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Table1  Nutrient contents in experimental soil
TR HHUT (glkg) AR E (mglkg) O (mglkg) A (mglkg) pH 14
kg 208.3+549a 89.6+3.15a 10.9+0.67b 2075+6.79a 6.6+0.04a
W 131.2+5.05b 71.3+3.00b 20.3+0.87a 1474 +557b 5.6+0.07b
EF & 103.2+4.17¢ 64.7+2.66b 215+0.95a 1225+4.02¢c 52+0.10c

1.2 REHZE

MNERFPSEAY LI R — AR 1w
ARG P . ARG A 20 K40 B U ARAR B L AR
b4 —k, JEEC 5 K. RIGRHBENLX A 8T, 3
WEA, /NXHH 222 mP,

MBI vk R RS 4% b, BENLEEN 15
FRAEH IO M, 259050 ~ 2 em (9% 1, #2HHER
R, SRR K IR, N OEL ) I
FRHAEAH B AR 210 0 ~ 4 mm ()13, JRA S HRIRAR N —
ANFEdh

FEARBR - BORE e BENLAE IR UG R AE K
M2+, XEEZ0~2em +, BLO~20cm B+ 2,
5 mUEIRE. IR INISEI0E, T, Rt 20
SR, AT HTIE .

1.3 HIEEEMMNES E

e A A S T e R R e, K 1 g HEET
37°C 4FF, 20 min #4E 1 ml 0.02 mol/L =i R H 52
SCHy L AR AL (LU A R s SR E
w5, K 1g 13 37°C [HEEFE 24 h 425 1 mg NHa-N
5 SN LURSL g S A iR 0 5 SR 3,5- Atk
Mg L35, ¥ 1 g +3 37°C fEIELREFE 24 h Z4ER 1 mg
HAEE X UM, 3 UOTFAT, I BTEHE o R G
Y

1.4 +iF pH EFFLNER X

T AN S B R R A A I B A =
(ST, gl gt S ol ey s 0 sz ), Sl kel o P R IR
AR M, S BT BRI e, pH
B 1:1 K313, pH e,

K Microsoft Excel £ SPSS 17.0 45 1 #c44 o) Hcth
HEAT AT AL

2 HR59H

2.1 FREIZEE LIRIERRPR L EEF TR IER

TEMHAR FEEA AN, W T X 3 Fhs
R L S MHARAR B Lo A G Rl R A A R
PIARARAE DL (R 2) o X RS H - AR B o 41
TG IR R AL IS Y300 0.60U, 0.48U FlI
22.00U (3 Fh+3 T 394E) , (HAE T HERA N A fE B 2%
ZESt o WEARIRIRPRAR by - 1k S AU . ORI RN 5510
TR T R R A ISR AR b o A
P S PEAR ALY 0.68U ~ 0.80U, “T-#4°% 0.74U,
BB A SR 430 39.62% A1 37.04%; MRS
PEARALTEHE 0.45U ~ 0.64U, ~F¥24 0.52U, s
T HRIAK L3505 15.56% il 10.64%; FEAL BT AR
fBVE /& 25.79U ~ 43.26U, “T-#4°% 35.40U, ®KEwb+
A3 4573l 5 68.09% F1 260.86% .

%2 TEEDTIRHRIFLEGEE (U) CH6 £SE, n=3, F&HD

Table 2 Tobacco plant rhizosphere enzyme activities in the three soils

ey e SKRER 3
6 A21H 7THUH 7H30H 816 H 9H2H

puE=R N I A 0.71+0.015a 0.73+0.015a 0.80+0.010 a 0.76 +0.006 a 0.68 +0.017 a 0.74

bt 0.46 +0.010 ¢ 0.48 +0.010 ¢ 0.54+0.025 b 0.57 £0.026 b 0.58 +0.017 b 0.53

L 0.51+0.012b 0.53+0.01b 0.56+0.015b 0.54+0.015b 0.55+0.015b 0.54

JiR I A e 0.45+0.012a 0.47£0.06 b 0.64+0.012a 0.54 +0.015a 0.52+0.015a 0.52

bt 0.35+0.012 b 0.53+0.01a 0.51+0.010b 0.46 £0.015 b 0.40 £0.015 b 0.45

EP SN 0.43%0.015a 0.48+0.01b 0.53+0.010b 0.50 +0.015 ab 0.39£0.015b 0.47

AL I kRi% 37.76 +0.67a 43.26 +1.967 a 38.34+1.448a 31.85+1.702a 2579 +1.562 a 35.40

it 2253+0.282b  24.81+1192b  23.09+0.940b  1882+1.238b  16.07%1.124b 21.06

Ft 9.47+0.716 ¢ 1357+0965¢c  11.34+1278¢ 8.01+0.379¢ 6.66 + 0.404 ¢ 9.81
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R o Jok 40 A Sl 9 2 O e 2 ) AR A PR
N, AR AT TR B AL 2 e SRR 12K
T RIS TG S, WEHBIE 7 305, Eab
T RINGANR TG ERAR B DR AR E A R
B ST i B (AR A a3, I ERIBERT 1 1 W B
E7 H30%, B HRERIAT H 115, 3k
0 R AR B 2 A T 1 38 SR I S 1 S B
#, 7 H 1L SEEEMER K (K 2) .

2.2 FEIZEE IR RERIR PR B E AR PR SUR 55 47

120 b XA R I A A G RN A AR
PRk 3 Fion. 3 T is 3 2 I AR B 1
BN o MR BR AN A LIRS R M AE AR I e e e, SRR

Hi: RHEACERE (1.08) <IREF (1.14) <M ALR§ (1.51)
(3 P T e R BN B, ARAEAN ) 28 1 1 43¢
AR ZE 5, WA 2R L A A RIS PERR B 2N (RIS
=1.05) X TIREF (R/S = 1.06). 3 Pl YEML BRSO
1E ISR A B R b > B E > Pk (R
3. Wk AL A B T RIS HALE /2 1.04 ~
1.26, P34 1.14, 8BRS LR AR 143705 8.97% Al
9.60%; I A 58 IR Wl 7% 1k RIS {1421k 3 il 2 1.01 ~ 1.45,
SR 1.24, BBELAIAK 0N 13.09% A
17.14%; WEERIEHLABEE M RIS (AL YEH & 1.78 ~
251, Pk 2.11, BB LMK 505 53.64%
#1100.38% .

%3 FREIEE T IFEMRARIR LBEEERRPREE (RIS)

Table 3 Rhizosphere effects of enzyme activities in the three soils

+ By e Syit] SKREI ) g2
6 21H 7H11H 7H30H 8 H 16 H 9H2H

A A I A e 1.09 £0.051 a 1.08 £0.033 a 1.26 £0.061 a 1.24+0.024 a 1.04+0.016a 1.14

bt 1.02+0.045a 1.03+0.051 a 1.02£0.072b 1.09 £0.042 b 1.08 £0.005a 1.05

¥t 1.01£0.034 a 1.03 £0.009 a 1.10£0.038 b 1.13+0.036 b 0.94+0.038a 1.04

i A 1.30+0.11a 1.32+£0.084a 1.45+0.073a 1.14+0.027a 1.01+0.032a 1.24

bt 1.09 £0.037 b 1.36 £0.022 a 1.16 £0.029 b 0.93+0.021b 0.96 + 0.069 ab 1.10

EF &S 1.11+0.092 b 1.37£0.027 a 1.08 £0.020 b 0.97 £0.022 b 0.89 +0.030 b 1.06

AL I A e 1.85+0.17a 2.38+0.102a 2.51+0.047a 2.02+0.167a 1.78£0.036 a 211

LaEs 1.27 £0.065 b 1.36+0.136 b 1.42+0.118b 1.43+0.125b 1.38+0.032 b 1.37

Ft 1.04£0.070b 1.14£0.052 b 1.12+0.120¢ 1.05+0.081 b 0.91 +0.058 ¢ 1.05

TEMERRAE T IR, I S TR VEAR DR 240N, (RIS
) 7£1.0~1.2 Z ) B NEE), 7 H 30 52 AR Frik
AN, IS uE A G0, AR RE AN K. 3 R Y
L R R P AR I 280 B A A O 2 SRk o
THE R AR S, Wt 7 /] 30 SiAR&E K,
WA A AR T A 1L SIE RO, BALEEE T
R B 20N A Ak i 5 5 IR B ARAL (R 3D, (AR IR
%.

2.3 FREIEETIFRKIRFR L pH FIEHFHTIL
1B

FEHR A B AN, S X R O - S R AR B
pH A B 20 R R B 5 5000 4 5.42.72.52
mg/kg.33.36 mg/kg F1 402.04 mg/kg(3 Fft -3 T #{H),
{EAE SRR W) 22 R O, ERRAR B 1 pH A B 5
MR SRR B> Bb 4>+,
HRBr Lk S B S R (R4

TR AN, 3 PP SRR AR B 1 pH {48
WA /N, WikRiA4E 5.66 ~ 5.91 2 [a], Erb-LAIHK
ARG 43 I 7E 5.28 ~ 5.42 F1 4.96 ~ 5.18 . [i];
PRAR S AR . SO R e A I S R I
RN A =E I S BT 6 7 By Sl U NS R T
AR o WP A SR 7 J1 30 Huy R R
gL P W EEV ST 2 (AP 0 7 BT o= I RS
B, 6121 HE 7 H 30 HBERE (138 L AR B i
NTHI1LHY , RARIERSE .

2.4 AREIZEEHIFAMRIRIR T pH FRIERTF 5 RPREL

[z 5> 7

MR AF AN, L3 pH (R I AR Br 700
(RIS <1). WEEFEEABR 580 S e (RIS =0.87),
U BRb+ (RIS = 0.92), 2 MR B 580N 4/
(RIS=0.95), RfMH=AFAHERE, 31 pH HBRAL
NAT B I (R 5).
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F 4 TRZEETIBRHKREL pH BEREHFSEE (mg/kg)
Table 4 Tobacco plant rhizosphere pH and nutrient contents in the three soils
5 H R POl R ] T
6121 H 7TH1LH 730 H 8 ;116 H 9H2H
pH 1 I ki 59+0.015a 57+00la 58+0.01a 5.7 +0.006 a 59+0.012a 5.8
LR 5.4 %0.006 b 5.3+0.006 b 5.3+ 0.0153 b 5.4+ 0.006 b 5.4%0.012b 5.4
EPSW 5.0+0.025¢ 5.2+ 0.006 ¢ 5.1+ 0.006 ¢ 52+0.012¢ 51+0.017 ¢ 5.1
TR 2 I A 102.2+1.039 a 101.4 +2.936 a 97.7+3.205a 86.2+3.329a 742+2.443a 92.4
LR 79.2+1.692b 7831250 b 713+3.261b 56.9+2378b 50.2+2215b 67.2
EPSW 75.4+1781b 66.8+1.265¢C 60.4+2.091b 42.1+1.990 ¢ 456+3.07b 58.1
UK I A 53.0+0.68a 354+0.35b 26.3+0.62a 24.3+0.97b 16.8+0.58 ¢ 31.2
LR 51.6+122a 409+1.00a 26.2+087a 25.6+0.69b 21.7+0.78b 332
EPSW 490+141a 412+1.16a 287+107a 31.0+110a 28.7£023a 35.7
ke I A 939.6 +5.83a 702.2+4.573a 479.9+9.201a 419.8 £ 6.658 a 402.3+10.546 a 588.8
LR 527.4+3.648 b 362.4+3.866 b 2325+7.861c 2749+ 4.061b 279.9+6.378 b 3354
EE SR 3723+2.198¢c 2725+ 3,600 265.0+6.123 b 262.4+3.103 b 2375+ 10.30 ¢ 281.9
F5 ATRIZE TIEMEIKIRFR L pH EFRGFTFORIRIAL (R/S)
Table 5 Rhizosphere effects of pH and nutrient among the three soils
TiH SR Sy KA I ] T
6 H21H 7TH11LH 7 A 30 H 8 H 16 H 9H2H
pH f& I A 0.90 +0.004 b 0.85 +0.003 b 0.88 +0.004 b 0.85+0.014 b 0.86 +0.006 ¢ 0.87
bt 0.92 +0.004 a 0.91 +0.004 a 0.91+0.008 b 0.93+0.011a 0.92 +£0.007 b 0.92
EF &W 0.91+0.005 b 0.93+0.016a 0.96 +0.013a 0.96 +0.010 a 0.99 +0.001 a 0.95
T I A 1.16 £0.013a 1.13+£0.032a 0.99£0.035a 0.85+0.021a 0.64 +0.006 ¢ 0.95
bt 1.10£0.047a 1.16£0.067 a 1.05+0.069 a 0.83+0.073a 0.75+0.025b 0.98
EF &W 1.13+0.021a 1.14+0.059a 1.09+0.075a 0.87 +0.059 a 0.88+0.030a 1.02
M IE kR 4.90+0.158 a 3.46+0.032a 2.40+0.039a 2.08+0.212a 1.32+0.048a 2.83
bt 2.560.102 b 1.980.043 b 1.31£0.048 b 1.32£0.015b 1.07 £0.007 b 1.65
EF &W 2.27+0.052b 1.66 +0.038 ¢ 1.15+0.005 ¢ 1.21+0.037 b 1.14+0.031 b 1.49
M L kR 454+0.101a 3.71+0.094a 1.92+0.024 b 1.77+0.014 b 1.66+0.019 b 2.72
bt 3540.101 b 2.220.025¢ 1.82+0.024 b 1.80 £ 0.055 b 1.90+0.073a 2.27
S aw 3.74+0.135b 2.57+0.098 b 2.22+0.062a 2.08+0.051a 1.30£0.042 ¢ 2.38

E 30 i, XA O] L SBEAA GR  AK ot R A A B
RN 5 Frox, KIA: BEE (0.98) <ALk
(1.99) <HZAHH (2.46) (3 FPSTY AR ik b F
BIED, AFEARISE AL -3 R AT 25 5, A A AT AL
RPN, (RIS =2.83) TR (RIS =2.72),

IR AR EAR PR RN AE R ) 22 AR,
PN A F AR 76 7 H 30 H 2 iR I H 59
(IR R TE RN, I i WU AR B 30N, (5D 1338
TR I W) R AR PR IE AN, HLAE L3S A )R
JHBRAS [ A B ISR S e e W e 22 e, RIR: AR
HE (R/IS=2.83) >®2b+ (RIS=1.65) >H3¥K+ (RIS
=1.49); FAEFIAHERE, MPRRN FRRA (K 5).
b B B AT R I R B AN, AR TR

RUTR) AU o A B R A AR 22 7 £ 7 H 30 HZ
Rl 3 Fh I - S R AR o R0 1 i A 7 S04 L
NEE, HREERIAR PR RN 2 2 T R R AR
VLR ARBR BN AR a2, REFAE—RUE K (R 5D,

3 #Hhit5itie

(1) WFFTRWIREIL 3 DX ARLIA 1 358 iod S A i
IR A A A P AT HR B IE 28O0, FLAR B 0 M 2
BRSO AT Tl AR B RN, e AL AR
B RN A o g S A U K A U A
YIRAR 73w, 1S E N A o A b AT
U AL 2 S8 I P4, I A A S VA R
ERAL T R A RE RS o S AR B Y
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(2) HRB W VI s A ) T 3R 20 (AR TR
TEPIRS TR I, R 3 Fh A L sy,
R HEIHARAR B - WS PR AR AR B N B, S
A 30 O AL R, AT R R KGR IR 2
AT o

(3) FEMARRAKIYIR], 135 pH (BRI ] R
MBS AN, RIARER A+ pH EAR T AR B+, X007
SRR A A — B0 MFRL pH B R 2
ARSI BH 7 A B AN R S D2 (K, R AR A&
WA 774 COL ¥ 1 1 R Hh A - 3R JEE 1 it A
MR Gy WhA HLRR (¥ 5wt o), I e pH (AR B Sk
VRS SR LALIRE U S NI i PN =y 7 2 S S N DY iE 7S
ARG I, PPRAE B8 % COy, [l i) 14
FHEH AR AR W) -

(4) LEMHARAEAIYIR], S A R AR e
RN S, TR SRR B NN, R ol 5 <
R <3B3530 5 PO 4 AR — 2
5 SRR R AR s P 5, TR0 5 i dy oy T R -
MEAK L, ERE AT RNE, S A
XL pH EAT 9K o i f S S AR R TR B R
BERNTRUEMAR L, SRR RS R
i AR TS FEE AT LT AT K

LR EPTIR, WEERBARRMEE TR R . pH ARBR RO
BOK, QG T — MR TN R A, B T
THORAEE, MRIREBS RO W R E, N
MR B K O R AP AOFR N, e BB R ARG, IXA]
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Study on Tobacco Rhizosphere Effects of Soil Enzyme Activities and Available

Nutrients in Three Soil Types in Yanbian

YIN Quan-yu*?, GUO Xia-li{, ZHAO Ming-gin>, WANG Yan*
(1 School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China;

2 College of Tobacco Science, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: In this study, three types of soil and flue cured tobacco of Yanbian area with randomized block design in the field were used to
investigate the activities of catalase, urease and invertase, and the contents of alkali-hydrolyzable N, available P and K in rhizosphere and non-
rhizosphere soils, and pH values, soil enzymes and nutrients at different developmental stages of tobacco plant. Results indicated that the average
activities of catalase, urease and invertase in rhizosphere soils for planting tobacco were 0.60U, 0.48U and 22.09U, respectively. The rhizosphere
effect of soil enzyme were obvious different, i.e. catalase (R/S=1.08)<<urease (R/S =1.14)<invertas (R/S=1.51). pH value and the contents of
alkali-hydrolyzable N, available P and K of rhizosphere soils were 5.42, 72.52 mg/kg, 33.36 mg/kg and 402.04 mg/kg, respectively. The rhizosphere
effect was in an order of pH (R/S = 0.91) < alkali-hydrolyzable N (R/S =0.98) <available P (R/S =1.99) <available K (R/S =2.46). pH value and
the contents of alkali-hydrolyzable N, available P and K in rhizosphere and non- rhizosphere soils were in an order of dark brown soil >black sandy
soil >albic Soil. Therefore, dark brown soil had higher rhizosphere effect and could provide more favorable environment including nutrition for
planting tobacco, which might be one of the important reasons that dark brown earths was better than other two soils for tobacco growth.

Key words: Flue-cured tobacco, Soil type, Soil enzyme, Available nutrient, Rhizosphere effect



