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Effect of soil sampling designs on soil microbial alpha diversity
SUN Wan-Long CHEN Su-Ming LIU Xue-Hua" WANG Ke-Pu YANG Yun-Feng
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University, Beijing 100084, China

Abstract: [Background] Soil sampling is the basis of soil research, and different sampling designs can
have a considerable impact on the results of soil microbial research. [Objective] To investigate the effects
of different soil sampling designs on microbial community structure and diversity of soils obtained
through 16S rRNA gene high-throughput sequencing. [Methods] In this study, soils from two different
habitats were sampled by grid sampling method, and all the 18 soil samples were analyzed by 16S rRNA
gene high-throughput sequencing. Five common soil sampling methods were simulated through combining
different points from the sampling grids. The sequencing results of different sampling methods were
simultaneously compared. [Results] Different sampling methods resulted in different soil microbial
sequencing results. The number of bacterial species gradually increased with the increased of numbers of
samples, and the growth rate would be gentle when numbers of samples were greater than 5; dominant
species (more than 200 sequences) could be wholly observed in few numbers of samples (1-3); the
Shannon-Wiener index and Simpson index were similar, when the numbers of samples was from 1 to 3,
both indices increased significantly, then it slowed down. [Conclusion] In the study of soil bacterial
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microbial sequencing, numbers of soil samples below 3 would affect the reliability of sequencing results.
Comparison of the sampling methods, Quincunx sampling or serpentine sampling method is more suitable

for soil sampling design.

Keywords: 16S rRNA gene high-throughput sequencing, Sampling design, Soil sampling, Microbial community
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Table 1 Information of research sites

(25501 {273 G HiE AR A

Location Elevation (m) Longitude Latitude Habitat type

Tt K 2300 33.679°N 107.857°E VR ZZ I ST AR

Liangfengya Fargesia qinlingensis of intermediate altitude
P 1 600 33.634°N 107.278°E 52792 UV

Xigou Fargesia dracocephala of low altitude
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Figure 1 Sampling method design simulation

H: A HEESS; B: BAURKE; C: XMZREE; D: MIEERFE; E: WERME; F: MIRHOREE.

Note: A: Sample number; B: Single-point sampling; C: Diagonal sampling; D: Quincunx sampling; E: Serpentine sampling; F: Grid

sampling.
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Figure 2 The number of sequences of each OTU
Note: A: Liangfengya-site; B: Xigou-site.
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Figure 3 Rarefraction curve
Note: A: Liangfengya-site; B: Xigou-site.
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Table 2 Proportion of sequences in OTUs containing more
than 10 sequences in the total number of sequences (%)

FEHE >10 >20 >50 >100  >200 >500
Location

T XU 88.16 81.93 70.67 59.93 4590 27.65
Liangfengya

PN 86.82 79.11 64.59 5096 34.78 16.09
Xigou

2.2 OTU 2%

T ESI%>500 (19 OTU it AN[ESREE 7k
XFI 45 SR LT WA w2 5 X3 511 %=100 F1>200
B OTU Hidh, AN[RIRAE T B I 525 SR A 52 i
B/ WHEHI1%>50. >20. =10 9 OTU Kik, A
R RAE Ty 0TI PP 485 SR A — R 52 (3R 4)

Table 3 The number of OTUs with a sequence number of not less than 10

T J5lf OTU %4 >10 >20 >50 >100 >200 >500
Location Primitive OTU

T XA 25 741 5570 3382 1 630 899 425 135
Liangfengya

P 28 319 6 827 4130 1 887 950 396 94
Xigou

Note: P=0.369>0.05.

R4 FRRFFZETHAREFIIE OTU HE A5 OTU AL
Table 4 Proportion of OTUs with different sequence numbers under different sampling methods in total OTUs (%)

FHb JFH1%K 1 34 5 4Bk 7 4Bk 9 4MEE
Location Sequences One sample Three samples Five samples Seven samples Nine samples
R >10 82.783 97.917 99.641 99.892 100.000
L >20 92.194 99.438 99.852 99.941 100.000
>50 97.239 99.939 100.000 100.000 100.000
>100 100.000 100.000 100.000 100.000 100.000
>200 100.000 100.000 100.000 100.000 100.000
>500 100.000 100.000 100.000 100.000 100.000
[iiRG] >10 76.388 94.844 99.194 99.912 100.000
Pt >20 86.489 97.167 99.685 99.952 100.000
>50 95.337 98.675 99.841 100.000 100.000
>100 99.158 99.895 100.000 100.000 100.000
>200 98.990 100.000 100.000 100.000 100.000
>500 100.000 100.000 100.000 100.000 100.000
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Figure 4 Number of species with different sampling
numbers

TE: A-F 25751410, 20, 50, 100, 200 1 500 (1) OTU.

Note: A—F represent the OTUs with a sequence number of more
than 10, 20, 50,100, 200 and 500, respectively.

R5 BRI RRFFTET o SHFEERBEMESN
Table 5 Significance of different under different sampling
methods in alpha diversity of Liangfengya-site

Pvalue  34FE SR TE 9N
Three samplesFive samples Seven samplesNine samples

1 EE 0.1522 0.1589 0.1597 0.1599

One sample

3 kR 0.246 6 0.244 0 0.2403

Three samples

5 kR 0.2303 0.2180

Five samples

7 A 0.196 9

Seven samples

F6 TAMNMARRMEAZET o ZHMERREEENH
Table 6 Significance of different under different sampling
methods in alpha diversity of Xigou-site

P value 3 HE SARE T 9 ¥
Three samplesFive samples Seven samplesNine samples

1 ke 0.116 9 0.116 9 0.117 8 0.118 0

One sample

3 kR 0.118 6 0.122 6 0.123 5

Three samples

5 NkE 0.157 0 0.1597

Five samples

7 NEE 0.197 0

Seven samples
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Figure 5 Shannon-Wiener index with different sampling
numbers

T A-F 0588810, 20, 50. 100. 200 F1 500 f OTU.

Note: A—F represent the OTUs with a sequence number of more
than 10, 20, 50,100, 200 and 500, respectively.
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Note: A—F represent the OTUs with a sequence number of more
than 10, 20, 50,100, 200 and 500, respectively.
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