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1 MRS

1.1 B RIRERRE  ZUERKEIE, Bbrf o “GRE” BICIES AR IE( 2015) I 8794 5, A%
J5: AR =100 g+ L™, Mn +Zn + P +Fe =30 g « L™ AWM R, Fibn sk “FH HEE”, SidiE
SRMAEYIIE(2014) IG( 2378) 5, A A8 AR ZEAAT I + MO A AT I + M T 2R AT TR =2 12
A o mL ™ P FR I R R L AROW A AR A BN IR A 7=

IRGGHTE]: 2016 47 10—12 H o iRXE0 BEREAE IR R 44 AR 2R L 10 0 25 IR R S b A 7, 0 2% TN AR Ol 76
M o VEREBOIE AR . I 2 AN ARG AERL, RS KR E Xt FRAL( HC) : & A EY
5 IR K I BB A il FH AL BELH ( HE) |, RN BE 4 RE A, 36 8 /MK, FA/NX R 0. 33 hm?, 3
by ()5 BHEAE 3 6T o BURE 23 3 NI, 2 S0l 2 e S T B0 ( s 2% N RS WK 2 /5 56 5 R, CK) i i
(FNEEZ 1 AR) BERWIGEIEE 22 ) o BURERFR]LE S5 10 - 21,11 16,12 =21 Xf 34T
BEAE SRR, B/NX 4 AN 5, SRR EE 5 ~ 15 em [0 H8E B BT B REIR A 2940 5 A TR -
1.2 BRI 1 0 S0 SR FH 08 A 2 18 1, A RO R T e 2 BRONY /T2, 7—
2014, AL G 2 2 1] NY /T889—2004 , 47 AL Il i Z: M NY /T1121. 6—2006 , pH i)l & 2 1 NY/
T1121.6—2016 , £k kil 2 ok B 5 D & e =F ik o
1.3 BEENF T/ DNA $2EUH Genebank +HEf% /44 DNA $2BGR %) & PE T4 E, BUT &
K51 DNA K kbt B AR A BRA R, %A 7R A Hlumina Miseq /5 5 X5 4 i 2547 5 38
S B R A3 o
1.4 HHEALIE SR Excel 2016 il SPSS21 X5 ( Duncan) # & #%2%( P <0.05) YR AT BRFISHT -

2 ZEREH

2.1 FAERBEARLEREFRLERBRASEOTHE AL 1o, SHEACH ( CK) A, WKL
(HC) A ACALBE( HE) Z60F T BB 20 A B0 & B A AR R T e 3R T ia % e AR R Y 2R
KAE W, & ERETRA R T BT 2R AR, SRRSO, R B IR R RS, X AE 9 7 5K
Bem) o FTLL B I ) A HERS | 8 A6 R e S AT AR BR AR A R TR R B Y R L (B S B K 4L A L e
HEZH B0 B0 S AT A5 B 5 T AR LU D X T RE S AL Ah 78 T — 2B B SRR A K. E ARG RN
FREFRE R, TR ACH AN IS T ARG E IR, IR, BRm s 2051 , 7 e 0 it A 28 A7 280l s 50 5 4
AW . S5 RIYPIZ AL B Y PR PR R S A I R R IR I R X s TR TR 25 5k A
[F Ak B ) SRR 114 55 Bk BT 18] F) AR A T AR A R SR B IR o £ B T3 , 5245 T2 W TR0 R R R /K I3
HE BT HR 5 it PN e b e I A — 2 P
1 AEANHAARLETIEABASENTWL

1

Tab.1 Changes in NPK contents of soil under different treatments mg * kg~
157K 4 Control group AbHEZH Treatment group
IIgE| Jit AT CK
SEAES HC ZE Y HC2 EAaE] HEL 25 B4 HE2
WA AN 57.46 +£9.89%a 19.64 +7.04c 28.11 £4.56hc 41.00 +5.67b 30.42 +4.00bc
AR AP 209.03 £10.28a  134.30 + 14.24b 34.21 +3.82¢ 207.71 £20.4a 35.06 £3.33¢
AR AK 65.63 +11.98a 40.50 +7.55a 44.50 +11.93a 55.75 £12.07a 61.3 +13.32a

VE: [R)—A7 B 5 00 7 B ACERA [R] I JU3AR [ Ak R 0] ) 22 S5 S 25 P < 0.05) , T[]

Note: The lowercase letters in the same line mean significant difference at 0. 05 level, similarly hereinafter
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2.2 AERBAAELAENLTE H AVRMERSETH A VLU £ S EAES 73 7Y T 24K
oy, RERICSE R Y IR 5, RS T AR SR A B S T BT B AR AN 2 P B K 4L A4k
PREH STEACHTAH LU, 2L pH I8 B E 2. TETE /KA MAL B b A HLBTARE T FEhy , (L2 AL PR A T
WEMR L/ IN DO AL PREAAT ) T R4 LA MU MR ES LR35 A TAR Y R 2R b, 2 JE R e, AT
Hr, HE 21 AARESZE s RN AR 2k s B A DA 10 R R 3 T3 K 4 HC, 76 5 AR YT IS JE A 24 R R T AR
ek B CK AR T 10 52 2 AEATE BRI, [Al— IHUHA HILB & 5 W1 8 T, Ul T P 3l i .
A BIAEOCAE; X TAL PR HE , J8 AR 4 dugfam 85 CK 20 HGH T 2 A%, A RUm i 7 I8 A 2k dui B0, 7
SERI ARG AT R o T L, S A v R R 8 S B K I B I 5 it s, e A R o] e rh 4k ik
R -
x2 AEARHBARLETLEH BIRALZRASENTE

Tab.2 Changes in pH, OM content and number of nematodes of soil under different treatments

T AL R 77K 4 HC Control group Ab¥RZH HE Treatment group
) , , JitIEHT CK
Physical and Chemical Properties R HCL ZE L HC2 A HEL L HE2
pH & 6.71 £0.44a 6.52 0. 06a 6.46 £0.17a 6.57 £0.17a 6.32 +0.21a
HHLTE OM/ % 1.17 £0. 17be 1.49 £0.17a 0.69+0.10d 1.38 £0.15ab  0.95 +0. 18cd
4§ 200 mL +HRE54 4540 RN 17 +9.71ab 25+20.79a 18 £12.87ab 13 +9.74ab 1+1.00c
%5 200 mL - J5§ A= 2k 45 %% SN 10 £6.23a 118 £12.74c¢ 73 +44.24b 21 £11.20ab 15 £2.38a

2.3 WENIEAREONFFIIGIT @0 LR JE T HE T 16SIRNA 1 &8 5 7, BT A A
L3RG 354 T13 DN RUF ), B THILE 97% AT R34 3.3 OTUs % 6 968( 3£3) o AWFITHY
6 ZHALPRET SRR T 99. 7% (3R 3) B ML AR A 4R ( 18] 1) i T2 , SR WTAN ) b B - e 2 1 e )
JP 5 125 20 T LA A5 S A 0 R A 7 1) o 288 15 B, REAC IO 5 1 Bt e S v BT AT 200 TR R L 15 B 0
AL

Multy samples Shannon Curves
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Fig. 1 Shannon curve and rarefaction curve analysis of OTUs of the bacterial in soil
2.4 FAELETHEZRNTEMAEN o« - SHEEDH 23 KR4I OTUs Fli 1153 1 45 Ab 31 + 3% 41
W o - ZHEVERE R ARRIEE N 97%) « N3 ATLIE Y, HE 20 HIEAT Chao T 5450F1 Shannon F841 5
T HC 4. it 1 4~ H 5, HEL 4 Chao I $8%H1 Shannon $5034 % T HC1 ZbBR; fEAL 2 S H 5, HE2 41
Chao I 5% Shannon #5450 T HC2 41, id B jife IES Ak B0 P 408 386 im0 17 A 28 I = 8 440 B 2 Bk L O FLRE S
Jiti AT TR Y EE K, 3 A S8R B 5
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2.5 ARAETRZERLEAFFEHERSSN 47 LBORFIAL BT L A0 R 2540 22 5, X
HAAT ERr M ( PCA) L ZERIHRECT 2 4> Ry, Tk 735104 58. 06% i1 36.89% ( [ 2) , Jifi AL Ak Bl
(HEL F1 HE2) {5 /K 4B HCL F1 HC2) 4[4 PCL Aih5g 2700 i IEAL BE( HEL A HE2) 217k PC1 Hh
A, K AL BE( HCL AT HC2) 2175 PCL A IERh . UEWTIEAC 5515 7K Ak B2 - 38 0 240 T A v K0 22 5= )
o WA, TR AN [R] 4 4 75 I Tt HE A 7K Ak BR A - SEER TR Vs 25 M A —A , HEL 1 HE2 %8 PC2
fhoe a7t HC1 M HC2 W5 PC2 A5 a1, Ul WA e a8 IVAE AN [ 9 A 1 e 7 I3 JFG A S A0 T A v 45
P AN TR W NE AR B I T - SR T ) 2 R
®3 ARELETHRERNLEREMARZNSHEEST

Tab.3  Analysis of OTUs diversity of microorganism community from honey melon fields

i Lis2 OTU % P4k FE IR i A1 % TAAREL
Sample Target OTUs Number of sequences Chaol richness Coverage Shannon index
EFE HCI AN 16sRNA 1754 85 155 1784 +18 99.80 +0.028 6.23 £0.04
4554 HC2 4 TH 16sRNA 1728 87 740 1771 £32 99.76 £0.014 6.10 +0.09
T HEL ANF 16sRNA 1759 87 922 1799 +24 99.80 £0. 064 6.28 +0.02
2 L4 HE2 AN 16sRNA 1727 93 896 1784 +13 99.75 +0.007 6.21 £0.09

2.6 FAELETRENLEAHEEBRENEESR  RAENTER, G LR w3k B 30
) AR AR = B2 v B, HEAT 59331 /2 Proteobacteria( ZZfE T 1]) | Acidobacteria( BRAT R [])  Gem~
matimonadetes( 2 LI 1) . Actinobacteria( Z& T []) . Chloroflexi ( 4% 25 5[ ]) | Nitrospirae ( i {4 e &
I'T) .Bacteroidetes( fUAFT-# [ ]) . Verrucomicrobia( P F []) Firmicutes( JEBEE []) | Fl Parcubacteria( V%%
W) o Qi 3 FiR, ASB T TSRS 1 KT, YRt AR E B2 40% LA 1o JLUCRMRFF T, Y fhoAE Xt 3= B2
20% FE AT, SRTAISEAS e — 20" T o RESRIRIZE T TP b A HEB I 35 A 2 0 L (B A 2 i A7 1 2%
) X B T SRR AR XS AR E , BT R A B AR

100,
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Fig.2 Analysis chart of principal component analysis
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2.7 WMFABKELMEEMNENEEST  FENKF L, 405 35 i & 2CHERT 10 39435104 Alphapro—
teobacteria( o — Z8JE E 4X) Betaproteobacteria( B — 28 [# 4¥) . Gemmatimonadetes( % HLJI I 4) . Subgroup_
6. Blastocatellia Deltaproteobacteria( 8 ZF 2 44) .Gammaproteobacteria( PJ A ZF L 44) | Thermoleophilia( g
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PIMTEEN) | Acidobacteria( FRFT T 2K) \Solibacteres( SUFTF L) ( 3R 4) , Hrh B EHN 5 24 5EM A
L, HE2 20 o — A8 TE P 20 AR = BE AT, HC2 ZH DN T v LN 2F R TRT 49, HE 20 ] R AR X 2 B R
W, It HC 4[] A ARRT F B2 Ao TR T T 4G Z R BURT , 10 o - B W N IS sa A B 28 5
H AP AL 07T E B Enterobacteraceae) | JEE £} Vibrionaceae) B BRI 7 £ Pseudomonadaceae) 5 T
BRI o PRI, ST BT ] X S A (A X = BEREATR , T R R A A 285 T 35 10 S R 22— o

R4 MKFHARFARREENFE

Tab.4  Bacterial composition and their relative abundance at class

K] FHXTFERE /% Relative abundance
Class FEFE Y HC1 53R HEC2 FEAEI HEL 45339 HE2
Alphaproteobacteria( a—4£JE F1- 5 4¥) 20.52 21.94 20.21 17.86
Betaproteobacteria( B2 T 44) 13.61 11.71 16.84 13.81
Gemmatimonadetes( Zf B [5 £)) 10.74 10.85 10.75 10.98
Subgroup_6 8.20 9.31 7.21 6.67
Blastocatellia 5.97 7.58 5.09 8.26
Deltaproteobacteria( 525 JE B 40) 5.40 4.53 4.68 5.53
Gammaproteobacteria( P4 %1745 I T 2X) 3.63 3.66 4.33 3.53
Thermoleophilia( W& 1 44) 3.05 2.94 3.15 2.94
Acidobacteria( FRAT 14 4¥) 2.81 3.68 2.55 3.77
Solibacteres( 1LIFT B 44) 2.57 3.07 1.97 3.78

T2 H7KF b AN AR B HERT 79 53 514 Bacterium ( #17 H) . Sphingomonadales( #55 F i H)
Gemmatimonadales( Zf Bl 55 H) . Nitrosomonadales( YA {L 28 Mi 78 H) . Blastocatellales Rhizobiales ( 42 /8
H) .Myxococcales( ZiERF H) Rhodospirillales( £ 125 H) Xanthomonadales( # g & H) . Burkholderiales
(fAseBE/RIEIRE H) (2 5) o WA AL S bR H 7R fd A/ ] rb ke 31 32 2/E L B 432 i /0 R 10 1) %
IO T HE 2P IR A S AR 8 g L 75 HC AW T W BHERTA L2k v AR = 4 1L 2%
ZERHTA B PR HUR R A A o HE 41RIBEERE F AR SRR K T 22.48% ,HC 41N T
W7 13.02% o AT UL, i F 525 (A 00 T R R 2 R /K s T el B 26 25 TR B R0 2 B2 T vy S i A= W T
HEEA 4 TS 3 N A 1

x5 BHATFHEEMFAMREENFE

Tab.5 Bacterial composition and their relative abundance at order level

H AHXTERE/%  Relative abundance
Order EMW] HCI 5L HC2 FEFEH] HEL 25 L HE2
Bacterium( T3 H) 14.94 15.99 13.80 14.63
Sphingomonadales( #5% HLif  H ) 11.91 13.06 10.12 7.56
Gemmatimonadales( ZELfifl g H ) 10.74 10. 84 10.75 10.98
Nitrosomonadales( V. fil§ {24 b H ) 6.16 5.62 5.90 6.95
Blastocatellales 5.97 7.58 5.09 8.26
Rhizobiales( #J&i i H) 3.39 4.02 3.92 4.24
Myxococcales( ZHERE H) 3.38 2.58 2.94 3.16
Rhodospirillales( L1275 H) 3.15 3.72 3.38 4.12
Xanthomonadales( # 2Ll i H ) 3.01 2.91 3.36 2.79

Burkholderiales( {/1 582 /R CTE H) 2.99 1.94 5.89 2.22
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2.8 BAKFELAFEWMEMNEEST  FLHAALIE 97% LI E1Y OTUs fXF 55, i FH RDP classifier D1 i
H AT 73 2825 50 BT A5t 25 A B KT 00 200 TR AR 9 2H . AR 6 AT AH [ B A AS [ Ak # e, HE
1Y Pseudomonas( i AL F) Fl Tumebacillus( 2241 ZF AT TR) AHXS B2 475 T HC 4H; Bl I [A) 1 4
% , Paenibacillus( 2 2EHIFF ) AYARXT 3B AE HC 4 b 52 F R a %, 76 HE 41 b 2 75 ¥ % HEL 4119 Ba-
cillus ( ZEFUFFH) AHXTEBE S T HCL 41, HE2 41 (%) Bacillus A%} 3= BE 0] b HC2 44K Paenibacillus Fl Tu-
mebacillus [AHXS 3= BEFHE 1M Bacillus (ARXS 3= B2 /D, AT RE A2 B T2 6 T4 0 TR 00 A BRI /KA IE 1
TR B0 T 2R B o 25 B AR R B U T A R AR R
%6 BATAREBARRELANERE

Tab.6 Bacterial composition and their relative abundance at genus level

J& FIXFFERE/%  Relative abundance

Genus SER HCL 2= B HC2 ERI HEL ZE ) HE2
Pseudomonas( {5 L) 0.023 0.047 0.074 0.062
Paenibacillus( 2 ZEHIFFIE) 0.013 0. 006 0.008 0.011
Tumebacillus( IR AT ) 0.013 0.009 0.016 0.014
Bacillus ( K1) 0.352 0.580 0.371 0.511

2.9 YMEFERESN K6 L EAMEF LACE L AR BRI, B R B E SR i B e
PR M RR R ERRBA SRR Y AR AL AR Z 2250 mE 6 nl A .4 A4
F 2 TP e 20 A 22 5

ESample
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nknow Cl
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acterium
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K16 ANEEHE S UPGMA JEH
Fig.6 UPGMA tree of bacterial samples

3 it it

ST P25 SR HE 201 HC 4 () 38 40 1R G0 W0 A7 A W 8 22 55 U W 0 R RE 45 4 0 B & A
Hi 28 AR AL, BERE A 3240 il 2 Proteobacteria( ZRIE T | ]) Al Acidobacteria( BEFFEE 1) , 76 - S6 5 BEAH X
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JE A BTk o 5 A B0 R 728 R AN 2 BE ARG SR L8 B0 B H U Burkholderiales (8 AH X 4= 8
WA AT LA S A A 36 A= (R HERE P R0 57 (1 Rhizobiales X = B TH 5 A6 05 02 b 315 Tk A F S B A 49 W i
R Nitrosomonadales FHXS 2K T+ BEAE 7 A2 A 45 AU ) Myxococcales AHXF B TH i 45

AAER SRR HE 24 HC 48] L3y BALPE i & A 7 ke o b i a0 7 &7 HC 47 A3 )
R, 1T HE 258 R TR 205 R i T HC 4, HARE AR HE 41 85 A i & AR A 3, 1
TESE RSN HE A0 HC B0 W 2250, by M mT UL S A 9 o 790 P G S R K 9 B BB 5 (o IS 5T LA ey
WINEMEE 255 (HARSCIEM S, HE 4 I 2 iU R CIS 2 A1 @ RUVA S 45 RUVPATIR T HC 214l
i, HAr HC 2 5E A B AR 2 s it HE TS PRIFASEIRAS , 0 sl A o 3 BAT B 9 75 5

L5 LT, BT A A ) RS TR K VA S A A 07 T A A - MR B 1 4
R SRR B ) 5, B8 R A LB, e E e R R B, AT i3 8 35 S R 4 ) A SR P TR
VEASE AR T NI 2 1 A ARD 2 B T T ARG 2, Ao - RO D By TR 4R Ui T 4
T B -

S Z& 3k

[1] ZHU Z L, CHEN D L. Nitrogen fertilizer use in China-Contributions to food production, impacts on the environment and best
management strategies [J]. Nutrient Cycling in Agroecosystems, 2002, 63(2/3): 117 - 127.

Q2 IAIE B, PhBE bk, 45 RO T IS Yo i il BOR AN it (). BH% 5402, 2005,23( 4) :47 -51.

(3] FHaRE, 2 0EPF, f 1], 45 Jb d bt AT XAt A 42 S R BE s [0 ). Al R B RF 242 ,2005,24( s1) - 81 - 84.

[4] 76568, e 3R F 5. MUE YRR I 38 A KA I R IR E Y 2 ek L], o B A A0k 2% 4, 2012, 20
(4) :488 —494.

[5 1A 2 0. S W R R 0T 38 NI B S AN ik I i iy (] 8535%,2017(5) « 16 - 18.

(6] % W, K547 , SHBKB , 5. S IR R X /N2 AR K R A A 3 TR R 2 [0 ). AR 24,2017 ( 1) : 155 - 160.

(7 IR, B, B, 4. SRR BB i R FHRCR (], 3R AHfE),2016,4( 12) : 48 —49.

(8 ] Pkt & S BEM/K B AEAE /N ZE D030 e P e v g 1 FH ST (0] SARA I BHE ,2016( 16) < 16 - 16.

(9 1 Z=IBUF , AR AR, AR, 45, & USSR VAT R XN 3 B 2B Aas i s (). Al BHEE R, 2017( 6) : 165 - 167.

(10 JBRET L1, 28 , 7 2 i, 45, SRR /KA NE 5 2k 4 v 700 TR AT A S A 2 (R (0] v B AR 5 1, 2015,35( 8) -
52 53,

[11]JANSSEN P H, YATES P S, GRINTON B E, et al. Improved culture ability of soil bacteria and isolation in pure culture of
novel members of the divisions Acidobacteria, Actinobacteria, Proteobacteria, and Verrucomicrobia [J]. Applied and Environ—
mental Microbiology, 2002, 68: 2391 —2396.

[12]JONES R T, ROBESON M S, LAUBER C L, et al. A comprehensive survey of soil acidobacterial diversity using pyrose—
quencing and clone library analyses [J]. The ISME Journal, 2009 ,30: 442 —453.

(13 J Bk £s. it = b - S Ak PR A RS AE B P2 L (D ] oM : WiV oK2,2014.

(14 ] 58, o EFpF R RNE 8 (M ] ABTTAR. b3 Bl2 i it , 1982.

(15 JBT0H , 25000, i3 47 11, 4. G SR /K 1 I 5 1 70 Tt Yo s A 33 A K B - 3878 SRR AR I VR TR (0] bl K 28244,
2018,41(1) : 17 -23.

(16 ]k S, BREVIL, WIEAR , 55 7K I T Tl A A 0 1 0 X ¥ o 15t e 285 TS ™ i K -3y sy [0 v R 4, 2017, 33
(2):54 -56.



55 4 19 St AT TR P T 0 R R 2 R K I A X e TR - S o 0 T A 7 40 ) 2 ) 359

Effects of Combined Treatment with Microbial Fertilizer and Amino
Acid Water-soluble Fertilizer on Physicochemical Properties and

Bacterial Communities Structure of Hami Melon Soils

QI Zhao', ZHANG Manli*, YAN Zhen', XU Min', LI Xianghuang”, MA Ye’,
XIONG Rui', LIU Xiaolei’, TANG Hua'
(1. Key Laboratory of Sustainable Utilization of Tropical Biological Resources/College of Tropical Crops, Hainan University,

Haikou 570228, China; 2. Hainan General Station of Plant Protection, Haikou, Hainan 571100, China)

Abstract: Hami melon ( Cucumis melon L.) was treated with a combination of microbial fertilizer and amino
acid water-soluble fertilizer in a fertilizer trial in Ledong, Hainan to analyze the changes of complex microbial
communities structure and physicochemical properties of the soil. Soil samples at different growth stages of Hami
melon were collected for analysis of soil physicochemical properties and high-throughout sequencing of soil bacte—
rial community. Soil analysis showed that the contents of soil alkali-hydrolyzed nitrogen and available potassium
were increased in the treatment groups, and that the numbers of rootknot nematodes ( RN) and saprophytic
nematodes ( SN) were decreased. High-throughput sequencing of soil microorganisms showed that the soil bacte—
rial flora in the treatment group were relatively stable in structure, with their relationship being far between the
treatment and control groups but close between treatment groups. Compared with the control group, the treatment
groups were most abundant in Proteobacteria and Acidobacteria at the phylum level, and had at the class level a
lower relative abundance in Alpha—proteobacteria and Gamma-proteobacteria containing pathogenic bacteria and a
higher relative abundance in Nitrosomonadales which play an important role in nitrification and Myxococcales
which could produce good secondary metabolites. It was concluded that the combined application of compound
microbial agent and amino acid water-soluble fertilizer significantly improved the soil physical and chemical prop—
erties and bacterial community.

Keywords: Hami melon; complex microbial fertilizers; Amino acid water soluble fertilizer; high-throughput se—

quencing; bacteria; physicochemical properties of soil
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