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Nitrogen addition exacerbated phosphorus limitation of plant growth in a secondary tropical
montane rainforest of Hainan. YOU Huimin'?, CHA Suna!, WU Guilin!, CHEN Dexiang?,
ZHANG Tao®, KUANG Yuanwen*, WU Jianhui!, ZHOU Zhang'" (* Research Institute of Tropical
Forestry, Chinese Academy of Forestry, Jianfengling Long-term Research Station of Tropical
Forest Ecosystem, Guangzhou 510520, China; > Nanjing Forestry University, Nanjing 210037,
China; * Experimental Station of Research Institute of Tropical Forestry, Chinese Academy of
Forestry, Jianfeng 572542, Hainan, China;  South China Botanical Garden, Chinese Academy of
Sciences, Guangzhou 510520, China).
Abstract: Human activities have changed the availability of nitrogen (N) and phosphorus (P) in
soil, which potentially affects nutrient cycling of ecosystems. To explore the nutrient limitation
status of different forest types, we evaluated the response of soil and plant community foliar N and
P contents to N, P and NP addition in an 11-year continuous fertilization experiment in both
primary and secondary montane rainforests. We found that (1) N addition had no significant effect
on soil and foliar N and P contents in primary and secondary forests. In contrast, P addition
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significantly increased soil available P contents but had no effect on foliar N and P contents in
both forests. (2) Foliar N:P ratios were higher than 16 in both forests in CK treatment. Foliar N:P
significantly decreased after P and NP additions in both forests. N addition significantly increased
foliar N:P of the secondary forest, but had no effect on foliar N:P in the primary forests. (3) Soil
available N and available P significantly correlated in secondary forest, but showed
non-significant relationship in primary forest. In contrast, there was a significant negative
correlation between foliar N:P and soil available P in both forests. In summary, our findings
indicate that phosphorus is the limiting factor for plant growth in tropical mountain rainforests. P
addition could effectively alleviate P restriction. In addition, N addition aggravated P limitation in
the secondary forest but not in the primary forest. This study provides an important reference for
the nutrient limitation pattern of ecosystems in the context of global change.

Key words: nitrogen addition; phosphorus addition; tropical rainforest; nutrient limitation; N:P
ratio.

(N FgE (P ZHEMAEKMLTRIGER, HIAIHemiE) AR, HRurs
B RGHLEFAIThE (Zalamea et al., 2016; Vitousek et al., 2010; Wright, 2019; Du et al., 2020;
Hou etal., 2020) . N JTBERIDIEIAN P AER R EATHIINE 7 A% N M P ENES RS, HZ
WA A B RGBT (Galloway et al., 2008; Liu et al., 2013; Pan et al., 2021) .
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Table 1 Basic characteristics of stands (mean4SE)

FEH S a4z e SR RS o 6 v B T AR TR 55 v DT TR I:M.a
Plot DBH (cm) Tree height (m) Selected species' BA (cm?) Plot total BA (cm?) R(Oa/tl)o

0
CK 15.32+.12 18.7+1.86 12175.7943494.28 14673.1143742.07 83.0
/LN N 14.8540.99 19.3+.10 16682.54+1079.52 19305.46+1742.96 86.4
Primary forest P 15.76%0.95 19.3+1.06 11190.3542241.39 14984.09+1854.92 74.7
NP 15.25+1.02 17.540.89 18048.8243631.63 20758.2942445.49 86.9
CK 14.9340.71 17.740.60 14819.21+1229.88 19476.7241908.28 76.1
KA N 15.3840.71 17.140.20 18456.46+1849.48 23593.70+1186.33 78.2
Secondary forest P 15.334.75 17.8+1.22 11186.28+1908.39 15741.83+1657.45 71.1
NP 14.4740.76 18.6+1.59 15226.474717.85 20674.54+1282.06 73.6

T 2 EUAR g SRASE AR T ) i B T A 5 A5 M G v T TR AR 2 L
Note: The ratio in the table is the ratio of the breast height sectional area of the sampled tree species to the total breast height sectional

area of the plot.
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(One-way ANOVA) , F/Ng#EZ R (LSD) BHTZ E L, bk EIA M AR ARk
Bt NS P & &M NP 5EAM N PIRIKR; A 78 SPSS 26.0 Bk Hidt4T, i
K H Origin 2021
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2.1 N P SIS R ARFA 0 A bR - 18 A i 1 52 T

N. P Al NP Zsinx AR AR A R34 N BR8N K& pH BB EMEEm (R2) ,
IR, N RIS PR AR AR 38 4 P JC B R (H P A NP ARS8 38 T B A AR IR AR
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£2 0-10cm HBEEAFLE TR pH XN, P EE CPHEHRMER)
Table 2 pH, N and P contents of 0-10 cm soil under different treatments (mean3SE)

bk b ) K HREA A pH
Forest type Treatment Total N Total P Available N Available P
(9 kg™ (9 kgt (9 kg™ (mg kg™)
LGRS CcK 1.55+40.16 0.1440.02 0.1420.02 2.4840.65¢ 4.7840.13
Primary forest N 1.67+40.36 0.140.03 0.1740.02 2.54+40.90c 4.7340.13
P 1.5040.25 0.2240.02 0.1420.02 12.03+1.48a 4.8240.09
NP 1.7140.20 0.1940.03 0.160.02 6.2340.44b 4.680.06
WM CcK 1.8540.07 0.1540.02ab 0.180.01 1.6540.21b 4.5040.14
Secondary forest N 1.6840.11 0.1340.02b 0.1849.02 1.8440.27b 4.39140.09
P 1.4940.12 0.1940.01a 0.1520.01 7.1141.88a 4.4630.07
NP 1.7040.04 0.2020.02a 0.1620.01 8.3041.10a 4.4240.09

*: ARFEERRE— MR BUA R LB ) B2 57 (P<0.05) o FEA%L N=24
Note: Different letters indicate significant differences among different treatments of the same forest type (P<0.05). Number of samples

N=24

2.2 N. P RIONT GG ARRI B NS P 3 80 N:P 5200

JRAEMRANR AR NS P S BT 4308 13.01~16.24. 0.49~0.62. 12.49~14.09.
0.43~0.52mg g%, N. PFINPAIA AR ER I 7 Ny P& &R AR R EMEREm . R
IR 7 N:P 284036 Bl 23 51 21.97~30.03. 24.29~32.46. 5 CK AL, N 7R b R aa ki
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N:P B —3, PR ERRC 7 IR RS 5 NP (& 1)
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Fig. 1 Effects of N and P addition on foliar N and P concentrations and N:P ratios of different forest types
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Note: Different letters indicate significant differences among different treatments of the same forest type (P<0.05).
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3.1 JFURMAIRAEMI B N &5 Ny P @ In i

JRAGARFOUR A AR BERE I N &2 8 14.42 F1013.73 mg g, (KT 4Bk (201
mg g F4E (18.6 mgg™D KIHEYIMH A N & & (Reichetal., 2004; Han et al., 2005) . &
AR, M2 N B8R R K SN P, BT AR R XA T4
PSR AN e R B 5 v R AT RAR, ORI e N2 B A IS (Tang et al., 2018; Mao et al.,
20200 . N. P Al NP RIS ARN FUAMRARAM N & &R R E g, X S5EEE
TN 13 4R N P I INsEEe 45 3 —5 (Mayor et al., 2014) . 1] GE /T g #AH L it 5 AR
PRy E A CREFE/KE 2449 mm) , SEESEIN N AEH B 38 N s R R ™8, PRI,
N IR R E I AR N S8 (R 2) ; b, £ N SEMNIERARE, EYa
AP N i fE 77, N AL P s InF AR N, BRI Ny P SIS0 N & &
PR EF (Mao etal., 2018) . Mao %5 (2021) &8, 7 N WA HRKE, HY)
N & E—EAATHEKT, NP ERMASEMES AN S&. Rk, HAMAuEdE s,
L BnE) BIRGIRRTREIEAG AN N TR R, FEN WIS E AN S &2
oM. N, AE S DI AR IR N SL e 45 R, IInER (KD JoER SRR AR
AR N GRG0 (Wright et al., 2018)
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mg gt 4 (1.21mgg™ MEYNH A P & & (Reich et al., 2004; Han et al., 2005) . iX
AT AT X BRI AP F 8 (R 2) | BUIRIIFR I i 2 DL AR I
WRVAVE 53R 1505 fMIE . (Reich et al., 2004; Tang et al., 2018) . Wit EW, WWEH—
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3.3 JRAAFRFNAEMRI NP T NS P By i 2

N:P IE B °T LA SR F e iR 76 57 2 BRI 262, 64 N:P>16 I, HEA K2 P IR
fil; FEA) 14<N:P<16 I, HYAKZ N F P IL[EIFREEAZ A TR #Y N:P<14 B,
A K2 N 4] (Koerselman et al., 1996) . A7, JRAGFA AT AL
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I 7 R AEAMRATR AR B B NP, R B P U] AR A K 1) PRI, H NP @ P
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