H A1 55
20224 9H

ﬂg

ok ok RoE

Journal of Huazhong Agricultural University

Vol.41 No.5
Sep. 2022,91~97

i

AT, M TR, A5 ANTR) G TR R X LN S RS e e

DOI:10.13300/j.cnki.hnlkxb.2022.05.012

FEsEm [T ], Aol Kafaif, 2022,41(5) : 91-97.

AN 20 4 2 490 T 571 %o i ] B A SR 3K 7 B R am B R =2 M
BAEE, IS, R, R, PR

LHYAEDFHETRELLRT /AL TRELRT/
ARk b K F B LERR TS, KX 430070

WE VA TR BRTE R ) S SR T Pt ime A AR SR 5 7 e B it ot SR T I3 1 O i P A8 A
3 AR A Ay TR ) B HL A2 Rl B MR E O AR SR RS RO AR . SR R SO R
W BERVRR LL i PR 90 v 700 BE AR el P AT R ST Y PR A 5 kTR L Je 4R 2E 3K C it B A WAL T
PR AL PR et B SR A B RS R AN R B E R R R T A LSO R W R SR
TR | TR S 1 5 8 MR SR e, R el | SRR Pl B A S A R L P B SRS A TR
R RIS . WFFE A SRR, AN R R W T R A e SRR TG A B w8 AT 28l R Y A0 Bl ) SO B
AP S R RCR o B4 B W RRBOR B 3

XA
RESES S666.106°.2  XEERIRED A

R AR AR by T B = KK R 22—, LA 1 R AR
Prig . SR, T A A e AR AT B A B A
B ok &=t AR T AR 4 i 57.3%0. 76.6%0 F
69.1%6 1, it I ok £ 32 376 8 ot R ARG AR AR T o A Pl
TR RAL MR IR 2 AR A K AP
FEIR RS T R A ) AR e R R
TE I3/ B 2 1Y [ I8 52 R ek 3 4 8 6 JE A 44
EFR TR A RS TR =

TACA= o 7 B e % ok 5 1 Ak M B 4 e Tl
AP BTGP, CRERS A 3R 4 AL R THEY)
PR B U RE T . BRI P R 2
TR R A LR AL R PSR
B B TR W v R R A AR SR S B e VR
A IE o DR, AR SR TR 89T 3 A
A R FR) R HG A A TR X R A 7 3 W T R S T
77 R, LA SR S0 0 R R A A A A g
HEFSARYE FH AR R

1 WSS

1.1 K S R AR
2016 4E 9 A & 2017 4E 12 7, 4y Wi serh 4l K

Wk H Y. 2022-05-13

Fe4u H ¢ R E SRR H (2020YFD1000102)
A, E-mail: 1215783164@qq.com

WEVEH . KR, E-mail: hucx@mail.hzau.edu.cn

TR TRN A AR S WA R RS R
s

XEH 1000-2421(2022)05-0091-07
0 A AR el AR 2T T 5% ) DX 2R YT AR il T 1 1)
RIS, At Y S wAR g A bl KA i A AR
F IR  pH 6.42 B # A 52.32 mg/kg AL
W% 20.11 mg/kg &L 4N 204.65 mg/kg . A HLIF 18.64
g/kg s B IX Z T AH A el £ e FAL MRk - pHL 6.51 B
fift A 82.60 mg/kg. ¥ R W 17.68 mg/kg. M % £
129.12 mg/kg A HLJF 20.18 g/kg. HEIAME 2 N
S AT I BE M AN 5 4F A= M 2 A

PRI B B 700 A A R ZE AT TR (K) L 2R 287
FFE (D) i (F) V2 A 1R R (H) |, Aol K
AR A ) 1 R R AT S RS A S AT BB
Bt (K #E2E AT 3 00012 CFU/ g K5 2E AT 1 10
{¢. CFU/g. it 4 W 10 ¢ CFU/g. & & W 7 30
{¢.CFU/g) s #1475 %& HIIE (N-P,05-K,0: 13-6-16 , A HL
i 20% , & i e ) L AL R OURBAEY &
A BRA R A=
1.2 REHZE

TG 4818 B 5 A AL B - 4 Fh LA 9 R 5P AN AS it
PR A X AR B A v ol R 2 X 0 A AR el g Ak
H3AHE AR/NX 3R, 2016 4F 12 H it FHAHAE &
FHRE 1 kg/#k , FAEIA AL SR SRS R0 SR sclioak



92 LRI I NI <3 4

S

W43 4 B it PR % 0.98 kg/#k B BR — A £ 0.61
kg/ Bk HERBR 1.61 kg/ Bk ; 4 M2k YT Kbt H] 14
i HZEAOFT TR 0.1 g/ #k L 2R 2R AT 1R 10 g/ Bk ik
B 150 g/ JRA B 150 g/#k, 2017 4F 3 H LAFER 7
e A 8 mRI T A XS AT M A T - A A 3 4
ANEE E/NIX 3R, 2017 4 3 A it Al % & IR
2 kg/ bk , SR Rt A A L P AEOH: SR 5 A W i )
it FH [l 4 rp el R 2 g i g bl o
1.3 MEHERKEFE

SR FH 2K B A U S8 1 M 03 00 2 - S IR
Ve - BEREREEE IS MR FH 3, 5- A K R L ik
) PR A O SR FH B R A
- S AR R B 0 R PR RO, S R
SR B R A AR 42 H B P i 0 2 SO RV
SR SR FH T T e 4 2K M O B Y, - A ML
) 5 SR FH B A R A kL M A U R R
FHBRRR SUEK IH A - O 28 0 . AR 2w fill
FE R B IR SRR IS LSBT k. B 28
R SR R R SR K I P - E BE T L 4
FCHERA 2,6- Gk my e Em e s v E
B 4 PAL-1 F- e 6 I HE 4L (Atago, Ja-
pan) 500, AT A R A R W IBOR A R S Al R
1 mL FHEIE M, ALY 10 mL K, %0 2 3 B Bk
ARF, FARAERR (NaOH ) i & Bl s o),
1.4 BUIESW

2% 56 B 18 FH Excel 2013 F1 SPSS 19.0 i#E 47 4b
W 544108, i3 H LSD 5 Duncan ¥ #3847 £ & H
B, 3K FH Prism 5.0 RiE = #7242 .

Shy LG AEAS T T 7106 A 8 B 1 I L O 1 S
Jr BB B A X IR ) N SR S i BT Y S e, AR Y
SR B PR 7 T 25 43 W 0 6T 2 4k BSOS o5, 1 30 )
R SR S i B R AT 0 B, G e SR BT AR R AR A e
K, SR AN ] (0 B R S AR S [ e R o e
RERUF, 4 A 58 1 M 1 PR 149 1 A5 1 S5 A AR () T
2E57ME . U F RS & AT AE .35 22 571, R A Dun-
can{k AT 2 HE LLER , DL 25 S ok T

R S TR B AR TR LU A AN [ 6 b S 5 I 11
TETERR T AL o Ho, SR i B (Ve & & A
PR PR & 1 AT A R L TR L) A Sk o R F 5
AL BT v R AR T I AR [
R, BORE S S BEAL IR o DA K O 22 IR 71
(variance inflation factor, VIF ) {EAE b iy & 455 AU Sh 2%
PE B BRHE , LAk G [ R S 4 1 o) A58 TR A {7

MR 5 24 A R 7 VIF<<S i, A R #5510 A A7 7E B
LM s WA A5, AR I B VIF {8 B &5 Y
5 R R N B visd v B0 il R e T
FVTE TR AICC {E I HEATHEIT s MAE AR
AICcH 5 e/ AICe {22 22 (AAICe) <2 Bif, LK fr
A S A I B SR AT B IR Ry S AR Y, I i
S TR] PR AR X M 5 AR AE A ATCe<<2 (i
R, LA ATCc L f5e /N BRI R e LA

AMEAB MK ERAR363 T lmed 5
ImerTest f#F47 ; VIF (B35 R H car [k 47 ; A5 8U
®E5FHR AR 3.6.3 MumIn i E47 .

2 FHRE5HMH

21 HMEYEFITRMNEHRIARNZNE

D)L 45 ) DX AT A A Bl o AN TR) A 40 B 7
PP TR M R I i E A (B 1A,
Hodr ) R B ZE AT (K) &2 A B (HD 2 5482
9.13% \12.34 %0 5 M AS [R) Bl 2 40 B 9 REARR 1 1 ] 28
AT E TR O a, Horp 2R ZE AT 1R (D) (SR s m]
T TR A PR AR R 0.35 %0, FFAK T 28.57 %0 5 ARl E
0y TR 751 Ak T 0 ) R SR S [ R b 4 R B, v
Z R R TE (D) 524 B 7 (HD Ab 27 N 28 h SR 5
R LA S 5 T 50.40%0 .52.06 % o AN [l i Ak
Wy B ) b BN B R RS Ve A 0 B AR AL, £k
AT (D) JRE R (F) &G i A Y ) (H) b 3
AT 8K fifi 9L M 88 Al R 52 Ve & B AR R T 5.78 %
8.36% .10.06% .

2)erh Ry KA S A AE B o T A A W TR
A PR fofE 30 P28 R R ST I [ 0 A AR v
(FE1B), Horh il e i (F) V=2 A TR (HD A R N 25
SR S AT M T 9 43 ) S A R 11.89 %0
20.48 %4 5 ek ) 2 SR 5 PT35I ALK
Hrp 2205 2 AT B (D) Ab B3R N A3 52 AT 7 5 1R
R (0.43%0) , WE AR T 30.64 %0 5 iR M AT IR
SR b8 TR R L 2R ZE AT R (D) B A
PR CHL) A FHRE Y00 41 8 SR S T 72 L 43 ) b 35 9 o
57.06%6 .59.21% ; il JH & H 2R 5E Ve & 1 ¥ m T X5
B, P 2 08 (F) VB2 A i AR P o) (H) Ak 238 M
AR SE Ve B it 4o i 3 4 e 28.85%0 .27.97 %0 .

L5 T A 25 S AR W B R T TR R
W T RN NSRS T, A R W A R
F(H) P34 $2 7 28 A0 SR s nl i R W)
16.41% | [# 2 bt 55.63% Ve & i 19.02% , Z K 28 41



53

SEAET A ARV PR Xl A A SR R B ) R 93

FF B (D) fiff i JH 28 A SR S8 0] 3 e 1R S 2 B K
29.60 % . [H 1R FeF- Y4 53.73 %0, R (F)F- X4
T IR N A RS Ve B 18.60 %, BRI E AW
R R R 22 A ZF AT R RO T 4
22 HMEYEFNRMNEME S8

Xof F LT 2 ) DX R T AR ARG e, AS TR A A 0

= X CK o R 2RI K

80.0- X
e a 7
< 40.0F bhaa a éaad

=5 Liis Bhaa0 (el

gi g 100 :Cab(‘,]) a s s s
e [

2T 50 \ N N N

HE 10

X E osH Labb b

=
0.0 3 s
U S S I |- -4 A S WA 7]

/% EBI% Solid acid (mg/100 g) (kg/kR)
Soluble Titratable  ratio  Vitamin C Yield
solids acid

LS T K 77 & Fruit quality and yield

X HECK G 4 5 2 A AF 18 (KD « Bacillus subtilis; 2 K5 2 H0FF 18 (D) : Bacillus polymyxas; i

pound microbial inoculants. T [i]. The same as follows.

FAL BRI N AR ST R R 2 . X TR
bR ARG A E] , 22 25 AT B (D) A Bk I N 2
7 W35 8 193.55 00 , HoAl b B %68 BEAH L T8
WFEZES . m Bl i (A R R S P xR
HIZEA =M AR (1)

= ZHFRFED = f&HE P = IREGEHH
150

a
= 100f ablab
) bhabga bRERD
5 s 24y 8 a N N
e 16 blah | R \
B = I . beaba b ﬁ] § t
n2E 8.0LeeXad 0 \ N
K310
=z osl aahpaby,
E o
0.0

T W BRI 4R G

W% ERRI% Solid acid (mg/100 g) (kg/KR)

Soluble Titratable  ratio  Vitamin C Yield
acid

fi i ™ B Fruit quality and yield

T (F) : Actinomyces; & & 1 7] (H) : Com-

solids

R
23

1 RREEF I T X F AR (A fdeh Rl XX HE R (BRI EMHR TR~ 2820

Fig.1 Effects of different microbial inoculants on citrus orchard in Suohe Town, Caidian District(A) and citrus

orchard in Huazhong Agricultural University (B) yield and quality of satsuma mandarin fruit
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Fig.2 Effects of different microbial inoculants oncitrus orchard in Suohe Town, Caidian District(A) and citrus orchard

in Huazhong Agricultural University (B) nutrient contents in leaves of satsuma mandarin
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Table 1 Effect of different microbial inoculants on the available (alkali hydrolyed) nitrogen, available phosphorus,

available potassium and organic matter of the soil

- ; fr AL/ (mg/kg) B/ (mg/kg) WL/ (mg/kg) FHLE/ (g/kg)
L Jb R . . . .
. . Alkali hydrolyed Available Available Organic
Site Treatment . .
nitrogen phosphorus potassium matter
CK 71.58£2.13b 11.81+1.24b 114.914-13.60b 15.864=0.79b
K 78.40£9.36ab 26.6045.68a 129.90=2=20.35ab 18.10+£1.64ab
) X 2R [ 4E
. gﬁ”‘:‘%{jh L D 74.26£9.81ab 19.92+5.06a 151.88+£8.78a 16.44+0.69ab
Suohe Town, Caidian District
F 75.5441.17ab 20.044-4.40a 108.91£9.98b 17.76£1.84ab
H 84.70+2.92a 21.71+1.45a 133.39422.08ab 18.58+1.41a
CK 33.83£0.36¢ 7.9940.21c 75.94=£0.87b 5.07£0.27b
N K 46.0345.26ab 16.46£0.62b 119.90441.97a 9.62£2.03a
el K
. - D 48.53%0.86a 17.5420.95b 109.41431.19ab 10.52+0.40a
Huazhong Agricultural University
F 42.9341.23b 22.4342.30a 147.384-26.23a 9.2240.27a
H 42.1241.13b 17.66+0.41ab 145.884-26.40a 9.69+2.39a

1 RIFEE 5 AN R E B R 7 0.05 K P22 7 8 %, TR, Note: Different letters indicate significant different at the 0.05 level in the same

column, the same as below.
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Table 2 Effect of different microbial inoculants on the soil enzyme activity Ul/g
b Ab TR IR AR T JHEAE B 1
Site Treatment Urease Phosphatase Invertase
CK 0.64+0.05b 0.55+0.15b 8.06+1.59ab
S5 A [X R T K 0.7320.06b 0.70+0.15ab 7.77+2.95b
Suohe Town, Caidian District D 0.80=%0.13b 1.07£0.45a 10.78x1.51a
F 1.15+0.05a 0.9040.15ab 6.95+0.69b
H 1.14+0.08a 1.04+0.19a 9.79+1.33ab
CK 0.66-0.05¢ 0.36-£0.01b 2.04+0.41c
ey o K ().GOiO.()lc O.72i0.17a 13.781r1.15ab
Huazhong Agricultural University D 0.8740.01b 0.76+0.03a 1.4340.49¢
F 0.78+0.06b 0.797£0.05a 11.2043.25b
0.98+0.07a 0.84=0.05a 14.274-0.09a

*3 RELHERMERIEIRRINEIR R 547

Table 3 Environmental response analysis of fruit quality

ST PRI e [T A FrifiR JF IE AR 1
o . . . . . Z/t P
Fruit quality Environmental response Forecasts Standard error Corrected standard error
(Intercept) 26.991 6.209 4.347 0.000 213
bt 6.715 2.726 2.463 0.020 794
Phosphatase
PAEZEC
E ? . A -
Vitamin C . 5.062 2.837 1.784 0.086 245
Total N
Ir
T‘ﬁ%%‘# —12.482 5.927 —2.106 0.045 394
Total K
- ) (Intercept) 5.6529 0.938 6.237 2 6.024 0.000 818
R e
N o i f
Soluble solids e 18.040 5.802 7.3794 3.109 0.015 997
Total P
s (Intercept) 0.821 0.154 5.336 0.001 770
AR
. . It ;
Titratable acid T i —2.302 0.952 —2.418 0.045 970
Total P
(Intercept) 1.030 8.148 8.516 0 0.121 0.903 700
i ,
i e 71.916 50.824 53.3135 1.349 0.177 400
Total P
R L -
Solid acid ratio PR 4.802 4.568 47343 1.014 0.310 500
Phosphatase
S
AR 0.384 0.144 0.1516 2.535 0.011 200

Available phosphorus
TE: 1) Z: AICe/NF 2 M Z MBI, 12 ATCe KT 2, TMEEL I B 5 2) A7 AE 24> AATC <22 RYREAL, I ZAERN BT AT AAICe<22 Y
SRR 3) A R L AATCe<Z2 YRLHY | fe 2L Sy AICc fB S {1k A9 B A8 . Note:1)Z: Multiple model mean T with AICC less than 2,
t: AICC greater than 2, the optimal value of one model; 2) There are several models with AAICc less than 2.And the final model is the average

model of all AAICc less than 2; 3)Not found. The final model is the optimal model with the lowest AICc value.

[ R LU AR i, a0 (R S R A 3R C & i iy, 7E4R il I ZR PR SRR AT, e B A | R
,'J‘l'l‘%ﬁﬁﬁ'%i:%)ﬁ\%%F%ﬁﬁjﬁﬁ?ﬁ%ﬂ‘ﬂ, 1 ity i%&gxﬁl@%&ﬁfﬂ{j{a}llﬁ*ﬁ% sy 0L A L B
AR EACR B . XS TRME T S5hR. 00 ST IR TR AL A F X R 2 A 4R 2

EILKLU&E%KHU#“Jfﬁﬁ’éﬁﬂELE’JE BRSSO M AR AR R A R 5 A e A R I A 3
SRR 3 SECRE 7 THT , A [R) A 2 0y T 790 Ak BORH XS 7 06 R4 R
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Effects of microbial inoculants on yield and quality of
satsuma mandarin fruit

PENG Zhuging, JIN Shengxi, LIANG Xiaomin, WU Songwei, HU Chengxiao

Key Laboratory of Horticultural Plant Biology ,Ministry of Education/
Engineering Laboratory for New-Type Fertilizer ,Hubei Province/
Microelement Research Center,Huazhong Agricultural University, Wuhan 430070, China

Abstract The effects of three kinds of microbial inoculants and its compound inoculants on the soil
fertility , tree nutrition, fruit quality and yield of satsuma mandarin were compared and analyzed with field
trials to guide the rational application of microbial inoculants in citrus and to improve the yield and quality of
citrus fruit. The results showed that the application of microbial inoculants increased soluble solids, solid ac-
id ratio and vitamin C of satsuma mandarin fruit compared with no application of microbial agents. Com-
pound microbial inoculants improved the fruit quality and stabilized the yield of fruit compared with single
bacterial treatment. Different microbial inoculants increased the contents of soil organic matter, available ni-
trogen, phosphorus and potassium, the activities of urease, phosphatase and sucrase. Through linear mixed
model analysis, the total phosphorus, soil phosphatase and available phosphorus in leaf were the important
indexes significantly affected the quality of satsuma mandarin fruit.It is indicated that different microbial in-
oculants can improve the activation of soil phosphorus, increase the soil available phosphorus, promote the
phosphorus uptake by the tree, and finally improve the fruit quality, among which the compound microbial
inoculants have more significant effects.

Keywords microbial inoculant ; satsuma mandarin ; soil fertility ; phosphorus availability ; fruit quality

(R4 R E4R)



