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i ¢ e AU 30°C, R BB AR -25°C s A AE AR
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IR 25 AL, ahZER MO E S
R IR Ak A T E S SHT. BR AY)
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1.1
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10.0 g/kg. Fe,O5 5.5 g/kg. MgO 21.1 g/kg. TiO, 0.5
g/kg. K,0 1.1 g/kg. Na,O 2.7 g/kg MnO 0.2 g/kg. P,Os
0.16 g/kg, Cl 5.7 g/kg, %% 1.03 glem®, £k 111
g/kg, HAl 21.8 g/kg ™o A 39k Hh s rp g i £
B b, g A AV R pH (E 9.82 &k
4.8 g/kg AL 34.3%, HHLIT 15.54 g/kg, SHSE 0.55
cmmol/kg, 4 NO0.3 glkg, 4> P0.17 g/kg. ZA R
% 30cm x 35cm x 38 em, JHAKGETHE T .
1.3 Rt

IR HL R 5 AN i P A F AR EE, 4300 S D0
(YpCK); @2.5g/kg + (YpT1); @5.0 g/kg 1 (YpT2);
@7.5 gkg + (YpT3); ®10.0 gikg - (YpT4). Fiib
10 ANEE, Bt 10kg/%E, TR ARTIEA
KH. FERRgRmERY S tIERTRY, Rt
PRI T IRRIE, S HIEREM TR, RRRGR
B ZERN /RN L, BRI 2om Ao, R EN R
10 kL, AR E RN 3 Mg, bR
AR IE /K A FA A B A I — S
1.4 LTHXRE&E

TEREARAE K BCAIROGIR I, B I R bR — i A
A I, B S R RRAR R A L) N T
B IERIAS N, REACEE 5 7 RN Rl — AN o 2B
BHEWN, TG IG5 BN 0 BT A AT UKD IR U AR
Har el E N A, — TS AR,
— {3 R T L 2 mm G AR 4 P
1.5 WEMEBEESHENESZE

TR AP 2 FEEN E R Biolog Eco-plate 5
%o WK 31 FiiiEY Biolog Eco-plate 4857
T E DR AR R e, BRI Ih e 2 e, X Rh
TNEFEIE T E MR 31 PSR e U5 () R ok
R BEE P AE I Bh AT, Eco AR KB R
W& R e i TAE S BRI 10g HFF, T8N 90
ml EK 1) 0.9% NaCl A=F R /KA, SR FERIK L
HIdHRY 30 min, FATIMREELSIA 12 100, H 8 4L
BWA M Eco MAAFLHIIA 150 ul Mk, &A1
FE3 WRER, AT Eco MUBCIE LRI I JC B YR
A, RN 28 CIEIR I FRAE h 5. 00T 0.
24, 48, 72, 96. 120. 144 h f1168h (7 X) P& P
K 590 nm (WG EAE, L% EHA Biolog
microstation S22 BTG, ERFANEASH ERZE
VIR TG Y BREAR L R (AW eD D) Rk,
1.6 HESFEIT

Biolog AP ALIGFIE AR E (AWCD),

WHITE R AWCD = Y(C-R)/n, AH € EEA
WUFEFLAEPAS 590 nm BFGEEAE, R AXTHEFLIOE
WREE, n WIEFRIEEA R, RS e k31, B
FRIEMZ R S Y RSP A KA RS £
FEE +8 20K B Shannon-Weinner 8% (H'), H'=
S(PxInPy), X P i FLIOGEE A X IR AL
B JEA 2 ZE S5O R BT LI e R ZE M T
i, HI P,=(C-R)/3(C-R), ¥I5JE4e% Ey = H/InR,
KH DPS V9.5 #ATHATGE 73 Hr .

2 GREQH
2.1 TiEBUMRTh
2.1.1 +¥EpHE 3 pH [HAAI S E L M

T ER AR B 1) R AR . T pH W E 45 R R W
(R D, SxFHACEEALL, iR YA A it F Ak
PRES e B T8 pH {H, & ANAEEE pH B B i i
FE it R 3G N, pH E BRI RO, i B pH
B BRAR PRI R P52 5 M ot S S0 it FH 2 T 52 & 2% TR AR R
(R*=0.85). BRIRFEP AT 5 AL (YpCK) A
b, L YpT4 AbFEX; -3 pH (K BARSOR ] 8, B&
K7 029, HKh YpT2. YpT3 4bFE, 4 0.26 AAq,
YpT1 AbFEFRAK -3 pH (i, N 0.06 £ifi. 1M
HMWE 1A d, YpT2. YpT3 Fl YpT4 =Mk
Mz 2R AN S, IR B ORA L rb > B
VMR T 5.0g/kg LI, pH (RSB I &
MR ARS8 I FRARIR 2 .

F 1 BRETEFY R E 2038 3 2 8 m a4 R A #2200
Tablel Soil physical properties under different amounts

of desulphurization byproducts

bisil pH 1H Bt TIPS
(g/kg) (g/kg)
YpCK 9.05 a 4.68b 15.61
YpT1 8.99a 431c 15.66
YpT2 8.79b 4.13d 15.68
YpT3 8.78b 3.96e 15.74
YpT4 8.76 b 5.04a 15.66

e WSS BEE R AR AL B i 22 5 AN B2 (p>0.05).

2.1.2 IEAHSE M 1 LA, YpTl.
YpT2 F1 YpT3 AbFRAEHs FRACmf 1o a, %
MR A 0.72 ~ 1.35 g/kg, 1M H.LA YpT3 AbHFAA%
R, X5 2 MRS T R IE R, XS
AR AR T i 22 RBE AR A A G . i IO I 5
W) YpT4 Abs B0 34 Eh S i, XTIk 54
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ARG N SR EARIOAR O o 2RI LA I 7 1 It
MR 7.5 g/kg Taia g IR 1N,
2.1.3  BEEAHUR BGRIR S A R A B
XOPHk - B ZEAR B T A LIS R R AN R
(£ 1), WBEEAE 0.32% ~0.83% 28], J72=0Hrai H
W it FH D0 2% 724000 3 L B S i A
2.2 TIEGUAEYIREE SRREA RS HFEE
SO AR (AWCD) W+ 3 e s
AR R B AATE Y, BRI FH B0 110 E 0 () SR Bl 1o,
TIB A AWCD K /NTEAS R B P 73400 i FH 4t Ak
FNHILRAE . HIE 1 W5, AWCD {8 R R 57 0 (A
MIIERS, WL i 7 AN )it FH 2 A B T e R eV
I SR RE ) 2 E HiHE I &S, YpT4 AbHEAI A&
WIS IR 8 ) — BELARFER = (1 KT, ikt AR 2R CYpCKO
AR FEA A FHXT S BIUR IR RE 5559« fERTFE 24 h
ZHI AWCD HBIAR/N, BWIAE 24 h 22 NRIEREAS R
FIHBE RN, S859% 24 h J5 AWCD {HHIL T
Bk, B Eco M ESAL N BRIETTF I # R, 7ERE
I 24~72h ZIA], FNREEEEEAHR B AR A KA,
Y% 72 h Z G AR BER FHBRIE I RE T 72 h 2T
AHEG AR S I3G 0 A, F2 3 I e A ek s

—+—YpCK —X—YpTl —®—YpT2 ——YpI3 —4&—YpT4
1.4 r

AWCD

0.6 f
0.4 f
0.2 f
0.0 —*g, :
0 24 48 72 96 120 144 168
BRI E (h)
B 1 BREEFNAEASLEMEZR
TR M3 BB IR B9 s

Fig. 1 Microbial utilization to total carbon sources in soils of sunflower

pot culture under different amounts of desulphurization byproducts
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B, RIS 1A, FIHEEE 1R emis
— R I BRI AT B-HSE-D-R A BT . D-2L IR
MR-y- N A2 MR TR, D-AHE. L-KT]
K MHLIR  i- AR SEREIE . L- KRN IR 4-FRFE R R
L-Z2 88 v-FR3E TR L- &R D-HPEIEIR . A<
2. HERE-L- 2R . D-2T 4k W AR 1-0E |
o-D-FUREIL 18 PBRYE: SEA 25— 3 B o 1K AT
R e 4-FRFOR IR a-BRMIRG . y-FR 55 TR
JE e 5 FRBRIR;  FEmER = A K A EERIE A A
TAR-L- 2% RO 3 P, FAbBIR )&
ANB I FH Bl R AR 2D

T3 ZEo R A BRI T R (3R 3D, K5F% 120N
1) 3 A FE RO BT & s B SRS B 90%,
FREAE KT 1 ERSA 5 A, JFHAT 3 N ERS R
THDTERA KT 88.9%, AR A 46 DA - 280 Ay RE R 45351 28
—FE g PCL S F g PC2 A =FE s PC3
A3 AR 43.05%. 25.73% F120.12%.
2.5 TIEWMEVRETES LR

FRTF% 48 hy 120 h P2 (1A [\) AR P& 75400 it FH
Qb T T AR T SR A A R R 2 RN S ) R e
ITEAE (R 4o AN[nl it A S A BT S W FLAICAR DL 6t 2
s, AL 31 4L, mx AR (HD. AR
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R 2 REEFR RO, T 4.325, YpT4 AHEIXZ, YpTI
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Fig.2 Microbial utilization to different carbon sources in soils of sunflower pot culture
under different amounts of desulphurization byproduct
S e o S b K e i N FoAaE =
RIS EU A R B9R 1200 ZREMEIRE (HD PIIACHYE Na®, DARRRRSEACHE Na™ &4, [HI

RS EEFRE (E) #hi7E 48 h AT, HZ2F:
PR B N IR S R 6.28% ~ 26.05%, 4175 BEFR i
N 6.33% ~21.96%.

iS4t
It 1 7 4 5 B A SR LA 2 T AT
AL, —Jr T AR R S h L2 sy 2 CaS0,, Ca®*
bt Na® X 3P AR R B BE Do, 25 b IR 1A
T Na' RS TACH, Ca¥ B EL LR

3

Na" BB TR IGE UK NaySO, 1] /KB 2 HERR
b, IR ARERAL IR pHe S5, R IE T
WA G PSR, BRI TR S 1
BN, OB REBE AR IR AR IR R R e,
HAE WNABI TG AR, AE AR AEAT SRR I 15
DLN, 2.5~7.5 g/kg ] & T ARG 855 4h
DR/ EE 2R AT T O R gAY I T AT I K,
i % DA S R AL - SR R IN, HE nAb fe 5
EEYE, SOR LIRMEYE KBS, et T
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F 2 Biolog-Eco R EBRTEE K5 LRIETE

Table 2 Load values of carbon substrates on principal component in Biolog Eco micro-plate

X R AL BRI TR 1 FHr 2 B i)
Al /K (H,0) - - -
A2 B- FH B-D - 25 W 0.826 2 - -
A3 D--FLWE R -y- P R 0.943 - -
A4 L-¥5 2R 0.9411 - -
Bl A R P 0.720 7 0.553 5
B2 D-AH 0.9839 - -
B3 D-J-FLHERE TR - 0.9100 -
B4 L-RI AT 0.8255 - -
C1 i3 -40 - - -
C2 - BRI 0.919 0 - -
C3 2- PRI I - - -
c4 L-ORHETA iR 0.719 0 - -
D1 H-3-80 - - -
D2 D- 1 #E - - -
D3 4R HEIR R 0.7829 0.5339
D4 L-22 5% 0.972'5 - -
El o- PR - 0.728 5 -
E2 N- Lt E-D-Hi %5 Ji - - -
E3 y-RIETHR 0.5323 0.8320 -
E4 L- 2R 0.870 5 - -
F1 i It - - 0.778 8
F2 D i &I - - -
F3 KRR 0.782 1 - -
F4 T2 WL 2R 0.6414 - 0.734 8
Gl D-£1 4 4 0.795 5 - -
G2 AT -1- B 0.716 6 - -
G3 o- T iR - - -
G4 IO - - 0.8211
H1 o-D-FL¥E 0.938 8 - -
H2 D,L-o- % H il - - -
H3 D-3 IR - - -
H4 J i - 0.972 1 -

®3 FAESBERD N

Table 3  Principal component analysis of variance decomposition

B8y L ORI B Ty 2=
FHIEME RS EERES 7 ZE DTk Rk
PCl 13.34 43.05 43.05 13.19 43.09
PC2 7.98 25.73 68.78 7.77 68.46

PC3 6.24 20.12 88.90 6.60 90.00
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Table 4  Analysis of Shannon-Wiener diversity index
sl 48 h 120 h B (%)
H' E H' E H' E

YpCK 3.706 be 0.755¢ 4.437 0.896 16.48 15.74
YpT1 3.288d 0.700d 4.446 0.897 26.05 21.96
YpT2 3.934b 0.810b 4.507 0.914 12.71 11.38
YpT3 4.325a 0.873a 4.615 0.932 6.28 6.33
YpT4 3.936b 0.810b 4.485 0.911 12.24 11.09

TR INTES), s IR R, AR
FAFEN T DU,

AT O 774 it FH 1) 4> b 34 R
i B AR Z AR FEAR s 1338 pH {H 0.06 ~ 0.29 LA, £
IR IAET . @FEA FEBEM 4 AT it FH o
PR AL TR B IR AR S R, PR IR
FEN 0.72 ~ 1.35 g/kg, LA 7.5 g/kg L i ik S AL B
BB o AR I A 6 - S LT i R B
@I 54 it 1 e A% W S 38 o T3 A= i e e 3L
TEE D RERO B IR AR AT i FLs Ak T 8B4
MWK EY) . RIRK. BEWHR. ZIHBRBUED
(AR A s 6 e RN Iy 54k B W A R AR AT
IFH 2.5 ~ 7.5 g/kg [FJBUR IR 7400 it FH RE 8 1 2 188 n 1
BRI DIRE 2 R, U0 R P 5 1) AN 2
B LT, A R A

SR
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Effect of Appling Desulphurization Byproducts on Microbial Diversity in Alkaline Soil Under Potted-sunflower

LI Feng-xia'?, YANG Juan®, XU Xing', YANG Jian-guo’, ZHENG Guo-qi®, NAN Ning-li*
(1 College of Agronomy, Ningxia University , Yingchuan 750021, China; 2 Agriculture Resource and Environment Institute of Ningxia Academy of
Agriculture and Forestry Science, Yinchuan 750002, China; 3 College of Life Science, Ningxia University, Yingchuan 750021, China; 4 Plant Protection

Institute of Ningxia Academy of Agriculture and Forestry Science, Yinchuan 750002 , China)

Abstract: A sunflower pot experiment was conducted in Qianjin Farm of Pingluo County in Ningxia to study the effects of desulfurization
byproducts on the functional diversity of soil microbial communities in alkaline soil by Biolog Eco-plate technology. The results showed that
applying desulfurization byproducts decreased soil pH by 0.06 - 0.29, decrease soil total salt content by 0.72 - 1.35 g/kg, significantly increased soil
microbial activity and carbon source utilization level of microbial community; Carbohydrates, carboxylic acid, polymer and amino acid could be used
as carbon sources in a higher level while amine and phenolic compounds in a lower level. However, only the proper applying amount of
desulfurization byproducts could significantly increase soil microbial functional diversity, 2.5 - 7.5 g/kg of desulfurization byproducts was the
reasonable amount in this study in improving soil physical and chemical properties as well as microbial activity under the irrigation conditions.

Key words: Desulphurization byproducts, Alkaline soil, Sunflower, Microbial diversity



