%40#3@%2,@3 FEREMBEXRLHFR Vol.40 No.2
2022 4 3 Agricultural Research in the Arid Areas Mar. 2022

ST EHE1000-7601 (2022)02-0163-09 doi: 10.7606/}.issn. 1000-7601.2022.02.20
KHE R BEEX & T HE ZHFHE
&t = E MR 2
X 7S B M AR %, B e, E Ab

PG R AEBTIRIR L 24 B, 48 TR A HL AR Al F R S s (5) L L K J&L 030031)

W OE VRN E AR A R T AR A R B R VA e, DL T PR A K R ALK
KA, EHES A MmELAE . CK(FME) N, P, (N:60 kg - hm™;P:37.5 kg - hm™) N,P,(N:120 kg - hm™>; P75
kg - hm™) N,P,(N:180 kg - hm™;P:112.5 kg - hm™) % N,P,(N:240 kg - hm™;P.150.0 kg - hm™) , & & £ Kk k3
J&# B (0~20 cm) 4 3 ¢ Illumina HiSeq & & & Il JF A, 4 £ 3 40 5 16S rRNA £ V3-V4 K 34T 75 K H 1
RN E LR R A e R, oM AW ARG R MR, FREN 4 NEAB
WAL TERE T LEHR P RELTE, 5§ CKM,N,P, N,P, N,P,#0 N,P, A mMa A AIELE
BB R B K 3.3% ~60.9% ,120.1% ~862.6% ,7.9% ~ 18.4% 1 63.9% ~86.1% , W% 4.5 i F & th 3¢ fu , 48
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Effects of long-term combined application of nitrogen and phosphorus
on bacterial diversity and soil enzyme activities in cinnamon soil

LIU Zhiping, ZHOU Huaiping, XIE Wenyan, YANG Zhenxing, MA Xiaonan, HU Xuechun

(Institute of Resources and Environment, Shanxi Agricultural University, State Key Laboratory

of Sustainable Dryland Agriculture(in preparation) , Taiyuan, Shanxi 030031, China)

Abstract: To explore the effects of different combinations of nitrogen and phosphorus fertilizer application on
soil bacterial community structure and enzyme activities, five fertilization treatments were set up based on the long-
term fertilization experiment in cinnamon soil of Shouyang, Shanxi Province. The treatments included CK ( no fertil-
izer) , N,P,(N: 60 kg + hm™; P 37.5kg - hm™), N,P,(N: 120 kg - hm™; P: 75 kg - hm™) , N,P,(N: 180
kg - hm™; P; 112.5 kg - hm™) and N,P, (N 240 kg - hm™*; P 150.0 kg - hm™). Soil samples from the tillage
layer (0~20 cm) after maize harvest were collected, and the V3—-V4 region of soil bacteria 16S TRNA was se-
quenced by Ilumina HiSeq high-throughput sequencing technology. The activities of soil sucrase, urease and alka-
line phosphatase were measured by colorimetric method, and the correlation between bacterial community structure
and soil enzyme activities was analyzed. The results showed that the combined application of nitrogen and phosphor-
us increased soil nutrients and maize yield. Compared with CK, the yield of maize under N,P,, N,P,, N,P, and
N,P, treatments increased by 3.3% ~60.9% , 120.1% ~862.6% , 7.9% ~18.4% and 63.9% ~86.1% , respectively.

With the increase of nitrogen and phosphorus application rates, bacterial a—diversity reached the highest in N, P,

75 B #A:2021-06-24 &[5 A #A:2021-11-30

ESTR UL KA L @A LR e B R E LR E A EPLTH (202001 -7) 5 117G 2 4l B B 8 4 B 57 5 4
(YBSJJ2012) ; LIPS 25 4R R BF 5 3 42 (201901D211557)

PEE B R (1988-) , %, PG ZElig A 11, BRI SR 51, 2 H HIERUE YIS . E-mail :12p.19881006@ 163.com

BEMEE ANT-(1964-) 5 INPEEFHA IR R, FENFPH R R B FS, E-mail : huaipingzhou@ 126.com



164 TR A X AR

5540 45

treatment, and then showed a downward trend. B—diversity analysis indicated that different nitrogen and phosphorus

combinations significantly affected bacterial community structure. RDA analysis showed that soil available phosphor-

us and total nitrogen contributed the most to the difference of bacterial community structure. With the increase of ni-

trogen and phosphorus application amount, urease activity increased gradually, while alkaline phosphatase and su-

crase activity displayed a trend of decrease. Therefore, excessive application of chemical fertilizer was not conducive

to the maintenance and improvement of soil bacterial diversity and soil enzyme activity.

Keywords: bacterial diversity; enzyme activity; combined application of nitrogen and phosphorus; cinnamon

soil ; maize
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Table 1 Experimental treatment and fertilization
ALF Treatment N/ (kg + hm™2) P,0s/ (kg - hm™2)
CK 0 0.0
N,P, 60 37.5
N,P, 120 75.0
N,P, 180 112.5
N,P, 240 150.0

1.3 MEAHZE
1.3.1 3z o2 3R M R 0 e
T3 2 R B g 2 0 (RO A 2 4 A 7
%>>[18] .
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medicals, Santa Ana, CA, United States) , % 18 Ui HH
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BERCHEATHLUK , WS 55 2 75 15 T | 56 38 5 58 513
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PEEEFEATHOXS AN OTU 4326024 7 51 80 43 Hr = %
KM QIIME Fil R (v 3.6.3, Vegan package) # 17
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K i FE B4 4 7 ( Principal component  analysis,
PCA) WIFFEAS [ FE i [8) 41 1 P 25 0 1 284k . R
B2 T 77 2553 BT (PERMANOVA ) 7§ 45 41 il
A TEE AN 2 S e, P MEGAN 47
TRV 20 28 2 RN = BE T AL, SR T JE A 20
FAR-3493 (UPGMA ), FIIH R B 47 9 20 i
AR M, Il it CANOCO B b7 Al B R V% 5
IR R F 19 TC A 43 M ( Redundancy analysis, RDA)
15 4~ R AL 45 5] 376833 4% i i it 3 41, SR AR
s © 8 52 = ONCBL Ko ds %, % 5 O PRJ-
NA706469

K H SPSS HiAF (version 22) EAT HLIN Ry 2257
Br(ANOVA) A6 -3 s M o | SRS 1 A0
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0.05 7KFF , >k LSD ( Least significant difference )
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it B T EOK R, HAS AR ER A A 25 55 W (P
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Table 2 Physicochemical properties of soil and maize yield under different nitrogen and phosphorus combinations

e TR B AR FHL £ B B I?KFE%
Tt Pl AN AP AK oM ™ TP TK Maize yield
/(mg-ke™)  /(mg-kg) /(mg-kg') /(g-kg') /(gekg) /(grkg)  /(g-kg!) /(kg-hm™ -ah)
CK 865+0.03a  32.76:0.12¢  457+0.05¢  21.68:0.04e  1290:007c  083:001d  050:00le  14.670.05d  3695.13£1912le
NP, 849:004b  6481+003d 10.06x0.04d  6241:005h 2582+005b  1.02+002c  0.61:001d  1544x003c  6054.98+285.14d
NP, 842:00lc  7095:008c 2229:002c  81.16£0.09  26.17:0.02a  128:001b  079+0.02c  1604x0.02a  6877.09+312.45a
NPy 847:005h  84810.03b 33.60:008h  5993:0.03d 23.84:003d  129:0.03b  0.82:001b  1544x003c  6763.97+121.23b
NP, 849:002b 10095:0.06a 43.99+0.03a  60.29:0.10c 24.28+0.02c  136:0.02a  125:0.02a  15890.05h  6649.21+50.02¢

T - [ FV 5 A [N R R AL BRI 25 5 .2 (P<0.05) o R 1],

Note: Different lowercase letters after the same column of data indicate significant difference among treatments ( P<0.05). The same below.

xR3 AERBIEHEAE THEBN - S

Table 3 Bacterial a—diversity under different nitrogen

fifg 1% 1, N, P, AT NP AR FR AP RS M 2 = T CK
ARPH 5 LRl 25 UM FH B 038, TR e A PR
WK R NP, N,P, N,P, N,P, Ab B g fil

and phosphorus combinations

g Chaol $8%k Shannon $§ %X Yﬁ‘@ﬁ CK ﬁj\%ﬂiﬁﬂ 3.2% 4. 7% \84%%‘[[ 14.9% ; AH
Treatment Chaol index Shannon index fi , 5 CK *H H_/A , f\ﬁﬁ@ﬂﬁﬁﬁ% IE%{E\E T ii}%@ﬁ,ﬁz@é@ﬁ
NP s 0790050 PRI il 25 LR 9S00, B 5 6 1
N,P, 3113.99+830.26a 10.73+0.06ab igﬂ}ﬁ%ﬂi SNPINL P, (NG P ON, P44¢E¥¢E}ﬁl%@$@§
N; P, 3493.44:£401.18a 10.71£0.12ab BTG P8 CK 23 ] B AR 16.9% , 18.5% , 28. 4% FI
N, P, 2901.02+464.32a 10.56+0.04b 29.0% ., 5 CK ALY, BBk HEC 6 A% T 4 358 pERE Bl TG
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Table 4 Effects of different treatments on soil enzyme activity

DR e suc WRAE URE  WRMERERAAG ALP
reatment
CK 97.41+£2.02a 2.125+0.070¢ 0.891+0.020a
N, P, 80.39+4.42b 2.193+0.033bc 0.740+0.010b
N,P, 82.77+9.47ab 2.225+0.062bc 0.726+0.003b
N;P; 69.68+6.19h 2.304+0.011ab 0.683+0.051bc
N,P, 71.52+1.79h 2.441+0.176a 0.633+0.041c

P, FRAR TG 15.0% ~28.5%, [k N, P, Ab B4k, 24
S PAEN B E K 4 D ABERC Y AL T N, P, b
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Fig.5 Pearson correlation analisys between maize yield with soil physicochemical properties and enzyme activities
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Maize suc URE G 1
’ pH AN AP AK TN TP TK o o .
yield activity activity ALP activity
kR
Maize yield 1.000
MR -0.968** 1.000
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A 2
N 0.869 -0.725 1.000
AR 05 _o.ss1 0.942*  1.000
AP
Gl 0.929* -0.988** 0.660  0.47 1.000
AK
ﬁﬂwﬁ 0.944* -0.958* 0.746  0.51 0.953*  1.000
sl
?FN’EK 0.914* -0.822  0.935* 0.920* 0.766  0.746 1.000
%f’? 0.642 -0.477  0.905° 0945  0.437 0.481 0.846 1.000
il . . . .
. 0.911* -0.916* 0.790  0.668 0.932*  0.881 0.874  0.701 1.000
ﬁ%%@# -0.868 0.725 -0.947* -0.854 -0.630 -0.758 -0.860 -0.736 —0.663 1.000
SUC activity
Wﬁﬁ 0.664 -0.474  0.942* 0.970** 0.408 0.497 0.847  0.978** 0.639  —0.833 1.000
URE activity
BB
EEEdE -0.917*  0.795 -0.991** -0.892* -0.737 -0.826 -0.929* -0.851  -0.828 0.956* -0.892* 1.000
ALP activity

o fURTE P<0.05S KPR BE, « « R P<0.01 KFPEFRBE,

Note: * represents significant difference at P<0.05 level, and * * represents significant difference at P<0.01 level.
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3.2 REBEHEX TEEAE o-SHEREEARKN

=AU

o Z AT BIOR VT4 40 TR R VR 22 R 1) T
FEBR | 2R HE Bk 2 2 I 40 TR TR 1) 3 & A3
AR . ABFFEHY Chaol 58500 B 14 B 41 14 R
7% 1) =F & | Shannon $8 3R B & X 50 )8 L R
PP KB, 7 FH rp ) 0 B0 T it T L 14
- AN T Y 22 RE 1 (2 PR IS 4 P 2 A I
i 23 FA s ZHOU 250 i 53 & I e 28 4 L K 301tk
JE SRR - SRAR TR ) 2R, AREER 5 b B ]
AT A 22 S Y AN A | R BE R R A

W XA ALFEAN T 16S rDNA 1 fe 8 i) i 4%
SEEAT 2B R G X A5 00, BT A A i i R A 33 A4
o R RSB T TR R AR TR R TT R
T SRS TR ] R B RN ZE R TR ] S ]
W AETE T AR W R = S b AR AR
BCRE T, (PR 20 TR 1 75 235 4 23 B A 2 A VR IR
Yy r 2 S kAR AR AR T ST R BR AT B T R
A RHR o 2 R AR K 2218 18 B AR SR I Z B
Ak P TR i R P G P A 38 i, R AT
HITFEEEM T REE, M kB, ZF i E 1E
BRI & B AR £ A A7 ARBRSE N, P, Ak
PR A it FH 2 s e R VR oK, T BE & 33K
3 BARE,  VETT R KA A B, IR, S A
MR T AR, seAh, R E A R
5 RIE K AN TRV 9t 2 5 25040 7 4% S 1) A X =
A —m 2 Y ks BT A g S T T Y
AT =F B 5 A A 5T i 22 51
3.3 ®mBEELAEXT T IEEEE MR

WEMERG S 5 b oK L& AL, REAE E
WA S o BT A W R SR, B2 5 R IE A Y
BRI Z — 0T R DAY 3 A R B R Al 2
— VR FH 4 T T Pl 5 1 I, BB PR 25 A Ak K A A
2 .CO N FINMEY, B2 5 L IRAREN
() EE B IS 2 — IRl 9% P o ke 1 9 LS R %
Fhfie N - S TCHL A AL 1 B8 7 5 B IR il e % 1k
TIEE DB S, HI 1 v I e 5 e+
T LB Y o0 AL 2 AR A SO 43 Dk TR 1
TR it b Tl T Tt 0 P Tl T, A 60 e 1 1 3
pH {H7E 8.42~8.65 Z 0], LA IEwERe B 0 £ AW
FEVERRIX 3 T, B SEAS (R SO et X A TR 52
SO R DK T TG 1 B o it JE 8 ) 3G 0 T A B
L XS ET AR A R 5 CK M, it
JIES AR REEARR T TR il 1) 355 1, (LA 4 SR BE R A

P B U A0 0 2 0 388, O Tl O R
JeHINE AR A BLGL , 16 N, P, AL B P ak 3 B o, X
—MEL 5 L EA LT WAL EE YA, BROCTHE
S5OV RIS AR X e T - S 1 ) 5 W ek 2 PR
TEAKAE S BE S0, it 25 A RS S f 184 o 00 M 005
R EAE LAt AR T I R T O 1 A, 1B
FERERGS 1 SEM AE BT WA —E X R, WrERE
1R Tl S SRR TR AR R AN GUE W Y 43 W) 7E pH
HH 9~ 10 Z[AING PRk B i m . A BFSE R, BEAE
PRV T DA o - TR IR il 1Y) 3 1, (E AR A 1)
ghEYL TR 4 S U O B A BE 38 FRAR T A R
PRI AT M, I LB 2 it B o 1) 388 I, 2 IR AIG
PR REE NS 158 pH (B AR, Bl 1k B R ity
PR P32 3] — s FREE R A A
3.4 AREIETFEHEEES T

e SR Ay AR R R AR A AN AT Bl
MR E, HHERAR K —&8 53k A AP 40 i)
DAL 2 78 5 SRl O M AR AR AN TR R B AR DG OG R
RDA Rij WA DL R 769% A0 B RETS 84k, A
P15 R PR B M A A — A D
TR 14 AK OM TN | TK 2 & FMHE, 5
pH S48 5 A OG5 ALP & B3 R 56 X 5l
NWFFEAE RIS 394 Bk X 1 5 TG
ZAAHE S A, 2 W42 1 5% 5016 35 M g i B, R
VEW A = B BT 3RET

4%

1) ST B -2 B A AN 7] Ul T i A 2 v 22 5%
3 W AL 2 A 3, 40T o - ZREPETE
N, P AR R , 25 IR R

2)) WA R A A0 3, b SR G0 e
S REETE R B AR S PR R R

3) RDA F3Afr 3 B, 3364 300wt i 4 R0 0T 4t Ry A
Vh L AR 25 I DTIRR IR

4) HHEA PLFA FOK 2 B AE N, P AR ik )
B AR N 120 kg - hm™,P,0, 75 kg » hm 2
WA LG £ R AR,

25 L TR A it i e AN R T g 4 R
P B A SR U T 0 A AR A b T O Y U
DACIE i, DAGRIEAE 7= 6 s SRR

B R R R AR A AR A TR F]
FBAEGNFTF S,
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