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Abstract; Nitrogen (N) and phosphorus (P) resorption from senesced leaves are hypothesized to improve plant nutrient
conservation. However, whether the availability of nutrients in soil affects the resorption efficiency of N and P is still under
debate. The present study investigated N and P contents in mature and senesced leaves of co —existing evergreen and
deciduous tree species in evergreen broad—leaved forest at low altitude, beech mixed forest at middle altitude, and hemlock
mixed forest at high altitude on Mao’ er Mountain, Guangxi. The present study also determined if nutrient resorption was

affected by leaf habit and altitude. N resorption efficiency (NRE) and P resorption efficiency ( PRE) for the total species
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averaged 56.5% and 52.1%, respectively, supporting our hypothesis that nutrient resorption from senesced leaves is very
important for plant nutrient conservation. NRE and PRE for the total evergreen species averaged 61.8% and 57.0%,
respectively. NRE and PRE for the total deciduous species averaged 51.2% and 47.3% , respectively. Evergreen species
exhibited significantly higher NRE (P<0.001) and PRE (P<0.01) than deciduous species, which were closely associated
with lower N and P contents in senesced leaves in evergreen species. These shifts of NRE and PRE between leaf habits
suggested that evergreen species were more conservative than deciduous species in terms of nutrient resorption. On average,
at low, middle, and high altitude, NRE was 61.8% , 55.8% , and 52.0% , while PRE was 47.1% , 51.5% , and 57.8%,
respectively. As altitude increased, NRE decreased significantly (P<0.01), while PRE increased significantly ( P<0.05).
NRE was negatively correlated to the soil N;P ratio (r=- 0.41, P<0.05) and mature leaf N;P ratio (r=- 0.37, P<
0.05) , whereas PRE was positively correlated to the soil N:P ratio (r=0.44, P<0.05) and mature leaf NP ratio (r=
0.47, P<0.01).The pattern of NRE vs. PRE was indicative of the plant adaptation from N limitation at low altitude to P
limitation at high altitude. In addition, mean annual temperature was positively related to NRE (r=0.43, P<0.05) but
negatively related to PRE (r=- 0.45, P<0.01), suggesting that air temperature was also an important factor in the
regulation of nutrient resorption patterns in tree species. The combined effects of soil and temperature on nutrient resorption
indicated that plants were not responding to altitude directly, but rather to a suite of factors such as soil and temperature
that co—varied with altitude. Overall, this study suggested that surveying leaf nutrient content and resorption could provide
information about plant adaptation to altitude—induced changes in soil and temperature and explain the bimodal distribution
of evergreen tree species along the altitudes on Mao’ er Mountain. This study also provides insight into the nutrient
management and ecosystem conservation in montane forests and delivers information for future meta—studies and model

simulations of global leaf nutrient resorption.

Key Words: nutrient resorption; evergreen tree species; deciduous tree species; altitude; bimodal distribution

RO S o3 Bl A ) A B BRI R 03R4 e A SRRt B A ) — > 2 SR gt st 2 DB 7% i
AYSRE M P B MGX BE T R L S FE B IR (nutrient resorption ) TJ L BFEAR X 24 /i 25 S AL 07 A AR a1, T AR
AR E SRR BRI 2 — ) AT, AR AR A YT 50% (4 0RO B0 2 38 A T 58 AR
M TR R LB = R0 R — B IR A B P AR LU AR TR AR BT P A B T
B F5 PR ISCRCR (nutrient resorption efficiency ) '8 SR, A SEIE 5 3¢ W 9% 75 A= 55 vp A R 4 A - BT IR
A B B R )T SR TR T A B B 2 ) B R R A A A M R N R S S i e ) R T
RORATFEAE L

VRG] T8 G N AR 2 B X 5% 20 oK RS SR BRI g 22 01, 7 AR A i A X 0 25 1y 7%
AR AR 6 RIESR AR OR R B T EFRE B, WaRA it 75 X R o/ R B b ek k)
PG R S X B0 A B A — Rl R RO A T 5 R R AR A R 4 ORI
TP A b T FE R MCRCRAE P Z R E R 22 5 A T 5T R W B R A B P 9 R R L
Tl 2 1 P SRUR B AL ™ A ) 3 FH IV AT 5 6 W) 6 e %) 7 AR o B S B0 oo 2 1 10 5 1
W SRR R TR RECRAE P A 2 (R JE 0 3 22 S 157 S Se g BERR A i i 2] Pk X8 3% PR A ) Bl o A
P NENES W R HE 2 =2

it BRI R W E TR R MOBUSCR A 7S SRR B OCER R B — B, — 2L iR i 2R B ZURT A s 3k
R AR N R EURBE & AN A ' . Huang 551 (958 32 W RUCREIROIBORBCR AT B L&
A R W ISR I 5 s S R IEA S, Aerts! ' RN Lal 25180 A5 U] 25 W G600 0PI A3k o
HRANZ LA A S B 052, D3 Ah A BEGE R BB P I SRR S A s 2 i i 2 i L T
A ERARES

http ; //www.ecologica.cn



17 3] FUAR A5 DU LLLUAS [ T 2R R 7 ARl 1) 5 7 A 5 3

J7PEAR LN (25°50'N, 101°49"E ) {3 T3 [l p o sy Aty 22 7 2 ML ) i i Al 6 B It b (ELE Bt
MR T, CEIEIR 1300—1800 m (49 H LMY 341 5 K 5 X o D34 B 9 it by, 710344 1800 m L L 2 B
Y 18 2o R BT 7 AR5 L L R R I TR HAOR OGS 537 1A% J) 5 R U 1y A X S
PRI IR I S3 A RAAEAR L . Kikuzawa 2 i F— AN R i 18 B IS5 A 060 2R 0 () el Bl DX e
F18 UL 3 A T R, A A AR I R AR ) — AR PR AN B A 1 AR A DR 5 W oA A TRl i, R T
TR ANIEELA AL A B YR )2 R M FE R B B | 2 R T R AT R T I A
A AR IR, AR HR I B SRS LR 5, DAL I R A 5 T R o A 2 B B3 AR X A5 22 TS BG4 i Aty (L
e AR A — 20 T AN IE LR 1 R A A A 2 R BBOGHE (I 7 i 9 077 2R 7 S A M2 i s i
A DR e AR S R S T T RO IR AR X L LU AR TR AR R SRR R AR O SR S A
SR Z M2 W e B0 SRR A 5 8 T BB A AR (BRI EE I B ) (B D 5 s AR FDE & AU
PR, 3085 T Kikuzawa B9BRE SR, A8 LI 3838 AT HUSOR 5035 10 B Vg4 19 L T g 22 T e o5 i A
R S d g D X TR H SR A AU A VST OO A T R R AR A % M SRR AR 1 AT B
DI Z AE ZE AR )35 5 PR M 2% 5 55 U8 ' R0 o 4 43 A 1) RO S0 T R o 5 2220 AR B 500 4
A L LA [R5 2o A1 I AR o FSC S 2 I e ) SRR 55, SR I A~ PR MR BT 55 7 P i A A v
OV, JOU DR (R 2 (RIS - (1) B IR SO AR AR B M 1 > PR RNEE SR A R TR s (2) i
FEHFI R S AR M S SRR A (T S T 88 (R B R R vl LAE 715 8 IR FE e A L L 2R
W E LS A1 R B P, D 3 TR I AR L 2R AR A ) 22 R B T 1 LA B 9 3K 21 R bR 7 07 B P (I o
IS/

1 #RFFxE

1.1 kIR

WFFEAEHLAL T PE A LU 3 A Rl ) ARpR | BRI 44 L b ST AT AT 1Y) 4 o b T4 1L
i Il A T KT KR SR A L L b i e T R BRAZ IR AT AR, AR IS IL I A AR PR3 X LA U
G (1200 m) VLD , X BRAESIR 12.8 °C, H R R R 2% 4 19.8 € 4E R /K 2510 mm! ™

AR e AR ) L L O LU 2138, )2 1 (0—20 em) A LT, A 2B 7.46% ,0.34%
H10.123% , PR H S P2 P2 4% ( Castanopsis fabri) #%5# ( Castanopsis fargesii) AAnj ( Schima superba) =
FH ¥ BY ( Rhododendron cavaleriei ) F1 J& 2 16 ( Daphniphyllum oldhamii) , & £ W) 3% B4 Fh & 807 ( Liquidambar
formosana) $I5 45 (Alniphyllum fortune ) . 5 %% ( Castanea mollissima ) | 1. 23 W& ( Acer oliverianum ) F1 LI 5 #{
(Lindera glauca) o "EHOK T MR SR T3 5L 5T Ll b B AR, R 2 B A HLET 2 A M 25518 16.
80% .0.52% F1 0.136% , & £ 1 ¥ i1 Fi 2 52 K & X ( Fagus lucida ) & PEW (Acer davidii) | 2 P
( Liquidambar acalycina) MEW ( Sassafras tzumu) FILL S I ( Lindera erythrocarpa) , 39545 19 5 £ b J& R
¥ ( Castanopsis lamontii) K525 (llex ficoidea) JE:FG A% ( Manglietia chingii) R ( Schima argentea) F138
kA (Daphniphyllum macropodum) o =B ERAZIR AR IR TR e i% 1, 3RZ AP 2R A28 75
H27.99% .0.93% F1 0.083% , £ £& 1) 5 ek B B J2: B 77 8K A2 ( Tsuga chinensis ) . 48 M X] ( Cyclobalanopsis
stewardiana ) AR (Eurya loquaiana) \VOFE LLIZ% ( Camellia pitardii ) FIHEAELETT (llex pedunculosa) , YEHE R 7%
AR A2 LA ( Fraxinus chinesis ) 5 75 % B3 ( Styrax odoratissimus ) 210 R 32 F ( Litsea rubescens) | 3¢ k1t
Wk ( Sorbus caloneura) FNLLFA ( Stranvaesia davidiana) o 3 ZEFFMRITECERMFI BIL 30 Fh S H T 13 8L (£
1), Hrh5e b BHRF IR Z MY 5 AP I R AR b 1 F= EAR AP
1.2 SRk

TEERIFRRE T AR SR FIY) i | PRI e 9 56 J22 00 A T A SRASE I J S RT E E E  IE FR TR
i, BRIRNERE 3—5 Bk, TR A 55 R AR R R R A SR T R AR SRAE I [ B Hh AE 2010—2012 4F 4

http ; //www.ecologica.cn



4 A E = 35 %

MERZE, (T8 A ) REMASE AR TN (11 HEIRKAE 2 A) REARZEZNH A, B4
IR Ao ) REL AR B B 30—50 SO JZ M X TR SRET R R 7 BRAZ | il T M R IS, AR R =R 4R
3-5 BRECSR  ECY AR BUEALR M A A AR B Ao MR REE TR, SE AT SR G A I S = 7
TESEHRZE A, M AE 60 °C AHEASHE T 2R EE, Bl K I R A R, IR IR — e SRR BT AL, vl FL i
W LI AR I R B B R RO e IR AR

B PR ICR = 1009 x (ALK E I5 5 it -8 M E IR O i) / USRI B R 7

R1 BWILLATRBRAMFEERSE LT & BE0H R3S

Table 1 Habitat traits, Latin name, family, and leaf habit of the study tree species at different altitudes on Mao’ er Mountain

A HESE BB AL T4 B4 B H 4
Habitat traits Species/latin name Family Leaf habit
KV IK Low altitude EoRE e Castanopsis fabric e EBE Fagaceae eSS Evergreen
<1300 m M Castanopsis fargesii 563FB} Fagaceae G
H IR MK Evergreen broad—leaved forest K75f Schima superba Z5F} Thaceae Wk
11147 52 Montane red soil F MBS Rhododendron cavaleriei  ¥:ESAER} Ericaceae HLk
L1 3T 3447 S8 Montane subtropical climate & f2 4§ Daphniphyllum oldhamii 221 AFE Daphniphyllaceae Hak

WF Liquidambar formosana &2 M98} Hamamelidaceae M Deciduous

ARG Alniphyllum fortune

2 B FF} Styraceae

ey

XU Castanea mollissima 5¢3}F} Fagaceae Faly
FLEBR Acer oliverianum BB Aceraceae #nt
WIBIH Lindera glauca 18} Lanrauceae &t
TR Middle altitude Sem kM Fagus lucida 73} F} Fagaceae E
1300—1800 m VB Acer davidii BRI Aceraceae R
IKE RIIRAEHK Beech mixed forest BRI Liquidambar acalycina £ Z2HF R Hamamelidaceae Ay
1114 B 45385 Montane yellow-brown soil KR Sassafras tzumu FER} Lanrauceae el
11 M B 57 S A% Montane warm-temperate climateZL S ILISAMI Lindera erythrocarpa  F&F} Lanrauceae JEnt
BRHERS Castanopsis lamonti 553F B} Fagaceae Wik
P& Tlex ficoidea 2758} Aquifoliceae Hak
KW A Manglietia chingii A 228} Magnoliaceae Wik
R} Schima argentea #5F} Thaceae G
2E1kAK Daphniphyllum macropodum 2831 A%} Daphniphyllaceae Wk
EIEER High altitude A2 Tsuga chinensis PAF} Pinaceae WLk
V]
>1800 m ?;Zro; z{wpm emardiana 723} #} Fagaceae Hik
BRAZIRAE AR Hemlock mixed forest B Eurya loguaiana Z5 B} Thaceae HER
Yk 1 Peat soil P rd LS Camellia pitardii Z5B} Thaceae G
Ly ro Rl A KA llex pedunculosa £ P} Aquifoliceae Hak
Montane moderate-temperate climate M Fraxinus chinensis KEBE} Oleaceae ot
T A Styrax odoratissimus 2 B FF} Styracaceae ot
M KZETF Litsea rubescens 1B} Lauraceae ot
WALk Sorbus caloneura 5 14%} Rosaceae &t
LB Stranvaesia davidiana 4l Rosaceae &t
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Fig.1 Relationship between nitrogen resorption efficiency and nitrogen content in mature and senesced leaves after data log—transformation
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Fig.2  Relationship between phosphorus resorption efficiency and phosporus content in mature and senesced leaves after data
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Fig.3  Relationships of nitrogen and phosphorus resorption efficiency with nitrogen: phosphorus ratio in mature leaves after data
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after data log-transformation
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