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Abstract; Carbon (C), nitrogen (N), and phosphorus (P) content are important indexes for forest management that
respond positively to environmental conditions. In recent years, stoichiometry has received considerable attention. However,
few studies have reported the patterns of soil-plant stoichiometry and nutrient resorption during ecological restoration. The

goal of the study was to investigate the effects of ecological restoration on stoichiometric characteristics and nutrient
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resorption efficiency of Pinus massoniana foliage. We used P. massoniana as our research species and determined variations
in leaf C, N, and P content. The content of foliar N and P were used to estimate stoichiometric ratios, homeostatic indexes,
and nutrient resorption efficiencies across years during ecological restoration at five sites. Four of the five P. massoniana
woodlands were restored at 0 (CK1), 13, 30, and 33 years, and one was a secondary forest ( CK2). These study sites were
expected to differ based on the level of ecological restoration (years) in the typical eroded red soil region in Hetian Town,
Changting County, Fujian Province. The results revealed no considerable changes in the C, N, or P content of one-year old
foliage of P. massoniana during the restoration process on degraded red soil. The same observations were made for the C :N,
C:P, and N :P ratios because P. massoniana has strong homeostatic mechanisms (N and P homeostatic indexes were 7.57
and 3.89, respectively). The N :P of foliage at the five sites was between 11.0 and 13.4. There may have been some degree
of N and P co-limitation of P. massoniana growth in the eroded red soil region. However, N resorption efficiency was
significantly lower than P resorption efficiency. This was related to P. massoniana nutrient use efficiency, nutrient
requirements for growth, and soil nutrient availability. In addition, there was a negative correlation between the ratios (C :N
and C:P) and resorption efficiency of one-year old foliage of P. massoniana. Furthermore, one-year old foliage of P.
massoniana substantially exhibited lower N and P use efficiencies as the C :N and C :P ratios increased. As such, more
nutrients could be resorbed. The opposite occurred when C :N and C :P ratios were low. Furthermore, the C:N and C :P
ratios of one-year old foliage of P. massoniana were negatively correlated with tree height and diameter at breast height,
respectively. This suggests that nutrient demands for the growth of P. massoniana affect the stoichiometric ratios and N and P
resorption. In brief, the N and P contents increased during the restoration process in degraded red soil ; in other words, this
explains the slow recovery and still relatively infertile status of eroded areas. The soil nutrients cannot sufficiently support
the growth of P. massoniana, which leads to relatively higher N and P resorption rates. Thus, in order to improve P.
massoniana forest productivity, we suggest increasing N and P fertilizer to increase soil fertility. This study helped to clarify
the nutrient cycling of P. massoniana woodlands by combining P. massoniana foliage C, N, and P stoichiometric
characteristics and nutrient resorption in a comprehensive and systematic manner. Therefore, it is important to manage the

ecological restoration of eroded red soil, and efforts improve the productivity of forest systems should be conducted.

Key Words: eroded red soil; P. massoniana; resorption efficiency; restoration years; stoichiometry; homeostatic
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1 #Rm7E

1.1 s MRS

WEFTREHA TR KT H HH4E (116° 18" —116° 31" E, 25° 33" —25° 48’ N) , 4K 300—500 m, 1%
it X b 5 AT 28 2 T eI R 2 KU X, AR R K T 24 1737 mm, AESRAE 17.5—18.8 °C | FH L5
1260 d, V-3 H FRI%L 1925 h, =10 CFUR 4100—5650 °C |, M AR (R RE AR ) BERGE L, BLA Mk &
HLPL BN ( Pinus massoniana) A MR TR 32 ii%ﬁtlj*ﬂﬁizﬁ%kﬁ%éll%,#ﬁ’»ﬁﬁ%ﬁﬁo

STy BRI [R] 9 5 EEASN R M S 57 T FAE, Ho, DIORIM BT ARG R A 7™ B 4= ik ( CK 1) FIR % 11 B ik
APR(CK2) Xt BR BE8R I R ET 7 1 25 A A H EARRERI IR 13 .30 33 4EEh A N TAK, 45 S50 b 2
T g FEASKE L+ 1) A A VA B AR b ( K1) o 320l B TR s 5 D) b BIS FRAY “ b b | A8 1
DIFRG A< /N SR W ——T AN N T P02 2.8 om, SR 1.9 m;2) ABE T (KK 13 a) . T 2001 4E14
PIWRSE , S AN VM4 8.9 em , V-IME 7.4 m;3) AKZRYG (KA 30 a) : T 1984 A9 TE, KV 15 54t R &
AR F ( Lespedeza bicolor) , #MELEEFF (Acacia mearnsii) |, T JG AT EZEE | D BAAEXIINE 16.9 cm , L
5 14.3 m;4) B HL (VK 33 a) . T 1981 4FIRHE, 4 R &M | i IE I 4% — & L WG SS i ( Digitaria sanguinalis) |
SOME L (Setaria glauca ) %5 5 F, P 2 B 3% Fp i) FOR R C AR 1R, JE R B A= K (9 15 H ( Dicranopteris
dichotoma ) %1 , FA 78 73 FE 2938 90% L b, B RN B M2 2 7.8 em, F-3H 5 6.7 m;5) K H XK AR
(CK2) : AT 47.5 em , FXEIRE 19.0 m, izt SR B ORI A R KUK M5 LUMEAE Tk, &
R 338 Mk/hm® . HAEEREA S LA A BAR AR LR 1,

F1 0—10 cm T E TIEEUMER
Table 1 Soil properties at 0—10 cm layer

BALEK , TIEAE
v PRIZAFIR . A N :

Al b 6 . Total organic . Soil bulk
. Restoration Total nitrogen/  Total phosphorus/ . pH

Plots location (2) carbon/ (/ke) (&/kg) density/

ears(a

’ (¢/ke) i o (/em’)
KT Laiyoukeng CK1 1.69 0.20 0.04 1.30 4.55
ABET Shibixia 13 9.83 0.60 0.12 1.30 4.44
7K#Yj Shuidongfang 30 11.44 0.68 0.09 1.32 4.63
% 1 Luodi 33 15.02 0.73 0.10 1.28 4.31
K 1 Dalukou CK2 21.32 1.38 0.12 1.21 4.28

1.2 REGBIT AL R

T 2013 4 8 A X AN[RIVK A AFBR 1) H RAMR AT 7 i A, BEDZE RN IR A H 1% 3 4> 20 mx20 m A7,
TERETT NS TR ARZ AT R ARKE R JE s Fh 4 A A Jebie ; AN Tl Pk & 4 BR A 2 FE A RS SR 4 iy 5 32
B BEHLLERE 7 FRase B 5 A, 160 6 5857 59 10 2R B P AL DU AN O 57 F0 b R S TR (A 4%, 0 ) R B —4E 0%
PRAERE I R (R R =4 R ) | 5] B U 3 S U 95 1) i A, R FH U 4 BBUARE 3 310 26 AR i 4% v I 80 A
0. TEREE N S TEAEH 5 MRES, FHE R 5 em HAHURE  BURETRBE H 0—10 em, IRA G I [ S48k
UFE b I FRIE
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¥ N P FR 5 R R i AR (1)

LR N(P)HBBRE (%)= (DEM—FHBTH N(P) & E-S RNt EErt N(P) & &)/ S BN

—AEHE I A N(P) # X100 (1)
R, 3 0 AR T S5 AN U 7 I NP AR WS AT i AR IS A — AR % i Z (8] B 352 53 6 78, 40 i LA =K (2)
M(3)
N(P)EBH (%)= (HRMPIFIRE A N(P) & & - R & N(P) & &) /D RS A
A N(P) & %100 (2)
N(P) R (%)= (G R E F N(P) & i - S M MR 5 N(P) & &)/ DR —4FE 4 R
N(P) & Hx100 (3)
PR TR HOH P R AR TR 1o [l D A AL (3) . y=ex” (4)

Hor,y s DA R N(P) B, x 2 R AY N(P) & i H B NS PERS R H(E s , s i i N R
5, 45 il TR AL RE 15

R SPSS 20.0 GEHH X BRI TEE T o3 B, 08 FH D B T7 22 70 LU AN AR AR FR S AR I - C
NP & feeg it IR RS R 9 22 5, 9 Origin 9.0 &1

2 HRMSH

21 HEMHKFCNPSE

AN PIAE I I AN Y8 2 ¢ AR N 497.7 o/kg Fl 506.0 g/kg, 43 Wl L —4E R M A C &
(481.4 g/kg) 151 3.4%F15.1% (P<0.05) , R H EMM F7E g2t B C S EARmEE, e 13 a 52
FA—4EI R C &S CK1 TR FH2E5, MIKE 30 a f133 a BEM—FRI A C &85 EMKT CKL, K
T RAMK AR R 3EIn, AT | C & it SV FREEH (R 2) .

L RN AR A YRI5 -2 N S 850508 9.0 ¢/kg F16.2 o/kg, Hb—4FE 88 N & (10.1 g/kg) 1%
10.9%F138.6% (P<0.05) . ¥k% 13 a F133 a BRI N S35 CK1 TR EEES . WE 30 a
LA A N ZrE A CK1 AN T 23.9%(P<0.05) , K5 30 a DR —4F# M N &840 CK2
TWFEXER(FK?2),

T WA AR RS I F R 95 2 P S 8439 0.6 g/kg 1 0.3 g/kg, 20 B HL—4E 3 F P &8 (0.8 o/
ke) Ik 25.0%F1 62.5% (P<0.05) , Yk 13—33 a LR —4F#0 A P a5 CK1 AT B % 22 57 (0 3%
T CK2 f—AF T B P i (R 2) , BRI  TER MR b4 R s A rp , S AR —AF IR B N P S
A EE SRS K B AR E i D N P SR AR (—F R AR A N P S
BISUEN NP SEEFEE) , FORETES,

2.2 HEMM R C:N.C:P N:P it

H AN —AF S AR I R A s e C N AR AR EE 73 01 38.1—54.9 44.3—66.7 Fl1 76.7—91.1, Hrfr,

P 13 a F133 a B9 B4 5 C:N 5 CKI1 M Lo E 2257, KR 30 a B EM S C:
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N k. CK1 B FFET 20.4% (P<0.05) , 1K 30 a —4E#M - C:N 5 CK2 ML B EMEZE F (% 3) .,

R2 DEMMHAK CNPZEEWL

Table 2 Changes of C, N and P contents of P. massoniana foliage

PRIZ AR IR —AER I T PIARIR I P&t
Restoration years/a One-year old foliage Two-year old foliage Litter foliage
A B CK1 487.58+3.62 a 502.91+7.75 a 492.83+0.77 d
Total organic carbon/(g/kg) 13 484.87+0.16 ab 503.30+0.25 a 518.60+1.07 a
30 477.56+2.88 cd 498.72+3.98 ab 504.58+0.35 ¢
33 481.03+1.31 be 493.08+1.77 be 509.10+2.78 b
CK2 476.06+£0.51 d 490.59+0.53 ¢ 504.91+0.24 ¢
A 481.42+4.84 497.72+5.73 506.00+9.29
A% Total nitrogen/ (g/kg) CK1 9.00+1.25 b 8.13£1.07 ¢ 5.58+1.16 a
13 8.86+0.54 b 7.55£0.32 ¢ 6.34+0.76 a
30 11.15+£2.01 a 9.47+0.77 b 6.50+£0.05 a
33 8.91+0.04 b 8.56+0.05 be 6.64+0.07 a
CK2 12.48+0.14 a 11.13+0.90 a 6.07+£0.09 a
MY Average 10.08+1.65 8.97+1.40 6.23+0.42
£ Total phosphorus/g/kg) CKI1 0.68+0.06 b 0.59+0.01 b 0.32+0.03 ab
13 0.78+0.01 b 0.62+0.04 a 0.25+0.00 d
30 0.84+0.19 b 0.59+0.06 a 0.29+0.00 ¢
33 0.81+0.03 b 0.62+0.01 a 0.35+0.01 a
CK2 1.08+0.03 a 0.68+0.10 a 0.32+0.00 be
FHIE Average 0.84£0.15 0.60+0.08 0.31+0.04
SRR ARG SRR FROROR IR A AR BR 22 ] 22 544 12 3 (P<0.05)
R3 DEMMAE C:INC:PN:PLFEITELLTR
Table 3 Changes of C :N, C:P and N :P stoichiometry ratios of P. massoniana foliage
PR AR AR TARH I ER
Restoration years(a) One-year old foliage Two-year old foliage Litter foliage
C:N CK1 54.90+7.67 a 62.61+8.33 a 91.08+20.52 a
13 54.89+3.26 a 66.73+2.96 a 82.64+9.69 a
30 43.71+7.30 b 52.90+4.42 ab 77.66+0.66 a
33 54.00+0.39 a 57.61+0.50 ab 76.66+0.92 a
CK2 38.14+0.39 b 44.28+3.62 b 83.18+1.27 a
FH{H Average 49.13+7.75 56.83+8.73 82.24+5.73
C:P CK1 716.46+67.14 a 1058.75+£37.74 a 1528.13+141.63 cd
13 621.90+6.99 ab 786.07+44.65 b 2054.23+13.91 a
30 589.04+122.53 b 850.54+92.77 b 1738.80+20.98 b
33 594.28+17.13 b 789.21+14.25 b 1443.19+94.37 d
CK2 439.52+13.36 ¢ 729.79+105.67 b 1588.86+7.96 ¢
FHI{E Average 592.24+99.56 842.87+128.02 1670.64+240.06
N:P CK1 13.12+0.92 a 17.07+1.83 a 17.27+3.56 ¢
13 11.36+0.82 b 11.81+1.53 a 25.08+2.86 a
30 13.41+£0.62 a 16.10£1.62 a 22.39+0.43 ab
33 11.01£0.40 b 13.70+0.22 a 18.82+1.01 be
CK2 11.53+0.47 b 16.68+3.76 a 19.10+0.35 be
A Average 12.08+1.10 15.02£2.24 20.53+3.15

SERME AR IERE , AN [/ NG FRER R A R PR S AR R =2 [0] 28 531 48 3% (P<0.05)
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TN —AF I PIAR I R R v it C s P AR AL R B 23 1 Ol 439.5—716.5.729.8—1058.8 Fll 1443.2—
2054.2, I 13 a LRI —4EWE I 1 C:P 5 CKI1 AR TE W35 22 5% 11 30 a F1 33 a BRI —4FEIRH C:P 5
CK1 I/ R T 17.8% A1 17.1% (P<0.05) ,30 a 133 a D4R F C:P M BEFT CK2(%£3),

AN —AF IS ARSI R P i N P AREIREE 23 o 11.0—13.4 11.8—17.1 F1 17.3—25.1, K&
13 a 133 a —4F#4M H N P ML CK1 200 F R T 13.3% 1 16.0% ( P<0.05) 7% 13 a F133 a —4FEIT A N
P 5 CK2 Tl M2 5 (HIKE 30 a —4F# A NP HIB 5T CK2(F£3).,

23 DM R N PR RRE

T 7 I R — AR e 22 BT N SRS RN 36.9% KA 13 a F130 a B N #485R 5 CK1 I 23522
SR 13—33 a 19 N RS RAM L CK2 43 5IMIK 44.6% 21.1%F1 50.8% ( P<0.05) (& 1A)  BfiPk 5 47 KR 125
b, PITE I FI— ARy Z )Y P RS AR AN R, YIE R 62.3%, K52 33 a YL RRAAARIY P A2 RS A0 1L
CKI W EZES EZ 13 a F130 a Y P 55K A HL CK1 4353480 T 28.6% Al 22.1% ( P<0.05) (& 1B)

) B (2) IE)
60 r 80 ~
A
ab b a B a a ;_
1 )2 - ™1a e b
£ g5 tbe < 60 Mo ° E
g . Aab %2 & % 20
= : 5E 7K
£ g
B2 30 4 - d, ;%;E 40 A4 o ab
JL:% g 2 & g bc
§D a i a i Mﬁ ¢
= 15+ & 20 H
“ £
b
0 0
CK1 13 30 33 CK2 CK1 13 30 33 CK2

R E 4FFR Restoration years/a

Bl1 DEMIHE NPEBE
Fig.1 The N and P resorption efficiency of P. massoniana foliage
P b (1) FOR TR IR —AR R v Z [ N(P) #eRg 28 (2) Fon i - FIBIAR IR i Z A N(P) ¥ F3, (3) Fon PIARE I A1 — 4RI i
FrZ M) N(P) ¥R, AR IR/ING FEEFRR N AR AF BR 2 18] 22 57 . % (P<0.05)

F4 UEHELEIEMRNE MENMFLIRBHXER

Table 4 Correlation among stoichiometry ratios and tree height, DBH or nutrient resorption of P. massoniana

—AE I A C:N —AFR T C 2P
C:N of one-year old foliage C :P of one-year old foliage
ZePEJT 2 Linear r P M Linear r P
P Tree height/m y=-0.62x+40.337 0.824 <0.000  y=-0.047x+37.548 0.796 <0.000
Jf§#% Diameter at breast height/DBH/cm  y=-1.576x+94.195 0.790 <0.000  y=-0.126x+91.417 0.810 <0.000
AR N resorption/% y=-0.9047x+81.307 0.711 0.003 — — —
WEE R P resorption/ % — — — y=-0.056x+95.467 0.778 0.001

KPR RITR TN I —AER T i Z A N(P) FeRg R

AN TR S AT BR A i Vit R AR S I e Z ) Y N e R 3822 Rk /N (I8 TA) o T I TR A 8 1 e 22 T
1) P 752805 Sl 5 IV i R — AR i R 2 ] P AR RS SRR (8] 1B) .

PIAE IS FN—AFE W8 I Fr Z [RI Y N 56 RS BER S AF B B9 3 A2 AL AN O, LU P it Fn— 4RI Iy Z [ Y N 5688
FAK 69.8% (P<0.05) , YK 13 a F130 a BPAFIEFI—AF 80 R Z B N B %S5 CK1 CK2 M Tt B 3%
PEZES KIE 33 a I PEAE I FI— AR I 2Z (] 1Y) N 6 A% 5 B 3 e IX , X nT g S AW AEAS R B B B B 3743
FERS PR A L (E 1A) . PRAEIR A —4EI I 2 [BIfY P A8 R EL TR A —AR I | 2Z TRl (Y P 35 R R 1K 56.
2% (P<0.05) , CK2 PHAFIFI—AF W0 2Z (B 1) P #6 R R 0 i m (B 1B) .
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WL AR AR RIS Z [ B N(P) 56753 SUARR I 5 AN it i 7E s R T th R A= 57
GRS ARUR R IR IR R R B SR R AEAETIVE T, PRV IR — AR I Z (B0 P A R I 3 8 T N 4%
A, BHE R C N C P N, 5 AN R —AR 38 i B Z (B N P 535585 5l 22 2 T B
(P<0.05) , Uil C:N C:P By R/INATREFE TG 5250 56 A 200 Sk, TR TS B AR & A A2 LU A v JL A 6T R
(CK1) 328 hn (REHMEAL P ) R LR PR R B0, C N B C =P e SR M i 535 7R 56 56 & (P<0.05)
(F£4),

24 SEMM SRR

R —AFRE R N P a5 5 N P &R B IEMIESCR (B 2A FIE 2D) ; {750 N P &
315 5N P S EAHDE(E 2B M 2E) ;N P #E RS54 HIBE 3 N P & &= 19 T i 7 (& 2 AE
2F) , BPFEY)- e R AL R B — 2tk . RN R AR y = ox " RIS BT TR, — AR A NP N R
PEFREr 5 7.57 (B 2A) F13.89 (&1 2D) , R H A A PE R, i N TR AL BE ST L P ST,

E_ 14 8 60

%'ib 5 0.1321 E\O

23 »=10.622x" . o = y=13.296x +27.294
ﬂ“ﬁgé” Ll r=0517 . WE® 7 250t =049
] P=0.048 £E3 o % & «P=0.060
=52 H=1757 K3 2 w3 .
% 2o . . + §= 6 r 2 40}
HEZ 10} < & 22 ' & = .
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