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Effects of nitrogen addition on N-P allocation strategies in different organs of

Pinus tabulaeformis in its natural forest
YU Jiangshan, SONG Zhaopeng, HOU Jihua *

School of Ecology and Nature Conservation, Betjing Forestry University, Beijing 100083, China

Abstract: As important plants’ organs, the response strategy of leaves, stems and roots to environmental changes plays an
important role in ecological research. However, the response of nitrogen-phosphorus allocation strategies to nitrogen
deposition in different plant organs is still unclear. In order to reveal the response of nutrients in different organs under
nitrogen addition, we selected Pinus tabulaeformis forest in Taiyue Mountain of Shanxi Province as the research materials.
Four artificial nitrogen levels were set as control (CK, 0 kg hm™ a™'), low nitrogen (LN, 50 kg hm™ a™'), medium
nitrogen (MN, 100 kg hm™a™') and high nitrogen (HN, 150 kg hm™ a™"). The results showed that; 1) With the increase
of nitrogen addition level, the N content in stem decreased significantly ( P<0.05), the N content in root increased
significantly (P<0.05) ; The P content in stem decreased significantly under low nitrogen condition ( P<0.05) ; The N :P
of leaf increased significantly under low nitrogen condition ( P<0.05) and the N :P of stem decreased significantly under

high nitrogen condition (P<0.05). 2) The N and P contents of leaves showed a significant allometric relationship under
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different N addition levels. Under high N condition, the N content allocated to leaves and stems based on P content per unit
was significantly reduced, and the rate of change in the N and P nutrient relationship between roots was consistent.
3) Under nitrogen addition, the root allocated more N than the stem and leaf by using per unit P content. Low nitrogen was
the best environmental condition for the growth of Pinus tabulaeformis. There were significant differences in the allometric
growth relationship of nitrogen and phosphorus distribution in root, stem and leaf, and the growth showed rapid distribution
of P. The results showed that the responses of different organs of Pinus tabulaeformis to nitrogen deposition were different,

and nitrogen addition would lead the changes of adaptability of Pinus tabulaeformis.

Key Words: nitrogen addition; leaf; stem; root; nutrient content; allometric growth
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A (Pinus tabuliformis ) 52 15 5 LA 2R bR B 32 2@ e AP 22 — ) BAT TR IEL L T 52 AR5 9 A2 2
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B, AR 6.2°C, = 10°C FRURSH 254°C, 4 /K it 662 mm, JTCH I 110—125 d, 3574 & A, 9K
1150—2088 m(“F-3I{HN 1760 m) , A HESEH g (L b4 + FNARIE + o 12 X 32 S b PEAE B o TR Ay 3% it i it
MR, FZRS A IS ( Pinus tabuliformis ) | 1L 75 ¥k ( Quercus liaotungensis ) | 7% "W ¥ ( Larix gmelinii ) . ] ¥4
( Platycladus orientalis) 1B ( Pinus bungeana) . FAKE ( Betula platyphylla) % 0 325 50 4F, rf [ il #b K
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TR 2 mg/g, THEEWE 0.41 mg/g'™
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Fig.1 The design of plots for nitrogen addition experiment in the natural Pinus tabulaeformis forest

CK: 18,0 kg hm? a™'; LN fiX%&(,50 kg hm™ a™'; MN :"F%&(,100 kg hm™2 a™'; HN : (% %(,150 kg hm™2 a™!
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AR R R HEE , o Dy S B i85, BNZRMESC R BURER . i R BPF(R3.6.1) FAY SMATR RLEEA T bR Ak A Al
1 ( standardized major axis estimation, SMA) '™ | ZRIHK o 5 1.0 22 B E, WFRP R EE D FHEERK LR,
i3 Warton 1 Weber™**" (4 5 3 J4) W (] U3 b % S 75 5 00, AR RNARER I 28 S0 FH O 22 0 BT R AT R 30, 45 O
FEAERT 15, IR SRl RO 2R, AEEIFE Origin 2018 AR PFrh e .
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FHl(SMA) TEHEFRPRE (P<0.05) . MHFE HN 2544 FRIARR B E/NF CK LN MN, 220 N &5 P a7
TERENRBEERKLR, 5 1.0 25 AEE(P=0.06) ,N S HEHM P & EArE £50 (SMA) A L F &8 0.58
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Fig.2 Changes of nitrogen and phosphorus content in different organs of Pinus tabulaeformis under nitrogen addition treatment ( mean +

SE)
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Fig.3 Changes of nitrogen and phosphorus content in whole plant under nitrogen addition treatment( mean + SE)
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SEEPSEAARENSEAKEXR, 51.0 2RAEE(P=080) , BN EESP SEEANRARINT
FrfE £l (SMA) AL A R 1.31(P=0.84) . CK. LN MN HN 2B R 2L Y MidkiE S LR 24 %
(#£1),

£1 M ERFSEARRFMRETHREEZHEIETSH

Table 1 Standardized major axis regression analyses for leaf, stem,root nutrients in different nitrogen addition conditions

' SRR
T S "
. FER ST 1.0 M
weo am . we  omm PERRE e et
logX logY R . Slopes . The difference
Organs Treatments Slope Elevation . homogeneity
homogeneity (P) (P) from the assumed
slope of 1(P)
CK 0.99 0.98a 1.07
LN 0.94 0.57a 1.14
e <0.05 — <0.001
MN 0.95 0.47a 1.06
HN 0.14 0.12b 1.06
CK 0.81 0.69 0.84a
LN 0.99 0.14 0.62a
logP logh ES 0.19 <0.001 0.06
MN 0.55 0.78 0.88a
HN 0.17 0.40 0.55b
CK 0.36 1.58 1.21
LN 0.70 1.69 1.35
R 0.84 0.07 0.80
MN 0.86 0.85 1.02
HN 0.50 1.36 1.27

CK: 41,0 kg hm™2a™!; LN :fi%(,50 kg hm™2a™'; MN :fF%(,100 kg hm™2a™!; HN 3%, 150 kg hm ™2 a™ ' RREVNG FRER R A RAE B 22 5 5.2 (P<0.05)

2.3 AW FAFEZE NSRS FHEARK LR

FEFA RININBEE T it 22 R3NRERIMN SRS P STERANEENFEERXR, 51.0 5%
3 (P<0.001) AR5 (SMA) JoIERI#HR (P<0.001) , #5225 RN B KT 22t £ 7E 5l
RN P RT RESBEE LM N R (K 4;5£2),

@127 0.8 09

= m % # °

£ 0.7r .« 08 o
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5 11t Fy . ol . o

§ A A A A‘ ° .-/'/'/. Tr

mlzmﬂ ol A ,-043x+108 OS5 v e y=053x+0.76 06| y=185c+138
& 4 R2=0.34 . R2=027 & R2=0.50

& 4 P<0.01 041 P<0.05 05} o P<00l

% . . . . ' P S S . , . )
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4 HMEMRNEPREEKXR
Fig.4 Allometric growth of leaf stem, root N and P

FEXTHR(CK) 2 N ARG ERMN S5 P STEAFEDENFEARKKER, 5 1.0 ERARE(P=
0.71) , b E5 (SMA ) A IR K 0.98(P=0.53) , M 25 MR NP Z[RIAIRITL B E LS (B Y M FE
225 (P<0.001) AR Y FAREE B3 K0t mint i Y AR B R T2 R BCRM SR P R
TR A SR ELZH N E,

A (LN) 2T, AFESERIAN 825 P SEER N BENTHERLR, 5 1.0 27 8E(P<
0.01) ,A5ifE 4 (SMA) LI FIRFR (P<0.05) , FETMASASRI 28 B 0], #5822 5 3R AR I 35 K 25, 25 Fnit ]
ZRARRE RS TAN SR P BT REZEMM SRR E LM N K
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EPRMN)FZG T AFESERAN FZS5 P SEAMAERENSHEERLR, 5 1.0 2R ABF
(P=0.07) , FrdfE T8l (SMA) A LRI RER N 0.52(P=0.42) . &6 B B RPR 22 7248 B3 HIER Y Bl
BERTRAZE,

FERAHN) T AFSZERPON 25 P SERA B ENRHEAEAKCR, 5 1.0 27 B EF(P<
0.01) , brif F=% (SMA) A L[ FI 2N 0.32(P=0.10) , A DAy EHRREZE AR E H Y SiE7E 525 2%
5:(P<0.01) AR Y BikiE B & R FHHBERKFZE(EKI),

®2 M ERFSHRETHEIERSHT

Table 2 Standardized major axis regression analyses for leaf stem root nutrients

PHER[95% K [ 95% . . e
I RIS pospmte ISR S L0 5
wHE BEfEX A ] BEfEX A ] ™ i
logX logY X Slopes Intercept The difference from the
Organs Slope Elevation L i (P) L i (P) Al £1(P)
1959 CI] 1959 CI] omogenei omogenei assumed slope o
iy 0.43[0.29,0.63]a  1.08[1.06,1.10]
logP logN 0.53[0.32,0.87]a  0.76[0.65,0.88] <0.001 — <0.001

il

1.85[1.20,2.85]b  1.38[1.07,1.69]

R3 RARMREXM ZERFSHREEHERS

Table 3 Standardized major axis regression analyses for leaf, stem root nutrients with nitrogen addition concentrations

33 EL RO EL R e A ECY=
ww FE O mmoomm o B i
Organs Treatments Slope Elevation homogeneit (P)  homogeneit ( P) assumed slope of 1 (P)
s CK 0.98 1.07a
ES 0.69 0.84h 0.53 <0.001 0.71
R 1.58 1.21b
it IN 0.57ab 1.14
E 0.14a 0.62 <0.05 — <0.01
logP log R 1.69b 1.35
It MN 0.47 1.06a
ES 0.78 0.88h 0.42 <0.001 0.07
0.85 1.02¢
i HN 0.12 1.06a
ES 0.40 0.55h 0.10 <0.001 <0.01
icd 1.36 1.27¢
3 itig

31 RAEINALBLR AR B R S AT

ARBEFELIA R AR EE T A A g BIEFE R, 08 7 (25 R N P R R A A sh A A2 A
SER B AR5 B 0 e 0 S A BR A e R SN[, BERE A AN I S A3 AR U R B
BERMBES . AT, GIRE AR KAA PER IS BRI ER 70 2 — |, 5 L B, A s n 1 &
S EUA R, PRI AAR AT LA -39 S RO P AR A BRI e TR 2R R e SR B AR
AR T 20 e SR B S AN 32, UM U AT BE S W TMARMR A A= 1 T AS 2 T Il AA
T LR DR BOCIRARE 7, 3 T REZ DA AR AR 2 v O 2| TO03 R, Ab T L EaRBOL IR E
Sy T IHABAEY) , RS AR A HEAR S A T 55 3537, X LEA ) 75 2 AR S 22 1997 70 %
i, BEE TR gt R A R TR A5 0 & BB R mOCERCR . MANE T UM A BESE
FEHIAR A ARIE T 75 a, 1T AR I TALASEC LR SR U5 B 5 2, % T 3R A5 3R B 22 1 T3 2 AR AN 25 1
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AR, 78 A A5 T BB/ X S R A 455 T RE S BOm A TR - T TAEMR TR 2 THI T 2K
DGR oK

ZERUBE A RTE LN 20T R R AR S AR & AR AR B I AT RE R X Dy v [ DR R TR
A AT A R B A AR B TR 23 510 13.69 kg hm ™ a™' A1 0.21 kg hm™ a™' ™) R AS S ) A B LR 7
BRI A= 25 R G WA BRI Pt R Sy A 2E ARG BRI BT, 76 N VR A0 T 5 S R B 2 s 2 55 P
S ERRREE , M2 AR AN R B2 TR0 i, e LA AL PR S BUE Y PR I i AR A A
TR P IR LA R A 2 0 A B B B AR TR SR . X 5 Deng! ! SRLEIRBF ST 1045 AR — 2L, B
BB Y ZE A A B TR RS AL BRI AR BE O, AL ZEAE R URE R X P SRS X — U 3
AR LA R P ISR . AR P RS LL , E AR A P RN, T AR AR
TR P R T T 2 0 - 9l 1 R FH SR AR TR 2 R B TR AR TEVE MR FR o A TR B 2R
200 AW B T AR, B S LU B, S NP S AR R T 3 AR L S B A A
N P S TR, TEAPR 25 RS S s R B b R v B RO AR LA BE X A SRR Y 8 Ak
A RO i 57, DR AR A vt Gl 2 o T A 05 TR R B A S A T R A R A Sk
AERAS RS I R 5503 5 e B 2R, BT U5 SR AR 4 IR %, o RE K 398 v i) U A 1A K i
i B IR INY , Wk — LW 12 XA BR I TR . AFTEA RS — I BRER G OF T ML, T 5 s T
FER VTR ESER A B 0T, B B A i

R N <P S AR TR BRI W H 52 7203 IR 55 DL I R bR, N P> 16 ot B K 22 P IR
T N :P<14 B, 3252 N FRIT, 2 14<N :P<16 B WAEY AR 32 8 5 A LB, A AR
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