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Abstract ;[ Objective | To study the responses of age-related leaf morphology, photosynthetic rate, photosynthetic
pigments, and leaf nitrogen of Pinus armandii and P. tabuliformis to gap-model thinning, intending to explore the
influences of gap size, leaf age, and species on leaf characteristics after thinning. [ Method ] The small gaps (80
m’) , intermediate gaps (110 m”) and a control were set in a 30-year-old mixed P. tabuliformis and P. armandii
plantation in 2008. The P. armandii and P. tabuliformis in control plots and gap-edged pines were chosen as test

materials, and the leaf mass per area (LMA), area-based chlorophyll a, chlorophyll b, nitrogen content (N),
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maximum photosynthetic rate (A, ), and photosynthetic nitrogen use efficiency (PNUE) of current year, one-year-
old, and two-year-old leaves were measured in 2013. [ Result] Small and intermediate gaps had no significant in-
fluences on current-year leaves of P. armandii and P. tabuliformis, while significantly altered chlorophyll, N con-
tent, and PNUE, enhanced A, of one-year-old and two-year-old leaves. P. armandii had lower LMA | chlorophyll

content, N, and A Moreover, older leaves of P. armandii and P. tabuliformis showed differentiated responses to

gap-model thinning: gap-edged P. armandii showed lower chlorophyll content, higher A, and PNUE than the con-
trol, while the LMA and N were no significantly different with the control; gap-edged P. tabuliformis had higher

A, and N than the control, while LMA and PNUE had no obvious difference with the control. [ Conclusion] Gaps

max
in size of 80 — 110m’ can alter the leaf characteristics and improve its photosynthetic capacity. Gap-model thinning
has significant influences on the older leaves, while has no influence on current leaves. P. armandii and P. tabuli-
Jformis have different responding strategies to gap-model thinning.

Keywords: gap size; leal age; maximum net photosynthetic rate; photosynthetic nitrogen-use efficiency; thinning

e At i 1 R e 2 9 e J = AR TE Jpk
S T, S PP TR A SRR R i, Xof
AR R a2 B A BRAT T 20 S MR S ke
R T AR ARRYTE S, UL T BT R AL, B 5
HARN 2 AR BRI RS T, B S
R B X A 7 g A 4 ) O 2 R W 1 U A B
ARLE AR A SCEREIN R o SR A & LR 2L
ARSI B I R DRI T A 3 R L 3 I o 5y
SARE T Z RIS 2 S T AR A M R
XEBR AR IR L, X 22 4R A T g > o AR 22 AR AR
I S o 2 v A AR E i
MM K R EREERS . I, TRAEA
B P B R X A 7 g A e i 7 % 22 1
ik e S ATL A A A A AR KB S R A

VNGRS IR N RN P e Y e D R s
HIHOG IR KRR I 26 45 B O S B . Ol o
JE& G BRI M ' 15 A 8 S YA it o A T AR R
TR IR EE 2K SRR 3 AT R Al S bk
BN AR OCT T o bR R A A B AR K
(OB /bR o B, B A R
XA TR R /INPR BT it A PR i 7 2 5 ] S ol 42 7
i it 1 1 2 SR AL PR AR TR

WS A0 A 2R A Wi B 3 2273 Sy W Ao
Jrake — il i AR M TR 25 s i e AL SRR
BERBEIOEHER, SRR AR e E (LMA) 2
SR SEHARRE T 1 — R bR, AT AT R
AR H S PR JEEEE T P R A ) R
SO P A R HE S S R LMA TR 5
G Fofr i 30 2o 8 o o SR R O O AR DR A

531, 5- BRI AZ B BE R AL G A A2 W) ) e S 4L o R
OB A RN 8 B - o | IR o L i o
AR, S [V AE S R 2 Ak 2 48R A B
AEEE R A B2 R0 i, LMA Bl i
D NT5 =R (=3 5 e B E A s 031,
B GR35 T 338 K T R R PR
AT - T T 285 R A B R A 7 et £ i oz ]
BEAFAEAR K 22 5 Li 251 ) WL 57 28 7 2 2 B
B ECYAEE T 1 AR A MO G AR R i, {H 2
Xf 2 ~ 4 AN B3 (HIE A IFTE A K s
PGB AR (A, ) 15 2R B
(<2 4FE) MR B (> 2 AN TR 44
GElg AP NI AR

B 1L # ( Pinus armandii Franch. ) F1l#5 ( Pinus
tabuliformis Carr. ) 2P EF S R A% W5 1L H X
WL R SRR i A 2 ~ 4 AR &t gt
JEA R X AR T 2B A4 o 17, 2 A R 4 1L R
P AR A i 7 22 S Y B )7 T, AN S 2 X EE IS
I FAFIHIAS 4R A (1 4R 2 2 4E A 1 LMA | I 2
o HAE R A, LA AR R (PNUE) X}
AR 2 R e R 2 5, TRITAR B /I LI AR i
Xof At 2 A D 5 R e 7 14 S

1 ## 577 %

1.1 HREHER

RIS AR MR U148 B 30N 58 L XU o )
Bl2zpe s B A 25 ST b (103°547 E, 31°
42" N) o HbAh 75 58 5 B AR 2k AT Ll R G B ik
A M IR TE B R VA e, W TR A Az, AR R
9. 3C i AN 7 AR 18.6C 2 A 1



106 NI /A = S 1 S ERINE S
A EYSE -0.9C, 444 H BB 1 373.8 A TR S A Y R AR, SR 5 R it

h AEHRE K B 825.2 mm, [k Z4E P TE 4—10 A,
) RAERE KR 70% . HIERR F B S -
b
1.2 HiigsE

TEPE 30 AFLE I A2 11 A AL TR 28 N CARCH BF
FEXFGE ., 2008 £E 7 H ) X ARy AT R A, AR O3 AR
IE 92% , %5 B 2 321 # « hm ™* P 5 15. 4
em, FBIRE 112 mo MROFHER (FAE D 552
N 8% , Forr B PR A WS 5% ( Youngia japonica
(L.) DC.) 24 H3E (Viola grypoceras A. Gray) fi
F+#R (Aruncus sylvester Kostel. ) . PU)I| JiE B % ( Pyrola
szechuanica H. Andr. ) . /N3 7% ( Rosa willmottiae
Hemsl. )¢,

IR 58 AL X H it 50k 3 AN X
H, A XAHKE 3 420 m x 15 m B J7, BEYLAG
B IR (CK, REifk) /BT (SG,80 m?*) | bk
(1G,110 m® ) Zb B, AR [ BUR AR BR Ak b [ 2R TE
JCA LI ARET KM o AR R e 2008
AR 11 H AT, NEE BT 5O em A ARAR SR FTFRIC Y
FEAR BT SR T B 4 0% HE A b, BT 3
ANREHE
1.3 FERERXGERRMHERRFFSENE

2013 4F , FXf HEAT: AN AR 7 b M0 30 2% 45 3 4% 2
PR AT A2 LA FIAME N BF T 5 o B B PR
REREERTR T 00 BT P . ZETESE R
AL )2 I ot AR A b2 i
T LRI B AR RO, AR TR e B e T 2 L
BT AR — UL 2% B SR T BORE AN o AR
W AR B R RV I 3 A I X AR
A 1 AR 2 AR

JeG ZHONE = TE 2013 42 8 [ 12—16 H 09:
00—12:00,14:00—16:00 #EF7, W7 J7 10 B 1A bR
HEROE o FERRI 43S R I 3 AN Fn HEARL, AR A I
LRI AR B 28 N, AR SE , b i AR
S AR A Li-6400 (4% 30O A R G
A3k A& 28 (Li-6400 ; Li-Cor Inc. , NE, USA) ,
T B E 22°C (F KAWL ) , A AR 40% ,
CO, H¢ )& 380 mg - L Lk 500 pmol - s7' ot
FRAHE 1600 (pmol - m™* «s™1) FRUE R IR AR
OB AR (A, . oA MR E IR BT
1Y LiDE120( CanoScan , Japan ) £54 Tmage J #42f
(National Institutes of Health, Bethesda, MD, USA)

AHBEFE ,60°C T4 48 h 5 Ho T Bt BB
S H M AR OB LMA,

T3Eh  AEARE LIRS I i Fir BB oA g 3 ' 5
SETROL PRI A R 50 g0 Horp S o AR PR A (4°
C) a7 [l 5256 2%, T30 o AR 4 2R a(Chl a)
R b & (Chl b) o R FHEE IR F TG K £
$e 21 B BUR A BRI, AR B R L it
LR WA (Chl ath) FM4EER a AR b AU,
RT 45 g AHER,60°C THE 48 ho SR 5 HATH#
e 3307, I 8% ( Vario Macro Cube, Elemen-
Germany ) Wl /& & & . Jt & A A R HE
(PNUE ) s B o7 i AR I Je R 5 B3 (A, ) 53
Ao RS B (N) B LA
1.4 HEZITEDH

R HEAETR B RS0 BT /N - AR Ao
i LMA,Chl a,Chl b,Chl a + b, Chl a:b N A, .
PNUE (520 o ARET R/ 88 B K A2 5
SRy 8] 2 B8O, B, DXC2H R BEBILASON S8, TR o 4R
B I — PR IRAEAS [ R/ IVbR g g fe [R) 114 22 5 1 B
KR 3 Hr)5 16 (ANOVA , Z 8 % ] Duncan, P <
0.05), Frf g fEFE SPSS 18.0 Fl OriginPro
8.0 5E M,

2 HREHH

BEA G S, 1 LMA B T} &, A, Fl PNUE
BUREAR (R 1, &1 MK 2) o AEM S HE AR
Xof AR g A o o B A B S 28 5 < AR LIRS TR X 4
421 LMA .Chl a,Chl b, Chl a +b.Chl a:b N A __ .
PNUE 7EA [R) AR i A AL 38 [A] 22 S R 2%, fH 2
O AR 2 AR A B R X AR A 1 )
(F1HET~4),

AE1L#s 1 4E4: 1 LMA [ Chl a,Chl b Chl a +b,
Chl a:b N 5 F 75 A [ b 787 i £ Ak 34 ) 12 G W 25 22
SE(1E1.3.4),S6 BEH R 7 A, M1 PNUE ([&]
2b) . 1G F1 SG ihZxAE1LAA 2 4 LMA N & 5
Xf BRAROR 22 52 AN .2 (&) Le Ml de) (B H 4R
SR EEIRT XA 3), A, PNUE & T X 1R
(K 2c),

AT LMA (M2 R & 5 N A, @ TR,
AL 1 ARA N 2 AF A o AR g A i) min 97t 5 A 1
PAPAEAR R 22 52 A 1 4 2E M LMA A1 PNUE &
Xof PECRE i FIAR B A L 22 5 A 182 (&1 1b &l 2b)

tar,



555 1] RRRER, 45 AR L AR AN [T B I 5 R bk g 2 A e i 107

HIG ki | AR 2R N S REFE ST ROCBEERA B 25 (K Le M 4c) {0 SC 1%
CK([& 3 FMIE 4),1G F1 SC a%m A, B&EFHT CK s 1 AFAM SRR T CK(E 3), A, A
(1 2b) o lifs 2 4R LMA N S EAEARME S~ PNUE BT CKOE 2¢ FIlA 2f) .

®1 MHEEHEEKERAEESTHFE

Table 1 F values based on linear mixed-effect model analyses for leaf photosynthetic characteristics

WiH LT MR a MegE b M&gFEa+b M4EFEa:b Ao BREE A AEAm
Items LMA Chl a Chl b Chl a+b Chl a:b N R AL %% PNUE
I Ff Species 28.097 ** 44.412 ™ 55.007 ** 46.437 5.865 " 14.948 ** 5.616" 1.315
4% Age 27.315* 3.870 ¢ 5.205* 4.574* 14.558 ** 0. 684 33.365 12.770 **
FRE KN Gap size 0. 804 5.135* 6.770 % 5.748 ¢ 4.215* 1.379 4.026 " 1.554
W x % Species x Age 0.518 2.075 2.739 2.047 0.772 1.836 0.342 0. 828
WFPX/M\@jt/J\ 0.474 1.202 0.956 1.112 0.612 0.212 0.165 1.425
Species x Gap size
AR K
EFlle < AR/ 1.091 3.457 3.920%  3.951"  0.154 1.954 1.323 1.935
Age x Gap size
R > AFI X MBI/ 1.093 1.394 1.320 1.396 1.248 1.034 0. 896 1.531

Species x Age X Gap size

#*P < 0.05, * *P< 0.0l
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