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Effects of leaf nutrient concentration and resorption on leaf falling time of dominant broad-
leaved speciesin a montane region of eastern Liaoning Province, China
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Abstract

Aims Litter is an important source of nutrient in forest ecosystems, and its decomposition rate has a significant
impact on soil nutrient supply. Previous observations indicated that different leaf falling time resulted in different
litter decomposition rates. We found that the leaf falling time of Quercus mongolica was later than that of other
tree species, especially in the barren soil. However, it is not yet clear why the leaves of Q. mongolica fall later. We
hypothesized that the leaves of Q. mongolica had higher nutrient concentration, and longer time for resorption,
which could lead to the later time of leaf falling.

Methods We continuously measured N, P, K, Ca, Mg, Cu, Fe, Mn and Zn concentrations in leaves of three tree
species (Q. mongolica, the leaf falling time is the last; Juglans mandshurica, the leaf falling time is the earliest,
Acer mono, the leaf falling time is in between Q. mongolica and J. mandshurica) from leaf maturity (August) to
litter fall (October) in a montane region of eastern Liaoning Province. We analyzed leaf nutrient concentrations
and resorption efficiencies of each species.
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Important findings The nutrient concentrations in mature leaves of Q. mongolica are similar to those of other
tree species. N, P and K concentrations in the litter of Q. mongolica were significantly lower than those of other
species (p < 0.05), and the resorption efficiencies were generally consistent with the leaf falling time. These
findings did not support the hypothesis that leaves of Q. mongolica have higher nutrient concentrations than other
species. The resorption efficiencies of N, P and K did not influence leaf nutrient concentrations, but were directly
related to the biological characteristics of tree species. The leaves of Q. mongolica fall later, which might be due
to the high adaptability of Q. mongolica to the barren soil. Although the mature leaves could not accumulate more
nutrients from barren soil, they increased the nutrient use efficiency by prolonging the nutrient resorption time.
We inferred that leaves with higher nutrient resorption efficiency would fall later, because of greater nutrient stor-
age such as Q. mongolica, which is better adapted to barren soil than other tree species. On the contrary, trees with
lower nutrient resorption efficiency generally grow better in the fertile soil, such as J. mandshurica.

Key words nutrient concentration in leaf; nutrient resorption efficiency; leaf falling time; broadleaved species
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B ) AR 2 R (JEE RS, 2014). 2 TR IE
F (FTE ) I 43 FRAE R AR AR 25 R G FR 0 G A R
A EA ZOCEBMER, WIEM AR
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A R VE P 52 AN R FR B IR T s i, B 225 AH
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FAAE R TEY A R R L 10 A 4 2 5 7 A TR
IR E T, o R G IR 0.78-1.30 (4R 1K
&, 2011). HHTHEM T IAFH RESRS, WTEA
RER = AR 285 2 ad « 14200320074, I 7 R H
(IRR AR T C B2 28 000 t, Hid 4 Rk (Quercus
mongolica) & 74 M R K& . i BR 23R IE ARk
b DXL ARAR ) T FE R AR AE R R, T SR, X
TSRS RE T (F IR AT 75, 2000). A
MRS RIS AR JE v B [0 368 o L AR g,
RACH X (45K A WX, 5 R X 25) 52 i MRk
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PR 755y BRI (Killingbeck, 1986; Aerts, 1996; Yan
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2013; X7, 2014), BEAREYIA G % 13855 24t
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ium uliginosum)it 5 HINL PFIK ) [E1 i 26 35 e 1 I
HE(Betula ermanii), Bt 4 3R AY B 8IS B 7% 4
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Corte et al., 2009); 55— & BFFE NN, H A BivE
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R BN

Table1 Site characteristics

A Forest type ¥ Stem density (tree-hm )

Hg4% DBH (cm) 3 Aspect (°)

iR Slope (°) A% Slope position

WAL Secondary forest 1 (SF1) 1425
W EM2 Secondary forest 2 (SF2) 2050
W EM3 Secondary forest 3 (SF3) 1 500
W E M4 Secondary forest 4 (SF4) 1 700

23.0+4.4 274 42 il Middle slope
214+24 200 40 i Middle slope
22.6+2.8 349 35 3 Middle slope
253+22 213 45 3 Middle slope

A S P I AR DR 2 o IRAEMRT S RAEAR2. TRAEAR3 20164 IR BRI REE, TRAEMRA 9201 TARHE I B 3 .
Diameter at breast height (DBH) is given as the mean + SE. SF1, SF2 and SF3 are the samples in 2016, and SF 4 is the sample added in 2017.

FrEFEDT WA . R KIR R &F. M7
Mo I ZER RS KT 50 m.
13 HmEE

TERFHFE L Y AL A K RS Rk
BEAKAN o A RSOR #5 SERHEAT A e, & 5 H0ds 7
VB SHEVE R B BUE, Seih i, f 48 i
(20165F 3 HFE b)) 1) B4l HEAT 70 i SO 1) g A 72
25 cmbh b, BHREATES0-60 a2 8] 7E I AR I F
64zt ¥ A HEAT E SRR, 20165F X 52 HRRFES
R, EARBEKAE3 IR SABRARCRAIE 2K 201 7454 5 1
FREAEOIR, BEARBKAESIR, SRR E4IR(FR2).
R (8 H A IEFE AR @RI . TV
HOHRE10H R)iEH7E 2 TR BRI
BEREVE A Fr(Wright & Westoby, 2003; Yan €t al.,
2016). HEHUEE R AT IR, REEANE
R, B REUCR SR 40 Fr (B FE AR,
2005; Yan et al., 2016),
14 #H@mFESTEMNE

B E A A 105 CARFE30 min, 25
65 CHEF-48 hE T &R . T /5 HURE Sk i I F i
60 H i, 2ASFrid/EH TR TGRS AP
B R R -FE BT L (kI 58 (BR S T, 1989). 1
FC. N&&KHITE 7P (Elementar Vario EL,
Langenselbold, German)Jll & » ¥ IR U5 JE
FEiH(5100 ICP-OES, Agilent Technologies, Santa

F2 REERIIA]
Table2 Sampling time

EL

Querus mongolica
2016 2017 2016 2017 2016 2017

N

Acer mono

HABE Juglans
mandshurica

RFER[A] 8-15 7-25 8-15 7-25 8-15 7-25

Sampling time
(Month-day) 9-20 8-15 9-20 8-15 9-20 8-15

10-01 9-05  10-01 9-05 9-05
10-10 9-25 9-25 9-25
10-20 10-15 10-15

10-25
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Clara, USA)ME M F i KEFR 7 LR (K. CafiMg)
RISy TR M. Cu. FeflZn)i) & &,
15 H#ELE

12 FiMicrosoft Office Excel 2007F1SPSS 22.033t
AT H AL EEFN 7y, >R H SigmaPlot 10.0/EE . F|H
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(AR ot 2 TT I o R 2 53R R ) 22 S DA B s A
JHTE R IR BRI E R . RIIEENE
J7 22 53 AT Rar 56 [R) — B8 e AN [ sp Sy o 9 20 TR BE 1)
A 2016 BBk I v HEAT P OCR S, BRIk
KA BRIk I IR IR A A 25,
AW TR FH AL TR TR AR 7R RIS (%)
= (LA 7 53 MR FE— ] U i 3% 50 TR BE )/ A 7 53
WEX100%.

2 #R

21 MHRMEKBRZZFERAFSTEZS =T

T 3T PR 2R T 22 43 A S B3 AN B Rl 2 oK
TLEGE, GREY: 2016453 M A F NS &%
A IEEZ (> 0.05); HHPEENZ AR
AP < 0.05); K& & AP iR
B, MR Cafr AR AR>S Hk;
Mg & &N AR M52 Bk . 201 74E 34N Fif
NS P O AR SR> TR B i K
Cafr 2B ATAMM> RIS 5 8k, A Mg & &
NEARBS FR S AR . X TR IR, 3/ M F
M Fe. Znd EAE20164F 5201 74E 30 A % % 7
(p>0.05); M FMn&&20164E 52017435 55
Fr>ta AR SHBEH(p < 0.05); M H Cud m20164F
AR > AR > 52 AR, 20174 A EARR RS
PR>RIRGR3, £4).

WX 3 R R VR I R BT R S, B
PLR 55 20164F3 M NS K& &3 9 k>
AR>S HBR(p < 0.05), SR AN, K



L TR S T B AR T 9 8 BRI B R

B0 ) o R Fl 1 43%—69% A122%—70%; P& &
NEABRI> 52 b BR> KRB, Ca s BAZ MR~ R
WS BAREA, 22 ARk R R 1565 L b Mg &
N RIS 52 AR>S SRR . 201743/ NP Al
N. PHIK & &35 ARk (A A> 52 1 #R(p < 0.05),
Hor 52 HRP S B R X R AR 131%-56%; Ca. Mg
BB AEARBS AN PR TMEICE S, 2016
I Feds B8 52 BR> AR (0 AR Bl (p < 0.05);
Mn & 8 NS AR AR SRk, Cud 2 N ARk
>RSI, Zn & &N SRR € AR B> 5
FRo 201740 K Fe. Mn & ¥ 08 58 i #F> (0 A B>
FAMEM(p < 0.05), H S #RFe. Mn &2 X R
FREI1-215; Cufy B AP 5 B> AR Zndr
BN AR>S 1 BR>SHRE (R 3, R4).

T I 6T 20164F 520174 34 46 Felt A [7] Bsf ] B
RREFRS TR TR, BB R 3%
Pl N PARIK B B 35 i B[] S22 0 B AR PR 35 (p
< 0.05), BB KSR EE BB @P >

R3 ARFERFRIATTSH ) SRHE KRR TR A Rmgg ) CF

=4
5

w577
0.05), JF HAESABMK E v it fa, RS 5 Pk
NS PRIK S E7E9 H20H 29 H 25 H UG KR
EIEAL, SEREAEE. 2016FEF AP, K
BT 10 H M 2 J5 FH IR RIE FE PR, 201647520174
I Cafr BBl IS 8] S ILIE A&, 20164F ik
Wt Ca s &I H & 24k 20164F 58 i #R I
Mg & &EE10H 10H 210 H20H B 3& v/, B
Mg & s A AR B3R, SRR Mg &
R A FEAIC . 20174 58 A AR Mg & & RIS %
GG T 2 Ja B R s, (HRzrt @ H15H) SR
W (10 H25H) Mgd &3 W3 2 5%, AP
FrMg & EBER R BRI, AR Mg & & e PRk
IEPARTISIE

I XF20164F 5201743 FAS [ B 1] B
REFRS TR TR, BHuFaR: 3
Bl Fr Cufs E2AEPAE 3 BRI IGES (p < 0.05);
20165E 52 i BRIM H Fe s i 2 IS T B 2 5 Tt
AT, BB A Fed B SIS T B AR

B bR iE R )

Table3 Macroelement concentrations of mature (middle August) and senescent leaves of different tree species (mg~g’1) (mean + SE)

il i N P K Ca Mg
Tree VP& e JEIR D G ST JAvE S IH- JAvE S IH- VP&
species  Year g R e Y TR R T A
Senescent Mature Senescent Mature Senescent Mature Senescent Mature Senescent
Mature leaves
leaves leaves leaves leaves leaves leaves leaves leaves leaves
ZHER 2016 2501 +£1.42° 10.40+0.42° 1.55+0.05" 0.83£0.07° 9.63+0.78" 4.83+0.16° 9.61 £0.68" 32.08+1.34" 2.04+0.04* 2.14+0.13"
Quercus A A A A A A A A A A
mongolica 2017 23.50+0.70% 10.19+0.32* 1.15+0.03" 0.37+0.03* 7.27+0.30" 2.87+0.33"1099+0.62" 1545+0.68" 1.57+0.09" 1.53+0.08
AR, 2016 22.67+038" 16.16+0.78" 1.11+0.05° 0.56+0.07° 9.02+1.16° 6.82+0.37° 16.94+1.76" 21.00+1.77° 3.09+0.32° 3.10+0.23"
Acer mono
2017 22314038 14.71+£1.17° 1.10 £ 0.06* 0.66 +0.06® 8.54 +0.34% 5.71 +0.40° 17.56 + 0.58® 24.07+0.59® 2.93 +0.10°® 4.13 +0.04®
HIBEK 2016 2632+ 127" 21.18+1.60° 1.54 +0.02° 0.86+0.03" 14.94 + 0.98° 12.89 + 0.88° 17.63 + 1.10° 18.50+ 0.89" 2.66+ 0.17* 2.11+0.23"
fr‘gg'_’s 2017 27.34+0.72% 23.64+1.47° 1.49+0.07° 1.19+0.09° 14.89 +0.37°12.87 + 0.6819.21 £ 1.11 21.45+0.79" 2.58 +0.18" 2.53 +0.18"
shurica
[F) BN [ (/N5 = BERD K 5 5 B 43 IR 7R 20164 FI20 1 74E N [ BRI 9724 JT 35 & B 22 77 38 (p < 0.05; 20164n =3, 20174Fn = 4).
Different lowercase letters and capital letters in each column indicate significant differences in 2016 and 2017 (p < 0.05; 2016: n=3; 2017: n=4).
R4 RERF A8 A ) STRTE MR TR F (g g ) CPIEEbRER %)
Table4 Microelement concentrations of mature (middle August) and senescent leaves of different tree species(ugg’l) (mean + SE)
s i Fe Mn Cu Zn
Tree . [N s N - [ . [
species  Year De ekt De v A P JC A T
Mature leaves  Senescent leaves ~ Mature leaves  Senescent leaves Mature leaves Senescent leaves Mature leaves Senescent leaves
ZHEE 2016 128.60£27.98" 319.23+16.72° 247.51+£9.76° 426.81 £36.44* 6.64+0.36" 595+0.11° 4620+573" 27.41+2.93"
QUerS A A A A A A A A
mongolica 2017 189.16+14.65" 240.12+12.84" 382,69 +33.60" 409.22+29.70"  7.25+0.22 527+0.18" 63.09+£447" 58.76+7.88
AR 2016 105.75+28.32° 195.57+8.93°  164.50+32.73° 205.60 +35.10° 7.18+0.32°  4.90+043* 71.21+21.53* 33.81+6.08"
A
CorMONO 1017 20829+ 12.93* 23751+ 1249 20524+ 19.54% 23044 £23.07° 588=0.18° 3.88+0.19% 63.15+653" 60.87+7.15"
AR 2016 75.33+11.49° 228.88+32.49° 13591+526° 16559+ 14.71° 9.01+049°  7.70+0.30° 29.91+5.75° 52.74+2.84°
fr‘gﬁgf_ 2017 20429 +28.80" 166.45+6.46°  170.05+12.11% 217.08+15.67° 9.51+0.55¢  821+030° 44.67+5.18" 49.65+4.29*
urica

[FFIAN R 1N B - BERLR B - BESp 73 R 7R 20 1 64F FN20 1 74EAN [ B o (] 9% 43 0 36 & 1 22 57t i 38 (p < 0.05; 20164Fn =3, 201 74Fn = 4)
Different lowercase letters and capital letters in each column indicate significantly different in 2016 and 2017 (p < 0.05; 2016: n=3; 2017: n=4).

DOI: 10.17521/cjpe.2018.0041



578  FEMIEZ 2R Chinese Journal of Plant Ecology 2018, 42 (5): 573-584

2016 2017

—_ &) N w
() (=] (%) (=)

NE&‘R
N concentration (mg-g™")
=

P&

concentration (mg-g

0.8t

S
=

]

— NN W
“n O wn O

Cat &
Ca concentration (mg-g™)
=

08-15 0920 10-01 10-10 10-20 L0 25 0815 09:05 0925 10-15 1025
H # Date (month-day) H # Date (month-day)
— SEm AR Quercus mongolica - BRI Acer mono  — - IRk Juglans mandshurica
Bl FERF A REFRS RS BLERCPIEAFAERZ) . AR BN R — Ry 3545 B 8 AE A R I 7] 72 53
3 (p<0.05;20164Fn=3,20174n = 4).
Fig. 1 Dynamic of leaf macroelement concentrations of different tree species (mean + SE). Different letters indicate significant dif-
ferences of the same tree species at different times (p < 0.05; 2016: n=3; 2017: n=4).

%, B Fed BT R, 2017463 20165E 52 75 #5 5 G AR v Mn & 808 50 # 3
Tt i Fe iy S50 BN 18] A2 225 A2 4k (p > 0.05). BB M & B BB VEZE 5 2017 S AR
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Fig. 2 Dynamic of leaf microelement concentrations of different tree species (mean + SE). Different letters indicate significant dif-
ferences of the same tree species at different times (p < 0.05; 2016: n=3;2017: n=4).
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Fig. 3 Leaf macroelement resorption efficiencies of different tree species (mean + SE). Different letters indicate significant differ-
ences among the tree species for the same nutrient (p < 0.05; 2016: n=3;2017: n=4).
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Fig. 4 Leaf microelement resorption efficiencies of different tree species (mean + SE). Different letters indicate significant differ-
ences among the tree species for the same nutrient (p < 0.05; 2016: n=3; 2017: n=4).
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