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Abstract; Resorption of nutrients from senescing leaves is an important strategy for plants to adapt to the environments with
very poor nutrient supplies, and it has been an important topic in ecological research for many years. This study investigated
the changes in nutrient content, and the characteristics of nutrient resorption, during leaf aging for a pioneer species Pinus
massoniana under four different restoration stages in a subtropical red soil erosion region. The results revealed that: (1) the
average contents of leaf N, P, and K were (6.10 + 0.52) — (12.02 = 0.85) mg/g, (0.17 £ 0.03) — (1.02 £ 0.01)
mg/g, and (1.58 = 0.49) — (9.46 + 0.90) mg/g, respectively. The contents of all three nutrient elements had a
tendency to first increase then decrease during the process of leaf aging, indicating a dynamic process involving a period of

rapid accumulation followed by a period of slow attenuation. Such a dynamic tendency was very obvious for N. Despite the
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fact that P and K showed a similar pattern to that of N, these nutrients showed relatively small changes during the dynamic
process. (2) During the habitat restoration process, the contents of leaf N, P, and K increased as the habitat was restored ,
and the contents of N and P showed significantly positive correlation at different leaf ages compared to that in the leaf litter,
suggesting that the two nutrients N and P had a covariation dynamic. (3) Among the three elemental leaf nutrients, the
resorption efficiencies of P and K were relatively high, and N resorption efficiency was relatively low, which indicates there
was a selection in the nutrient resorption response to the nutrient contents and circulation in different habitats. The nutrient
resorption efficiency was increased at a very low environmental supply, or when the nutrient was a limiting factor to plant
growth. Such an adaptation strategy would not only reduce the dependency of plants on outside environmental resources, but
also help to maintain the balance of important nutrients within the plants. Throughout the leaf aging process, the leaf N/P
content increased gradually, indicating a high resorption capacity of the limiting element P toward leaf senescence. Such
feedback regulation improves the adaptability of P. massoniana to adapt to environments with poor nutrient supplies. The
results of this research can provide a theoretical basis for further investigation into the mechanisms behind nutrient utilization

for the pioneer species in subtropical red soil erosion areas with poor nutrient resources.
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Fig.1 Location of studied area and plots
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Table 1 The basic conditions of sampling plots
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n frg RERSIDRE Bim W M oo
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Plots Site . Height DBH Coverage
community structure Total NP K
) A Ll N/ 3L A
TR LA A 5 ) 75 2 f /22 3k 4 332001

, 25°37.06'N Kt DRI N I ERIZE T DM
] .10. 3.2+0. .06=0.
R 1 116°27.61'E  #&FiA (Adinandra millewii) F1/NH 45 11202 201 30 ?gg:g g;

( Sysgium grijsit)

TRAC LA JE v 1 T FR A (I 45 0.2650.0]
25°36.64'N Gl EREA D REMEIA, H T

=5yl . N 2.7+0.5 4.5+0.2 45 0.10+0.01
i 116°26.63'E AR JZVI15H ( Dicranopteris dichotoma) A * * *

AP AL AR, 1:2220.20
TR LA Th R A o 2, A B b o 0372001
) 25°41.32'N Al B B 2 A B B OK N0 AL T Pobe
KA 116°24.65'E  ( Lespedezabicolor) ; WA JZ LI H o & | 8.9x0.3 15.6+0.4 65 ?gziggz
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Table 2 Nutrient content of Pinus massoniana pine needles at different growth stage ( mean+SD)

TR Linics | il i} v
Element Leaf ages (i) (B¥1) (KET7) (%)
N ey 8.47+0.32Aa 9.94+0.51Ba 9.15+0.85ABa 11.09£0.50Ca
HAER: 9.59+0.64Ab 9.97+0.89Aa 9.97+0.39Aa 12.02+0.85Ba
AR 8.54+0.65Aa 9.16+0.52Aa 9.25+0.42Aa 11.82+1.69Ba
PRVt 6.66+0.17ABc 6.10+0.52Ab 6.44+0.53ABb 7.29+0.83Bb
fiafity 8.321.19 8.79+1.74 8.701.49 10.47£2.09
P B 0.46+0.06Aa 0.62+0.11Ba 0.55+0.03ABa 1.02+0.01Ca
HAER: 0.48+0.06Aa 0.62+0.11Ba 0.53+0.04ABa 1.00+0.07Ca
e 0.34+0.04Ab 0.46+0.03Bb 0.36+0.02Ab 0.64+0.04Ch
PR 0.17£0.03Ac 0.19+0.02Ac¢ 0.23+0.12Ac¢ 0.28+0.06Ac
Bt 0.36+0.14 0.47+0.20 0.42+0.15 0.7420.32
K B 6.97+0.32Aa 7.67+1.51ABa 9.46+0.90Ba 8.52+1.04ABa
FIRGRIE 7.43£1.23Aa 7.91+1.18ABa 9.43+0.71Ba 7.74+0.84ABa
AR 3.75+0.19Ab 3.56+0.99Ab 4.49+0.28Ab 3.99+0.51Ab
JHE N 2.25+0.12ABc 1.58+0.49Ab 2.89+1.11Bc 1.97+0.60ABc
B 5.10+2.33 5.18+2.98 6.57+3.14 5.55+2.98

ISR/ NG TR IR 2250 B3 AT AR R RS TR RoR 225 8.3 (P<0.05)
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B2 AEGREKTETEEMSTHEAENEFRSBRKE
Fig.2 Foliar nutrient resorption efficiencies of P. massoniana

trees at different restoration levels (mean+SD)
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Table 3 Correlations of nutrient content and nutrient resorption of Pinus massoniana foliars at different development stages

Y-X [E1 5 77 i Equation n r Y-X B4 75 2 Equation n r
N,-P, Y=4.060x+6.971 12 0.830 " RE\-N, Y=2.855x+8.298 12 0.509
N,-P, Y=4.425x+7.477 12 0.838 " RE\-N, Y=3.025x+4.474 12 0.554
N, -P, Y=8.939x+5.566 12 0.840* RE\-N,, Y=1.719x+19.377 12 0.364
N,-P, Y=3.699x+5.808 12 0.413 RE\-N, Y=-3.419x+58.532 12 -0.355
K,-N, Y=0.119x+7.004 12 0.103 RE,-P, Y=20.452x+51.407 12 0.353
K,~N, Y=-0.186x+10.054 12 -0.183 RE,-P, Y=23.371x+49.606 12 0.383
K,-N, Y=-0.049x+4.412 12 -0.106 RE,-P, Y=37.011x+48.225 12 0.349
K,=N, Y=-0.117x+1.397 12 0.101 RE,-P, Y=-105.172x+88.111 12 -0.577
P,-K, Y=0.056x+0.206 12 0.318 RE(-K, ¥=0.380x+70.206 12 0.061
P,-K, Y=-0.002x+0.677 12 -0.013 RE-K, Y=-0.073x+73.893 12 0.010
P,-K, ¥=-0.012x+0.500 12 -0.059 RE(-K,, Y=-0.922x+76.944 12 0.069
P =K, Y=0.057x+0.095 12 0.596* RE-K, Y=-9.766x+94.499 12 -0.906 **
N, P, K FRBHEMN N P K &8N, P, K FR AR N P K &N, P, K, R B N P K &8N, P K R

N.P.K &% REy ,RE, ,RE F7% N P K FEKRLER; « * " %% P<0.05,“ * * " F5k P<0.01

3 Wit

3.1 SRR IR AR RN R R

3R 5 52 MR BN, SR A TR A B IS TR] (S AP A — R 22 5, 7058 A2 v 3 A 7 i 19
B R AR S NP UK S B S R AR AR B, RIS — R DR AR SR — S 18
AEEIIY] . R AR AT (R R/ NI B B | i PR A B R A 40 RE T, 5 B A ORI R LA
L A B AP AR I X NP R 2 . S —T5 i, K B e ik e & Mg Al A T B R 1P L
SETE BRI, AR A KA & AN TR, ICHAR I B v A e g o0 & B R e K AR T 3R i
WAL , 33— o PR A 7 A AR B A PR UE S 51 SRR B 1 P WS 5 55 3 R A8 A7 B (AL PR N 5 5 9 7
IEF ORI, 2 S AR SR SO I R R — AR A 0 B R S AR K A O AE
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FEEL K R 1 TR T PR B AT RN P ARy — i ERBURIOCER AR L1 X R B B M A B IRES
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Fife 2514 A Saur 47 A B AFAE AR COC R AT B0 3R TP LA AR DG 0 sl DE Y BF 90 2
A—En] BRI AR 0 PR PE B AR BN R A5 P RIS 5 A I SR 20 B B 38 O OG, 3R
W 5 FE R it AR A v 5 o0 i LR R A B R 0 IR, R v i s i N5 i LA (LGP I ek
FIFAE , AT RESE RO AE Y AT DL 3SR MR LASN R AR AR U R T s RO SR EUR | R 32 203 f= iR A
DX 573 n] M PR AR A0 BRGNS i i 11K
3.2 MR SRS SR AR BT R R

53 P AT 3 A0 Ay AL A 17 2 BRI 8 — R A AR 0 SR, — O A T TR F TR A B v OB L
PRI AE LR AR (AL LA S e PR 5 4 PR MO B AT 9 R S R W s AP S i 2252 k]
RESE N A AR S AR RGP SO IREE T AL e 6 1) S S0 16) T 34 i e 55 iy U R AR A V8 o 9 40 2%
U RRIFTAR B 4 R R P A BRI FR MRS KT AR 1R MR S O R lE de g 3T
RESZ B WTFE X BB BATIAL TR, 2R R KA R A AN RESE A MO - 3R 2012 DL 2 A i
BIRTOR MR SR A BA AR, ATREAFAE XA — RIS 0, 2K itk A SRR B 1, 1357
IIANFAE D — Bl R R T IR | SR 70 PR AR A 2 Bt AR K A2 1 ) 488 i T AR, T L it A\ i AS UL K 52
JE IR IR AROL , i — 2P S AR 7 IR IR SORCR 5 AR B IR S A I G R
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Table 4 The N:P ratio of Pinus massoniana foliars at different development stages ( mean+SD)

FEHb Btk AR ey PR
Plots New foliage Prime foliage Mature foliage Senescent foliage
E 1 18.65+2.73 20.25+2.95 25.26+3.51 40.08+8.53
T 11 16.34+2.85 16.26+1.38 19.90+2.00 32.15+6.78
KA I 16.78+1.89 18.97+1.99 25.61+2.04 31.45+10.72
B 1V 10.85+0.37 12.10+1.50 17.88+0.86 26.54+6.22
1A ( Mean ) 15.65+3.57 16.89+3.70 22.16+6.22 32.56+8.67

AFPRIK T BRI N P K =FOnR HRICR S RIIUT 7 KSP>N, B A PO iy th X AE
P BRI R R E KT T 5 AT P A5 1) P WSR3 2 0 33— 5 7 R s 11 J it
T, K FEAH M PR i85 1535 1R 9V T, Ruuhola 513 38 H S R-IE M 5 76 U8 9% 7 56 BUH A 37 43 78 3% 1) PR
W, K AT RERT 2 — BRI S R E B AR TR S R, A b S R AA BB Y K S A TR P
TR PR PAYFEO . AR N AR AR AN ME— T s AR AR s R B 3R 0, S A R AR DR 2
T R R A B 2RI, X 0] BERAHTITH N PR SCECRAR X LU AR 2R, 7 v B B0 R (19 PR 22
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TOER V- AT i) 368 A 35 HR A B ol FE A K 32 31 BR A A 0 3R LA ey A RIS

4 #it

(1) SREARM A NP K &t A 2 AR A A=A AL, SR B Bl A B0k 52 K P 3 i i i v, ik
LRSI 7 %70 i (0 — D E BN R 75 AR B A v B B I R A SR R IR A — R
AR SR — A T8 R il A 3h AL

(2) MR IR LRSS BATUEAVE A, BRI i Ah AR MR B Be N P2 W] 208 51 4 25 AH 5K
(P<0.05) . XFRM, fEM FAERKA TR NP AFERGER B PR, 520K A b R AR R PR 8 SR o0
ER SRS

(3) M NP K PRI IS8R o BRI K PN 55 e 1 P AR ) B A 35 v 3% 4 BT A
HH B S ABERTY , ER PP  BR Al T SR A W AR R A N E S IR TR I — X SR L WETEIX N IOk
FMNS FURLAR , X LW R 35 0 PR CBCR AU S AR B A O, [l 5 8 FR TR AR BUR R A 5

Bt e SO S i R RSN B G A P I S AR AR TS B BB O L, SR i AR R A
BN/ [ 2 A 8 1, A o 1 o e v 45 30 B A A ]~ ) 5 By, 7 b — I IR S SRl |
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