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PR R AR AR SEA T, HRuT b LB B i 14
PHEEF, 6P AP PR - R B, R R
5k, WAL Z A A VB S A PR
AR AH R, S, ZeNEWANE SR
B0 RS, AR WA HUIE T Bl R
RN IR T S, AR AR kR L
I A L BR S S B A LI R v 15t 1 b
7RI, THBR ARSI, I+
Ham S, Wb RS L AR S A L
B, R BN B, Habashy 287 7695
AR PRSP, IR Bk
ML RNE R RP, SR SR . AUk
Frim 5 s RO e B R R, SREE AR
HUIEAALGR A R EE, 1 LA E S EYRrEi™ . &
PR AR, SR, ZEFSCR R TR R AR
LB —HE A YA WIS - S 5 A==
S A SRR IR VR S0 T A A bl
O i 4050y | P A T A I S B
1, JUHUE DI TS e o 2 8] 1) 56 R
/b ARG I /NGRS, s R R R
YA PR, SRR AR &N 3 55K
MG R, B RAEYAPUIC S B RS M 3%,
P D R i AL T, Ry X b S M A —
PSR S BAR HE

1 #MRETE

1.1 3 XA

56 b A7 T T A LB R A (AR
108° 28" 53.2", 4tk 37° 21’ 02.8" ), 14
AP PATRIX R X, AR 5 L e e,
PO dbimd SRR, I R e T T
B TR0 X, SEEik 1740 m, H M5
JE, AR H BRI 2 706 h, AERIRE 7.1°C, TR
S HEZE 133C, LHEM 149 ~ 171 d, TR
M, AEREKE 180 mm, [MzE A= MA 2 100 ~
2400 mm, ARMVAE X H AR AR AR 5
1.2 5k

P RN 6 47, HHEM XY £, B
T18555, HHE BRI TE RIS HERE
120 ¢ - cm_S, pH {H 8.67, %k 2.09 g kg_l, HHLE
854g- kg, &WE026g ke, &HO0.15¢ kg,
B 25.36 mg - ke, HRE 86.61 mg - kg, H
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WO 2.75 mg - kg VEINERAOR GRS 5,

B AE YA PR S AL 43.6%, K5 21.6%,
pH {H 821, EAGFLZFEMIATTE ( Bacillus subtilis )
B R ZEAAT I ( Bacillus megaterium ) , 25
B 1.27x10° CFU - ¢, B AE A VHE AL, F5 B 500
feEni i, H & ANLER 0.72%, 2% 1.13%, L
s (P05) 029%, EAHF (K,0) 066%, pH{E 7.01,
R ZEAOAT R R B OK ZE AT B, A R0 R AR
0.56 x 10° CFU - mL™",

1.3 Rt

R R 2K, ik e Mk,
R 3IW, i 184/, AN R 136 m?,
BREE R 1.5 m, f70EH 1.7 mo 0B 51H: CK: A
Jiti A= M0 AE HLAE; T1: it A= 20 A HLAE 750 kg « hm™;
T2: Jiti 4= ¥ A HLAE 1 500 kg + hm™; T3: it 4= 9
A HLAE 2 250 kg + hm™; T4 Jiti 4= ¥ A HLAE 3 000
kg« hm™; TS: iYW A ML 3 750 kg - hm™, 44
AHUET 2017 4 4 A 22 H3Lj, 4 A 26 HIF9UE
T, HRNE S AIAE T ). s R R AR, i
FHERRREERE 100 mLo SR NHE, 006 R
HUH FLRARAE D) B it
1.4 +FERE L

HHERFET R ST S R, IRA 5 U5k
HURE, 43 A8 R JICRROAR i RS 3R 30+ 4 49 31
TERMEFR/N KRB )2 0 ~ 20, 20 ~ 40 em T4E,
Kbl REAERE N AT, 7RIS o b s i 4351
it 0.85. 0.15 mm JE T, SERUGHEMTRS), 348
WERAE, WibRZs . iy, ST
1.5 WEmH

A2 T pH B RR BT A 4
R H SR A R 5 A HIL T o R A - AR IR
BRI R s B T RO I s A R
NaHCO; =242 — SHER BT L AR s i FH A
BEVRINSE s % H,80,-H,0, THAZE LI E; 2
WK HCI0,-H,80, T4k, #RBEHLEH @klE o,

SR I . - EDREEE M A R i Lt
B, DAt 24 h A8 NH-N Z 5 80300R
i A SRR PR S A R e e, e+
A€ 0.1 mol + L™ KMnO, ZZFHEFRIR; REWE S 1k
3, 5- ZAHEK IR @k, LIkt 24
h A R AR 2 SRR s R R T T 1 IR
RTEN AN, LIRSS 24 h AR R v R
s IREEE RIS - WA s e Il
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PO : PGS A AR X R
A 3 RS i PP ERA R AR SR

VOISR = ARk 7 il o >R K A
B AP NaOH i vk AR ok H
FReUR R E ; 4B C TSR 2, 4- Al
Sepb g P E
1.6 HdEgiit Ko

IR K L Excel 2016 %5 {4 % K 3 A4 14
[FlHS 2R SPSS 21.0 XA TEE 0T, XA DG4S
PR T RS, MK P<0.05, n=5,

2 RS54

2.1 AEYPAPUER Erb I 5 pH (. b A2
L EpH R A ER R SR A T, S AT

EHCK BATI @T2 BHT3 MT4 BT5

8.60

L o

S [T
I

0~2
F+2EE (cm)

JIRY B R, R R AR ) A K s A
E, ME AT H, CKAAHE T, 0 ~ 20, 20 ~ 40
em + 3 pH A 43 %1 35 5] 8.51. 8.52, B 1 i K,
0 ~ 20, 20 ~ 40 cm T EEAE EF 483 317,
231 g- kg, WHiZtERETHPLt, HT5%E
PEER M e AR RAE AT, A MR VR
. BEEE, SHEURRAEMER, FThRE
e 1% ER - U E Y ™ i, BT 1R, TS, T4,
T3, T2, TI A # T 0 ~ 20, 20 ~ 40 cm + 3 pH
B, 2Eh34% CK AbF/)N, Ui P H A= A HLIE BE
AN R AR B A 3% pH AT R S & . Hih TS 4
FLO ~ 20 em 13 pH {4 4 8.39, % CK &b # P A%
1.76%, 4 &R 234 ¢« ke, B CK AL PR AR
26.18%, ¥R EMNZES

BCK BATI @T2 HT3 MT4 BTS

4.00
350

£ 3.00

= 2.50

:H 2.00

.H

& 1.50
1.00

TS

H_O
b
i
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o

g

1 AL ER) H L1 pH E. £EMHE
s ARR/NG FRAR AR 5% KV 2R 8%, T,

2.2 AW HLAR X FE A B A 3 A MLJT S Rk 4
P

SR o e T R G BR AR A, R A
TIEIE R, SEWAERKRXERED], hk
LATUE M, i A AE LG R a PR, o)
R AR . S i AR R A
Hrp o ~ 20 em SRRSO, X TR
it AE ARG A0 T S R E e, AR
T IR R, TL. T2, T3, T4, TS5 Ab
PR 0 ~ 20 em = HEA LT & 4 CK A F 4331 42
5 0.59% ., 2.13%., 2.72%. 791%. 12.99%, & fif &
T i CK AR FR R R 7.29% . 14.56% . 33.04% .
47.93% . 56.06%, AR T i 8 CK 2 B4R
27.40%. 32.69%. 56.49%. 70.43%. 71.63%, # 3L
B ER CK AL PRI R 0.41% ., 4.75% ., 13.43% .
16.56% . 28.78%, 15 W P25, T1, T2, T3,
T4, TSAEBEF 20 ~ 40 em + 34 ML & 2 % CK
Ab B4y ) R R 7.69% ., 6.95% ., 12.07%. 12.61%

14.63%, BffASE T ACK b B 42 5 11.64% .
16.51%. 21.79%. 26.82%. 30.97%, 4 %% W & &
A3 ) B CK AL BB 5 25.00%. 41.94% ., 69.35% .
77.82% . 84.27%, RACHR it o3 ¢ CK Ab BE 4R 5
15.63% . 21.37%. 32.33%. 34.13%. 34.66%. W &
&, 0 ~20cm HJZELR. AHR. AR,
B SR 20 ~ 40 em RS, HTS AT
FHLT . IR AR R S R, UL
WA HAEREE & AR T
2.3 AN RS B 44 4 i R4 (R 2
SR ST AR TEAR. SR
FARYRRR, Z R S AR R E AR A5
MR, hE 2 sl LIRS, MAHEYHEIIEE, +
R, SnEEYERTEBEE. T1, T2, T3,
T4, TSALBER 0 ~ 20 em HIER A3 CK AL B
A% BB 42.37% . 121.47% . 141.81% . 151.41%.
176.84%, 4> 75 & 73 5l # CK 4b P42 55 10.58%
49.71% . 55.28%. 87.95% . 92.53%, 5 & %
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Fz1 EYEVEXNERM BT IEFRERENFES N
s RN UL A4 EERS U A
(em) (g-kg") (mg - kg") (mg - kg") (mg-kg")
CK 0~ 20 8.47 + 0.05ef 33.32 £ 0.32f 4.16 +0.14f 87.62 + 3.45ef
20 ~ 40 5.47 £ 0.05d 24.83 £ 0.25d 2.48+£0.14d 66.22 £ 3.45e
T1 0~ 20 8.52 £ 0.09%e 35.75 £ 0.34e 5.30 £ 0.09¢ 87.98 + 3.45¢
20 ~ 40 5.89 +0.09¢d 27.72 £ 0.43¢d 3.10 £ 0.09¢d 76.57 +3.45d
T2 0~ 20 8.65 + 0.06cd 38.17 £ 0.57d 5.52 £0.14d 91.78 £3.45d
20 ~ 40 5.85 +0.06¢c 28.93 +£0.19¢ 3.52+0.14¢ 80.37 £ 3.45¢
T3 0~ 20 8.70 £ 0.05¢ 44.33 + 0.25¢ 6.51 £0.18¢ 99.39 + 3.45¢
20 ~ 40 6.13 £ 0.05b 30.24 £ 0.16bc 4.20£0.31b 87.63 £ 3.45h
T4 0~ 20 9.14 £ 0.06b 49.29 + 0.41b 7.09 £ 0.09b 102.13 + 3.45b
20 ~ 40 6.16 + 0.06ab 31.49 +0.19b 4.41 £ 0.13ab 88.82 +5.97ab
T5 0~ 20 9.57 £ 0.03a 52.00 + 0.48a 7.14 +0.14a 112.84 + 3.45a
20 ~ 40 6.27 +£0.03a 32.52 +0.43a 4.57 +0.13a 89.17 £ 5.97a
e ARVNG FREFRORR AR 5% KF F2ER B, FHE.
OoCK @aTl aT2 aT3 OT4 @TS OoCK @aTl @T2 aT3 oT4 @Ts
1.30 1.00
a a
110} _
z 2 o0s0f
' 0.90 "
& 0.70 e 0.60 -
& 0.50 ﬁ
0.30
0.10

H
bl

2B (em)

B2 E£HENEXNEWHLTESEFSHZN

ZS, TL, T2, T3, T4, TSAHTR 20 ~ 40 cm -+
4 R & i CK b B 43 5 38 55 5.26% . 21.25%
5447% . 56.79%. 69.08%, Wi/l CK &b
PR 7 10.53% . 1557%. 27.24%. 40.55%. 41.65%,
SSERRTE ST
2.4 WA HLIEXT RS H - SR G A5
TS5 BT A AR R,
LS M s e 2 R W R A A iR AR 1k,
HEMTSE N 1352 0 Ak . VEWIR SR i G
F2 R, T, T2, T3, T4, TSAFEF 0 ~ 20 em
AR AGE R CK LB 5142 R 5.36% . 12.50%
16.07% . 30.36% . 46.43%, 1 i B 5 7 4 9 8¢
CKAMI4RE57.10% . 28.06% . 31.62% . 40.14% .
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44.58%, B 1 B IR T 0 PE 5 CK Ak B 4 B4R
31.58% . 43.86%. 52.63%. 61.40% . 73.68%, it
AL S 3 CK AR B4 50188 5 0.55% . 3.60% .
14.11% ., 17.40% . 21.10%, ¥ B FEHEER, T1,
T2, T3. T4, TS AL FEF 20 ~ 40 em + 32 Bk B 75
PR CK A0 FE 43 5132 5 30.00% . 32.50% . 37.50% .
60.70% . 70.00%, 1 b B G P 53 0l 38 CK Ab 2 42
55 20.79% . 45.39% . 46.42% . 49.65% . 97.56%,
Bl W R T O PR B CK AL B 2y i 4R 34.15%
65.85% . 78.05% . 80.49% . 80.49%, it fLA
TEYER CKAL /> I 75 19.04% . 28.92% . 48.92%
65.06% . 81.69%, PR EMEES . UHEHAEY
AP REHE = RS
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£2 AEMEHIEN R E £ A (mg - )

if;*fg s Wi R BB SR
0~ 20 CK 0.56 +0.15f 5.63 +£0.05e 0.57 +0.08d 7.30 +0.01f
T1 0.59 £ 0.05e 6.03 +0.10d 0.75 £ 0.02¢ 7.34 +0.02e

T2 0.63 +0.05d 7.21 +£0.13¢d 0.82 +0.01be 7.56 +0.05d

T3 0.65 +0.10¢ 7.41 +0.20c 0.87 = 0.05h 8.33 + 0.00c

T4 0.73+0.11b 7.89 +0.17h 0.92 +0.10ab 8.57 + 0.04b

T5 0.82 +0.10a 8.14 £ 0.03a 0.99 + 0.09a 8.84 £ 0.02a

20 ~ 40 CK 0.40 + 0.00d 4.33 +0.15e 0.41 +0.00d 4.15 +0.02f
T1 0.52+0.11¢ 5.23 +0.14d 0.55 +0.05¢ 494 +0.01e

™ 0.53 £ 0.12be 6.15 £0.15¢ 0.68 + 0.05bc 5.35 £0.03d

T3 0.55+0.01b 6.34 + 0.14bc 0.73 £ 0.02b 6.18 £ 0.02¢

T4 0.64 + 0.00ab 6.48 + 0.05b 0.74 + 0.10b 6.85 + 0.04b

T5 0.68 + 0.02a 6.59 + 0.08a 0.81 £ 0.05a 7.54 +0.03a

2.5 YA PR D = 5 A 52

] 3 2 B it 1 A 90 HILIE BE 45 i R A0 7 I =
i, AR R, b CK B Tk
WP P74 R 31 515.75 kg + hm™, 1fii T1, T2, T3,
T4, T5 £ 40 BT A0 75 I ™ &2 43l ok 35 626.50.,
3738825, 38 562.75. 42 477.75. 4639275 kg * hm~,
A3 ) %5 CK Ab B 34 77 4 110,70, 5 87250, 7 047.00,
10 962.00, 14 877.00 kg - hm>, #4743 5] ik 3|

13.04% . 18.63%. 22.36%. 34.70%. 47.20%,
50 000.00

a
2 45000.00 b
|E d c
£ 40000.00 e
i" 35000.00F f
< 30 000.00
B 15 000.00
ﬂ\ .
20 000.00 : : ' ! '
CK T1 i) T3 T4 T5
Aba

B3 E£HEVIEX ERER=EH 00

2.6 YA HLAEXT RS PG IS 5 G52 0

AL . e C. WIEERIEY . BHLER
SR AR NS S B A bR, R 3RW, WA
YA WL E S A3, mSIRER . AR &
TR, MR CL nEHEEIE YA R 2
P TR, Ho TS Ab B A R AR S o 21,18
me - ke, ARRIE CK. T1. T2, T3, T4 b H g/
8.63%. 8.59%. 8.51%. 8.43%. 0.710%, & HL.IR &
= 4 0.051%, 43 5% CK. T1. T2, T3. T4 4b ¥
N 41.38% . 40.00% . 29.17% . 16.39% . 13.56%,
e CHE R 1274 mg - ke, APRIE CK. TI.
T2, T3, T4 4b Ff 14 Ji1 39.23% . 38.78% . 27.66% .
12.15% . 5.38%, W] %P &8 ¥ & & h 14.69%,
3 W8 CKL T1, T2, T3, T4 4b B 54 /i1 22.62% .
19.82% . 13.96%. 7.62%. 5.76%.

x3 EUAVEXER KRR

posd] fifiR#h ( mg - kg™') HAERC (mg-kg') A PEEIEY (%) AR (%)
CK 23.18 +0.02a 9.15 + 0.00ef 11.98 +0.01f 0.087 + 0.00a
Tl 23.17+0.01a 9.18 £0.02e 12.26 + 0.05e 0.085 + 0.05ab
T2 23.15+0.00a 9.98 +0.01d 12.89 + 0.00d 0.072 £ 0.01b
T3 23.13 +0.02a 11.36 + 0.00c 13.65 £ 0.01c 0.061 + 0.02be
T4 21.33 £ 0.00b 12.09 + 0.05b 13.89 £ 0.01b 0.059 +0.01¢c
TS5 21.18 £ 0.05be 12.74 + 0.00a 14.69 + 0.05a 0.051 £ 0.05d
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2.7 RHEMAEMR S RS TR TR A BT
PREIARSCE S

Hi 4 nTRUE Y, s PR 5 R Ee s
Pe L IV B —RE A G . Hor, £
S pH {H . i SIRAE . BEMENE . sMERERREE .
SAALERE . Vo, AL TR P2 S0 35 A e 3%
TS, SAEMRER . A HLIR 2 5 i 35 1E A

Ko HHEAPLE. WA, AR, B, &
R WS IREE. FEVEEE. SUEeimREE. TRk
AW, Voo AIEEREYHERIEM LR, 5
MR . AR EI AR, LB TE
HeiE & LM A R, A B, RIEREE TR
SO A B, R 0 R A P I 5 Y

118

®4 TEBAERKE LSBT, EUANKREERNEXRE

ERER FUR Y14

AEE

fabr b it i o i iR 4LER C — FHLIR
pH {H -0.969" -0.944" -0.929" -0.899" 0.905 -0.927" -0.936" 0916
e -0.939™ -0.972" -0.9217 -0.926" 0.877" -0.950" -0.945" 0.947"
HHL 0.991" 0.840" 0.829" 0.897" -0.945" 0.917" 0.921° -0.871"
Tl i AL 0.960" 0.938" 0.921" 0.990" -0.881" 0.994" 0.983" -0.969”
BRI 0.892" 0.946" 0.971" 0.943" -0.799 0.943" 0.948™ -0.946"
R 0.975" 0.892" 0.872" 0.967" -0.856 0.973" 0.981" -0.952"
KA -0.865" 0.992” 0.968" 0.890" -0.674 0.909" 0.943" -0.965"
S 0.933" 0.989" 0.940” 0.934" -0.838" 0.957" 0.959" -0.968"

% FIR P<0.05, *+ FIR P<0.01,

3 1tig

AR R WA 7 R B A T R
BFFE W, YA BT LA e e 7,
AR TR X R BR, (EHEMR R A
K, i ms e Y L, A
HUAE AT LI VR B 3 B4 i A K PRI, 4 85 1 0
ey, BEUCGEEDAR, AEYILR & 54t
.,

TR R PG A K R, T i AR A S B
A S D P ) P2 R, i
JFudE SRR T T ARy . AW R, WE
WA A HUAR G i, 338 pH (8, Ah & it
BTG, A TEBIIERK, TEhmi e
SRR e 3 g BFE,  EAk
FERGN, BEIER R, XN A A
TEFINMXSET S, R, KYERRE
SELIEREME, FMSBEYREKZE, B
IS 0 RS R, I IR T A B Ak B
LI, pH R AR BRI AR WA HLAE b B
A, SARFFR LS 8 XAl fg A wapLE
AN G T DRI AR, SRR, ok
ARG, TR AR, SRR
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Kk L A PURBER B A K R,
ARWFFERM, A YA UL 3 750 kg « hm™ AbH+
HEO ~ 20 e LT ik 155957 ¢ - ke, H L
SRR . AR R it R, U]
YA PUERESE S A LT &, AR Sy
MR, SHREEERSE 2 RIS —5, AR, &
W R A IR IE A EE bR, AWFI R
B, A APUERE & LIRS R . Sl A,
Herpo FHAE A HLAE 3 750 kg + hm™ ZEFF 0 ~ 20
em 398 4 G0 At A R HILAE Ak B A v
176.84%, AW & e BRI AR YA HLIE AL B4R =
92.53%, 57 RIS T YA LR VEY A
Ko R K R I AT 4 R — 2
WA Y BT, i AR A HLIE AE
FHER 0 ~ 20 om T IENREG . RERHBG AL AL Al
W, AR TS LFF 0 ~ 20 em +IE IR
TEPERS CK AL PR B 46.43%, FEWHEGIG PE8 CK 40
PR 44.58%, B B IR G 1k B CK AL B4 v
73.68%, AL MR CK AR FEER 5 21.10%,
DCUEIH - A T 5 - S TR A A OCM:, B
&Rt e, BRIt R T A, 5
WA A RS AE RB, IRENREG . G
AL A AL S U TR s ARG, LG
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SO R T HIR R E A LT SR AT 0
- S WA R BT PR 0 5 A L S RS
AR B A OCHE, BT LAAE H b B st AR B0 L
NE, TR VE A S e R b s T A e
I T

WA 5 T 4 8BRS 2% G 2B A LI i
e PTG 5 A B, AR BF ST R W TS Ab 3T R A
P4 R P= 4 Ol 46 392.75 kg - hm™, ¢ CK A4b 3 14
77 14 877.00 kg * hm™, 3 72 5 K 4720%., Wi &
WA HUE I & 03 m, iEIREY . AR & R
EFREESE, magEdER C, nEERIEY & a0
ST AW AEAE T BT R Wt A
AU RE 4 = VU KT EE Y & 2, i F8 bR Xt
Yo g . BEHE R ST A R L AR
TR, TS5 4L T VYK AT DR ) & 5k 3
14.69%, % CK b¥F -, HIHAFRESR -8 A
BLRR T ZAFAE TAEY AR D, — 0 1Y 1R B2 7T 3 i 2R
B KU, {H I I S R R R
T5 &b BRAY SRS HLIR % 1 0 0.051%, 5 CK b3
B 41.38%, 4kHE R & AR Ar s sl A al /b iy
W, HAZRMABERN. Autsd, T5 43R
LY R C AR IR F] 1274 mg - kg, il EK
CK. T1. T2. T3. T4 &b ¥ 3 i1 39.23% . 38.78% .
27.66% . 12.15%. 5.38%, it A 90A HLIE BE
WVEY4EE % ¢ i, SBORIES U BRI SR
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Effects of bio-organic fertilizer on soil fertility and watermelon quality in continuous cropping sand pressing field

LI Ting-feng, LI Wen, GUO Jun-yu, LIU Yan-wei, GU Xin  ( School of Agronomy Ningxia University, Yinchuan Ningxia
750021 )

Abstract: In order to solve the problem of soil fertility deterioration and fruit quality decline in Ningxia sand watermelon,
the effects of different quantity of bio-organic fertilize on quality and yield of watermelon were studied in field plot experiment
using “Jincheng No. 5” as the experimental material. The results showed that when 3 750 kg * hm™ bio—organic fertilizer was
applied, the soil pH was 8.39, the total salt content was 2.34 g * kg, which decreased 1.76% and 26.18%, respectively,
compared to CK in 0 ~ 20 em soil layer. The distribution range of organic matter increased by 12.99%, the content of
alkali nitrogen increased by 56.06%, the content of available phosphorus increased 71.63% and the available potassium
increased 28.78% compared with CK. The total nitrogen content of 0 ~ 20 em soil layer increased by 176.84% and the total
phosphorus content increased by 92.53% compared with CK.  With the improvement of soil physical and chemical properties,
soil enzyme activity also showed increasing trend. The soluble solid content reached 14.69%, which increased by 22.62%
than CK. The organic acid content was 0.051% and decreased by 41.38% compared with CK. The vitamin C content reached
12.74 mg * kg'. The best application rate of bio-organic fertilizer was 3 750 kg * hm™, which could decrease the continuous
cropping obstacle of watermelon, and increase the activity of soil enzyme, yield and quality of sand watermelon, meanwhile
accelerate the sustainable development of sand watermelon industry in Ningxia.

Key words: bio-organic fertilizer; sand-pressed watermelon; soil fertility; quality of watermelon
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