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Nitrogen and phosphorus allocation traits of shrub organs at different successional

stages in the mixed broadleaved-Korean pine forest
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Abstract; Nitrogen (N) and phosphorus (P) were important limiting elements for plant growth and development in the
nature. N, P and their relationship were essential contents in stoichiometry. Different plant organs had different demands for
N and P, therefore the allocation and trade—off of N and P played an important role in the growth and development of
plants. In order to explore the N and P stoichiometric characteristics and allocation patterns of shrub organs in different
successional stages of the mixed broadleaved-Korean pine ( Pinus koraiensis) forest, and to understand the nutrient limiting
factors and allocation strategies, the dominant shrub species in four successional stages ( secondary birch forest, mixed
broad-leaved forest, mixed broadleaved-conifer forest and the mixed broadleaved-Korean pine forest) were selected in
Liangshui National Nature Reserve, Heilongjiang. In this study, to research the N and P stoichiometric characteristics and

allometric relationship, leaves, twigs, stems and roots of shrubs were collected to analyzed. The results showed that the
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contents of N and P in different organs were significantly different. In addition, the contents of N and P in leaves were the
highest, while those in stems were the lowest among all shrub organs. The N :P ratio of leaves was the highest (7.59) , and
that of roots was the lowest (5.47). N :P ratio in leaves, stems and roots were significantly different, but N : P ratios in
stems, roots and twigs were not significantly different. The effects on N and P stoichiometry of the same organ in different
successional stages of the mixed broadleaved-Korean pine forest were different. Specifically, the N content in leaves had a
significant difference, though the difference in other organs was not significant. There was no significant difference in P
content of shrub organs among the four successional stages. In fact, all of N :P ratios were less than 14, which showed that
N was always a limiting factor for shrub growth in different successional stages of the mixed broadleaved-Korean pine forest.
However, P had no limiting effect on the growth of shrubs. Our research revealed that the allometric relationship of N and P
generally existed in shrub organs in different successional stages, presenting a significantly positive correlation. In general ,
there was no significant difference among the allometric slopes of shrub organs in the mixed broadleaved-Korean pine forest,
indicating that the shrub adopted a conservative allocation strategy to adapt to the environment change and satisfy the needs

of its own growth and development.

Key Words: nutrient allocation strategies; limited elements; ecological stoichiometry; successional stages; allometric

relationship
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Odum [ 2 525 BRIE A A A 285 2R G T2 S A0 I S0 RO eV A R i IO 0o 5 LA S 1388 3 2 1 1
AEARZEF . Huang 55" "™ 38 12 %0 5 W AGH RIS TR B B BT 92 R B PR AE S RS E R IRHIC R,
XY AR AR B A PR . XGRS LI W ARARIEE (1 3 B B BT 3T 4, R (1 N P B
T B BEAYFE R T80 , BT AT 4 7 B4 N < P BB AR AN TS I il AR AR B R R R v | A ST A PR A
TUER IIWFFEMRIR B = 5 FEAR AN 7 BR AR AR AL | AN ) &8 B 2 I8] ) 2 AL AT 2 75 32 B 520 | ISR o = 78 2 119
B SRR ATt — P B SR AT

& I 24 ( Pinus koraiensis ) MO I ZRI0 AR F0 L DX 1) b s 2k THURM AL, 0 R =R 2B 77 e, 2 TR ARpR
SRR ARBIF S L) LY - LTRABR 4 ASECRRBR BEIY 6 R R EEACH IS G, S T AR ZR B N
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1.1 RIS

ARSI R (7 T O TR L B SR VT UK [ 5 AR DR X P (47°107507N, 128°53720"E ) , i fib /)
DL PSR BT SRR 2 DX T KBl 2 XU | & ZRJ8V% T8 L IR I RN A K
676 mm,6—8 H FERN L 1 24E 1 60% LA - - F- KR -0.3°C AR M AR 7.5°C AR i ISR -6.6°C ,
Rl 100—120 d, BUF 130—150 d, AP XK i BETE 280—707 m, LSRRy it Ve AR g, 204
MRS L X B R A BB, Z0A R B FR | S4B ( Tilia amurensis) (AW (Acer pictum subsp. mono) HHE
(Betula costata) %0 FEAEA R
1.2 LRt S RAE

2019 4E 7 H , $ BRE 2 FE 9 5 % FIME ( Betula platyphylla ) WAEAR R TRAS AR AT I 1 38 MR 20 fs Ak
8 4 DML BRI E 3 S 20 mx20 m YRR, FEHBIE] PR K T 20 m, S8 B EE ARSI BR KT 20 m, HUE
DRI~ (VAR B 57 By B RE ) AHARL, X BN REHB HEAT R A 5 (BEVR R AE TR L3R 1), LI 00 ( Acanthopanax
senticosus ) %% 5 T ¥ ( Syringa reticulata var. amurensis ) | &5 ( Corylus mandshurica ) . % 4 2. % ( Lonicera
praeflorens) ZRIACILIMELE ( Philadelphus schrenkii) G585 ( Deutzia glabrata) 6 #4518 By Bt 2 A L HRE AR
FFEXS B B 3 B B A E AR EAR , BRI ARTE B A I 3 RAREA AT HURE

TR AR B MRS E AR th 3R BRI A 2% ZE T AR A 88 B R 43  ARAREAR A5 28 E AR 1 0 R AR A
IR 864 17, AR BEHE A2 <2 mm AYAHHR , IFBR LB A U8 + 5 b RBRASE b v 320 S S I (143 4 5
BCEET R EAE>2 om, BRI BAR <] em, TR FE SRS A VKB DR R A T AR PR A7 AT 1] 5256 25

R1 AN IRRARERES N REERE

Table 1 The community features in different successional stages of the mixed broadleaved-Korean pine forest

R 2Rl A N N
N iu {T‘ iu, in
WeFIBL TR ML Solorgan iR LR LA
. - . Soil total N/ Soil total P/ Soil total K/
Successional stages Tree composition Shrub composition carbon/
(me/s) (mg/g) (mg/g) (mg/g)

FIHES.2+40MN 2.6+ 4L 280 BETH 6.8+ R 1.2+

ey He
? ﬁ%LT  foreat 0.8+7/K MM 0.8+ A ANE 0.4+F I 0.9+ ALK 0.4+BFk  94.74+9.69  6.72+0.46  1.1420.15 4.89+0.46
econdary birch fores %02 0.3+ FHE 0.2 6248 5 0.2
R A IKHIMI4.3+104% 2.0+ 4% 1.5+ BDTH 6.9+ 2.1+ KLl

e LIRS 0.7+ AME 0.6+ FAKE 0.6+ HFAE 0.4+H TN 0.3+ 68 B 138.55+49.51  9.34£2.41  1.06+0.21 4.23+0.69
Mixed broad-leaved forest

TRk 0.3 0.3

EHES AM39+B K 3.9+ K wh  BETHOS+BIE23+EH T
Mixed broadleaved-  0.9+% i 0.7+ #E 0.4+ AR 7 0.3+FALZA 0.3+HFMO0.1  116.70£19.15  6.57+2.59  1.17x0.16 4.34+0.63
conifer forest 0.2 +HAth 0.2
\ . % 2.4+ 2.
N U 63+ A 15+ dg CHHBIE 24T I 2.0+

BT 1L.8+FA4E 1.4+

Mixed  broadleaved-Korean 0.7+ 4 0.7+ 8 520.4 + 7Kk i bl *U’Z‘é‘\ Bk ;ﬁjﬂu 107.19+37.78  6.79£1.94  1.21+0.27 4.830.62
ine forest 0.2+101#% 0.2 IO 0.7+ 5 /£ 244 0.6+

bime : : FHAH 0.1

EIW:A(Betula latyphylla) ZLH ( Pinus koraiensis ) £ J% 7 %% ( Picea koraiensis) | JK M40 ( Fraxinus mandschurica) | {6, AW (Acer pictum subsp. mono) . F1 (Ulmus
patypiy P P

davidiana var. japonica) 1145 ( Populus davidiana) 54t ( Tilia amurensis) SR ( Juglans mandshurica)) ¥ 5% ( Phellodendron amurense) %% T 7 ((Syringa reticulata
var. amurensis) ZRACILIARAE ( Philadelphus schrenkii ) | Wl m ( Acanthopanax senticosus ) | B 22 (Lonicera praeflorens ) ¥ My ( Sorbaria sorbifolia) , & W ( Corylus
mandshurica) GG ( Dewtzia glabrata) ) JRH B ( Euonymus verrucosus ) G545 ( Spiraea salicifolia) , i R ¥I{H (Mean ) +hrifE2 (SD)

1.3 RESIN 2 55 80 b 2
A A ] S 25 5 (PR 7E 65°C FHL T Z a5 SR iR 1075 (100 H) o B2 75 B FE S E4 T 014
FE A A BRI L2 23 BT ( AQ400, Seal , Germany ) I 5 4 & 4B
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K H BRI R T7 225311k (one-way ANOVA) KR R B BEE AR S B Z B N & & P SR LI N:
P45 )7 2555 T WR F S5 /N 35 1 25 51 (LSD ) B2 5 1 1 38 5 45 22 R 5F SR FH Tamhane's #5567 43 H7
WEVE AR BEERE N 0=0.05, UL EAXHTAE SPSS 23.0 SEA,

SRS EARK TR RIGE N R P ZE R B ARRSE N N SR P & P70 5
oG R N AT RS

InN=mInP+n

KA, m RS A KRR, RS e KT R AR n S KT — % 8, B RO ARE , xoh A ) O AR
R RRUELL 3043 Hrik (SMA) 200 N P S AR K SC R A RIET P smar ARITRSSHD) #5045
B R IES Y ggplor2 T2 K™Y | Smart £ ggplot2 fH47E R 4.0.1 HiB 47,
2 #R
21 FEARARFIZERN NP ZHEFMN:P

WE 1R, ERRFESRER NP FEUMN NP 278 E(P<0.05),3FH N5 P orEc A —2k,
) N P i, 433 19.06 mg/g F12.64 mg/g; 25T ) N P it fefik, 43510 5.49 mg/g Al 1.04 mg/g;
HLE N P i3 I 3 m TARUR IR R0 N S 40300 10.74 mg/g F18.70 mg/g, P 40410 2.30 mg/g
M 1.65 mg/g, MRS R NP HB/NTF 10, HApnrig NP 8% 5 THMBE (P<0.05) ;M0 N:P BEm
FZET(P<0.05) , 25T MM NP Sk 4% 1M LG i35 2% 5 (P>0.05) .
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Fig.1 The stoichiometric traits of major shrub organs in the mixed broadleaved-Korean pine forest

AN FRCERA [ 25 H W AATE B 3% 2 5 (P<0.05)

http ; //www.ecologica.cn



9800 JAE = 41 4

2.2 A[FENEEBBOEARSE N N P Lt feiE

2% 2 KB, ANRIECE Y B AR 1) N it 22 53 03 (P<0.05) , Bl 5 B A S i 3 25 Fh i N
JE PRI/ KA E AR B IC ] R 25T MR N & AR R B OO 3 25 R (P>
0.05) , ANFENEEBTBHERSER P SRR IE S, i) P FEa EAERG B R TH P &
R IR K E N RS AR P E AR TC ] A R B BOE AR ERN P R EERAL
E(P>0.05), ANFEEEEBD, HARSHN N: P HA B EXER (P<0.05), MiHALMSE Y EZS AR E (P>
0.05) .

F2 AMHIRKRAREZNREAFEOUSZITEHE
Table 2 The stoichiometric traits of shurb organs in different successional stages of the mixed broadleaved-Korean pine forest

TR B W N/ p/

Successional stages Organs (mg/g) (mg/g) Nib
R A bR i 16.94+4.82Ca 2.58+1.00Ba 6.94+1.49BCa
Secondary birch forest i 10.28+2.73Ab 2.03x1.01Bb 6.45+4.07Bab
ESE 9.43+2.08Ab 1.82+0.54Ac 5.45+1.43Bb
F S 5.52+1.76Bc¢ 1.25+0.63Ad 5.34+2.57BCh
i) ¥R B2 Ak nt 16.87+5.96Ca 2.39+0.99Ba 7.7+2.66Aa
Mixed broad-leaved forest il 11.24+2.91Ab 2.61£0.95Aa 4.70+1.66Bc
=T 8.19+2.00Bc 1.31+0.44Bb 6.64+1.69Ab
E S 4.33+1.33Cd 0.79+0.37Bc 6.25+2.57Bb
FF TR TR i 19.48+6.31Ba 2.44+1.00Ba 8.36+1.70Ab
Mixed broadleaved-conifer forest Gicd 10.61+2.99Ab 1.83+1.02Bb 8.70+1.60Ab
ESh 9.12+2.07Ac 1.48+0.59Bc 6.99+2.54Ac
%S 6.37+2.00Ad 0.81+0.40Bd 9.05+3.56Aa
[ELIEARVNIN I 22.16+5.99Aa 3.01+0.80Aa 7.47+1.30Ba
Mixed broadleaved-Korean Gicd 10.70+2.03Ab 2.49£0.76Ab 4.60+1.32Bc
pine forest ESE 8.34+1.75Bc¢ 1.94+0.78Ab 4.76+1.43Cc
ks 5.78+2.13ABd 1.24+0.64Ac 5.26+1.69Ch

BE R IIE (Mean) 4712 (SD) . RRIKE FEFR AR B HHFSE2ZS B E, AR/NE FEERRE — BN BEAF S BN
B3 (P<0.05)

2.3 AREEMBEARSENRBERLR

WE 2 Frs , B PR REARZET40  ERES B B N P & i 2 i g b fa S 30 0 3 A 2R IE ARG R
(P<0.05) , ARGEHE FHEALSE S ARIEERINT 1, U0 N P JC R 1) 5 E K56 R 57 7 THEARSS
B IR E P AR AN B S T N, A 2 E T I S A K e B, B A R A Rk B Y L Ry
0.71—0.80 ; HR it S i AR K AR B/, T R 0.39—0.69 ; 1A 4 FIZE T B S A K AR B 114351 R 0.5—0.72 il
0.66—0.76( 5 3) . SMA Z55 7R Bk PR [FIE B B A v B Z A0 Sl A K AR O B 2 25 7 (P>0.05)

3 e

3.1 N P uEAEEAANRGE R HL 2 7

AR E RN S8 NP KT 19.1 mg/g il 14.7 B4 EHEAFEL K M P SEET2EE
SR (1.11 mg/g) ™, HEARRFZE BN P 225 3 | BEIHMEACAE A= Kad B v X 45 3 B 1078 92 4 i A5 T
WU, EHEARFTARSE T, A N P &R i, X 5 Zhang 557 (OBFIT 45 R —k, W% S i X Hix
Hu X H WA 0 R AR IR AT BAR LA 25 5L B A NP ORI NP 3 T AR mHEAE A E I
FEANE RIS S R ) R O R A T P RS IR AR L N AR B DG A
FHAR AR DG 26 1 R A B, SRR e A 2R Y PR mm i L B EEICR , S 5RNAN S
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Fig.2 Allometric relationships between N and P of shurb organs in different successional stages of the mixed broadleaved-Korean
pine forest
HELFIR N P IS A KOG R AR B (P>0.05) 5 FIMEUC A AR A I RIS A 256 2 578 B35 (P>0.05) 5 el MR S Mo b DU AP 858 B RER SR 3%
(P>0.05) ; £ IR SRR AITAL 5 L5 22 R 35 (P>0.05) ; LT IAMR A 46 ARFIZE TR 2 7R B2 (P>0.05)

R3 AMHARKRAEREEMRERARTE NP REEKAENTESH
Table 3 The core allometric parameters for N and P of shrub organs in different successional stages of the mixed broadleaved-Korean

pine forest

95% A5 X A 95% {7 X [i1]

f‘iﬁeﬁial stages (g)%jns Inﬁiﬁtpt 95%.Confidence gltj; 95%.Conﬁdence R? P
interval interval
IR A bR i 0.94 0.89—0.99 0.71 0.61—0.84 0.68 <0.001
Secondary birch forest e 0.90 0.86—0.93 0.42 0.37—0.53 0.38 <0.001
ESH 0.68 0.62—0.74 0.76 0.57—1.01 0.02 0.30
&S 0.79 0.74—0.83 0.72 0.57—0.92 0.29 <0.001
i IR A Ak by 0.96 0.91—1.01 0.72 0.60—0.87 0.57 <0.001
Mixed broad-leaved forest R 0.77 0.74—0.84 0.69 0.55—0.86 0.32 <0.001
ESH 0.72 0.67—0.77 0.72 0.56—0.86 0.20 <0.001
&S 0.84 0.81—0.86 0.69 0.57—0.83 0.52 <0.001
B R bk n 0.97 0.92—1.03 0.83 0.70—0.98 0.69 <0.001
Mixed broadleaved- R 0.94 0.89—0.98 0.39 0.30—0.52 0.18 <0.001
conifer forest ESE 0.88 0.83—0.91 0.66 0.53—0.82 0.47 <0.001
&S 0.88 0.86—0.91 0.50 0.39—0.62 0.43 <0.001
[HIUEAR/N N it 0.86 0.79—0.93 0.80 0.87—1.18 0.63 <0.001
Mixed broadleaved- R 0.78 0.72—0.84 0.63 0.50—0.79 0.16 <0.001
Korean pine forest ESE 0.71 0.67—0.74 0.75 0.64—0.88 0.55 <0.001
&S 0.76 0.71—0.80 0.59 0.47—0.75 0.12 <0.001
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B R P R B SR A R BB BRAE IR A 0 A B - A S A3 B A Y DRAIE
H B A A7 B AR IR0 W o B 10 T B, A6 R B P AR (5 A A ZE A
R AEAE R i LA A0 S B S b AN T 30 U AT 8 SR W R A 38 B, )RR S AN T Z20m6 G B 2 2
HOY L AR HIRA N P SRR T A, BT A MZE T, X R R UL AR 28 A0S 320 e 5 48 B AT
BRMEA 56, Zhang 21 (25 RAIESE TxX— 4, RBGS R 28 B HA B I B R0 BC b, SR RS B i
SEAr ECRU R E AR A PR OT IR GA 3] A B EC B i FE 2 AR AR

FEARMAY N SR BEE R BORWIG N, JF H 22 R B3, HALRYE N SR 2ERERHBEHBA B, 45
SRIRE R, AR BOE ARG T P S EEA B ENES, MR, FEHEE T, RS R
EER 2N O (1 8 1 N5l e NI Ny -8 A 7 45 ) 0 ok R £ 7 S5 PUNL e e 1 ST [
AR, Graven 267 ST R BN 1 N & S WA R AU TN, SARM A B A 45 R —5, Liang"™
TR A L LT A RO [R5 5 B B 2 B R i e T B MR & B0, i R &5 R R N B X6 A 1 R
R EB A IREE T B R A R BA T & N RHRCR, B N & &0l DRI FAE T 2
HIEAR LA BR WOE AR, DL s 2 7= AL AR AR Ak, 4ERE B B R IEE AR ARG & B X R
FAYER P SEEA RN, XA fES P MTERA &, P LRENE G RALTIEE =Y, 7 R R R 4018 | AN
FZRAR LI P & ol o A HAR S G REASREN P S RERAEE
32 N EFHBN B ARG E WBREICE

FEAMGE (25 T FEARZSE A N P 35/ TF 14, B8 a2 MR P A TE A X3 37 51 N G 2R AR, 3 4
BT AR N TZE BRI R SN B AT K LR [ O B B R A Ak S T R AR A T A
[l S5, B [RIE R [y BE Yy 32 21 N e R M RR 1, EELAE 3l XM ( Ulmus pumila ) 485 PEAT 28 NS
KR, A A S EEIN T A8 ER N SEUK NP, #E—E% N MY ERK AT SRR EEIR
WIVE . TEARFEREE BB, T30 N S 25 Aok TR HUR 0 5 0 R o A= P R RS2 R, bk . %%
AR Z R EIS R RIS 258 552 3 N JCZEAYRRH S ARBFSE AR B NP fes X e T A A
ARERIN 5, 7625 N R WRREER T, B T am N CZ TR TE RS R Z M
BARTEATE E B EAF O —Fh ARG ) NP (45 RERHE P AR EEAYRRE G HEALE P LR
B L LR R ST 1 0 B SR W, b 2A i B2 R B Ui Ak, AR R T LA 4E+F B B Ak 24 41 5% 04 A X B
EP P BCA RO BREIC R I AR EE R BEIE AR P S A B 8 AT DR AR E , IR R E
P GRAEARIEE BG5S,
3.3 NP WK O R RIE AL B B IAST 70 B R g

SIFTEAE SRR, N P OCE 1Y 5O RAEMEA P HA 30 M, S RS [ B PR VE AR 2% AR R ZE 111 575k
A KRB 1 AT AR PRSP , JEARI A0 S A KA BOEE 0.71—0.80 2 [A], i T HE AR A 2%
B, IR T ERRKE(0.62—0.73) 2 e 5 00 A AR o g S KRS bR B 2R B
e, X EERH TR N SRIEGE R, 0T SR AR A O R RS AT, B
JEMRTEAREA , Bk /D TR 2 G R X RE R I B 28 BRI B T, E R RO N B R SR AN N, Jiang
LS ST i X A RS B A e DR MR S R A e R K il m AR ST S i v I AL BT % PR
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