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TRt RS . TRIE . FR i R SEIRDL, R
IR AR = b= R B 0 BRI,
AVICHLBCHERER A TR Y Tn 1, et R AL 1L
MFEE, RIGVEYIF R ER A R, i
FBUR, BUESS A L LB SR T
AR R AR Ty | RRARER DA R | A TR
WA K T R P R R T AT AR

H Ao i S it HTAE L JCHLIE Sy 3, 13T ix
JtE TESEA I P A E B AE AR 25 i Bt ] . 3
PEFCEAL . RS RIERASE NS, AL
SRR AR, WETCIEAAEZE . IR BIR A
PIAHLIERS IR I . A 2R, BT
FIAHTRERENR , TR i A= = rp - ERR A
SRR

1 #REFE

1.1 AR

KT 202042 H 6 HE 7 A 20 HEEWILE
AFRET R R XK A H S AN REAER (114°
18" E, 38°05' N) iiti Ml#AT. Aiaat ol 4
B, PR AR S | &E R T
PELF TR (pH 8 ~ 10, N = 3.0%., P,05 = 3.0%.
Ca0 = 15.0%., MgO =3.0%). LW HHIE ( H
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ML i = 40%. N+P,04+K,0 = 5.0%. B fl = 2.0
o). W hAawEH., FigE A (17-
17-17) . HEREEREEF (8 e2KEAY

HOE, E A =02012-9". A HLE =20%,
N+P,0s+K,0 = 8.0% . #ii + ¥ Jif FR £ = 38% ). fit
RO+, SEARIEPRIR I 1,

F 1 il HEEARELERK

TR . HHL A AR TR TR PERR S
(em) P (g-kg") (g-kgh) (mg - kg") (mg - kg") (g-kg")
0~ 20 7.89 24.26 1.84 77.44 384.39 2.97

1.2 5t

RGBT 4 DAL T1, WA PUE; T2,
JERCEZE T3, YA NUIE + HIEREER; T4, JEPCE
Z6 + T OB, X SR B R R B A Y

e R IR PR AR R N 5 4EROII S,
AR 3R, BEDLIXZHHES . HREEAAC AN EL R
PHFERRIR A, T2 A 6 HitiAtEI-1esk (£2),
T3 H 8 HtfTsEt. Bk, R 27000 £k « hm™,

F2 HEAERAREEREERNRIEERE

AU Tl 30 — —
JERESE T2 — 60 —
AP + HEH ) T3 30 — 750
JEREE + LR R T4 — 60 750

A A AL B DA FEAEARTR], 5 A AR AR
—5. T3 H 8 Hiltltildsh JIEW R 45 kg + hm™;
F 4 H 20 HiBtfdsh 71w 45 kg + hm ™, A
ZAE (17-17-17) 150 kg * hm™; F5 A 11 H &
Jiti A AR SR E ) 300 kg - hm™; 15 H 20 HiBjiE
A AR SR F R 7] 300 kg + hm ™, HoAth FH [E]% HLRE T B
A FIAR S A H A HOR R % JRY M S PR AR /K F- S
—EH, 6 A 11 HIFGRIL, 7 A 20 HAAR,

1.3 MEFEbR M5
1.3.1 LB ks e

TR A ERTAE AR A 0 ~ 20 em £
=8, AR, SR A R I 1 g
pH; TV IR E B PR 4k — 28 i 0 A HILJG
L IGE ZUENE 2R IRIR E IR S - BT
DA E AR s CFREEHRI — JCHEA N EE I 2 SR AL
A S KA R
1.3.2 TIERTEESR A P e

WEAIRAE 0 ~ 20 em )2 HIEBNTC RS,
PR E AR FIZ B0 E, 4 CRIEIRAT
KR B URAT P AE I A B, Hrh A B
FERHAWEEAMERE, AEERXHSTIR

BigRde, MR BRI R R — S R O,
133 HERUEMIZREE T

TR 0 ~ 20 em T2 HHEOF| ToE LS
o, R UKA RS . 80°CUKFEIRTT . BITILaL
AR YR R A " AT UE Y Z R 0 AT,
T Mumina Miseq W7 155, R FH SR i U 7 7
XTANE ) 16S rDNA FEF[F) V3 ~ VA XFE T4 4 12
. 18 it Xt Reads $F 8212 9E, 1€ 97% AY ALK
N B A3 AN R R 4 25 5T OTU, Ik
TR R S AT, 38R 25 AL R i P A
B 21T Alpha ZHEE 00T . Beta ZHEM 5
BRI S 25 0 2 S o M 55
1.3.4  FH™ 5 Kobi R e

RANAE B/ N IEA R MR IR
S5, ARIEADNXE AT R i, SR PAL-1 Al
B ATIHMY CHAZAR ) e RS0 Brix {H.
1.4 Gitsrr

E 1T Excel 2016 F1 SPSS 21.0 X5 -4 7 B &
Ji 208, KA (Duncan ) #EF7RGE6 25 5 0
FE (P<0.05) 43 Hr. & Mothur 1.30 # 4T Alpha
ZRENESMT, QIIME HEfT Beta ZREVESMT. FIH R
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W TP RIIASE 1 0 B R FRAH O R %L, R
Canoco 5.0 HFTIUR5HT (RDA ) FHER.

2 HBRESH

SRR it X T s R 2 1) 52 )

H % 3 A, RIRI AR RS A B R S =
J T3>T4>T1>T2, Hirh T3 &8 T1., T2 4b B i 22 4
7= 4.60% . 5.81%, T4 %5 T2 Ab B & 2 14 7= 4.07%,
I T3 A1 T4, T1 A T2 AbHRAIATC R EES. 5 T4
b, T1. T2 A1 T3 AbEE A E TR R Brix (50542
4.84% . 1.33% F15.75%, H HT1, T35 T4 [H] 2
SRR EAKFE, TI, T2 RT3 MIZEFARE., YL
FWEYADUIERCHE R EE R | R 2O+
HEyR P RE RO E T . SRS (T2,
T4 ) FLL, HHERGEA YA HUIE T34 m] A ok 5 Sop
R 4.60%

®3 AEEREETRHN~EMEE

2.1

b R (kg - hm™?) HEEE Brix 6 (%)
T1 46980 x 855hc 17.33£0.13a
T2 46440 + 173c 16.75 £ 0.24ab
T3 49140 + 1230a 17.48 £0.33a
T4 48330 + 495ab 16.53 £ 0.64b

E: RSB FREARNG T REFRERLE (P<0.05), TR,

2.2 FEAEHEHEXT I L B 5

2 4RI, R[] 32 0 5 it A v P 3 i g
RIS 9.13% ~ 39.80%, HER AR E, 5
T4 4 b, T1. T2 Fl T3 ) 4 58 pH 43 51 8 35 42 &
1.97% . 2.27% 1 2.14%; R 5075 25 A0 B+ h
LT TG W 35 25 55 T2 L IR A B T1 A T4
= 14N 32.92% F125.62%; 5 T14H kb, T2 Fil T4
A R 43 ) 2 4R T 23.86% F129.07%; 5 Tl
AL, T2, T3 F T4 /) B8O 5 5t 50 0 0 25 42
36.41%. 29.95% 1 57.65%, ‘5 ik 5 A AH b, T4
AR O 35.03%, SiRIETHTA L, 4%
FEAPFS R 05 0 pH $27 0.34% ~ 2.62%, H:
HTL, T2, T3 REKY; A0 IERE VY
FEAK2.61% ~ 9.12%, H v T4 3k 1 3 K F; T2,
T3 1 T4 3R -2 53 51 $2 55 16.84% . 11.30% Fl
35.03%, Horb T4 500 Fiy A 8 AR )ik 2 35K
s T A LR . 2 RURE S SIS
APV E A 2 ORI . DA SR, -y
JEAE A UL PR - R B v 4 R 2
T3 pH, A RFEIL I E AR R S, X
IR AL . RURA R 25 5 A K.
2.3 FEAEFE T 3 n] B SR A Mg s

Hy 26 5 ] L, AN [A] 3 B 15 it 4% 2 4 ]
FMAEY. MW, AR, HE/ HEY R

R4 FEEREETAIO ~ 20 cm TEEIBLMHER

e o Eaiy AL e A R R IR S
(g+em™) (g-kg") (g-kg") (mg - kg™) (mg* kg") (g-kg")
RIS 7.890.01b 1.31+0.01a 24.26 +0.13a 1.84+0.06ab  77.44 +3.00ab 384 + 8.00bc 2.97 +0.10a
T1 8.07 £0.07a 1.28 + 0.04ab 2243 +0.83a 1.66 = 0.29b 65.65 + 10.20b 329 +17.35¢ 1.79 = 0.06a
T2 8.10 £0.01a 1.23 +0.04ab 25.11 £4.01a 221+024a 81.32£827a 449 + 65.98b 2.70 £ 1.30a
T3 8.09 +0.08a 1.22 +0.05ab 24.62 + 1.6% 1.87+0.14ab 7592+ 1.74ab 428 + 16.08b 2.14+0.14a
T4 7.92 £0.05b 1.19 = 0.09b 26.12 +0.66a 1.76 £ 0.26b 84.74 £ 10.54a 519 +37.80a 232+0.36a
x5 AREREETHLIEIEFREDEE
b (GER/ISY g} L eqs| AN /B
(x10 cfu-g") (x10 cfu-g") ( x10*cfu-g") (x10°cfu-g") (x10%)
BT 5.51+0.07b 5.19 0.06b 7.29+0.10a 3.19 +0.08a 0.74 £0.03¢
T1 5.55+0.29b 5.22+0.25b 6.43 +0.36b 3.20+0.37a 0.81 = 0.03b
T2 6.04 £0.12b 5.72+0.12b 6.91 + 0.04ab 3.12+043a 0.83 +0.02b
T3 5.77 £0.63b 542 +0.59 6.71 +0.55ab 3.37+0.59% 0.81 +0.02b
T4 6.70 = 0.04a 6.32 £ 0.08a 7.12£0.17a 3.74 +0.49 0.89+0.01a
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T4>T2>T3>T1, & EE &= N T4>T3>T1>T2,
T4 By TR SR Y B AR, A H
PRI A0 G At b 3 43 53] W 3 4 5 10.88% ~ 19.89%
10.55% ~ 21.07%. 7.30% ~ 9.95%, T4 H B B
T1 & 8E 1 10.78%, HAhASAbFE) 25 4R i 2
SR ATA b, R85 TR IR R . iR
il 2 B 43 AR 5 9.10% . 9.35% . 5.17%, 4
W/ L DR 11.93%, EE BRI 6.80%,
b T4 WRUEY . AR ST 2 Rk B
Ko VB e A PUIE . R .
B ) ) =0 B A B 3 o X 7 v 1l Y o
HEE PR, Horb T4 AhH 0 1 AR S AR B
e

2.4 FENERSERT AR Alpha ZREPERTE IR

Xt - SEAE A R 168 rDNA JER 1 V3 ~ V4 X ik
iy, HARTHAH R A AUT 51 368497 4>, X LET
GIHE 97% W AH I K S B9 Rl 43 1226 ~ 1322
A OTU, -S40 TR SO 35 % 99% ., A A L4
Jiti - AN B AL Chaol A1 ACE $5 %0 e T3 F1
T4 Zb PR YA =F B WS T T1 AT2, Horb T3 il
T4 [8], T1 F1T2 [8] /)4 Fp 3= 5 22 A K. Shannon
F8 B3 B T4>T3>T2>T1, Shannon F Simpson $§
O e T4 RT3 R 2R e, HROE T2,
T1 YR ZREVERAR. DL LR, L3t wa
HUIEECA BB | B 2R 25 ie A R R B
W S TR 2 R AN BRI R

R 6 ARERERTHLIRAEEE Alpha SHIEREE

piseil 0TU Simpson F5 4L Shannon F5 4% Chaol 5% ACE f5%( HHER
Tl 1248 0.0095 5.7039 1288.50 1282.32 0.9988
T2 1226 0.0062 5.9711 1288.51 1280.61 0.9954
T3 1316 0.0054 6.0728 1334.34 1333.52 0.9988
T4 1322 0.0048 6.1954 1335.14 1333.74 0.9988

2.5  FEALFEXT AR R v S A R
BT, YRR 30000 Z50, R
Lo T, RIUNZF SOEC KRR, AR AL
HHAFBEIR, ARBUEEIE Z [H 528505
T2 A A B TR AT B R AR B COTU 2 H ).

1200 F
1000 1
800 |

600

OTU% =

400 |

200 |

0 10000 20000 30000 40000 50000 60000
M FPREA S

AR AN F A A 4B OTU 0k 1100, 5
T1AHLEE, T2, T3, T4 M40 OTU £ 43l
497, 102, 100, 5 T24H Lk, T1. T3, T4 1455
PEARTE OTU K043 510 117, 104, 115, B85 T1
MT2 AL, T3, T4 iR SPEAIR OTU el % .

B AREREETHIREFHESEENF X ERRHEARFEE
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HIE 2 7R, ZETTKF (E27) T, AlRlEE
JEHE AL FRAFD B2 e TR T TSR TR T ( Proteo—
bacteria ) 1 28.60% ~ 36.09%, W5 HUIE AT
I'] ( Acidobacteria ) i 12.98% ~ 27.30% . 4251 ][]
( Chloroflexi ) /i 8.23% ~ 14.82%. FXZTATT (Ac-
tinobacteria ) (i 7.81% ~ 933%. HIAMIET] ( Gemma—
timonadetes ) 7 7.13% ~ 9.46% . FUFFE ] ( Bacteroi—
detes ) 5253% ~ 979%. JFE ] (Planctomycetes)
5 080% ~ 4.08%. Patescibacteria 15 0.50% ~ 7.88%,
5T 4.0% 898 & BHA[ T ( Rokubacteria ) . 1k
B2 E B 1] ( Nitrospirae ) A1 H A, 5 T1AH He, T2,
T3, T4 ) 7 % 1 '] ( Proteobacteria ) . R ¥T T
Il (Acidobacteria ) . % k[ T '] (Rokubacteria ) |
i L SR 5E T/ 7] (Nitrospirae ) H9 4 BEHE N, 2% 25 1A
"] ( Chloroflexi ) . L #F % ] ( Bacteroidetes ) .
Patescibacteria [ FEREIG, TEGUKF (K 24) F, A&
[Fi) 5 JES 4 e b ARG 2 FE RS A y - B I T
( Gammaproteobacteria ) 5 14.36% ~ 1690%, o-

100 W Unassigned
B Others
80 | W Nitrospirae
¥ Rokubacteria
~ W Patescibacteri
S ool atescibacteria
& W Planctomycetes
;g W Bacteroidetes
Z= 40
B Gemmatimonadetes
B Actinobacteria
20 M Chloroflexi
W Acidobacteria
0 B Proteobacteria
T1 T2 T3 T4
el
I'IKF
2

2.6 TAMEEH TS EEANE A AR

FHITUA T (RDA) 28] (K 3), 24 F
TR AE (B 20 5 60.6% 1 28.46% , M1 R KN
0, RDA Zr#r&b R nl {5 . AN [F) SE A it 40 7T 3 75 A2
b 22 S0 5, T1. T4 &b PR AE S —HEFF il /Y 1F 35,
T2 5 T3 7645 —HE P 0 s T1 A1 T2 2 FEAE S
THEF RO IE S, T3 R T4 Kb B  — HEF i
Ui, SR—HHET S5 LR . A RUKEHEER S
EHRAME, UK SR AL, L
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HXFFE (%)

A2 JE W 24 ( Alphaproteobacteria )  4.86% ~
14.64% , Subgroup_6 5 426% ~ 1698%, ZF LY
B 4 ( Gemmatimonadetes ) 5 6.20% ~ 8.26%),
d-7F JE I 2N ( Deltaproteobacteria ) i 5.73% ~
7.09%, UFFEZN (Bacteroidia) 1 2.45% ~ 9.62%,
Blastocatellia_Subgroup_4 5 3.27% ~ 4.44%, 18T
W 4 ( Acidimicrobiia ) 5 2.48% ~ 5.14%, 1% T
4% 1) A KA 28 7 2 ( Anaerolineae ) . KD4-96 11
Hfth, S5 TUMILL, T2, T3, T4 - 28 JE 18 4
( Alphaproteobacteria ) . Subgroup_6. Blastocatellia_
Subgroup_4. FRIUE M ( Acidimicrobiia ) =E RSN,
v -2 1 49 ( Gammaproteobacteria ) . 8l #T & 24
( Bacteroidia ) . JREZREHE 2N ( Anaerolineae ) . KD4—
96 FZREAR. LIETTEA 5 pE R E, K
LR T VAT T 2 N EUW AR, A ALBRE R T ]
FE AR AR A AL AR £L , 2 W] -3t A= W A AL
PO R BEAR | i A S S TC A TR B K T i -3
BRRE S, $ETh RIS AR BE T .

100 M Unassigned

W Others
80 W KD4-96

W Anaerolineae
W Acidimicrobiia
60
W Blastocatellia_Subgroup 4
M Bacteroidia

40
B Deltaproteobacteria
B Gemmatimonadetes
20 B Subgroup 6

W Alphaproteobacteria

0 B Gammaproteobacteria
Tl T2 T3 T4
pE]
AR

IFNRKT R R FEHERT 10 P FhER F &

I SRR PR LBERT T ( Nitospirae ) | 75
JE B ] ( Proteobacteria ) . . B & ] ( Rokubac—
teria) . MR FF & 1] (Acidobacteria) £ IEAHE, 5
Patescibacteria, ¢S [ ] ( Chloroflexi ) . #UFFEI]
( Bacteroidetes ) A LAk, 2R MK
P S HEE 52T ( Gemmatimonadetes ) 5
WA, S5 (Actinobacteria ) . V%5 A ]
( Planctomycetes ) 2 HAHIK,
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1.5 F X
1
1
1
:
- 1
1.0 '
1
[}
)
05 F Gengmatimo‘nadetes E °
< R ' Patescibacteria
) ) - ®Ti
= - .- Cbloroflexi
a ) e . e T2
= K Bacteroidetes
< oT3
g2 * T4
e
Pla &omycetes
Actinobacteria
A 1

1
0.5 1.0 1.5

RDA1 (60.60% )

B3 AREREESSFEEFEETEZARE (KE) BRI
TE: OM, RIEAHLET TN, RIER%; WSS, LUK PEEL B,

3 itiesE

PRIEEAERAE . 3 it FH A IR 3 A 3 i A 2
P Ay RAEER UL A T A B AR P2 Y 28 HY
(), e A YA VU AR A B
FUTT ol B R T AR, e
WAL, JEACEE M SR B n] 41 v 22 )2 3
pH 0.34% ~ 2.62%, A3RUFFAR 1525 d AR Pk 3k
MR 2.61% ~ 9.12% F19.13% ~ 39.80%, 475 Al ks
FEHEY) S EL9.10%, BEAK 1 HE FLIR 45 6.80%. I
T4 (JEAEFE0m’ - hm ™+ B ) 25T+
BT, AR, B SR, N T e
Y. dipE. i mE R, BRI T S RO
fE, T1 CAEMADUIE 30 t - hm™) FEAST3K A TEER
M BRSSO A, B TLA L, T4 535
FAEE T AR UK U AR
41 W/ H T 29.07% . 57.65%. 20.82%. 21.07%.
11.93%, &K TR 6.68%, 5~ 2.87%, HiHK
WL 25 AR 35 . R WA FH I AR 2SI & - e
A H it A A ML RE ek 3 Hfb o, S Al
RS, SEmTR R

XA 4 AERR T T R B, AR &
F RS AL, JEB I Y5 M

WOR A DL LAY, Tk 13 pH, A PLIEIG
A, A HUE BRI T X =R AL BB
H1, ARS8 i & A A HLS B T R 1k,
I BB B (45, BESE ), Bl pH
TH L SRR B AR 235 | S A0 R
T, B BT, RN R [ CHE
Ry, S A S T R b G ) 2 R B
A, . AL BESRAMEIR I, LI s
T S BRI o S L T B R S AR 2
FBr AR 2 At g T W B, R SR
Ve H SRR RE R RE . 375008, WUEMIRER S5
tam TEERE, EWAEIESERZME L
FORG PR, MERGRLEm K, REA R -
HEFRAY i S TR R, W LB A
YERT, RIRHESEEY A K. skagss ™) phansgs 1)
TERFZE A5, S B0 500 BT L5 5ok e 3 + e
), SEAE TR, (L REAS, R
Pyxh H IR R E R FE R, ST T, s
T YRR, ISR ISA R, R R 5
K BRI PR
RWFFE, A A BRI i VB0 LS B 3
T 380 ) - 9 240 B 0 o = R 22 R P R L A
YIAHUIEAIS 2RSSR . 5 T CEMAEDUE) ML,
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T2. T3, T4 I HE [ ] ( Proteobacteria ) . FRAFIH
I"] (Acidobacteria ) . C FH B ] ( Rokubacteria ) .
AL IR BE R 1] ( Nitrospirae ) =FFEHENN, 425 ]
( Chloroflexi ) . ¥IFF ] ( Bacteroidetes ) . Patesci—
bacteria = JE [, 2% B 45 Ab B84 ] 344 5 -+ 498 5] 2
AEJT, WATHET T et SRR I AR i Be T, Hor
T4 AEFSCR AL, HIEMA Y 2R 5 . RDA
SRR, AP 2R, KiEtEE AR
WUEM 2R R Y] EHR% T Btk B
TR I3 FOK I ER B i 5 e - SN TR R Y
B ALIER T, FEEREGR TR RRE Y . R
RS A, PR, HR R IR DRI AR
71, BRI, AR TR APUE
FEASENE R HIERE Y A K R B EEE TR, i
LT, SR 355 o it

ZE LR, WA NUE ., JERGEIE AR R
CINGEEESi = e S G 7k Ve L & 2 LY
FER A Z RV ER R B, $ET1R2 LR &
o R A ZE O - R R A B R
i, TR SO
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Effects of different basal fertilizer measures on muskmelon yield, soil properties and bacterial diversity

MA Yang', ZHANG Li-hong”, ZHANG Pei’, SU Mei-rong’, LIU Shu-qiao’, LIU Sheng-lan’, LI Xu-guang’
(1. College of Resources and Environmental Sciences, Hebei Agricultural University, Baoding Hebei 071000;
2. Agricultural Technology Extension Center of Luquan, Shijiazhuang Hebei 050200; 3. Hebei Cultivated Land Quality
Monitoring and Protection Center, Shijiazhuang Hebei 050051 )

Abstract: As a characteristic agriculture of Hebei province, facility melon cultivation has widespread problems such as
continuous planting and excessive application of fertilizers and pesticides, which can cause the deterioration of soil properties
and the imbalance of micro-ecological flora. Three basal fertilizers were adopted, including decomposed sheep manure,
soil conditioners and bio-organic fertilizers. The effects of different base fertilizer measures on soil physical and chemical
properties, bacterial diversity and melon yield were studied. The results showed that sheep manure, soil conditioner and
bio-organic fertilizer increased the pH of 0 ~ 20 em soil layer and the total number of cultivable microorganisms by 1.94%
and 9.10% on average, and decreased soil bulk density, total water-soluble salt and fungi count by 6.25%, 24.68%
and 6.80%, respectively. Compared with bio-organic fertilizer (T1), decomposed sheep manure (T2 ), bio-organic
fertilizer+soil conditioner (T3 ) and decomposed sheep manure+soil conditioner ( T4 ) treatments increased the abundance
of Proteobacteria, Acidobacteria, Nitrospirae, etc., and decreased the abundance of Chloroflexi, Bacteroidetes, etc.,
T3 and T4 significantly increased the abundance of soil bacteria. Compared with T1, T4 significantly increased the available
phosphorus, available potassium, microbial count, bacteria count, and bacteria/fungus of the cultivated layer by 29.07%,
57.65%, 20.82%, 21.07% and 11.93%, respectively, reduced soil bulk density by 6.68%, and increased yield by 2.87%.
By comprehensive comparison, decomposed sheep manure+conditioner can not only significantly improve the soil micro-
ecological environment, but also increase yield and quality, and can be recommended for application in facility muskmelon
cultivation in Hebei province.

Key words: muskmelon; yield; basal fertilizer measures; soil properties; bacterial diversity
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