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Abstract:  Objective  Sampling site spacing and soil classification granularity are two important indices for measuring
representativeness of soil samples and accuracy of a survey. The objectives of this study were to characterize variability of soil
bacterial diversity on different scales and explore effects of soil sampling site spacing and soil classification granularity on
analysis of soil bacterial diversity. Method Considering differences in soil classification granularity and spatial scale (village,
town and county), this study had 8 sample farmland areas set up in a region under the rice-wheat rotation system in Changshu City,
Jiangsu Province, and four adjoining sampling sites (6 m by 10 m) in each sample area. Surface soil samples were collected from
five sampling points, arranged in a plum blossom pattern, in each of the sampling site and then blended into one mixture sample,
thus making up a total of 32 soil samples for analysis of soil bacterial diversity by means of the High-throughput sequencing
analysis technique and eventually effects of spacing of sampling sites and classification granularity on variability of the diversity.
Spacing of the sampling sites was designed to have four scales, i.e. <50 m, <10 km, 10-20 km and >20 km, and soil classification
granularity, four levels, i.e. species, family, subgroup, and great group, which were formed into various spacing-classification
combinations. Then comparisons were made between the combinations in coefficient of variation (CV) of a diversity index and
bacterial community dissimilarity (B diversity). Result Results show that CV of the a diversity index of soil bacteria decreased
with declining soil classification granularity and with declining sampling site spacing, as well, while bacterial community
dissimilarity tended to decline slightly with lowering soil classification granularity, but to increase significantly with increasing
sampling site spacing from a field scale to a town scale, but not so significantly when the spacing went from a town scale to a
county scale. CVs of the a diversity index of soil bacteria and bacterial community dissimilarity were lower in the group of two
factor combinations than in the one factor group. The decline of the CV of a diversity and bacterial community dissimilarity with
declining soil classification granularity on the town scale(10-20 km)was more obvious than that on the village scale (<10 km).
Dummy correlation analysis shows that bacterial community dissimilarity was more closely related to sampling site spacing
(Pearson correlation coefficient: 0.585, R*=0.34; Spearman correlation coefficient: 0.503, P<0.01)than to soil classification
granularity(Pearson correlation coefficient: 0.340, R?=0.11; Spearman correlation coefficient: 0.318, P<0.01). Variation of soil
physico-chemical properties and farmland management measures with elevating spatial scale was an important factor affecting
effect of special spacing of sampling sites on soil bacterial community structure, which indicates that sampling area and sampling
site spacing should be the prime factors in the surveys of soil microbial community structure in farmland, and soil classification
granularity was another one to be taken into account in surveys of areas above a town scale. The lower the soil classification
granularity, the more representative the sampling points.  Conclusion  All the findings in this study may serve as scientific
reference for future studies on soil microbial diversity in farmland on a county scale and arrangement of sampling points for the
study.

Key words: Sampling site spacing; Soil classification; Soil bacteria; a diversity;  diversity

TSR YR A TS R G A AR O DCHEE ERBIFTE R ], b L 2 X 25 5 ) - S A

X Ay 3k Ak 25 00 PRI AR - o 7 A 34 o A
TR, WA Ry e i LTk 7 S e 49 o o ) ek
Petsbnz —, 24 MR, IR REE
o] S AR 2 )y A RRAET . o, AN
Boammok . MEREZ, SRR T A A #
EU L, BT AN 2 AR A R AR S
Xif il 52 A P A Y R Ah A SR AE T R,
A N VE R () 3 an ol e H 2 510 A4 Y s ek
AR AT, R EZEE L,

- 1 2 T S [A) AR SR ST AE 2 Bl RS 1 8 U
#EJE . Pasternak ZFCETRAEFRX 0.5~100 km

BREVE 04, {HAE 1 em~500 m R JEE | (R0 A i
. B REL, 7E<10 km B XERE -, +
AP A ZAENE L RO TS B RS W 40 A |
25 EIE A N0 A AR b B A XX i AR
T H AT R, IR A TR
TERT b 22 5 2, B AR S LR A 22
S SRSV R, IRE I CHT
fEEE . VLVE . Wim ) BT IR o 2R
B b AR A R O R, (IR A A AR
670 km FF 5 78 [l PN il R A ) BE S T AR+
Vi3t S U300 3o 43 M b B 2 () B R B A A G

http://pedologica.issas.ac.cn



13] JRIBEWE A s RURE I A o R L 8 73 20 R FH S 200 T 2 AP A 52 ) 71

P, RIARILT JR 2 H ) 23 )R B0 i A s
B o3 A A7 EERVEA .

- RIS AN TR 2R P B A 2 S
Grzadziel F1 Gatazka!'*h@ 1 A [R] 25 41 +3E4E 100 £
AR R A R B X IR I 9T, TIESE T ek
TS5 50 ) =F B N2 REVE B3 O . Chen 250 7%}
FPE WAL T = O R KRS £,
i 10 JEASTR] b B A KR 2k S 56 B - e A
SO S A AL T B R IS A B R R HX
SERfE Y i SR BR /N R A R st h . SO T
JURA XIS, 2% T A ] RO Rk i B SRR
S22 AT R 2 Hp ey I
SRIBRAR F BT —— 2, W W R
YRy 2ot (NI, g, +M%)
XoF 3 A T 22 A Y S

Ff 2 () B g LSOV - 4 43 ok i P02 R Al
- SRR B AR S R S bR, HH AT
B A (AR ) LR R AR AN
o L, ABFE LRS- e EA o 4, @
I S A FSRAE, R 16S rDNA JE PR 2 M
FAR, W58 Ao Z A N [R) 3R 5 2s i
BRI M ORI TR SRR, ZE A BT AR A
25 [ 5 R - 398 43 ok BE X - B AN TR £ AR 1 Y R
Wi, R FH 3 AR M BIF o S LA A A B A 1
AL AR

1 bRk

1.1 HARXER

W XAV B Al (31°33'~31°50" N,
120°33'~121°3' E ), i TRIL=MIMMHXEZ, T
BEEIL . ZENDL BN, RO 3 MBTE, SZHE. OFEL
W SERE L MR, VR MgEE . #IE 9 ML
K X AR R X, i B AL 1301 km**2, 3%
78 PG 2 S, U, SR, W
Feili, AEXRIE 17.4 C, FEKE 1 823 mm, FRE
try B, 482 e dh, HBTE LK A8 21 ph R
FUARCE RN 3, WERTE 3~7 mo IR LUK RS
TR E, Hem AR 97%0L I, EEFp
HIKRE . /N — S 22 B 23]
1.2 REAREIT

B BN R T A R (28

+JE. ), #A (<10km), 48 (10~20 km ),
B3R (>20 km) 3 Fpas ] ROEERPEREFRIER 8 4>
PRHEFEX (S_1-S_8), JFHEHRNE (<50m) 7E
FARE KB 4 6 mx10 m AHABRAEX, 11 S 1
LHXEIT S 11 — S 14 UAREEX (1), X8
AN H X P B W9 X 28 3 s 2 12k,
3R, 6 4EIE, 7TAEF (R 1), ARTEMB
FERZIE 3 A58, 6 M. Hrh sl 5%
AHRR, AL T TGS, TSR A TR A,
5 ERPEIE BRI (£ 2),

Z

o o
= s g
« ]su‘g
z N
S M
N

p s14 2

= KX Sample area

31°30'0"

EZsul s
O-:S-:luokm L Town boundary
[ RAEX Sampling site
120°40'0"  120°50'0"  121°0'0"  121°10'0"E

7 HofhR X PSR AR IX i3T5 S_1 #[F] . Note: Designing
of sampling sites in the other farmlands is the same as thatin S_1.

Bl 1 AW IX SR 22 S AR A AR X A B
Fig. 1 Distribution map of the study area and sampling sites in
Changshu City

1.3 HERXESSH

A A R HAEBAE B, Wit sE: . /D
&2 5K B IR RS (£ 3). £ 2016
A 11 HKREWCHEG | e RAE DB R R Z
THER AR, S 32 RS . EAEESIBRAR R
Ja., —REEE T, A PSR E-80 CHRAF,
T A b 55— e st s X R T
e BARPET (3R 4),

15874 ) DNA $2HUfi ] MiSeq Reagent Kit
v2 IR G, e e R R U R JF R IR
T U I F, ARG 3 X 2 DNAA 52 % 1: , Nanodrop 2000
il 5L K 41 DNA Fiii o XF 38407 16S rDNA A
V4-V5 XiEFT PCR 34, P59 RA F
( GTGCCAGCMGCCGCGG )1 R( CCGTCAATTCM
TTTRAGTTT ), PCR ¥ ##2 % : 94 °C 2 min; 94 C
20s, 55 °C 30s, 72 °C 1 min, 25 7§¥; 72 <C

http://pedologica.issas.ac.cn



72 E I 58 &
£1 SRERLELR
Table 1 Soil types relative to sample area
A X - +J8 RIES 3%
Farmland Species Family Subgroup Great group
S 1 & e YR o
s 2 e+ e
S5 L+ L1 JIE s K A JKFE L
S 8 £
S 6 i+ g+
S 3 e+ w1 WE KR L
S 7 LIRS ke Bkt
S 4 58 e 1
#2 BRABXHEE=EIESR
Table 2 Spacing of sample areas /km
RHIX
S 1 S 2 S 3 S 4 S 5 S 6 S 7 S 8
Farmland
S 1 0
S 2 4.15 0
S 3 41.03 42.14 0
S 4 39.41 40.29 2.99 0
S 5 34.07 33.35 18.34 15.35 0
S 6 35.52 34.83 17.90 14.92 1.48 0
S 7 41.13 40.38 18.54 15.80 7.06 5.61 0
S 8 40.97 40.20 18.73 15.97 6.90 5.46 0.28 0
*3 MRXEZREELREELRITEHE
Table 3  Statistic characteristics of farmland management measures in the study area
bR H{H R/ME RRME A5 R
Index Mean Min Max CV/%
ZE N/ (kg'hm?) 777.77 630 954 17.01
B P/ (kg'hm?) 257.95 178 375 30.52
B K/ (kg-hm?) 347.07 196 534 37.84
B e Total output/ (thm™?) 14.86 13.07 17.58 9.75
T4 FFE F & Straw returning amount/ ( t-hm™) 18.03 15.74 19.17 10.62

http://pedologica.issas.ac.cn



13] JRIBEWE A s RURE I A o R L 8 73 20 R FH S 200 T 2 AP A 52 ) 73

*4 MRXEZBHIEBAMERFEITHE

Table 4 Statistic characteristics of physico-chemical properties of the soils in the study area

Ei Lo ¥E He/MiE IENIE 5 R AL
Index Mean Min Max CV/%
FhRi Clay/% 19.07 12.91 21.23 16.84
WykL Silt/% 69.82 59.30 91.00 17.16
ki Sand/% 33.04 28.62 43.00 14.86
pH 6.54 5.16 7.59 12.42
EHLE SOM/ (gkg!) 33.75 17.78 45.90 21.04
[HES T 224 B CEC/ (cmol'kg ') 20.18 13.48 24.25 15.16
2R IN/ (gkgt) 2.10 1.22 2.98 20.14
42 TP/ (gkg") 0.70 0.53 0.98 20.58
S8 TR/ (gkg ') 20.30 17.60 21.90 6.4
K@Y HN/ (mgkg™) 133.22 78.08 187.85 19.69
s AP/ (mgkg ") 11.18 1.05 56.3 129.76
LN AK/ (mgkg!) 102.53 64.46 144.46 23.28
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Table 5  Statistic characteristics of a diversity index of soil bacteria in the study area

ek ByfH RKRME F/ME 22 i 2 U JiE AR5 F A
Index Mean Max Min SD Kurtosis Skewness CV/%
Chaol 4651 5517 3509 501.00 -0.50 0.27 10.77
Shannon 6.68 6.97 6.25 0.21 -0.90 -0.31 3.08
Simpson 0.004 6 0.006 8 0.003 1 0.001 0 0.52 -0.53 22.26
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Fig. 3 Mean CVs of a diversity index of soil bacteria relative to soil
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Table 6 CVs of soil bacterial a diversity index and Bray-Curtis dissimilarity relative to spacing-classification granularity combination

<10km ZATRE 10~20 km B
T3k Village Town
Soil classification +Fh + )@ &S +2 T +)@ Tk +2%
Species Family Subgroup  Great group Species Family Subgroup  Great group
Chaol #5 % 5 R AL
3.72 3.72 6.21 7.72 4.49 5.43 7.90 10.51
CV of Chaol index/%
Shannon #5578 5 2241
0.82 0.82 1.09 1.09 0.95 1.10 1.76 2.93
CV of Shannon index/%
Simpson #5578 5 R 5L
8.21 8.21 9.87 8.81 8.93 10.49 12.50 17.59
CV of Simpson index/%
Bray-Curtis #H-5 &
0.45 0.45 0.47 0.47 0.45 0.47 0.52 0.58

Bray-Curtis dissimilarity

08 0.8
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@ 04 ; & 04
= i : i
;Y ' i .
= ! = . .
z z !
€02 i LT S
3 Pearson*ﬂj&,%iﬁ . | o Pearsonff ¢ R %L
% Pearson correlation coefficient: 0.340, R*=0.11 % Pearson correlation coefficient: 0.585, R>=0.34
& Spcarman)rﬂjﬁ%;ﬁ( A A Spearmantf & R %L
- Spearman correlation coefficient; 0.318, £<0.11 0.0 Spearman correlgtion coefficjent: 0.503, P<0.11
+ Fif +J& W +£E RE+% <50m <l0km  10~20km  >20 km
Species  Family Subgroup Great Different (MBIE) (ZHRE) (ZHUUE) (BEUE
group great group Field Village Town County
441 Group 4341 Group

B 7 R SEAR RIS AR 57 5 M 3 SR R s ] B g RS A5G R

Fig. 7 Relationships between soil bacterial community dissimilarity and soil classification granularity and sampling site spacing
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Fig. 8 Soil bacterial community similarity tree in the study area
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32 ITEENMRERETEEERERZIMHER

EHMENEERER

SRR X T L SRR Y U S R ORI 2 Y
L3 pHP | LB A BT 3T R AR X
TIEAR G A AR B AS [ 2 [ R R
FEMZE 5, s [l g R - SR R P 2 A s
MEEEFEE, B 0 B
FINWTFE R, 158 pH, T3 (FhKL. Fiki, i
RL) FIA LTS R A 2 (B S, 7 DX
T, SRR RS, #FEX +

HEPp A M b A RE X 25 I EE B Y e, 25 (0] A8 S bk
s, JF R TR 2R RS (£ 7).

135 pH WA S - IR A TR VR 45 R )
MR FE2 ) Mantel 20 Mt 268 pH 5 + e 4544
MIFHOCE B (3R 8 ). HETRAH ST BEAE £ B EE AT
MU PR IE K, (HAE BB sk ss , st Al
RETET pH B8 5 REEA B BB (>20 km)
JEHEMAR SR (3R 7), S BE L2 5 A HY
Ko 1 pH 75 LI AR REUN, HAMk
ANK R A I 240 TR A 7 A S 8 i - 9 A SR E 1Y
ARARRE . R, A H A 398 Ak i RO AR AE X -
L TR R VR S5 R R AR RS, 2 s T I R X 2
[EEZER i3 AN SN

x7T FEIRBEUMRETRRETHERZLY

Table 7 CVs of main soil physico-chemical properties relative to scale in the study area/%

B <50 m <10 km 10~20 km >20 km ) )
izt +-Fh 18 W +2%
e R SRR SHRE BB
Index Species Family Subgroup Great group
Field Village Town County

Fhki Clay / 3.03 2.42 16.84 1.22 1.25 3.28 424
Bk Silt / 1.81 3.4 17.16 2.51 1.50 1.96 1.70
kL Sand / 2.26 6.91 14.81 1.71 4.45 4.11 5.15
pH 2.26 6.45 11.12 12.43 2.71 2.90 6.36 7.96
AL SOM 5.89 19.32 13.69 21.04 7.25 7.51 20.14 25.42

x8 TRMEREEMSTIEEAMRMKBEERERMEXNE

Table 8 Relationship of soil bacterial community structure with soil physico-chemical properties and farmland management measures in the

study area
) ) ) ‘ FEFFI4 H &
B Zhkr R A A WA AP e HER
pH Straw returning
SOM Clay Silt Sand N P K Total output
amount
MEREr 081 0.33 0.38 0.34 0.41 0.24 0.01 0.18 0.24 0.02
P1a 0.00 0.00 0.00 0.00 0.00 0.01 0.35 0.01 0.00 0.34

33 REEEEETHUETHEBRER D LIE
HAESHFEENEEZENR
A A5 BERER Tt AS A AT DA 3 pE i, 25
M) - e 20 B 22 REPE G B IR 0740 [ 8 i T
B3 S5RHXYS 4 5 K&HKX, FEHN 65, 75
5 8 SRH X HIREI MG, XAl REH T A A

) R B A B — o R, A ZRIG e . BHAEIREE S
i, AHE B AL T Ak, Mantel 43 #7126 B &
e BEAR G | RS AN R A A O (R
8), TXLLEHFLHETE S T (<10 km) Hh
—E (£ 9), XTRES MR 48 5 bl M AR fb AT
%o (B B AR SRR AR 3 2R G
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Table 9 CVs of farmland management measures relative to scale/%
) <10 km 10~20 km >20 km .
Ei=gan St +J8 RIS 12
EZRIN ;S SHNE B3NS
Index Species Family Subgroup Great group
Village Town County
ZE N 12.27 16.17 17.01 2491 17.56 13.44 12.02
WAL P 19.16 35.68 30.52 50.34 46.34 26.18 17.84
#E K 13.59 36.44 37.84 24.79 34.62 17.26 18.22
B= i Total output 5.67 11.06 9.75 19.21 15.00 8.09 6.67
FEFFL H & Straw
7.77 11.89 10.62 8.91 8.31 9.01 9.50

returning amount

MR, HE B ORI, P 25 57
WRIEE, XAEE i T AR T T 555
JORLIE B ROBERLNE , A TR] - Ja A T DA ] st e
AR BT 22 S R, A TR) 2 IR — 7 22 A 2L
kAR R, SR RN Ik, R HE
PHAE G ) P 25 e, s T R R S ) A
TS SRR B E R

i

P
HIATT R A SR AR o 2R 20
Chaol #5445 Shannon #§#(7F 7 REEMEAL,
Simpson &8k AR S, Bl AT 1 84 2k A
w23 () B 2 A /N T IR o 1 S 40 TR A T R S
Bl T3S KL EE N BRI S, IHRE S
RN A 2 ) R 48 KT 0 3 e i, HYTR
B LSRG IS . WA RUEIEREIER T, T
TR o ZHEPETE B0 AR S R EOR 20 B 7 AH S B 4
o — RO BT FEAG; BAE 2 SRS T AR S 34y
FRERENG, o ZFMHIEEUE R RECGHEEHS
FER S MRS W . AR A R S
R 25 [B) FE B RUBE (R AH DM 28 4 8 40 S b B BT i
- SR A TR A PR it A 2 B) AR AR AR X
2% () 2 RO 52 i) - S A TR R VR A A I LR R
BRI, A B IR YR A, e w5 IR s ]
BB RBEfS2 R, 76 £ B DL B RS AR s R A iR 7
2 R ORI, ORI N,
SUBRELRER M WRIT S AR B H E AR 2
FEPEBRF Y SR A S R B A B S E .
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