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Abstract

Different fertilization strategies can affect the quality of grapes, which in turn affect the taste of 
wine. This study aimed to investigate the effects of different fertilization treatments on soil fertility 
and wine grape berry quality, as well as the relationship of soil bacterial diversity and fertilization. 
Six-year-old Vitis vinifera L. cv. Cabernet Sauvignon plants were randomly planted in 25 test plots with 
five fertilization treatments: no fertilization, chemical fertilizer, organic fertilizer, combined chemical 
and organic fertilizers, and combined chemical, organic fertilizers and soil conditioner. Chemical 
properties of soil and grape berry quality indicators were detected. The soil bacterial diversity was 
analyzed using Illumina sequencing. Chemical fertilizer increased the available P and K contents 
and total N content, while the addition of organic fertilizers and/or soil conditioner increased their 
contents and the organic matter. The favorable effects of the application of organic fertilizers and 
soil conditioners on soil fertility and grape quality might be associated with the abundance changes 
of soil bacteria, including Gemmatimonadetes and Actinobacteria phyla as well as Rubrobacter and 
Steroidobacter genera. We concluded that the organic fertilizers and soil conditioners could enhance 
soil fertility and improve wine grape quality, which might be associated with the changes of soil bacteria 
of Gemmatimonadetes, Actinobacteria, Rubrobacter and Steroidobacte. 
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Highlights

1. Organic fertilizers and soil conditioners enhanced 
soil fertility.

2. Organic fertilizers and soil conditioners improved 
wine grape berry quality.

3. The bacterial diversity was decreased chemical 
fertilizers but increased by organic fertilizer, 
especially in Gemmatimonadetes and Actinobacteria.

4. Rubrobacter genus was decreased by chemical 
fertilizers and recovered by organic fertilizers.

Introduction

Wine grape (Vitis vinifera, V. vinifera) is an 
important fruit crop with high economic value in the 
wine business [1]. It has been proved that long-term 
drinking of wine is beneficial to the prevention of 
cardiovascular diseases and chronic diseases, because 
of the specific trace elements, amino acids, organic 
acids, etc. in wine [2]. The taste and quality of the 
wine mainly depend on the quality of the wine grape, 
followed by the winemaking process [3]. The content 
and balance of soluble solid, titratable acid, tannin, total 
phenols, and anthocyanin in wine grapes determine the 
quality of wine grape berry [3]. Thus, considering the 
beneficial effect of wine on human health, searching 
for strategies to improve the quality and yield of wine 
grape berry is necessary.

The quality and yield of wine grape are directly 
influenced by soil type, soil structure, soil thickness, 
soil fertility, soil temperature and moisture [4]. Under 
the unmodifiable climatic condition and soil type, the 
improvement of soil fertility by applying fertilizers is 
predominant strategy for the yield and quality of crops 
[5-7]. Soil fertility is mainly improved by various 
fertilizers such as chemical, organic and microbial 
fertilizers as well as soil conditioners [6]. Overwhelming 
evidence has demonstrated that long-term application of 
chemical fertilizers induce several adverse effects on 
soil, including the continuously reduced organic matter 
content, the imbalanced nutrient content, and reduced 
sustainable production capacity [8, 9]. Fortunately, the 
application of organic fertilizers and soil conditioners 
significantly increases the yield and quality of crops, 
as well as improves soil organic matter content and soil 
fertility [9, 10]. Therefore, reasonable fertilization with 
organic fertilizers and soil conditioners is recommended 
to improve soil fertility.

In agroecosystems, soil bacterial diversity is of 
crucial importance in the yield and quality of crops 
[11-13]. It has been widely studied that soil bacterial 
community diversity can be influenced by various 
fertilizers [14]. Plants depend on soil microorganisms 
for recycling nutrients, while soil microbes rely on 
plants for their energy requirements. The soil microbial 
communities respond strongly to the plantation, 
and show a significant correlation of soil microbial 

community compositions with soil physicochemical 
parameters [15]. Under stable climatic conditions, soil 
nutrients are the key factors affecting fruit quality. 
Therefore, ameliorating soil nutrients is among the 
common methods used to improve fruit quality. 
However, the influence of chemical fertilizers, organic 
fertilizers and soil conditioners in soil bacterial 
diversity of wine grape is barely reported. In this study, 
the effects of different fertilization treatments on soil 
chemical properties and wine grape (V. vinifera L. cv. 
Cabernet sauvignon) berry quality were evaluated. 
Furthermore, soil bacterial community diversity was 
analyzed using Illumina high-throughput sequencing 
technology, and the relationship of soil bacterial 
diversity and different fertilization treatments was 
also discussed. This study would provide us with more 
information on managing the fertilization of grape in 
view of soil bacteria for improving the grape quality.

Experimental procedures

Experimental Site

The experimental site is located in the wine grape 
planting base of Lilan Winery, at the eastern foothills 
of Helan Mountain, Minning town, Yongning county, 
Yinchuan city, Ningxia province, China (latitude 
38°16′38′′N, longitude 105°58′20′′ E, above sea level 
1129 m). The site is temperate continental arid climate 
with the annual sunshine rate of over 65%, the total 
solar radiation of 6100 MJ/m2, the annual average 
temperature of 8.8°C, accumulated temperature of 3289 
°C, annual average rainfall of 200 mm, annual average 
evaporation of 1580 mm, and frost-free period of 176 
d. The terrain of the experimental site is gentle, with a 
slope of about 1% on the ground and an average altitude 
of 1060 m. The soil type of the vineyard is sierozem 
with loamy sand. The baseline chemical parameters of 
soil at this site are shown in (Table 1).

Experimental Design and Sampling

Six-year-old V. vinifera L. cv. Cabernet Sauvignon 
was used as the experimental variety in this study. All 
the plants were planted in the north-south orientation 
with the planting density of 0.6 m × 3.5 m (plant 
distance × row spacing). Totally, 25 test plots were set 
with 60 grape plants in each plot and randomly divided 
into five groups using a single factor randomized 
block design. Plots in the five groups were fertilized 
according to following tactics: CK (no fertilization), 
FCF (100% chemical fertilizer; the composition and the 
application rate: pure N 363 kg/hm2, P2O5 177 kg/hm2, 
and K2O 330 kg/hm2), FOF (100% organic fertilizer; the 
application rate: 9 t/hm2), FOC (50% organic fertilizer + 
50% chemical fertilizer), FOC/4 (25% organic fertilizer 
+ 25% chemical fertilizer + 50% soil conditioner; 
the application rate of soil conditioner: 3 t/hm2). The 
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organic fertilizer is sheep manure with organic matter 
≥45% and N + P2O5 + K2O≥5%); and soil conditioner 
is consisted of organic matter ≥25%, Ca≥20%, N + 
P2O5 + K2O≥5%, Zn + Fe + Cu + B + Mn≥1.5% (pH 
6.5-7.5). All fertilizers were applied once in the initial 
stage (May 2018). The treatment was performed in 5 
individuals (each is a repeat) with regular irrigation of 
3000 m3/hm2 per year. Soil samples in root rhizosphere 
were collected from each plot at the mature stage 
of wine grape on July 2018, and then transported 
to laboratory using the sterilized plastic bag for 16s 
sequence experiment. Bulk soil samples at different 
layers (0-20 cm, 20-40 cm and 40-60 cm depth) were 
also sampled for chemical properties detection. All the 
soil samples were stored under -80 conditions until use.

Detection of Chemical Properties of Soil

The chemical properties of soil samples (0-20 cm, 
20-40 cm and 40-60 cm depth), including organic 
matter, available N, available P, total N and total P, 
were detected in this study. Five soil samples were 
collected from each experimental plot. Soil samples 
were dried, ground into power and filtered before the 
detection. All the determinations were performed 
according to the methods reported by Bao in 2000 
[16]. Briefly, the organic matter was determined using 
potassium bichromate titrimetric method. The available 
N, P and K contents were determined using alkaline 
hydrolysis diffusion method, 0.5 mol/L NaHCO3 
extraction-colorimetric method, and CH3COONH4 
extraction-flame photometric methods, respectively. 
Total N and P contents were determined using sulfuric 
acid elimination-Kjeldahl determination methods and 
Vanadium molybdate yellow colorimetry, respectively.

Determination of the quality of Wine Grapes

The ripening grape berries from the same location 
of grapevines were harvested for the determination of 
grape berries quality parameters, including soluble 
solid, titratable acid, tannin, total phenols, and 

anthocyanin. All the quality indexes were determined 
according to the methods reported by Li et al [17]: 
soluble solids was determined by handheld digital 
refractometer; titratable acid was determined by NaOH 
titration method (calculated as tartaric acid); the tannin 
content was determined using Folin-Denis method; the 
content of the total phenolic was determined by the 
Folin-Ciocalteu method; and the anthocyanin content 
was determined by pH differential spectrophotometry. 
Each examination was repeated for at least 3 times.

DNA Extraction, Library Preparation 
and Sequencing

Soil DNA was extracted from 250 mg soil per 
sample using MoBio Power Soil DNA isolation kit 
(MoBio laboratories, Carlsbad, CA, USA) according 
to the manufacturer’s instructions. The concentration 
and purity of the extracted DNA were detected using 
NanoDrop ND-1000 spectrophotometer (NanoDrop 
Technologies, Wilmington, DE, USA), and the integrity 
of DNA samples was detected by 1% agarose gel 
electrophoresis. The 16S rRNA amplicons covering 
variable region V4 were amplified used specific 
primer (16S V4: 515F-806R) with the barcode [18]. 
PCR reaction was conducted with TransGen AP221-
02: TransStart Fastpfu DNA Polymerase (TransGen 
Biotech, Beijing, China). The PCR products were 
quantified with electrophoresis on 2% agarose gel 
and then purified with Qiagen Gel Extraction Kit 
(qiagen, Hilden, Germany). Sequencing libraries were 
constructed using TruSeq® DNA PCR-Free Sample 
Preparation Kit (Illumina, San Diego, CA, USA), and 
the quality of libraries was evaluated on the Qubit@ 2.0 
Fluorometer (Thermo Scientific, MA, USA) and Agilent 
Bioanalyzer 2100 system. Following that, the libraries 
were sequenced on the IlluminaHiSeq2500 platform 
and 250 bp paired-end reads were produced.

Data Preprocessing

The paired-end reads were assigned to the samples 
according to their unique barcode and were truncated 
by cutting off the barcode and primer sequence.  
The sequences with average base quality≥Q20, 
length≥200 bp and without ambiguous base were 
screened out and then merged using FLASH (v1.2.7, 
http://ccb.jhu.edu/software/FLASH/) according to 
the overlapping bases. The obtained sequences were 
further performed quality filtering using Quantitative 
Insights Into Microbial Ecology (QIIME v1.8.0, http://
qiime.org/). Additionally, the chimera sequences were 
also removed using USEARCH (v5.2.236, http://www.
drive5.com/usearch/)[19].

Bioinformatics Analysis

All effective tags were clustered by Uparse software 
(V7.0.1001) [20]. The sequences with ≥97% similarity 

Table 1. The baseline chemical parameters of soil at the 
experimental site.

Parameters
Soil depth (cm)

0-20 20-40 40-60

pH 8.82 8.87 8.90

Organic matter (g/kg) 6.26 5.78 4.82

Available N (mg/kg) 24.03. 21.27 13.93

Available P (mg/kg) 6.73 4.46 2.03

Available K (mg/kg) 223.33 183.84 117.62

Total N (g/kg) 0.48 0. 44 0.22

Total P (g/kg) 0.28 0.22 0.17
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were assigned to the same operational taxonomic  
units (OTUs). The representative sequences for OTUs 
were selected for annotation of taxonomic information 
using SILVA database (http://www.arb-silva.de). 
According to the results of OTU taxonomy, the 
abundance distribution and composition of each sample 
at five classification levels (phylum, class, order, family 
and genus) were obtained using qIIME software. 
The alpha diversity and beta diversity analyses were 
performed based on OTUs. Alpha diversity indices, 
including chao1, good-coverage, observed-species, 
PD_whole_tree, and Shannon, were calculated using 
QIIME (V1.8, http://qiime.org/scripts/alpha_rarefaction.
html). Beta diversity on unweighted unifrac was 
also calculated by the qIIME software. Principal 
coordinate analysis (PCoA) was performed to visualize 
principal coordinates from complex multidimensional 
data. According to the composition and sequence 
distribution of each sample at each taxonomic level, 
the abundance differences of each taxon between  
two or more samples (groups) could be compared  
one by one. In the present study, the difference of 
abundance between groups at each taxonomic level 
was analyzed using Wilcoxon test. In addition, LDA 
Effect Size (LEfSe) analysis was conducted to search 

biomarkers with statistical differences between groups 
using LEfSe software with LDA Score of 3.

Statistical Analysis

GraphPad Prism 6 software was used for data 
statistical analysis. Data were expressed as the 
mean±SD and analyzed by one-way ANOVA followed 
by multiple comparison with Tukey test. A value of 
P<0.05 was considered significant and P<0.01 was 
considered highly significant.

Results

Effect of Different Fertilization Treatments 
on Soil Chemical Properties

As shown in Table 2, organic matter content was 
significantly increased after treated with organic or 
combined fertilizers compared with CK group (p<0.05). 
Full use of chemical fertilizers can significantly increase 
the content of soil available P (by about 40.63%). Full 
use of organic fertilizers can significantly increase the 
content of soil available N and K by about 25.13% and 

Table 2. The soil chemical properties of the test plots after being treated with different fertilization treatments.

Parameters CK FCF FOF FOC FOC/4

Tannin (mg/g) 13.81±0.22e 18.46±0.13b 15.90±0.20d 16.81±0.17c 20.95±0.19a

Anthocyanin (mg/g) 5.71±0.29e 6.26±0.19d 8.17±0.01b 6.69±0.11c 8.70±0.01a

Total phenols (mg/g) 16.02±0.21e 17.95±0.29d 20.19±0.18a 19.57±0.10c 20.00±0.29ab

Soluble solid (%) 25.56±0.14c 24.68±0.25d 25.90±0.10ab 24.68±0.12d 26.54±0.19a

Titratable acid (%) 0.62±0.00cd 0.75±0.03b 0.69±0.02c 0.68 ±0.00c 0.76±0.02a

Data was expressed as mean ± SD. All differences were analyzed by one-way ANOVA followed by multiple comparison with Tukey 
test. Differences are noted by different lowcases. CK, control group without fertilization. FCF, treated with 100% chemical fertilizer. 
FOF, treated with 100% organic fertilizer. FOC, treated with 50% organic fertilizer + 50% chemical fertilizer. FOC/4, treated with 25% 
organic fertilizer + 25% chemical fertilizer + 50% soil conditioner.

Parameters CK FCF FOF FOC FOC/4

Organic matter (g/kg) 7.27±0.22c 7.02±0.02c 8.85±0.09a 8.43±0.10ab 8.31±0.10b

Available N (mg/kg) 25.59±0.13d 28.00±0.53b 32.02±0.17a 26.92±0.17c 24.90±0.12e

Available P (mg/kg) 6.62±0.11e 11.15±0.21a 9.47±0.12d 10.67±0.16b 10.06±0.13bc

Available K (mg/kg) 217.20±0.58e 248.60±0.67c 284.80±1.36a 263.80±2.70b 224.40±1.80d

Total N (g/kg) 0.46±0.00d 0.92±0.00c 1.10±0.01a 1.07±0.01b 0.91±0.01c

Total P (g/kg) 0.28±0.02 0.28±0.01 0.29±0.02 0.28±0.02 0.30±0.01

Data was expressed as mean±SD. All differences were analyzed by one-way ANOVA followed by multiple comparison with Tukey 
test. Differences are noted by different low cases. FCF, treated with 100% chemical fertilizer. FOF, treated with 100% organic 
fertilizer. FOC, treated with 50% organic fertilizer + 50% chemical fertilizer. FOC/4, treated with 25% organic fertilizer + 25% 
chemical fertilizer + 50% soil conditioner.

Table 3. The wine grape berries qualities after being treated with different fertilization treatments
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31.12%, respectively. Additionally, FOC group increased 
the NPK content, but did not reach the peak value, which 
is relatively balanced. FOC/4 showed a negative effect on 
available N. Meanwhile, available P and K contents as 
well as total N content were obviously increased by 
all fertilization treatments compared with untreated 
soil (p<0.05, Table 2). However, in comparison with 
untreated soil, no significant differences were found 
in the content of total P by all fertilization treatments 
(Table 2). These results showed that the combined 
treatments of organic fertilizer, chemical fertilizer, 
and soil conditioner had wild impact on soil chemical 
properties, followed by combined chemical-organic 
fertilizers.

Effect of Different Fertilization Treatments 
on Wine Grape Berries qualities

Compared with untreated soil (CK), tannin, 
anthocyanin, total phenols and titratable acid contents 
in grape was increased by all fertilization treatments. 
Interestingly, the use of soil conditioner can significantly 
improve all the indicators of grape quality, and most of 

the indicators reached the peak after the soil conditioner 
treatment (p<0.05, Table 3). Organic fertilization 
treatment had little impacts on the content of titratable 
acid, tannin and soluble solid, but significantly 
increased the total phenols by 26.03%. In general, the 
incorporation of soil conditioner is very significant for 
improving the value of grape quality indicators.

Differences in Bacterial Diversity 
Among Fertilizations 

A total of 1,003,491 valid sequences were 
generated from 25 samples in five groups by Illumina 
sequencing, and then clustered into 4908 OTUs at the 
97% similarity level. The alpha diversity indexes for 
all groups are shown in Fig. 1, which suggested the 
high community richness, high community diversity, 
and high phylogenetic diversity. The Chao1 and  
PD_whole_tree indexes in CK was significantly higher 
than that in Foc, indicating that the application of 
50% chemical fertilizer and 50% organic fertilizer 
significantly reduced the bacteria richness. Rarefaction 
curve of each sample did not tend to flatten (Fig. 2a), 

Fig. 1. Alpha diversity indexes. 
a) to e) shows the value of Chao1, Goods coverage, Observed species, PD whole tree and Shannon, respectively. Different letters indicate 
p<0.05. FCF, treated with 100% chemical fertilizer. FOF, treated with 100% organic fertilizer. FOC, treated with 50% organic fertilizer + 
50% chemical fertilizer. FOC/4, treated with 25% organic fertilizer + 25% chemical fertilizer + 50% soil conditioner.
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together, and were separated obviously from that in 
the other group (Fig. 2B). Additionally, according to 
the results of OTUs annotation, the top 20 maximum 

suggesting that increasing sequencing depths could 
help to discover new OTUs. PCoA analysis showed 
that the samples in the same group tended to cluster 

 
Fig. 2. Summary and statistics of the operational taxonomic units (OTUs). a) Rarefaction curve for each group. The x-axis is the 
number of sequencing bars randomly selected from a group, and the y- axis is the number of OTUs constructed based on the number 
of sequencing bars. b) The results of PCoA. The x-axis represents one principal component, the y-axis represents another principal 
component, and the percentage represents the contribution of the principal component to the sample difference. Each node represents a 
sample, and the samples from the same group are represented by the same color. c) The UPGMA clustering tree in genus level. d) The 
flower diagram of OTUs in the five groups. Each petal represents one sample. The number of middle core represents the number of 
OTUs common to all samples, and the number on the petals represents the number of OTUs unique to the sample. FCF, treated with 100% 
chemical fertilizer. FOF, treated with 100% organic fertilizer. FOC, treated with 50% organic fertilizer + 50% chemical fertilizer. FOC/4, 
treated with 25% organic fertilizer + 25% chemical fertilizer + 50% soil conditioner.
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abundance of species in each group in five taxonomic 
levels (phylum, class, order, family, and genus) 
were selected to generate the column accumulation  
graph of species relative abundance. The relative 
abundance of species in genera level is shown by the 
UPGMA clustering tree (Fig. 2c). The flower diagram 
of OTUs distribution in 25 samples of the five groups 
is shown in Fig. 2d), which consisted of 647 common 
OTUs in 25 samples. The results revealed that 
Pseudarthrobacter, Sphingomonas, Rubrobacter, RB41, 
Streptomyces were the top five dominant genera among 
the five groups.

Differential Analysis of Taxonomic Composition 
Among the Five Groups

The species with relative abundance of more than 1% 
in phylum level included Proteobacteria, Chloroflexi, 
Gemmatimonadetes, Actinobacteria, and Acidobacteria 
(Fig. 3a). Wilcoxon test showed that compared with the 
CK group, chemical fertilizer (FCF) inhibited the relative 
abundances of Gemmatimonadetes and Actinobacteria 
(p<0.05, Fig. 3b). No significant differences were 
observed in other bacteria. Seven genera with relative 

abundance of more than 1% were identified, including 
Rubrobacter, Haliangium, Pseudarthrobacter, RB41, 
Steroidobacter, Sphingomonas, and Streptomyces 
(Fig. 3c). Wilcoxon test showed that compared with 
the CK group, chemical fertilizer (FCF) inhibited the 
relative abundance of Rubrobacter and increased the 
relative abundance of Steroidobacter; while the addition 
of organic fertilizers (FOC) recovered the relative 
abundances of Rubrobacter and Steroidobacter (p<0.05, 
Fig. 3d). In addition, the combination of chemical and 
organic fertilizers reduced the relative abundances of 
Steroidobacter and Haliangium in comparison with 
single organic fertilizers (p<0.05, Fig. 3e).

Dominant Bacteria Among the Five Groups

LEfSe analysis was used to search dominant 
bacteria among groups (Fig. 4), and the results 
showed that Gemmatimonadetes, Longimicrobia, 
and Longimicrobiaceae were significant species in 
the FOF group; Rhizobiales and Sphingobacteriales, 
and Hyphomicrobiaceae were significantly 
differential species in the FOC4 group; Actinobacteria, 
Thermoleophilia, and Solirubrobacterales were 

Fig. 3. Relative abundance of the taxonomic composition in phylum and genus level. a) the taxonomic composition with the relative 
abundance of more than 1% in phylum level by distribution histogram. b) the statistical analysis for the relative abundance of the 
dominant bacterial phyla by Wilcoxon test. c)the taxonomic composition with the relative abundance of more than 1% in genus level by 
distribution histogram. d) the statistical analysis for the relative abundance of the dominant bacterial genera by Wilcoxon test. Differences 
are noted by different lowcases above the column. CK, control group without fertilization. FCF, treated with 100% chemical fertilizer. FOF, 
treated with 100% organic fertilizer. FOC, treated with 50% organic fertilizer + 50% chemical fertilizer. FOC/4, treated with 25% organic 
fertilizer + 25% chemical fertilizer + 50% soil conditioner.
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Fig. 4. LDA value distribution histogram a) and evolutionary branching diagram b). LDA value distribution histogram shows the species 
whose LDA score is greater than the set value (the default setting is 3). In an evolutionary bifurcation diagram, a circle radiates from 
inside to outside represents the taxonomy level from phylum to the genus (or species). Each small circle at different taxonomy levels 
represents a taxonomy under that level, and the size of the small circle is proportional to the relative abundance. Coloring principle: 
yellow represents no significant difference. The significantly differential species is colored according to the group. FCF, treated with 100% 
chemical fertilizer. FOF, treated with 100% organic fertilizer. FOC, treated with 50% organic fertilizer + 50% chemical fertilizer. FOC/4, 
treated with 25% organic fertilizer + 25% chemical fertilizer + 50% soil conditioner.
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significantly differential species in the FOC group; 
Proteobacteria, Gammaproteobacteria, and 
Xanthomonadales were significantly differential species 
in the FCF group. Actinobacteria, Bacteroidetes, and 
Cytophagales were significantly differential species in 
the CK group.

Discussion

High soil fertility can improve the quality of wine 
grape berry, which contributes to the better beneficial 
effects of wine on human health [4]. The grape quality 
was detected in this study, and combined treatments 
of organic fertilizer, chemical fertilizer, and soil 
conditioner increased the contents of tannin, total 
phenols, soluble solids, titratable acid and anthocyanin. 
Single organic fertilizers showed the increased contents 
of tannin, total phenols, soluble solid and anthocyanin, 
as well as little impacts, were found in the content 
of titratable acid. Total phenolic compounds are the 
primary element responsible for the flavor and aroma 
of wine, and anthocyanin also belongs to flavonoids 
of phenolic compounds [21]. It has been evidenced 
that phenolic compounds could exert antioxidant and 
antimicrobial properties [22]. In addition, tannin is also 
an indicator responsible for wine aroma by inducing 
the production of free thiols in wine [23]. These results 
suggested that combined organic fertilizer, chemical 
fertilizer, and soil conditioner could improve the grape 
quality, followed by single organic fertilizer.

Meanwhile, the present study showed that chemical 
fertilizer increased the available P and K contents as 
well as total N content, but had no influence on the 
organic matter content. This result was consistent with 
a previous study that reported the undesirable effects of 
the long-term application of chemical fertilizer in crop 
quality [24]. Certainly, this study also revealed that the 
addition of organic fertilizers increased the organic 
matter content, as well as available P and K contents 
and total N content, suggested higher soil fertility of 
organic fertilizers than chemical fertilizers. Moreover, 
we found enhanced soil fertility induced by the addition 
of soil conditioner. Similarly, a previous study has also 
shown that soil conditioners can recover soil fertility 
in degraded vineyards, as well as enhance the grape 
quality [25].

Microbial growth and distribution is affected by the 
chemical properties of soil [26], and the interaction of 
soil microorganism and plant growth is complex. The 
present study compared the soil bacterial community 
diversity under different fertilization treatments, and 
the bacteria in phylum and genus levels were mainly 
focused. Soil bacteria are an essential part of soil 
microbes, and most of the dominant soil bacteria are 
basically similar, including about 10 bacterial taxa [27]. 
Our results showed that Proteobacteria, Chloroflexi, 
Gemmatimonadetes, Actinobacteria, and Acidobacteria 
were dominant soil bacterial taxa at the phylum level, 

which was consistent with a previous study [28]. In 
this study, Gemmatimonadetes and Actinobacteria 
were significantly differential species among different 
fertilization treatments. Compared with the untreated 
group, the relative abundances of Gemmatimonadetes 
and Actinobacteria were significantly inhibited by 
chemical fertilizer, while were recovered by organic 
fertilizers. In addition, compared with chemical 
fertilizer, the combined fertilizers also could enhance 
the relative abundances of Gemmatimonadetes and 
Actinobacteria. Considering the above results that 
organic fertilizer and soil conditioner could improve 
grape quality, we speculated that Gemmatimonadetes 
and Actinobacteria might be important functional soil 
bacteria for the quality of wine grape, and similar 
results were reported by Zhao et al. [29].

At the genus level, Rubrobacter, Haliangium, 
Pseudarthrobacter, RB41, Steroidobacter, 
Sphingomonas, and Streptomyces were identified 
as predominant genera in this study. Particularly, 
Rubrobacter and Steroidobacter were significantly 
differential species among different fertilization 
treatments. Compared with the untreated group, 
chemical fertilizer inhibited the relative abundance of 
Rubrobacter and increased the relative abundance of 
Steroidobacter; while organic fertilizers had the contrary 
effects on the relative abundances of Rubrobacter and 
Steroidobacter in comparison with chemical fertilizer. 
In addition, the addition of soil conditioner decreased 
the relative abundance of Rubrobacter and increased 
the relative abundance of Steroidobacter compared with 
the combination of chemical and organic fertilizers. 
Rubrobacter, belonging to Actinobacteria, is a 
photosynthetic and radiation-resistant bacterium widely 
distributed in soil, paddy fields and rivers [30]. Increased 
abundance of Rubrobacter is beneficial to contribute to 
enhance soil fertility and promote plant growth [30, 31]. 
Steroidobacter belonging to Proteobacteria is involved 
in anoxic metabolism of steroids [32]. These results 
suggested that an increased abundance of Rubrobacter 
and reduced abundance of Steroidobacter induced by 
organic fertilizers might play an important role in the 
improvement of the grape quality.

Conclusions

In conclusion, organic fertilizers and soil 
conditioners could enhance soil fertility and improve 
wine grape berry quality. Furthermore, the favorable 
effects of the application of organic fertilizers and soil 
conditioners on soil fertility and grape quality might be 
associated with the abundance changes of soil bacteria, 
including Gemmatimonadetes and Actinobacteria phyla 
as well as Rubrobacter and Steroidobacter genera. 
However, more samples are necessary to investigate and 
determine the fertilization tactics via understanding the 
interaction and impact of community diversity of these 
bacteria on wine grape quality.
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OUTs: operational taxonomic units; pCoA: Principal 
coordinate analysis; LEfSe: LDA Effect Size
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