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Abstract Ecologlcal enzyme activities are closely relevant to the carbon and nitrogen decomposition and mineralization of paddy soils,
which can{reflect the=growth and metabolism of microorganisms. In order to clarify the response to nitrogen application by different
enzymes|in the rhizosphere and bulk soil of rice, the rhizosphere and bulk soil were identified using a rhizosphere bag. In addition, the
B-1,4-glucosidase (BG) enzyme; B- 1,4-N-acetylglucosaminidase ( NAG) enzyme; and the effects of the rhizosphere, nitrogen
application, and growth period on soil enzyme activities were analyzed. The results showed that the activity of the BG enzyme decreased
by 7.4-13.5 nmol+ (g-h) ' in the jointing stage and increased by 7. 0-31.4 nmol+(g-h) ' in the maturity stage, and the activity of
the BG enzyme in the rhizosphere and bulk soil also changed with the growth period of rice. compared with no nitrogen fertilizer,
nitrogen application increased NAG enzyme activity by 1. 1 times and rhizosphere soil by 0.3 times in the bulk soil in the maturity
stage. Nitrogen application and growth period had significant effects on soil BG enzyme activity, whereas the interaction within rice
growth stage, nitrogen application, and rhizosphere effect had significant effects on NAG enzyme activity. The result of RDA showed
that the soil microbial biomass carbon (MBC) and dissolved organic carbon (DOC) contents mainly affected the activity of extracellular
enzymes in the rice rhizosphere soil, whereas the activities of enzymes in the rhizosphere soil were mainly affected by microbial biomass
nitrogen (MBN) and NH, -N. The relationships between soil enzyme activity and various factors are complex, and the effects of
nitrogen addition on microbial community composition needs to be considered after accounting for plant physiological characteristics,
soil enzyme activity, and soil characteristics.
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Fig. 1 Contents of soil DOC, MBC, MBN, and NH," -N in rice of various ages with rhizosphere and bulk soil
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Fig. 2 Enzyme kinetics of the BG and NAG enzymes in the rhizosphere and bulk soil
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Table 1  Kinetic parameters (V. , K,,, and K,) of the soil extracellular enzymes in the rhizosphere and bulk soil
BG NAG
— k
A IR K, K, Vo K, K,
NO-Rhizo 94.82 +6.76a  57.76 £19.30 1.77 £0.59ab  66.97 +1.79b  95.13 £26.12 0.74 £0.22
S NO-Bulk 92.83 +9.33ab 42.2£17.18 2.37 £0.64a 76.08 £6.16a 112.76 £37.05 0.72 £0.20
’ N100-Rhizo 87.45 +7.40ab 71.89 +15.48  1.25+0.23¢ 68.75 +4.29ab 110.09 +£36.40 0.68 +0.25
N100-Bulk 79.35+6.04b  54.19 +9.71 1.48 £0.16ab  66.94 £3.20b  92.13 +23.77 0.77 £0.27
NO-Rhizo 54.70 £5.63b  50.67 £3.24 1.08 +0.04b 69.55 +£12.39b 122.91 +25.98b 0.57 +0.08ab
J A NO-Bulk 80.33 £22.53ab 51.26 +1.19 1.57 £0.46ab  67.28 +14.82bc 134.07 £56.27ab  0.55 +0. 17ab
- N100-Rhizo 86.05 £13.42ab 52.24 +10.07 1.66 £0.08ab  45.73 £1.63¢c 133.59 £43.57ab  0.35 +0.13b

N100-Bulk 87.35+7.26a  53.43+15.52  2.02+0.55a  140.51 +13.85a 200.56 +2.48a 0.70 £0.07a
D) AL R? >0.9; 2) NO NAJZ,N100 A% 100 mg-kg ™!, Rhizo MHRFR T3, Bulk FARARER 3, 3) 4 F A A R AL HAY Duncan £
AL (P <0.05) , ¢tk 35 22 A A

R2 R, REEMENAREFHX L RRIMEEFHNSELR

Table 2 Effects of nitrogen application, rhizosphere effect, and different growth stages on the activities of two kinds of extracellular enzymes in soil

b2 BG NAG
B H 1 FfE P{E A F{H P{H
it & 1 0.93 0.3502 1 8.31 0.0108-=
HRE PR 1 0.85 0.369 6 1 : 46. 89 040000 "
AH 1 6.38 0.0225* 1 9.25 L 0a0078
A x AR FR 1 2.79~ 0.1145 1o 34.92 0. 000 0™
Hi %A x A 1 10.57) 4z 0.005 0 ** N 15.17 9:“'001,3 =,
HREBR x £ 7 1) 1 4127 0.059 2 { i | 134.18 #0. 0000
A x ARBR x A= ) 1 1.00 0.3325 1~ 54. 88 0£000 0.7 4
— \ ”. ] g 3 4 o ; T 2 i
YRR AL SEIRRER N 5. 1%
2.4 HHEDE BT o RS P T
TR - R G Rk S A 1 R ZNH
SRV EE T X A AR B - A
o AEHS G AL HEAT Pearson #HOC AT R B (3R 3) ,
T NH[ NS RO AR A HLER (DOC) 3R B 1 1235
IR EYE(R = -0. 664, P <0.01) , H3ERMUEYE
e 2 ol [
S Y (MBC) 5+ HUUE 9y 8 (MBN ) 8L B
WEMGAICHE (R = -0.648, P <0.01) ; [AHFIE
B3 ZARBTE(KBESN. WBAR, R HRER 1 MBC 5 NAG R P 52 12 38 IEAHG, 1A
ST + RS M TR B E SR BG M PR IG5 A S 5 28, X 52 Wi K A AR P AT AR
Fig. 3 Venn diagrams describing the partitioning of the WFr+ ig H@ ﬁl\ @E& W 1Y ig F i ?? RDA ﬁ} *ﬁ
variation of relative soil enzyme activities among ( [7§I 4) , 71_\ })I_ll j: i%? MBC %u DOC /F'? ﬁ 3‘5% %ﬁ IJI'IJ] 7J( *‘E}’
three sets of explanatory variables
£3 KB4 B YRR L IEEFEN L EEARIESRA Pearson XS
Table 3 Pearson correlation analysis of rhizosphere soil enzyme activity and basic index across rice growth stage
BG NAG DOC MBC MBN NH, -N C/N H, 0%
BG 1
NAG 0. 068 1
DOC -0.221 0.114 1
MBC 0. 246 -0.343 -0.333 1
MBN -0.173 -0.029 0. 381 —0.648 1
NH, -N 0. 056 -0.071 -0.664 " 0.119 -0. 386 1
C/N 0.209 -0. 106 -0.340 0.760 ** —0.942 " 0.368 1
H,0% -0.035 0. 158 -0.017 0.299 —-0.494 " 0.277 0. 469 1

1) B ARbR A w3 B B AR s C/N S MBC/MBN, H, 0% B 7515 5



3494 2

i

B 38 %

+RS oBS

RDAZ (7.62%)

RDAI (16.26%)
B4 RmBEEEEERR RDA 47

Fig. 4 RDA of influencing factors on enzyme activities
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