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1 #MREF*E
1.1 s XA

56 A7 T Ve N B B R 2 B i 5 3 M
(39°91' 24.54” E, 116° 41’ 12.54" N), ZImENE,
JaE W A KBl 2 KA, AR K A 581 mm, 4P
B)zE Kk it 1918 mm, AEHR 125 °C, ¥ H R
B 45 2451 ~ 2456 h, JoFRMI 181 d 24y, AF R
4785 C. I H A, I8 HT 0 ~ 20 em 3
FERIPEIR L 1,

R 1 ML LEERMER

. A P Facffom AL TR Bt T ACBEE HHLT 2 A A
P (g+em™)  (emol * kg™) (%) (mg-g'+d") (mg-g'-d') (g-kg') (g-kg') (mg-kg") (mg - kg")
9.37 1.42 6.25 18.49 0.56 6.98 8.39 0.76 11.58 247.85

1.2 5k

HERVEY AN - BT R—AERifE, /N
Fiky AL 99, K Rl A A B 958, B3 FH BRI BRI AR HX
FV N T V- 25 AR, 6 FH M 28 5 AR 75 YL (0 7
B, SRR, SRS 10d 5, ML
WEAEHN 0.1 ~ 0.5 em R, EHE pH {HN 7.63,
AL 58.3%, N. P05 Fl K,0 743l 4
3.14%. 1.23% #12.89%.
1.3 it

R K FHBEHL X %, Lk E 6 4 4k 3.
CK (ANHEAE ) o T1 CELARAE ) . T2 (90% FRIE +
10% W#E ) . T3 (70% FLAE +30% B#E ) . T4 (50%
FEAE +50% A ) . T5 (30% 1LIE +70% BEkE ),
Hh A 41 356 A B R R R A A Y LA e WL 2,
FA PR E 3ANEE, DXEBN 15w’ FH
FERE 2L, B . ARSI R B R e . <l 1ok R
FEREALER, HP A (N) . 8 (P0s) . 1 (K0)
it FH & 300 A 225, 135, 135 kg - hm™, Hirf, B
FARE 43R 2L, R H AN « 43 BEAE « 22 R
=3:2: 1 W Tt o

x2 AEHELEMEMERAE (kg hm?)
b N P,0, K,0 B sk
CK 0 0 0 0
T1 225.00 135.00 135.00 0
T2 202.50 121.50 121.50 716.56
T3 157.50 94.50 94.50 2149.68
T4 112.50 67.50 67.50 3582.80
T5 67.50 40.50 40.50 5015.92
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AL ST
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1.6 FdEgiitsrir

iz H Excel 2010 #F 17 545 115 S AE &L SPSS
20.0 475 25081, K H Duncan 33847 2 5 AR
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£ FH A PR 5 T P Tt X U v b 2 o 1) A
FFLEEE AR IR R T R AR, 15
PEAS B W oless A AT R ks A E A=
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%3 FEEELEYHERESTLEE

pisil HHEAE (g em™) LR (%)
CK 1.43ab 48.59h

T1 1.45a 48.27b

T2 1.35bc 50.24a

T3 1.29¢ 50.38a

T4 1.18d 50.72a

T5 1.36bc 50.83a

TE: PR/ NG FREFORAR IR A B2 0] 22 5 2.3 (P<0.05 ),
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TRl - 3 pH D s A A R A 7 G 32
R Z—, B A [R) e A A BT 6 BB i 1 45
pH AR, MWER AT LI, 5 CKAHLE,
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T ARVNGFRROR AR A W22 5 3 (P<0.05) T,

FaALAE (T1) XF pH fEICH M, B0 H &
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4 9.61% ~ 20.56%, pH {EIMAE{LYGHRBH 255 8
FE (P<0.05), Hirb T5 AP A R0 e b, il
pH (% % 744, WG GHEYER . FHEREHE FEIT
GR35 pH (A, v RE -5 PR sk LA e e A 1)
JEFETRALR A Z ek 56 1,
2.2.2 £ AR R Bt AR A X - 458 BH B A 4 i Y
A

CEC J& + 3 1Y 3 2 5 % 70 3 22 A8 7 52 i [A)
R —, WAL E . HEN S8 vh BH B T 19 fg
I3 G ARFRGATAL 3 CEC R AT B
b, W2 FroR, 5 CK A, T1 AN 4§ CEC
HEINT 8.64% . £ FH B TRVBE L it Ak I AL 38 LY T1 Ak
PRACR LY, BEE BB Aok, T3 CEC &2
HaREaE, BRI 25.92% . 34.56% . 43.84%
A1 53.12%, Hodb TS 4L CEC .
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cK TI T2 1 T4
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2.2.3 B R PA AR Bt A A X - SR Ab B A2 i
T ESP X E FRICR ML S BCA R K
OS2I R LK R Ak T e B Y 1S
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¥ (ESP>15% ), T1 4B 18T BF b + 3 1) ESP
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N 50% 5 70% BF, LHERY ESP 435 R R 27.26%
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PR T A B 1S 0, - B IDR S PR R B S TR
R ke, DL T4 R FRZH A RSCR e dde, ORI IG5
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PHAH A MR AL G I PR CK 2 /5 T 0.86%, {H 2
SAEE (P>0.05), Jiti H P B35 25 T 7l
T (P<0.05), #& = 08 B 8 4.73% ~ 18.19%,
T4 Kb # 2 A £ 5855 A0 IS MR A, B CK AR &
18.19%, A 24k 2L 34 I b #f it 1 &, 5% fb i
TN TR UGB RO S 0 A e T D 4R
- 4 L AL A T PR, ERERR A R S R 2
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0.0
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2.4.1 P ORI AE AL AEXT 3 AL 5
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=, XPAS [ HAG it £ FH TR PRARE S R el b 1
BUT & - AT 20 M, CK B 45 A B+ A BT & 1
F AL A 5 B s, CK 34 HILT & & 8.39
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200 A

L5t L B i
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15.0
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00 Lt s
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300 -

200
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100 -

CK Tl T2 T3 T4 T5
AbE

B o RAREMEEWIEHESR. B, EXEHRIRN

H5CK M AR B e R SR E T
34.85% ~ 159.09% (P<0.05, K 6A), H A TI 5T2
AP (B 25 AN B, RIS ] S /N,
SRS MU AL AR TC A 25 5 Wil TRDAE it FH 2 A9 i
K, THSGERCRZEDE, T4 03 (50% LIE +
50% IME ) SERBCR R AR S B AR
G2 FARRL, EOE R, 5 R e IeAE
Fe O, it Il 3582.80 kg + hm™ i} (T4), A
WS R e, N 185 me - ke, it T 4k 2
K, AR EAFRM (K 6B). Z#/EYm il
FIFHABRFRE SR, JEhms 148 (CK) Asiai B
G 24785 mg - kg, Gt AFEGEACA S, &%
AR S /A AR L, WE eC iR, 5
CK AHEE, T2 4bFHZH AT o IO A fk, HiAth
A A0 I A A B i B A TR (P<0.05) , HEIR
KRR J TAST3STSSTL, T4 2k P 4H 4% B & &
THE %, BT 17.74%; T5 kb 320 8 50 80 & &
Lt T4 Kb BRZAAG, 156 W G A il FH) 2 AN 2 B K
Pk 50% TEBE S N2 8508 fe . 28 L TiR, 50% 1k
B +50% BETBE At A A PHEXGT 12 i b BB s 4 3 4
AR SRR RO e

3 itig

A LIRS LA A Pt 2 e B 6 e e ) T
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Effect of combination application of spent mushroom substrates with chemical fertilizer on the improvement of
coastal saline-alkali farmland

WANG Chun-xia, XU Zi-jie, WANG Jing, ZHENG Su-yue’ ( School of Landscape and Ecological Engineering, Hebei
University of Engineering, Handan Hebei 056038 )

Abstract: In order to study the improvement effect of spent mushroom substrates ( SMS ) with chemical fertilizer ( HF ) on the
coastal saline-alkali farmland soil and explore an ecological and efficient improvement technology, 6 treatments were set up,
including: (1) CK; (2) T1 (single application of chemical fertilizer, 100% HF ); (3) T2 (90% HF +10% SMS) ;
(4) T3 (70% HF +30% SMS ) ; (5) T4 (50% HF +50% SMS ) ; (6) T2 (70% HF +30% SMS ). The results showed
that the improvement effect of SMS with chemical fertilizer was significantly better than that of CK and T1. (1) Soil physical
properties : soil bulk density of T3 and T4 treatments significantly decreased by 9.79% and 17.48%, respectively ( P<0.05 ) ,
and soil porosity also increased significantly, compared with CK. (2) Soil chemical properties: with the increase of SMS,
the soil pH and alkalinity showed a downward trend, the cation exchange capacity ( CEC ) showed an increasing trend and the
CEC content of TS treatment was the highest. ( 3 ) Soil enzyme properties: with the increase of the amount of SMS, the activity
of soil urease first increased and then decreased. The urease activity of T4 treatment was the highest ( 1.65 mg * g = d™").
At the same time, the invertase activity of T4 treatment was the highest, and increased by 18.19% compared with CK.
(4) Soil organic matter and total nitrogen, available phosphorus and available potassium nutrients: compared with CK,
the soil organic matter of T2, T3, T4 and T5 treatments increased by 12.75% ~ 88.68% ( P<0.05). With the increase of
the SMS, the content of soil total nitrogen increased gradually. The content of available phosphorus was the highest ( 18.5
mg * kg ) when the amount of SMS was 3582.80 kg * hm™. There was no significant change in the content of available
potassium of T2 treatment, but the available potassium in other treatments increased significantly ( P<0.05) , and the
increasing order was T4>T3>T5>T1. Therefore, the combination of SMS and chemical fertilizer was a green, efficient and
effective measure for saline-alkali soil improvement. Comprehensive analysis showed that T4 treatment was the best.

Key words: improvement of coastal saline-alkali farmland; spent mushroom substrates; chemical fertilizer; combination
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