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Abstract. Phosphorus (P) is often a limiting nutrient for 1 Introduction

plant growth in tropical and subtropical forests. Global cli-

mate change has led to alterations in precipitation in the rePhosphorus (P) limitation to forest primary productivity and
cent years, which inevitably influences P cycling. Soil acid other ecosystem processes is widespread in tropical forests
phosphatase plays a vital role in controlling P mineraliza- (Attiwill and Adams, 1993). Most soil P is bound in detri-
tion, and its activity reflects the capacity of organic P min- tus as organic P and remains inaccessible to plants. Apart
eralization potential in soils. In order to study the effects from the weathering of parent material in soils, P input de-
of precipitation on soil acid phosphatase activity, an experi-pends on the mineralization of soil organic matter. Phos-
ment with precipitation treatments (no precipitation, natural phatases, originating from fungi, bacteria and root exudates,
precipitation and doubled precipitation) in three successionatatalyze the hydrolysis of ester bonds between phosphate
forests in southern China was carried out. The three forestand carbon compounds in organic substrates to enhance P
include Massonpine forest (MPF), coniferous and broad- availability to ecosystems (Turner and Haygarth, 2005). The
leaved mixed forest (MF) and monsoon evergreen broadproduction of phosphatase would be increased when the re-
leaved forest (MEBF). Results showed that driven by seasongquirement for P by forest ecosystems is increased (Clarholm,
ality of precipitation, changes in soil acid phosphatase activi-1993; Olander and Vitousek, 2000). These enzymes there-
ties coincided with the seasonal climate pattern, with signifi-fore play an important role in maintaining and controlling the
cantly higher values in the wet season than in the dry seasomate of P cycling in forest ecosystems. Of the phosphatases,
Soil acid phosphatase activities were closely linked to forestacid phosphatase is predominant in forest soils due to their
successional stages, with enhanced values in the later stagpsl optima (Juma and Tabatabai, 1988). Its activity can pro-
of forest succession. In the dry season, soil acid phosphataséde useful information on organic P mineralization potential
activities in the three forests showed a rising trend with in-and biological activity of soils (Speir and Ross, 1978; Dick
creasing precipitation treatments. In the wet season, soil acidnd Tabatabai, 1993; Emer and Green, 2000). Acid phos-
phosphatase activity was depressed by no precipitation treaphatase activity has been used as an indicator in several stud-
ment in the three forests. However, doubled precipitationies to evaluate P limitation in forest ecosystems (Schneider
treatment exerted a significantly negative effect on it only inet al., 2001; Gress et al., 2007).

MEBF. These results indicate that the potential transforma- Changes to global precipitation (Houghton et al., 2001)
tion rate of organic P might be more dependent on water inhave potential to greatly influence P cycling dynamics, since
the dry season than in the wet season. A decrease in organgoil moisture is a key factor of controlling P availabil-

P turnover would occur in the three forests if there was aity in soils through several processes, including affecting
drought in a whole year in the future. More rainfall in the mineralization processes, influencing P demand for plant
wet season would also be adverse to organic P turnover igrowth and impacting microbial activity (Leiros et al., 1999;
MEBF due to its high soil moisture. Raghothama, 1999; Grierson and Adams, 2000; Sardans et
al.,, 2007). In some increased drought areas, such as the
Mediterranean, dry conditions lead to a great degree of P
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al., 2002; Sardans and Penuelas, 2005). During the latteof 80 %. The mean annual temperature iS21with a mini-
part of the 20th century, there has been a decreasing trenchum monthly average temperature at 1°Z26n January and
in precipitation over northern China, while a significant in- a maximum one at 28 in July. The annual average pre-
crease in precipitation was also detected over the middle andipitation of 1927 mm has a distinct seasonal pattern, with
lower reaches of the Yangtze River and west China (Zhai ebout 80 % of it falling from April to September (wet-warm
al., 1999). Our study also showed that the monthly precipi-season) and 20 % occurring from October to March (dry-cool
tation in northern Guangdong province had changed a lot irseason). The bedrock is sandstone and shale. Soils are clas-
the past decades (Luo et al., 2008). Changes in precipitatiosified in the ultisol group and udult subgroup according to
are, therefore, likely to affect the rate of P turnover and soil PUSDA soil classification system (Buol et al., 2003).
availability. Soil acid phosphatase associating with P cycling In the DBR, key vegetation types consist of MPF, MF and
in forest ecosystems is an exceptional entry point for accessMEBF, and they represent a sequence of natural successional
ing the effects of variations in precipitation on P supply in stages, from pioneer community (MPF), transition commu-
tropical and subtropical forests of China, which often suf- nity (MF) to regional climax vegetation (MEBF). MPF, be-
fer from P deficiency. Some studies have reported changeknging to the first stage of the successional processes, occurs
in soil acid phosphatase activity in response to a more proin the periphery of the reserve at an elevation of about 200 m.
nounced drought (Sardans and Penuelas, 2005). However, towas planted in the 1950s. The dominant species in MPF
the best of our knowledge, such investigations of acid phosis Pinus massonianaamb. (Brown et al., 1995). The tex-
phatase activity have not been conducted in any of the tropiture of top soil in MPF is medium gravel-medium loam, and
cal and subtropical forests in China. the capacity of field moisture and wilting coefficient in the
The Dinghushan Biosphere Reserve (DBR) possessesoil expressed as gravimetric water content are 26.0% and

some typical forests in southern China, consisting of a pi-10.9 %, respectively (Zhang and Zhuo, 1985). The MF is dis-
oneer community Nlassonpine forest, MPF), a transition tributed between the core area and periphery of the reserve at
community (coniferous and broad-leaved mixed forest, MF)an elevation of about 200—300 m. It originated from MPF
and a climax community (monsoon evergreen broad-leaveglanted in the 1930s. Due to a gradual invasion of some pi-
forest, MEBF). These forests provide an excellent opportu-oneer broadleaf species through natural succession, the plant
nity to study P cycling along with a natural forest succes-composition in MF had greatly changed. Dominant species
sional gradient. Previous studies have suggested that soih the canopy layer of MF ar®. massonianaSchima su-
available P is relatively low in this region (Huang et al., 2009) perbaGardn. et ChampCastanopsis chinensidance, and
and P is possibly one of the factors limiting the plant produc- Craibiodendron scleranthumar. kwangtungensés. Y. Hu)
tivity in MEBF of the DBR (Mo et al., 2000). In this case, we Judd. If sufficient time was allowed, MF is believed to de-
try to examine different responses of soil acid phosphataseelop into MEBF (Wang and Ma, 1982). The texture of top
activity to precipitation in the three forests with different P soil in MF belongs to medium gravel-heavy loam with field
requirements. A field experiment of precipitation treatments,capacity and wilting point at 25.3% and 8.2 % gravimetric
including no precipitation (NP), natural precipitation (con- water content, respectively (Zhang and Zhuo, 1985). MEBF
trol) and doubled precipitation (DP) in the three forests, wasis distributed in the core area of the reserve at an elevation
conducted to test the hypotheses: (1) driven by seasonality ofarying from 200 to 300 m. It has been undisturbed for more
precipitation, soil acid phosphatase activity would be higherthan 400 yr (G. Y. Zhou et al., 2006). Major species in MEBF
in the wet season than in the dry season; (2) soil acid phosincludeC. chinensisMachilus chinensi§Champ. ex Benth.)
phatase activity would be greater in the later stages of forHemsl.,S. superbaCryptocarya chinensifHance) Hemsl.,
est succession and exhibit different responses to precipitatioByzygium rehderianuierr. et Perry in the canopy and sub-
treatments depending on forest types; (3) precipitation treateanopy layers. The texture of top soil in MEBF is light
ments would exert different effects on soil acid phosphataseyravel-heavy loam. The water retention ability of top soil
activity between the dry and wet seasons. is the highest with the capacity of field moisture and wilting

coefficient at 34.6 % and 11.4 % gravimetric water content,

respectively (Zhang and Zhuo, 1985).
2 Materials and methods

2.2 Experiment design
2.1 Site description

The precipitation experiment was started within the three
This study was carried out in the DBR (Z®'21” N- forests in December 2006. Three precipitation treatments
23°1130"N, 11223039’ E-1123341"E), located in the consisted of no precipitation (NP), natural precipitation (con-
central part of Guangdong province, South China. DBR istrol) and doubled precipitation (DP). Each treatment was
the first natural reserve in China with an area of 1133 hareplicated three times. In each forest, we selected the plots
The reserve is characterized by a typical subtropical monwith similar slope aspect, slope degree, slope position and
soon humid climate with an annual average relative humiditycommunity structure in order to minimize the heterogeneity
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among them. Each plot had a dimension of 3m, and the  Bremner (1969). We took 1g of fresh soik2 mm) in a
distance between plots was more than 1 m. Precipitation wag&00 ml Erlenmeyer flask, added 4 ml of modified universal
intercepted in the NP plots using polyvinyl chloride (PVC) buffer (pH6.5) and 1 ml of 100 mMp-NPP substrate dis-
sheer roof and was redistributed to the DP plots (Borken esolved in the buffer, and swirled the flask slightly for a few
al., 2006; X. H. Zhou et al., 2006). The control plot receiving seconds to mix the contents. The flask was then sealed and
natural precipitation was built beside these treatment plotsincubated at 30C for 30 min. After incubation, we im-
Around each NP plot, the thick PVC plates were insertedmediately placed the flask on ice and then added 1 ml of
into grounds at 15 cm deep to prevent surface runoff and lat2 M CaCh and 4 ml of 0.2 M NaOH to terminate the reaction
eral movement of water from the surrounding soil. The litter and extract the para-nitropheng-NP) formed. The sample
falling on precipitation interception roofs of NP plots was re- was diluted with 90 ml of deionized water and then filtered
moved manually and periodically sprinkled on soils below through Whatman-42 filter paper. Absorbance of released
the plates (Chen et al., 2010). Soil moisture of the top 5cmNP was determined spectrophotometrically at 400 nm. Four
soil layer, determined as volumetric soil water content (%, replicates including one blank were used for each soil sam-
cm®cm~3), was measured on five random locations twice aple. For the blankp-NPP was added after (instead of before)
month throughout the experiment within a plot using a MP- the incubation. The acid phosphatase activity was expressed
Kit (ICT, Australia, seehttp://www.ictinternational.com.au/ as pumolp-NP per gram dry soil and incubation time (umel
soils.htm), which consists of three amplitude domain reflec- NP g-1h~1).

tometry (ADR) moisture probes (MP406) and a data logger

(MPM160 meter) (Tang et al., 2006). 2.5 Statistical analysis

Data analyses were carried out with SPSS 11.5 for windows.
We applied the t-test for independent samples to analyze dif-

We conducted soil sampling in February (the dry season) anderences between the dry and wet seasons for soil moisture,

June (the wet season) 2009. For each plot, we collected SO_ﬁoil chemical properties and soll gcid phosphatase activity
samples from 0-20 cm mineral soils after removal of the lit- IN the three forests. A two factorial ANOVA was used to

ter layer. Six soil cores (2.5cm in diameter) were randomeStUdy the gffects of season, forest type and their interaction
taken and evenly combined to one sample in each plot. Soif" the variables. We used ANOVA followed by Tukey mul-
samples were put in sealed plastic bags and immediatelyple comparison test to study: (1) the differences among the
taken to the laboratory. Each sample was passed through cpntrols of three forests for soil moisture, soil chemical prop-

2 mm sieve after removing roots, stones and other impurities€"ies and soil acid phosphatase activity; (2) the effects of
We divided each sample into two aliquots. One aliquot wasPrecipitation intensity on soil moisture, soil chemical proper-
air dried for analysis of related soil chemical properties. Theli€S and soil acid phosphatase activity among the treatments
other one was kept without drying af@ until analysis of separately for each season and forest. In addition, Pearson
acid phosphatase activity was conducted. The measuremefprrelation coefficients were calculated to show the relation-
procedures of soil acid phosphatase activity were complete§hiPS between soil chemical properties and acid phosphatase

2.3 Soil sampling

within 28 days. activity. For all statistical tests, we chose the probability level
to reject the null hypothesis to be inferior or equal to 0.05 un-
2.4 Soil chemical properties and acid phosphatase less otherwise stated.

activity measurements

. . . . . 3 Results
Gravimetric soil moisture was determined from mass loss
after drying for 24 h at 105C. Soil pH was measured ina 31  Soil moisture
deionized water suspension using glass electrodes at a ratio
of 25 ml water to 10g soil (Liu et al., 1996). Total carbon The mean soil moisture in the dry season (from October to
(C) was determined by dichromate oxidation before titration March of the next year) was relatively lower than in the wet
with a F&* solution (Liu et al., 1996). Total N was measured season (from April to September) (Fig. 1), but the differ-
by semimicro-Kjeldahl digestion followed by steam distilla- ence in soil moisture between the two seasons was signifi-
tion and final titration of ammonium (Liu et al., 1996). Total cant only in MPF ¢ < 0.01). In controls, the values of an-
P was determined colorimetrically after digestion (Liu et al., nual mean soil moisture were 19.2 % for MPF, 27.2 % for
1996). Available P was extracted with a solution containingMF and 27.5% for MEBF, respectively. MF and MEBF
0.03 M NHsF and 0.025 M HCI (Liu et al., 1996). showed significantly greater annual mean soil moisture than

Soil acid phosphatase activity was measured using paraMPF (P < 0.01), but there was no significant difference be-

nitrophenyl phosphatepéNPP) as an orthophosphate mo- tween MF and MEBF. In all the three forests, NP treatments
noester analogue substrate. We used the method of Schnedignificantly decreased soil moistur® & 0.01), while DP
der et al. (2000) based on the original one of Tabatabai andreatments had no significant effects on it except for MPF in
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A Table 1. Effects of season, forest type and their interactions on soil
s ¥ S _v chemical properties. Numbers afevalues. Stars indicate the level
< A b Y TTY Yy, of significance a < 0.05 (no star, not significant & > 0.05)
S5 - , O\\ //f: 000 O g <0 ) g >0.05).
S > e ;
gf 209 ¢ \\ // —e— NP
% 2 15 o \ // ...O-++ Control -
g £ g A —wv— DP pH Total Total Total Available
Z 10 10+ R 3 C N P P
Q.
e 4] Season 1461 001  3.19 3.31 30.44
Forest type 65.28 26.29° 50.28 109.54 23.74
- Seasofi Forest type  0.48 1.88 1.36 2.25 1588
40 B
@ g 35 | /A\ /5\
s o\ Fo _¥
EO’E 1 o "\ ./f/: \O\‘Vu\. =% N . . .
273 =+ BN £ T significantly reduced by DP treatment in comparison with
2E 20+ e NP treatment (Table 2).
2 g 15 0% For the wet season, MPF exhibited significantly higher soil
= 104 W pH and lower total P® < 0.01) than MEBF in the controls.
3 Total C and total N in the controls of MEBF and MF were
N c significantly higher than those of MPRP(< 0.01 for all),
271 T Ji \‘ while the concentrations of available P in both MEBF and
g g " kY F T EIY =8 MF were significantly lower than that in MPP(< 0.01 for
gf 25 A £ both). The differences of the soil chemical properties be-
G g 204 E /20'\.,‘\ i tween MEBF and MF did not arrive at a significant level.
Es .| OV R Soil pH exhibited an increasing trend with increasing precipi-
3 g o W tation treatments in three forests, but it was only significantly
lowered by NP treatment when compared with DP treatment

and control ¢ < 0.01 for both) in MEBF. The other chemi-
cal properties were not greatly affected by precipitation treat-
Fig. 1. Seasonal dynamics of soil moisture of the top 5cm soil Ments.
layer under different precipitation treatments from October 2008 to
September 2009 iMassonpine forest(A), coniferous and broad- 3.3 Soil acid phosphatase activity
leaved mixed forestB) and monsoon evergreen broad-leaved for-
est(C) of Dinghushan Biosphere Reserve. NP, no precipitation; |n gl cases, the wet season showed significantly higher soil
Control, natural precipitation; DP, double precipitation. acid phosphatase activities than the dry seagor 0.01).
On average, the value of soil acid phosphatase activity in the
wet season was 1.33 times greater than in the dry season. In
the wet season, which showed significantly greater soil moisthe two seasons, the controls of MEBF and MF exhibited sig-

T T T T T T T T T T T T
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

ture in DP treatment than in contraf (< 0.01). nificantly higher soil acid phosphatase activities than that of
MPF (P < 0.01 for both), and the difference between MEBF
3.2 Soil chemical properties and MF was not significant. The mean values of soil acid

phosphatase activity in the two seasons were 4.89 pmol

The wet season exhibited significantly higher soil pH but NP g-1h~1 for MPF, 12.41 umop-NP g~ h~1 for MF and
lower available P® < 0.01) than the dry season, while there 12.29 umolp-NP g1 h~1 for MEBF, respectively.
were no significant differences in total C, total N and total The responses of soil acid phosphatase activity to pre-
P between the two seasons (Tables 1 and 2). Soil chemigipitation varied with seasons and forests (Fig. 2). In the
cal properties significantly differed between forest types (Ta-dry season, increasing precipitation treatments exerted pos-
ble 1). itive impacts on soil acid phosphatase activities in the three

For the dry season, significantly higher soil pH but lower forests (Fig. 2a). For MPF, DP treatment significantly in-
total C were detected in the control of MPF than in those ofcreased soil acid phosphatase activity when compared with
MEBF (P < 0.01 for soil pH) and MF £ < 0.01 for both). NP treatment and controlP(< 0.01 for both), and the dif-
Total P and available P were significantly higher in MEBF ference between NP treatment and control was not signif-
than those in MF P < 0.01 for both). There were no signifi- icant. For MF, soil acid phosphatase activity in NP treat-
cant differences in total N among the three forests. Precipitament was around 21 % and 23% lower than control and
tion treatments did not significantly affect related soil chem-DP treatment, respectively. As for MEBF, although the dif-
ical properties except for available P in MEBF, which was ferences in soil acid phosphatase activity among treatments
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Table 2. Soil chemical properties and their responses to precipitation treatments in 0—20 cm mineral soils of three forests in the dry and
wet seasons at Dinghushan Biosphere Reserve. Mean values within a column in each forest for each season followed by different lowercase
letters have significant treatment difference®at 0.05. MPF,Massonpine forest; MF, coniferous and broad-leaved mixed forest; MEBF,
monsoon evergreen broad-leaved forest. NP, no precipitation; Control, natural precipitation; DP, double precipitation.

Time Forest Treatment pH  TotalC TotalN TotalP Available P
mgg! mgkg~*
Dry season MPF NP 4.06  15.49 1.16 0.16 161
Control 4.09 13.80 1.25 0.14  1.05
DP 413 1217 0.88 015 121
MF NP 3.82 2410 151 0.16 0.72
Control 3.81  29.69 1.81 0.16  0.65
DP 3.93 23.95 1.52 0.16 0.74
MEBF NP 3.67 27.32 1.76 0.22 2.62a
Control 3.81  23.90 1.49 0.21  1l.47ab
DP 3.77  27.38 1.67 021  1.44b
Wet season  MPF NP 414 2132 1.10 0.16  1.45
Control 415 1524 1.05 0.15 1.39
DP 423 1511 1.07 015  1.27
MF NP 3.95 22384 1.64 0.17  0.22
Control 3.99 27.04 1.88 0.20 0.30
DP 401 26.14 1.74 0.17 0.22
MEBF NP 3.67b 2451 1.94 021 0.74
Control 3.90a 23.75 1.83 0.23 043
DP 3.92a 22.76 1.77 022 021

were not significant, it showed a positive response to increas4 Discussion

ing precipitation. The values were in this order: 8.70 ymol

NP g 1h~! for NP treatment9.77 pmolp-NPgth~1 for ~ The acid phosphatase activity in soils of the three forests
control <10.54 pmolp-NP g~1 h~! for DP treatment. Inthe was assayed under the optimum acidity condition with pH
wet season, soil acid phosphatase activities were all signifequal to 6.5 (Tabatabai and Bremner, 1969; Tabatabai, 1994;
icantly lowered by NP treatments in the three foregts< Schneider et al., 2000). Although enzyme activity deter-
0.01 for all) (Fig. 2b). However, they were not stimulated mined at the optimum pH is usually higher than that under
by DP treatments in both MPF and MF, and it was even sig-soil pH (Turner et al., 2002), the optimum condition can pro-
nificantly depressed by DP treatment in MEBF. Among thevide a consistent background for comparison. In our study,
three forests, the responses of soil acid phosphatase actiit-is important to detect P demand and potential mineraliza-
ity to precipitation treatments were the most pronounced intion of soil organic P in response to precipitation across the
MEBF. The differences among the three treatments in MEBRhree forests. The same acidity condition can minimize the
all came up to significant levels. influence of soil pH on acid phosphatase activities across the

three forests, and thus, the measured results better reflect the
3.4 Relationships between soil chemical properties and ifferences in P demand.

soil acid phosphatase activity

. ) . o . 4.1 Soil acid phosphatase activity in the dry and wet
Soil acid phosphatase activity had a significantly negative seasons

correlation with soil pH and available P. The relationships

of soil acid phqs_phatase af:f[ivity to total C, total N and total Phosphatases are inducible enzymes regulated by end-

P were all significantly positive (Table 3). product inhibition. Plant roots and microbes will increase the
excretion of phosphatases into soils when available P does
not meet their demands (Goldstein et al., 1988). This mecha-
nism was clearly evident from the significantly negative cor-
relation between acid phosphatase activity and available P in

www.biogeosciences.net/8/1901/2011/ Biogeosciences, 8, 19002011
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a a A Table 3. Pearson correlation coefficients between soil acid phos-
. o a . phatase activity and soil chemical properties at Dinghushan Bio-
101 | pmm DP a 5 sphere Reserve.
£ !
g -—u: 8 4 pH Total ~ Total  Total  Available
8 c N P P
B O
?*_:; S 64 a Soil acid phosphatase —0.463 0.650 0.743  0.623 —0.460
g2 activity
- 2 Significant level <000 <000 <000 <O0.00 <0.00
8 2 4 b
§
2 -
Table 4. Mean soil microbial biomass C of the top 20 cm soil layer
o B B under different precipitation treatments in 2008 in three forests of
B Dinghushan Biosphere Reserve. Mean values within a column in
161 a a 2 each season followed by different lowercase letters have significant
o 144 - b treatment differences a < 0.05. MPF,Massonpine forest; MF,
E _ coniferous and broad-leaved mixed forest; MEBF, monsoon ever-
s 121 ) . green broad-leaved forest. NP, no precipitation; Control, natural
§ o 104 precipitation; DP, double precipitation.
g2
2 2 84 -
S 2 a Time Treatment MPF MF  MEBF
82 69 b —1
= mgk
& 4] gkg
Dry seasofi NP 156c 175b  311b
27 Control 279b 384a  45la
o || || DP 368a 4lla 456a
MeE o MEBF Wet seasoh NP 287b 347c  483b
. I L Control 442a 527b  71la
Fig. 2. Soil acid phosphatase activity in the d@) and wet(B
g pnosp y %) (®) DP 5422 697a  705a

seasons under different precipitation treatments in 0—20 cm mineral

soils of three forests at Dinghushan Biosphere Reserve. Error bars

represent standard errors. Different lowercase letters denote Slgnlfl-.S'gmf'Cam difference between Fhe dry and wet seasois<a0.05. Data in the table
R . cited from Q. Deng et al. (unpublished data, 2011).

cant differences between treatmentgat 0.05 in the same forest.

MPF, Massonpine forest; MF, coniferous and broad-leaved mixed

forest; MEBF, monsoon evergreen broad-leaved forest. NP, no pre- . o
cipitation; Control, natural precipitation; DP, double precipitation. 4-2 Effec;ts _Of forest succession on soil acid phosphatase
activity in the controls

our results (Table 3). Itis expected that soil acid phosphatas®esults showed that MF and MEBF exhibited higher soil acid
activity would be clearly greater in the wet season than in thephosphatase activities than MPF. Although available P could
dry season in our experiment, a seasonal pattern observeskert a negative feedback on phosphatase activity, the pat-
previously by Grierson and Adams (2000). Actually, in the tern in acid phosphatase activity across the three forests was
wet season, plants grow fast, and microbial biomass is alnot explained by the variability in available P in the three
ways high (Table 4). This increasing enzyme activity would forests. An alternative explanation could be that soil nutrient
respond to meet the increasing P demand by plant and mistatus and vegetation conditions in the three forests influence
crobe growth in the wet season. Since heavy rain in the wesoil acid phosphatase activity (Harrison, 1983; Ushio et al.,
season often leads to nutrient loss, low available P detecte@d010).
in the wet season (Tables 1 and 2) further intensifies the com- Qur results also showed that soil chemical properties had
petition for P in ecosystems in the growing season. On thegjose relationships with soil acid phosphatase activity (Ta-
contrary, dry season is the least biologically active period.ple 3). This was also partly confirmed by other stud-
Soil available P was relatively high (Tables 1 and 2) to meetjes (Schneider et al., 2000; Turner and Haygarth, 2005;
the biological demands because of the accumulation of nutric, R. Chen et al., 2003, 2008), indicating that the better
ents released from litter decomposition and low soil nutrientseil nutrient condition, the higher soil acid phosphatase ac-
diffusion (Xia et al., 1997). tivity would be. In the DBR, soil nutrient condition in
MF was comparable with that in MEBF despite their dif-
ferent successional stages, but they were both superior to
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that in _MPF (Table 2).  Soil microbial b'om?‘SS was el- Table 5. Relevant factors related to soil acid phosphatase activity
evated in the later stages of forest succession (Table 4}, ihree forests of Dinghushan Biosphere Reserve. MWREson

This necessarily resulted in high soil acid phosphatase acpine forest; MF, coniferous and broad-leaved mixed forest; MEBF,
tivities in MF and MEBF as this enzyme partly originates monsoon evergreen broad-leaved forest.

from microbes. Moreover, with progressive forest succession

(MPF—MF— MEBF), plant community developed from al-  fgrest MPE MF MEBF
most monospecific with only occasional broad-leaved tree— =)
species to rich and diversiform species. The biomass, litter- Biomass (Mg Cha®) 406 1162 1478

Litterfall production (gnt2yr—1) 356 861 849
Fine root biomass (Mg C ha)* 1.9 2.8 4.9
Soil available N (mg kg?1) 6.24 6.22 14.77

fall production (Table 5) and litter decomposition rate (Mo
et al., 2006), which were very important in balancing loss
and removal of P from mineral soils by plant uptake and mi-
crobial activity (C. R. Chen et al., 2000, 2003), exhibited

. . d ith . . | * Fine root biomass refers to root biomass in 0-20 cm depth of soils. Data in table cited
an increasing tendency with progressive successlonal Stag€®m rang et al. (2004), Peng and Zhang (1994), Tang et al. (2006), Wen et al. (1998),

Thus, acid phosphatase activity was enhanced with forestnd Zhou etal. (2007).
succession.

As soil acid phosphatase activity is a prevailing indicator
of the degree in P limitation (Turner et al., 2002), our re- induced by P loss from leaching, was not accompanied by
sult might reflect an enhanced biological P limitation in the Sufficiently high acid phosphatase activity. This would fur-
later successional forests. This was partly supported by Mdher intensify competition for P in the mature forest.
et al. (2000), suggesting that P was possibly one of the fac- In the wet season, soil acid phosphatase activities in three
tors limiting the plant productivity in the mature forest of the forests exhibited different patterns in responses to precipita-

DBR. tion treatments. That NP treatment had a clearly negative ef-

fect on soil acid phosphatase activity was consistent with the

4.3 Effects of precipitation treatments on soil acid results reported in other literatures, representing that phos-
phosphatase activity phatase activity was well correlated with soil water availabil-

ity (Kramer and Green, 2000; Sardans and Penuelas, 2005,

In the dry season, increasing precipitation treatments hadardans et al., 2008). Q. Deng et al. (unpublished data, 2011)
positive effects on soil acid phosphatase activity in the threefound that soil microbial biomass was significantly depressed
forests, although the extent of effects differed between for-by NP treatments in the three forests (Table 4). This could
est types. Zhou and Yan (2001) studying in this area statedbe responsible for the decrease in acid phosphatase activ-
that owing to moderate solar radiation input in dry season,ty. In MEBF, the increasing acidity of soil accompanied by
plant growth potential still kept high and demanded for mod- the prolonged drought condition (Table 2) might be another
erate water, but less rainfall in the season could not meemechanism involved in the reduction of soil acid phosphatase
the need. Increased precipitation input has a direct beneactivity. There is a considerable risk for aluminum toxicity
fit to plant growth, and correspondingly, P demand will be in a relatively low soil pH, which would inhibit plant root
enhanced. We observed that precipitation treatments did nggrowth and nutrient absorption (Liu, 2000). Thus, these fac-
affect soil total C, total N and total P (Table 2). The results in- tors would decrease acid phosphatase activity as it is closely
dicate that changes in soil acid phosphatase activity might beelated to microbe and root growth (Tarafdar and Claassen,
more dependent on soil moisture rather than a consequenck988). The decrease in soil acid phosphatase activity pro-
of changes in the substrate. duced by drought would result in a reduction of P availability

However, the amount of water requirement varied with for- to plants, and further aggravate the stress of competition for
est types. In MPF, our results showed that soil acid phos-P in this region in the long time.
phatase activity was only greatly enhanced by DP treatment, Nevertheless, in the wet season, no positive effects and
demonstrating that water was a key limiting factor in con- even some negative effects of DP treatments on soil acid
trolling the P cycling due to its own quite low soil moisture phosphatase activity were detected in the three forests. Water
(Fig. 1). As a transition community, MF had higher acid brought by natural rainfall is sufficient for plant growths be-
phosphatase activities in control and DP treatment than ircause of large rainfall occurring in the wet season (Zhou and
NP treatment. This indicates that soil water is not a limited Yan, 2001). More water has no competitive advantage under
factor to P mineralization, and that increased water in MF isenhanced P demands in the growing season. As soil mois-
not as important as that in MPF. As a regional climax com-ture was already high in MEBF (Fig. 2), more water input
munity, MEBF had a wholesome self-regulating mechanismwould impede the diffusion of oxygen in the soils (David-
and a high capability of resisting outside interference. Thusson et al., 1998). In an anoxic condition, plant root growth
in the dry season, precipitation treatments did not markedlyand microbial activity would be restrained (Q. S. Chen et
influence soil acid phosphatase activity. In this case, the sigal., 2003), which could be responsible for the significantly
nificantly low available P in DP treatment (Table 2), possibly lower acid phosphatase activity in DP treatment in MEBF.
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The implication of the decreased acid phosphatase activity efflux from a temperate forest soil, Glob. Change Biol., 12, 177—
would be a decline in the potential mineralization of organic 193, 2006.

P in MEBF. Moreover, from our observation, the N input Brown, S., Lenart, M. T., Mo, J. M., and Kong, G. H.: Structure
with the rainfall was about 35 kg N hayr—1 during the past and organic matter dynamics of a human-impacted pine forest in
twenty years (Huang et al., 2011b). Doubled rainfall brought igl\s/alsAB reserve of subtropical China, Biotropica, 27, 276-289,
a:)é)auttsn;ﬁraevznzltl)?slli ?T;]tﬂzté;]t?nw{ﬁiiEggzlcgggéeg\?gilgz?emo" S. W, Southard, R. J., Graham, R. C., and McDaniel, P. A.:
9 Id b ired h. he | T, Soil genesis and classificantion, fifth edition, lowa State Press,
P wou e requirec to matc t e increase in N (Huang et lowa, USA, 339-347, 2003.

al., 2011a). Thus, higher N availability and lower acid phos-chen c. R., Condron, L. M., Davis, M. R., and Sherlock, R. R.:

phatase activity induced by DP treatment would be involved  Effects of afforestation on phosphorus dynamics and biological

in more intensified P deficiency in the mature forest. properties in a New Zealand grassland soil, Plant Soil, 220, 151—
163, 2000.
Chen, C. R, Condron, L. M., Davis, M. R., and Sherlock, R. R.:
5 Conclusions Seasonal changes in soil phosphorus and associated microbial

properties under adjacent grassland and forest in New Zealand,
Driven by the seasonality of precipitation, soil acid phos-  Forest Ecol. Manag., 177, 539-557, 2003.
phatase activities presented an obvious seasonal pattern, witthen, C. R., Condron, L. M., and Xu, Z. H.: Impacts of grassland
high values in the wet season and low ones in the dry season, afforestation with coniferous trees on soil phosphorus dynamics
which corresponded to the most biological activity and lower —and associated microbial process: A review, Forest Ecol. Manag.,
soil available P in the growing season. Forest succession and 295, 396409, 2008.
soil acid phosphatase activity were positively related, with ©hen: Q- S., Li, L. H., Han, X. G., and Yan, Z. D.: Effects of water
the smallest values in MPF, followed by MF and MEBF. This content on soil respiration a_nd th_e meCh.an'sms’. Acta Ecologica

L . Sinica, 23, 972-978, 2003 (in Chinese with English abstract).

suggests that the requirements for P by ecosyst(_ems might b@hen, X. M., Liu, J. X., Deng, Q., Chu, G. W., Zhou, G. Y., and
enhanced in the later stages of for_est_ succession. Our re- Zhang, D. Q.: Effects of precipitation intensity on soil organic
sults also show that a reasonable distribution of water plays carpon fractions and their distribution under subtropical forests
a critical role in controlling the rate of P cycling in subtrop-  of South China, Chinese Journal of Applied Ecology, 21, 1205—
ical forest soils. In the dry season, there was a trend toward 1211, 2010 (in Chinese with English abstract).
increasing soil acid phosphatase activity with elevating pre-Clarholm, M.: Microbial biomass P, labile P, and acid phosphatase
cipitation treatments in the three forests, while the extent of activity in the humus layer of a spruce forest, after repeated ad-
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