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Effect of nitrogen addition on enzyme activity during fine root
decomposition of Pinus tabulaeformis
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Abstract Background Exploring the effect of nitrogen ( N) addition on enzyme activity during fine
root decomposition is helpful to elucidate the potential mechanism of N addition affecting fine root
decomposition and eventually provides a basis for studying N deposition affecting carbon balance and
nutrient cycling in forest ecosystem. Methods The Pinus tabulaeformis seedling were treated with N
addition (NO 0 g/(m’+a); N3 3 g/(m’+a); N6 6g/(m’+a); and NO 9 g/(m’+a)) for 2 years

and then the fine roots were grouped with 3 diameter size classes ( < 0. 5mm; 0.5 -1.0 mm and 1.0 -

2.0 mm) and buried using litterbag method in a P. tabulaeformis forest where was treated with N addition
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for 2 years respectively. The litterbags were sampled every 2 months then the enzyme activities
( cellobiase alkaline phosphatase and galactosidase) and carbon ( C) N phosphorus ( P) concentrations
were determined in laboratory.  Results During fine root decomposition the activity of cellobiase
increased first and then decreased and then increased in the later stage. The activities of alkaline
phosphatase and galactosidase increased first and then decreased and the activities were the highest in
the middle stage of fine root decomposition. N addition significantly affected cellobiase and galactosidase
activities ( P < 0.05)  but had no significant effect on alkaline phosphatase activity. N3 treatment
increased cellobiase activity of 0 — 0.5 mm and >0.5 - 1.0 mm fine roots N9 treatment increased
cellobiase activity of >1.0 —2. 0 mm fine root. N addition decreased galactosidase activity of 0 —0. 5 mm
fine root and N9 decreased galactosidase activity of >0.5 —1. 0 mm and >1.0 —2. 0 mm fine roots. At
different stages of decomposition the effect of N addition on enzyme activity varied depending on the
enzyme species and fine root diameters. There were significant positive correlations among different
enzyme activities and the correlation between alkaline phosphatase activity and galactosidase activity was
the strongest. Correlation analysis showed that enzymes not only had specific influences but also had
common relations among enzyme species. Enzyme activities were significantly positively correlated with
fine root C N P concentrations and negatively correlated with fine root N: P ratio. The correlations
between enzyme activity and fine root quality were relatively consistent but the correlations between
enzyme activity and temperature moisture were quite different. Conclusions N addition has a variety
of effects on the enzyme activity such as increasing and decreasing there is an interaction among N
addition decomposition time and fine root diameter to make the effect of N addition on enzyme activity
varied during fine root decomposition. N addition increases decomposition enzyme activity by increasing
fine root quality environmental conditions such as temperature and moisture has varied effects on
different enzyme activities during this process.
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Tab.1 Basic characteristics of Pinus tabulaeformis plantation

raea salicifolia) .

( Viburnum dilatatum Thunb)

30% ~50%

( Lonicera japonica Thunb) .

30%;

( Carex lanceolata Boott)

Soil properties

Stand characteristics

Treatment
Organic C/( mgeg™") Total N/( mgeg™") Total P/( mgeg™") DBH/cm Height/m
NO 19.87 + 1. 14b 1.46 £0.03a 0.55 +0.02a 16.04 1. 46a 16.43 £0.47a
N3 21.01 £1. 10b 1.44 £0. 06a 0.55 0. 02a 15.79 £1.92a 17.22 £0. 40a
N6 22.78 £0.79a 1.52 +0.02a 0.52 +0.01b 15.96 +1.71a 16.12 0. 76a
N9 19.55 +1.20b 1.56 £0. 14a 0.56 +0. 03a 16.34 £3.23a 17.67 £0. 69a

(P<0.05); NO.N3.N6 N9

Notes: Different lowercase letters indicate the significant difference at 0. 05 level. NO N3 N6 and N9 are 0 3 6 and 9 g/( m”*a) respectively.

DBH: Diameter at breast height.
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Fig.1 Dynamics of enzyme activity of different-diameter fine roots of Pinus tabulaeformis in different treatments

3.3

0. 05) N P (P< .
0.01) ( 3).



6 2019
2
Tab.2 Variance analysis of enzyme activities at different fine root diameters
Alkaline phosphatase Cellobiase Galactosidase
Source of variations df
F P F P F P
N treatment ( T) 3 2.941 >0. 05 5.023 <0.05 3.492 <0.05
Date ( D) 4 698. 717 <0.01 1036. 893 <0.01 1014 <0.01
Root diameter size ( R) 2 0. 047 >0.05 1.799 >0.05 6.112 <0.05
TxD 12 2.175 <0.05 2.366 <0.05 3.814 <0.01
TxR 6 1.951 >0. 05 2. 168 >0. 05 1. 807 >0. 05
D xR 8 4.347 >0. 05 8.983 <0.05 4.851 <0.05
TxDxR 24 1. 684 >0.05 1. 705 >0.05 3.415 <0.01
3
Tab.3 Correlations between enzyme activity and fine root physiochemical property
Alkaline Alkaline
Factor Cellobiase Galactosidase Factor Cellobiase Galactosidase
phosphatase phosphatase
c 0.530™  0.203™  0.139™ Moisture -0.039  0.539™  0.564™
0.3417™ 0. 146" 0. 149" "
. Temperature -0.955™ -0.316 -0.260
P 0.4327 0.521™ 0.566™ P
¢ N . Cellobiase 1. 000 0. 484 0.427%
Mass ratio of C to N 0.142 0.048 -0.005
cC P _ _ s _ ok 1. 000 0.909
Mass ratio of C to P 0. 300 0.274 0.338 Alkaline phosphatase
N P \
Mass ratio of N to P -0.175™ -0.458™ -0.504 Galactosidase 1. 000
“x (P<0.03 “Yk” (P <0.01) . Notes: The “* ” above the

data indicates a significant correlation between the variables and ““ ” indicates a very significant correlation between two variables.
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