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Abstract; The growth performance of individual plants in a population was well recognized to be affected by the plant -
plant interactions,, which we called neighborhood interference. Though relevant mechanisms are still unclear, the variations
in gas exchange parameters in relation to the neighborhood interference between individual plants are crucial for evaluating
the effects of plant plant interactions. CO, assimilations in leaves of teak under natural conditions during dry season
( November to next April) and wet season ( May to October) and its responses to variations in light flux density and CO,
concentration in different neighborhood interference were simultaneously measured with Li- 6400 portable photosynthesis
gystem in a 21-years old tropical plantation forest at Jianfengling, Hainan Island. This article deals with the rule of the
changes of neighborhood interference on trees’ characteristics of gas exchange and its dynamic responses to light
environments by individual plants.

Empirical models of photosynthetic light response and photosynthetic CO, response were developed to predict the
daytime carbon gain by fitting measured data into a non-rectangular hyperbola nonlinear model with the following

parameters ; the light-saturated photosynthetic rate (A, ), the light-saturated constant ( K, equal to the PPFD, which is

oat
required to produce one-half of the light-saturated photosynthetic rate) , apparent quantum vield (c, , the initial slope of the
curve) and dark respiration rate (R;). Values of the parameters of the maximum rate of carboxylation by Rubisco (V) ,
carboxylation efficiency ( CE) , the PAR saturated rate of electron transport (J_,) were estimated use these models.
Diurnal courses of photosynthesis of individuals were not affected by neighborhood interference, but net photosynthetic
rates showed a negative relationship with the intensity of neighborhood interference. The ratio of daily average P, in weak,
moderate, strong and heavy neighborhood interference was 2.5:2.3:1.7:1.0, and daily maximum of P, in weak interference
was 2. 8 times of that in heavy interference. Leaf transpiration and stomatal conductance were decreased with the increasing
of interference intensity. Characteristics of photosynthetic light response and CO, response was changed by the neighborhood
Q.,0a, CE, V_._and J__ in weak interference

were enhanced by 2.7, 1.3, 1.4,2.7, 1.9 and 2. 8 times respectively than those in heavy interference. But the changes

interference, and values of leaf gas exchange parameters including 4, ,
in those parameters were partly depended on light environment and CO, concentrations, the influence resulted from the
changes in light environment on weak interference individuals was significantly stronger than on heavy interference. While
beyond the growth CO, concentrations, the influence resulted from the changes in CO, concentration on heavy interference
individuals was obviously stronger than on weak interference.

In conclusion, neighborhood interference can be described as a major means of intra-specific competition of population
in a plantation forest with uniform forest structure and consistent management. Carbon assimilation will be affected by the
neighborhood interference, and result in divergence in growth performance. Indices of neighborhood interference can be
used to evaluate the intra-specific competition, and make the maximum usage on resources after stand structure well

adjusted based on that.

Key Words: neighborhood interference ; intra-specific competition; gas exchange; Tectona grandis L. {. ; Jianfengling

WA ( Tectona grandis L. {. ) J& SHEERHHABARAEY), B—FEHBAEEH KA, WH 40 ~50 m,
Mite2 ~2.5 m, BB AR R MW, KR THERHRS P08 REIGRAER . KR
BRI A SCERSE ML B T HE AL SR RS, FERVHF R MR X ) O R AR, RS N TR R AR
BokHg 4 M Z— , R B TR ER B AR RE R 1820 EFM AT FHA, T4, R
EMARREGEEDEK 10 M (BIEK) 60 ZE(T) , BERA 1. 57 ™, FRRUREIVER , MR
VR EREJ N VEESE (K ERBH T RERKE R, MAEREBRRREBEKKGIFEE,F
HABE AT T — RFINPIT, BEARRT I FH B MAARREYR R SERFSEE S EHBEAM
RIFRMBIT - AERFE RGBS . BRBEHMAANT KR REA RIFHEL, BETF
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MR B EER B S BN 5, R R AR AR AR AR R R LR hE B, SEOI AR N TR S DI ER
INREGRZ , Ak AME A — 25 & R B BH B B S & 4, R Bt BR A T XAl A X — i 22 5 AT
MATIHKRENERIHNEE B FRE5FH,

B Harper F 1961 4F£2 4R T PRAIBE S LASK , FH 4B T (neighborhood interference ) I BF5T 512 T 45
EE A A TR B R T, B ROV M R B TR a2 — 1" . MR E KA BURT B &
B3R, T B TSR & (U0 6 3K 135 ) KA YIS IR R . Y A A i g
FAERKIRESEMAMB SR, AN TRAR TR K, XFpHE T m Lh RS A HFT
FIR IR =4 B S PR R, SRR SRR T4 . MR AR IR TR B A KR B, M MR Z )k
ke BHNERERERSEOMERKER, HARE RN THEEE S BRALKES, 6 E
BB /N T8, AT TR CO, B ERR T, FBUAEKE R, 2 MR S B4 Y)
ZrEt, BET X THEY CO, MMM IRE N L HE , ENSETIHAEFRAY ST CO, R HEE
FWEBRIEARZ . ABIFLL 21a £ B RRFPHAR AN THC NS, AR RIS T BT AR
CO, ST HR M ZER . HERNMUBBBHAA R P THEE XA CO, MLt i 1 R MaARE ; 7]
A, W BEX AR A RSB T i) 35 5 38 B HEA T PPAN , TR AR A TR AR S i B Ra A 3, SR B 3R 3R
RIFERSA A, MRARAN TR EZE BT AR H R AR KBRS,
1 R

SRR E AR BB S B ROl B 5 BT 1 B 5 SR 00 BHE ARl B i Y, AL 18°36'N, 108°
50'E,#3K 60 ~750m, J& THFFENSME, SRR 24. 5C, FERmB w1 E 38. 10, F R m s IR IR A 2.
5C , 20 TEFZE,80% ~90% KHEEFES ~10 A4y, JLLL 8.9 &L A FHKEME 1649. 9mm, 55
SR E A B BUAE 80% ~88% ), MR A L, [RAME GO LR MR, RIS N 1983
SEFE AR AR , FIAE B 1068 £k -hm ™ BRATHE N 2m x 4m , AR 42 4 (17.6 £9.71) em, SEH I E A
(12.0 £4.78)m,
2 WRAE
2.1 MARSPETIEE T E

T HE RS R T G AR N Bebk , FoAk A B A X - o i )

Table 1 Preliminary classification of neighborhood interference

BRAERA R B RFR O B, BT ERE® e of teak individuals
PR Z A BEAE R 4%, TR T E SRR TE I L .8 LifEBE  BEEE(om) e
g‘émxﬁ, m‘]‘ﬂx\‘ Iﬁ]%%%ﬁzﬁlﬁ];@llﬁ s ﬁ&%j&j‘m Class values of Ici DBH (cm) No. of individuals
At — R AR IR T IRk (4B =45 %0 Ll 1000 ~2500 3.5-9.0 7

1.2 600 ~ 1000 9.1~14.9 7

RERPETHEEN KD, EEEPRZEFHL, )

I3 300 ~600 15.0~16.9 10

BRBEENE SRR RBEENESE L mooso 10200

£1 MAATHRMETHRIEEMBS X

o 9
¥ BTk R E AR AR B, B, AR L5 150 ~200 20.1~23.0 8
KA R KRB MR 488, BIZEMIAR AN TP, 1,6 90 ~ 150 23.1~26.0 7
wEAK P EAGREBEME, BB AN 20m x 17 0-% 26.1~31.0 5

50m M 1 e, RICH Y —E A ARARF T,

o XA Y B, B AR ETPI A EE B IE RO IR MR AR AR B . SRIGTEREHLN BT AR A, B R
AR RIS AR IR R ESE . R MAT AR TR ARIA, MR HARARE TH H SR AR Rl A ELBE
SR JE R PR TR R PE ARE A A5 E J ME  B HEAR L SR S ) R 4B R T S B, kR
FEH PUIELAR B SRR TPLHE HUE , R A SPSS Geit A iF P BV F R B R RIE BT R, A RSB R IE LR
TIIGEME R/ D IR AR 530 T AFIEFA (R 1) , RV5RIERERORE R 73 B TR 5 (B
1)
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.0 <1, <200 N 554R R TIL E 4 .200 < 1, <600 Hyrh Num ' ‘ ‘ ‘ '
FEPETHFR 600 <1, <1000 H R P TIMELR. L6
1000 <1, <2500 AR BETIHER el ——i
2.2 B SRR

FEAR B BEBURTE LA BRI 4SBT IR S 4%, 12 L —1
BNFRANBEPUZE R EARME AR, LR B Lid '
4 ko FERHARYE Larson 21 BB A EIBRE BC(IPD) 3t
BHYTF IPI 39 ~12 B 240 5 B BEHE il E 1 HAATHMETRSRRLERR
KRt Fig. 1 Result of indices clustering of neighborhood interference of
2.3 Ak CO, SRR HM & teak individuals
2.3.1 LA HBERNE

W5 Z A1, B ARV B (370mol -mol ™) Y CO, SR BRI Sl ) ) #nE Li-6400 %06 A M FNE
A% (Li-Cor, Lincoln, NE, USA) S#4tas. FIFATHHNTIR, £ B AKM TXIHARMN FEOLEHEE(P,) .
FEREHE R (Tr) F45H7 BN H T RATIE , W, Yo A I RHE R E N 500pmol -s ™", 45 2h J5E 1 3K ,24h 3%4%
W, 4 A B HCR A I BCE A 3 min, ERAR SR (27.8 +£2.7) C, BSAXHEE N 55.4% +10.9% ,
2.3.2 SLE-CmRIIE

A VERD M R 2R I € Z 5, B R AP SR ER LR FEE % E (PFD, photo flux density ) (X1 f
HITFSWES, AR A Li-6400 J6A1EH RGEHETT0mA DL Bl 2R I 5E , M 5 B 451> PFD {B 590 5 B 6] 3
min , FJ ] Li-6400-02B 2115 Y6 6B ¥ PFD {H , PFD 784 £ B i B & 0.25.50.75.100.200.500.,1000.,1500
2000 wmol -m ~*s ™" ; CO, F ¥k B | F Li-6400-01 ¥4k CO, 8343 B4 8 vk B >4 100,350,500, 700 wmol -mol ™'
4 K, HEREER R (30£0.5)C, BENERARETHEE, EBRRXIEBAEFTE9:30 ~13:00
BEATIE o
2.3.3 H4-CO,mpME

4 H7E 200,400 ,1000 wmol -m s =" =4~ PFD 7K T i Yo A1 CO, M BEma L 2% , CO, 9 B S -3k
BT BN EME ST REEFR Z WA AL, CO, ¥ AR L85 & 2 350.,300.,250,200,150,100.75
50.,25.0.350.,500.,800.,1000 1200 wmol -mol ~* ; | 5E 454> CO, ¥k F5 (L ¥ ] 9 Bt 18] 3min , 28 Y B 4548 o (30 =
0.5)C ,BENEARSTHRE, ERXKEHFAHTH 9:30 ~13:00 #H7M%E.
2.4 HESHNE

A A bR P B4 3R BE L RE A SR FH HOBO H8 YR ¥ B 31 524X (Onset, Bourne, MA, USA) 347 [F#A
W€ , R FIARSE PFD KA LI-190 & F{%/48 (Li-Cor, Lincoln, NE, USA) #4TII%E

B SN 7€ B 1) 23 3 T 2004 47 H 30 H ~9 F 15 H(FiZ) \2004 4212 § 10 H ~15 H (§Z) #2005 4
3A17H~25 H(BZ)#HTT 3 kIE,
2.5 HuRALE54T

o} [ — ZE BRI B A R R B e AT 2 007, BA TE 8.3 2 55 UL P E#E AT 2047 s D6 Aot
B £R (A-Q) F1Ye-G CO, M i #i £k (A-C,) R 3t-& YE 58 Bh 2087 844 ( photosynthesis assistant software , ji{ <
1.1, dundee scientific, dundee, scotland) 47507, A-Q BZERFH Prioul F1 Chartier'™’ f5  A-C, 2R R 1&
1FJ5 B Farquhar S50 0020 ] Y A-Q HI4RAN A-C 4R DA R SR A8 Al AR R i R EDG A A A
EZ5, % 5 7 % ( maximum rate of photosynthesis in saturating light, A_, ) . Y64 #1 & (light saturation
point, Q... ) It &% (light compensation point, Q. ) R ARILER (V) B KR HE T HHEE R (], ) FIRM
TR (a,) . FIEAESLE A Office 2003 ,SPSS 12. 0 3 MAHAT

~
)
L
L
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3 GR54H
3.1 RELPETHEE THIAR CO,IMR3cH: H AR LFHE

R T Z AN B RN KANP,) , T6A HABRN TS (E 2) o MARAELE 14.00
h HIDEEERMIRS , RAELBM AT E" WA, /RIG7E 16:00 h HBE PR 1%, HIE TR L4268 H
HEMAR R LA LA ERABEAIRE, B P EEEARE T TH. MBPETIRT P.HEKRENR
5. 88umolCO;m s ™" | BFEE 14K 5. 69umolCO,-m s~ ; 38 T3 F 24 10. 82umolCO,-m -5 ™" F1 9. 68 wmol
COym s s B TR T 24 14. 48 umolCOp»m s ™' 1 12. 84umolCO,»m s ™" ; MiH T4 T M3k 16. 73 umolCO,
m %57 1 14.49 umolCOym s~ S HIRMB TN T B 2. 8 571 2.5 £, SBERTIMBKEWMA CO,35H
FHERESE, ST I8 TR M 28 B S 09 i) B F38 | H BB AR/ ME 73 AR GR TR T 19 2 £
2.1 50 1.6 15, B E TR BRI R, - SILER BT B SR E M S /AMEHE MBS T 62.7% |
74.1%F118.4% (F2.E 2) .

PERER: s
E 10F g
= =
& 7k o0
4 L . . : . . 0.1 . . . . ,
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
1.0
360
~ 340 0.9
3 320 )
£ )
Tg 300 6 0.8
B 280
G 260 07
240
220 s . : s - 0.6 . . . . |
08:00 10:00 12:00 14:00 16:00  18:00 08:00 10:00 12:00 14:00 16:00 18:00
B ] Time
:‘0 —— T Heavy neighborhood interference
£ —— FEFH Strong neighborhood interference
é —— h FETH Moderate neighborhood interference
£ —&— §TIL Weak neighborhood interference
B

R R A £ SE Values are means =SE (n=15)

1 . . . .
08:00 10:00 12:00 14:00 16:00
A ] Time

18:00

B2 ARSETREETHASEEER(P,) [ILPE(e,) JERA CO, ¥E(C,) FRBHEZR(T,) % CO, TERFESH ALK

Fig.2 Diurnal variations of net photosynthetic rate (P,) , stomatal conductance (g, ) , intercellular CO, concentration (C;) and transpiration (7, )

in leaves of teak under different neighborhood interference

Table 2

R2 FESFETHEETHA CO, SEZRIERMTSBEILR
The comparison of net photosynthetic rate, stomatal conductance, and ftranspiration in leaves of teak under different
neighborhood interference

- P, (molCO, -m s T, molH,0-m > 1) £ molH,0-m "5 )
Valuesof g ®m hE B BE B PE OB BE B’ PE #
parameters Heavy Strong  Moderate Weak Heavy Strong  Moderate Weak Heavy Strong  Moderate Weak
SE Avg. 5.69 9.68 12.84 14.49 3.39 4.01 4.52 6.83 0.2602 0.2810 0.3126 0.4233
B K Max 5.88 10.82 14.48 16.73 4.08 4.81 6.50 8.76 0.2944 0.3991 0.3717 0.5125
/) Min 5.03 5.72 7.33 7.30 2.54 2.84 3.09 4.02 0.2228 0.1852 0.2004 0.2638
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3.2 ARBETHIRE T MAIL A IEn RIAFRFHAE
3.2.1 THBERZHE

A TEH TR T IR A, 3% 19.9 pmolCO,rm s7™",
BT TR, % 7.4 pmolCOym s~ (L 5HF
P E 37.2% ; 55 BE T (A, 18. 1pmolCO»m ™

s T AL 5BTI (4.5 10.9 pmolCO;ym s~ ) FI

BB T T RAREZR (P <0.0001) (X3.K3),
FTFRT 0. (822 pmol-m™™s™") BERHFHRBTIT
(623 pmol-m%s™") (P <0.001) , T # ¥ T4k ( Q.. 781
p,m01°m_2°s O FERFH (0., 723 pmol em s HL
BEZF(P<0.001), Quum T 03 IR A B
B, WTENBFTE o, HPETHREIEEL |
Z e, =B BRI (P <0.001) ,
3.2.2 COEBRIFM

SrAEBCR BT HRAFHRETIT A-Q #hk, 1

O 334 Weak neighborhood interference
® 1T, Moderate neighborhood interference
A #FH Strong neighborhood interference
A BIETH Heavy neighborhood interference
PR FR R FEIE £ SE Values are means £ SE (n=5)

Pa (umol CO;m™2s™")

400
PFD (umol photonm™2s™")

800 1200 1600

B3 CRESHETIEE T AN RS LM BAE (CO, ¥ E
350 mol - mol ~1)

BRI CO, ¥ B8 SHMARAMEIES YR B (| 4),  Fig 3 Light responses of photosynthesis in leaves of teak under

A=K CO, MR B (350 wmol -mol ') LA |, CO, YR B I
B3G5 TR T HARANME A EmIEAH B (B 4),
700 pmol +mol "' F A, (23.6 pwmol-m s ™" ) X k. 500 umol - mol ~* B 3T 7. 69% ; f&E FLE K YR B, CO, YR i 36
A BEEHEIN 350 wmol -mol ™' it A, H: 100 pmol <mol ™' BN 2. 2 £, Qo Al 01, B CO, ¥R BE HYIE AN, FLAE I
T BEZEF(P<0.0001), SBABEKTYAMT , B CO, ¥ B (700pmol - mol ) B, Ay, Quomp~ Quue 7M1 HiAE K
CO, ¥ T 9.31.681 pmol-m s ™' 1 25. 6pumol -m ~>s ™' W11 77.2% 12.6% #153.9% , ARITMBET,

WE CO, MR LI, A, K BEAR T, s AR, TR Qo M1 Qe FI MR AN SRR T PR BE AR [F A BT 22 5

different neighborhood interference

£3 TESETHEETHA CO, SiFikmESiEs BELR
Table 3 The comparison of photosynthetic response indices in leaves of teak under different neighborhood interference

BRHBT

PiETHRAR JEEAEE BRI ER RAE R KWET
Neighborhood HEA, Vemax CE ] FPEH oy
interference (wmol-m~%s1) (pmol-m~%s"1) (wmol-m~%s1) (pmol-r:aiz's_l) (mol -mol 1)
T3 Weak 19.9 58.0 0. 0806 94.7 0. 0646
7 B T3 Moderate 18.1 41.2 0. 0650 84.6 0.0671
38 T3 Strong 10.9 20.1 0.0394 36.4 0.046
1238 T30 Heavy 7.4 30.1 0.0296 34.3 0.046
PlaTHAER eI AR JerME R €O, #MER BT Zr (R IR 7
neighborhood Qu Qcomp Ccump R,
interference (pmol-m~%s"1) (pmol-m~%s"1) (pmol - mol 1) (pmol-m~%s~1)
T3 Weak 822 23 37.8 1.84
7 BT Moderate 781 20 34.5 1.698
38 T3 Strong 723 19.8 20.8 2.07
1238 T30 Heavy 623 19.3 21.5 1.614

3.3 AETFHEE THANS CO,MARHE
3.3.1 THBEEHELH
[RGB T P B XAl AR MG B CO, MR MBA B (P <0.05) o BEE T Y58 B EI I, AR HO6E
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O 3§4B#A T4k Weak neighborhood interference
B 384R48 T3 Strong neighborhood interference

1200 60 —
% 900 e
‘T'E ‘E. 40
T 600 E
5. E; 20 —
2 300 g
S S
0 | 0 .
500 350 100
012 - 30
=009 o :"’
£ - =T
< 006 - E
g . " B
- . : 3 10 |-
S 0.03 - . 5 .
] i T
0 . s I bl I 0 . s = ‘1,
700 500 350 100 700 500 350 100

CO; (umol-mol™)

CO; (umol-mol™)

B4 KR CO, W EEME THIA NG &R SR b

Fig. 4 Light responses of photosynthesis in leaves of teak under different CO, concentrations. Values are means + SE (n=5)

BN PP, CEV e M J o WEAFBRERB/DN (R 3B S5), HTIRTHARNK CELV e M Jo 73 B H 5
0. 0806.58. Opmol - m %8 " 1 94. 7pmol - m >+ s~ | YA &L TRIBEM CE.V, . F Jo 5B TFHE 19.4%
28.9%F1 10.6% , Y3kIR LI Fot, CE. V., F1 J.. BERIB RNk 51. 1% .65.3% 1 61.6% , A-C.Hi4k P B
C B A R R T 6B Ve AP Rb PR AR e 1 2 ) B RuBP 34k FR %11 RuBP FAERRH . RRSBHET
PR T MR XA BE A CE F2EEZE , R SE T X6 A CO, MR B R 7] BERZNA T RuBP 32
AL BRIV AN RuBP AR RE ) , B AR CE 2B RAEBEE,

3.3.2 SRR

43 BRI FIaR SR AT P44 T AR ME, LA
[FESERRXTE A CO, ma B AFAE 50 (& 6) , PFD {H 43
B E AR 1000 pmol -m s ™' —J %R 400 pwmol
-m s T FIES IR 200 pmol-m s ' =ABEE, BT
PRET , RS M, MR MERREE K15 5T R I3
BRRFOLHRENRE) % EM F LA ERMERT
3K, MY, JEI R A BB M AR I i CO, SRR IR
i B S 5 T R P 3R S B B, BT 5 B R A AN R
PFD {& 2% 1000 pmol -m s~ " i}, FHAIIB TIMT Viowen
J a3 B 3% 50. 9,106, Opmol - m - s ™" 1 43.2.,84. 7
p,m01°m_2°s_1, 4 PFD {H P& & 400uwmol - m2-s” ' f
200pmol -m s ™ B} , B FMBHET , Voner ~ Jonaa 70 FI AR
21.8% 37.7% F144.4% .67.3% ;BB TFRAHT , Voowe s
J o AT BIFEAR 16. 2% .20. 0% 1 37. 5% .58. 6% , I,
SREW, LYPETHEB A FEE, AR MEEFHE
G EARL THERRG, A RBIRE R ERIR,

B, (umol COym™2s™!)

o 5§ F4L Weak neighborhood interference

o 1 ETH Moderate neighborhood interference

A BT Strong neighborhood interference

A T Heavy neighborhood interference
 {RBLRFIME £ SE Values are means £SE (1=15)

o 200 400 600

C; (mmol-mol™)

B5 RREET R T ARk -E-CO, WL ih £ (PFD
1000 pwmol+m~%s~1)

Fig. 5

CO, response of photosynthesis in leaves of teak under

different neighborhood interference
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