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ABSTRACT 

We investigated the bacterial and fungal diversity in the rhizosphere soil of autumn 

fruiting red raspberry (Rubus idaeus L. cv. Heritage) plants of different plant ages and 

phenological phases using the PCR-DGGE (denaturing gradient gel electrophoresis) method. The 

diversity of bacteria and fungi did not show significant variations among the plants of different 

ages but varied with phenological phases. The bacterial diversity reached maximum at budding 

phase, while fungal diversity was maximum at leaf expansion phase and fruit maturity phase. The 

stability of bacterial community was higher than that of fungi. 

Key words：Bacteria, diversity, Fungi, PCR-DGGE, phenological phases, plant age, red 

raspberry, rhizosphere soil, Rubus idaeus, season. 

INTRODUCTION 

Soil microorganisms are important in orchard ecosystems, these promotes the 

transformation of soil organic matter and nutrients and thereby affects the growth and 

development of plants (1). They are an important index of soil fertility (16). In recent years, 

research on orchards soil microbial community structure and diversity has received much 

attention (4,8). Different fruit tree species, plant age, growth phase and management 

practices (grass cover and fertilization) affects the community structure of soil 

microorganisms (7,9,13,22,24,28). Research on soil microorganism of apple (5,20), citrus 

(23,25), banana (17,19), vitis (29) and strawberry (6,26) showed that the total number of 

soil microorganisms in different orchards vary with plant age and growth phases. 

Red raspberry (Rubus idaeus L., family Rosaceae) is fruiting shrub, whose 

fruit-bearing shoots are pruned after fruiting (27). It is not known whether the changes in 

the soil microflora similar to other orchards, also occur during the growth and development 

of raspberry. Hence, this study aimed to determine the diversity of bacteria and fungi in the 

rhizosphere soil of red raspberry during the various growth phases and plants of different 

ages. 
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MATERIALS AND METHODS 

Plant material and growth conditions 

The rhizosphere soil was collected from the red raspberry plants growing in 

Binxian, Harbin, Heilongjiang, China (Location: longitude 127°48 ', Latitude 45°; Altitude: 

158 m; Annual rainfall: 500-600 mm; Maximum and Minimum Temp: 35 °C and -33°C) 

(Fig 1A). The t soil was black loam, pH 6.3. The red raspberry cultivar „Heritage‟ with 

bushes of 2, 4, 5 and 7-year‟s age, planted in 1 x 0.5 m spaced rows were selected for this 

study (Figure 1B). 

Figure 1. Red raspberry of Rubus idaeus L. cv. Heritage 

Soil sampling  

The rhizosphere soils of 2, 4, 5 and 7-year‟s age plants were collected at leaf 

expansion phase (Early May, 2017), budding phase (Early Aug, 2017), fruit maturity phase 

(Mid-September, 2017) and defoliation phase (Mid-October, 2017), respectively. Five 

points were selected for each sampling and 2 plants were selected for each point, using the 

S-type multi-point sampling method, so that rhizosphere soils of 10 plants were collected 

for each phenological phase and each plant age (Fig 2). After digging out the plants with 

shovel, the soil near the root surface was gently shaken off and collected as the rhizosphere 

soil. The soil from 10-plants was mixed evenly and 100 g soil was weighted and stored at 

4℃ for PCR-DGGE analysis. Soil from the corresponding inter-row locations of the 

collected plants was used as control. The laboratory study was conducted from May 2017 

to May 2018.  

Total soil DNA extraction 

The Omega Soil DNA extraction kit (E.Z.N.A.®soil DNA Kit, Specification: 

D5625) was used to extract and analyze the soil DNA, using 1% agarose gel 

electrophoresis and then stored at -20 °C in refrigerator (3,11). 



     Bacterial and fungal diversity in rhizosphere soil of red raspberry           129                                       

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The S-type multi-point sampling method 
The “X” in the box represents the sample plant

Analysis of Bacterial and Fungilal diversity by PCR-DGGE  

For bacteria, the specific primer of 16SrDNA V3 region, upstream primer F357GC 

sequence:  

5‟-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCCCCTACGGGAGGCAGCAG-

3‟, downstream primer R518 Sequence: 5‟-ATTACCGCGGCTGCTGG-3‟ were used. For 

fungi, ITS1 sequence of upstream Primers 5‟-TCCGTAGGTGAACCTGCGG-3‟ and 

Downstream primer ITS2 sequence:  

5‟-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCCCCGCCCGGCTGCGTTCTTCATCGATGC-3

‟, were used. The underlined part is the GC clip structure.  

Reaction system for PCR (50 µL) contained 10× PCR Buffer 5 µL, dNTP 4 µL, 10 

mM primer 1 µL, template 1 µL, Taq enzyme 0.5 µL, ddH2O 37.5 µL. The reaction 

procedure was: 94 
o
C 5 min, (94

 o
C 45 s, 65

 o
C 35 s, 72

 o
C 45 s), 35 Loops, 72

 o
C 10 

min, termination reaction at 4
 o
C, PCR products were analyzed and detected by 1% agarose 

electrophoresis. 
 
The PCR products were separated by Denatured gradient gel electrophoresis 

(DGGE) apparatus of Bio-rad Company. Electrophoresis buffer was 1×TAE. The loading 

sample was 20 μL DNA + 5 μL 6 × bromophenol blue dimethyl cyanide solution. 

Electrophoresis system was: electrophoresis voltage 75 V, temperature 60
 o
C, and time 12 h. 

The concentration of bacterial denaturing agent was 30~60 %, but fungal degeneration 

gradient was 20~50 %. The results were recorded by photographing the gels using a Gel 

Imaging System. The PCR-DGGE map of soil microbial DNA was analyzed with Quantity 

One software, and the brightness of the peaks and the number of electrophoresis bands 

http://www.so.com/link?url=http://dict.youdao.com/search?q=%5b%E7%94%9F%E5%8C%96%5d%20enzyme&keyfrom=hao360&q=%E9%85%B6%E8%8B%B1%E6%96%87&ts=1521203962&t=f473ac584af7dfbd17ec2a27cdf3ffe
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were determined. Similarly, clustering analysis was done based on % content of brightness 

peak value. The Shannon-Weiner index, Evenness and richness were also calculated. 

Similarity clustering analysis was based on % content of luminance peak value. The 

Shannon-Weiner index, Evenness and richness of community were also calculated (11,18).  

 Shannon index (18) was determined using the equation :    

 

Evenness index (18) by E=H/lnR.  

Where R: Maximum value of Bands‟ Number.  

The Richness index (18) is represented by the total number of bands in R-lane. 

Data analysis 

Excel 2010 and DPS v7.05 software were used to analyze the data. 

 

RESULTS AND DISCUSSION 

Diversity Analysis of Bacteria in rhizosphere soil  

PCR-DGGE analysis of soil bacteria in raspberry rhizosphere soils of different aged 

plants and at various times during the season, within a age group showed that all samples 

(including control) varied in the total number. However, there was no significant difference 

in number of bands with different ages at the same phenological phase. The number of 

bands reached a maximum at „budding phase‟ (6-9 lanes) (Fig 3A-3B) for all the samples 

of different ages.  

 
Table 1. Bacterial diversity at various phenological phases determined by PCR-DGGE 

Phenological phase  Raspberry rhizosphere soil Control soil 
between the 

rows 
2 years old 4 years old 5 years old 7 years old 

Leaf expansion phase 
(1-5 lanes) 

R 9 8 11 11 14 

H 0.8318 0.7128 0.9809 0.9748 1.1550 

E 0.2255 0.1932 0.2660 0.2643 0.3131 

Budding phase 
(6-10 lanes) 

R 13 13 13 15 13 

H 1.2443 1.0772 1.0540 1.0603 0.9789 

E 0.3373 0.2920 0.2858 0.2874 0.2654 

Fruit maturity phase 
(11-15 lanes) 

R 9 9 10 10 8 

H 0.6834 0.6921 0.9507 0.7746 0.5485 

E 0.1852 0.1876 0.2577 0.2100 0.1487 

Defoliation phase 
(16-20 lanes) 

R 10 11 10 11 8 

H 0.7517 0.8678 0.7790 0.9406 0.6585 

E 0.2038 0.2352 0.2112 0.2550 0.1785 

R: Richness index, H: Shannon-Weiner index, E : Evenness index 
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The results of Richness index, Shannon index and Evenness index showed that 

the diversity of bacteria in raspberry rhizosphere soils depended on the growth phases. The 

diversity in „leaf expansion phase‟ (the phase in which plant buds are curled or lobed by 

leaf veins from the buds, with one or two leaves are flattened) was relatively high, which 

reached maximum in „budding phase‟ (the phase in which the plants budding started and 

was lowest in „fruit maturity phase‟ and slightly increased in „defoliation phase‟. These 

results indicate that the bacterial diversity of raspberry rhizosphere soil at the budding 

phase was higher than other phases (Table 1). 

Figure 3. DGGE profile and cluster analysis of V3 region of bacteria 16SrDNA gene  

(A) DGGE profiles of V3 region of the 16SrDNA gene amplified by PCR from DNA extracts with 
raspberry soil of different growing phases; (B) DGGE patterns of bacteria; (C) Cluster analysis 
(UPGMA, Dice coefficient of similarity) generated by 16SrDNA V3-DGGE profile; 1-5 lanes: The 
rhizosphere soil and control soil at leaf expansion phase, 6-10 lanes| at budding phase, 11-15 lanes at 
fruit maturity phase and 16-20 lanes, at defoliation phase of raspberry plants of 2, 4, 5, 7 year and the 
control. 
Each phenological phase had a control for itself. The 5th lane is the control of leaf expansion phase; 
the 10th lane is the control of budding phase; the 15th lane is the control of fruit maturity phase; the 
20th lane is the control of defoliation phase. 
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The relationship between the DGGE bands of raspberry rhizosphere soil bacteria in 

different phases was also analyzed by cluster analysis. The results showed that the bands 

can be divided into 4 categories except in the 5
th

 lane.  

In the 1
st
class (leaf expansion phase: 1-4 lanes) the similarity coefficient was 

70-75%.  

In the 2
nd 

class (budding phase: 6-10 lanes) it was 60-65 %.  

In the 3
rd

 class (fruit maturity phase: 11-15 lanes) it was 65-70 %, 

In the 4
th

 class (defoliation phase: 16-20 lanes), it was 60-65% (Fig 3C).  

The higher similarity indicated that the bacterial community structure in the 

rhizosphere soil was stable. The DGGE bands of raspberry rhizosphere soil bacteria were 

similar in same phenological phase of different plants ages (Table 1), which suggested that 

the variation in bacterial community structure were greatly influenced by the phenological 

phase of raspberry plants. Our result was similar to previous studies (2,7,21). It had been 

reported that the community structure of soil microorganisms in orchards was temporal 

and spatial with the changes of time and space (2). Seasonal changes could affect the soil 

microbial structure through changes in environmental temperature, light, moisture and root 

exudates. 
 

Diversity analysis of fungi in Raspberry Rhizosphere soil 

The PCR-DGGEanalysis of 18S rDNA and 5.8S rDNA interval sequences showed 

that there were differences in the number, position and brightness of DGGE bands, 

especially the bands which appeared after the 1-5 Lanes leaf expansion phase, which did 

not appear in later phases (Fig 4A-4B). 

The number of bands in the leaf expansion phase (1-3 Lanes) and the fruit maturity 

phase (11-13 Lanes) in the plants of 2, 4, and 5 years old were higher than in defoliation 

phase (16-18 Lanes) and the budding phase (6-8 Lanes). They were highest in 7-year‟s old 

plants at fruit maturity phase (14 Lane); while, in the inter-row soil, the number of bands 

reached highest in budding phase (Figure 4A-4B).  

The cluster analysis of relationship between the DGGE bands of rhizosphere soil 

fungi of raspberry plants at different phases showed that the similarity in 1-4 Lanes and 

11-14 Lanes was high, except in the 17th lane. In the 1
st 

class (leaf expansion phase: 1-4 

lanes) the similarity coefficient was 40-50%, in the 3
rd

 class (fruit maturity phase: 11-14 

lanes) it was 50-60%. Lanes 6-9 and 16-19 had no clustering. This indicated that the 

structure of rhizosphere soil fungi in leaf expansion phase of each raspberry bush age was 

similar to fruit maturity phase. The low similarity showed that the change in fungal 

community structure in budding phase and defoliation phase of each raspberry bush age 

was larger than in other phases (Fig 4C). 

The results of richness index, Shannon Index and evenness Index showed that, the 

fungal diversity of raspberry rhizosphere soil in the plants of 2, 4 and 5 year old were 

highest during the leaf expansion phase. In 7-year‟s old plants, these were highest in the 

fruit maturity phase, while, in inter-row soil, the fungal diversity was highest in the 

budding phase (Fig 4A-4B, Table 2).  
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Figure 4. DGGE profiles and cluster analysis of fungi 18Sr DNA-5.8 SrDNA spacer sequence. 

(A) DGGE profiles of fungi 18Sr DNA-5.8Sr DNA spacer sequence; (B) DGGE patterns of fungi; (C) 
Cluster analysis (UPGMA, Dice coefficient of similarity) generated by 18Sr DNA-5.8Sr DNA 
DGGE profile.; 1-5 lanes: The rhizosphere soil and control soil at leaf expansion phase, 6-10 lanes| at 
budding phase, 11-15 lanes at fruit maturity phase and 16-20 lanes, at defoliation phase of raspberry 
plants of 2, 4, 5, 7 year‟s and the control. 
Each phenological phase had a control for itself. The 5th lane is the control of leaf expansion phase; 
the 10th lane is the control of budding phase; the 15th lane is the control of fruit maturity phase; the 
20th lane is the control of defoliation phase. 

 

The results of PCR-DGGE analysis of fungi also showed that the diversity of fungi 

in rhizosphere soil of raspberry was similar to bacteria and was greatly affected by 

phenological phase and not by plant age. In addition, there were 5-common bands of soil 

bacteria (Fig 3A-B) and only 2 common bands of soil fungi (Fig 4A-B). It indicated that 

the stability of bacterial communities in the rhizosphere soil of raspberry plants was higher 

than that of fungi. 
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Table 2. Fungal diversity at various phenological phases determined by PCR-DGGE  

Phenological phase Ind
-ex 

Raspberry rhizosphere soil Control soil 
between the 

rows 
2 years 
old  

4 years 
old  

5 years 
old  

7 years 
old  

Leaf expansion phase 
(1-5 lanes) 

R 11 10 12 11 10 

H 0.8623 0.8871 0.9969 0.7644 0.7945 

E 0.2535 0.2608 0.2931 0.2248 0.2336 

Budding phase 
(6-10 lanes) 

R 8 9 9 12 12 

H 0.5372 0.6041 0.6081 0.7734 0.7967 

E 0.1579 0.1776 0.1788 0.2274 0.2343 

Fruit maturity phase 
(11-15 lanse) 

R 11 13 12 13 9 

H 0.7172 0.8338 0.7893 1.1325 0.5910 

E 0.2109 0.2451 0.2321 0.3330 0.1737 

Defoliation phase 
(16-20 lanes) 

R 10 9 13 11 9 

H 0.6766 0.7959 0.8522 0.7180 0.5452 

E 0.1989 0.2340 0.2506 0.2111 0.1603 

 R: Richness index, H: Shannon-Weiner index, E : Evenness index 

 

Regarding the variability trend in soil microorganisms with plant age, previous 

studies have reported that the structure of bacteria and fungi in soil microorganisms in 

apple orchard changed with the planting age (5,10). Other studies have also reported that 

with the increase in apple tree age, the DGGE bands of bacterial population in soil 

decreased and the stripe brightness decreased markedly, while the trend of fungi number 

was opposite and increased (12). However, our results suggested that that the diversity of 

fungi (Fig 4A-B) and bacteria (Fig 3A-B) in the raspberry soil do not show specific trend 

with the change in plant age. The reason for this may be related to the growth habit and 

management of raspberry plants as well as the age of the apple plants which may be 7 

years. Raspberry is a small fruiting shrub which is heavily pruned before the budding 

phase in spring and the fresh shoots become the fruit bearing branches in the next year. The 

pruning method reduces the effects of plant age on rhizosphere soil microorganisms (27). 

In addition, the effects of fertilization (9,24,28), weeding (14,16) and irrigation (22) on 

rhizosphere microorganisms exceeds the influence of planting age. Hence, there is no 

direct correlation between the changes in soil microorganism and plant age. 

ACKNOWLEDGEMENTS 

This work was supported by Heilongjiang Province applied Technology Research 

and Development Plan Project (GC13B110), Heilongjiang Province University science and 

technology achievements industrialization prophase Research and Development Project 

(1253CGZH31). 

 



Bacterial and fungal diversity in rhizosphere soil of red raspberry          133 

 

REFERENCES 

1.  Baldrian, P., Head, I.M., Prosser, J.I., Schloter, M., Smalla, K. and Tebbe, C.C. (2011). Ecology and 

metagenomics of soil microorganisms. FEMS Microbiology Ecology 78: 1-2. 

2.  Bardgett, R.D., Lovell, R.D., Hobbs, P.J. and Jarvis, S.C. (1999). Seasonal changes in soil microbial 

communities along a fertility gradient of temperate grasslands. Soil Biology and Biochemisty 31: 1021-1030. 

3.  Campbell, J.H., Clark, J.S. and Zak, J.C. (2009). PCR-DGGE comparison of bacterial community structure in 

fresh and archived soils sampled along a chihuahuan desert elevational gradient. Microbial Ecology 57: 

261-266. 

4.  Cui, J. and Holden, N.M. (2015). The relationship between soil microbial activity and microbial biomass, soil 

structure and grassland management. Soil and Tillage Research 146: 32-38.  

5.  Derkowska, E., Paszt, L.S., Harbuzov, A., Trzcin´Ski, P. and Bogumił, A. (2014). The effects of 

biopreparations on root growth and microbiol activity in the rhizosphere of apple trees. Acta Scientiarum 

Polonorum-Hortorum Cultus 13: 127-137. 

6.  De Tender, C., Haegeman, A., Vandecasteele, B., Clement, L., Cremelie, P., Dawyndt, P., Maes, M. and 

Debode, J. (2016). Dynamics in the strawberry rhizosphere microbiome in response to biochar and Botrytis 

cinerea leaf infection. Frontiers in Microbiology 7: e2062.  

7.  Feng, Y., Tang, M., Chen, H., Zhang, H.Q., Cong, W. and Zhang, H.H. (2011). Community diversity of 

bacteria and arbuscular mycorrhizal fungi in the rhizosphere of Amorpha fruticosa L., Hippophae 

rhamnoides L. and Rrobinia pseudoacacia L. in different ecological regions of Loess Plateau, Shaanxi 

Province, China. African Journal of Microbiology Research 5: 4787-4795. 

8.  Landa, B.B., Montesborrego, M., Aranda, S., Soriano, M.A., Gómez, J.A. and Navascortés, J.A. (2014). Soil 

factors involved in the diversity and structure of soil bacterial communities in commercial organic olive 

orchards in southern Spain. Environmental Microbiology Reports 6: 196-207. 

9.  Lepleux, C., Uroz, S., Collignon, C., Churin, J.L., Turpault, M.P. and Frey-Klett, P. (2013). A short-term 

mineral amendment impacts the mineral weathering bacterial communities in an acidic forest soil. Research 

in Microbiology 164: 729-739. 

10. Li, Z.W., Wang, C., Chen, W. and Shu, H.R. (2011). Biological characteristics of soil microorganisms in apple 

orchards with different ages. Chinese Journal of Soil Science 42: 303-306. (Chinese) 

11. Muyzer, G., de Waal, E.C. and Uitterlinden, A.G. (1993). Profiling of complex microbial populations by 

denaturing gradient gel electrophoresis analysis of polymerase chain reaction-amplified genes coding for 16s 

rRNA. Applied and Environmental Microbiology 59: 695-700.  

12. Mazzola, M. (1999). Transformation of soil microbial community structure and Rhizoctonia- suppressive 

potential in response to apple roots. Phytopathology 89: 920-927.  

13. Nair, A. and Ngouajio, M. (2012). Soil microbial biomass, functional microbial diversity and nematode 

community structure as affected by cover crops and compost in an organic vegetable production 

system. Applied Soil Ecology 58: 45-55. 

14. Newton, Z., Kneil, H., Lloydm, D., Tkelly, T., Roberte, B., Johnt, O., Héctor, A., Jennifer, K., and George, W. 

(2009). Changes in functional structure of soil bacterial communities due to fungicide and insecticide 

applications in canola. Agriculture Ecosystema and Environment 130: 109-114. 

15. Pang, X., Ning, W., Liu, Q., and Bao, W. (2009). The relation among soil microorganism, enzyme activity and 

soil nutrients under subalpine coniferous forest in western sichuan. Acta Ecologica Sinica 29: 286-292. 

(Chinese) 

16. Robert, K. and Nathane, M. (2009). Glyphosate and glyphosate-resistant crop interactions with rhizosphere 

microorganisms. European Journal of Agronomy 31: 153-161. 

17. Rossmann, B., Müller, H., Smalla, K., Mpiira, S., Tumuhairwe, J.B., Staver, C. and Berg, G. (2012). 

Banana-associated microbial communities in Uganda are highly diverse but dominated by 

enterobacteriaceae. Applied and Environmental Microbiology 78: 4933-4941. 

18. Ruan, A.D. and Liu, C.X. (2015). Analysis of effects of nicotine on microbial community structure in 

sediment using PCR-DGGE fingerprinting. Water Science and Engineering 8: 309-314. 

 

 

http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=174
http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=174
http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=8281
http://xueshu.baidu.com/s?wd=author:(LI%20Zhi-wei)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(LI%20Zhi-wei)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(WANG%20Chao)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(CHEN%20Wei)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person


134                                 Yang et al.                 

 

19. Sun, J., Peng, M., Wang, Y., Li, W. and Xia, Q. (2013). The effects of different disease-resistant cultivars of 

banana on rhizosphere microbial communities and enzyme activities. FEMS Microbiology Letters 345: 

121-126. 

20. Turrini, A., Agnolucci, M., Palla, M., Tomé, E., Tagliavini, M. and Scandellari, F. (2017). Species diversity 

and community composition of native arbuscular mycorrhizal fungi in apple roots are affected by site and 

orchard management. Applied Soil Ecology 116: 42-54. 

21. Ullah, R., Lone, M.I., Ullah, K.S., Mehdi, S.M. and Qazi, M.A. (2013). Effects of cropping system and 

seasonal variations on soil microbial biomass and enzymatic activities in arid soils. Journal Animal and Plant 

Science 23: 493-499. 

22. Wang, J., Kang, S., Li, F., Zhang, F., Li, Z. and Zhang, J. (2008). Effects of alternate partial root-zone 

irrigation on soil microorganism and maize growth. Plant and Soil 302: 45-52. 

23. Wang, P., Shu, B., Wang, Y., Zhang, D.J., Liu, J.F. and Xia, R.X. (2013). Diversity of arbuscular mycorrhizal 

fungi in red tangerine (Citrus reticulataBlanco) rootstock rhizospheric soils from hillside citrus orchards. 

Pedobiologia 56: 161-167. 

24. Watson, T.T., Nelson, L.M., Neilsen, D., Neilsen, G.H. and Forge, T.A. (2017). Soil amendments influence 

Pratylenchus penetrans, populations, beneficial rhizosphere microorganisms and growth of newly planted 

sweet cherry. Applied Soil Ecology s117-118: 212-220. 

25. Wu, Q.S., and Srivastava, A.K. (2017). AMF diversity in citrus rhizosphere. Indian Journal of Agricultural 

Science 87: 653-656. 

26. Zhang, J., Pang, H., Ma, M., Bu, Y., Shao, W., Huang, W., Ji, Q. and Yao, Y. (2016). An apple fruit 

fermentation (AFF) treatment improves the composition of rhizosphere microbial community and growth of 

strawberry (Fragaria × Ananassa duch 'benihoppe') seedlings. Plos One 11: e0164776. 

27. Zhang, Q.H., Wang, Y.H. and Guo, H. (2013). Practical Techniques for Cultivation of Raspberry. Chinese 

Foresty Press, Beijing. Pp. 4-6. (Chinese) 

28. Zhao, J., Ni, T., Li, Y., Xiong, W., Ran, W., Shen, B., Shen, Q. and Zhang, R. (2014). Responses of bacterial 

communities in arable soils in rice-wheat cropping system to different fertilizer regimes and sampling 

times. Plos One 9: e85301. 

29. Zhao, P., Xia, W., Wang, J., Zhang, X., Zhuang, Y. and Lu, Q. (2018). Fungal diversity of rhizosphere soil 

from 11 varieties of grapevines at maturity stage from two vineyards in China. Journal of Biobased 

Materials & Bioenergy 12: 356-361. 


