
agronomy

Article

Effects of Reduced Nitrogen with Bio-Organic Fertilizer on Soil
Properties, Yield and Quality of Non-Heading Chinese Cabbage

Yingbin Qi 1 , Fangling Jiang 1, Rong Zhou 1,2 , Ying Wu 3, Xilin Hou 3, Jiaxi Li 4,5, Wenyuan Lin 3

and Zhen Wu 1,*

����������
�������

Citation: Qi, Y.; Jiang, F.; Zhou, R.;

Wu, Y.; Hou, X.; Li, J.; Lin, W.; Wu, Z.

Effects of Reduced Nitrogen with

Bio-Organic Fertilizer on Soil

Properties, Yield and Quality of

Non-Heading Chinese Cabbage.

Agronomy 2021, 11, 2196. https://

doi.org/10.3390/agronomy11112196

Academic Editors: Othmane Merah,

Purushothaman Chirakkuzhyil

Abhilash, Magdi T. Abdelhamid,

Hailin Zhang and Bachar ZEBIB

Received: 19 October 2021

Accepted: 28 October 2021

Published: 30 October 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 College of Horticulture, Nanjing Agricultural University/Key Laboratory of Biology and Germplasm
Enhancement of Horticultural Crops in East China, Ministry of Agriculture, Nanjing 210095, China;
2017204029@njau.edu.cn (Y.Q.); jfl@njau.edu.cn (F.J.); applezhourong2014@163.com (R.Z.)

2 Department of Food Science, Aarhus University, DK-8200 Aarhus, Denmark
3 College of Horticulture, Nanjing Agricultural University/State Key Laboratory of Crop Genetics and

Germplasm Enhancement, Key Laboratory of Biology and Germplasm Enhancement of Horticultural Crops
in East China, Ministry of Agriculture, Nanjing 210095, China; 2020104052@njau.edu.cn (Y.W.);
hxl@njau.edu.cn (X.H.); L17302569149@163.com (W.L.)

4 College of Advanced Agricultural Sciences, University of Chinese Academy of Sciences,
Beijing 100039, China; lijiaxi20@mails.ucas.ac.cn

5 Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China
* Correspondence: wzh@njau.edu.cn; Tel.: +86-2584396251; Fax: +86-2584399083

Abstract: Fertilizer is extremely essential to increasing the yield of vegetables. However, excessively
using fertilizers has had a negative impact on the yield and quality of vegetables as well as soil
environment in recent years. Non-heading Chinese cabbage ‘yellow rose’ was applied to determine
the influence of organic manure and inorganic fertilizer on the character of rhizosphere soil, the
growth and quality of plants. There were five treatments: conventional fertilization (NF), a total
nitrogen reduction of 20% (NF20), a total nitrogen reduction of 30% (NF30), a total nitrogen reduction
of 20% with 100 kg·667 m−2 bio-organic fertilizer (BNF20) and a total nitrogen reduction of 30%
with 200 kg·667 m−2 bio-organic fertilizer (BNF30). The results show that the content of nitrate
nitrogen, organic matter in rhizosphere soil treated by BNF20 and BNF30, was significantly enhanced
compared with NF. The yield, Vc and soluble protein of plants treated by BNF20 and BNF30 increased
by 30.11%, 17.26%, 5.66% and 15.90%, 16.02%, 5.37%, respectively, compared with NF. On the contrary,
the nitrate content significantly decreased in plants of BNF20 and BNF30 by 47.87% and 40.98%
compared with NF. The significantly positive correlation was observed between nitrate nitrogen
content in rhizosphere soil and the yield (p < 0.05). In conclusion, reduced nitrogen with bio-organic
fertilizer can improve the yield and quality of ‘yellow rose’ cabbage by improving the quality of
rhizosphere soil.

Keywords: nitrogen fertilizer reduction; bio-organic fertilizer; non-heading Chinese cabbage; yield;
quality; rhizosphere soil

1. Introduction

The amount of chemical fertilizer (mineral fertilizer NPK) used in vegetable pro-
duction in China is 3.3 times that which is used on other crops, and the total amount
of nitrogen fertilizer applied for the open-field vegetables is 2.7 times the recommended
amount. Excessive application of nitrogen fertilizer will not only reduce the yield and
quality of vegetables [1] but also lead to a decrease in soil organic matter content, secondary
salinization, acidification, accumulation of heavy metals and excessive nitrate content in
edible parts [2–5]. Thereby, the replacement potential of nitrogen fertilizer reduction is
enormous for the excessive use of chemical fertilizer [6].

Chemical fertilizer is the basis for a high yield of vegetables, while organic fertilizer is
beneficial to the growth and quality of vegetables [7,8]. On the basis of properly reduced
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nitrogen fertilizer, the interaction of chemical and organic fertilizers could be strengthened,
and the composition of plant nutrition structure was enhanced by using different types
of organic fertilizers [9]. Bio-organic fertilizer is a new type of organic fertilizer formed
by adding a variety of beneficial microbial communities, in which the unique microbial
community can activate soil, enhance the physical and chemical properties of soil, increase
soil biodiversity and improve soil enzyme activities [10,11]. The microorganisms could
secrete substances to stimulate root and plant growth [12]. Moreover, microorganisms
improve the quality of vegetables by increasing nitrate reductase activity to reduce nitrate
content [13]. The rational application of fertilizer could also promote the accumulation of
plant dry matter maintain or increase the yield of crops and reduce the dependence on
fertilizers [14]. The combined application of chemical fertilizer with bio-organic fertilizer
could be complementary to continuously increasing the yield and improving quality
of crops.

Non-heading Chinese cabbage originated in China, which accounts for 30–40% of
the vegetable multiple cropping area in the middle and lower reaches of the Yangtze
River [15]. Nitrogen fertilizer is widely used in the production of non-heading Chinese
cabbage. However, excessive application of nitrogen fertilizer gave rise to reduced yield
and quality [16]. It also led to soil hardening, acidification and fertility decline, especially
resulting in serious water pollution and eutrophication [17]. The rational application of
fertilizers could improve the soil quality, yield and quality of non-heading Chinese cabbage.
A non-heading Chinese cabbage variety, ‘yellow rose’ (Brassica campestris ssp. chinensis
Makino), was used as the plant material. Our aim was to study the effects of reduced
nitrogen with bio-organic fertilizer on plant growth, yield, quality of non-heading Chinese
cabbage and rhizosphere soil characteristics. This study will provide theoretical support
for scientific fertilization application of reduced nitrogen with bio-organic fertilizer in
crop production.

2. Materials and Methods
2.1. Materials

The seeds of ‘yellow rose’ were provided by the key Chinese Cabbage Breeding
Laboratory of Nanjing Agricultural University. The plants were cultivated in the field
during 2019–2020 at the vegetable base of Agricultural Expo Garden at Jurong, Jiangsu,
China (32◦ N, 119◦12′ E). Chemical fertilizers (46% urea, 12% superphosphate and 52%
potassium sulfate) were provided by Yuntianhua Co., LTD, Yunnan, China. A bio-organic
fertilizer named ‘No.1’ (Bacillus amyloliquefaciens 2 × 108·g−1 living bacteria count and
3-5-0.7 N-P-K) was provided by Lianye Biotechnology Co. LTD, Jiangsu, China.

The soil texture in the plowed layer (0–15 cm) was clay, with a pH of 4.83, an electric
conductivity of 216.87 µS·cm−1, an organic matter content of 29.18 g·kg−1, an alkali-
hydrolyzed nitrogen content of 178.50 mg·kg−1, a total nitrogen content of 1.50 g·kg−1,
an available phosphorus 97.27 content of mg·kg−1 and an available potassium content of
190.00 mg·kg−1.

2.2. Experiment Design

Five treatments were set up: conventional fertilization (conventional fertilization was
the average level of fertilization commonly used by farmers) (NF), a total nitrogen reduction
of 20% (NF20), a total nitrogen reduction of 30% (NF30), a total nitrogen reduction of 20%
with 1500 kg·ha−1 bio-organic fertilizer (BNF20) and a total nitrogen reduction of 30%
with 2000 kg·ha−1 bio-organic fertilizer (BNF30). Each treatment was set up with three
repetitions. There were fifteen plots at all. Each plots’ area was 20 m × 1.5 m in a random
block arrangement, and there were 480 plants in each repetition. ‘Yellow rose’ cabbage was
transplanted with spacing of 25 cm × 25 cm. The specific fertilization situation of each
plot is shown in Table 1. Fertilizers were applied once as a base fertilizer a week before
transplanting. The second experiment was carried out with the rapid non-heading Chinese
cabbage from April to May 2020, and the yield was determined.
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Table 1. Fertilization situation in test plots.

Treatment N kg·ha−1 P2O5 kg·ha−1 K2O kg·ha−1 No.1 kg·ha−1

NF 193.2 45.0 45.0 -
NF20 154.5 45.0 45.0 -
NF30 135.2 45.0 45.0 -

BNF20 109.5 18.0 34.5 1500
BN30 45.2 18.0 34.5 3000

2.3. Determination Index and Method
2.3.1. Determination of Plant Rhizosphere Soil Characteristics

Rhizosphere soils were randomly collected from 5 to 10 cm depth with the top 5 cm
soil layer removed to avoid exogenous disturbance. Fresh soils were stored at 4 ◦C for soil
enzyme activity analyses. Air-dried and sieved (<2 mm) soils were used for chemical anal-
yses. The growth stages of harvest were observed during early (30 days after colonization),
middle (60 days after colonization) and late (90 days after colonization) harvest.

Electrical conductivity (EC) and pH of soil were determined by mixing soil with
deionized water at 1:5 and 1:2.5 (w/v), respectively. Mixture was manually shaken for
30 min and the reading was taken using electrical conductivity meter (Leici DDS-307A,
Shanghai, China) and pH meters (Spectrum pH-400, California, America) [18]. Soil organic
carbon and total nitrogen content were determined by dry combustion at 900 ◦C using an
elemental analyzer (Vario EL elemental analyzer, Hanau, Germany) [19].

Available P were extracted with sodium bicarbonate, and then determined using the
molybdenum-blue method. Available K were extracted with ammonium acetate and then
determined using a flame photometry [20]. Nitrate nitrogen content in soil was determined
using continuous flow analyzer (BRAN + LUEBBE Auto Analyzer3, Hamburg, Germany)
as described by Raigón (1992) [21].

The activity of soil urease (expressed as µg NH4+-N g−1 soil 24 h−1) and acid phos-
phatase (expressed as µg phenol g−1 soil 24 h−1) were determined using the method
descried by Sun [22]. Invertase (expressed as µg glucose g−1 soil 24 h−1), was determined
using the method descried by Guan (1986) [23]. FDA (fluorescein diacetate, expressed as
µg fluorescein g−1 soil 24 h−1) was determined using the method described by Taylor [24].

2.3.2. Growth, Quality, Photosynthetic Parameters and Yield Indexes

Six plants were randomly selected from uniform plants in each plot in order to measure
plant height, maximum leaf length and width during three growing stages of ‘yellow rose’.
At the same period, three different plants’ external green leaves were taken to determine
the quality. At the harvest stage, external green, middle yellow and inner heart leaves were
taken according to the different colors of the leaves (Figure S1) to determine the quality
of leaves.

Photosynthesis was measured by Li-6400 (LI-COR Inc., Lincoln, NE, USA) from
9–11 am. The net photosynthetic rate (Pn), stomatal conductance (Gs), transpiration rate
(Tr) and intercellular CO2 concentration (Ci) were measured. The temperature was set
at 25 ± 1 ◦C with 390 ± 10 µmol mol−1 CO2 concentration and 1000 mmol·m−2 s−1 light
intensity during the measurement.

Chlorophyll content was determined using the ethanol (95%) extraction colorimetric
method [25]. Root vitality was determined using the TTC (triphenyltetrazolium chloride)
method [26]. Nitrate content of leaves was determined using the salicylic acid colorimetric
method [27]. Soluble protein content was determined using the Coomassie Brilliant Blue
G-250 colorimetric method and VC (L-ascorbic acid, AsA) content was determined using
the o-phenanthroline colorimetric method [28]. Total soluble sugar content was determined
using anthrone colorimetry [29]. Economic benefit was calculated using the formula as
total output value—production cost.
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2.4. Statistical Analysis

Data analyses were performed using SPSS software (SPSS, Chicago, IL, USA) and
Microsoft Excel 2010. The significance of differences between treatments was evaluated
using Duncan’s new multiple range test (p < 0.05). Duncan’s new multiple range test (MRT)
is a variant of the Student–Newman–Keuls method that uses increasing alpha levels to
calculate the critical values in each step of the Newman–Keuls procedure. SPSS Pearson
bivariate correlation analysis was used for the correlation analysis.

3. Results
3.1. Rhizosphere Soil Chemical Properties during the Whole Growing Stage

The chemical properties of rhizosphere soil under different treatments were different
during the growing stages of ‘yellow rose’ cabbage (Table 2). In the early growth stage, the
soil pH, conductivity, total nitrogen and nitrate nitrogen contents of BNF20 and BNF30 were
significantly lower than NF. The available phosphorus and available potassium contents of
BNF30 were 17.06% and 6.96% higher than NF, respectively. The conductivity and organic
matter of NF20 and NF30 were significantly lower than NF. In the middle stage, the pH
and total nitrogen contents of BNF20 were significantly higher than NF and NF20. The
conductivity, nitrate nitrogen, available phosphorus and available potassium contents
were significantly lower than NF and NF20. The total nitrogen content of BNF30 was
significantly lower than NF and NF30. In the harvest stage, the conductivity, total nitrogen
and nitrate nitrogen of BNF20 were significantly higher than NF and NF20.The pH, total
nitrogen, organic matter and available phosphorus contents of the BNF30 treatment were
all higher than NF and NF30. The contents of nitrate nitrogen and available potassium of
NF20 and NF30 were significantly higher than NF.

Table 2. Effects of different treatments on chemical characteristics on rhizosphere soil of ‘yellow rose’ cabbage.

Sampling
Time Treatments pH Value

Electric
Conductivity

µs·cm−1

Total Nitrogen
g·kg−1

Nitrate
Nitrogen
mg·kg−1

Organic Matter
g·kg−1

Available
Phosphorus

mg·kg−1

Available
Potassium
mg·kg−1

Early growth
period

NF 5.17 ± 0.1 b 222.67 ± 2.08 a 1.49 ± 0.06 a 63.45 ± 2.82 b 30.40 ± 1.25 a 55.87 ± 0.42 c 263.33 ± 2.89 b
NF20 5.01 ± 0.3 d 137.00 ± 2.65 d 1.62 ± 0.08 a 27.50 ± 0.90 e 27.80 ± 0.52 b 53.80 ± 1.78 c 235.00 ± 5.00 c
NF30 5.24 ± 0.2 a 185.33 ± 3.51 c 0.44 ± 0.09 b 71.70 ± 1.31 a 27.71 ± 0.45 b 60.33 ± 0.95 b 263.33 ± 2.89 b

BNF20 5.07 ± 0.2 c 186.33 ± 2.51 c 0.61 ± 0.13 b 48.15 ± 0.38 d 28.57 ± 0.09 b 59.73 ± 1.30 b 216.67 ± 2.89 d
BNF30 4.99 ± 0.3 d 196.67 ± 2.89 b 0.69 ± 0.01 b 51.14 ± 1.02 c 28.84 ± 1.55 ab 65.40 ± 1.73 a 281.67 ± 2.89 a

Middle
growth period

NF 4.87 ± 0.1 c 217.00 ± 1.73 a 1.20 ± 0.05 bc 49.44 ± 0.97 a 28.68 ± 0.86 a 64.40 ± 0.87 a 161.67 ± 2.89 c
NF20 4.84 ± 0.1 c 167.00 ± 5.20 c 0.98 ± 0.06 cd 42.59 ± 0.82 b 28.07 ± 0.32 a 50.53 ± 0.81 d 223.33 ± 5.77 a
NF30 4.94 ± 0.2 b 208.00 ± 1.73 b 1.38 ± 0.09 b 39.79 ± 0.75 c 28.04 ± 0.22 a 48.87 ± 1.50 d 218.33 ± 2.89 a

BNF20 5.05 ± 0.4 a 120.00 ± 1.00 e 1.81 ± 0.14 a 24.27 ± 0.70 e 28.13 ± 1.09 a 52.80 ± 0.69 c 151.67 ± 2.89 d
BNF30 4.82 ± 0.3 c 146.00 ± 1.73 d 0.77 ± 0.05 d 33.52 ± 0.54 d 28.79 ± 0.89 a 54.80 ± 0.72 b 185.00 ± 5.00 b

Harvest time
period

NF 5.04 ± 0.2 bc 124.67 ± 2.89 d 0.96 ± 0.02 b 22.16 ± 0.27 d 29.39 ± 0.68 abc 52.33 ± 1.17 b 158.33 ± 2.89 e
NF20 5.13 ± 0.3 a 119.00 ± 3.61 e 1.05 ± 0.09 b 25.17 ± 0.58 c 28.39 ± 1.11 c 50.07 ± 0.46 c 211.67 ± 2.89 b
NF30 5.09 ± 0.4 ab 215.00 ± 3.00 b 0.90 ± 0.08 b 36.08 ± 0.65 b 30.29 ± 0.28 ab 44.60 ± 1.06 d 216.67 ± 2.89 a

BNF20 4.98 ± 0.5 c 223.33 ± 2.89 a 1.54 ± 0.10 a 48.45 ± 0.44 a 29.01 ± 0.22 bc 50.00 ± 0.87 c 186.67 ± 2.89 d
BNF30 5.16 ± 0.5 a 168.00 ± 1.00 c 1.78 ± 0.08 a 36.39 ± 0.99 b 30.67 ± 1.06 a 65.00 ± 0.87 a 195.00 ± 0.00 c

Note: NF is conventional fertilization, NF20 is 20% nitrogen reduction, NF30 is 30% nitrogen reduction, BNF20 is 20% nitrogen
reduction + 100 kg No.1 bio-organic fertilizer, BNF30 is 30% nitrogen reduction + 200 kg No.1 bio-organic fertilizer. The values in
the table are the average of three repetitions. Different small letters represent significant difference at 0.05 level by Duncan’s test; the
same below.

From the whole stage of growth, the pH of the soil made a trend of first decreasing
and then increasing, except the BNF20. The content of organic matter of BNF20 and BNF30
decreased and then increased. The content of available potassium of NF, NF20 and NF30
showed a decreasing trend, while the content of available potassium of BNF20 and BNF30
decreased first and then increased.

BNF20 were significantly higher than NF and NF20.The pH, total nitrogen, organic
matter and available phosphorus contents of BNF30 treatment were all higher than NF and
NF30. The contents of nitrate nitrogen and available potassium of NF20 and NF30 were
significantly higher than NF.
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3.2. Soil Urease, Invertase, Acid Phosphatase, FDA Enzyme Activities of the Rhizosphere soil

The activities of rhizosphere soil invertase and acid phosphatase of the ‘yellow rose’
cabbage were improved by reduced nitrogen with bio-organic fertilizer (Figure 1). In the
early growth period, the activities of sucrose and FAD enzymes with BNF20 and BNF30
were all significantly lower than NF. The activity of acid phosphatase was significantly
higher than NF. The activities of urease of BNF20 were significantly higher than other
treatments (Figure 1B,C). Activities of invertase, urease and FAD enzyme in NF20 and
NF30 were all lower than NF (Figure 1B,D); in the middle growth period, the urease activity
of BNF30 was significantly higher than NF30(Figure 1A); in harvest period, invertase and
acid phosphatase activities of all the treatments were higher than NF. Invertase and acid
phosphatase activity of BNF30 were the highest at 54.20% and 18.48% higher than NF,
respectively, and invertase activity of BNF20 was higher than NF20 (Figure 1B,C).
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the results are the average of three different plant external green leaves; the same below.

From the whole growing stage of ‘yellow rose’ cabbage, overall, soil invertase and soil
FDA activity showed decreased first and then increased.

3.3. Activity of the Root, Photosynthetic Pigment Content and Photosynthetic Characteristics of
‘Yellow Rose’ Cabbage

The root vitalities of BNF20 and BNF30 were higher than NF, and the root vitality of
BNF20 was the highest, 13.82 µg·g−1·h−1· and 57.40% higher than NF (Figure S2). In the
harvest period, compared with NF, BNF30 had the highest chlorophyll a, chlorophyll b,
and the total chlorophyll content as significantly increased by 25.70%, 40.13% and 28.92%,
respectively (Figure 2). The Pn of all treatments were higher than NF, except NF30, while
the Tr of NF20 were significantly higher than NF (Table S1).

3.4. Quality of ‘Yellow Rose’ Cabbage

In the middle growth period, the soluble protein content of BNF20 and BNF30 was
significantly lower than NF20 and NF30 (Figure 3). The nitrate content of BNF30 was higher
than other treatments, and the soluble protein content of NF20 and NF30 was significantly
higher than NF.
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In the harvest growth period, the soluble sugar, soluble protein and VC content of
BNF20 and BNF30 were higher than other treatments (Figure 3). On the contrary, the
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nitrate content of BNF20 and BNF30 was lower than other treatments (Figure 3). The
content of soluble protein of BNF20 and BNF30 was significantly higher than NF (5.37%
and 5.66%) (Figure 3B). The content VC of BNF20 and BNF30 was significantly higher than
NF (16.02% and 17.26%) (Figure 3C). The nitrate content of BNF20 and BNF30 was 40.98%
and 47.87% lower than NF, respectively (Figure 3D). From the whole growing stage, soluble
sugar, soluble protein, VC and nitrate content showed an upward trend, while reduced
nitrogen with bio-organic fertilizer could increase the content of soluble protein and VC
and decrease the content of nitrate content of ‘yellow rose’ cabbage.

The harvest periods of ‘yellow rose’ cabbage under various fertilizer treatments, from
external to internal quality, are shown in Table 3. The soluble sugar, soluble protein, VC
and nitrate content of external green leaves was higher than the inner yellow leaves. The
influence of external green leaves quality is shown in Figure 3. In the central yellow leaves,
the soluble protein content of NF30 and BNF30 were significantly higher than NF, and the
nitrate content was lower than NF with no significant difference. In the inner core leaf, the
soluble protein content of BNF20 was significantly higher than other treatments, while the
VC and soluble protein content of BNF30 were higher than NF. In addition, the contents of
VC and nitrate in the leaves of ‘yellow rose’ cabbage decreased from outward to inward,
while the soluble protein did not change significantly.

Table 3. Effects of different fertilization treatments on the quality of leaves in different positions of ‘yellow roses’ cabbage at
harvesting stage.

Leaf Position Treatment Vitamin C Content
(mg 100 g−1)

Soluble Protein
Content (mg g−1)

Nitrate Content
(mg kg−1)

External green leaves

NF 73.70 ± 4.46 ab 15.37 ± 0.11 b 2988.23 ± 151.22 a
NF20 60.37 ± 3.21 b 15.87 ± 0.23 ab 1871.45 ± 276.04 b
NF30 61.26 ± 0.86 b 15.58 ± 0.15 ab 1658.22 ± 150.50 b

BNF20 85.51 ± 2.39 a 16.24 ± 0.11 a 1763.66 ± 114.10 b
BNF30 86.42 ± 9.03 a 16.25 ± 0.42 a 1557.89 ± 610.00 b

Central yellow leaves

NF 46.35 ± 1.91 b 14.68 ± 0.16 c 1303.66 ± 331.16 a
NF20 46.07 ± 2.78 b 14.74 ± 0.11 bc 1864.22 ± 445.65 a
NF30 56.74 ± 0.68 a 15.64 ± 0.33 a 1223.95 ± 225.25 a

BNF20 45.24 ± 2.33 b 15.16 ± 0.21 abc 1378.22 ± 433.89 a
BNF30 45.3 ± 2.82 b 15.42 ± 0.16 ab 863.99 ± 24.35 ab

Inner heart leaves

NF 41.07 ± 1.25 b 15.11 ± 0.06 b 456.46 ± 33.26 bc
NF20 40.99 ± 0.65 b 14.89 ± 0.12 b 761.92 ± 105.60 a
NF30 50.57 ± 3.59 a 15.39 ± 0.20 b 629.59 ± 94.94 ab

BNF20 38.64 ± 2.21 b 16.35 ± 0.48 a 490.03 ± 50.36 bc
BNF30 42.47 ± 1.59 b 15.44 ± 0.03 b 324.32 ± 78.60 c

3.5. Growth, Yield and Economic Benefits of ‘Yellow Rose’ Cabbage

Compared with NF, in the early growth period, reduced nitrogen with bio-organic
fertilizer (BNF20 and BNF30) significantly promoted the growth of ‘yellow rose’ (Table 4).
NF20 and NF30 promoted the growth of ‘yellow rose’ in the early growth period. On
the contrary, in middle growth period and harvest period the growth was restrained.
In the harvesting period, the plant width length and width of BNF20 and BNF30 were
significantly higher than NF. Compared with NF, the yield of BNF20, and BNF30 increased
by 30.11% and 15.90%, respectively (Table 5), which was similar with the result on the yield
of second year plant (Figure S3).
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Table 4. Effects of different fertilization treatments on growth index of ‘yellow rose’ cabbage.

Period Treatment Plant Height
(cm)

Leaf Length
(cm)

Leaf Width
(cm)

Crown Length
(cm)

Crown Width
(cm)

Early growth
period

NF 9.44 ± 0.44 b 14.40 ± 0.42 c 13.49 ± 0.38 b 30.63 ± 0.72 b 27.69 ± 0.58 c
NF20 9.50 ± 0.40 b 15.63 ± 0.49 ab 14.13 ± 0.40 ab 30.13 ± 0.58 b 28.88 ± 0.52 bc
NF30 10.44 ± 0.50 ab 15.06 ± 0.39 bc 13.88 ± 0.41 ab 32.38 ± 0.46 b 30.00 ± 0.63 ab

BNF20 11.06 ± 0.48 a 16.44 ± 0.27 a 15.00 ± 0.33 a 33.63 ± 0.32 a 31.75 ± 0.53 a
BNF30 11.38 ± 0.42 a 16.50 ± 0.37 a 14.88 ± 0.49 a 33.38 ± 0.38 a 31.13 ± 0.58 a

Middle growth
period

NF 16.44 ± 0.40 b 21.42 ± 1.01 a 18.49 ± 0.50 a 34.22 ± 0.99 b 33.69 ± 0.12 b
NF20 16.50 ± 0.37 b 22.10 ± 1.04 ab 17.13 ± 0.37 b 32.06 ± 1.02 b 33.86 ± 0.21 b
NF30 17.44 ± 0.90 ab 21.00 ± 0.88 b 17.87 ± 0.69 ab 33.42 ± 1.41 b 32.00 ± 1.21 b

BNF20 18.06 ± 0.60 a 23.20 ± 0.74 a 18.00 ± 0.84 a 3604 ± 1.03 a 35.75 ± 1.60 a
BNF30 18.38 ± 0.21 a 23.00 ± 0.89 a 18.40 ± 0.23 a 36.01 ± 0.98 a 34.65 ± 1.00 a

Harvest period

NF 19.75 ± 1.123 ab 22.17 ± 1.17 a 21.62 ± 1.30 a 37.58 ± 2.29 b 36.33 ± 2.25 c
NF20 19.25 ± 0.52 b 19.00 ± 0.84 c 20.42 ± 1.11 a 38.00 ± 2.19 b 36.67 ± 1.50 bc
NF30 18.67 ± 0.68 b 19.83 ± 1.03 bc 18.33 ± 1.33 b 37.00 ± 1.41 b 35.67 ± 1.37 c

BNF20 20.67 ± 1.12 a 21.08 ± 1.28 ab 20.17 ± 0.98 a 40.83 ± 1.17 a 38.50 ± 1.38 ab
BNF30 20.67 ± 1.33 a 22.33 ± 1.21 a 20.17 ± 0.93 a 42.17 ± 0.75 a 38.67 ± 1.21 a

Table 5. Effects of different fertilization treatments on economic benefit of ‘yellow rose’ cabbage.

Treatment Yield
(kg·hm−2)

Cost of
Production
($·hm−2)

Total Production
Value ($·hm−2)

Economic
Benefit ($·hm−2) Rank

NF 64,943.55 b 2921.53 50,737.15 47,815.62 4
NF20 65,275.88 b 2895.75 50,996.78 48,101.03 3
NF30 61,566.75 b 2813.72 48,099.02 45,285.30 5

BNF20 84,501.00 a 3298.13 66,016.41 62,718.28 1
BNF30 75,269.25 ab 3720.00 58,804.10 55,084.10 2

Due to the input of bio-organic fertilizers, the total production cost of BNF20 and
BNF30 was higher than other treatments, but the total output value and the economic
benefit of BNF20 and BNF30 was higher than others. BNF20 had an economic benefit
increase of 30.17%, which was the highest rank.

3.6. Correlation between Rhizosphere Soil Chemical Properties with Yield, Quality of ‘Yellow Rose’
Cabbage by Reduced Nitrogen with Bio-Organic Fertilizer

The yield was positively correlated with soil nitrate nitrogen, and the correlation
coefficient was 0.882 (p < 0.05) (Table 6). The soluble sugar content of ‘yellow rose’ was
negatively correlated with the total nitrogen content of soil (correlation coefficient =−0.971,
p < 0.01) (Table 6). The soluble protein content was positively correlated with the otal
nitrogen (p < 0.05) (Table 6). The total chlorophyll content was positively correlated with
soil organic matter and invertase activity with 0.911 and 0.903 correlation coefficients,
respectively (p < 0.05) (Table 6).
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Table 6. Correlation between rhizosphere soil nutrients with yield and quality of ‘yellow rose’ cabbage.

Yield
Total

Chloro-
phyll

Soluble
Sugar

Soluble
Protein Nitrate VC Root

Activity pH EC TN NO3− OM AP AK Urea Acid P Invertase FDA

Yield 1
Total

chloro-
phyll

0.177 1

Soluble
sugar −0.617 −0.589 1

Soluble
protein 0.903 * 0.395 −0.786 1

Nitrate −0.666 −0.624 0.365 −0.714 1
VC 0.572 0.329 −0.935 * 0.648 −0.085 1

Root
activity 0.776 −0.163 −0.438 0.82 −0.407 0.4 1

pH −0.282 0.544 −0.045 0.093 −0.366 −0.264 −0.04 1
EC 0.617 0.416 −0.321 0.373 −0.575 0.295 −0.01 −0.413 1
TN 0.731 0.528 −0.971 ** 0.905 * −0.488 0.873 0.625 0.102 0.288 1

NO3
− 0.882 * 0.371 −0.584 0.705 −0.65 0.556 0.388 −0.401 0.905 * 0.607 1

OM −0.104 0.911 * −0.464 0.062 −0.29 0.302 −0.503 0.372 0.378 0.314 0.22 1
AP 0.15 0.539 −0.8 0.52 −0.119 0.68 0.301 0.484 −0.258 0.774 0.002 0.437 1
AK 0.231 0.359 0.22 0.245 −0.815 −0.507 0.126 0.503 0.297 −0.075 0.216 0.082 −0.263 1

Urea −0.102 −0.764 0.73 −0.493 0.335 −0.512 −0.156 −0.685 0.138 −0.707 −0.031 −0.633 −0.939 * −0.021 1
Acid P 0.481 0.903 * −0.557 0.542 −0.819 0.322 −0.004 0.28 0.734 0.539 0.693 0.755 0.269 0.518 −0.5 1

Invertase 0.221 0.705 −0.211 0.461 −0.835 −0.146 0.191 0.815 0.125 0.319 0.157 0.405 0.317 0.825 −0.581 0.675 1
FDA −0.116 −0.69 0.028 −0.035 0.618 0.157 0.431 −0.162 −0.742 0.025 −0.474 −0.679 0.236 −0.612 0.067 −0.824 −0.511 1

−1 −0.5 0 0.5 1

Note: * At the level of 0.05 (double-tailed), the correlation was significant. ** at 0.01 level (double-tailed), the correlation was significant. TN: soil total. nitrogen content, NO3
−: Soil nitrate nitrogen content, OM:

soil organic matter, AP: Available phosphorus, AK: soil available potassium, Acid P: Acid phosphatase activity.
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4. Discussion
4.1. Effects of Reduced Nitrogen with Bio-Organic Fertilizer on the Chemical Properties of ‘Yellow
Rose’ Cabbage Rhizosphere Soil

Reduced nitrogen with bio-organic fertilizer (BNF20 and BNF30) increased the chemi-
cal properties of rhizosphere soils (Table 2). A favorable soil environment was the prerequi-
site for a high yield and the quality of crops, and different nitrogen sources had significant
effects on soil character [30–32]. At harvest period, the soil total nitrogen contents of NF20
and NF30 were significantly higher than others, while higher organic fertilizers substituted
for BNF30 resulted in higher soil organic matter content (Table 2). Organic matter was
essential as an overall indicator of soil quality [33]. Moreover, we found that reduced nitro-
gen with bio-organic fertilizer could improve the content of soil organic matter, available
phosphorus and rapidly available potassium. Soil nutrients increased significantly with the
increase of bio-organic fertilizer applied [14,34]. We suggested that a moderate amount of
reduced nitrogen improved the soil carbon and nitrogen ratio, optimized the environment
of the soil and increased the soil nitrogen effectively. We also found that the quality of
‘yellow rose’ was correlated with total nitrogen content of soil (Table 6).

At harvest period, reduced nitrogen with bio-organic fertilizer (BNF20 and BNF30)
increased the activities of soil invertase and acid phosphatase (Figure 1), which was
reported by Gou [35] and Wang [36]. Moreover, reduced nitrogen with bio-organic fertilizer
could improve the root activity (Figure S2). The root activity of soybean and chili were
improved by reduced nitrogen with bio-organic fertilizer [35,37]. The application of bio-
organic fertilizer possibly stimulates enzyme secretion by roots [11].

However, the urease activity of BNF30 was significantly lower than NF. Using differ-
ent fertilization had different effects on soil microenvironment and thus on soil enzyme
activity [38]. We speculate that the difference between urease activity and other soil enzyme
activities might be related to the amount of applied nitrogen fertilizer in Chinese cabbage.

4.2. Effects of Reduced Nitrogen with Bio-Organic Fertilizer on the Photosynthetic Characteristics
and Quality of ‘Yellow Rose’ Cabbage

The soluble sugar and VC content of ‘yellow rose’ cabbage increased, while nitrate
content decreased when the plants were applied by reduced nitrogen with bio-organic
fertilizer (Table 3, Figure 3). Similar results were reported by Wang [39] on cabbages, by
Brunetti [40] on tomato and by Yang [41] on cauliflower. The latest research shows that
reducing nitrogen by 20–30% with bio-organic fertilizer had the best quality improvement
effect on cabbage [42] and tomato [43]. Nitrogen was the key factor influencing the
nitrate content in vegetables. The nitrate precursor was the synthesis of nitrosamines
that endangered human body health by excessive intake, causing cancers of the digestive
system [44]. The nitrate content of vegetables increased with the increase of nitrogen
fertilizer used [45]. Maintaining quality and yield when reducing the application of
nitrogen amount can directly reduce the risk of nitrate-related health problems.

We also found that the quality of ‘yellow rose’ cabbage increased overall during the
whole growth period. The effect of reduced nitrogen with bio-organic fertilizer was optimal,
which may be related to the fertility release potential of bio-organic fertilizers. Moreover,
the VC and nitrate content of ‘yellow rose’ cabbage followed a downward trend from
external leaves to the inner, soluble protein with no obvious change. Reduced nitrogen
with bio-organic fertilizer had a better promotion on the quality of external leaves (Table 3).
The difference may be due to the fact that the external leaves were mature leaves with a
better accumulation effect of fertilizer than that of immature leaves.

Nutrient supply situation would affect the plant photosynthetic pigment content [46].
Insufficient or excessive nitrogen supply could also lead to a decrease in plant chlorophyll
content. Nutrient suitable supply was beneficial to improve the efficiency of crop photo-
synthesis and increase the accumulation of dry matter basis in crop production [47]. Soil
nutrients have certain effects on the plant photosynthetic pigment content; we found that
the total chlorophyll content was positively correlated with soil organic matter and inver-
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tase activity (Table 6). At the harvest period, Pn of BNF20 was the highest and the content
of chlorophyll a, chlorophyll b and total chlorophyll of NF30 was the highest. Moreover,
the photosynthetic pigment contents of BNF20, BNF30 were higher than those of NF20
and NF30. The results show that the application of bio-organic fertilizer was beneficial to
increasing the photosynthetic pigment content of non-heading Chinese cabbage.

4.3. Effects of Reduced Nitrogen with Bio-Organic Fertilizer on the Growth and Yield of ‘Yellow
Rose’ Cabbage

Nitrogen was involved in the formation and accumulation of plant dry matter and
closely related to the growth, development and yield of crops [48]. The application of
nitrogen fertilizer could improve the growth and development status of crops [49], thus
laying a foundation for the realization of high yield. The application of bio-organic fertilizer
could increase the yield of cabbage, cucumber, tomato, pepper, maize and so on [14,50–54].

However, neither excessive nor insufficient amount of nitrogen fertilizer was not
conducive to the growth of non-heading Chinese cabbage [55], which led to the decrease of
crop yield [56]. It was key to improve the quality and maintain yield under the application
of reduced nitrogen with bio-organic fertilizer. In the experiment, the growth and yield of
BNF20 and BNF30 were better than the other treatments (Tables 4 and 5), indicating that
reduced nitrogen with bio-organic fertilizer was beneficial to improve the growth, yield
and development of non-heading Chinese cabbage. Bacillus amyloliquefaciens consisted in
BNF20 and BNF30. Bacillus amyloliquefaciens had satisfactory biocontrol effects on Fusar-
ium wilt and growth-promoting abilities on pepper [51] and banana plant [50]. Bacillus
amyloliquefaciens promoted the growth of cucumber seedings and reduced the rhizosphere
bacterial diversity [57]. In the experiment, the effects of Bacillus amyloliquefaciens on soil mi-
croorganisms and the relationship between nitrogen fertilizer and Bacillus amyloliquefaciens
need to be further studied.

5. Conclusions

Reduced nitrogen with bio-organic fertilizer (BNF20, BNF30) increased the content of
total nitrogen, nitrate nitrogen, organic matter and available phosphorus. Meanwhile, it
improved the activity of invertase and acid phosphatase of rhizosphere soil and enhanced
the quality of rhizosphere soil. Reduced nitrogen with bio-organic fertilizer can promote
plant growth and improve the photosynthetic characteristics of non-heading Chinese
cabbage ‘yellow rose’. At the harvest period, reduced nitrogen with bio-organic fertilizer
significantly decreased nitrate content, increased soluble protein, VC content and the yield
of ‘yellow rose’ cabbage. Overall, reduced nitrogen with bio-organic fertilizer increased
the economic benefits with BNF20 as the optimal treatment.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/agronomy11112196/s1, Figure S1: sampling location: the same part was taken respectively,
the outer green leaves, the middle yellow leaves and the inner core leaves. Figure S2: effects of
different fertilization treatments on activity of ‘yellow rose’ cabbage root. Figure S3: the yield of next
year’s plant. Table S1: effects of different fertilization treatments on the photosynthetic characteristics
of ‘yellow rose’ cabbage (harvest period).

Author Contributions: Y.Q. and F.J. designed the experiments. Y.Q. and J.L. performed the experi-
ments. Y.Q. and R.Z. analyzed the data. Y.Q. wrote the manuscript. F.J., Y.W., W.L., X.H. and Z.W.
gave valuable comments on the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: We acknowledge The National Key Research and Development Program of China
(2018YFD0201200, 2019YFD100190200), the Fundamental Research Funds for the Central Univer-
sities (KYZZ2021004), the Priority Academic Program Development of Jiangsu Higher Education
Institutions (PAPD), and the expert workstation of China Ministry of Science and Technology.

Institutional Review Board Statement: The study did not involve humans or animals.

Informed Consent Statement: Not applicable, for studies not involving humans.

https://www.mdpi.com/article/10.3390/agronomy11112196/s1
https://www.mdpi.com/article/10.3390/agronomy11112196/s1


Agronomy 2021, 11, 2196 12 of 14

Data Availability Statement: Data sharing not applicable.

Acknowledgments: We thank Mintao Sun and Xiaoting Wu for their valuable help.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gai, X.; Liu, H.; Zhai, L.; Tan, G.; Liu, J.; Ren, T.; Wang, H. Vegetable yields and soil biochemical properties as influenced by

fertilization in southern China. Appl. Soil Ecol. 2016, 107, 170–181. [CrossRef]
2. Shi, W.; Yao, J.; Yan, F. Vegetable cultivation under greenhouse conditions leads to rapid accumulation of nutrients, acidification

and salinity of soils and groundwater contamination in south-eastern China. Nutr. Cycl. Agroecosyst. 2009, 83, 73–84. [CrossRef]
3. Guo, J.; Liu, X.; Zhang, Y.; Shen, J.; Han, W.; Zhang, W.; Christie, P.; Goulding, K.; Vitousek, P.; Zhang, F. Significant acidification

in major Chinese croplands. Science 2010, 327, 1008–1010. [CrossRef]
4. Curtin, D.; Trolove, S. Predicting pH buffering capacity of New Zealand soils from organic matter content and mineral character-

istics. Soil Res. 2013, 51, 494–502. [CrossRef]
5. Lin, Y.; Ye, G.; Kuzyakov, Y.; Liu, D.; Fan, J.; Ding, W. Long-term manure application increases soil organic matter and aggregation,

and alters microbial community structure and keystone taxa. Soil Boil. Biochem. 2019, 134, 187–196. [CrossRef]
6. Huang, S.; Tang, J.; Li, C.; Zhang, H.; Yuan, S. Reducing potential of chemical fertilizers and scientific fertilization countermeasure

in vegetable production in China. J. Plant Nutr. 2017, 23, 1480–1493. [CrossRef]
7. Steiner, C.; Teixeira, W.; Lehmann, J.; Nehls, T.; Macêdo, J.; Blum, W.; Zech, W. Long term effects of manure, charcoal and mineral

fertilization on crop production and fertility on a highly weathered central Amazonian upland soil. Plant Soil 2007, 291, 275–290.
[CrossRef]

8. Negi, Y.k.; Sajwan, P.J.; Uniyal, S.; Mishra, A.C. Enhancement in yield and nutritive qualities of strawberry fruits by the application
of organic manures and biofertilizers. Sci. Hortic. 2021, 283, 110038. [CrossRef]

9. Rose, M.T.; Phuong, T.; Nhan, D.; Cong, P.; Hien, N.; Kennedy, I. Up to 52% N fertilizer replaced by biofertilizer in lowland rice
via farmer participatory research. Agron. Sustain. Dev. 2014, 34, 857–868. [CrossRef]

10. Xue, F.; Yan, T.; Yang, L.; Qiao, J. Influences of organic fertilizer application on soil biological properties. Chin. J. Eco-Agric. 2010,
18, 1372–1377. [CrossRef]

11. Bandyopadhyay, K.K.; Misra, A.K.; Ghosh, P.K.; Hati, K.M. Effect of integrated use of farmyard manure and chemical fertilizers
on soil physical properties and productivity of soybean. Soil Tillage Res. 2010, 110, 115–125. [CrossRef]

12. Shen, D.; Cao, F.; Li, L. Development status and prospect of microbial organic fertilizer in China. China Soil Fertil. 2007, 6, 1–5.
13. Chatterjee, R.; Jana, J.C.; Paul, P.K. Enhancement of head yield and quality of cabbage (Brassica oleracea) by combining different

sources of nutrients. Indian J. Agric. Sci. 2012, 82, 324–328.
14. Lin, Y.; Zhao, X.; Bao, E.; Li, J.; Zou, Z.; Cao, K. Bio-organic fertilizer with reduced rates of chemical fertilization improves soil

fertility and enhances tomato yield and quality. Sci. Rep. 2020, 10, 177. [CrossRef]
15. Hou, X.; Song, X. Research and utilization of Brassica campestris ssp. chinensis Makino (non-heading Chinese cabbage) germplasm

resources. J. Nanjing Agric. Univ. 2012, 35, 35–42.
16. Huang, S.; Wang, Y.; Jin, J.; Tang, J. Status of salinity, pH and nutrients in soils in main vegetable production regions in China.

Plant Nutr. Fertil. Sci. 2011, 17, 906–918.
17. Zhang, F.; Cui, Z.; Chen, X.; Ju, X.; Shen, J.; Chen, Q.; Liu, W.; Mi, G.; Fan, M.; Jiang, R. Integrated nutrient management for food

security and environmental quality in China. Adv. Agron. 2012, 116, 1–40. [CrossRef]
18. Shen, W.; Lin, W.; Gao, N.; Zhang, H.; Yin, R.; Shi, W.; Duan, Z. Land use intensification affects soil microbial populations,

functional diversity and related suppressiveness of cucumber Fusarium wilt in China’s Yangtze River Delta. Plant Soil 2008, 306,
117–127. [CrossRef]

19. Wang, Q.; Ren, Y.; Meng, L.; Hong, L.; Hui-Min, F.; Wang, H. Simultaneous determination of total nitrogen and organic carbon in
soil with an elemental analyzer. Chin. J. Anal. Lab. 2013, 32, 41–45.

20. Bao, S.D. Analysis Method of Soil and Agricultural Chemistry; China Agricultural Press: Beijing, China, 2000; pp. 25–108.
21. Raigón, M.D.; García, M.; Maquieira, A.; Puchades, R. Determination of available nitrogen (nitic and ammoniacal) in soils by

flow-injection analysis. Analysis 1992, 20, 483–487.
22. Sun, X.; Zhu, L.; Wang, J.; Wang, J.; Su, B.; Liu, T.; Zhang, C.; Gao, C.; Shao, Y. Toxic effects of ionic liquid 1-octyl-3-

methylimidazolium tetrafluoroborate on soil enzyme activity and soil microbial community diversity. Ecotoxicol. Environ.
Saf. 2017, 135, 201–208. [CrossRef] [PubMed]

23. Guan, S.Y. (Ed.) Methodology of Soil Enzyme Measurement; Methods of Soil Enzymology; China Agricultural Press: Beijing, China,
1986; pp. 274–314.

24. Taylor, J.P.; Wilson, B.; Mills, M.S.; Burns, R.G. Comparison of microbial numbers and enzymatic activities in surface soils and
subsoils using various techniques. Soil Biol. Biochem. 2002, 34, 387–401. [CrossRef]

25. Arono, D.I. Copper enzymes in isolated chloroplasts, polyphenol oxidase in Brta vulgaris. Plant Physiol. 1949, 24, 1–15. [CrossRef]
[PubMed]

26. Clemensson, A.; Persson, H. Fine-root vitality in a norway spruce stand subjected to various nutrient supplies. Plant Soil 1995,
168, 167–172. [CrossRef]

http://doi.org/10.1016/j.apsoil.2016.06.001
http://doi.org/10.1007/s10705-008-9201-3
http://doi.org/10.1126/science.1182570
http://doi.org/10.1071/SR13137
http://doi.org/10.1016/j.soilbio.2019.03.030
http://doi.org/10.11674/zwyf.17366
http://doi.org/10.1007/s11104-007-9193-9
http://doi.org/10.1016/j.scienta.2021.110038
http://doi.org/10.1007/s13593-014-0210-0
http://doi.org/10.3724/SP.J.1011.2010.01372
http://doi.org/10.1016/j.still.2010.07.007
http://doi.org/10.1038/s41598-019-56954-2
http://doi.org/10.1016/B978-0-12-394277-7.00001-4
http://doi.org/10.1007/s11104-007-9472-5
http://doi.org/10.1016/j.ecoenv.2016.09.026
http://www.ncbi.nlm.nih.gov/pubmed/27741461
http://doi.org/10.1016/S0038-0717(01)00199-7
http://doi.org/10.1104/pp.24.1.1
http://www.ncbi.nlm.nih.gov/pubmed/16654194
http://doi.org/10.1007/BF00029325


Agronomy 2021, 11, 2196 13 of 14

27. Cataldo, D.A.; Maroon, M.; Schrader, L.E.; Youngs, A.L. Rapid colorimetric determination of nitrate in plant-tissue by nitration of
salicylic-acid. Commun. Soil Sci. Plant Anal. 1975, 6, 71–80. [CrossRef]

28. Zhang, J.; Kirkham, M.B. Antioxidant responses to drought in sunflower and sorghum seedlings. New Phytol. 1996, 132, 361–373.
[CrossRef] [PubMed]

29. Buysse, J.A.N.; Merckx, R. An improved colorimetric method to quantify sugar content of plant tissue. J. Exp. Bot. 1993, 44,
1627–1629. [CrossRef]

30. Bozkurt, S.; Agca, N.; Odemis, B. Influence of different nitrogen sources and leaching practices on soil chemical properties under
tomato vegetation in a greenhouse. Agron. J. 2008, 7, 210–219. [CrossRef]

31. Eltun, R.; Korsth, A.; Nordheim, O. A comparison of environmental, soil fertility, yield, and economical effects in six cropping
systems based on an 8-year experiment in Norway. Agric. Agric. Ecosyst. Environ. 2002, 90, 155–168. [CrossRef]

32. Youssef, I.; Ali, M.; Noufal, E.; Ismail, S.; Ali, M. Effect of different sources and levels of nitrogen fertilizers with and without
organic and bio-fertilizers on growth and yield components of fennel plants (Foeniculum vulgare mill.). Asian J. Soil Sci. Plant Nutr.
2020, 6, 6–14. [CrossRef]

33. López, A.; Fenoll, J.; Hellín, P.; Flores, P. Physical characteristics and mineral composition of two pepper cultivars under organic,
conventional and soilless cultivation. Sci. Hortic. 2013, 150, 259–266. [CrossRef]

34. Feng, N.; Liang, Q.; Feng, Y.; Xiang, L.; Wong, M. Improving yield and quality of vegetable grown in paes-contaminated soils by
using novel bioorganic fertilizer. Sci. Total Environ. 2020, 739, 139883. [CrossRef] [PubMed]

35. Gou, J.Y.; Suo, S.Z.; Shao, K.Z.; Zhao, Q.; Rensing, C. Biofertilizers with beneficial rhizobacteria improved plant growth and yield
in chili (Capsicum annuum L.). World J. Microbiol. 2020, 36, 86. [CrossRef]

36. Wang, N.; Nan, H.; Feng, K. Effects of reduced chemical fertilizer with organic fertilizer application on soil microbial biomass,
enzyme activity and cotton yield. J. Appl. Ecol. 2020, 31, 173–181.

37. Gai, Z.; Zhang, J.; Li, C.; Hui, D. Effects of starter nitrogen fertilizer on soybean root activity, leaf photosynthesis and grain yield.
PLoS ONE 2017, 12, e0174841. [CrossRef]

38. Zhang, L.; Wei, C.; Burger, M.; Yang, L.; Ping, G.; Wu, Z. Changes in soil carbon and enzyme activity as a result of different
long-term fertilization regimes in a greenhouse field. PLoS ONE 2015, 10, e0118371. [CrossRef] [PubMed]

39. Wang, Y. Effects of Nitrogen Fertilizer Reduction on Yield and Quality of Non-Heading Chinese Cabbage; Nanjing Agricultural University:
Nanjing, China, 2017.

40. Brunetti, G.; Traversa, A.; Mastro, F.D.; Cocozza, C. Short term effects of synergistic inorganic and organic fertilization on soil
properties and yield and quality of plum tomato. Sci. Hortic. 2019, 252, 342–347. [CrossRef]

41. Yang, P.; Jian, L.; Sohail, H.; Yu, J.; Li, J. Partial substitution of mineral fertilizer with biofertilizer enhances cauliflower nutritional
quality, yield, and soil characteristics. Crop Sci. 2020, 60, 934–944. [CrossRef]

42. Li, Y.; Li, B.; Tao, J.; Hu, L.; Cao, Y.; Jin, Y. Effects of Reducing Nitrogen Fertilizer Application on Growth, Yield and Quality of
Cabbage and Soil nutrients. Guizhou Agric. Sci. 2020, 48, 106–111.

43. Ma, Y.; Wang, Y.; Teng, L.; Wang, G.; Yang, G. Effect of Nitrogen Reduction on Yield and Quality of Tomato in Greenhouse. Hortic.
Seedl. 2020, 40, 39.

44. Briseis, A.; Xiao, O.; Yu, T.; Bu, T.; Gong, Y.; Hong, L.; Nathaniel, R.; Wong, H.; Mary, H. Thyroid cancer risk and dietary nitrate
and nitrite intake in the Shanghai women’s health study. Int. J. Cancer 2013, 132, 897–904. [CrossRef]

45. Lawlor, D.W. Ecophysiology and agronomy. carbon and nitrogen assimilation in relation to yield: Mechanisms are the key to
understanding production systems. J. Exp. Bot. 2002, 53, 773–787. [CrossRef] [PubMed]

46. Nicodemus, M.A.; Salifu, F.K.; Jacobs, D.F. Growth, Nutrition, and Photosynthetic Response of BlaNF Walnut to Varying Nitrogen
Sources and Rates. J. Plant Nutr. 2008, 31, 1917–1936. [CrossRef]

47. Mauromicale, G.; Ierna, A.; Marchese, M. Chlorophyll fluorescence and chlorophyll content in field-grown potato as affected by
nitrogen supply, genotype, and plant age. Photosynthetica 2006, 44, 76. [CrossRef]

48. Fan, M.; Shen, J.; Yuan, L.; Jiang, R.; Zhang, F. Improving crop productivity and resource use efficiency to ensure food security
and environmental quality in China. J. Exp. Bot. 2012, 63, 13–24. [CrossRef]

49. Chen, J.; Arafat, Y.; Din, I.U.; Yang, B.; Zhou, L.; Wang, J.; Letuma, P.; Wu, H.; Qin, X.; Wu, L.; et al. Nitrogen fertilizer amendment
alter the bacterial community structure in the rhizosphere of rice (Oryza sativa L.) and improve crop yield. Front. Microbiol. 2019,
10, 2623. [CrossRef] [PubMed]

50. Yuan, J.; Ruan, Y.; Wang, B.; Zhang, J.; Waseem, R.; Huang, Q.; Shen, Q. Plant growth-promoting rhizobacteria strain Bacillus
amyloliquefaciens NJN-6-enriched bio-organic fertilizer suppressed Fusarium wilt and promoted the growth of banana plants.
J. Agric. Food Chem. 2013, 61, 3774–3780. [CrossRef]

51. Wu, Y.; Zhao, C.; Farmer, J.; Sun, J. Effects of bio-organic fertilizer on pepper growth and Fusarium wilt biocontrol. Sci. Hortic.
2015, 193, 114–120. [CrossRef]

52. Zhao, J.; Liu, J.; Liang, H.; Huang, J.; Chen, Z.; Nie, Y.; Wang, C.; Wang, Y. Manipulation of the rhizosphere microbial community
through application of a new bioorganic fertilizer improves watermelon quality and health. PLoS ONE 2018, 13, e0192967.
[CrossRef]

53. Sarkar, D.; Rakshit, A. Bio-priming in combination with mineral fertilizer improves nutritional quality and yield of red cabbage
under middle gangetic plains, india. Sci. Hortic. 2021, 283, 110075. [CrossRef]

http://doi.org/10.1080/00103627509366547
http://doi.org/10.1111/j.1469-8137.1996.tb01856.x
http://www.ncbi.nlm.nih.gov/pubmed/26763632
http://doi.org/10.1093/jxb/44.10.1627
http://doi.org/10.3923/ja.2008.210.219
http://doi.org/10.1016/S0167-8809(01)00198-0
http://doi.org/10.9734/ajsspn/2020/v6i130077
http://doi.org/10.1016/j.scienta.2012.11.020
http://doi.org/10.1016/j.scitotenv.2020.139883
http://www.ncbi.nlm.nih.gov/pubmed/32544682
http://doi.org/10.1007/s11274-020-02863-w
http://doi.org/10.1371/journal.pone.0174841
http://doi.org/10.1371/journal.pone.0118371
http://www.ncbi.nlm.nih.gov/pubmed/25706998
http://doi.org/10.1016/j.scienta.2019.04.002
http://doi.org/10.1002/csc2.20023
http://doi.org/10.1002/ijc.27659
http://doi.org/10.1093/jexbot/53.370.773
http://www.ncbi.nlm.nih.gov/pubmed/11912221
http://doi.org/10.1080/01904160802402856
http://doi.org/10.1007/s11099-005-0161-4
http://doi.org/10.1093/jxb/err248
http://doi.org/10.3389/fmicb.2019.02623
http://www.ncbi.nlm.nih.gov/pubmed/31798559
http://doi.org/10.1021/jf400038z
http://doi.org/10.1016/j.scienta.2015.06.039
http://doi.org/10.1371/journal.pone.0192967
http://doi.org/10.1016/j.scienta.2021.110075


Agronomy 2021, 11, 2196 14 of 14

54. Sripontan, Y.; Tan, C.; Hung, M.; Young, C.; Hwang, S. Effects of plant-growth-promoting microorganisms and fertilizers on
growth of cabbage and tomato and spodoptera litura performance. J. Asia Pac. Entomol. 2014, 17, 587–593. [CrossRef]

55. Gao, C.; El-Sawah, A.M.; Ali, D.; Hamoud, Y.A.; Sheteiwy, M.S. The Integration of Bio and Organic Fertilizers Improve Plant
Growth, Grain Yield, Quality and Metabolism of Hybrid Maize (Zea mays L.). Agron. J. 2020, 10, 319. [CrossRef]

56. Bronick, C.J.; Mokma, D.L. Podzolization in a sand pit in northern michigan. Soil Sci. Soc. Am. J. 2005, 69, 1757–1760. [CrossRef]
57. Wang, J.; Xu, S.; Yang, R.; Zhao, W.; Huang, Z. Bacillus amyloliquefaciens fh-1 significantly affects cucumber seedlings and the

rhizosphere bacterial community but not soil. Sci. Rep. 2021, 11, 12055. [CrossRef] [PubMed]

http://doi.org/10.1016/j.aspen.2014.05.007
http://doi.org/10.3390/agronomy10030319
http://doi.org/10.2136/sssaj2004.0119
http://doi.org/10.1038/s41598-021-91399-6
http://www.ncbi.nlm.nih.gov/pubmed/34103586

	Introduction 
	Materials and Methods 
	Materials 
	Experiment Design 
	Determination Index and Method 
	Determination of Plant Rhizosphere Soil Characteristics 
	Growth, Quality, Photosynthetic Parameters and Yield Indexes 

	Statistical Analysis 

	Results 
	Rhizosphere Soil Chemical Properties during the Whole Growing Stage 
	Soil Urease, Invertase, Acid Phosphatase, FDA Enzyme Activities of the Rhizosphere soil 
	Activity of the Root, Photosynthetic Pigment Content and Photosynthetic Characteristics of ‘Yellow Rose’ Cabbage 
	Quality of ‘Yellow Rose’ Cabbage 
	Growth, Yield and Economic Benefits of ‘Yellow Rose’ Cabbage 
	Correlation between Rhizosphere Soil Chemical Properties with Yield, Quality of ‘Yellow Rose’ Cabbage by Reduced Nitrogen with Bio-Organic Fertilizer 

	Discussion 
	Effects of Reduced Nitrogen with Bio-Organic Fertilizer on the Chemical Properties of ‘Yellow Rose’ Cabbage Rhizosphere Soil 
	Effects of Reduced Nitrogen with Bio-Organic Fertilizer on the Photosynthetic Characteristics and Quality of ‘Yellow Rose’ Cabbage 
	Effects of Reduced Nitrogen with Bio-Organic Fertilizer on the Growth and Yield of ‘Yellow Rose’ Cabbage 

	Conclusions 
	References

