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Abstract; In order to explore the effects of enzyme activities from plant root exudates on rhizosphere soil enzyme
activities and nutrients in karst areas, the activities of B-1,4-glucosidase ( BG), B-N-acetyl-glucosaminidase (NAG),
leucine aminopeptidase ( LAP), and acidic phosphatase ( ACP) of fine root exudates and rhizosphere soils in four
vegetation restoration stages, which are shrub-grassland, shrubland, shrub-arbor forest and arbor forest, were
measured. And, their relationships with soil carbon (C), nitrogen (N), phosphorus (P) contents were analyzed. The
results were as follows: (1) The four enzyme activities of rhizosphere soils and root exudates were significantly higher in
the late stage of vegetation restoration than that in the early stage of vegetation restoration. The enzyme activities C : P to
N : P ratios of root exudates in arbor forest were significantly higher than those of other three stages, while the two
parameters of rhizosphere soils were opposite. (2) Correlation analysis showed that the enzyme activities of root exudates
were positively correlated with the corresponding soil enzyme activity. Compared with the enzyme activities of root
exudates, the correlation between soil enzyme activity and related nutrients became significantly stronger. In addition,
the enzyme activities of G, NAG and LAP in rhizosphere soils and root exudates were positively correlated with soil
organic carbon (SOC) and total nitrogen (TN) in rhizosphere soil, while the enzyme activities of ACP in rhizosphere
soils and root exudates were positively correlated with available phosphorus ( AP) in rhizosphere soil. The above results
indicate that vegetation restoration has positive effects on increasing enzyme activities of root exudates and soils. The
enzymes of root exudates are the indispensable supplements for soils, and play an important role in promoting carbon,
nitrogen and phosphorus nutrient cycling. To sum up, it will be that the regulation of root exudates and its enzyme
activities may provide a new perspective for vegetation restoration in karst ecosystem.
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Table 1 Soil physical and chemical properties at different vegetation restoration stages
kA2 B Bt 4 A HLAR e e EER 4
Restoration stage SOC (g - kg") TN (g - kg) TP (g - kg') AP (mg - kg)
THE A 30.61+7.57d 3.21+0.69¢ 0.22+0.05d 3.95+0.24¢
Shrub-grassland
HEAR 48.89+4.56¢ 3.96+0.64bc 0.3720.03¢ 4.37+0.21¢
Shrubland
HETT AR 61.15+6.60a 4.43+0.75b 0.43+0.02b 5.77+0.37b
Shrub-arbor
forest
Tr AR 55.93+8.63b 5.98+0.76a 0.54+0.01a 9.13+0.78a

Arbor forest

T SR E/NG FEEROR RN R R G B (8] B AT I8 35 22 5% (P<0.05) .

Note; Different lowercase letters in each row indicate significant differences between different vegetation restoration stages (P<0.05).
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NAG. B-N-Z R BE T B ; LAP. SRR 2 LKA ; ACP. BRtEREmEs., T,

Different lowercase letters indicate significant differences in root exudates and soil enzyme activities among different vegetation restoration stages
(P<0.05). BG. B-1,4-glucosidase; NAG. B-N-acetyl-glucosaminidase; LAP. Leucine aminopeptidase; ACP. Acidic phosphatase. The same

below.

1 AREEHRRE M RIRFR 5B E SN T EEEET

Fig. 1 Changes of enzyme activities in root exudates and soils at different vegetation restoration stages
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GC. Shrub-grassland; GM. Shrubland; GQ. Shrub-arbor forest; QM. Arbor forest.
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Fig. 2 Changes in the ratio of enzymes between root exudates and soils at different vegetation restoration stages
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Fig. 3 Relationship between root exudates enzymes and soil enzymes
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Table 2 Correlation between the enzyme activities and ratios of root exudates and soil with soil factors

FHEH T ot e IR £ B R
Soil factor SOC TN TP AP
R &5 BG 0.776%* 0.743 %% 0.863 ** 0.828 %
Root exudates BG

R ZR 1Y) NAG 0.667 ** 0.666%* 0.712%%* 0.860 %
Root exudates NAG

R ZR 5T LAP 0.616%* 0.703 0.708 ** 0.838 %
Root exudates LAP

&5 ACP 0.335 0.295 0.335 0.479*
Root exudates ACP

AR WPIEGEEPE C + N 0.596%* 0.427* 0.657 % 0.302
Root exudates enzyme activity C : N ratio

ARG PE C - P LHE 0.827 % 0.735%%* 0.893 % 0.7527%
Root exudates enzyme activity C @ P ratio

AT WYIBGEEPE N « P 0.607 #* 0.629 #* 0.636%* 0.774 %
Root exudates enzyme activity N : P ratio

+3 BG 0.819%x 0.704 % 0.839%x 0.813 %
Soil BG

+3E NAG 0.709 % 0.740 % 0.849 % 0.774 %
Soil NAG

148 LAP 0.665 ** 0.731 % 0.818 % 0.791 *x*
Soil LAP

14 ACP 0.827 % 0.850 % 0.917*%* 0.956%*
Soil ACP

T+ IEREGPE C 0 N M -0.181 -0.238 -0.170 -0.185
Soil enzyme activity C : N ratio

T IERENEE C P HUE —0.624 %% -0.723#* -0.760%* —0.699 **
Soil enzyme activity C : P ratio

FIEREEPE N - P H(H —0.832:%* -0.769 #* —0.843 %% —0.834 %

Soil enzyme activity N : P ratio

. *FIR P<0.05; **F£/R P<0.01,
Note: "indicates P<0.05; ** indicates P<0.01.
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Fig. 4 Redundancy analysis (RDA) of root exudates and soil enzyme

activities and their ratios with soil environmental factors
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