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The influence of altered precipitation on gross productivity and respiration of grasslands in south-eastern Crimea
(Karadag Nature Reserve) in 2012-2013 was investigated. The positive correlation between wetting and
productivity was found; soil humidity has proven to be a better indicator of wetting influence on productivity than
average monthly precipitation. Linear regression analysis has shown a significant relationship between gross
productivity and air temperature, relative air humidity, soil humidity (15 and 60 cm depth), and luminance. These
factors together were able to predict 57% of productivity variation. As variation of month levels, so amount of
productivity peaks within a vegetation period were dependent on precipitation levels and water infiltration on the
different soil depths.
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OcobnuBocCTi AMHaMiKU BanoBOi NPOAYKTUBHOCTI Ta AUXaHHSA TPpaB’AHUX
a poay a P

yrpynoBaHb niBaeHHo-cxigHoro Kpumy nig BnAvMBOM 3MiH KinbKoCTi onaais
0.0.Xanaim, l..BuweHcbka

Y poboTi npeacTaBneHe AOCMIOXEHHS BNNMBY 3MiH KiNbKOCTi onafiB Ha AMHaMiky BanoBoi NpOOyKTUBHOCTI Ta
OVXaHHA TpaB'sHWX YrpynoBaHb MiBOAEHHO-CXigHOro KpuMy, LWO NPOBOAMIOCH Ha eKCrnepyvMeHTanbHOMY
cTauioHapi Ha TepuTopii Kapapasbkoro npupogHoro 3anoBigHuky y 2012-2013 pp. byno nigTBepmkeHo
MO3UTUBHUIA BMMUB 3BOMOXEHHA Ha AWHAMIKYy NPOAYKTUBHOCTI TPaB'sHWX YrpynoBaHb; BOMOMCTb ['PYHTY
BUSIBUNACh KpaLLMM NOKa3HUKOM BMMBY PIBHS 3BONOXEHOCTI HA MPOAYKTUBHICTb, HiXK cepeJHbOMICAYHa KinbKiCTb
onagis. JliHiNHWIA perpecinHuin aHani3 nokasas AOCTOBIPHY 3anexHiCTb BanoBol NPOAYKTUBHOCTI Big TemnepaTypu
NoBiTPs1, BIAHOCHOI BOMOrocCTi MOBITPs1, BOMOrOCTi IPYHTY Ha rmMmMbuHax 15 Ta 60 cM i oCBITNEHOCTI, SIKi MOSICHIOITb
MIHNUBICTb NPOAYKTMBHOCTI Ha 57%. AK cTyniHb Bapiauii MiCAYHMUX 3HaY€eHb, TaK i KiNbKiCTb NikiB NPOAYKTUBHOCTI
NPOTAroM BereTauinHOro nepiogy 3anexanu Bif KinbKOCTi MiCSHHUX ONaAiB Ta Nepeposnoiny BOMOrocTi y PidHMX
Lapax rpyHTy.

KnrouoBi cnoBa: eanosa npodykmusHicmb, OuxaHHSi eKocucmemu, 3MIiHU KniiMamy, onadu, cmenosi
imouyeHo3su.

Oco6eHHOCTU AUHAMUKN BaNOBOW NPOAYKTUBHOCTUN N AbIXaHUA TPpaBAHDbIX
coobLecTB Oro-BOCTOYHOIO KprMa noa BinAHNEM NaMeHeHUs Konmn4yecrtea

ocagKkoB
A.O.Xanaum, U.I.BbiweHckan

B paboTe npeacTtaBneHoO 3KCMepUMEHTANbHOE WCCrefoBaHME BIUSIHUS M3MEHEHMs1 KONMYecTBa OCagKoB Ha
ONHaMKKy BarioBOW MPOOYKTUBHOCTU U AbIXaHUS TpaBsHbIX COOOLWECTB toro-soctovHoro Kpbima (Kapaparckui
npupoaHbIv 3anoBegHuk) B 2012—2013 rr. Beino noaTeepxaeHO NO3MTUBHOE BNUSIHWUE YBMNAXHEHWUSI HA ONHAMUKY
NPOOYKTUBHOCTM 3KOCUCTEMbI; BMAXHOCTb [PyHTa oOKasanacb IydllMM MoKa3aTeneMm BIUSHUS  YPOBHSA
YBNa)XHEHUS1 Ha MNPOAYKTUBHOCTb MO CPaBHEHWMIO C CPEOHEMECSYHbIM KOMMYECTBOM OCafKoB. JIMHENHbIN
PErpeCCUOHHLIA  aHanM3 Moka3an [OCTOBEPHYHD 3aBMCMMOCTb MPOAYKTMBHOCTM OT TemnepaTtypbl W
OTHOCUTENBLHOW BMNaXHOCTW BO3Ayxa, BraxHocTu rpyHTa (15 n 60 cM) 1 OCBELLEHHOCTH, KOTOPbIE OOBACHAIOT
M3MEHYMBOCTb MPOAYKTUBHOCTU Ha 57%. Kak cTeneHb Bapyauumn MeCAYHbIX 3HAYEHWUA, Tak U KONMNYECTBO MUKOB
NPOAYKTUBHOCTU Ha NPOTSXKEHMM BEreTaLMOHHOIO Nepuoaa 3aBuUcenun ot cpegHEMECSYHOro KonmyecTBa 0CafkoB
1 nepepacnpeneneHnst BNaHOCTM B Pa3HbIX CIOsIX rpyHTa.

KnioueBble cnoBa: easosas I'IpOOmeUGHOCfTIb, ObixaHue 3KocucmeMsbl, 0cadKu, U3MEHEHUsl Kiumama,
cmeriHble d)umoueHoab/.
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Introduction

Global climate change is linked to simultaneous increase of air and soil temperature influencing on
hydrological cycling and regional precipitation regimes (IPCC 2007). In its turn, ecosystem carbon fluxes are
linked with precipitation regimes through precipitation amount, infiltration depth, soil microorganisms’
structure, and also different response time on altered precipitation (Huxman et al., 2004).

Considering climatic trends of south-eastern part of Ukrainian grassland zone, a cyclic variability of the
main climatic parameters can be mentioned with certain increase and redistribution of precipitation for
1954/55-2007/08 years (Nesterets et al., 2010). It was observed 0.7°C air temperature increase for Karadag
nature reserve (the territory of our research) together with precipitation increase for the last 80 years
(Parubets, 2009).

Thus, experimental modification of natural precipitation amounts above grasslands can be an actual
and perspective long-term research for Ukraine, taking into account regional climatic trends. Also grassland
is a suitable ecosystem for climate change research as grasses react rapidly to altered precipitation and are
highly adaptive to extreme climatic conditions with continuous changes (Tkachenko, 2007). That is why it is
possible to expect any significant results even after first few years of such experiment.

The aim of this work is to analyze specific features of ecosystem carbon fluxes on grasslands under
altered precipitation and to estimate influence of climatic factors on gross ecosystem productivity on the
experimental site in south-eastern Crimea.

Materials and methods

Study site

The experimental site was set in May 2011 in the Karadag Nature Reserve of Ukraine (Kurortne,
Feodosia, AR Crimea) at the foot of the coastal range (N 44° 54,914"; E 50° 12,289'), at a distance of 30 m
from the boundary of the reserve protective zone. The site area is 17x30 m (0,051 ha); it is located on a flat,
relatively plain plateau at the average elevation of 41 m a.s.l. The vegetation represents typical dry grassland
of Festuco-Brometea Br.-Bl. et R.Tx. in Br.-Bl. 1949 class, on brown neutral clayish soil (for more details see
Didukh, Kuzmanenko, 2013). Precipitation (PPT) is being modified at 7 levels: (1) CC: control ambient PPT,
(2) 20%Pa: added PPT by 20%, (3) 20%Pr: reduced PPT by 20%, (4) 40%Pa: added PPT by 40%, (5)
40%Pr: reduced PPT by 40%, (6) 60%Pa: added PPT by 60%, (7) 60%Pr: reduced PPT by 60%. Each
treatment is randomly repeated by 3 times for a total of 21 plots. The rainfall-collection-redistribution (RCR)
devices as described by Zhou et al. (2006) and rainout-shelters as described by Yahdjian and Sala (2002)
are used. There are a rainout shelter above each plot, which consists of a steel frame and 12 gutters placed
at the top of the frame as a “roof”. The purpose of the gutters is to allow partial interception of precipitation
without significant impact on the process of photosynthesis. Every gutter set, depending on installation
mode, enables from 0 to 60% interception of precipitation. The collected rainfall is used for adding the
precipitation rate on other experimental plots through the water redistribution system.

Data collection

Soil temperature at the 5 cm depth, air temperature, and air relative humidity were measured together
with COz2 fluxes with soil temperature probe (Vernier, USA) and T/humidity sensor (Quibit Inc., USA) at the
experimental plots. Light intensity was measured with the digital light meter TES-1330A (China). Soll
moisture at three depths (15, 30, & 60 cm) was measured 4-5 times a month and daily for next 5 days after
every rainfall event with 24in Analog Soil Moisture Tester (Spectrum Technologies, Inc., USA). Daily basic
climatic data (air temperature, precipitation, atmospheric pressure) was also retrieved from meteorological
on-line archive (http://rp5.ua/Weather_archive_in_Kurortnoye), which represents the data from the
geophysical observatory of Centre of Hydrometeorology in Kurortne (5 km from the experimental site).

CO:2 fluxes were measured with CO650 Plant CO2 Analysis Package (Qubit Systems Inc., Canada)
based on non-dispersive infrared technology. A home-made acrylic transparent canopy chamber (0.5 x 0.5 x
0.5 m?) was used (for more details see Khalaim, Vyshenska, 2012). During the net ecosystem exchange
(NEE) measurements, the canopy chamber connected to infrared gas analyzer was sealed on the plastic
frame inserted to the soil (2-3 cm depth). To measure ecosystem respiration (ER), after the chamber
ventilation it was covered by opaque cloth to prevent CO: assimilation due to photosynthesis. Gross
ecosystem productivity (GEP) was estimated as the difference between ER and NEE. Negative NEE values
indicated prevalence of CO2 assimilation by ecosystem. All CO:2 fluxes were measured once a month in clear
days (8.00-12.00 am) from May to October in 2012 and 2013.
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Statistical analysis

Statistical analyses were performed with SPSS ver. 16.0.2 (IBM). Results were considered to be
significant at the P<0.05 level. Stepwise multiple linear regression analysis was used to explore the
relationships of ecosystem CO:2 fluxes with environmental factors (precipitation (mm), soil temperature (°C),
soil moisture, air temperature (°C), air humidity (%), and luminance (Lux?)) as independent explanatory
variables. Linear correlation analyses were also used. In order to examine the effect of experiment type on
ecosystem carbon fluxes, 1-way ANOVA was performed.

Results and discussion

Influence of abiotic factors on ecosystem CO: fluxes

In order to define the character and the level of abiotic factors’ impact which can be potential
predictors of ecosystem CO:2 fluxes’ dynamics, we have done correlation and regression analyses for both
research years. GEP in 2012 positively correlated with monthly precipitation (R?=0,27, p<0.0001), soil
moisture at the depth 15, 30, and 60 cm (R?=0,36, p<0.0001; R?=0,3, p<0.0001; R?=0,25, p<0.0001,
respectively), and air temperature (R?=0,13, p<0.0001). In 2013 correlations were weaker almost twice.
Thus, our research has confirmed a widely known (Patrick et al., 2007, Chou et al., 2008, Huxman et al.,
2004) positive influence of watering on the productivity dynamics. Here soil moisture has proven to be a
better indicator of watering influence on carbon processes than precipitation.

In 2012-2013 ER had a linear correlation with air temperature (R?=0,31, p<0.0001), soil temperature
at depths 5 and 10 cm (R?=0,18, p<0.0001; R?=0,16, p<0.0001, respectively), and atmospheric pressure
(R?=-0,16, p<0.0001). The common respiration of autotrophs and small heterotrophs in ecosystem has a
positive relationship with air and soil temperature, and inverse one with atmospheric pressure, as it has been
evaluated from COz2 concentration dynamics in the air of measured soil mass (Ostroumov, Butsenko, 1993).

NEE in 2013 had a negative correlation both with soil humidity at the depth 15, 30, and 60 cm (R?=-
0,36, p<0.0001; R?=-0,25, p<0.0001; R?=-0,31, p<0.0001, respectively) and with precipitation (R?=-0,13,
p<0.0001). Such negative correlation also means more intensive CO:2 assimilation by ecosystem under more
watered conditions.

Linear regression analysis has shown a significant relationship between GEP and some climatic
factors in 2012-2013. The most effective regression model included as independent variables air
temperature, air humidity, soil humidity, and luminance (see table 1).

Table 1.
Coefficients of the linear regression equation which describes relationship between GEP and
climatic factors in 2012-2013

) Non-standardized coefficients Standardized coefficients o
Variables t Significance
B St. error Beta
Constant -1,748 0,266 -6,572 0,000
T air 0,017 0,004 0,337 4,595 0,000
RH air 0,011 0,003 0,310 4,270 0,000
Hsoil 60 0,069 0,021 0,275 3,281 0,001
Hsoil 15 0,031 0,014 0,193 2,243 0,026
Light100 0,000 0,000 0,124 2,014 0,045

Hsoil 15 — soil moisture at the depth 15 cm, T air — air temperature, Hsoil 60 — soil moisture at the
depth 60 cm, RH air — air relative humidity, Light100 — luminance.

As it can be seen from the table 1, determination coefficient of this model estimated partial model
results’ variation at the level of 0.57. It means that 57% of GEP values can be explained by effect of the
mentioned climatic factors with the high level of significance (p<0,001).
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GEP and ER dynamics

GEP varied significantly within both vegetation periods, but character of monthly distribution was
different in 2012 and 2013 due to different situations with precipitation (see fig. 1). In 2012 monthly
precipitation level was close to average long-term data (for last 80 years, the geophysical observatory of
Centre of Hydrometeorology in Kurortne). In 2013 spring was anomaly dry and in summer there was twice as
much precipitation as at the same time last year. Such climatic situation influenced GEP dynamics; there
were two typical peaks in 2012 at the control plots (May and the beginning of September) and only one high
peak in 2013 (the end of June).

GEP in 2012 varied through all experimental plots from 1.84+0.3 to 6.89+1.1 uymol CO2 m?s™'. The
most productive there were experimental plots with additional precipitation and control (see fig. 2). In 2013
the same situation can be seen only at the experimental type «+60%» due to anomaly dry spring months.
This year GEP varied from 0,26+0,01 to 7,58+2 umol CO2 m?s™'; the highest GEP values can be seen in
June and July after intensive June precipitations (see Fig. 2). Also it needs to be mentioned that bigger
variation of precipitation amounts can lead to bigger variation of GEP within a vegetation period.
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Fig. 1. GEP (umol CO2 m%s-') dynamics on control plots in 2012 (May-October) and 2013
(March-October) together with average monthly precipitation (mm). “T"-shaped lines represent standard
errors for GEP

According to ANOVA results, GEP in 2012—2013 has been influenced significantly by experiment type;
analysis of contrasts has shown lack of significant difference between control and experimental
modifications, but GEP values of the «-» experimental group (-60%, -40%, -20%) significantly differed from
the «+» experimental group. Control GEP significantly differs only from «-60%». In 2012 difference between
«+» and «-» experimental groups is bigger.
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ER in 2012 has not been significantly influenced by experimental modification of precipitation
amounts; grouping of ER values by experimental type was not presented in ANOVA results. In 2013 the
significant difference between experimental types has appeared; analysis of contrasts has shown 2 separate
groups of ER values according to «+» and «-» experiment types.
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Fig. 2. Dynamics of monthly average GEP (pumol CO2 m'?s') in 2012-2013 (May-October) at 6
experimental types and control. “T"-shaped lines represent standard errors for GEP

Thus, our research has shown a significant positive relationship between level of watering and
effectiveness of CO2 assimilation by plants during photosynthesis: both the level of monthly GEP values’
variation and the amount of vegetation peaks depended on precipitation quantities and specific redistribution
of water in different soil depths.
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