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Abstract; Grasslands are one of the most widespread vegetation types worldwide, covering nearly one-fifth of the Earth$
land surface. They support myriad different species, and play a major but poorly defined role in the global carbon cycle.

Studying seasonal variations in the photosynthesis of grasses is crucial for revealing ecophysiological mechanisms of grassland

E&TWH: BR B AREE SR B H (40671028, 40371042)

U545 B #7:2007-06-01; 4&iT B #4:2008-01-16

YEE B FEER(1958 ~ ), B ILmTA L, #8, TENFEY RS URAEBTF. E-mail: cxq@ pku. edu. cn
Foundation item; The project was financially supported by National Natural Science Foundation of China (No. 40671028 , 40371042)
Received date.2007-06-01; Accepted date.2008-01-16

Biography : CHEN Xiao-Qiu, Ph. D., Professor, mainly engaged in plant phenology and climate change. E-mail: cxq@ pku. edu. cn

http://www. ecologica. cn



2004 B & F W 8%

phenology and biomass development, as well as estimating annual carbon sequestiration, primary production, and
appropriate grazing and harvesting times. Grasslands of Leymus chinensis are an endemic and dominant formation in the
eastern part of Eurasia. Many studies have focused on the photosynthesis of Leymus chinensis over short periods of time
within the growing season and in the southern part (typical steppe) of Inner Mongolia. The objectives of the current study
were therefore to identify seasonal patterns and interannual variations of Leymus chinensis photosynthetic rates over the entire
growing season and in the northern part of typical steppe (the Hulunbeier grassland) , and to analyze relationships among
Leymus chinensis photosynthetic rates, meteorological factors, and soil moisture. The Leymus chinensis photosynthetic rate
data and soil moisture data were observed at a grassland meteorological experiment station in Ewenke (49°04'N,119°42'E,
626m) from May to September of 2005 and 2006. The climatic data were also acquired from the Ewenke weather station.

Over the entire growing season, changes in the Leymus chinensis photosynthetic rate were characterized by three peaks
and two valleys. The peaks appeared directly after the green-up of Leymus chinensis, in the heavy summer rain period, and
during the autumn rainy period, respectively. The three photosynthetic rate peaks were obviously higher in 2005 than in
2006, whereas the duration of the second peak (in summer) was also much longer in 2005 ( about 30 days) than in 2006
(about 10 days). These could be caused by more precipitation and higher soil moisture in 2005.

The Leymus chinensis photosynthetic rate correlated positively with cumulative precipitation over the previous 3 to 8
days. The most significant correlation appeared 6 days before in 2005 and 3 days before in 2006. Similar positive
correlations were also present between the Leymus chinensis photosynthetic rate and soil moisture in different soil layers, and
the correlation level was higher in 2005 than in 2006. The highest correlation coefficient was between the Leymus chinensis
photosynthetic rate and soil moisture at 0 — 20cm in both years. This indicates that the photosynthetic rate of Leymus
chinensis was mainly influenced by soil moisture at that depth.

During 2005 with higher moisture and lower temperature, the Leymus chinensis photosynthetic rate showed a slightly
negative correlation with air temperature but a significant positive correlation with relative humidity, indicating that higher
relative humidity increased the photosynthetic rate through increasing stomatal conductance and vice versa, but air
temperature hardly affected photosynthetic rate as long as the moisture-thermal combination was sufficient for Leymus
chinensis growth. However, during 2006 with lower moisture and higher temperature, the Leymus chinensis photosynthetic
rate showed a significant negative correlation with air temperature but a non-significant positive correlation with relative
humidity. This may be related to a higher temperature induced evaporation enhancement and soil moisture deficit when the
moisture-thermal combination is unbalanced. Thus, soil moisture may be a direct and decisive factor influencing the Leymus

chinensis photosynthetic rate, with air temperature and relative humidity serving only as indirect and derived factors.

Key Words: Leymus chinensis; photosynthetic rate; seasonal variations; thermal-moisture factors; Hulunbeier grassland
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Fig. 1 Seasonal changes of Leymus chinensis photosynthetic rate ( thin line) and daily mean temperature ( thick line) in 2005 (a) and 2006 (b)
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Table 1 Comparison between 2005 and 2006 in peak values of Leymus chinensis photosynthetic rate and thermal-moisture factors during May to
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A AR S HERHE B Mk & TREAKE
Year Peak values of photosynthetic ~ Air temperature  Relative humidity Precipitation Soil moisture( % )
rate(mol( €O, )m s ") (T) (%) (mm) 0 ~10cm 10 ~20cm

2005 15.7,15.1,10.6 16. 84 53.3 260.9 12.73 9.37
2006 11.5,10.03,7.3 17.34 45.5 140.9 10. 69 6.10
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Table 2 Correlation coefficients between Leymus chinensis photosynthetic rate and cumulative precipitation over the previous 1 to 8 days

E fi 1 ~8d Bi}F&/K & Cumulative precipitation over the previous 1 to 8 days

Year 1d 2d 3d 4d 5d 6d 7d 8d
HEER 2005 0.300 0.299 0.339° 0.366 * 0.349°%  0.485%" 0.456°" 0.463 **
Photosynthetic rate 2006 0.405* 0.334 0.507°% 0.479°* 0.458° 0.470° 0.472°% 0.439°

*P < 0.05, % *xP < 0.01; F[A] the same below

£33 FEAAEESRETREKEZ AHEXRY

Table 3 Correlation coefficients between Leymus chinensis photosynthetic rate and soil moisture ( %) at different soil layers

Ty BRI EEKER(% ) Soil moisture (% ) at different soil layers

Year (0 ~10cm 10 ~20cm 20 ~30cm 30 ~40cm 40 ~50cm 0 ~20cm 0 ~30cm 0 ~50cm
FEHEER 2005  0.588%* 0.569 ** 0.398* 0.285 0.243 0.592** 0.575°* 0.560 **
Photosynthetic rate 2006 0.389* 0.383* 0.372 0.275 0.373 0.456 % 0.452* 0.435°

— ok, KRR EECERIAB G % E 130K RO TR R HOEE 1R, (B WA ) VLI R B ,
KMERRDESERERA L ES ERRRE N, B 2005 4571 2006 4 3 55658 32 — NI (5 1 18] 19
AKAFIRGLVT LR 3R ,2005 42 AR B8 K 871 0 ~ 10cm 10 ~20cm +3BE KR HB| N HE, SEENRE
R IEERAE S (K 2a.8 3a. [ 3c) ; T7E 2006 4F, JLHAR] &K 8 B AR RIEE, 5EERGER
HYI(ERAE S (K 2b) /B 0 ~ 10cm H3TF/KER{UMAIEM, 10 ~20cm TIESKBHNILFBAH A2, G
HEA B T R (18 3b & 3d) , X ULFATERE KRB A R LA FE LK BB T , F EED A BRI IA T
BREKE, Bt SRR ERREL T ER, R T 2Bk BF R ZEEE TR R
BV JE3B%E, X SH R AR R K I BER W, ABARN"Y 726 A LAIE T Aoha, FREBENE
AERFE SRS MAMNEEA K, 2006 4£H R FHKEBRPEMEREA KR, BT HERK /N
WARDL, AN AR 2 IR SN R AR PR 1) &, i 6 B R, WA Fl T R L E RS 1E
KT M AR, S AR B T 58 —MIE(H,

4 4Hig

AIFH 2005 4FF01 2006 4778 P9 52 7 FPAE DL/R SRR S A0I AR 3k Bty S 440 L0 45 31 B9 3 25 00 B R A8
ARG ORI R, 03T T A ERNF R RE, RS KBKMHETRUZ MR, TR
Wi

(DZEENMERFTN, FERGERNEURBER =G —FHEK, EEH A HREETREZE
R Z K m e R Ak 2= MoK B TH ] . 2005 AREEFDEAERIE T 2006 4F X PIAREDE A R
H LRAEME(E /) W RFSE N R AR LB RS T RS BENER X RAKRRHLE MR

(2)7E 2005 4F, FENAERS H PR Z B EMBAARKR, SHXNEEZF 2 BF EMXXK
AR, RUEKPA SR FEERTERBOUT , AXHE RS NSRRI R E N AR R4 B ER
SR, T SAEXDE AR R A R, SR, 78 2006 4F , FEEAER S H PRI MEBERAMERKR,
SHMBEZHENBEEMRKR, X SKRASRERILT , VB RMEIZEE, LK THE K,
B MR AL , 4K 7RO T RERE R M 2 RO A TR AR B B B MO PR R B R, T 08 R S 9 J8E T TR 3 B 7
WERHER.

G)FEKLAERSWEY HET3 ~8d MERETKENREBZIEMRRR, 2005 FFEEHIEAER
H5WE X HEf 6d Bt Mok &R E RS, M 2006 £ ¥ EHE A EE SN E Y HE1 3d BHFKERHE
KEER R, RUEDERESKEBMAELT , KK B R A 5E 130K 7, AT 1S £ 20 &
AR — WK BN ARG . LAt , KR W LU O H R R RB I VRIBMMHRS, B FE
B AR,
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(4) FENRAEREGZRLEEKRHBEMRRKR, ERBEFREE FE BN , #5852 T M
R 2005 ARE9HE SRR B — B B0 T 2006 48, SLBATE K 0 R B Z B4E R, F R A B RN LA K
RENE RN A LR, EXWED, FELEERS 0 ~20em HEFKBHMHLABEKR, RAFE
FAEREEZ ] 20cm DAY+ KT,
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