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Growth and Nutrient Response to Phosphorus Addition of Different
Modified Tree Species in Acacia mangium Plantation
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Abstract: Acacia mangium is an important fast-growing tree in South China, but mature forest shows phosphorus
deficiency which may reduce forest efficiency, so it needs to be reconstructed. Phosphorus, including four levels
as control treatment (CK), low phosphorus addition (LP), medium phosphorus addition (MP), and high
phosphorus addition (HP), were added into two forest reconstruction mode, such as M1 (Ormosia pinnata +

Castanopsis hystrix + Cinnamomum camphora + Magnolia glauca) and M2 (Michelia macclurei + Carallia
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brachiata + Schima superba + Mytilaria laosensis) in a mature A. mangium plantation of Longyandong Forestry
Farm of Guangdong Province. The growth and leaf nutrients of the modified tree species were measured after 39
months. The results showed that the total biomass of M1 species was the highest in MP (29.91 kg), and that of M2
species was the highest in HP (29.98 kg). The biomass of Michelia macclurei, Carallia brachiata and Mytilaria
laosensis was the highest in HP, which was 5.97, 10.3 and 10.69 kg, respectively. The biomass of Ormosia
pinnata, Castanopsis hystrix and Magnolia glauca was the highest at MP (5.12, 6.91 and 11.46 kg, respectively),
the biomass of Cinnamomum camphora was the highest at LP (10.4 kg), and the biomass of Schima superba was
the highest at CK (4.45 kg). The average phosphorus content of leaves of M2 species was higher than that of M1,
but the average N:P in leaves of M2 species was lower than that of M1. Therefore, the phosphorus addition
increased the phosphorus content and decreased N:P in the leaves of all modified tree species, which provided a
scientific reference for the phosphorus addition gradient and the selection of modified tree species in mature A.
mangium plantations in South Asia.

Key words: Acacia mangium; Plantation; Phosphorus addition; Forest reconstruction; Tree species growth; Leaf
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Fig. 1 Basic information of plots. A: Process of plot establishment; B: Plot diagram. CK: Control; LP: Low P; MP: Middle P; HP: High P. M1: Castanopsis

hystrix+Magnolia glauca+Cinnamomum camphora+Ormosia pinnata; M2: Carallia brachiata+Michelia macclurei+Schima superba+Mytilaria laosensis. The

same below
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Table 1 Biomass calculation parameters of various organs in subtropical evergreen broad-leaved forest

% Organ a b H1 Z3L Correlation coefficient (2) F£1% Basal diameter (D, cm)
“F Trunk 0.1239 0.7367 0.92 <10
1% Branch 0.0564 0.6844 0.92 <10
M Leaf 0.0239 0.6423 0.92 <10
R Root 0.0248 0.8021 0.92 <10
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Table 2 Effect of phosphorus addition on biomass of tree species in M1

I 0 R 28 ELAE FH G AS [ e 455 = ot (0] A 4 2
T E M . MO S M Bk E, 5 CK AL,
BRI 6 2022 4 12 H (7T AR B R 2 3
2022 412 H, 5 CK AL, LP FFK T 204t KoK
M R A TIRRISE SRR AR, HP PRI
TGO AR, BRRINBEE T AR
Ve AT AHERKARER Y EE MP
B, AN 5.2 6.91 Fl11.46 kg; BRH &5, 17
TR RN FESE R AW AR HP B, 70 38 5.97.10.3
F110.69 kg; HEM [ 2EPEAE LP B, N 10.04 kg;
KA A EAE CK fefmr, A 4.45 kg M1 B
PSRV EAE MP B, 4 29.91 kg, M2 B
MAEIELE HP £ 5, N 29.98 kg
2.2 XM AR EREE B

MUK 2T 24T R, BRI SogAt b
PR 110 22 TEL A FH ¥ 3 3 5 e 503 N R e o
&, BAINEERESUENA T A S E, PR
T RA 3 A X P A8 B A R A S 2 R T s A el 1)
RS R (R 4).

MAFEIE [ERE S AHEE 2020 4212 H, 2022
S5 12 H B SOE R B R S S AN R TS I P
[y SO AR MAFISUERARE, M2 15
PRI~ P B S B AR 2020 4 12 A AT 2022 4
12 A XA ma N 38 2 2% T ML (B 2), o lke
M1 BB )80 & s 39.11%40 23.81%.

I ] psiil AN AR TR IRAE SR
Time (Y-M) Treatment Ormosia pinnata Castanopsis hystrix Cinnamomum camphora Magnolia glauca Total
2019-09 CK 0.15+0.01 0.09+0.01 0.15+0.02 0.18+0.02 0.57+0.04
LP 0.16+0.03 0.09+0.01 0.17+0.00 0.16+0.02 0.57+0.04
MP 0.16+0.01 0.08+0.01 0.17+0.05 0.20+0.05 0.61+0.11
HP 0.16+0.01 0.07+0.02 0.14+0.03 0.18+0.02 0.55+0.07
2020-12 CK 1.38+0.14 1.3940.11 1.77+£0.17 2.44+0.59 6.98+0.25
LP 1.3940.29 1.10+0.20 2.24+0.20 1.79£0.05 6.52+0.33
MP 1.47+0.32 1.27+0.19 2.01£0.56 2.98+0.86 7.72+1.88
HP 1.11£0.09 0.85+0.24 1.92+0.33 2.26+0.50 6.14+1.13
2022-12 CK 4.94+0.38 6.11+0.52 7.14+1.04 7.33+1.52 25.5240.55
LP 4.96+1.54 5.26+1.04 10.04+0.93 5.44+0.83 25.70+1.64
MP 5.12+1.34 6.91+0.70 6.43+0.90 11.46+4.55 29.91+6.97
HP 4.84+0.44 4.52+1.11 7.45+1.36 10.24+2.14 27.06+4.54
P A ns ns ns ns ns
T ek seskeok ckck ek eskosk
AXT ns ns ns ns ns

n=3; A: WA, T: PUER[A]; ***: P<0.001; **: P<0.01; *: P<0.05; ns: P>0.05. KA

n=3; A: Phosphorus addition; T: Measurement time; ***: P<0.001; **: P<0.01; *: P<0.05; ns: P>0.05. The same below



Hol RSy A RN TR [) et A O i 16 2 A A R 23 X B R 0 1 7 741
R 3 BRANIIXT M2 BOE R A B ) 50
Table 3 Effect of phosphorus addition on biomass of tree species in M2
I ] AbE g (O REE) A PEEE S PR
Time (Y-M) Treatment Michelia macclurei Carallia brachiata Schima superba Mpytilaria laosensis Total
2019-09 CK 0.20:0.02 0.25+0.06 0.18+0.02 0.15+0.02 0.77+0.12
LP 0.20+0.02 0.24+0.01 0.18+0.02 0.12+0.01 0.74+0.05
MP 0.22+0.01 0.28+0.04 0.18+0.01 0.15+0.03 0.82+0.07
HP 0.24+0.01 0.29+0.03 0.19+0.00 0.17+0.01 0.89+0.04
2020-12 CK 1.71£0.47 2.68+0.45 1.18+0.61 1.82+0.74 7.39+£2.19
LP 0.97+0.10 2.34+0.06 1.11£0.15 1.62+0.30 6.05+0.49
MP 1.52+0.28 2.66+0.15 1.2540.32 1.83+0.13 7.26+0.12
HP 1.73+0.26 3.24+0.36 1.10+0.19 1.83+0.39 7.91+0.94
2022-12 CK 4.79+1.25 7.78+0.75b 4.45+2.74 9.2143.53 26.23+8.06
LP 3.02+0.47 6.54+0.80b 3.26+0.85 8.74+1.26 21.56+1.70
MP 4.59+0.57 8.27+0.05ab 4.30+1.61 9.61+1.32 26.77+£2.48
HP 5.97+1.04 10.30+0.68a 3.02+0.67 10.69+1.70 29.98+3.03
P A ns * ns ns ns
T ko k%K kk sk skkok
A*T ns ns ns ns ns

AN [E] VRIS IR BE SR, BRI % 2020 4 12
HRER RS A 2022 4F 12 A SR RIS B
Wi fi 3 s RN 2020 HELLHE. A S E AT
PRSP B 2022 4F 12 AATH M A A RN
B3 BRI 2020 4E 12 H A1 2022 4F 12 H EF
BRI I B R A e s BV Al X
2022 4F 12 F LR FRE A BB R .
CAC I AR e sk S ) S T 1 i N A SRR TR
2020 4F 12 H, M1 BECFTE B i 2 S 21
W 5 B A I FE R B I e BRI JS B s 7E 2022 4F
12 A, M2 B AW Rl 0 i 08 B 38 B A
FERIIN e EAJE N, B TRRA S, HARK Y
I 5 kAN T A P 6 A v 348 0
2.3 X BREBE LR TR

MR R T Z AR, BN, SusEiibl &
W3 1) 22 EAE FH 380 5 355 2 M) 50368 R 1700 P 5 G
EE(C:N), B AN T . 255 2 M s o o 1100 P i e L

R4 BEASINAMR S OGRS B R B 2 T AR R (F {8)

(C:P)FNZUR LL(N:P), ot 15 =X S5l 25 5 1) LSO A% P )
A N:P, B A 0 A0 s 5 o i 58 A FH O 3 s e
HUBER AR C:P (R 4).

FIEE 2020 4 12 H, 2022 4 12 A SoswRr
T U A 27 T 8 TS A [R] 98 9 o s 170 i I 7 4%
BN o WA FSUERE KRG, M2 152 2
PRSI B CoN AR 2020 45 12 H S5l 7S I i) vie) 87 42
ZET M1 (B 3), 5 32.05%; M2 B Rl o
Bk Fr C:P 7E 2022 45 12 H % i s m 6 i o7 5 25
ST M1, MK 11.23%; M2 #2200 A~ 25 it
N:P 7E 2020 4 12 1 2022 4 12 H %3 o i
i3 EACT M1, 40 K 25.51%F1 15.84%. M
ANE VB INBE FERE, 7R 2020 4F 12 A, BEA
IR 2 SEAIAT T B i e C:NCAIL C:P BL K%
SERMI A NP S B fE 2022 4F 12 A, B
IRANRHAT R I C:N S B3, B IRt 4r
HE. RERE. AT ORATHIE A C:P ORI N:P 52

Table 4 F value of phosphorus addition, reconstruction mode and their interactions on C, N and P stoichiometry in leaves

ZH BRI (A) HoEHE (B) AXB
Parameter Phosphorus addition Reconstruction mode

C 0.381 2.687 1.086
N 5.513" 3.357 3.426"
P 16.163™" 18.475™ 4.121™
CN 6.834"" 9.966" 4.843"
C:P 14.856™" 1.916 3.808"
N:P 16.712™* 25257 2.178
df 3 1 3
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Fig. 2 Effects of phosphorus addition and forest reconstruction on C, N and P concentration in leaves. A: P addition; ***: P<0.001; **: P<0.01; *: P<0.05; ns:

P>0.05. The same below
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Fig. 3 Effects of phosphorus addition and forest reconstruction on C, N and P stoichiometry in leaves
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Table 5 Correlation between biomass of tree species and C, N and P stoichiometry in leaves

¥ Species C N P C:N C:P N:P

45 Ormosia pinnata 0.194 0.304 0.119 -0.363 -0.232 0.002
ZIHE Castanopsis hystrix -0.225 -0.373 —0.053 0.093 —-0.162 —0.255
W Cinnamomum camphora —0.056 —0.252 0.242 0.171 —0.400 -0.587"
IKAE Magnolia glauca —0.333 —0.116 0.201 —0.017 —-0.280 -0.397
&5 Michelia macclurei —0.080 0.012 —0.035 -0.215 —-0.160 -0.070
YI¥5® Carallia brachiata -0.279 —0.240 -0.101 -0.083 -0.206 -0.156
ARG Schima superba 0.093 —0.033 0.019 —0.085 —0.112 —0.116
FERR Mytilaria laosensis 0.077 0.467" 0.054 -0.467" -0.233 0.302
M1 -0.145 -0.093 0.162 -0.042 -0.268™ -0.321"
M2 —-0.197 0.119 0.113 -0.270™ -0.266"" —0.145
SRR All -0.165" 0.032 0.114 -0.184" -0.260"" -0.205™
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