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.0 AEik. ABER(T) AT hngls, KEXEHRE 12:00 ~ 40458, T ZASFEFERTFNERR
FHARBNNHXE RBMERKSZRR, PAR EHBTENRMEF AWMt A SARBMBE(L) .G HAFKESKKREE
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Physiological regulations of photosynthesis in a poplar plantation on a sandy soil
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Abstract: Poplar( Populus x euramericana cv.“74/76”)is the most important plantation species in northern China. To fully
understand the changes in photosynthesis at different temporal scales, respiration and transpiration under water stress are also
needed. We installed a field experiment in a 3-year plantation (2m x 2 m) in Daxing District of Beijing in 2005. From May to

October, we measured several physiological characteristics using a Li-6400 Portable photosynthesis system between 6: 00 and
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20:00 hours on 5 — 7 mature leaves in the upper part of the canopy. We found that the diurnal change in net photosynthetic rate
(Pn) appeared as a single-peak curve, with daily averages decreased from May to October. The correlation analysis with
environmental and physiological variables suggested that photosynthetic active radiation ( PAR) and stomata conductance ( Gs)
were the two most significant factors influencing Pn, especially in May and August. Gs appeared more important in July, while
PAR was the most important factor in September and October. Vapor pressure deficit—a combined indicator of air temperature and
humidity-was also important from August through October but not in May through July. When the underline mechanisms for diurnal
changes of Pn in May were explored based on changes in stomata conductance, it appeared that Pn reached the peak value at 8:
00 hour and decreased dramatically because of lowered Gs until 16:00. But low PAR level seemed to be the limiting factor after
the hour. The above regulations were different in June and July when stomata were closed at around 14 :00 hour as indicted by high
leaf respiration and low transpiration rate ( 7r) . From August through October, the primary factor regulating Pn was PAR. We
also found that R changed in a similar pattern with air temperature, showing a strong temperature controlling mechanism. The
diurnal change in 7r also showed a single-peaked pattern, with the maximum valued reached between 12:00 - 14 :00 hour. Many
factors were found to be influential on 7r, but PAR seemed to the most important responsible variable.

Key words: sandy soil; Populus X euramericana cv.*“74/76” ;plantation; photosynthesis; stomata; respiration

BRETR LR ENERRAONM., REBM ALAERY 667 7 hn’, 5 2E A LHAERK
20% , R R HMATHER 4 5, HFEHRIIMGH ALK 70% L EXBHIRMF . 8BS 0K 4
REERKSHETASHNAKBER LEEXAE TR EEARAEKBEEENRERARZ Y,
XFRSEHMERESSENPIR BRMERENRE. MBS NEREHRET KIHET ARG
WEERE PRSI, URAERSH BRI HIX R Polster, EMFHE " R THBER SIES
5 EERWPRRURKIMET ARG EHERYABRAY A EVE, EMHHEEIYBHAT ARKS
BEAGTHREERBIE N ERE AR THRA TOREBEKAERA#TTEHE . BSERE"H
RTARGHEERKSRBFEEERWA BT, BRXTAKISMBENBHHIEZREZEHHRLL
ANRERAZRGEENRBME XEERETZLEATHRNER, 4T H S HWETRIEHA. FRIEH
REYEREENEAIR CELRTUESEMANEEARZ -, XTRRERMBEIIETTFEEH
MAMEBANHRMAMTLRER ", T =S8 6 R KO F 0. B8Rm0 R & BT T 5
HEPL X TFHHTRAERANHAGEINSOHRY BEHEEHTHEEABRABEESI . 2RR
IARFBUHERGH AR R, B30 A AE PR EBEARKAERFHNE, SEFRDH
KOMEFETHRERBESHETA . SHEAMABUREABEFFHAEIXR, B3N EBESEHEDN
REWTHHALIHAE RKSFRZREBXLER, BN A THESDS REREFGEZ KB R R R FKEE,

1 HRBEHASHRAZ
1.1 L5 X B )

A 56 b L F A6 5 T B R R M XM B K k3, b ab b 46 39°31°507, R4 116°15°07", B R IR W E X
BX,EFHKERN 11.5C, RWMBEMRE -27.4C, BB E A 40.6C, FFHXH/EH 209d; FFHHRE
SEE 27720, KFBIEST B M 135 x 4.186)/cm’ , 3 K 2.60m/s, K (6 A5k B F s & F TN 568.9mm, 5 /D [
&N 261 .8mm, B ZMEFHE X 1057.5mm, HH 7.8.9 A G FEKELFEKSEN60% ~70%. KT 10CH
iR 4143C. RERERKRKE WP - FE, 81k 30m, -3 pHH N 8.25~8.39, 5 H 1.43 ~ 1.47
glem ,BEHLR &R 0.096% ~0.491% , & B H SRS HH 0.012% .0.12% M 3.36% , L EPHEWR D, +
BRHAAE BN RIEE KN ZE ., B YK EERRN,Ba BT AKUELR 8mER.

R EARIERHIRGW A LA, 75% K 2002 548, KA T E N 1998 4 .2001 4 F1 2003 4 F
H. ATHSER 0.8km’ , FH KRN 7.88cm, FEIME 7.90m 9, BRITEEN 2m x 2me MBI SIEF, KT
FENLELAFE LMY, TEE X E 1 (Medicago sativa ), 8 7 B K8 ( Melilotus officinalis ), ¥ E 3 ( Salsola
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collina) , 42 3k M ¥ ( Chenopodium acuminatum ), K 3 ( Chenopodium album ), %< # ( Tribulus terrestris ), Fff i 3¢
(Trigonotis peduncularis )% ,
1.2 RBAR T E
1.2.1 4HEATERIE ARKXBERA TR OIAL 2001 FEFHE 7 FE4EBRE 107 B (P. x euramericana
ev WER IR At K}, B4R 8.13cm, B B 8.34m, M 2005 4 5 AFIR4 10 A, 5 H EME R XS, #H L-
cor6400 RN AVERAME RGE(EE Li-cor AFAEF) , ME M AR EZ P EIAL(E 5~ 6m), T4 B H
KAIME S ~7 FRREENF, BRUMEHATTIRESR, WIETE K 6:00 ~20:00, B 2h W& —K., X&H
WESNEGERE(P)WRICREHERBERERE(T) SILIE(Gs) HE CO, E(C) KR (Ta) . KM
R E (RH) 68 ARG (PAR) FABA ST,

FREMET o R XA 1E R v iR Fu s 0F 0% R [ B 54T 0, B2 43 B ' R R 01 B P IR, SR HL 338 4% ) 48 X
P R X, P AR RS2 B R X 43 6 IR W% RO RS RE R , 3T €O, B &Y M 4 T BEE 1 ~ 2min, 7 A CO,
SR AT B K AHAE W R o AT RF AT
1.2.2 kmpdiLiE 7 A 25 H(8:30~11:00) RS, REMZREEE KR 30C, FIA CO, WmEMt
BE ¢(C0,)380 x 105 4K, KSHIMBE R 57% ~61% , Fl F licor6400-02B A T, RENX A HRBEH
( PAR) % B 24 2600.2300.2000., 18001600, 1400 1200 . 1000, 800,600 ,400,200,100.80.50,20 ,0(pmol * m~*s™ "),
UBREAHICFE. BELRHSKLIEAZDICRTN,7 A 23~24 AHEHEK 56.9mm, L RS KBHEMER, Hilk
825 H YL HKGEFRET BRI %G EE(Pr)XOEEH B (PAR) IR
1.2.3 KA ME KW ERR T, SR E 55 HH 0~ 20cm.20 ~ 40cm 40 ~ 60cm .60 ~
80cm 1 80 ~ 100cm 3£ 5 B, BEB KM 3N EE RH FHE,
1.2.4 SEitsrr  w A SFLBRHIME (Ls )R A Berry #1 Downton H) 1+ 71k :

Ls =1-Ci(Ca-T) =1~ Ci/Ca

K, I KR CO, #ME 8, Ca HIFE CO, WE, Ci ZHIE CO, WE
2 ZRE54H
2.1 HBASEERHELL
2.1.1 Sbkmpy EIH AEMMAEL(E DITLUES,
PAR 7£ 0 ~ 400pmol-m~*+s™ ' JEE P, ™ i Pn Bf PAR 3%
I F B4 EF, #E 400 ~ 2300pmol *m ™5™ 'SEE A, Pn

RRE—THYEBRHKEHEEBERK HEXKBELRE 5

2300 pmol*m > s ' . % PAR % T 59.82umol m™* - (5) 200 800 1200 1600 2000 2400 2800
SR Po {HHIF 0 0, T8 M HAT B9 PAR S HEHME HARHBMPAR (hmol m?57)
324 PAR F&2% Opmol m™” +s™ "B Pn 24 — 3.68umol CO, B 1 EW R HOK S R TR A Ot R R
'm'z's'l,ﬂu%ﬂfﬂﬂﬁtﬂﬂ'%mﬂ’ﬂﬂgﬂ?&ﬁ$o *&% Fig.1 Light response curve of leaf in normal condition

Pn-PAR BB AT FRAT B B RWE TBERN 0.0405, 3 AW 7E 55 3R 0 F B AOLRER R E,

2.1.2 MABXEEGERHEEHL AFAAGMHAFSEEGHER(P) HEABEWE 2a, N\EFATLEFER P
BH iR R B 2, LA HTE 2(a~h),5~7 AMERAKMEIELG, Pn BT R0 ,8:
00 BRI/ Pn kB0 KME, RTARIEE 1 1 2b A0, Pn 5B g E B PAR B A KB — KW B KE R
FXmME, Bl FTHNASBEESEHE, RBRE, SILKEAFFE LERNY CO, EHL LK, YK
WADZT— BRI TUEBRTR, BEW Pr WARE TR ASEBEFHREIIERNBERBEAS
RS, FHUME P kB2 RB KM, BELS Po R EZRE TR, XF 6.7 A6 16:00 £6 .0 K Pn HR
BB 0 MLUT BRI N RPRIER, M 8~10 A%, Pn #1 PAR B KENEREFF 12:00 ~ 14:00, HiE
HES~7ABNNE 8 AGBE TREBENECBERGMER P EEREGIE I, 12:00 LUSBEE KN KR
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HIZHY W Po (EHBEE PAR KTt A FTHM,9~ 10 A4 Pn 5 PAR BHAELBMB AR EAMEM, AaRBA
ERERE, WA COo, HAZREHMA B ERME /IR,

——5HMay —6—6H June - 7HJuly —Xx— 8H Aug. —— 9H Sep. —&— 10H Oct.
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2 ARAGEEEEFEG) EAEHRBEH (D) KSBEE (c) 2 SHXHEE (d) . JFE Co, W (e) SILRRHE (D) . KILFHE (g) Fant 1
KEKKEZE(h) B AL
Fig.2 Daily change of Pn(a),PAR(b), Ta(c),RH(d), Ci(e) L Ls(f), Gs(g)and VpdL(h) in different months

2.1.3 HMASEAEXATAERME TN S8 0 BmBE  Eme e e m2y 3 A FEET
(PAR.Ta .RH)M 3 NAEBE T (T, G5 L) BITHEENITNE 1. AEANMEKSIRE, TLIEE PAR. Gs 4
HREWH R P BERHAERTMAEETF, S8 AW Pn SPAR MG WHLBHBREEE WBE
PELRRET Pn M #ESE . 6.7 A 6 5P M LM TER KT PAR 5 Pn B4, 880 6.7 A4
PnBUERZSAFEMNRE . 9.10 A4 Pn 5PAR MR N ZER BE, T P 5 Gs M XN ZE B B


http://www.cqvip.com

£ 000 http://www.cqvip.com|

53 HEAK F UMW ATHRERA SRS 1527

1%, B BT ER PAR UK Pr XS ET REMN Ta A 71 5 Pr (ML GRE B E, BX3HFEILH
“ER P RWE T AN E R PARBUET AL R, H PAR S P AR EEE TU_FY
Pn ML BIEER.
2.2 WREEHSEL

AR R S i T AT (R )T H, A EK TS~ 10 A PAR.Ta . TI MIRH 5 R EH
BEWMXY, B —K+ PAR.RH SERERAREEEOMALE, RETANHREAE " TRRERY
WS R E ST, PAR AR NI AR R EER/ T, XAHTE 2b.c FIE 3 T A, BERE
RAGBBRERERNSBE MR EA 5, HR6:00 £H KKBERMK, K R W BKME, 1S
R BEBR BRI T B B4 K, 14:00 A BE A R WP B KM, M35 RERENEE R BEHEK. R
6.7 A6 14:00 LUE R EEAH BN TR, 3T 16:00 £ GM B R, 5 X/ MEEFA, X FELHE Y
6.7 A L MAKBRIE, B A BA K EFEBSILAEERFE AR TFRERNYHT. N
AERERE,6.7 A G KB B I P gE R0 m,5 A O 4P, oA S, T 9 A s
FEMAZLZY BERESs ANBERGE I ARE.BS5 AR APRERNLL ARER, 10 A B AR
BB T B A A M s Bk R (A BE T HEA #

*x1 MASXAERESENMBEFHEXESH —4—5AMay —6—6H June —B— 7H July
Table 1 Relation of Pn and it's influencing factors ~X—8H Aug. —+— 97 Sep. —d&— 104 Oct.
Afy 3FEEF Environmental factors £ 3 B F Physiological factors (1)
Month  PAR Ta RH T Gs Ls ~
5 0.962°° 0.675 -0.824" 0.760° 0.953°° 0.811° we 2
6 0.591  0.028 -0.314 0.081 0.920°° 0.802° gg 3
7 0.633 0.164 -0.018 0.113 0.901"" 0.794 &% E 4
8 0.975°° 0.826° —-0.850"° 0.784° 0.925°° 0.960" " = 7
9 0.940°° 0.736* -0.781" 0.747° 0.816°  0.838" " -6 |
-7

10 0.947°° 0.8397° -0.763° 0.914"°0.772° 0.923"° 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

* » RARMEBIEEKE/NT 0.01Correlation is signification at the B M Time
0.01 level; * {ARAELBFEEKENDT 0.05, HE X F K Correlation

is signification at the 0.05 level; the others is no obvious correlated

E3 REAGHRERERHEL
Fig.3 Daily change of Pr in different months

%2 MASRERSEKMEFRXESH —<— 58 May —— 68 June —— 7HA hly
Table 2 Relation of R and it’s influencing factors -~ - 87 Aug. —+~ 9H Sep. —4— 104 Oct.
Hi 3% F Environmental factors I F Physiological factors ..w 8+
Month  PAR Ta RH Tl Gs g B
5  0.924"" -0.948"° 0.963°° -0.734""  0.842° E o
6 0.941°° -0.75" 0.469 -0.818" 0.111 E 41
7 0.827° -0.872"" 0.865"" -0.841"°  0.004 % 5[
8§ 092" -0.805" 0.859"" -0.734" 0.889" " -
9  0.890°° -0.966"° 0.972°° -0.957""  0.441 % 0 ! I L
10 0.801° 0916 0.856°° -0.956""  0.543 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

BtfA] Time

* » AMER 5 EKFE /DT 0.01Correlation is signification at the
0.01 level; * RARMXBEHEKEDT 0.05, LT KA MR Correlation

is signification at the 0.05 level; the others is no obvious correlated

2.3 EBEREHETL

M AR ERAEME(E ORENREHE  BR I RRIZEHFAR,5~7TAHT 12:00£5.8~
10 AF 14:00 £A M F EBERKD —KEKRME, HF 6.7 A4 16:00 £5F P MR —F , RE -1 EEKN
T, BOHEEST(RIA, BEIMEKS5~10 AREBER(T)S PAR.Ls WHXHH K EE, HF

H4 AAARBRERERE TR
Fig.4 Daily change of 7r in different months
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6.7 AR EXMEA TS, RE PARML 5T WHXHBEE HEEFS T WHEXHEHIAREE MEEAH
BE MHFKSKKEZ(VpdL)M RH S Tr AEHAFBENMXE. E£FW Ir WEREFH,6~9 A%
SHEA(L)E Tr WHAHBRHBE MSU08 I 5 Tr WHXMHET. A EmERRE,5.10 A
W TrEERFHPAR~9AGB L ETr BFENEWMEAR, B—X+PEWH Ir WAFAR—BAZE
B, BN 6.7 Al , ERIILFERKX, KFLHE S B/, HILE PAR 3/, RH 8 &, VpdL 0/, BT KA
W Ir WEBERRIABEER. 14:00 BETSERE W RH 8K, VodL HEF K, EEXBERNB
7,80 FRILKA, Ls B, 68 7r EEREREE, B 16:00 24 Tr WA/PMFEEHKILE W,

23 HAXRERSEEBETFHEXESH
Table 3 Relation of 7r and it’s influencing factors

A& 3% 5 F Environmental factors 4R T Physiological factors

Month PAR Ta RH VpdL Tl Gs Ls
5 0.989" " 0.799" -0.878" " 0.785" 0.864" " 0.842" " 0.809"
6 0.834" 0.327 -0.748 0.267 0.412 0.645 0.955" "
7 0.904" " 0.607 -0.586 0.420 0.555 0.407 0.937° "
8 0.944" * 0.889" " -0.879" " 0.777" 0.863" " 0.956" " 0.959" *
9 0.936" " 0.889" " -0.917"" 0.894" " 0.919" " 0.659 0.982" "
10 0.862" " 0.922" " -0.785" 0.945" 0.933" " 0.810" 0.744"

x x RRAHRXEIEEKF/NF 0. 01Correlation is signification at the 0.01 level; * TR M X BEEKFE/NTF 0.05, HE X FH % Corelation is

signification at the 0.05 level; the others is no obvious correlated

24 EKSBSEXHERFWETFHER

24.1 SEZBENXEGEHBH(PAR)MRXRE (RSEXHBFH—-HWEEERIE, PAR WHEMNEEFE
AFAMAZSERRFEASTLEENEWN, B38MKZE P Tr R 5 PAR S BHE(ES)TT
DES,=&5 PARBE ZTRKXER, HMHEARMEN Tr(r=0.880) > Pn(r=0.815) > R(r=0.748), K&
fEAS PARWHMRMEBRNBEE, Po SPARBRFABENHXE, RE RV ERERFZ PN EN, HED
S8 R 5 Y5 E B 2B PAR th B —E B K

y=-9%10%6x2 + 0.0239x - 0.0492 g . ¥=-1X10%2 +0.0049x - 0.6368 7.7 4:; 1_‘"(;‘5’ 5*9';’-"0“" - 1.7932
25 2= 0.6648 r2=0.7s5 =0.
g 8 6 :0
=20 =1 &5
L ] ]
WS o 6 Mo
2EIS %E s mE
e o g -} 4 E 3
ﬁéé 10 #@E 3 ] X
& &2 =
£ s : 1
0 1 + 1 ] 0 J 0 J
to 100 * 2000 3000 0 1000 2000 3000 0 1000 2000 3000
-5 Y& E MBS PAR (umol- m2.5°1)

Bs mASER(P) BBER(T) BFRELZ(R)SHEEHBH(PAR)HEXBMA
Fig.5 Response of Pn,Tr and R to PAR

24.2 SAERBESRENXE SEXBETSBEMHBSHEXITWOE 6, B3MXIHTLUEFEH Pn
REBEME_TAXRR, M Ir SEEEFMHXELR, HMHXMEKX/NE R(r=0.830) > Tr(r=0.566) > Pn(r
=0.279), LA ESAIH, BN EKSZ RSBERERABENHEXE, r SRERE -ENHAXEEHFAE
%, SEEVHEXERRAEE,

2,43 SEXHBERSHEMEBENXFT EIE 7, TUBHM P Tr IR S RHYE WX R, HHEXMKE
BAKBE, HMAXMN R(r=0.433)> Tr(r=0.378) > Pn(r=0.312), W] LB K SAHIHE EH AR E W
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BRM R SEZRMNEERT,
244 SEAEXHESAFENXR SAERTASARBETRERRMITL, SILHFHAERE N SEAZHK
SFERERNEW,ESES SN WH,Pr.RE5G EE_FRER, I+ 56 MEBEHX, HHEMENR Po(r
=0.805) > Tr(r=0.777) > R(r=0.480) ,iBH Pn 3 Gs BB, G X Tr BWE B EHEW, T R 5 6 W
KERHAR,

RELERST , RERENERSRE , BRESKRERS P WEEEWEF R PAR(r=0.815) > Gs(r
=0.805) > RH(r=0.312) > Ta(r=0.279) , W R ®H T X Ta(r =0.830) > PAR(r =0.748) > Gs(r = 0.480)
> RH(r=0.433) %W Tr ¥ F PAR(r=0.880) > Gs(r=0.777) > Ta(r=0.566) > RH(r =0.378)
y=-0.0378x2 + 2.2867x - 24.99

¥ =-0.0036x2 + 0.0197x - 0.2436 _ y=-0.0046x2 + 0.0609x - 0.4639

Br r1=0.0776 : [ r2=03207 4 r1=0.6888 ,
- 6L - .3
20 * ~7} —
= MR we Or *-;0 r
S . mE st mE 4
zg ote o2 |E a4l 3] 3L
REOr RSN 1&@3_ 3
* Ad
ﬁ% s * ¢ 2+ L] 2+
< ¢ . B 1}
. o - 1 +. 0
0 'l LE .l J 0 D J 4 J 0 T O S AT N T T Y Y
IE /26 ¢ 3§ ¢ % 50 10 20 30 40 50 10 20 30 40 50
-5 RSHBE Ta (T)
e BMASEE(P) BMER(T) MPRER(R)SASEE(Te)HEMLE
- Fig.6 Response of Pn,Tr and R to Ta
9 __ 2 7 y=-0.0013x2 + 0.11071x + 1.2406
25 y=-00022+00933x+72948 g | ¥ 00013x1+0112x+1.4143 cL ¢ e, rr=01879
* r2=0.0975 . *
20 . =~ 7r o ¢ a5+ *
~ o M o 6t - T st e
we 15| . * RE s+ o Xt er
o = o @ =
HE D Y ‘e ﬁé Al S : gg‘?_
gg 10 |- ** ’: ﬁv 3L e ~ « * té
ﬁé .o * ¢ 2L % .0 * = 2+
= 5 - % - -
'1-. : 1L o . . 1
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