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Abstract: Changes in diffuse radiation received at the ground surface impact light use efficiency ( LUE) of the forest
ecosystem. In this study, we focused on a subtropical plantation coniferous forest at Qianyanzhou. Based on 30 min flux
data, routine meteorological data, and two indexes, clearness index (k,) and the ratio (S/S,) of diffuse radiation (S,) to
global solar radiation (S,), we analyzed the impacts of changes in diffuse radiation on light use efficiency in this ecosystem
during the mid-growing season ( June to August) from 2003 to 2012. Moreover, applying the modified light response model ,
we investigated effects of changes in diffuse radiation on vegetation photosynthetic characteristics. The results indicated that
the LUE decreased by a mean of 44.66% in k, range of 0.6 to 0.7 during the mid-growing season from 2003 to 2012,
compared that in k, range of 0.4 to 0.5. In the same period, the LUE increased by a mean of 22.24% in S /S range of 70%
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to 85%, compared to that in S/S; range of 55% to 70%. These results indicated that LUE was higher under cloudy skies
and aerosol loading increase conditions than that under clear sky conditions. Moreover, the initial quantum efficiency (a,)
increased by a mean of 0.63 gCO,/mol under diffuse radiation, comparing with that (¢, ) under direct radiation in 2005,
2006, 2008, 2009, 2010, and 2012 during the mid-growing season without drought stress. Regardless of where the water
stress occurred, the capacity of a canopy to resist photosynthetic saturation at high levels of PAR (8,) was greater under
diffuse radiation than 8, under direct radiation by a mean of 0.81 mgCO, m™ s™". The results verified that diffuse radiation

improved the photosynthetic capacity of the forest ecosystem.

Key Words: light use efficiency; diffuse radiation; clearness index; subtropical plantation coniferous forests

at Qianyanzhou
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Fig.1 Averaged seasonal variation of air temperature (7,) and precipitation (P) (a), vapor pressure deficit ( VPD) and soil water
content at 5 cm (SWC) (b), global solar radiation (S,) and diffuse radiation (S;) (c) in Qianyanzhou subtropical plantation coniferous

forests from 2003 to 2012
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Fig.4 Relationship between LUE and k, for solar elevation angle 76.7°—86.7° in Qianyanzhou subtropical plantation coniferous forests

from June to August in 2011 and 2012
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Fig.5 Relationship between S;/S, and k, for solar elevation angle 76.7°—86.7° in Qianyanzhou subtropical plantation coniferous forests

from June to August in 2011 and 2012
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Fig.6 Relationship between LUE and S,/S( solar elevation 76.7°—86.7°) in Qianyanzhou subtropical plantation coniferous forests from

June to August in 2011 and 2012
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Table 1 Quantitative relationship between LUE and k,, LUE and S,/S,( solar elevation 76.7°—86.7°) in Qianyanzhou subtropical plantation

coniferous forests from June to August from 2003 to 2012

A Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
a 46.27% 45.98% 48.48% 46.68% 30.24% 46.28% 46.60% 46.57% 46.55% 42.95%
b 21.49% 23.56% 21.61% 19.11% 23.27% 38.02% 25.71% 16.80% 22.10% 10.76%

a R k, TE 0.6—0.7 {EHE A LUE LL k, 75 0.4—0.5 {EF A LUE T8I E 73 L b KR S,/S, 18 70%—85% Z ¥ LUE Lk S,/S, 7F
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20 P<0.05 20
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Fig.7 Relationship between GPP and S;/S,( solar elevation 76.7°—86.7°) in Qianyanzhou subtropical plantation coniferous forests from

June to August in 2011 and 2012
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2.4.1 R[EIRZS FM T CAAE R G R AR

FIF Michaelis-Menten J7FEXT 2003—2012 4EA KIEZE (6—8 A ) £ KAMGE R N LS RFENE
i 1 2R AT LA R PR (] 8) £ 10 4EH1%: 2008 ,2009 2010 4E 2 S HABAE Y 2 25 K5 HW) Th & 75508
o LGRS R4 R T 29.3% (R 2) . XULFESIOE T 2 = RAFA A R T T WA T4 iR
XPEIFIH . X 2003—2012 42 2= RAFM T FIIE R A T A TEC A BUR S BT LR R 3. BR
12008 ,2009 4 HAWAE YIS TE S SO G HRTE 2 = RS TR TR R THIIEE (K 2) .

SRERSE K Law 2505 BURFSE & B, YGRS A i KOG B AR R AE 2 = RS 5 R R TG R 25 4%
T BE, SAFFR G RA 3, X5 TUHNNE R N T A AR FE IS R PREE B LR G, T-0E Ui
N TMAEGE TR T R SRS A2 RS 352 X o B AR G nm I il e A 98 2 W 2 1500 pmol m ™ 8™ Y65
AR FRAET , DR IEA HR IR B R E, G A AR AE 2000 wmol m™ s™ Z /4 F GG HUR S,
RESESETS M A 7 IR I G2 o A SO ema b i 26 L3 & R, T & 22 & RS & I B R A
T, H PAR AR HEIT 1500 pmol m™ 7", BIAR XM A9 6 A VR FH = A= B4 T, T 5 065 A R 25 A Ee g, T4
PRty N TMOGIR A AP TR B BT 2 = K25 560 IR B R g i .

BIRKG 2 7 RAFA SRR T X 45, 7T LA 0 AR S 25 8 T AR O B R (B2 % ik
JEABE T NG U RS 5 RS 7, 8 T i — PR RO AR 5 5 AR O A g Kot A
BSCHRST A3 R BB A B8R S R A R S A T Y

F2 THRMIEHRG AT 2003—2012 £ 6—8 ASZRSE G TEBARITH NI %S

Table 2 Parameters value of light response curve in Qianyanzhou subtropical plantation coniferous forests under clear sky condition and cloudy

sky condition from June to August in the years from 2003 to 2012

a (gC0,/mol) B(mgCO, m™ s7") R,(mgCO, m™ s™") MRERE R
SR Wz & 2 Wz & 2 Wz & ZREM BEEAMN ZRFM
Parameters  Clear sky  Cloudy sky ¢ Clear sky  Cloudy sky d Clear sky  Cloudy sky  Clear sky  Cloudy sky
condition condition condition condition condition condition condition condition
2003 -1.07 -1.31 18.32% -1.00 -0.85 -17.83% 0.18 0.14 0.66 0.63
2004 -0.95 -1.36 30.30% -1.74 -1.20 —44.57% 0.15 0.15 0.61 0.7
2005 -1.04 -1.20 13.33% -1.88 -1.18 -59.59% 0.25 0.12 0.7 0.74
2006 -0.77 -1.47 47.70% -1.48 -1.33 -11.03% 0.10 0.17 0.67 0.78
2007 -0.89 -1.31 31.94% -1.31 -1.22 =7.22% 0.17 0.17 0.77 0.68
2008 -1.59 -1.54 -3.25% -0.88 -1.14 23.00% 0.11 0.17 0.63 0.73
2009 -1.47 -1.35 -8.89% -1.13 -1.16 2.85% 0.11 0.14 0.64 0.69
2010 -1.37 -1.30 -5.38% -1.30 -1.18 -9.88% 0.21 0.15 0.72 0.72
2011 -1.16 -1.44 19.44% -1.45 -1.23 -17.69% 0.24 0.19 0.72 0.76
2012 -0.74 -1.34 44.42% -2.55 -1.37 -86.19% 0.19 0.10 0.66 0.71

o FREB RGNV TA0R, The initial quantum efficiency of ecosystem; B F/R A& R G EIE I KOG VER# #, The capacity of a
canopy to resist photosynthetic saturation at high levels of PAR; R, /R4 ARG, Ecosystem respiration; ¢ F/RE = K45 50 o HUIEIZRME T
o MBTE S s d RoRZ m R AT B LGS T 19 g 3 & 43 L

2.4.2  REGAIEA VR RIS R 5 -5 B R 22 1 By o o R A

FIHZAE(13) 45 BRDLE 43T 1 2003—2012 4[] A= K RE & 221506 & VR FIX BOR S T 5 B He e
AR RERFAE o MRS 6 S 5 B S A5 PR T I B 730K o, IR AL TR (181 9) , 2005 2006 ,2008
2009.,2010,2012 4FAHZEAL, LA 2012 42 A BB, X SE4E Gy v 709% L) E AR S o> a6 4E AR RIEEZET o,
o, P37 0.63 gCO,/mol , F LTI, IR RE/K IS BLA , 3564500 T HIOUR 6 5 Lo B4 5 504 ) T A B xHL
AIFIH . T 20032004 ,2007 2011 £EAHZEML, L 2003 44 6T LAE H 6 A4 A K 8 A a>a,  THE T A4
a,<a, , ZMERY TERKEAE T A W5 K A il T SR Y SO R A0 B0 dh BT8R I R R
R R,
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Fig.9 The initial quantum efficiency under diffuse radiation condition (af) and under direct radiation condition («,) in Qianyanzhou

subtropical plantation coniferous forests from June to August in 2003 and 2012
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Fig.10 The capacity of a canopy to resist photosynthetic saturation at high levels of PAR under diffuse radiation condition (8;) and under

direct radiation condition (3,) in Qianyanzhou subtropical plantation coniferous forests from June to August in 2011 and 2012
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