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Effects of soil particle size on enzyme activities and the amount of soil

microorganism in rhizosphere of Caragana korshinskii in desert steppe
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Abstract: Caragana korshinskii is the main afforestation tree species in desert steppe, it is important to study the
relationship between microorganisms and enzymes in rhizosphere soil and soil particle size composition. Soil types affect
enzyme activities and the amount of microorganism in rhizosphere soil, soil particle size in different soil types is different,
however, little is known about how soil particle size affect on enzyme activities and the amount of soil microorganism in
rhizosphere of Caragana korshinskii planted in desert steppe. In this study, soil enzyme activities and the amount of soil
microorganism in rhizosphere and non-rhizosphere soil in three soil types were analyzed, as well as soil particle size of
sierozem, red clay soils, and aeolian sandy soils in Yanchi country of Ningxia. The results showed that the amount of

bacteria in rhizosphere soil was significantly higher than that in non-rhizosphere soil, and the amount of fungi increased with
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the increase of fine sand grains in three soil types. The activities of sucrase, alkaline phosphatase, and catalase in
rthizosphere and non-rhizosphere soil presented the tendency of sierozem > red clay soils > aeolian sand soils. The urease
activity in red clay soils of rhizosphere was significantly higher than that in sierozem and aeolian sand soils. The amount of
fungi and actinomycetes decreased gradually, while the amount of bacteria increased firstly and then decreased. The amount
of bacteria and fungi were more abundant than bulk soil. With the increasing of fine sand content, the amount of fungi and
actinomycetes gradually decreased while the amount of bacteria increased and then decreased. Soil enzyme activity in
rhizosphere exceeded bulk except catalase. With the increasing of fine sand content, soil enzyme activity gradually
decreased. There was no significant correlation between soil particle size and the amount of soil microorganism and soil
enzyme activity presented a positive correlation with clay and silt sand but it negatively correlated with fine sand and

medium sand, rhizosphere soil has higher enzyme activity and could provide more nutrients for plants and microorganisms.

Key Words: desert steppe; Caragana korshinskii; soil particle size; rhizosphere soil; soil microorganism; enzyme activity
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Fré&( Caragana korshinskit ) T RHEA DU s ZFPRE T DX LAB RUE VD, A SCiE T H bt B
Fie VLB Ji XU - 2T A B RUD - PR A7 45 R F ST 0T 42 F S AN (] - A A% A RORT A S5 R B - S i
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1.1 WFFEIX A AN

9T X A F 7 EL ARt B (106°30'—107°47'E,37°04'—38°10'N) SRR X, b ¥ + & i 5 SRR 2 17 65
Hi Y2 TS | J T SR DR 2 e, B AR OK 2 250—350 mm , 4FZ8 K 424 2500 mm , 41
SIRAE 8°C AT o M THZ XU 25 BB 450, 2 0 R3S Btk o, £ RIS AU D 4 RAS - £0%h
AR 5 WS XORES R T R A, KA 2 XD+ SO R R TR E A, KPR X R 4L
KR TAESLING L2 R B R MU ZE S e B - 2L &, L3RRI AN % i 40% 2 A,
FRL A B TR 20%—30% Z 8], EH A Y B T N AR 7 5%, KRR A K1Y £ 2 A & 5 F ( Sophora
alopecuroides) J& 8 (Artemisia scoparia) \5¢ i VK& (Agropyron mongolicum) JEAEEF > (Stipa breviflora ) A+0>
FF-(Cynanchum komarovii) 5 . #7125 T 2000 43 ik HLEEFb 5 FhAE, FH LA B RUE 70, FiAE A 2R 2500 IR A6
UL 6 m, BRIE 1.0 m iy, W T 3R ) A7 S K S22 0 BOR N TE IR = B MR R AP TE BB SR
TR A Jo L (7 25 T AE 1.32—1.65 m Z [i), Bk 0.7—1.4 m Z [A], 2056 + R i by 5 K S i 22, o (IR
JERTE 0.62—1.35m Z[A], #k i 0.45—0.9 m Z[A], Wb £ B iy A5 K S dme i S IR AE 1.85—3.12 m Z [H], Bk
5 1.2—1.9 m ZJA],

http ; //www.ecologica.cn



24 44 XUZREAH A5 T o i X A AR 2 BSOS A AR AR s - MR ol A W 5 o % AP 1) 82 1) 9173

1.2 FEHLIR B SRR AE

- HERE SRR 2017 4F 7 H o RS £ 2055 B AR 4 Xk P b, RS FE B 3 P 30 mx
30 mAGREDy (BELAR EULER 1) B RE DT B HLEE O BRAr 4%, REETREE S 5—20 em™ |, Ml EIE L R 4E
MR B AR PR £ CRAR Jed2s ok, A 3K 5—20 em AURRERBYT R, xR i ¥4 09 & 22 I £1% i 32 AR
Br 4 AR L BEE  EHERARPR ) | REE AR TP R AT AR AR S R K R A TR R T RUK I Uk, I 75%
KRR AR e e W B 3 MR LR G S 1R — Oy R+ SRR R ARAR PR 3R 45 9 A
52 FE IR B (8 e 1 49837 BRI 4°C 9 PRIRAR PG S BRI R = 9, — 384 B 2R T, TR i 2 mm 1
F A AFERE P DU 5 — R - AT IR BRI

F1 PFRERFIMEMERR

Table 1 Geographical location of plots of research areas

R FEHL a4 G T/ m
Soil environment Sample plot Latitude Longitude Altitude
PRES - 1 N37°48'57.43" E107°30'5.70" 1104.30
Sierozem 2 N37°48'5.67" E107°30'9.57" 1381.93

3 N37°48'1.24" £107°30'42.58" 1248.62
aE+ 1 N37°49'8.79 E107°30'20.47" 1125.00
Red clay soils 2 N37°49'8.88" £107°3020.49" 1115.07

3 N37°49'6.98 £107°3019.09 1213.50
Kb+ 1 N37°4911.32" E107°30'20.07" 1422.45
Aeolian sandy soils 2 N37°49'9.47" E107°30'10.07" 1435.36

3 N37°49'1.32" £107°30'28.07" 1416.20

1.3 I BT R A S A W i il 5 Ty 12k

SRR A7 4 BT IR SCEOAE BE S A 5 13986 B BT R FH 2 5 R B A Ak - I B 5 3ot A Ak Sl
T MR R B R B 52 5, A 1 b PITHFERY 0.1 mol/L 1y il R A0 PR FRAR G A 5 - S8 JUR Al 7% 4 SR FH AR 1 A - T
MREN L@, UL 24 h 4558 b 7 A RO BR S R 22 se o 5 TR IR W IR S 1R WA B e (k| LA 24
h B v R B0 2 S R R IR RS R 3, 5- ORI H ik, DL 24 h B v R A
AR TR R AT | LB RO B R TR BT AR b - R AN AR 2 PR R A RS
FRhk FRCR T BORLL R IR 5L T A i [R— S 3
14 Bdlakbae

B IRAFAE Excel 2010, SPSS 17.0 #4750 50Hr , BEXT T K35 7 A AR B 5 AR MR PR 4 498 22 18] 4% 48 A 114 25 57
P /NS (LSD) 408 3 Fp H3E 2 Rl pY 22 504, 135 7K F 0.05, Pearson XU A I0AH M | Excel 2010
W%@,Origin 19.1 fEA,

2 ERAW

2.1 HEERIARE IR
ANTE] AL WU AR R R 25 5% (R 2) . H3E0R B 7 HLAEAS R () 38 A p g 25 T R AT
oy kLA dnab ke 3 Fh b ir b7 9 LR, KRS+ 208 XD Bk E o b 4 IR 45.59% |
23.95% .6.20% , i AHHS FOARFR & 543 5 R 44.60% 64.26% 82.03% . Riki Ky Ride K45 1 £0%5 + Kb+ rh
JIT o 1 LU B2 BT RIS, D R b iR N (R 2) .
2.2 TEERAE YA G RAE
I AL AN
B

R AR T = RS, AR S = S Bl A 1 1) e 2 B O A R > T T > LR
(F4), WERTIEPRATE ;

HE M
L B B TARR PR (P<0.05) |, iR AR AE R PR S AR MR br 3 P %A 0
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FHEEF(P>0.05) , FEAE AR A9HE 22 | ML BR - 38 50T Rk 2 TR R0 S e/, 200 T RO TR 41 b o H
T, SR B B TR BRI 3 A R R W R s
®2 THBHOERENLEE

Table 2  Soil particle size composition of different soil types

e *ﬁ*j. ‘ *’ﬁ*ﬁ _2836’/" EPM ik
Soil types Clay particles Silt particles Fine sand Medium sand Coarse sand
<0.02 mm 0.02—0.05 mm 0.05—0.25 mm 0.25—0.5 mm 0.5—1 mm
JKAES+ Sierozem 4.20+0.92 45.95+5.27 44.60+3.86 5.18+2.09 0.07+0.16
£I%5 1 Red clay soils 2.18+1.24 23.95+7.05 64.26+11.00 6.44+2.68 2.55+4.96
AP+ Aeolian sandy soils 0.70+0.62 6.20+5.32 82.03+6.65 11.04+3.65 0.03+0.05
Bl oV B b 22
£3I TREXBTERITERESFRELEGNHRSE
Table 3 Soil organic carbon on the rhizosphere soil of different soil types
£ (DA RS+ AR T AR
Index Position Sierozem Red clay soils Aeolian sandy soils
AHLRR HBR 7.42+1.16Bb 8.71£1.09Aa 6.59+0.6BCa
Soil organic carbon/(g/kg) AEARPR 9.73+0.76Aa 7.23+0.95Bb 2.75+0.36Cb
G/ SR kS €Y TNl
R4 TEBEVHESHE
Table 4 The characteristic of soil microorganisms number of C. korshinskii in different soil types

IR fir'E WS+ AR T o ROES
soil microorganism Position Sierozem Red clay soils Aeolian sandy soils
N Bacteria/ (107" cfu/g) PR 3.15+0.09Aa 3.48+0.24Aa 1.48+0.2Ba

JEARBR 1.35+0.2Bb 2.24+0.11Ab 0.55+0.19Cb
HE T Fungi/ (1072 cfu/g) Lit{uN 15.17£0.49Aa 5.23+0.32Ba 3.57+0.21Ca

AEAR bR 2.17+0.21Bb 3.53+0.5Ab 2.13+0.15Ba
2R Actinomycete/ (107* cfu/g) PR 40.33+7.23Aa 25.00+3.61Ba 24.67+6.11Ba

JEARBR 43.67+2.19Aa 24.00+1.15Ba 25.00+1.15Ba

AT RE TR R =B LI (0 BAT W22 5 5 — PG TR R 2 n PR 5 AR AR R b 2 L RAT i 2 22 5

2.3 - IERGTEHERRIE

- S EOR IR T IR R B A TE B R R [R) - 39 e AR P R AR AR B A S 2 1R A7 A
EVEZESE(P<0.05) (B 1) o JRTG | R0 TG | o1 s 19 1 ) AR s 05 2 o T AR AR B, B3 AL = b il 1 T ity A
bR 5 AR PR 2 1] 22 S B 35 40 | S7E7E BB 25 5 (P<0.05) | ik 48010 S0 6 1 22 90 g B AR B 43438 8 TAR PR 1
B HZERREE(P>0.05), 783 Fl b3 ARPR S AEAR PR 38 A0 IR B o 5 R i A o 48Tk UG PE Yy
SRS A ST 4> KD+ a3 21 5 AR B - v A IR 5 7 B 25 R4S £ 5 XU+ (P<0.05) .
2.4 XM

MR T fifp - SR S 0 W B 2 TR B A e & A W B S RS M 2 AR T
Pearson AHICHE AT, e 5 ATAT, A Wi S5 I 6 1 52 AEAH G562, AN PR 5 IREWR I DRIt i 1 ity =2 1)
AR B IEAR G (P<0.01) , AHC 2807351 0.88 0,771 ,0.769 ; EL I 5 EWN G B 1 il 12 Wl 12 1 38 1E AH G
(P<0.05) , 5 KB 2 0 3 IEAHOC (P<0.05) ; JHCER T 55 1 W e 1k 1R i L A I Y0 38 7 H DG 12 (0637
0.655) ; i AL S 3 Pl A 8 2 R AR AETE B 5 MM SR 6 &R . 3 2 1) B A B AR E A 6 & |
PR R T 39 rb %) LA S 1 38 2 B B A IE A G E &R

ANTR] - g A8 2H T SR B K A R P A AR DG PR M anER 6 R, A BcR 5 R URE
I3 AR Z 1AV L3 AR S | T SRR TS R S R 2 SR SRR R, RS TS S A e S
IEASC, 54N R A8 B TG, 5 TP b AR R R C O R 5 i EAL S-S AR b 1 i A S IR AR G
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Fig.1 The characteristic of enzyme activities of C. korshinskii in different soil types

PR SRR IR 3 B2 AT S e 2 5 /NG BRI r MU A AR 2 ] LA 0 5
YRS RS A R A TR O RO AR R AR S N IR ARG, S AR S DA O ek AR -
KA 2 RGP S 0 GG R

®5 TEBEESHMEMBENEXESN

Table 5 Correlation between soil enzyme activities and the number of soil microorganism

Ei=t1 4NTH HH /e O FU =Rl TR il
Indexes Bacteria Fungi Actinomycetes Urease Catelase Invertase
B Fungi 0.650 **

HTZE T Actinomycetes 0.584* 0.858**

KT Urease 0.880 ** 0.473* 0.424

i+ FAL A Catelase 0.192 0.370 0.226 0.348

HEWHE Invertase 0.771** 0.696 ** 0.637 0.637** 0.441

T 5l 2 i

Alkaline phosphatase 0.769 " 0.738"" 0.655 0.806 " 0.572 0.710

* FANTE 0.05 KRB » « FIRTE 0.01 /K53

3.1 MRPRSARMRER L A Yy R KBS B

KAEMRPR T IEOTFERY], L IETR0 SRR TS PR A AR B 55 AR AR B 3 22 8] 22 S 5OK, A7 A2 W] 2 A
ARERZONE , VAR BR A 0 5 74k , 33 mT RRJE K AR 2R 430 015 S B 0 Sl R R E W s R )
(P TER RIS RE i AWl R A Wy~ i A8 A AR S B9 A B A JH 25 D5 AR A AR K 14 22
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x6 TENEARSMEMHEREEENEXES T

Table 6 Correlation among soil particle size, soil enzyme activities and the number of soil microorganism

_ . ) e T B A 1R il
1Rbw il HH ek R i i A A U HE bl i
Indexes Bacteria Fungi Actinomycetes Urease Catelase Invertase ’

phosphatase
HRL Clay particles 0.283 0.366 0.175 0.393 0.826** 0.477* 0.581°*
R Silt particles 0.397 0.458 0.252 0.511°* 0.905 ** 0.523* 0.696 **
ZHAY Fine sand -0.412 -0.455 -0.238 -0.492* -0.864 ** -0.531* -0.704"*
Hiib Middle sand -0.430 -0.240 -0.117 -0.627** -0.681** -0.428 -0.546 "
HLEY Coarse sand 0.357 -0.075 -0.124 0.293 -0.167 0.155 0.194

ST B PR A R TR R ARSI O S AR AR 43 ) AR SR TR , AR ] L SR v
HEFR AP BUAEFF S A ; Dakora 558 A SEAR i TR 3R 3 1155 3 , 312 5 R 0 35 3 g OO T B2 30 80A 45
AR T R, (AR PR AR Y SR RN, AT T AR AT AR TP A AR DR AR
TREHET | R A Pl B - P R 6 B2 5 AR AR B L AP AR ORI 22 57 | T BRI ph T4 2 R IR Y
AR AT I3 2 2 S e S PR R, B R R (R B PR ARl 308 b DR PR o AR B L4 rh 2
2T RFRIF IR R 3 W) SR ZR B2 (9 ) , RS S AR W 4R (MG B 22 198 3%, (AR B 338 v (R A W B0 35
20 G5, AR, iR B A RS (IR A S 14 A3 A, S O Bk e 8 3R A PR B s A T
FFHERY AR5 v B o A RS M 2 R AR B E s o T AR B 1, REWE Al IR e 2 TR 0 M 45 3 B
HRPR e Ho22 5 w3 AR AR T LLMAR PR -3 s o8 22 nT AT 35 0, A7 B A A K R CH ZE R
PREERIE N . Pt AR e b A S RO A, REAS AR MU IR I 2 i E IR
3.2 RHERARZE RO SRR PR S A R R B

EHER ARG E K G IR I AR S RS L R TR S8 b A R AR 2 A 1 28 AR, K
5 4 TP TS R AN D B 22, 21386+ P ATV RL S 60% A2 A7, RYD iR AAD B B d i, T RE S AR R
WA R A AU | b A R RN S T A 2200 L AR T RT LA A AR 1
Z b E R R A A S R BRI B M R T RE R T I AR |
SR AR B W IR P RS IR AN A RS R, bR R A LB
T LA 3R R R PRSP0 K G P S A LB A A A R I 2 S LRG| e Y i
YA R34, ASBESE IR B A LIRS £ AT R = T D 1 5% = al BB T 20K £ A% T B e A
Yok T3 R R SE AR R VR OSSR B AR IR A R LA KBS B LR A B R T T
o BR RSN MR ) A A 00 1 e DR G A, FErp A LS R AR A AR SE AN [R] 2R
B ey AR PR AR PR A AL &t BT R I, 1RG4y AR Bs A BLBR & 1 39 i i 2, Ul
IR ZR BOVE T, SRR AR Rl ) L SRR R (7 b B R r AR DR B AR RS R o

ABIRFE A R BRAE 3 FhAN RIS 1) - S rb it A AL A 304 22 | 30 R MRk T i R T AT 1 20 1 e
SERERIF IS/ R H, AT BESE: TR B 23S 98- AR ) S AL T 3 ) s i 4 S PR AN ] FR A A —
2557 R AR ; 55— 07 T, - SEAR R0 - ERR G R A T2 BRI, R B X ARG B I 4y i 7, £ 32
TR e A RN R AN ) PR (Y R g B2 A 3 b L | 203 L B A RE , 240 A 1 PR, A T A 1
HIGE AT AOITE T, B AN S A 22 | SR DRI A A e RO SR B — B, A P IR
e AR TR R LD AR R O AR LR A REMIES S T LEAER, gk
BT R i Z TP AE A DR OC R ™ g L T o () P34 B R R B T DRV R T T, ek i
1257 L3 AR EIERR ) DL, 1SRRI M n] et 22 3 ke 20 B 5 d 9, Zhou 55 IA 1
SRR WP A0 22 S ] RE S MR LR E K SORUREZH AT OC , (AT 5 A S A 2 A 2 P - S JORY 2 1
LS L RO T T A DM R . 705 22 AR RS VA X A B W R T,
RPRL B RLRY & B BEAE S IR U W R RO (B R 2 32 3 R S PR PR T S A RS, AR ARWT S0 SR
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T 3 PRI AL f) S vt A AR AR 04 22 | JECTRIRIT 2k T R S8 T AR AR, T 240 1 80t 2 S 8 O D/ )
S ARBR 5 AR B S N I ol P O R I R e 4 A SO T P 2 2 B I > 2038k > b R e 3 20
Bh AR PR S P A RS 1 2 e T RS S KD R AR e A, R R R B AR B e TR
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