
per plant, by splashing it around the stems of egg-
plant and cabbage plants.

Growth observations on eggplant and cab-
bage were carried out 4 times, starting from 14 
until 56 DAP with an interval of 14 days. Growth 
observations included the number of leaves and 
stem diameter of eggplant, as well as the number 
of cabbage leaves. Yield observations included 
eggplant fruit weight per plant and per hectare, 
eggplant weight per fruit, and eggplant fruit 
weight per plant. Land productivity assessments 
were carried out by calculating LER, as well as 
soil analysis before and after the research. The 
data collected were analyzed using analysis of 
variance, followed by the LSD 5% test.

RESULTS AND DISCUSSION

Growth

The utilization of organic and biological sourc-
es of nutrients could reduce the use of inorganic N 
fertilizers. In Tables 1 and 2, it was known that the 
reduction in the dosage of inorganic N fertilizers 
was 25 and 50% and replaced with 20–30 t·ha-1 of 
manure and 10–20 ml·l-1 EM or PGPR (K2, K3, 
K4, K5, K7, K8, K9, K10, K12, K13, K14, K15, 
K17, K18, K19, and K20) increased the growth 
of eggplant plants to a greater extent than in the 
plants fertilized with 100% inorganic N (K0) or 
inorganic fertilizer + manure treatment without 
the addition of microbes. These results indicated 
that the use of manure and biological (microbial) 
manure in an integrated nutrient management 
system could provide nutrients more efficiently 
than with 100% inorganic N fertilization. Manure 
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and biological fertilizer (EM or PGPR) increase 
the availability of plant nutrients directly or indi-
rectly. Directly by providing nutrients for plants, 
and indirectly by improving soil properties. The 
results of soil analysis after the research showed 
that the plants fertilized with 50–75% inorganic 
N fertilizer + 20–30 t·ha-1 manure + microbes 
10–20 ml·l-1 (EM or PGPR) increased soil CEC 
and improved soil texture from clay into sandy 
loam. Changes in soil properties increased the ef-
ficiency of nutrient uptake for the better, thereby 
increasing the growth of eggplant plants to be bet-
ter for plants fertilized with 100% inorganic fer-
tilizers. Siringoringo and Siregar (2011) explain 
that the value of CEC is an indicator to determine 
soil quality and productivity. The higher the soil 
CEC, the more base cations the soil can hold so 
that the soil has a higher fertility rate. Conversely, 
if the CEC is low, then the soil is unable to hold 
the nutrients properly so the nutrients in the soil 
are easily washed by water and the availability 
of nutrients is lower. In turn, changing the soil 

texture from loam to sandy loam will increase 
water infiltration and drainage, air infiltration, 
and allow deeper roots. In fine-textured clay, the 
long-term use of organic matter can glue small 
clay particles into larger pieces or aggregates, 
creating large pore spaces (Louisa and Taguil-
ing, 2013). Increased nutrient availability and 
improved soil properties due to the combination 
treatment of various nutrient sources resulted in 
better nutrient uptake and increased the growth of 
eggplant plants.

The higher the reduction in the dosage of 
inorganic N fertilizers. the greater the addition 
of N from other nutrient sources was required. 
In Tables 1 and 2, it was known that the reduc-
tion in the dosage of inorganic N fertilizer was 
25% and replacing it with manure by 20–30 t·ha-1 
and microbes of 10–20 ml·l-1 (K2, K3, K4, K5, 
K12, K13, K14, and K15) increased the growth 
of eggplant plants better than the treatment of 
100% inorganic N fertilizer (K0). Meanwhile, 
a 50% reduction in N fertilizer required a larger 

Table 1. The average number of leaves of eggplant in the eggplant – cabbage intercropping system as a result of a 
combined application of various N sources at various observation ages

Treatment
Number of leaves at age (DAP)

14 28 42 56

K0 (180 kg N) 4.92 a 5.96 a 21.00 a 43.67 a

K1 (75% N + 20 t Mn + 0 M) 5.18 abcd 6.53 abcd 24.33 abcd 50.67 abcd

K2 (75% N + 20 t Mn + EM 10 ml) 5.63 cdefg 7.08 cdefg 28.17 bcdefg 64.50 efgh

K3 (75% N + 20 t Mn + EM 20 ml) 5.76 cdefg 7.27 defg 29.33 defg 69.67 fghi

K4 (75% N + 20 t Mn + PGPR 10 ml) 5.71 cdefg 7.21 cdefg 29.00 cdefg 65.50 efghi

K5 (75% N + 20 t Mn + PGPR 20 ml) 5.79 defg 7.33 defg 29.67 efg 71.00 ghi

K6 (50% N + 20 t Mn + 0 M) 4.95 ab 6.04 ab 23.67 ab 44.67 ab

K7 (50% N + 20 t Mn + EM 10 ml) 5.25 abcde 6.67 abcde 25.33 abcdef 53.33 abcd

K8 (50% N + 20 t Mn + EM 20 ml) 5.58 bcdefg 6.96 cdefg 27.83 bcdefg 58.50 de

K9 (50% N + 20 t Mn + PGPR 10 ml) 5.46 abcdef 6.75 abcdef 25.67 abcdefg 54.67 bcde

K10 (50% N + 20 t Mn + PGPR 20 ml) 5.59 cdefg 7.00 cdefg 28.17 bcdefg 59.33 def

K11 (75% N + 30 t Mn + 0 M) 5.21 abcd 6.60 abcde 24.67 abcde 51.33 abcd

K12 (75% N + 30 t Mn + EM 10 ml) 5.88 efg 7.40 defg 30.00 fg 72.33 hi

K13 (75% N + 30 t Mn + EM 20 ml) 5.92 fg 7.58 fg 30.50 fg 74.33 hi

K14 (75% N + 30 t Mn + PGPR 10 ml) 5.90 fg 7.43 efg 30.33 fg 73.33 hi

K15 (75% N + 30 t Mn + PGPR 20 ml) 6.17 g 7.67 g 30.83 g 75.50 i

K16 (50% N + 30 t Mn + 0 M) 5.13 abc 6.33 abc 24.00 abc 47.00 abc

K17 (50% N + 30 t Mn + EM 10 ml) 5.48 abcdef 6.88 bcdefg 26.33 bcdefg 56.00 cde

K18 (50% N + 30 t Mn + EM 20 ml) 5.63 cdefg 7.03 cdefg 27.83 bcdefg 60.67 defg

K19 (50% N + 30 t Mn + PGPR 10 ml) 5.54 abcdefg 6.96 cdefg 27.50 bcdefg 57.50 cde

K20 (50% N + 30 t Mn + PGPR 20 ml) 5.64 cdefg 7.04 cdefg 28.67 bcdefg 61.17 defg

LSD 5% 0.64 0.88 5.31 10.84

Note: numbers in the same column accompanied by the same letter showed no significant difference in the 5% 
LSD test, Mn – manure, M – microbe.
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proportion of other nutrient sources. The combi-
nation that is suitable for increasing plant growth 
when reducing inorganic N fertilizer by 50% was 
50% inorganic N fertilizer + 30 t·ha-1 + EM / 
PGPR with a concentration of 10–20 ml·l-1 (K17. 
K18. K19 and K20) or a combination of 50% in-
organic N fertilizer + 20 t·ha-1 + 20 ml·l-1 EM / 
PGPR (K8 and K10). This was to produce good 
eggplant growth. Large amounts of N are needed. 
A lack of N nutrients would inhibit the growth 
of eggplant. Therefore. any reduction in the dos-
age of inorganic N fertilizers must be balanced 
with an increase from other N nutrient sources 
(Sharma and Brar. 2008). According to Kumar et 
al. (2011), in implementing an integrated nutri-
ent management system, it is necessary to know 
the optimal dose of each nutrient source used in 
order to obtain increased soil fertility, soil mi-
crobes and nutrient balance. This is due to the 
different characteristics and releases characteris-
tics of chemicals, organic and biological fertil-
izers. Each type of nutrient source has its own 

advantages and disadvantages related to plant 
growth and soil fertility (Chen, 2006).

The intercropping of eggplant with cab-
bage increases the growth of the cabbage plant. 
In Tables 1, 2 and 3 it can be observed that each 
increase in the number of leaves of the cabbage 
increased the number of leaves and the stem di-
ameter of the eggplant. This was because the 
greater the number of cabbage leaves formed, the 
more closed the surface area of   the land around 
the eggplant plants, reducing the temperature and 
increasing soil moisture. Decreasing soil temper-
ature and increasing soil moisture would increase 
nutrient efficiency and reduce nutrient losses due 
to evaporation. The increase in nutrient uptake 
would ultimately increase plant growth in the in-
tercropping system higher than the monoculture. 
According to Rajii and Merdeh (2014), faster 
closure of land surface areas by planting inter-
crops will increase humidity and reduce the soil 
temperature better than monoculture. Increasing 
moisture and decreasing soil temperature will 

Table 2. The average stem diameter of eggplant in the eggplant – cabbage intercropping system as a result of the 
combination application of various N sources at various control ages

Treatment
Eggplant stem diameter at age (DAP)

14 28 42 56

K0 (180 kg N) 0.30 a 0.66 a 1.34 a 1.58 ab

K1 (75% N + 20 t Mn + 0 M) 0.33 abc 0.74 abc 1.43 abcd 1.66 abcd

K2 (75% N + 20 t Mn + EM 10 ml) 0.37 bcdef 0.79 bcde 1.55 bcdefg 1.79 bcdefg

K3 (75% N + 20 t Mn + EM 20 ml) 0.39 cdef 0.80 bcde 1.58 cdefg 1.83 cdefg

K4 (75% N + 20 t Mn + PGPR 10 ml) 0.38 bcdef 0.80 bcde 1.57 cdefg 1.80 bcdefg

K5 (75% N + 20 t Mn + PGPR 20 ml) 0.39 cdefg 0.80 bcde 1.60 defg 1.85 cdefg

K6 (50% N + 20 t Mn + 0 ml) 0.31 a 0.67 a 1.38 ab 1.42 a

K7 (50% N + 20 t Mn + EM 10 ml) 0.34 abcd 0.75 abc 1.44 abcd 1.70 bcde

K8 (50% N + 20 t Mn + EM 20 ml) 0.35 abcdef 0.77 abcd 1.49 abcde 1.74 bcdef

K9 (50% N + 20 t Mn + PGPR 10 ml) 0.34 abcd 0.76 abcd 1.45 abcd 1.72 bcde

K10 (50% N + 20 t Mn + PGPR 20 ml) 0.35 abcdef 0.78 bcd 1.50 abcdef 1.75 bcdefg

K11 (75% N + 30 t Mn + 0 M) 0.33 abc 0.74 abc 1.44 abcd 1.69 bcde

K12 (75% N + 30 t Mn + EM 10 ml) 0.40 def 0.82 bcde 1.62 defg 1.87 defg

K13 (75% N + 30 t Mn + EM 20 ml) 0.41 ef 0.87 de 1.68 fg 1.96 fg

K14 (75% N + 30 t Mn + PGPR 10 ml) 0.40 def 0.84 cde 1.64 efg 1.91 efg

K15 (75% N + 30 t Mn + PGPR 20 ml) 0.41 f 0.89 e 1.71 g 1.98 g

K16 (50% N + 30 t Mn + 0 M) 0.32 ab 0.73 ab 1.41 abc 1.63 abc

K17 (50% N + 30 t Mn + EM 10 ml) 0.34 abcd 0.77 abcd 1.46 abcde 1.72 bcde

K18 (50% N + 30 t Mn + EM 20 ml) 0.36 abcdef 0.78 bcd 1.52 bcdef 1.75 bcdefg

K19 (50% N + 30 t Mn + PGPR 10 ml) 0.35 abcde 0.77 abcd 1.47 abcde 1.73 bcdef

K20 (50% N + 30 t Mn + PGPR 20 ml) 0.36 abcdef 0.79 bcde 1.54 bcdefg 1.76 bcd

LSD 5% 0.06 0.11 0.18 0.24

Note: numbers in the same column accompanied by the same letter showed no significant difference in the 5% 
LSD test, Mn – manure, M – microbe.
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reduce nutrient evaporation and increase plant 
nutrient uptake. In the intercropping system, the 
two plants will balance each other by utilizing en-
vironmental factors so as to increase the growth 
of the two plants (Belel et al., 2014).

Eggplant fruit yield

The combination of various nutrients in ap-
propriate proportions increased the fruit weight 
per plant and per hectare. Fruit yields per plant 
and per hectare were higher through the appli-
cation of fertilizer 75% + 20–30 t·ha-1 + 10–20 
ml·l-1 EM / PGPR (K2, K3, K4, K5, K12, K13, 
K14, and K15) with fruit weights ranging from 
1.86 to 2.35 kg per plant or 40.88–53.17 t·ha-1 
(Table 4). The fruit weights per plant and per hect-
are resulted were higher in this treatment, because 
the eggplant plant needs its nutrients from the be-
ginning of growth. The utilization of various nu-
trient sources increased nutrient efficiency in egg-
plant plants. Utilization of inorganic N fertilizers 

by 75% of the recommended dosage could meet 
the nutrient needs of eggplant. Meanwhile, ma-
nure plays an important role in providing most of 
the nutrients needed by plants and increasing the 
solubility of some nutrients (Najm et al., 2010). 
In the results of soil analysis after the study (Ta-
ble 6), it was known that increasing the dose of 
manure increased the P and K content in the soil. 
Increasing the availability of P and K elements in 
the soil increased the number and weight of fruit, 
which in turn increased the fruit weight per plant 
and per hectare (Table 5). The application of ma-
nure also improved the physical, Chemical, and 
biological properties of the soil, thereby increas-
ing the availability of nutrients for plants (Mae-
rere et al., 2001). This can be seen in the results 
of soil analysis after the research which shows 
that the soil CEC and soil texture were chang-
ing for the better. The improvement of CEC and 
soil properties would improve the soil ability to 
hold the elements. thereby increasing the growth 
and yield of eggplant. According to Kanaujia and 

Table 3. Average number of leaves of cabbage in the eggplant – cabbage intercropping system as a result of the 
application of a combination of various N sources at various observation ages

Treatment
Number of leaves of cabbage at age (DAP)

14 28 42 56

K0 (180 kg N) 4.07 a 7.17 a 11.92 a 15.00 a

K1 (75% N + 20 t Mn + 0 M) 4.42 abcd 7.83 abcd 12.58 abcd 16.25 abc

K2 (75% N + 20 t Mn + EM 10 ml) 5.08 cdef 9.08 def 14.58 efghi 19.50 defgh

K3 (75% N + 20 t Mn + EM 20 ml) 5.17 def 9.00 def 15.25 fghi 20.17 efgh

K4 (75% N + 20 t Mn + PGPR 10 ml) 5.17 def 9.00 def 14.50 defghi 19.42 defgh

K5 (75% N + 20 t Mn + PGPR 20 ml) 5.17 def 9.17 def 14.83 fghi 20.00 efgh

K6 (50% N + 20 t Mn + 0 ml) 4.25 ab 7.25 ab 12.25 ab 16.08 ab

K7 (50% N + 20 t Mn + EM 10 ml) 4.58 abcde 8.17abcde 13.33 abcdef 18.00 bcdef

K8 (50% N + 20 t Mn + EM 20 ml) 4.92 bcdef 8.75 cdef 14.17 bcdefghi 18.67 bcdef

K9 (50% N + 20 t Mn + PGPR 10 ml) 4.67 abcdef 8.33 abcde 12.67 abcdef 17.92 bcde

K10 (50% N + 20 t Mn + PGPR 20 ml) 5.00 bcdef 8.83 def 14.08 bcdefgh 18.42 bcdef

K11 (75% N + 30 t Mn + 0 M) 4.50 abcde 8.08 abcd 12.67 abcde 16.67 abcd

K12 (75% N + 30 t Mn + EM 10 ml) 5.22 ef 9.58 ef 15.83 ghi 20.83 fgh

K13 (75% N + 30 t Mn + EM 20 ml) 5.42 f 9.83 f 16.08 i 22.08 h

K14 (75% N + 30 t Mn + PGPR 10 ml) 5.37 f 9.58 ef 15.58 ghi 20.75 efgh

K15 (75% N + 30 t Mn + PGPR 20 ml) 5.42 f 10.00 f 16.00 hi 21.75 gh

K16 (50% N + 30 t Mn + 0 M) 4.33 abc 7.33 abc 12.33 abc 16.17 abc

K17 (50% N + 30 t Mn + EM 10 ml) 4.83 bcdef 8.67 bcdef 14.00 bcdefg 18.33 bcdef

K18 (50% N + 30 t Mn + EM 20 ml) 5.00 bcdef 8.92 def 14.25 cdefghi 19.25 defgh

K19 (50% N + 30 t Mn + PGPR 10 ml) 4.83 bcdef 8.67 bcdef 13.90 bcdefg 18.25 bcdef

K20 (50% N + 30 t Mn + PGPR 20 ml) 5.08 cdef 9.00 def 14.17 bcdefghi 19.00 cdefg

LSD 5% 0.75 1.42 1.93 2.85

Note: numbers in the same column accompanied by the same letter showed no significant difference in the 5% 
LSD test, Mn – manure, M – microbe.
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Singh (2015), the application of inorganic fertiliz-
ers + manure + biological fertilizers increases the 
availability of P2O5 and K2O. This was because 
the application of manure reduces the solubility 
of Al and Fe, as well as improves the soil cation 
exchange capacity and increases the resistance 
of K in interchangeable forms. Meanwhile. the 
use of microbes such as EM and PGPR increases 
eggplant production because microbial inocula-
tion helps the proliferation of better root growth 
and increased nutrient absorption, which in turn 
increases the weight of the resulting fruit (Vani 
et al., 2014). Therefore, fertilized eggplant plants 
with a combination of inorganic N fertilizer + 
manure and biological fertilizer produced egg-
plant weight per plant and per hectare higher than 
fertilization using 100% inorganic N fertilizer or 
a combination of organic N fertilizer + manure 
without the addition of biological fertilizers.

The higher the reduction of inorganic N fer-
tilizers requires the addition of nutrients from 
other sources. In Table 4, it was shown that the 

reduction in inorganic N fertilizer by 50% resulted 
in a higher number of fruit and weight per fruit 
when combined with manure as much as 30 t ha-1 
and biological fertilizer (EM or PGPR) with a 
concentration of 30 ml·l-1, compared to the situa-
tion when it was combined with 20 t·ha-1 manure 
+ biofertilizer (EM or PGPR) with a concentration 
of 20 ml·l-1. This was because eggplant requires 
large amounts of nutrients due to continuous fruit 
picking, so that a 50% reduction in the inorganic 
N dose must be balanced with an increase in the 
number of nutrients from other nutrient sources. 
Availability of sufficient amounts of nutrients 
throughout its life would result in a larger number 
of fruits with a larger size. Through a combination 
of nutrient sources with appropriate proportions. 
It would increase the balance of the C/N ratio, 
the amount of organic matter, efficient microbial 
activity, better root proliferation, increased sup-
ply and availability of nutrients from the soil and 
more nutrients are absorbed to synthesize proto-
plasmic proteins. and other compounds (Rather et 

Table 4. Average fruit yields of eggplant in the eggplant – cabbage intercropping system as a result of a combination 
application of various N sources at various observation ages

Treatment
Fruit weight Fruit number per 

plantkg per plant Ton per hectare g per fuit

K0 (180 kg N) 1.27 a 25.98 a 156.95 a 8.04 a

K1 (75% N + 20 t Mn + 0 M) 1.53 abc 32.31 abcd 173.10 abc 8.77 ab

K2 (75% N + 20 t Mn + EM 10 ml) 1.86 cdefg 40.88 defgh 188.87 cde 9.90 bcd

K3 (75% N + 20 t Mn + EM 20 ml) 1.97 defghi 44.17 fghi 193.22 cde 10.22 bcde

K4 (75% N + 20 t Mn + PGPR 10 ml) 1.91 cdefgh 41.82 efgh 193.58 cde 10.01 bcde

K5 (75% N + 20 t Mn + PGPR 20 ml) 2.02 efghi 44.87 fghi 190.21 cde 10.64 cde

K6 (50% N + 20 t Mn + 0 ml) 1.36 ab 28.78 ab 162.95 ab 8.46 ab

K7 (50% N + 20 t Mn + EM 10 ml) 1.57 abcd 33.37 abcde 177.11 abcd 9.11 abc

K8 (50% N + 20 t Mn + EM 20 ml) 1.71 bcdef 36.94 bcdef 176.29 abcd 9.58 abcd

K9 (50% N + 20 t Mn + PGPR 10 ml) 1.61 abcde 33.92 abcde 174.89 abc 9.19 abc

K10 (50% N + 20 t Mn + PGPR 20 ml) 1.75 bcdefg 37.67 bcdef 181.27 abcde 9.62 abcd

K11 (75% N + 30 t Mn + 0 M) 1.54 abc 32.56 abcd 173.85 abc 9.11 abc

K12 (75% N + 30 t Mn + EM 10 ml) 2.12 fghi 47.69 hi 197.91 cde 10.71 cde

K13 (75% N + 30 t Mn + EM 20 ml) 2.31 hi 52.38 i 204.85 e 11.26 de

K14 (75% N + 30 t Mn + PGPR 10 ml) 2.13 ghi 47.54 ghi 202.00 de 10.91 cde

K15 (75% N + 30 t Mn + PGPR 20 ml) 2.35 i 53.17 i 197.40 de 11.84 e

K16 (50% N + 30 t Mn + 0 M) 1.50 abc 30.82 abc 179.50 abcd 8.56 ab

K17 (50% N + 30 t Mn + EM 10 ml) 1.62 abcde 34.76 abcde 174.33 abc 9.32 abc

K18 (50% N + 30 t Mn + EM 20 ml) 1.76 bcdefg 38.50 cdefg 187.82 bcde 9.79 abcd

K19 (50% N + 30 t Mn + PGPR 10 ml) 1.69 bcde 36.21 bcdef 176.82 abcd 9.55 abcd

K20 (50% N + 30 t Mn + PGPR 20 ml) 1.77 bcdef 38.63 cdefgh 181.62 abcde 9.84 abcd

LSD 5% 0.42 9.13 25.31 1.85

Note: Numbers in the same column accompanied by the same letter showed no significant difference in the 5% 
LSD test, Mn – manure, M – microbe.
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al., 2018). The use of biological fertilizers in an 
integrated nutrient management system plays an 
important role in increasing eggplant yields. In-
oculation of beneficial microorganisms can sub-
stitute the chemical fertilizers and as biocontrol 
agents (Kee and Kremer, 2007). In Table 4, it was 
shown that reducing the dose of inorganic N fer-
tilizer by 25–50% and combined with manure at 
a dose of 20–30 t·ha-1 (K1, K6, K11, and K16) 
without adding biological fertilizers resulted in 
fruit weight per plant and per plant, hectares, 
weight per fruit and number of fruit per plant 
were lower than that the eggplant fertilized with 
a combination of organic N fertilizer + manure 
+ biological fertilizer (PGPR or EM). This was 
because the process of releasing nutrients from 
manure was slow to release, so it required the 
addition of microbes to accelerate the release of 
nutrients. The application of manure without the 
addition of biological fertilizers resulted in slow-
er availability of nutrients so that the number and 
weight of fruit produced were lower than plants 
fertilized with inorganic fertilizers + manure + 
biological fertilizers (PGPR or EM). According 

to Mboubda et al. (2013), beneficial microbial 
inoculation can increase the mineralization of 
organic matter and accelerate the availability of 
nutrients for plants. Moreover. the addition of bi-
ological fertilizers can improve physical. chemi-
cal and biological properties of the soil, thereby 
increasing the absorption of nutrients from the 
soil. However, at the same dose of inorganic N 
fertilizer and manure as well as the concentra-
tion of biological fertilizer, the type of biological 
fertilizer did not significantly affect the eggplant 
yield. This was because the two types of biologi-
cal fertilizers were tested. Both PGPR and EM 
contain photosynthetic bacteria and phosphate 
solvents, so that they have no different effective-
ness in increasing eggplant yield.

Intercropping system of eggplant and cab-
bage could increase the eggplant production 
and land productivity. In Table 5 it was shown 
that eggplant planted in the intercropping sys-
tem with cabbage produced higher fruit produc-
tion per hectare than in the monoculture sys-
tem. This was because the intercropping system 
could increase nutrient efficiency by improving 

Table 5. Average yields of eggplant and cabbage in the intercropping system – monoculture, as well as NKL as a 
result of a combination application of various N sources

Treatment
Fruit weight of eggplant

(ton ha-1)
Head weight of cabbage

(ton ha-1) LER
Intercropping Monoculture Intercropping Monoculture

K0 (180 kg N) 25.98 19.78 11.64 21.56 1.85

K1 (75% N + 20 t Mn + 0 M) 32.31 23.76 12.93 23.25 1.92

K2 (75% N + 20 t Mn + EM 10 ml) 40.88 29.66 16.79 29.87 1.94

K3 (75% N + 20 t Mn + EM 20 ml) 44.17 31.78 17.89 31.08 1.97

K4 (75% N + 20 t Mn + PGPR 10 ml) 41.82 29.07 16.40 29.29 2.00

K5 (75% N + 20 t Mn + PGPR 20 ml) 44.87 31.29 17.58 30.60 2.01

K6 (50% N + 20 t Mn + 0 ml) 28.78 21.19 11.98 22.01 1.90

K7 (50% N + 20 t Mn + EM 10 ml) 33.37 24.82 13.86 25.50 1.89

K8 (50% N + 20 t Mn + EM 20 ml) 36.94 27.10 14.79 27.06 1.91

K9 (50% N + 20 t Mn + PGPR 10 ml) 33.92 24.64 13.83 25.06 1.93

K10 (50% N + 20 t Mn + PGPR 20 ml) 37.67 26.69 14.79 26.96 1.96

K11 (75% N + 30 t Mn + 0 M) 32.56 23.99 13.08 23.69 1.91

K12 (75% N + 30 t Mn + EM 10 ml) 47.69 33.31 19.62 33.69 2.01

K13 (75% N + 30 t Mn + EM 20 ml) 52.38 36.99 20.83 35.54 2.00

K14 (75% N + 30 t Mn + PGPR 10 ml) 47.54 33.41 19.25 33.13 2.00

K15 (75% N + 30 t Mn + PGPR 20 ml) 53.17 36.63 20.56 35.16 2.04

K16 (50% N + 30 t Mn + 0 M) 30.82 22.69 12.71 23.12 1.91

K17 (50% N + 30 t Mn + EM 10 ml) 34.76 26.27 14.51 26.58 1.87

K18 (50% N + 30 t Mn + EM 20 ml) 38.50 27.62 15.78 28.44 1.95

K19 (50% N + 30 t Mn + PGPR 10 ml) 36.21 25.40 14.45 26.31 1.97

K20 (50% N + 30 t Mn + PGPR 20 ml) 38.65 27.54 15.52 28.01 1.96

Note: Mn – manure, M – microbe.
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the microclimate and soil properties, so as to 
increase plant growth, which in turn increases 
plant production. Zafaranieh and Valizadeh 
(2015) explained that the intercropping system 
could reduce soil temperature and increase soil 
moisture, water use efficiency as well as canopy 
relative humidity. The improvement of the mi-
croclimate would reduce the risk of losing nu-
trients. especially N due to evaporation. In ad-
dition. the intercropping system could reduce 
the risk of nutrient loss through leaching and 
increase nutrient absorption efficiency. Qasim et 
al. (2013) explained that planting two types of 
plants with different root types both for control-
ling soil erosion and for sustainable crop pro-
duction. Penetration of the roots into the soil 
will break the hardness of the soil and create soil 
pore spaces. Shallow roots bind to the surface 
soil, thereby helping to reduce erosion and in-
crease soil aeration thus reducing nutrient loss 
and increasing nutrient uptake. Increased nutri-
ent efficiency through the intercropping system 
in turn increases eggplant production.

The intercropping system could increase land 
productivity higher than the monoculture. In Ta-
ble 5 it was known that all treatments of vari-
ous combinations of N sources resulted in higher 
eggplant production per hectare in the intercrop-
ping system than in the monoculture system. 
This shows that the intercropping system could 
increase eggplant production to a higher level. 
In addition, the intercropping system could also 
increase land productivity to a higher level with 
LER values   ranging from 1.85 to 2.04. Begum 
et al. (2015) explained that the intercropping 
system was more profitable than monoculture 
planting because the intercropping system could 
increase the total productivity of the plant and 
reduce the risk of planting. Increased land pro-
ductivity was not only obtained from increased 
eggplant production but also increased yields 
from intercropping. Therefore, the intercropping 
system could not only increased the efficiency of 
plant nutrient uptake but also increase land pro-
ductivity and reduce the risk of failure, so that it 
is more profitable for farmers.

Table 6. Soil analysis before and after the research as a result of the application of a combination of various 
sources of N in the intercropping system for eggplant and cabbage

Treatment N 
total P-Bray K Na Ca Mg KTK Texture

Before research:

K0 (180 kg N)

K1 (75% N + 20 t Mn + 0 M)

K2 (75% N + 20 t Mn + EM 10 ml)

K3 (75% N + 20 t Mn + EM 20 ml)

K4 (75% N + 20 t Mn + PGPR 10 ml)

K5 (75% N + 20 t Mn + PGPR 20 ml)

K6 (50% N + 20 t Mn + 0 ml)

K7 (50% N + 20 t Mn + EM 10 ml)

K8 (50% N + 20 t Mn + EM 20 ml)

K9 (50% N + 20 t Mn + PGPR 10 ml)

K10 (50% N + 20 t Mn + PGPR 20 ml)

K11 (75% N + 30 t Mn + 0 M)

K12 (75% N + 30 t Mn + EM 10 ml)

K13 (75% N + 30 t Mn + EM 20 ml)

K14 (75% N + 30 t Mn + PGPR 10 ml)

K15 (75% N + 30 t Mn + PGPR 20 ml)

K16 (50% N + 30 t Mn + 0 M)

K17 (50% N + 30 t Mn + EM 10 ml)

K18 (50% N + 30 t Mn + EM 20 ml)

K19 (50% N + 30 t Mn + PGPR 10 ml)

K20 (50% N + 30 t Mn + PGPR 20 ml)

0.11 l

0.10 l

0.12 l

0.12 l

0.12 l

0.12 l

0.12 l

0.11 l

0.12 l

0.12 l

0.12 l

0.12 l

0.13 l

0.13 l

0.15 l

0.13 l

0.14 l

0.13 l

0.13 l

0.13 l

0.13 l

0.13 l

120 vh

118 vh 

128 vh

135 vh

143 vh

134 vh

138 vh

117 vh

292 vh

133 vh

128 vh

131 vh

149 vh

279 vh

283 vh

226 vh

292 vh

148 vh

157 vh

210 h

155 vh

160 vh

0.40 m

0.61 h

0.62 h

0.70 h

0.71 h

0.68 h

0.71 h

0.62 h

0.65 h

0.67 h

0.63 h

0.65 h

0.74 h

0.81 h

0.91 h

0.80 h

0.84 h

0.73 h

0.78 h

0.79 h

0.75 h

0.79 h

0.18 l

0.26 l

0.28 l

0.29 l

0.31 l

0.32 l

0.33 l

0.34 l

0.34 l

0.35 l

0.36 l

0.37 l

0.41 m

1.27 vh

1.39 vh

1.25 vh

1.36 vh

0.38 l

0.39 l

1.20 vh

0.39 l

0.39 l

5.4 l

4.0 l

4.2 l

4.8 l

4.9 l

4.7 l

4.9 l

4.0 l

4.4 l

4.6 l

4.3 l

4.4 l

5.2 l

6.7 m

7.7 m

6.1 m

7.2 m

5.1 l

5.6 l

5.9 l

5.5 l

5.6 l

0.77 l

0.32 vl

0.33 vl

0.66 l

0.80 l

0.65 l

0.67 l

0.32 vl

0.47 l

0.65 l

0.34 vl

0.50 l

0.96 l

1.58 m

1.69 m

1.36 m

1.64 m

0.96 l

1.14 m

1.31 m

1.11 m

1.18 m

22.29 m

21.26 m

21.95 m

23.85 m

24.81 m

23.53 m

24.60 m

21.77 m

22.18 m

23.44 m

22.17 m

23.27 m

25.74 h

28.12 h

29.53 h

27.56 h

28.99 h

25.09 h

26.17 h

27.38 h

26.08 h

27.17 h

L

L

L

SL 

SL 

L

SL 

L

L

L

L

L

SL 

SL 

SL 

SL 

SL 

SL 

SL 

SL 

Note: vl – very low, l – low, m – moderate, h – high, vh – very high, L – loam, S – sandy loam, Mn – manure, M – microbe.
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CONCLUSIONS

Various combinations of inorganic fertilizers 
+ manure + microbes (EM and PGPR) resulted in 
higher growth and yields of eggplant in the egg-
plant – cabbage intercropping system compared 
to 100% inorganic N fertilization. The combina-
tion of 75% inorganic fertilizer + 20–30 t·ha-1 
manure + 10–20 ml·l-1 microbe (EM / PGPR) in 
the eggplant – cabbage intercropping system in-
creases the growth and yield of eggplant plants 
higher than other treatments, with fruit weights 
ranging from 1.4 to 1.65 kg per plant or 31.55 
to 37.98 t·ha-1. Land productivity increases to a 
higher level with LER values of 1.85–2.04.
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