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Abgract

Although poplar forest isthe dominant plantation typein China, thereis uncertainty about the carbon budget of these forests acrossthe country. The
observations, performed in 2006, of two eddy covariance flux towers on ayoung poplar plantation (Yueyang, Hunan province) and amature poplar
plantation (Huaining, Anhui province) provide an opportunity to understand poplar CO,exchange at diurnal, seasonal and annual scales. Thelevels
of net ecosystem carbon exchange (NEE) at these two sites are similar, but both ecosystem respiration (Reco) and gross ecosystem productivity
(GEP) have significant differences, reflecting differencesin climate and land management. Although morerain and lower photosynthetically active
radiation (PAR) were recorded in the summer, the young plantation sequesters -476 g C m2 yr?, compared to -465 g C m? yr? in the mature
plantation. Daily maximum NEE valuesare also similar (9.98 g C m2d!vs. 9.75g C m2d?). Differencesin GEP and Reco between thetwo sitesare
greater. The young plantation assimilates 1629 g C m2 yr* and releases 1153 g C m? yr* through respiration, while the corresponding valuesin the
mature plantation are 1439 g C m2 yr* and 976 g C m? yr?. Daily maximum GEP and daily maximum Reco of young plantation are 14.56 g C m? d*
and 8.04 g C m2d, which are 11% and 35% higher than the corresponding values of the mature plantation (13.10g C m2d*, 5.97 g C m2d?). These
two sites also had different parameters describing the responses of NEE on ahalf-hour time scaleto PAR, but the responses of NEE, GEP and Reco
to PAR and air temperature at daily and monthly scales do not differ among sites. These results suggest that a general parameterization could be
sufficient at coarse time resolutions to model the response of carbon exchange to environmental factors in poplar forests from different climatic
regionsin China.
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Introduction

Poplar is one of the dominant plantation typesin east Asia®. By
2003, poplar plantations occupied 7 million ha, with an annual
carbon storage of about 6.2 t ha' yr? 2. Poplar plantations are
known to play an important role in carbon capture and are a
potential source of bio-energy *¢, however, there have been few
studies on net carbon exchange and its responseto environmental
factorsin poplar plantations ”°. The cumulative NEE during the
growing season of apoplar plantationin Beijing, China, was-585
g C m2 because of a shortage of groundwater 7. A comparative
study of evapotranspiration (ET) on two poplar plantations in
northern China further demonstrates that an increase in ET is
only possibleif it is offset by an increased use of groundwater,
which is replenished through rain or irrigation °. Drought stress
on poplar trees could result in a sharp decrease in net
photosynthetic rate and transpiration rate 112, Although there
have been studies on carbon flux values and the physiology of
poplars experiencing annual precipitation lessthan 1000 mm 2,
thereisalack of detailed information on carbon exchangein poplar
plantationswith an annual precipitation closeto 1500 mm and on
theinfluence of flooding and climate on these systems.

Sincethe 1970s, the poplars have been the major tree speciesin

plantation forestry and agroforestry systemsin temperate China*
15, This study used eddy covariance measurements of CO, fluxes
in 2006 along the middle and lower reaches of the Yangtze River,
China, to test the hypothesis that young poplar plantations may
have more positive effects on carbon sequestration than mature
poplar plantations. The seasonal variability of net ecosystem
exchange (NEE), gross primary production (GEP) and ecosystem
respiration (Reco) during the growing season were analyzed and
the responses of these factors to environmental factors further
discussed.

Materialsand M ethods
Sudy site: Datawere collected from two poplar plantations along
the middle and |ower reaches of the Yangtze River: Huaining in
the southwestern Anhui province (33°N, 117°E, elevation 14-16.5
m) and Yueyang in the northern Hunan Province (29°31'40" N,
112°51'34", dlevation 31 m) (Table 1).

Huaining has a warm temperate climate with a mean annual
precipitation of 1500 mm and mean annudl air temperatureof 16.7°C.
The annual frost-free period is about 244 dayslong. This 260 ha
poplar plantation has been managed for snail control and
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Table 1. The basic conditions of the study sites and poplar plantations.

Sites Huaining Anhui province

Yueyang, Hunan province

Location 33°N, 117°E 29°31'40"N, 112°51'34"
Elevation (m) 15 31
Topography Flat flat

Mean annual temperature (°C) 16.7 17

Annual precipitation (mm) 1500 1415

Stand age (years) 18 7

Canopy height (m) 18 16

Tree density ( stems ha™) 318 495

Height of the flux tower (m) 30 23

schistosomiasis prevention since 1989. The planting density is
318treesha’(3 m x 10 m). The examined poplar clonesconsisted
of clone-69 (Populusdeltoides‘1-69') and clone I-72 (Populus
deltoides‘l-72).

TheYueyang siteisaflat areathat floods for 20 to 50 days per
year, and aslong as 130 daysunder extreme conditions. This650-
hapoplar plantation has been managed for flood prevention since
2000. The climate is humid and subtropical, with amean annual
precipitation of 1415 mm and a mean annual air temperature of
17.0°C. The annual frost-free period is about 270 days. The
examined clones consisted of clone 55/65 (Populusdeltoides‘ 55/
65'), clone 2K EN8 (Populus deltoides‘ 2KEN8') and clone NL-
80121 (Populusdeltoides nanlin 80121'). The spacing was4 m x
5m and thetree density 495 trees ha™.

Flux measurements. Two eddy covariance (EC) towers were
established in 2005 to measure net ecosystem CO, flux at two
plantation sites, and data were collected in 2006. A three-

dimensional sonic anemometer-thermometer (CSAT3, Campbell
Scientific) positioned at a height of 20 m was used to measure
wind velocity and direction. CO, and water vapor fluctuations
were measured simultaneously with a fast response open-path
infrared gasanalyzer (IRGA; LI-7500, LICOR). The LI-7500 was
calibrated at regular 3-month intervals for CO, and water vapor
using calibration gases and a dew point generator (LICOR 610,
LICORInc., Lincoln, NE, USA). Output signalsfrom the CSAT3
and IRGA were sampled at afrequency of 10 Hz by aprogrammed
datalogger (CR5000, Campbell Scientific) and recorded to aflash
memory storage card. Eddy fluxeswere calculated with atime step
of 30 min according to EUROFLUX methodology 6. A triple-

coordinaterotation was performed to align the normal mean vertica
velocity measurementsto the mean wind streamlinesprior to scalar
flux calculations . The WPL correction was used to eliminate the
effect onflux *%. A storegeterm wasadded to the cal culated CO, fluxes
to determine NEE; this term was estimated using the single-level

measurementsof CO, concentration with theopen-path IRGA *.

Meteorological measurements: Alongwiththeflux measurements,
meteorological variableswere measured continuously in 2006 by
amicro-meteorological tower. Precipitation was measured with a
tipping bucket rain gauge (52203, RM Young, USA).

Photosynthetic activeradiation (PAR) and net radiation (Rn) were
measured at 23 and 25 m above the ground, using a quantum

sensor (L1190SB, LICOR, Lincoln, NE, USA) and afour-component
net radiometer (CNR-1, Kipp & Zonen, Netherlands). Air

temperature (Ta) and relative humidity (RH) were measured at 4
levels above ground level using 4 temperature/humidity sensors
(VaisalaHMP45, Helsinki, Finland). Soil temperature (Ts) was
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measured using thermocouples at depths of 5, 10 and 20 cm. Soil
volumetric water content was measured using a time domain
reflectometer (TDR) probe at adepth of 15 cm. Two soil heat flux
plates were placed 6 cm below the soil surface in two separate
locations, 3 m away from the EC tower. All meteorological and soil
data were recorded at half-hour intervals using a data logger
(CR23XTD, Campbd| Scientific Ltd., Edmonton, Alberta, Canada).

Quiality control and gap-filling: Half-hourly flux datawerergected
if they met the following criteria: (1) incomplete half-hour
measurements, (2) rain events, (3) stable atmospheric condition
(u*, friction velocity, 0.2 ms?) and (4) anomalousvaluefor either
three-dimensional wind velocities or scalars. Approximately 43-
49% of the flux data were eliminated by the screening criteria
listed above at two sites. The quality of the data were evaluated
by the degree of energy closure, which averaged >85%.

Several strategies were introduced to compensate for missing
data. Interpolated values were used to fill gaps < 2 h. For these
gaps, NEE values were divided between day (NEEday PAR> 10
imol m2st) and night (N EE, 4 PAR< 10 pmol m2s?) to develop
non-linear regressions for both gap filling and evaluating
environmental effects on NEE. Light response functions were
established by further dividing daytime data into half-monthly
intervals and then fitting the relationships between NEE,, and
PAR to the Michaelis-Menten function (Michaglis 1913) in the
form%:

_ axPARxNEE,, A

d

NEE,, = ————— '
" axPAR+ NEE,,

where o (umol C pmol Photo?) is the apparent quantum yield,
NEE,, (umol C nr2 s?) isthe optimum rate of NEE at saturation
PAR, and R, (umol C m?s?) isabulk estimate of dark ecosystem
respiration. Missing data of NEE,, were filled using PAR and
parametersfitted to Equation (1).

Reco may be underestimated under the stable conditions at
night 222, To eliminate this possible uncertainty, the exponential
function relating soil temperature (Ts, 5 cm) and nighttime dataat
high turbulence (u* > 0.2 m s?) was established:

Re, 4= byexp (b,T) 2
where b, and b, are regression constants. This parameterization
was used for both filling nighttime carbon flux data gaps and
estimating daytime Re. Software OriginPro 7.5wasused to caculate
regression parametersfitted to Equation (1) and Equation (2) and
their significances.

In this study, positive Re valuesrepresent CO, releaseinto the
atmosphere and negative values indicate CO, entering the
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biosphere. Values of GEPwere cal culated asthe difference between
Reand NEE. For daily values of Reand GEP, the half-hourly results
were summed 24, GEP was estimated according to Equation (3):

GEP=NEE-Reco 3
At the half-hour scale, the units of CO, flux were umol m? s,
whileat daily, monthly, and annual scales, theunitswere converted
intog C m2day?,gCm2montandgC m2yr?, respectively.

Resultsand Discussion

Meteorological conditions: In general, weather and climatewere
very similar at thesetwo sites. Fig. 1 showsthe monthly values of
PAR, Ta, LAl and preci pitation during 2006. The seasonal variation
in Taand PAR at the two sites shows a similar one-peak pattern
with the peak values achieved in the most active period. The
maximum monthly Taobserved at Yueyang site, whichislocated
at a lower atitude, was dlightly higher than that observed at

Huaining (29.5°Cvs28.4°C). Average annua Tafor both siteswas
17.0°C, with the coldest temperaturesin January (4.5°C, Huaining
vs. 4.4°C, Yueyang). On an annual basis, the photosynthetically
active radiation received by the two plantations was about 6500
mol m2, with Yueyang receiving 100 mol nr2 morethan Huaining.
Summer PAR wasmore stableat Yueyang, ranging from 783to 858
mol m2mon?, while corresponding values at Huaining increased
dramatically from 620 to 990 mol m2mon'.

LAI was greatest (2.8 m?> m?) at Huaining; it was assumed to
vary seasonally by about 20-30% (Fig. 1). In contrast, LAl inthe
younger stand increased significantly through the growing season
until amaximum valuewasreached inlate June. Maximum LAl in
2006 was approximately 3.5 m? m2 at the Yueyang site, whichwas
about 25% higher than that observed at Huangning. The monthly
preci pitation totals exhibited an asymmetrical distribution, with
54% of the precipitation at Huaining and 48% of the precipitation
at Yueyang occurring between January and May. Maximum
monthly preci pitation in Huaining was 273 mm, whichwasdightly
lower than that observed at Yueyang (280 mm). In the peak growing

season, from June to September, Yueyang received only 258 mm
of precipitation, which was less than that observed in May (280
mm). The corresponding values for Huaining were 453 and 273
mm. Such alargedifferencein precipitation between thetwo sites
indicates that Yueyang site could capture carbon storage with
more sunny days. In fact, Yueyang and Huaining experienced
only 13 and 27 days, respectively, with >5 mm precipitation.

Response of NEE to PAR: PAR isthemost critical environmental
factor affecting stand daytime NEE. Daytime CO, fluxes (NEE)
exhibited hyperbolic relationshipswith available PAR at both sites.
Fig. 2 shows a comparison of mature (Huaining) vs. young
(Yueyang) stands during growing season. In Yueyang, the value
of NEE increased with PAR. During peak growth (May-August),
NEE showed a strong response to PAR, with a peak value of
about -37.7 pmol m2 s?; with the onset of senescence in mid
October, NEE decreased to -7 pmol m2 s, Compared to the NEE
observed in Yueyang, the NEE in Huaining had aweaker response
to PAR. NEE decreased under conditions of low radiation, but the
relative rate of decrease in NEE per unit PAR began to decline
when PAR exceeded 500; when PAR exceeded 1000, NEE reached
astablevalue of about -6.1 and -20.5 umol m2stin May and July.
Huaining usually had weak carbon exchangerates; the peak NEE
valuerecorded in August in Huaining was about -22 pmol m2s?,
only 59% of the corresponding value in Yueyang.

In each month, thereis little difference between the values of
NEE for mature and young sites at low radiation levels. With
increasing PAR, however, the mature site beginsto show greatly
reduced carbon uptake, with the exception of thevaluesrecorded
inMay. If asurrogatefor apparent ecosystem light-use efficiency
is defined as the ratio of al/a2 or the initial slope of the light-
response curve %, it becomes evident that the young plantationis
consistently moreefficientinitsuse of PAR. Peak photosynthetic
levels are consistently greater in the young plantation.

Seasond trendsin NEE-PAR response parameters are presented
in Fig. 3 in terms of apparent quantum yield (o). These data
demonstrate that the above description of daytime photosynthetic
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Figure 1. Monthly total photosynthetic active radiation (PAR), monthly average air
temperature (Ta), Leaf Arealndex (LAI) and monthly precipitation above-canopy.
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mature site. When thetrees put forth leavesin March, the apparent
quantumyield wasonly 0.0065 and 0.0083 pmol CO, mol* photon.
A sharpincreasein o.to 0.0302 umol CO, mol* photon occurredin
Yueyang inApril, bringing o very closeto the peak value (0.0321
umol CO, mol* photon ) recorded in Yueyangin May. The greatest
and smallest differencesin o between the two sites were 0.015
and 0.0009 pmol CO, mol™* photon, recorded inApril and September.

Diurnal patterns: For temperate forest ecosystems, the growth
season and photosynthetic capacity were usualy limited by
temperature and the development of LAI 6. PAR served asadirect,
dominant influence on temperatureincrease and |eaf areain such
ecosystems. Seasonal variation in the mean diurnal pattern of

NEE (3 daysaveraged) was a so very similar to that found in this

capacity at mature and young plantation sites is generally
applicablethroughout the year. As expected, the young plantation
consistently exhibits greater photosynthetic capacity than the
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Figure4. Three-day averaged diurnal course of net carbon exchange (NEE) during growing season.
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study (Fig. 4). CO, uptake started at 7:00-8:00 and responded
linearly toincreasing PAR because of the absence of water stress
and ahigh light saturation point. In our study, peak CO, uptake
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occurred at noon, concurrent with the highest PAR. The
symmetrical distribution of NEE values around noon was similar
to the findings of another study in a poplar plantation on sandy
soil in China.

The diurnal amplitude of NEE varied substantially across the
growing season. At the beginning of the growing seasonin March,
low temperature and rainy days limited carbon assimilation and
respiration in ecosystems. With the devel opment of forest canopy
and rising temperature, NEE valuesweresignificantly elevatedin
April and May. In Huaining, the maximum half-hour daytime NEE
decreased from -12.4 umol nr2stinApril to-23.1 ymol m2stin
May, thento about -26.5 ymol m2 sfrom June to August and
-13.5 pmol m2 stin September. The sametrend in the maximum
half-hour daytime NEE was also found at Yueyang, but the values
fromApril to September weredlightly higher (-22.9, -32.9, -26,
-30.9, -34 and -16.6 pmol m2s?). Overal, wefound that half-hour
NEE peaked at noon in all months at Huaining, while the daily
maximum NEE occurred around 11:00 amin Yueyang.

Both sites reach their maximum carbon exchange ratein August;
thevalueat Huaining was-26.8 umol mr2st,whichwasonly 78.9% of
the observed value a Yueyang (34.0 pmol m2 s1). The maximum
carbon exchangerate at Huainingwas consistent with thefindingsat
another poplar plantationin Beijing, wherethemaximum CO, exchange
rate was -28 umol m? s*’. Yueyang had a higher maximum CO,
exchange, at -34.0 umol m2st. Thisvdueiscloseto that measuredin
alarchforestin Jgpan?. Overdl, poplar plantationshad moreefficient
carbon capture compared to the threetypical forest ecosystemsalong
the north-south transect in eastern China® asasubtropical coniferous
plantation in Jiangxi Province %, a temperate broad-leaved Korea
pinemixed forest innortheastern China® 3 and asubtropica evergreen
broadleaf forest in southern China ®2. A cultivated larch forest in
Japan had the same peak CO, exchange rate asthe Yueyang site
but maximum CO, uptakeduring day in most natureforest ecosystems
in temperate zone is lower than that recorded on the poplar
plantations®%. This differenceisthe reason that poplar forest was
sdlected asasource of bio-energy and materid for the paper industry
and asacarbon sink 633

Seasonal patterns; Seasonal patternsin carbon flux can be used
to refine the response of vegetation to environmental controls,
such asleaf areaindex, solar radiation, temperature, phenology,
extremeweather events and photosynthetic capacity 3 “. InApril,
at the beginning of the growing season, low temperatures and
young vegetation limited carbon flux in the poplar plantations.
Particularly inrespiration, theincrease of soil temperature lagged
behind canopy development and PAR; high groundwater water
tables or spring floods aggravated this phenomenon. In winter,
daily NEE values show that the poplar stands acted as a carbon
source. Over theyear, NEE decreased steadily and finally changed
signs, from positive to negative, in March. Considerable daily
variability in NEE was recorded and was attributed primarily to
incident PAR. From May toAugust, NEE remained rdl atively stable
and decreased with the onset of canopy senescence and lower
temperatures.

The seasonal pattern in NEE at Huaining showed one peak in
lateMay and onein early June (Fig. 5). Asaresult of increasesin
temperature and full development of vegetation, carbon
assimilation and respiration were significantly elevated in June;
however, carbon assimilation was severely limited by thelimited
supply of PAR and the large number of cloudy daysin this period.
Consequently, the seasonal pattern of NEE at Yueyang had two
peaks. onein early May and onein July. This pattern was mainly
theresult of thevariable PAR. AsFig. 1 demonstrates, therewasa
clear, deep through in PAR at Yueyang in June. The higher
photosynthetic and respiratory capacitiesat the Yueyang site appear
to offset each other, asboth sitesexhibited nearly identical maximum
values: -9.8gCm2dtinmid-Juneat Huainingand-9.9g C m2d*
at Yueyang. Thesevaluesweresimilar to those recorded at another
poplar plantation in Beijing but were dightly lower than those
recorded at an Italian poplar plantation (10.95g C m2 d).

Environmental influences on seasonal patterns of carbon flux
include fire, unusually high temperatures, water shortage, plant
diseases and extreme events & %, |n late May and June, the
Yueyang site experienced a natural disturbance caused by
continuous rain. In this period, NEE and its components, Reco
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and GEP, showed arapid reduction (Fig. 5). By early and middle
November, there was a net loss of carbon from Huaining and
Yueyang. GEP showed patterns similar to NEE, suggesting a
coupling between carbon flux and PAR; however, the maximum
values of GEP were 13.1 and 14.6 g C m2 d* for Huaining and
Yueyang, respectively. The Huaining sitewas alow-productivity
forest with an average GEP of about 6.2 g C mr? d* and 230 growing
daysin 2006. Yueyang had ahigher average GEP, 6.6 g C m2d?
and a longer growing season of 248 days. For both sites, Reco
showed a pattern of asingle peak in July. More generally, Reco
was high in the warm season and low in the cold season. Sudden
increasesin Reco dueto heavy rain eventswere also observedin
the spring and summer.

Monthly patterns. Both ecosystemsrelease CO, from January to
March, despitethe small carbon uptakein late March. Most of the
sink activity at both siteswas limited to the period from April to
September. Monthly NEE (Fig. 6) held relatively stablefrom May
to August, with the exception of a sharp change in June due to
low PAR. Carbon sink strength steadily declined starting in
September, becoming positive in October. NEE in late fall was
similar at both sites, but winter NEE wasdlightly greater (indicating
a more significant carbon source source) at Yueyang than
Huaining, especialy in October. An additional 64 g C mr2 were
released at Yueyang during the non-growing season. The Yueyang
sitewasadlightly larger sink of CO, than the Huaining sitein the
monthsfromA pril to October, with the exception of June. Maximum
total monthly carbon capture for Huaining occurred in July (152 g
Cn?); thisvaluewaslower than the corresponding val ue recorded
inMay (170.7 g C m?). Anadditiona 77.4 g C m?was sequestered
by the Yueyang site during the growing season.

Monthly Reco (Fig. 6) wascloseto 50 g C nr2inwinter, increased
inmagnitudein spring and reached amaximumin July for Yueyang
(189.7 g Cm?) and August for Huaining (131.2 g C m?). Yueyang
had agreater carbon rel ease through respiration; amonthly Reco
lower than that recorded in Huai ning was seen only in September
and December. The greatest differencein Reco between the two
sites (80.8 g C m2) was recorded in July. Over the course of the
year, valuesfor CO, release through ecosystem respiration were
976.2 and 1150.4 g C m2for Huaining and Yueyang, respectively.

In spring (March to May), GEP increased more sharply than
Reco at both sites; as a consequence, NEE rapidly decreased to
negative values. GEPincreased more rapidly at Yueyang than at
Huaining (Fig. 6). The Yueyang site had a longer period of
photosynthesis assimilation. The onset of GEP started at Yueyang

in middle March and lasted into early November (Fig. 6). These
differences were also apparent in the monthly GEP: both sites
reached their maximain July, but Yueyang had avalue of -354.7 ¢
C 2, 28.5% higher than thevalueat Huaining. Annual GEPvalues
were 1404 g C m2and 1586.5 g C m2 for Huaining and Yueyang,
respectively.

Carbon budget: Stand age playsamajor rolein determining forest
carbon fluxes and storage “" “8, A study of a Douglas fir
chronosequenceindicated that 20 yearswere needed for aswitch
from asourcetoasink of C*. The clear-cut areawas a source of
carbon, but the 12-year-old Scots pine forest was turning from a
source into a weak sink %0, The carbon balance of plantations
variesgreatly over the course of stand devel opment. Ina previous
study a 4-year poplar plantation had the greatest biomass
productivity; theannual carbon storageincrement decreased when
theforest wasolder than 4 years2 Themean annual carbon storage
incrementsfrom age 7 to 10 yearswere about 6.1t C halyrt. An
effect of age on annual GEP and Reco was clearly observed at 4
separate poplar plantations. The annual GEP of the 7-year-old
plantationin the Yueyang site, measured by EC, was 1629 g C
m2 yr; the annual GEP of the 18-year-old plantation in the
Huaining sitewas 1450 g Cm2yr?. An 11-year-old plantationin
Beljing and a12-year-old plantationin Italy had annual GEPvaues
of about 1525 and 1522 g C m2yr?, respectively 8. Annual Reco
values were 976, 1063 and 1150 g C m?2 yr?, respectively, for
poplar plantationsaged 18, 11 and 7 years.

The vegetation of Yueyang demonstrated greater carbon
assimilation and ecosystem respiration, but these two opposite
carbon processed seemingly offset each other; an additional
190gCm2inGEPand 174gCm?2in Recoresultedin 11 g C m2 of
additional carbon capture in Yueyang. Thus, in view of the
uncertaintiesin measurement involved, the differencein annua
carbon capture at these two poplar forest siteswas not significant
in 2006. There was little difference in annual NEE between the
Huaining and Yueyang sites: NEE valueswere4.6 and 4.8t C hat
yrt. Thesevaluesaremuch larger thanthe 2.6t C ha yr recorded
ina200-year-old Koreapinein northern Chinaor the 3.45t C hat!
yrtinamature conifer plantation 3. A poplar plantationin Beljing
had nearly sameannual NEE, at 4.62t Chatyrt’. Thesethreesites
were comparable in value to published reports from similar
plantations in Italy (6.7-7.5 t C ha! in the growing season) é.
Compared to other forestsin Asia, North Americaand Europe, the
poplar forest had avery high potential to capture CO, from the
aImOSphere 24,34,51, 52'
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Figure 6. Monthly total net carbon exchange (NEE), ecosystem respiration (Reco) and gross ecosystem production

(GEP) in2006. o0 Huaining site, mYueyang Site.
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Conclusions

Our study encompassed observations of EC fluxesin 7-year-old
and an 18-year-old poplar plantations along the middle and lower
reachesof the Yangtze River. Thisstudy reinforcestheimportance
of the carbon cycle in poplar plantations. We conclude that (a)
annual NEE between the two siteswas almost undistinguishable,
given the degree of uncertainty. Both sites are strong carbon
sinks, similar to other poplar plantations. Furthermore, age had no
obvious effect on carbon budget; the difference in annual NEE
betweentwo siteswasonly 11 g C m2yr?. (b) Theenvironmental
analysis provided new insight into the importance of canopy
duration as the dominant climatic influence on annual NEE in
poplar forests. Seasonal variability in GEPwascontrolled primarily
by canopy duration and secondarily by radiation, whereas
seasonal variability in Reco was controlled primarily by
temperature and secondarily by flooding events. GEP waslower
at the Huaining site, at 88% of the value recorded at the Yueyang
site. Both sitesreach amaximum monthly GEPin July: 276 g C m?
mon! at the Huaining and 354.7 g C m2mon't in the younger and
denser plantation at the Yueyang site. We believe that the lower
growing season GEP at the Huaining sitewas mainly theresult of
alower canopy apparent quantum yield and dueto alower LAI.
The reduced LAI was the result of thinner stems and shorter
growing days at the Huaining site. Because the effects of
temperature on Reco and GEP partially offset each other, seasonal
variability in canopy duration wasthe dominant influence on NEE.
(c) The younger plantation had a dlightly higher carbon uptake
capacity than the mature plantation, and other poplar plantations
show asimilar instantaneous carbon exchange rate (about 25-35
pmol m2s?). Theprincipal influence on the daytime NEE at both
siteswasradiation. The ecosystem o valuesrecorded inthe middle
of the 2006 growing season at both sites were much higher than
the values in three typical forest ecosystems along the north-
south transect in eastern China .
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