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Influence of rotation fallow mode on bacterial community in soil
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Abstract ; Soil bacterial community composition, abundance, and diversity were studied in nine rotation fallow
modes in semi-arid region of Loess Plateau. Nine rotation fallow treatments as; a control ( CK) with continuous
three years of fallow; a three-year residual plastic film mulching (T,); a three-year deep tillage in hot summer
(T,) ; applying cattle and sheep manure of 7 500 kg - hm™, then deep tillage of 30 cm for 3 consecutive years of

fallow (T,) ; applying cattle and sheep manure of 7 500 kg + hm™

, after deep tillage of 30 em planting Pisum sati-
vum for 3 consecutive years and returning to the field in full bloom (T,); applying cattle and sheep manure of
7 500 kg - hm™, after deep tillage of 30 ¢m planting Pisum sativum with rhizobium powder 8.5 g « kg™' for 3 con-

secutive years and returning to the field in full bloom (Ty) ; corn straw chopping and returning to the field of 7 500
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kg + hm™, then deep tillage of 30 cm for 3 consecutive years (T,) ; corn straw chopping and returning to the field
of 7 500 kg - hm™, after deep tillage of 30 em planting licia villosa and returning to the field in full bloom (T,) ;
and corn straw chopping and returning to the field of 7 500 kg + hm™, then applying cattle and sheep manure of
7 500 kg - hm™, after deep tillage of 30 cm planting Vicia sativa and returning to the field in full bloom (T,). The
determination of the soil bacterial community characteristics was achieved by DNA extraction followed by PCR am-
plification, and sequencing using the HiSeq platform. The 16 STRNA amplifier sequencing technique was used in
the study. The correlation between soil nutrients and bacterial population diversity was analyzed. The results showed
that the top five phyla with highest relative abundance were Proteobacteria (26.33% ~37.33% ), Acidobacteria
(17.93% ~ 21.43% ), Actinobacteria (12.42% ~ 19.41% ), Gemmatimonadetes ( 6.98% ~ 10.99%), and
Chloroflexi (6.48% ~10.50% ) under the nine rotation fallow modes. The relative abundance of Nitrospirae in T,
and T, treatments significantly improved by 50.04 and 42.44% , respectively, the relative abundances of Proteobac-
teria and Bacteroidetes in T, treatment significantly increased by 31.51% and 159.96% respectively, the relative a-
bundances of Gemmatimonadetes in T, and T, treatments significantly increased by 28.36% and 28.33%, respec-
tively, the relative abundance of Thaumarchaeota in T, treatment significantly increased by 519.79%. Soil total ni-
trogen content of all treatments was significantly higher than that of CK. The abundance indexes ( ACE and Chaol )
of all treatments except T, treatment were significantly higher than that of CK. Redundancy analysis (RDA) showed
that the compositions of the soil bacterial communities were driven by several soil chemical proprieties. The Monte
Carlo permutation test showed that the soil total nitrogen, total potassium, and available nitrogen contents signifi-
cantly influenced the composition of the bacterial community.

Keywords: fallow rotation mode; soil bacterial community abundance; soil nutrient; semi-arid region of

Loess Plateau
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Table 1  Different rotation fallow modes
1% Code Qb3 Treatment
ok EZEADE3 a
Continuous three years of fallow
T RIS , RIS FORAR IS , BRIFEFT R L BRERIE SE LA 3 a
: A three-year residual plastic film mulching
T RRGHE, B4R = ARRTRBE 1 R LA 3 a
2 . .
A three-year deep tillage in hot summer
T E{ﬁq:ﬂéfi‘é(7 500 kg - hm™2 ) +RBHE(30 cm) HELARHE 3 a
} Apply cattle and sheep manure of 7500 kg + hm™, then deep tillage of 30 c¢m for 3 consecutive years of fallow
T4 3£ (7 500 kg - hm™ ) +IRFHF (30 em) +7ELE 3 a FMHBECIFAEREENIBIRIC H
T, Apply cattle and sheep manure of 7 500 kg - hm™, after deep tillage of 30 cm planting Pisum sativum for 3 consecutive years and returning to

the field in full bloom

T 22 (7 500 kg - hm ™) +IRFIBF(30 om) +7ELE 3 a FMHBETL (B kg FIFHARDRER 8.5 o) IF7ERAEN BRI H
Ts Apply cattle and sheep manure of 7 500 kg - hm™2, after deep tillage of 30 cm planting Pisum sativum with rhizobium powder 8.5 g « kg™ for 3

consecutive years and returning to the field in full bloom

FOKRFEFPRITE (B 7 500 kg « hm™2) +iti2fE 326 (7 500 kg - hm™2) +ERFIHE(30 om) JGiEZAHE 3 a

Corn straw chopping and returning to the field of 7 500 kg - hm™, then deep tillage of 30 em for 3 consecutive years

T KA FPHITE (1 T4 7 500 kg - hm™2) +jfi 226 (7 500 kg - hm™2) +IREHHF (30 cm) +74% 3 a FRLEE TIEAE AL B RA

T, Corn straw chopping and returning to the field of 7 500 kg + hm

full bloom

“, after deep tillage of 30 cm planting licia villosa and returning to the field in

TKRAEFPTE (L M4 7 500 kg » hm™2) +ii2F 226 (7 500 kg » hm™2) +REIHE (30 em) +784E 3 a FIRIHT W1 2 F 06 BAE I B Rk
Ty Corn straw chopping and returning to the field of 7 500 kg + hm™, then apply cattle and sheep manure of 7 500 kg - hm™, after deep tillage
of 30 em planting Vicia sativa and returning to the field in full bloom

EAREE 3 cm 170 30 em, PRBEES 3 A1) 2019 4F
9 H 21 HHLENTEAS/INXHE“S” B B Z R B 0~ 20
em FETHE 3 RELE, HHIRSEEAKES T
FHUK & 181, 78 - 80°C vk A i Ar 45 . ARSI
ity ,— M T 3 A 48 hn il 55— T 4
HERYAE WL DNA 23,
1.3 MEFE

T+ AL 2= 45 AR %2 . £ 38 4 & (total nitrogen,
TN) >R FH P & Z L %2 , 28 (total phosphorus,
TP) % HC10,-¥ H,SO, ZMInHGH &3 (46
) M5E , 28 (total potassium, TK) & H HC1O, —HF
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nitrogen, AN ) > H B f ¥ 8L % W, 3 2w
( available phosphorus, AP) X f§ 0.5 mol - L'
NaHCOﬂ%%-IﬁH%}%)‘T B e 10 52, AT (available
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DNA TR R EEA R 1 ng - ™',
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BB R s P ARSI PCR =4, % H 1% 4571 ff
Qiagen 2\ w) 42 At 1Y e [l e a 300 & i = 4 i ]
TruSeq ® DNA PCR-Free Sample Preparation Kit %
JEARR) G R AT SCEAR £, # A ) SCE 285 Qubit
F1 Q-PCR &, SCUFEAHE G , 1 H NovaSeq 6000 i
17 EHLINF . X} Hlumina NovaSeq i 7 75 2] 4 T AL
5 (Raw PE) #4783 F0 Fi 45", 15 %] Clean
tags, FFIEATIR AL K, 159 20 7T T 5 2200 # i f
WOBE (effective tags) .
1.4 HIESH

FIH] Uparse BRA4X5 R i 1A RUF 51 54T OTUs
F 2% ( Operational Taxonomic Units, AL & 97% DA
), ] Mothur 77" 5 Silva #{4:1) SSUrRNA %%
P A TR TR (B B 0.8 ~1.0) 5 5R
MUSCLE(3.8.31) # {120 HE47 Pt £ )7 51 L X, di
Je X B AT AR HE AL AL B R A Qiime (1.9.1)
AT Alpha ZREMEFEEL, 1 H R #0F (2.15.3)
AR Z
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56

P T I 45 < SR AR B O - e B A 1) R 131

X B HEA T B R U 22 3B (One—way ANOVA) | H]
Duncan 0 84 47 2 E L, ] CANOCO 4.0
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128 2 A R R AR AR R BB e el o
Gy R IR A AT WL K pH (A B E R (P<
0.05) , oA w0 AR 10 B4y )
$}93.97~11.97 g « kg™ ,0.16~0.26 g - kg™ ,9.49 ~
11.08 g « kg™, 2R G HAMHE B E ST CK; &
B i T, M TR P 3 KT CK, Hp b 5 CK 2
SARRE MR TS CK 2R A8 %, Hg
AbERES R R T CK, 25 A B AL AL L o A | Ak
BRErE 7 IR 98.14 ~ 124.44 mg - kg™ .0.81 ~2.62
mg « kg 28.85~43.15 mg - kg 'YL ARk, Horp
HAASE TS CK 2934883, AU B
WEALT CK; A & & T, Fl T, Ab 3 i 25K T
CK, T, Ab¥f Y5 CK 223 A, A Y 5w T

2.1

CK ; AU & 1 T, A0 T Ab #8251 T CK, T, Ab g
FRT CK HAMIE CK 25 R B#E, T,.T,.
TACFRRANLR S5 CK 2548 5%, HAb b B
B /N CK, pHIE T, T, T, AL ¥ S CK 254
3 HAAbH 2R CK,
22 TEAFBEEES Alpha ZIEFMESHT

FH 2R 3 AT S ek v 3 A e LA T R Y
JFHUJG , CK T, (T, Ty T, Ty Tg T, Ty b HH A 2K
3 43 ) S 78325, 80788, 79104, 77342, 81711,
82409 83994 78413 81662; OTU %43 Wl N 3271,
353633213342 33523490 ,3199 3298 3461, H
1 TN A SO 0 78 55 BE 3 HE 98% L) I I 45
GREm AR kTP 22, SO A 5T B s
A B REEHE R S s - SR A T VR 1Y B L
AN ) Ak 3 - 556 240 T A V% B B2 45 1 ( Chaol $5 20RN
ACE #8%0) T, 4 ¥ 5 CK 225 AR B % AR b HiY
Fm T CK, H T, /b3 % K 40 B B 7% 2 HEPEdE 5K
(Simpson F1 Shannon—wiener 45 %% ) £ 40 B [8] 22 7 A
W, HmE 2 W, BTA R A OTUs 50E
2474 A~ Hop CK\T, T, T, T, [T [T T, Ty & Ab B
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Table 2 Soil chemical properties of different soil sampling sites (mean+SD, n=3)

il - AHLE B X Exil HRLA R AR
Treatment P OM/(g-kg™') TN/(g-kg') TP/(g-kg™') TK/(g-kg™') AN/(mg - kg')AP/(mg - kg™') AK/(mg - kg™!)

CK 7.37+0.08a 16.66+0.65a 3.97+0.03f 0.19£0.03cd 9.49+0.09d 123.33+0.62a 1.21+0.11¢ 38.38+1.16bc
T, 7.39+0.04a 15.11+1.47a 5.55+0.03e 0.18+0.0led  10.23+0.05c 115.51+1.10b 1.82+0.04b  43.15+1.38a
T, 7.28+0.04b 15.38+1.64a 5.28+0.16e 0.20+0.00cd 9.67+0.25d 124.44+1.87a  2.54+0.30a  38.92+1.39b
T, 7.26+0.06b 11.64+1.02b 7.11+0.54d 0.16+0.02d 10.11+0.11¢ 111.38+1.62¢d  1.59+0.01b  36.83+0.24¢
T, 7.27+0.05b 10.77£0.67bc ~ 8.45+0.10¢ 0.20+0.03cd ~ 10.38+0.22¢ 98.14+1.78f 2.62+0.10a  37.98+1.15bc
Ts 7.26+0.05b 11.50+1.06b 7.22+0.19d 0.22+0.01ab ~ 11.08+0.13a 104.78+0.19¢ 0.87+0.04d  28.85+0.45¢
Ts 7.36+0.06a 14.35+0.59ab  11.97+0.39a 0.26+0.02a 10.68+0.12b 110.06+2.60d  0.81+0.03d  32.52+0.70d
T, 7.39+0.04a 12.67+£0.72b  10.73+1.27b 0.16+0.02d 10.20+0.13¢ 114.20+1.89bc¢  1.32+0.04c 37.17+0.11be
Ty 7.29+0.08b 9.09+0.28¢ 8.22+0.12¢ 0.21+0.02bec ~ 10.16+0.17¢ 113.28+1.81be¢  1.60+0.17b  38.30+1.24bc

T ARG SR 3R 2258 3 (P<0.05) . FIA],

Note: Values with different lowercase letters in same column indicate significant difference at the 0.05 level (P<0.05). The same below.

K3 H@EFIHRT FEESSHEER

Table 3 Sample sequence numbers statistics, richness and diversity index

bR AHRF SrZEHIT TR-BNIEE AR Chaol 8% ACE 484 BT
Treatment Effective sequence Observed OTUs ~ Shannon-wiener index Simpson index Chaol index ACE index Coverage/ %
CK 78325+331 3271135 9.69+0.01a 0.996+0.00a 3609.57+121.03¢  3720.86+190.10c  0.987+0.00
T, 80788+989 3536+234 9.84+0.17a 0.997+0.00a 3930.53+263.61b  4025.11+301.36ab  0.986+0.00
T, 79104+986 3321190 9.62+0.11a 0.996+0.00a 3735.73+199.39b  3823.48+274.20b  0.987+0.00
T, 77342+142 3342161 9.59+0.12a 0.996+£0.00a  4634.31+162.17a 4104.39+473.10a  0.983+0.00
T, 81711929 3352+118 9.72+0.07a 0.996+0.00a 3701.84+128.71b 3791.13+143.95b  0.987+0.00
Ts 82409+1092 3490+154 9.82+0.07a 0.997+0.00a 3916.07+156.60b 4039.53+218.55ab  0.985+0.00
Ts 83994+1153 3199+134 9.58+0.13a 0.996+0.00a 3758.78+350.38b  3803.37+241.31b  0.985+0.00
T, 78413+1285 3298+132 9.80+0.07a 0.997+0.00a 3637.36+£162.82¢  3722.04+207.86¢c  0.988+0.00
Ty 81662+626 3461+148 9.85+0.11a 0.997+0.00a 3917.11+144.60b 3948.15+153.64b  0.986+0.00
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Fig.1  Rarefaction curves for samples
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Fig.2 Flower diagrams of soil bacteria OTUs
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Fig.3 Relative abundance of bacterial community at phylum level
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Table 4 Results of Monte Carlo permutation test

253 AR TRk

Factor Explaination/% Contribution/ % R? r

pH 3.4 5.4 1.7 0.146
HHLFE OM 1.1 1.7 0.5 0.636
L5 TN 7.7 12.0 2.8 0.038
4B TP 2.7 4.3 1.4 0.24
44 TK 27.2 42.7 9.3 0.002
HELE AN 8.7 13.7 4.2 0.01
B AP 6.7 10.5 2.8 0.054
BB AK 6.2 9.7 2.4 0.092
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