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Abstract: Ecological stoichiometries of leaves and roots are important factors responding to nutrient-limited soils,
however, the patterns of needle leaves and roots in different age and density stands of Pinus massoniana plantations are
unclear. To determinate the trends of needle leaves, roots, and soils and relationships between the three parts in these
plantations, we selected total eight stands [ including four age stands (young stand, half-mature stand, mature stand,
and over-mature stand) and four density stands (low density, medium density, high density, and over-high density) ] as
the research object and measured C, N and P concentrations of needle leaves, roots, and soils in Zhenlong forest farm of
Hengxian county, Nanning, Guangxi Zhuang Autonomous Region. The results were as follows: (1) N : P ratios of
needle leaves in all stands were higher than 16. (2) The C concentrations of needle leaves increased and then
decreased, and the C : N ratios, C : P ratios, and N : P ratios slightly (insignificantly) increased with the increasing
stand ages, but the N and P concentrations were opposite. The C and P concentrations and C : N ratios of roots increased
with the increasing stand ages, but the N concentrations, C : P ratios, and N : P ratios were the highest in young
stand. Additionally, the C and P concentrations of needle leaves were the highest in mature stand, but the two
parameters of roots were and relatively the highest in this stand. (3) Moreover, the highest P and relatively the highest C
and N of needle leaves were found in medium density stand, as well as lowest C : P ratios and N : P ratios and relatively
lowest C : N ratios. Simultaneously, the C, N, and P concentrations of roots were higher in medium density stand than
in other stands, but the C : N ratios, C : P ratios, and N : P ratios of roots were opposite. (4) Root nutrients
(especially P) of P. massoniana dramatically changed further than those of needle leaves in different age and density
stands, as well as the relationships between root and soil nutrients. Our results suggest that P. massoniana is limited by
P, and then, fertilization and management of phosphate in young stand and the appropriate density stand ( medium) will
be beneficial to relieve the P limitation in southern Guangxi.
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Table 1  Plot properties in the eight stands of Pinus massoniana plantations
4 A B /AN i 4 o . X
o e 5% Wor i BRSO BIR R
. Stand age The year of Altitude .
Stand Stand type Serial number . Soil pH Forest management
(a) afforestation (m)
G EZE 4 AF1 6 2012 334 4.11 B
Different age stands Young stand Weed control
SR AF2 17 2001 351 4.14 EAEE
Half-mature stand No forest management
FLEBR AF3 32 1986 262 3.98 EARIE
Mature stand No forest management
i Bk AF4 58 1960 315 3.72 EARILE
Over-mature stand No forest management
AT % BEAR G 25 B DF1 21 1997 438 4.04 CAREE
Different density Low density stand No forest management
stands o B b DF2 21 1997 451 4.06 EAREHE
Medium density stand No forest management
145 2 SR DF3 21 1997 450 4.01 S
High density stand No forest management
R 1R AR DF4 21 1997 442 4.04 EAEHE

Over-high density stand

No forest management




9 ] 8 H WA . O [RRRIS T By AN N TR i FIAR 2R i AR Ak 27 T R R A 1501
x2 BEEMAIMHKN\FHKRSHNIECNPIERHEIE
Table 2 Soil C, N and P concentrations and its ratios
in eight stands of Pinus massoniana plantations
pi-R=" i AR 54 R X R
s we HREAR s s C N Hfii C: P gl NP
Stand Serial SOC Soil TN Soil TP C N rati C:P rati NP orati
! mumber (g - k') (g~ ke") (g ke") S o o
AN [R] #4 pA AF1 26.02 + 1.25 ab 1.79 = 0.11 ab 0.22 £ 0.02 a 14.65 + 1.31a 121.04 + 10.92b 8.43 +1.23 b
Different age
stands AF2 3291 + 1.98 b 2.14 £ 0.09 b 0.48 + 0.01 b 15.34 £ 0.28 a 69.13 £ 2.72 a 4.50 £ 0.10 a
AF3 23.82 +1.20 a 1.45 + 0.07 a 0.32 + 0.02 ab 16.37 + 0.16 a 74.29 £ 3.03 a 4.53 £ 0.14 a
AF4 3435 + 491 b 1.77 £ 0.31 ab 0.48 + 0.13 b 19.78 + 1.75 b 79.14 + 14.54 a 3.95+0.42 a
SEH(E 29.27 £ 1.79 1.79 + 0.10 0.37 = 0.04 16.54 = 0.76 85.90 + 7.37 5.36 = 0.61
Mean
ENEEJEV N DF1 22.50 £ 0.22 a 1.40 + 0.08 a 0.38 £ 0.04 a 16.15 £ 0.75 a 60.36 £ 5.63 a 3.72 £ 0.19 a
Different density
stands DF2 28.32 + 1.80 b 1.59 £ 0.11 a 0.50 + 0.12 a 17.87 £ 0.15 ab  62.62 + 12.05 a 3.50 = 0.67 a
DF3 30.18 £ 2.36 b 1.64 = 0.16 a 0.45 £ 0.01 a 18.49 + 0.45 ab  66.75 + 6.85 a 3.63 £+ 045 a
DF4 30.31 £ 1.85 b 1.51 £ 0.15 a 0.39 £ 0.05 a 20.29 + 1.50 b 78.60 = 5.71 a 392+ 043 a
S H44E 27.83 = 1.21 1.53 = 0.06 0.43 + 0.03 18.20 = 0.58 67.08 = 4.02 3.69 = 0.20
Mean

T B =PI bR R . R /NG B IR S [ bRl 28 AR ) A9 7 22 5 . 35 (P< 0.05)

Note: Value=x= s.. Different lowercase letters indicate significant differences among different age stands or density stands (P<0.05).
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Different lowercase letters from the bar chart indicate significant differences among different age or density
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K 1

stands (P<0.05). The same below.
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C, N and P concentrations and its ratios of needle leaves and roots

in different age stands of Pinus massoniana plantations
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Table 3 Correlations of nutrients and ratios between needle leaves and roots in

different age and density stands of Pinus massoniana plantations

s E(EL7D biks WA bickon WC:N wmc:p WN:P

Stand Parameters Roots C Roots N Roots P Roots C : N Roots C : P Roots N : P

AN [R] £ C Needle leaves C 0.232 -0.569 0.243 0.587 = -0.378 -0.49

Different age

stands £+ N Needle leaves N 0.229 -0.291 0.063 0.252 -0.006 -0.071
£+ P Needle leaves P -0.36 0.258 -0.464 -0.2 0.508 0.476
£FIf C : N Needle leaves C : N -0.125 0.02 0.04 0.011 -0.141 -0.131
£t C : P Needle leaves C : P 0.348 -0.308 0.491 0.256 -0.523 -0.502
£ N : P Needle leaves N : P 0.45 -0.367 0.498 0.304 -0.49 -0.481

ENEEE £+ C Needle leaves C 0.234 -0.251 -0.723 0.355 0.637 = 0.25

Different density

stands £F 1 N Needle leaves N 0.494 -0.243 0.076 0.219 0.051 -0.172
£ P Needle leaves P -0.361 0.231 -0.211 -0.093 0.117 0.272
£ C 2 N Needle leaves C @ N -0.393 0.177 -0.234 -0.131 0.095 0.219
£ C : P Needle leaves C : P 0.217 -0.147 0.116 0.025 -0.076 -0.173
£t N ¢ P Needle leaves N : P 0.321 -0.155 0.209 0.024 -0.127 -0.219

T s FORARMELE KR 0.01; + FORMCHE R F KT 0.05 (BB ) . T,

Note: #** means correlation is significant at the 0.01 level; * means correlation is significant at the 0.05 level (2-tailed). The same

below.
F4 AERBRDEMIHMRRESTIENFSRELENEXE
Table 4  Correlations of nutrients and ratios between needle leaves and roots and
soils in different ages of stands of Pinus massoniana plantations

izt AT LR TSR TS +HEC:N +HEC:P +HEN:P
Parameter SOC Soil TN Soil TP Soil C: N Soil C : P Soil N : P
£ C Needle leaves C -0.344 -0.514 -0.071 0.242 -0.329 -0.399
£ N Needle leaves N -0.06 0.445 0.037 =0.724 -0.059 0.281
£F 0t P Needle leaves P 0.083 0.363 -0.005 -0.451 0.197 0.347
£ C @ N Needle leaves C : N -0.066 -0.543 -0.066 0.696 * -0.047 -0.36
£t C ¢ P Needle leaves C : P -0.183 -0.501 -0.064 0.507 -0.192 -0.375
£ N : P Needle leaves N : P -0.145 -0.264 -0.017 0.212 -0.204 -0.252
# C Roots C -0.259 -0.261 -0.06 -0.103 -0.189 -0.094
R N Roots N 0.048 0.062 -0.173 -0.006 0.437 0.384
#2 P Roots P 0.388 0.141 0.664 * 0.302 —0.748 ** —0.738 s
#C: NRoots C: N -0.129 -0.129 0.086 -0.033 -0.381 -0.322
#RC: P Roots C: P -0.396 -0.115 -0.692 = -0.378 0.831 #x* 0.845 #x
MEN:P Roots N: P -0.337 -0.085 -0.633 = -0.337 0.795 = 0.798 s

N : PHAESMH B SCRWIEF A, ABFTESS BRtSEmsm A B R AR R X 1 SR T B R
R BB AN, SEMR AR DORYER DRI AN TSRS is e Rl R
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Table 5 Correlations of nutrients and its ratios between needle leaves and roots and soils
in different density stands of Pinus massoniana plantations

Ei=Lun TR MLk TR e T3 C:N +HEC:p THEN:P
Parameter SOC Soil TN Soil TP Soil C: N Soil C: P Soil N : P
£ C Needle leaves C 0.233 0.674 * 0.393 —0.585 =* -0.356 -0.075
£ N Needle leaves N 0.395 0.307 0.086 0.182 0.257 0.179
£t P Needle leaves P 0.177 0.179 0.397 0.025 -0.329 -0.369
£Fit C @ N Needle leaves C : N -0.320 -0.127 0.010 -0.319 -0.328 -0.183
£t C 2 P Needle leaves C : P -0.232 -0.184 -0.350 -0.112 0.211 0.286
£t N : P Needle leaves N : P -0.128 -0.147 -0.368 -0.005 0.330 0.357
#R C Roots C 0.025 0.261 0.070 -0.287 -0.054 0.111
R N Roots N -0.130 -0.261 0.054 0.143 -0.200 -0.303
#R P Roots P -0.142 —0.642 = -0.597 = 0.658 = 0.641 = 0.354
M C:NRoots C: N 0.260 0.404 -0.026 -0.146 0.231 0.341
M C: P Roots C : P 0.099 0.601 = 0.576 = —0.652 = —-0.640 =* -0.354
N :P Roots N: P -0.042 0.206 0.439 -0.345 —0.610 = -0.490

FM SR Sy I v A 2 L 2 2B (6 A5 4 ik 2L
BREENFESHFE(BWES%,2019), HE,RR
WSS B4 3% 43 31 A 23 KB o3 i 45 B it 4 1T, 3 T
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A
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