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Effects of bio-fertilizer on soil nutrients and microbial
functional diversity in peach orchard

YU Huili', XU Guoyi', XU Bianbian', YUAN Yujie', SHAO Wei'?,
WANG Xinwei', ZHU Gengrui', LU Zhenhua', SI Peng'
(1. Institute of Zhengzhou Fruit Research, Chinese Academy of Agricultural Sciences, Zhengzhow, Henan 450009, China;
2. College of Foresiry, Henan Agricultural University, Zhengzhou, Henan 450002, China)

Abstract: To explore the effects of bio-fertilizer on soil nutrient and microbial functional diversity of peach
soil, the soil under different fertilization treatments were used as test materials. Different rates of biological bacterial
fertilizer T1 (200 kg + 667m™>), T2 (300 kg - 667m™) , T3 (500 kg - 667m™>), and T4 (1 000 kg - 667m™")
were set, with chicken manure as CK (2 000 kg + 667m ™). The results indicated that with increasing the amount
of bio-fertilizer, the soil pH, organic matter, ammonia N, available P, available K content, average well color de-
velopment (AWCD) , microbial diversity index, and utilization intensity of six types of carbon sources showed an
upward trend and then decreased, while the NO;—N content showed a downward trend. In 0~20 c¢m soil, the avail-
able P content of 200 kg + 667m"” treatment significantly increased by 53.98% compared with that of the control ( P
<0.05) , while the difference between 200 kg - 667m ™ and 300 kg + 667m™> was not significant. The soil microbial
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community of 300 kg - 667m ™ had the highest utilization intensity of carboxylic acid compounds, which was signifi-
cantly increased by 22.67% compared with that of the control. In the 20~40 cm soil layer, soil available P, availa-
ble K content, microbial diversity index ( Simpson index D), and microbial utilization intensity of carbohydrates
treated with 300 kg - 667m ™ were significantly increased by 33.49%, 129.61%, 0.22%, and 18.06% compared
with CK (P<0.05). Redundant analysis revealed that the utilization of amino acid compounds by the soil microbial
community was significantly positively correlated with organic matter, and the correlation coefficient was 0.68. In
the principal component analysis, the 300 kg + 667m™> comprehensive score was the highest, with 0~20 c¢m soil
layer and 20~40 cm soil layer being 2.42 and 1.36, respectively. Therefore, boi-fertilizer can increase peach soil

microbial activity, functional diversity, utilization intensity of carbon sources by microorganisms and soil nutrient

content, and 300 kg + 667m™” was the best.

Keywords: soil nutrients of peach orchard; bio-fertilizer; soil microorganism; functional diversity
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667m 2 (T4) . FEAEIIIE 3 AS/NX /NX AR 25
m’(5Smx5m) , A 18 BBk, BEALIX 2 HES, 55
AHAB/INX IR 1 HEBER AR R ORI AT, BV, 4
% 30em, I 58 30~40 cm , FiAT Ab BRI AL — vk P
A S HIREGS],
1.3 gl

PR W TR AE A 247G 25 B =2%10° CFU - g7,
TIIRE N R UE K 28 TR o RN 22 R S 2R FAT 1, A AL
B =50% , 55 A Jfi =30% ,N+P,0,+K,0 = 10% , 4 5
IIPTRPEA 25 N ER BRI BEAR R T R X
PR AT NY884-2012 NEEMRME, XIS 2
PLIGE =48.58% ,N+P,0,+K,0=10%,
1.4 THXE

2019 4F 5 H 13 H R LM BUE 7 i A i 46
T A p3E BRI/ N XG5 5 A TR A e o 1
POV 2/3 4L BL 0 ~20 em 1 20 ~40 cm +3EFE
ain, BRI A ERAR 225 A/ NX A2+



%6

&

T A it AR A A B B 5% 00 B L E M S REZ AR R 93

FERA . — 04 R K 3 0 i A7 4 e B AL Pk TR
e, — &R AR5 T - 80°C VKA #E 4T + e A=
YITIte 2 HEEDE
1.5 MEFE
1.5.1 X3gsek w2 43 pH (R pH it
WIsE K HR 2.5 178 BLTCR FH 4% R 4 4201k -
AMIMER A R R 0.5 mol - L' NaHCO, 3% #2
2 AR ] NH, OAc 1248 - KIEERETE iR
FHB G2 Lok B8 AU 2 mol - L7 KCl R4 -
BEMY I Ho ik
1.5.2 BgEmAEBBLENE FHHYT 1 g M1+
(R e 33 i A BEA 99 mLL 0.85% K AE HilER /K
) 250 mL =i ,28°C \200 r - min™' ZF F IR
R 9% 30 min, fff +RE 5 AR B K MRS FCEAE
4°C YKFA N i & 30 min, SR G IAET Biolog—Eco Hfi
M, B A 150 pL, 25°C F ;3% 192 h, 4
24 h Biolog H shiEHUSGEE 1 1K,

AR T RE 2 B R TR

Biolog — Eco A il 7 “F- 31 W J: { ( average well
color development, AWCD) , FH 2k /R i A4 W i) 2% {4
RIS

AWCD = Y, (Ci =R)/n

Mclntosh 880(U) . U =./ z ni’

Shannon—-Wiener 54 (H') :
H ==Y (Pi-InPi)
Simpson F8E( D) XKL FEEFEEL
D=1-Y P’
Pielou 5] FEFEHU(E) .
E = H'/InS

FE IR (S) T s AT ik I 1 S, B
fLi(C-R) BIfER T 0.25 BIFLIK
1.5.3 #ELE S5 54 K H Microsoft Excel 2010
PEATEABARFE ; ] SPSS 17.0 Ge it 443 3l kA7
22530 A1 R4 43 B s H Canoco 4.5 $EAT U4 40T
(redundancy analysis, RDA) ,

2 ERE55H

2.1 HERSYWEIEXHE RSN

A= e A ot Bk ] - 48 = B Ak S 80 G 5 i AL
F 1, KA YR RE i 2 i RS, 38 pH AL
T B AS A VECAS AL A SO RN R A 2 e R
JE RIS

5 CKA,0~20 cm )2 T1.T2 F1 T3 42+
HE pH B FNAT HLET & Jr 38 I, Fovr T1 Ab 38 - )5
pH 1H 1A AL BT & 1 &, o3 5 3 3. 08% i
20.00% , {H45 &b P [B] 22 5 A 35 . K P, B T1 &b
AL A YR AL BE A i S A S P R E R T CK,
T2 REFRERS A SR CK BN 86.26% ( P<0.05) , 1
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Table 1

Effects of different treatments on main physical and chemical parameters of soil

+)Z/cm Qb PR HHLF/ %

AR/ (mg - kg™!) AR/ (mg - kg™') BB/ (mg - kg™') HHHN/ (mg - kg™')

pH

Soil layer  Treatment Organic matter Nitrate N Ammonium N Available P Available K
CK 6.50+0.12a 1.65+0.16a 29.00+3.47a 13.03+0.89b 108.06+9.61c 103.05+19.32d
Tl 6.70+0.10a 1.98+0.14a 30.53+1.98a 15.99+1.08b 166.39+17.95ab 388.94+16.41a
0~20 T2 6.63+0.03a 1.87+0.16a 21.87+0.88b 24.27+1.93a 146.90+17.9abe 192.25+10.14¢
T3 6.63+0.12a 1.74+0.20a 19.09+1.98b 15.05+1.24b 174.29+10.18a 249.57+22.07b
T4 6.50+0.06a 1.47+0.16a 17.77+1.38b 12.30+1.39b 125.74+7.98bc 191.53+12.02¢
CK 6.43+0.09b 1.51+0.11a 33.13+2.52a 12.69+0.71b 111.09+7.15¢ 91.69+10.63¢
Tl 6.80+0.12a 0.92+0.12b 22.75+2.25b 17.07+2.09ab 147.44£11.87b 335.32+12.58a
20~40 T2 6.70+0.06ab 1.26+0.06a 13.79+1.51¢ 14.31+1.66ab 148.29£11.95b 210.53+25.10b
T3 6.50+0.06b 0.81+0.12b 14.38+0.28¢ 19.49+1.66a 232.74+5.63a 137.99+9.13¢
T4 6.53+0.09ab 0.62+0.09b 15.87+0.79¢ 15.15+1.36ab 105.64+13.77¢ 127.09+11.87¢

TE : RSB 5 A RN FRER IR & AL BRI AE P<0.05 /K28 5 B3, T Il

Note; Values followed by different lowercase letters within a column were significant difference between each treatment at P <0.05 level. The

same below.
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Fig.1 Changes of average well color development during incubation of soil microbial

community under different fertilization treatments
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Table 2 Diversity index of soil microbial communities
= P BEFE S D Yo E FRBERRELS H—tigfoU ZHEMEAREHY
+JZ/em Ak p . . . S
. Simpson dominance Pielou substrate Substrate MclIntosh Shannon’ s diversity
Soil layer  Treatment . . . . . .
index evenness index richness index index index
CK 0.958+0.000ab 0.99+0.01a 26.33+0.33a 5.61+0.05a 3.25+0.01a
Tl 0.956+0.001b 1.00£0.01a 25.33+1.45a 4.60+0.16b 3.22+0.04a
0~20 T2 0.960+0.001a 0.99+0.01a 27.67+1.20a 5.68+0.03a 3.28+0.02a
T3 0.960+0.001a 0.99+0.00a 27.00+0.58a 5.50+0.22a 3.27+0.03a
T4 0.958+0.001ab 1.00+0.00a 26.33+0.33a 4.79+0.24b 3.26+0.01a
CK 0.9568+0.0008bc 0.99+0.01a 26.00+1.00a 5.16+0.10a 3.24+0.02a
Tl 0.9580+0.0005ab 0.99+0.01a 26.00+0.58a 5.27+0.08a 3.24+0.01a
20~40 T2 0.9589+0.0005a 1.00+0.01a 26.33+0.33a 5.55+0.13a 3.27+0.00a
T3 0.9592+0.0007a 1.00+0.00a 26.33+0.33a 5.55+0.20a 3.26+0.02a
T4 0.9553+0.0004¢ 1.00+0.00a 24.00+0.00b 3.91+0.04b 3.19+0.01b
1.40 1 0~20 cm a 1.407 20~40 cm
a a
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Note;: PM: polymer; CH: carbohydrate; PA: phenolic acid compound: CA: carboxylic acids; AA: amino acids; AM;

amine. The same below. Different letters indicate the significant difference between different treatments ( P<0.05).
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Fig.2  Utilization intensity of six types of carbon sources by soil microorganisms under different fertilization treatments
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Fig.3 Functional diversity of microorganisms and

redundant analysis of soil nutrients

2.4 EYEEX T IEMAE Y SHEERE RIER B

BERTEFRS=ZFAZEEEMERS S

it F AT AT (2 3) ,0~20 em A1 20 ~
40 em 1) 50 1 3 RS AR 1B A9 A8 o A B B 43 )
H 56.19% F156.15% , & B B B i B2 &, /G 3 A4
A3 AR AL A A £ i R 53 R 93.629% F193.57%
TR 3 DO FEE IR, WAL EAE 4 4
WA TEE AT (6 4) ,0~40 em 12 T2 155
e, Ak 2.42 F11.36, Ui T2 AbFEMERE 145
Y 22 FEPEFE R B ISR FH A R B 3500 e o

R3 EIRERHENE

Table 3 Total variance of indicators

TE ERS BURRAR ST TIR
Soil laver Princinal FHIEE Contrib L
o1l layer Tincipa’ Eigenvalues ontributor (jum'uldtlve
/ecm component rate/ % contribution rate/%
F1 9.55 56.19 56.19
0~20 F2 4.29 25.24 81.44
F3 2.07 12.18 93.62
F1 9.55 56.15 56.15
20~40 F2 3.80 22.36 78.51
F3 2.56 15.06 93.57
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Table 4 Comprehensive effects of the effect of microbial agents on soil microbial diversity,

carbon source utilization intensity and soil nutrients

+JZ/em Ab 3

TSI (K1) EGMRIr (F2)  ERGM3Ir(F3)  EIR5r 855 (F4)

LAY

H4

Soil layer Treatment Principal Principal Principal Principal Comprehensive Rank
COmpUHCnt score CUmpOHt‘nl score CUmpOnCHt score component score score
CK 0.87 -2.20 2.02 -0.13 0.17 3
Tl -4.53 1.92 0.59 -0.17 -2.00 5
0~20 T2 3.63 1.89 -0.29 -1.01 2.42 1
T3 1.38 0.56 -0.44 1.75 0.98 2
T4 -1.36 -2.18 -1.89 -0.44 -1.57 4
CK 0.43 -3.26 -0.28 -0.63 -0.57 4
Tl 0.74 1.31 2.22 -0.92 0.98 3
20~40 T2 2.13 -0.15 0.58 1.68 1.36 1
T3 2.05 1.62 -2.19 -0.45 1.15 2
T4 -5.36 0.48 -0.32 0.32 -2.93 5
3 W @ P2 R, AT 1 22 57 R AR fRl A W R 22 f A
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