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Combined effects of soil microbes and organic matter on aggregate formation in saline—alkali soil

YANG Hua, CHEN Sha-sha, FENG Zhe-ye, DENG Zhao-liang, LI Zhen, WANG Shi-mei”

(College of Resources and Environmental Sciences/Key Laboratory for Organic Solid Waste Utilization of Jiangsu Province, Nanjing Agricul—

tural University, Nanjing 210095, China )

Abstract: Saline—alkali soil is widely distributed in China. The saline—alkali properties of this soil are the primary factors affecting agricul -

tural management. Promoting the formation of soil macro—aggregates is a key step for the improvement of saline—alkali soil. In this study,

experiments were conducted to investigate the effects of adding various microbial communities and multiple types of organic matter on for—
mation of soil aggregates in saline—alkali soil. The microbial communities were prepared in soil suspension of saline—alkali and yellow brown

soil. In addition, decomposed organic or semi—decomposed organic matter were provided by inoculating maize straw and cow dung. Soil

samples were cultured at room temperature for 45 or 90 days. The results showed that treatment with indigenous microorganisms plus semi—

decomposed organic matter (SS+MS—CD ) resulted in the greatest improvement in aggregate formation among all treatments. For example,

aggregates of more than 2 mm were increased to 0.62%, whereas no aggregates of more than 2 mm formed in the other treatments. Addition—
ally, the contents of 0.25~2 mm aggregates increased to 14.3%~23.9% from 0.5% of CK. Moreover, the pH value decreased around 0.6 pH

units, and the population of microorganisms was significantly elevated. Furthermore, the treatment significantly improved the soil enzyme ac—
tivities and soil respiration intensities. These findings provide insights into the promising applications of saline—alkali soil in agriculture.

Keywords: saline—alkali soil in Qinghai; improvement; soil aggregates; soil microorganism; organic matter

G510 1 R O 0 1t S - - L L 2o o eI E 5 5 U RS e E N
s L8, 200 A TR E AR AL S PUALARER SR R AR KA TR B s SR
T R RMX R REE I, RERR My 1SR AR TR, LA YR A f O A RHL AT
AR FEFE, LA R AR 2 R A AR, AR it v SRR SRR, R R

Yrim B #:2017-03-16  FABEHI:2017-06-21

EEE N R(1991—) , 2 WL AR, NG HIERAEY S5 1B R 5T . E-mail:2014103042@njau.edu.cn

*BEEE . FIHHF  E-mail : smwang@njau.edu.cn

HETB : B 5 E 0 IERIFTT & BRI (973 11503 H (2015CB150504 ) ; [H 5K [ SRR} 2: 56410 H (41671256)

Project supported ; The National Basic Research Program of China(2015CB150504 ); The National Natural Science Foundation of China(41671256)



P A5 SRR S LR R B AR B B 2081

B, TSR AE A T AR ER AR 4= 1) 7 h & .pH (L% ESP,
A AP RIFRSr . Qadir A5 1 R & 7 R
N TBCH A ER R P, FR ) 1 SR AR A B3E BT
S RN SRR SRS [R] B it i A AL
S AR, 3R AR TR i 2 T A MR
Bl Ak A A ™, DL R I AR 4 o 70 S5 — R A1 4
Jiti o A TAEE WA Py A i, 40 Abdala
SRS 3 it FH 22 FF SRR I T 4 R (0 BT L BERY 5
AR AR T SR [ & RE T B
H i A A HUIEZS A 1 5 e i R 3 - T
A

- HE A RS R RIS ] JURE SR
— A RAFFLBRBE G L AR 2548, — A KA
RRFT 5 B e 1 AR A bR s 2 — o Eh A b A
AU A AR i T 2E i 2 pH AR SR
SEEERER M ha ML & = SR S R s R
PERAATE SR - i B A IR 1E A AR AR
T, R A ER AR A M UL RS i — E R 2
Tt A0 1 R B o 1) 3B, (i dE A SRARTE B, R R
R A 0 TR AR I A LTI AR P S
S - 38 A AT B R R R [ O B T
VG X ey e 1 R B A SR A T R ) AR, 4o
7 R S 5 e P AR A R TR AT R v 1 AR B B
AR R AR S A . RS
b R T AR R 1SR T s R RS R
A VIR AR 2 - S JRAARTE B, 03t W BRCT- S 3
- ELE R ; 0T IE S 5 A BRI A AR 2T DL
N A B 1 >0.25 mm K B Pk RAK A HL A
A E B GE . (B B R TR R AT
b £ B 4 el R A G A SE S B AR 1 5
WFFEAS [V A T A PR O 5 A BIUIE b BT 95 g
i - P SR AT B R B 1 (A ), A 7 TR A - A R
R Al n] sk & SRR A E e AR
1 MEE5FZE
1.1 it 1%

T 1 5235 A EL 4 1 (Saline—alkali soil,SS;36°26'
36.1"N,95°14'1.1"E; W4k 2782 m): 2572 20 em
Eh5T)2, B 20~45 em L2, A B A R A AT B AR
JBR TS S, T 2015 4F 9 H 15 HEoR4E, LB etk
JR A MLE 9.17 g-kg™, 4 N 0.84 g-kg™, 2= P 2.23 ¢-
ke, 4> K 24.8 g-kg™, 5L P 0.23 g-kg™, %% K 0.36
g-ke,pH 8.9, HL 52K 3.50 mS-cm™, 3R T EERE S

0.25 mm 5 , 45 FH o

T A M 5 i B %5 b 75 A 32 ( Yellow brown soil ,
YBS): EFRF M A5, B 5~20 em 2. TIEREAL
AL 13.96 g-kg™!, 42 N 0.79 g-kg, 22 P23 g+
ke, 4 K229 g kg, R P 0.19 g-kg™, A5 K 0.25
g ke, pH 6.5, H1 5% 0.7 mS-cm™,
1.2 it E R

T AKFEFE(Maize straw ,MS) : LT 864.3 g- kg™,
4 N185g-kg!, 2 P23 g-kg!, 2 K24 g-kg', 2%
(Cow dung,CD): HHLET 159 g-kg™, 4 N 12.8 g-kg™,
4 P219 g kg, & K125 g kg™ JFRAHLIE(Or
ganic fertilizer, OF ) : AL 442 g-kg™, 4 N44 g-kg™,
4 P23 g-kg”, 2 K 12.8 g+ kg HAH UL TILI5
VLB A= R A BRA B o T 249 AT B e ok
0.25 mm 5 , 45 FH -
1.3 HiESRHF

PR AR F HFER TR T e pi 50 BRI, 735
B 1 kg BAEE 2 mm 6, K LR 101 $E1 7R, B
B 0.5 h FIBEEEREFE | U, =9 2 h IFi s s, Ik
2R RIS G ) R (R R A
(R PR AR A =, 45 F o SNBZE Pk
W08 YBS, - EIRIL o SS,
1.4 EIFITR LR

BT BE it 0.25 mm G i ER B 1 (1 kg) 2 A
Rk 1300 mL 5 . BRI 1 em JEA
Yelth , FhO A A bz (A 2D B B, S aF i
FLAT , 3% BV I iR BB A BR A w K R T RE R
SR T “Co BRI . B A HLYEEE KRS FH#
(MS) 42 (CD) | J&§ 24 HLIE (OF) KT, B5 i, i
0.25 mm %, ?97E 121 °CK 5 30 min, 55 o 2 fh 1
SRR PR S A ML AN [R], BEE 7 AN AT i
+(CK) 5 B A +HME A2 (YBS ) 5 £ 1=+ + 21
AW (SS) ;s £hA% £ +3% A HLAE (OF ) ; Eh i + +FM L
HEW+3% A ML (YBS+OF ) ; Ehiik + + + W AE Y +3%
A HLIE(SS+OF ) ; ik + + + F AW +3% 2 h
HUIE(MS:CD=2:1)(SS+MS-CD ), H:MbBR 3 R

FESLI BT FETCR 55 T A LR S+
WA AN BAE, O A R KK
18% , ¥ NiZ 1 B e KAF /K F 60% 1) 1- 5 2™, H:
RALFRAMETCRK , Bl SR, BRI A5k 45 d
190 d, B B R 2 2~7 em 14E, Mg 135 pH {1
EC A&, I FIRR B A il e I b 4 o ik A LT
e, 5595 90d J, R LI-8100 CO, M {44



2082

AL FRPEAT A SR 5 B (COL) I A2 , BEANRE i B IR
DSE 3 min AS[a] b P (1 + HE R (S-SC) K + 3K
fif (S—UE )1 P4 R FH iR el e L 1700 &0 2 2
FLe# A WA RS ) 5 [R5 PR 0 5 i 4 1= 498 1A
BRI E AR RAR -3 AR AR K, 4505 534
KETRAK(S2 mm) /NA K (2~0.25 mm) 1A R 44
(0.25~0.053 mm) . FHP#7(<0.053 mm )4 SRidz,
1.5 HiELESSIT

FHl SPSS18.0 ., Excel2007 X AF % K 9E 47 48 1143
Hr, LA Duncan ¥R )y 22kt 122 5% B M4y
B (P<0.05),

2 ER5HMH

2.1 EMTEMEYREMET R pH &
1 EC ERNZI

ANl A3 ER B - pH (A 520 DL 1, e 1
B YR SR £ A S CK AR LE, T3
) pH (E 4 5 TR S, & ab 3, L35 E] 90 d 1y
L FE pH (IR T 1G5 45 d B9 K (H pH (BRI
FEARK ., HERIMEAE Y (YBS) A+ & A #1 (SS) —
HZBZEFHARE, M IE A+ LR
A (YBS+OF, SS+0F ) &4 K B B 4 T {3 A it 24E 1)
(YBS,SS)AbFH, $Rh L E U+ U (SS+OF) iy
A3 pH A T RO T He B AN IR A P+ HLIE
(YBS+OF ) iy b 3, 177 it fin > J65 28 A7 AILAE Ay Ak 38 (SS+
MS—CD )RR AL F it A3 HLAE (SS+OF ) () 4b 34, I
HHAE CK Y pH {E T B4R 0.6, X Ui FH IR A= 4 Je
it A HLA R AT LRSI - 48 pH {H, 2 REhfs £,
HAINA AR A VRL, ROR BT,

AN[F AL D R B 1 EC AS{B 2 DL 2. FEE
BEFRET RGN, 45 AL 38 EC (EYA T R, JoH 2 A
+ T W+ 2 B E HLIE (SS+MS-CD) AR FE 5 CK
FHLE, T B foh o 2 TS I G MUIE AL 3L (OF , YBS+
OF,SS+0F) ) EC B = T ARG I FES 0~ 5 206 #L
NEAL3E, AT e 5 JE A HUIE S ER A 56
2.2 ER T EREY R IEMNE YR T L 3B
AT B B 22 i)

AL 3 AR RS 3R 90 d S5 4 - R A, 45
RILE 3, HEmAHUE(OF )RR Y CK Z a2 58
B, TR S W S IS A AL RS A B
CK A b {2 5 A T B bRz (<0.053 mm ) 1 L 431, 38400
T/NARAKR(2~0.25 mm) T AL, CK 19/ AT SR A4 1) 7
N 0.5%, % kb8 (YBS,SS, YBS+OF, SS+0F, SS+

KA IMERF 217 eI RO

9.2 454 E90d
9.0+ /F ab ‘

b a
) a
T

8.8 " = _—

e
?T{U‘

8.6
s
= 84
8.2
8.0

78 B0 - 1 |
CK YBS SS OF  YBS+OF SS+0F SS+MS-CD

AP Treatments
ARG FhEF R Rl — B T AN R A 3 ) 25 57 5 25 (P<0.05) . R[]
Different smalls letters mean significant difference among different

treatments in the same times at 5% level. The same below

| #MIIEMENREMET IR pH ErTWd
Figure 1 The pH value variation of saline—alkali soil with soil

microorganisms and organic matters application
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Figure 2 The EC variation of saline—alkali soil with soil

microorganisms and organic matters application
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Figure 3 The particle size distribution of soil aggregates with soil

microorganisms and organic matters application
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Table 1 The numbers of microorganism in saline—alkali soil with

the different treatments

AbRE A Bacteria/ e 9] HE
Treatments x10* cfu-g™ Actinomycete/cfu-g™ Fungi
CK 0.008+0.001e 0+0e —
YBS 9.8x1.21¢ 175+4.52¢ —
SS 1.67+0.87d 80+2.08d —
OF 0.01+0.002¢ 0+0e —
YBS+OF 16.7+0.87b 180+3.35b —
SS+OF 112+2.89a 350+2.02b —
SS+MS-CD 231+5.02a 480+3.55a —

T AR RVNG SRR RN R Ab Y 22 5 25 (P<0.05) . R [l
Note : Different smalls letters mean significant difference among differ—

ent treatments at 5% level. The same below.
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SS+MS-CD £ 4b B - 58 CO, ¥ BEES CK 73 5l $2 1
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Table 2 The effects on the activities of soil invertase and urease

with the different treatments

YL REMIET Tnvertase/ [k Urease/
Treatments mg-g™+24 h™ pgeg24 h

CK 2.61+0.09b 72.01+4.22d
YBS 2.64+0.03b 112.04+8.73¢

SS 2.78+0.09b 121.96+7.40¢

OF 2.69+0.09b 83.01+3.11d
YBS+OF 2.87+0.21ab 161.65+13.21b
SS+OF 2.89+0.22ab 171.65+3.09b
SS+MS-CD 3.10+0.17a 272.55+39.68a
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