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Abstract: [ Objective] The objective of this study is to investigate the nitrogen (N) and phosphorus ( P) allocation
patterns in the above- and below-ground organs of three different tree species in northeast China, namely Populus
davidiana, Fraxinus mandshurica and Taxus cuspidata, and to provide theoretical insights into the trade-offs and
allocation strategies of nutrient distribution among tree species. [ Method ] Mature individuals of P. davidiana, F.
mandshurica and T. cuspidata were selected as research subjects. The N and P contents in aboveground organs, i.e.,
leaves, twigs and belowground organs, i.e., coarse roots, fine roots, were analyzed and the allocation ratios of N and P
contents in the leaves, twigs and roots were calculated. Standardized major axis regressions were employed to examine the
relationships of N and P elements between aboveground ( belowground) organs of three tree species and the bidirectional
nutrient transport of the same elements between aboveground and belowground organs.[ Result] (1) The N and P contents
in the leaves of P. davidiana and F. mandshurica were similar. However, the N and P contents in the leaves of these two

species were significantly higher and lower, respectively, compared to T. cuspidata ( P<0.05). The twigs of T. cuspidata
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exhibited the highest N and P contents, while F. mandshurica had the highest P content in coarse roots and N and P
contents in fine roots. The N content in coarse roots was similar among the three species. (2) The ratios of N and P
contents in leaves to twigs and leaves to coarse roots were the highest in F. mandshurica and P. davidiana, respectively,
while the ratios of leaves to fine roots were the lowest in F. mandshurica. (3)For P. davidiana and T. cuspidata, the
aboveground and belowground organs showed an allometric and isometric relationship respectively between N and P
contents, with the scaling exponent in belowground being approximately half of that in aboveground. In contrast, F.
mandshurica exhibited similar scaling exponents aboveground and belowground, both exhibiting significantly greater than
1 allometric relationship. For P. davidiana, the slopes of both aboveground and belowground P in both directions are half
of the corresponding N values. For T. cuspidaia, the slopes of P content in the upward direction were also half of the
corresponding N values, and the downward N and P relationships were not significant. For F. mandshurica, the slopes of
N and P content in the upward direction were similar, whereas in the downward direction, the P content slope was
approximately 2/3 of N.[ Conclusion]In contrast to P. davidiana and T. cuspidata, F. mandshurica tended to allocate N
and P to metabolically active organs such as leaves and fine roots. The relationships between N and P in aboveground (or
belowground) organs and N and P between above- and below-ground showed distinct coordinations for F. mandshurica
compared to P. davidiana and T. cuspidata.

Keywords : nitrogen and phosphorus stoichiometry; nutrient allocation; inter-specific variation; Populus davidiana;
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Table 1 The leaf traits parameters of three tree species

B species A em? LA /g M MR (em?-g™') SLA  &IKFE/% LWC
1% Populus davidiana 16.00+0.76 b 0.111 3+0.006 2 b 144.86+3.41 b 57.03+0.46 b
IKBHMI Fraxinus mandshurica 27.58+1.39 a 0.159 2+£0.010 8 a 180.97+14.87 a 69.23+1.15 a
ZRALLLTGAZ Taxus cuspidata 0.39+0.03 ¢ 0.006 5+0.000 4 ¢ 59.76+2.59 ¢ 66.90+0.69 a

L FPARRNG F R R R 22 7 1 3#H (P<0.05) . FIA], Different lowercase letters in the same column represent significant differences at 0.05

level. The same below.

*£2 34 BFH0~20 em 11 C NP SERITELL4FE

Table 2 The soil C, N and P contents and their stoichiometric ratios of three tree species

+ BEVREE/ em g F20r& 5/ (mg-g™!) nutrient content
ﬁﬁl;m jiib c (mgg ) . C/N c/P N/P

W# P. davidiana 92.72+4.95b 7.90+0.46 a  1.67+0.04 a 12.30£1.19b  55.81x3.19b  4.77+0.30 b

0~10 cm K F. mandshurica 72.3427.86 ¢ 7.97+0.62 a  1.36+0.08 bc  9.18+0.84 bc 53.24+5.35b  5.8420.32 ab
KL G T. cuspidata  157.47+6.88 a  9.04+1.08 a  1.37+0.03 bc 18.27+1.47 a 116.68+4.93 a  6.59+0.74 a
Wit P. davidiana 47.15+2.94d  5.34:+0.21b  1.44+0.05b  8.91+0.59 be 32.89+1.86 ¢ 3.7320.12 ¢

>10~20 em K F. mandshurica 38.30+3.79 d  4.8620.39 b 1.21+0.09 cd  7.86+0.39 ¢ 32.18+2.46 ¢  4.07+0.20 ¢
KRILGH T. cuspidata  46.86+4.93 d  5.57£0.70 b 1.04+0.10 d  10.01+2.86 be 47.35£7.55 b  5.44+0.65 b

RN FRAR R 3 ARF AR R B 48 bR 22 55 .3 (P<0.05) , Different lowercase letters represent significant differences in
two depths soil parameters of three tree species (P<0.05). C/N.C/P N/P SRR R RS, TR, C/N ,C/P ,N/P represent the

mass ratio of C to N, C to P, N to P, respectively. The same below.
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tissues and organs

tissues and organs

tissues and organs

[ 147 P. davidiana; FA /XM F. mandshurica; B3 AACLLGA2 T. cuspidata,

L. leaf ; Th. B 2% B2 twig bark ; Tx. f5% 25 A BT3B twig xylem ; T. A% 45 tw
i fine root, EHEHEE A FHMEARMERR . T

coarse root ; Fr. il

wig; Crb. MR JZ coarse root bark ; Crx. AR A BT &B coarse root xylem ; Cr. 4
Al NIRRT FVNE S8k 43 IR A ) 7] — 2H 2L 4% B 22 7 1o 5 A )

FIIEAR AL 25 B 25 5% 3 (P<0.05) , The data in the figure are mean + standard error. The same below. Different uppercase and lowercase let-
ters mean significant differences between species within same lissucs/norgans and tissucs; organs lv;lithin same species ( P<0.05).
B1 3MRMALRRZE NP IERITELL

Fig. 1 The contents of N, P and their stoichiometric ratios in tissues and organs for three tree species
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e G fE R X AR DL B E P SR
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(P) HeEHET 5 LA L 4845A AR TE, H N(P) Ffi
AR 5.6.4.73.8(2.8.2.0.2.4), W N
L KA A AR I G TR — B o 2 5
PR SR A SORLAR G NP K A5 Az A
o, B TR T4 (P<0.05) ;M A 5 400 %08 HE
JPie A B 3 | TR AR L4 G2 (P<
0.05) , HJF Wi & EUEALL,

8 4- 4
a) b) c)
6 & 3t 3t
£ + b £ .
z a ;17 b = a a 5 a a
4 2t a = 2t
o -+ a = =
bS] - o p =
® = w
2+ 1t 1t
53 AR VEIEN Y53 AR PR /A AR /2 AR
leaf/twig  leaf/coarse root leaf/fine root leaf/twig leaf/coarse root leaf/fine root leaf/twig leaf/coarse root leaf/fine root
#5%'E organs #%E organs #HE organs

(145 P. davidiana; DA KM F. mandshurica; B3 AICLLTGAZ T. cuspidata o

RIRING F R Fpla) 22 5 53 (P<0.05) , Different lowercase letters represent significant differences for the parameter among three tree

species at 0. 05 level.

B2 3RS GARSIER NP SER N/PHLLE

Fig. 2 The ratios of N, P contents and N/P in leaf to the same index in twig,

coarse root and fine root for three tree species
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0.05) ; Jead >k FE M M7 RRAE , g i b5 i
TN ERICARREZFRRT 1 HREER, Kl
MRS OC R, M ARLLL G AZ %7 M E b R N
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NZIE P N RERA LR S R AR L
AEEWEZRRF R, R EATTH,3 4

P Bh Rt 22 S 2 PO IR S SC & | L
BRARILL GREARREENT 1 RELR
KO, i b5 P oA R AR EOC R
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P Z IR &R

®3 Wi kEWARILLEE N-P XERK NP SEFRENLEHE PR3

Table 3 Standardized major axis regressions of N-P relation in above-( below-) ground and combined

organs, and N (P) content between above- and below-ground for three tree species

FAEET LR
FEHT S Lot ST SES 21K multiple comparison of slope
b L T i B (959 B X ) ple comparison of slope
index below-ground species b(95%CI) 114 JK ph A
P. davidiana  F. mandshurica
WL Wi P. davidiana 24 2.16°°(1.68, 2.77) 0.67
aboveground JKIHMN F. mandshurica 24 1.83°%(1.50, 2.25) 0.79
RALLL G T. cuspidata 16 2.487(1.55, 3.97) 0.28
NP %R W W P. davidiana 24 1.03*7(0.85, 1.24) 0.81
N-P relation belowground JKIHI F. mandshurica 24 1.77°*(1.31, 2.38) 0.53 # ok
RILA T T. cuspidata 16 1.05**(0.75,1.48) 0.64 <
- 4 P. davidiana 48 1.59""(1.40, 1.81) 0.81
total KM F. mandshurica 48 1.827"(1.53, 2.16) 0.66
HRALL TR T. cuspidata 32 1.28"7(1.07, 1.53) 0.77 ® oK * ok
. 4 P. davidiana 24 1.50**(1.33, 1.68) 0.93
EFT(NT)
upward KM F. mandshurica 24 1.18"7(1.04, 1.34) 0.92 ® ok
KL TG T. cuspidata 16 0.86°*(0.77, 0.96) 0.96 sk sk
- 4 P. davidiana 24 2.09**(1.56, 2.80) 0.55
e (N L)
N & downward KM F. mandshurica 24 0.96""(0.87, 1.06) 0.95 ® ok
N content KAILLGH T cuspidata 16 0.75 (0.44, 1.29) 0.03
B L 14 P. davidiana 24 1.70"* (1.41, 2.06) 0.81
above- and KM F. mandshurica 24 1.087*(0.97, 1.21) 0.94 -
below-ground )
R G T. cuspidata 16 0.94**(0.68, 1.31) 0.66 * ok
L 14 P. davidiana 24 0.71"7(0.57, 0.89) 0.75
AP T
upward KM F. mandshurica 24 1.27*"(0.95, 1.71) 0.55 * %
KRILA T T. cuspidata 16 0.44°*(0.30, 0.64) 0.56 * * ok
L 15 P. davidiana 24 1.04"7(0.78, 1.38) 0.57
o TP L)
P & downward JKIHMMN F. mandshurica 24 0.69""(0.58, 0.82) 0.85 *
P content FAL TG T, cuspidata 16 0.47 (0.27, 0.82) 0
i b W# P. davidiana 24 0.81*%(0.63, 1.04) 0.69
above- and S\ Ml F. mandshurica 24 1.05°*(0.83, 1.32) 0.71
below-ground o
RICATHZ T. cuspidata 16  0.40 (0.23, 0.69) 0.02

e % .P<0.05; * * .P<0.01; &% b IR R B3 KT 3/NF 1(P<0.05) , Bolded in b means greater or less than 1 at 0. 05 level.

39 ik
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Wy, RACLLEAZHAR N P 35 5 55 P ] A Ao
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HIMIEAR (P<0.05) . 3X 7] BB PR R G AR b AR
SE AR AR R KR N AR I I S R SR SRy 2
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