32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

Wi F S 3675 HLIE RS FAE /NS R A VR S5 1 RV R i
0, MY, N, FRRIM, Pt

FIHASL:

ZE], MY, 0, S T FHXS AT LA e /I S W v 454 Z AR RRE ). Al FRBERLA274R, 2020, 39(10):
2316-2324.

TELR R BE View online: https:/doi.org/10.11654/jaes.2020-0036

FETT BRI HAB S

Articles you may be interested in

A= W o Pk AR R 37 0 R A W 0 45 A S i 1 i [i) RUBE S AR 5
mE, K7W, BN, ERE, TitE
LV FREERA2A4]. 2016, 35(4): 719-728  htps://doi.org/10.11654/jaes.2016.04.016

A HLIE e 4 08 SR AR e A R s
MRE, IV, %, Tt S, DM, fFdR
LAV IRETRL2A4]. 2016, 35(11): 2123-2130  https:/doi.org/10.11654/jaes.2016-0674

AN I AT X AR e DX oK FH S e DA 2 AR P ) 2

XILTHE, 22 on i, =, sk 0T, T, Mok, sk ot e
AV FRERL244R . 2020, 39(10): 2336-2344  hitps://doi.org/10.11654/jaes.2020-0509

IR 8 PR S Wik . AL BRI

AR, OLNE, B9 e, F o, 0 E R

LAV IABTRL2A 4] 2020, 39(8): 1783-1791  htps://doi.org/10.11654/jaes.2020-0240
A PR I G ek B A S RER e MR R i 5T

W, FREJE, TG AR, 250, F2i5, EINe, £5138, ki
PP R FRFF244]. 2017, 36(4): 694-701  https:/doi.org/10.11654/jaes.2016-1383

KEMIE AT, RFHEZBHRE R

Jo


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0036
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016.04.016
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016-0674
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0509
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0240
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016-1383

2020,39(10): 2316-2324 R W ®E R FE F R 2020410 H

Journal of Agro-Environment Science

AL, MY, AN, A TS AT HLAC XS R/ N 232 L A WA T 2 2 AR R R )], R PR R 2441, 2020, 39(10) ¢
2316-2324.

LI Ke, SUN Tong, SUN Tao, et al. Effects of applying organic fertilizer from chicken excrement on the microbial community structural

diversity in soils planted with Chinese cabbage ( Brassica chinensis)[J]]. Journal of Agro—Environment Science, 2020, 39(10): 2316-2324. JE R OSID

Tt A ¥B 2= YL XS FhiE /il e L 15
MEMEEEH S FER R
AT MBI, 3NE, R, IR

(LA A K BN BRI RIF WS AT, b AT 7= PR 8 V5 Je B 458 B 5 S0 %, R A IR B A fh & & S =, K
HE 300191 ; 2. RALARN RE R IR S FREE A B, BRI 1500305 3. 8R40 Ko sl S ERES Rl A2 B, 58 AK5F 830052)

O RGOSR R XS A HUAE X B0 /N 52 AR eV 2540 Z AR 52, 128 0(CK) . 7.5 t-hm™(T0.5) (15 t+
hm™?(T1) .30 t-hm™(T2)F1 60 t-hm>(T4)5 G2 PUIE G FHACE Rl 3 AN S5 R 4R R HERE i, 3 B Al AL~ P B R i A 9
/i g D5 1 (Phospholipid fatty acid, PLFA) 2 BURHIE , FFERIE ALY 5 A4V B 22 IR 19 DG 106 . 45 SR 3 < it XS 28 A ML TS
- HENE T AR T T, Foh T4 A B - B MU AR A R A R R i o A CK SN T 34.1% .48.2% .47.9%
35.5%.3.9% 1 14.7%; 13 PLFA (& HE/E ) PLFA & 8 R EC I PLEA/AN TR PLFA 7Eh g 8 UL B 2 35 v T ANt e 4k
B, T4 ZbBE A PLFA 20T 5 PLEA FI LT A PLFA 5 820 W% CK 38 T 53.4% . 52.1% F1 108.3% 5 T2 4k P ) Shannon , Simpson
Pielou T8 4R 7 o TUAE PR VE 245 4 e it PR AR (TG RN IS0 B S 28 A AILIE (<15 1 ™) B 488 SR ARR), L8 25 DX 031 -6 0 s o i JES A
(230 t+hm™) ; TUARIHTAE T Fe W, T ERERL AR PR IR T REVE S5 A Ik & AR AR AR 1 87.2% , i T B4 FH B3R 55% [ T 45 Al 745
AR pH LR ) PLEA 5A 800 BAS A S A A RS R RIEMADE, 5 L3 CEC I pH R HAHG, PFRRW] i
FAXG A WU AT LSR5 8 07, 38 0 ik Wik I 22V (H - S3EGU2E DV 445 ) S Z2 AP X A [ 4 it S 790 19 iy 2%
ANt 524 30 t-hm™ 160 - hm B B SR 42 5 1 5800 ) R W e B TR AR R AR T A B R, 7R A
AL I Y B0 FUIE it PR R £ s AT T R A 2 T

KR A MU ; 358 I8 7 s BEAR MR TR ; L 3ERUE W ;s BE 5 24544

RESES:S15436  XEIRERD:A  XEHES:1672-2043(2020)10-2316-09  doi:10.11654/jaes.2020-0036

Effects of applying organic fertilizer from chicken excrement on the microbial community structural diversity
in soils planted with Chinese cabbage(Brassica chinensis )

LI Ke', SUN Tong'*, SUN Tao'*, XU Ying—ming', SUN Yue—bing'"

(1. Tianjin Key Laboratory of Agro—Environment and Agro—Product Safety, Key Laboratory of Original Agro—Environmental Pollution
Prevention and Control, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China;
2. College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 3. College of Grassland and
Environment Sciences, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: To better understand the influence of different doses of organic fertilizer from chicken excrement on the soil microbial
community diversity in soils planted with Chinese cabbage ( Brassica chinensis), five levels(CK:0, T0.5:7.5 t-hm™, T1:15 t-hm™, T2:30 t-

hm™, and T4:60 t-hm™) of organic fertilizer from chicken excrement were applied to the experimental plots. Field trials included three
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crops of Chinese cabbage. After the Chinese cabbages were harvested, soil samples were collected for analyzing the basic chemical

properties and the microbial phospholipid fatty acid (Phospholipid fatty acid, PLFA) composition to investigate the changes in the
microbial population and community structure and diversity, and the correlation between them when different levels of fertilizers were
applied. Results show that the application of organic fertilizer from chicken excrement increased the soil fertility. The soil organic matter
(SOM), total nitrogen (TN), total phosphorus (TP), total potassium (TK), nitrate nitrogen (nitrate—N), and available phosphorus (AP)
increased respectively by 34.1%, 48.2%, 47.9%, 35.5%, 3.9%, and 14.7% in T4 over that in CK. The total PLFA content, that of each
microbial group, and the fungus—to—bacteria PLFA ratios in middle and high fertilizer treatments were higher than that in the treatment
without fertilizer. Among these treatments, the total PLFA content, the bacterial, and the fungal PLFA in T4 increased by 53.4%, 52.1%,
and 108.3%, respectively in contrast to the control. The Shannon, Simpson, and Pielou indexes in T2 were the highest among the
treatments. Microbial community structural diversity was similar among treatments with no fertilizer, extremely low, and low fertilizer
applications ( <15 t+ hm™), and differed significantly from treatments with moderate and high fertilizer applications ( =30 t+hm™). The
results of redundant analysis (RDA) showed that the basic chemical characteristics of soil explained 87.2% of the changes in the
community structural diversity. The main driving factors were nitrate=N, TP, and pH. Microbial PLFA were positively correlated with the
AP, ammonium nitrogen(ammonium—-N ), nitrate—N, TN, and TP, while they were negatively correlated with soil CEC and pH. These results
indicate that the fertility and microbial community diversity in soil can be improved by the application of organic fertilizer from chicken
excrement. However, changes in soil microbial community structure and diversity varied according to different doses of organic fertilizer
from chicken excrement. Fertilization rates of 30 t+ hm™ and 60 t + hm™ were more effective for improving soil fertility and microbial
amounts when compared to other treatment levels. Therefore, organic fertilizer derived from chicken excrement can be used to improve the
soil fertility and biological quality by appropriately increasing the rate of application in a short time.

Keywords : organic fertilizer; soil; fertility; phospholipid fatty acid (PLFA ); soil microbes; community structure
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Table 1 Main chemical parameters of soil
280 Parameters CK T0.5 T1 ™ T4
pH 8.19£0.07a 8.26+0.01a 8.22+0.02a 7.830.11b 7.800.01b
A HLET SOM/(g-kg™) 28.23+0.37d 30.22+0.96¢ 31.06£0.40c 35.11+0.63b 37.86£1.0%
FHES 32 et CEC/(cmol -kg™) 33.63+0.45d 37.01+0.92ab 38.17+1.04a 35.57+0.51¢ 36.13+0.23bc
4% Total N/(g-kg™) 0.83+1.15¢ 1.15£0.01b 0.95+0.01¢ 0.91+0.02d 1.23:0.01a
4 Total P/(g-kg™) 0.94+0.04d 1.04+0.03¢ 1.22+0.02h 1.26+0.01h 1.39+0.23a
%75 Ammonium-N/(mg-kg™) 11.56+0.27d 12.56+0.89d 14.08+0.72¢ 16.89+1.97a 15.57+0.68b
75 4 Nitrate-N/(mg-kg™) 100.35:1.15d 101.510.44cd 101.93+0.34be 103.06+0.49ab 104.28+0.96a
47 %W Available P/(mg-kg™) 117.58+3.03¢ 121.0423.68¢ 126.08+2.40b 133.50£1.88a 134.87+4.01a
4 Total K/(g-kg™) 14.61+0.45d 15.690.26c 16.2620.26c 17.4220.67h 19.800.69a
T AP R R A 2] 22 57 8 35 (P<0.05) o R I,
Note: Different letters represent significant differences under diverse fertilization treatments (P<0.05). The same below.
F2 HIEBIEERERER & =T
Table 2 Content of phospholipid fatty acid (PLFA) in soils
e BB EOEAN L3N AT S TLIE S P PLFA/ 522 [RFHPE R PLFA/
Treatments il [ 1 AT FHA: P Total bacteria/  Total fungus/ 4T PLFA Hi2% [GRME R PLFA
TPLFA/(nmol-g™)  G/(mol-g")  G7(mol-g")  (mol-g™) (mol-g)  Fungus PLFA/Bacteria PLFA G PLFA/G™ PLFA
CK 165.88+4.32¢ 46.33:0.29b  41.661.87h  130.53£121c  6.01=0.30c 0.046+0.002¢ 0.90+0.04¢
T0.5 146.51+2.52d 37.56+0.48d  38.96x1.05c  113.46:234e  5.69+0.09c 0.050+0.002bc 1.04£0.03a
TI 150.73+0.98d 4149+026c  39.59+1.13c  119.35:0.81d  5.55+0.27c 0.0470.003¢ 0.95+0.03b
T2 186.19+6.57h 48.39:2.99h  43.11£3.07b  144.36:2.42h  8.67+1.60b 0.060+0.004ah 0.89+0.03¢
T4 254.46+5.53a 76.68+433a  63.71£3.6la  198.54x525a  12.52+1.15a 0.063+0.003a 0.83+0.07d
W PLEA [ AT VR S B 58 30 A DI 7 46 /) 78 A6 1Y) o 100] e m— — — —
FEAR BN 2 HUIE IS B PLEA/ZH I PLEA 1 R === —
B YA B iy, H T2 1 T4 431 8 275 T CK(P< E 22222 7
0.05) , FLr T4 b B0 LY (55 25 130 P00 i Ok £ 3 T oor 77 7
i, U G OB R T A T S ]
d HEIE K, AR L2 . G PLFA/G™ PLFA F FL A Y Rl B
9.0.83~1.04,T0.5 ZbHR Hb i f5 5 , 1] T4 A B0 L (P 5 1K z 20
B T0.5 1 T1 4L FRAN , Hifbib R G* PLEA/G™ PLFA E T R R - - -
R T 0T BRI i it S £ 9 185 I T R AR, 4 T4 4k b Treatments

T A 3] 822 /K- (P<0.05) , 156 B 7E HUAEAS ]t i 4 B
BRI S5

P P 1 RTR 20 B R 45 Ak B R G £ AR
FHPLFA & 5 1A PLFA S8 19 75.6%~77.2% , 2
PSSR, 2 P B R 2% PG PR P 11 T o A EE
W, 9N 25.5%~30.1% F1 23.29%~26.6% , 2% (G
FAVE B AE CK L T1 T2 F T4 A0 AN AR S RE , o5 He o
K 27.9% .27.5% .26.0% F1 30.1% ; T £ T0.5 Ab B
UL 2 FC PR B O 32, 3 Lk 26.6% 5 19 il pA A
XoF A [v ot A Ak 388 g e 1 25 SR AN ] . BRAH B A1, BT Y
MPLFA & 5 Fe s, b 3.6%~5.2%, H. i He Bl it e

B 3 Fungus

[ R4 H Anaerobic bacteria
PR AR EL T AM fungus HABANE Other bacteria
O 2= [RFHPERE G O 2R G

B 1 HEAGIEAVAEX TR PLFA SRR

Figure 1 The ratio of microbes PLFA under different treatments

B B4 Eukaryotes
B 4 Actinomycetes

of organic fertilizer from chicken excrement
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AR K, 16 WA W ) el i 2 R R
Slmpson T8 BOCRAETE V% vh d5c i UL R i p 3 B
Pielou $5 B A& Th W) Rh R 29 5 B2, 3
YitET& Z AR J A 4 3 (36 3) R WY it FH A HLIE b
PRI Simpson 5 %X . Shannon 75 0 F1 Pielou 48 55 X I8
ZH A AR R B 38, Hod Simpson $8 200 i K A(E
HBAE T2 403, 2 0.790, 2 % i T CK(P<0.05) , CK
Kb PR AAE B2 /)N, A 0.782 5 Shannon 35 4 #11 Pielou 5 %%
{5 (1 2 T2 1 T4 Ab B, 1 8 2 5 F CK(P<0.05),
FEAE T2 I O R B U Bt A LIS RS fin 1 - 43¢
A=W Z2 B AR 5230 t- hm 2B, X6+ 6 A= 4
ZREVER IR
2.2.3 TIERA R LT o HT

AN [ b B 3w N IR TR 32 o3 0 A4l i (&

2) W, 55— 3 A A A 32 S o A [ it S Ak
P 2% S BTk ER 4 K 90.4% F1 4.6% , H: B3 Tk R

BF95.0%, KALFRH, CK . T0.5 . T1 5 R34, Y

=3 BRI R A MRS AT FIEH
Table 3 Ecological index of phospholipid fatty acid biomarkers

Qb3 Simpson FaH Shannon f5 4% Pielou $5 %%
Treatments ~ Simpson index Shannon index Pielou index
CK 0.782+0.001¢ 1.667+0.009¢ 1.040+0.005¢
T0.5 0.788+0.001ab 1.696+0.005ab 1.054+0.003b
T1 0.784+0.001bc 1.686+0.001bc 1.048+0.004bc
T2 0.790+0.005a 1.713+0.020a 1.065+0.013a
T4 0.785+0.004bc 1.701£0.013ab 1.057+0.008ab
1.0F
12-3 © 1271 m CK
© T0.5
O -
T2-2 P
o T2
L + T4
. Eukaryotes
=
© Anaerobic bacteria
N 5
% Other bacteria
B AM Fungus
TQ. 5 3 Tl 3 Actinomycetes
TO|5-2 o®ri1
TOJ5-1 Fungub
i CK2
' CK1
-0.6b_. i . $ 142 .
-0.6 1.3

Axis1(90.4%)
B2 KRR IR R T IR A& WS ERERE AE AR ER = I &0 4 17
Figure 2 Principal component analysis of phospholipid fatty acids
in soil microbial characteristics under different

fertilization treatments
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Figure 3 RDA ordination diagram of microbial communities

characteristics and environmental factors of soil
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