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Changes of leaf traits and WUE with crown height of four tall tree species
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Abstract: Leaves as the main photosynthetic organs are sensitive to exterior environments. Generally the structure and
physiological characteristics of leaves are influenced by water deficiency significantly. In the northern rainforest of
Xishuangbanna in China, strong radiation and seasonal drought occur frequently. With the increasing of tree height, the
xylem pathways increase, resulting in the increasing of water gravity and pathway resistance. In the rainforest, tree is higher
and is liable to be influenced by hydraulic limitation. The response of treetop leaves to hydraulic limitation and seasonal
drought in higher trees is particularly important to the study of seasonal rainforest. In order to understand the adaptation
strategies of rainforest trees, the changes of leaf anatomical structure, pigment content, and water use efficiency ( WUE)
under varied tree heights of a liana plant Fissisfigma polyanthum (Hook. f. et Thoms.) Merr. and three co-existing arbors of
Sapium baccatum Roxb, Litsea pierrei var. szemois liou and Garcinia cowa Roxb were studied in the rainforest of
Xishuangbanna, China. Differences in leaf structure, pigment content and WUE were compared among the four tree species.
The results showed that the G. cowa and L. pierrei have thicker leaf (310.14, 319.73 wm), thicker cuticle (6.06, 5.13
pm) and bigger cells (21.48,27.09 pm). In addition, their photosynthetic pigments content were lower compared to the

other two species. The palisade tissue occupied larger proportion of the leaf transverse section, and the pigments content
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were higher in the F. polyanthum than three arbor species. However, the F. polyanthum had thinner leaf (147.67 pm) and
lowest WUE, and the S. baccaium had the highest WUE. The leaf thickness, palisade tissue and cuticle thickness, LMA
P/S, and TPM/LT of measured four tree species increased with the increasing of crown height, and the F. polyanthum had
the largest increasing. Meanwhile, the leaf chlorophyll and carotenoid content of four tree species reduced with the
increasing of crown height. The leaf 8" C value and WUE of four tree species increased with the tree height, where the A
value has an opposite trend. The WUE of F. polyanthum had a small change along tree height than the arbor species. The
above results showed that the upper crown leaves of four tree species exhibited xeromorphic structure and high WUE. These
xeromorphic structure and physiological characters suggests that the trees may suffer from water stress. In order to reduce the
influences of relative water shortage, the water loss of treetop leaves was minimized through reducing stomatal conductance,
and the WUE was increased resultantly. Simultaneously, the reduced stomatal conductance led to the decreasing of
photosynthesis. The fact of low photosynthetic pigment contents in the upper crown leaves indicates the reduced ability of
photosynthetic carbon assimilation in treetop leaves. Xeromorphic structure may limit cell division and expansion, then the
gas exchange and carbon assimilation capability are restricted resultantly. However, respiration consumption increases with
the spread of tree crown. The nutrient shortage limits carbon investment on new leaf growth, and the tree growth is limited
ultimately. These findings support the hypothesis of hydraulic limitation that the height growth of big trees slowed down
through reduced absorption of irradiance and carbon, which is caused by the hydraulic limitation at treetop arising from

increased pathway resistance.
Key Words: Rainforest; anatomical structure; photosynthetic pigment; stable carbon isotope; WUE
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Fig.1 Changes of leaf anatomical structure with the crown height of four tree species
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Table 1 The morphological and anatomical structures of four tree species( means + SE) )
) " . ) LREFE JREE p o g "

ot s ey RO PO g e meas ww

/AR Thickness Thickness of Thickness : e o o Cell A /I E Leaf mass -
L . . Thickness of  adaxial abaxial . - . Leaf area

Species/indices of lamina palisade of spongy . . . . . diameter Palisade ~ Palisade/  per area )

. . cuticle/pwm  epidermis  epidermis . 5 /em

/pm lissue/pm  tissue/ pwm /pm /sponge  leaf thickness /(g/m”)
/pm /pm

LLYAY: 147.67+ 65.20+ 51.35¢ 1.77+ 15.29+ 14.95+ 13.74% 1.47+ 0.47+ 93.59+ 38.25+
F. polyanthum 26.55a 29.74a 7.39a 0.78a 0.65a 1.39a 2.78a 0.81a 0.18a 21.00a 12.48a
FRGH 161.37  48.66+ 82.25+ 3.07x 12.83x 15.83x 13.23x 0.62+ 031+ 65.80+  40.89x
S. baccatum 6.68a 6.02a 1.13b 1.07a 0.87a 1.71a 0.42a 0.08b 0.03a 2.15a 5.31a
BFARZET 319.73+ 93.91+ 153.72+ 6.06+ 19.24+ 14.93+ 21.09+ 0.62+ 0.29+ 184.14+ 36.17+
L. pierrei 6.55h 14.97a 8.18¢ 0.41h 0.77b 0.70a 6.21b 0.09bh 0.04a 20.14h 7.34a
AN B 310.14+ 92.80+ 176.02+ 5.13¢ 15.25+ 16.03+ 27.48+ 0.84+ 0.30+ 102.40+  46.42+
G. cowa 5.36b 2.95a 1.82d 0.14b 0.64a 0.51a 3.18¢ 0.04b 0.01a 5.48a 6.59a

Sig. 0.000 0.283 0.000 0.001 0.002 0.760 0.000 0.025 0.110 0.003 0.811

Sig. i EHKT
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Table 2 Changes of leaf morphological and anatomical characteristics with the crown heights of four tree species ( means+SE)
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W Fh/F5hR '_J,Jx Thickness ~ Thickness  Thickness  Thickness . ne‘qq e m?gg [ﬂﬂﬁﬁ - #eH AR /MJE Leaf mass
T Height ) . . of Adaxial  of abaxial Cell diameter ) .
Species/indices of lamina  of palisade  of spongy  of cuticle . . . . Palisade/  Palisade/  per area
H/m . . epidermis  epidermis /pm . N
/pm tissue/pum  tissue/ wm /pm sponge leaf thickness /(g/m”)
/pm /pm
HALHH " 154.69+  42.64+ 8338 2.00+ 1370+ 14.12¢ 1339+ 0.54+ 028+  63.65+
S. baccatum 10.73 6.69 13.94 0.48 2.67 2.61 0.10 0.18 0.05 0.36
2 168.05+ 54.68+ 81.12+ 4.14+ 11.96 17.54+ 13.09+ 0.70+ 0.33+ 67.94+
13.14 4.89 16.25 0.54 2.03 2.74 0.60 0.17 0.04 2.13
Sig. 0.002 0.000 0.657 0.000 0.037 0.001 0.446 0.008 0.006 0.000
N G, coua g 301.18+ 81.53+ 178.95+ 4.28+ 13.70+ 12.72+ 29.14+ 0.75+ 0.32+ 91.77+
12.03a 17.72a 11.86a 0.45a 2.32a 1.74a 0.43b 0.17a 0.06b 0.85a
5 296.12+ 86.89+ 171.36+ 5.08+ 14.77+ 16.60+ 31.22+ 0.73x 0.27+ 94.44+
15.02a 10.16ab 15.27a 0.65b 1.74a 3.47a 1.53a 0.17a 0.06a 0.12a
20 32222+ 88.64+ 179.33+ 5.15+ 17.17+ 16.21+ 25.90+ 0.78+ 0.29+ 109.53+
29.14b 8.55be 20.50a 0.85b 1.94b 3.63a 0.92¢ 0.19a 0.04a 18.59b
7 312.50+ 98.74+ 174.94+ 5.50+ 14.40+ 16.77+ 23.66+ 0.90+ 0.28+ 112.70+
12.65b 15.35¢ 13.85a 0.76b 1.77a 4.07a 1.23d 0.27a 0.04a 1.39¢
Sig. 0.002 0.019 0.670 0.000 0.004 0.076 0.000 0.945 0.121 0.001
BEFARET 19 288.83+ 60.00+ 150.00+ 6.60=+ 19.50+ 13.74+ 27.60+ 0.39+ 0.20+ 150.45+
L. pierrei 6.33a 26.14a 14.73a 0.60a 1.79a 1.83a 6.72a 0.14a 0.08a 5.21a
2 351.33+ 103.23+ 169.80+ 6.51+ 18.27+ 15.28+ 19.20+ 0.59+ 0.28+ 205.07+
5.17b 13.33b 22.31a 0.66b 231a 2.56a 2.84a 0.11ab 0.02ab 7.11ab
2 378.42+ 130.20+ 162.60=+ 6.28+ 17.88+ 16.76+ 16.48+ 0.83+ 0.37+ 230.61+
8.91b 27.38b 42.86a 0.56b 1.53a 3.56a 0.08b 0.20b 0.08b 4.89b
Sig. 0.000 0.001 0.257 0.010 0.032 0.393 0.041 0.021 0.041 0.031
B | 107.52+ 26.09+ 48.48+ 0.37+ 15.40+ 17.41+ 15.36+ 0.55+ 0.24+ 93.64+
F. polyanthum 8.08a 6.15a 7.07a 0.83a 2.45ab 4.37a 1.07a 0.15a 0.05a 1.12a
2 137.65+ 45.93+ 65.34+ 1.85+ 14.12+ 12.61+ 14.10+ 0.77+ 0.34+ 10231+
8.25b 13.44h 14.66¢ 0.87b 1.75a 1.89a 0.59a 0.37b 0.10b 14.22a
2% 197.85+ 113.57= 50.23+ 3.08+ 16.36+ 14.84+ 7.81+ 2.26+ 0.57+ 124.81+
11.51¢ 10.52¢ 10.01b 0.58¢ 2.68b 6.91a 1.63b 0.25¢ 0.04¢ 7.02b
Sig. 0.000 0.000 0.000 0.038 0.046 0.133 0.004 0.000 0.001 0.015
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Table 3 Difference of photosynthetic pigment between the 4 tree species
, MntaR g/
e MR R M4t b JENURS 3 FHAE h oo
A Ha = R EOZPE g, Ko b3
Species/indi Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid Chloronhvll a/b Chloronhyll/
ecles/ mdices oropn 0ro|
P /(mg/g) /(mg/g) /(meg/g) /(mg/g) P Py
carotenoid
SBXEE F. polyanthum 1.49(0.62)a 0.49(0.27)a 1.98(0.89)a 0.58(0.28)a 3.29(0.45)b 3.45(0.27) be
WK S, baccatum 1.59(0.61)a 0.32(0.07)b 1.90(0.68)a 0.40(0.06) b 4.87(0.87)a 4.67(0.98) ab
JHERFET L. pierrei 0.74(0.11)b 0.26(0.09)b 1.01(0.19)b 0.36(0.05)b 3.04(0.65)b 2.74(0.17) ¢
INHREHE G. cowa 0.44(0.18)b 0.14(0.04) ¢ 0.58(0.22) ¢ 0.13(0.02) ¢ 3.17(0.17)b 4.75(0.74) a
Sig. 0.000 0.000 0.000 0.000 0.000 0.008
x JSERFLTL pierrei A /INHER G. cowa O B F. polyanthum o 3K S. baccatum
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Fig.2 Changes of Photosynthetic pigments with the crown height of four tree species
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W2 R EAR, A AR (£ 4) o

Wi 25 480 5 e S, 4 ARG T 81 C (B8 i R K R A AR (B 3) o B dgiin 1 m, R XUBE SR A PR
LT RN ERE I 8 C (B3B38 AT 0.087 %0.0.145 %o .0.229 %ol 0.122 %o, 1 - A {E W43 51k /0 0.184 %0 .0.319 %0 0. 408
%o 0.247 %o, 4 BIFPII - WUE L6 55214 5 10 58 34 R P 0 1 m, SR XURE R A B SP R 22 R/ NI g 25 119
WUE 4351311 0.090.0.319,0.323 £ 0.154 mmolC/mol H,0, SEXUEEAYI:F 8 C A F1 WUE BEW = 19 ASiR/NT 3 FRFTA,
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Table 4 Differences of the carbon isotope fractionation and WUE among four tree species

B AT - RRCRALL m}iﬂ}{fﬁiﬁf wiwﬂﬁﬁf?iz}
Species/indices Carbon isotope ratio/%o discrimination,/ %o /(mmolC/mol H,0)
HXHE F. polyanthum -30.25(0.89)a 19.74(0.53) ab 14.70(1.27)a
WIS, baccatum -26.93(0.65)b 17.48(0.67) ¢ 20.38(2.32) ¢
P ARZEF L. pierrei -29.80(0.44)a 20.38(0.73)a 14.63(1.89)a
INHEH G. cowa -28.47(0.49) ab 18.67(0.53) be 17.42(1.90)b
Sig. 0.031 0.002 0.000

BRI AL ALK
Carbon isotope ratio/ %o
b
(=] o]
T T
BRIAVALER 43 3
Carbon isotope discrimination/%o
> »
T T

=32 L L ! 14 | | |
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#8520
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® d"’; o 16 - A JNHEHG. cowa
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10 ! L J
0 10 20 30
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Fig.3 Changes of leaf carbon isotope fractionion and WUE with the crown height of 4 tree species
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car £ WFETAR (B H r=-0.469 .-0.321 ,-0.326, P<0.001 ,0.05 .0.05) .M S chla/b&: 8 FIEAH X (r=0.369, P<0. 05) , S
AAURRE TPT A RZIEE TC WA LS MR LU (P/TL) B LMA 5 B3 EA S (505010 r=0.468 .0.417 ,0.385 .0.457 , P<
0.001,0.05.,0.05.,0.001) 5 HAMFEARAH A .25

WUE 5 A 2 BE AR (r=-0.834) \56°C EMEEIEHK(r=0.822); 5HACEFTEERND ZEFAHMEK. M5 chla/
b .chl/car 2 B EFIEAE (551 r=0.599 .0.419, P<0.001 .0.05) , WUE 5 % 5 TBE &£ § 3 1EAHX (r=380,P<0.05) . -
F R JE R TDE 1 LMA 2 B3 70X (4510 r=-0.552,-0.388, P<0.001 ,0.05) T 5 HABSE MIFEFRAH SR .35

chla chlb MR E MY N RS RN 55 MK, H 4 384558 50 5 8538 hn T iy Bt 5 bR gUR R 4R
GURRE NRIZJERE A2 SRR A0 M AR S B2 A5G, chla/b 5 chla, chl(a+b) 1 chl/car % & 3 IE A& (435014 r=
0.429.0.332,0.500, P<0.001.0.05,0.001 ) 5 4 i BL A2 RN 1 3% B2 JEL 4 22 3 4 AH G (435318 r=-0.511,-0.412,P<0.001 0. 05) .
3 itig
3.1 A WFE AR WUE 225
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AT SRS F 8 7K A3 B BRI WUE SRy, /N R B SRR AR I e A 0 J22 AR 8% 5 ) 45 40 B A A0k e JHL v T BRI I PR 4 L e R
HERRK S BN R  WUE B8, JESPARZEFRIF M3 A TUZ DL LMA FeKReRs kSR 28 i, 98715 i 7 % e i
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