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Abstract: [Objective] Studying the response of nitrogen and phosphorus contents in leaf-root of Pinus
tabuliformis to hydrothermal changes can enhance our understanding of the strategies for forest community
plants in warm temperate regions of China to confront the challenges posed by climatic shifts.
[Method] Seven representative sample locations were selected in the main distribution areas of natural P.
tabuliformis forests in China, and the nitrogen (N) and phosphorus (P) contents in the leaves, branches, and
roots of P. tabuliformis were meticulously assessed according to the theory of ecological stoichiometry.
[Result] (1) Differences in nitrogen (N) and phosphorus (P) contents among various plant organs of leaves,

branches, and roots were evident. Notably, concentrations of N and P in leaves surpassed those in branches
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and roots. Additionally, both current leaves and branches exhibited higher N and P levels compared with
their perennial counterparts, while absorbed roots displayed elevated N and P contents compared with
secondary roots. The NP ratios in current leaves and branches were lower than those in perennial leaves and
in perennial branches, whereas secondary roots demonstrated a higher NIP ratio than absorbed roots.
(2) Variability in nitrogen (N) and phosphorus (P) content differed among leaves, branches, and roots, as
indicated by the overall coefficient of variation ranging from 12.3% to 44.4%. Notably, the highest
variability was observed in absorbed roots, contrasting with the lowest variability observed in perennial
leaves. (3) The adaptive responses of nitrogen (N) and phosphorus (P) stoichiometry within distinct organs
of P. tabuliformis to environmental shifts exhibited notable variations. Specifically, the N content in
perennial leaves, perennial branches, and current branches, along with the P content in perennial branches
and both current branches and leaves, experienced significant decreases with escalating precipitation.
Conversely, a significant uptrend in P content was observed in perennial leaves, perennial branches, current
leaves, and current branches as the temperature increased. Simultaneously, the N:P ratio in perennial leaves,
perennial branches, and both current leaves and branches demonstrated substantial declines with rising
temperatures. Notably, the P content in secondary roots displayed a marked increase with elevated
temperature, whereas the NP ratio in secondary roots exhibited a notable decrease. [Conclusion] Both
precipitation and temperature exert significant impacts on the nitrogen (N) and phosphorus (P) stoichiometry
in the leaves, branches, and roots of P. tabuliformis. The diverse response trends and adaptation mechanisms
of distinct organs to these two environmental factors exhibite marked variations.

Key words: Pinus tabuliformis; leaf-branch-root; nitrogen (N) and phosphorus (P) stoichiometry; climatic

factor; soil factor

BABEREMERKT TR LEEFR TR, A
JLE S YA 1E AR B B AHSE, Wk e
FOE Y P RE B A7 S 20 i 45 M R ) B B e
o P L ARIEL B AR AR08 S AN [
FEE AN RAR B2 R B L IR AR Ak fy 2, 3 v
VEE] AL 42 75 73 B S ER 450 FTARL 40 38 B SR B, X AN [
HbyFE DX S5 (AR I AR R AR S MR i A, B
FEFE XS A5 A L B A It i 1 55 s (1) Sk

H ATHEPI 2 B 22T R AE R i R 3R
BT T, B R R AR S R G TR
I8 IR LA B 5 e R ) 1 R ) R BRI R R 2 — 1,
Reich Z5:05%F 2 BRYGE A 452 ANFE S 1280 Fig
FAES BES R AR I, AL B ERE IR
(38 0 SIS, ERE Lk 28 ETHEa . <HE-
A BRAFAER U R, R TT DUIE G R = B B A
B 17 AR HEI AR X R AR A S B T
B7TH RIS, 3X A2 AE A 0d B H AR R 5 AR A ) — Fh 7
O K R 5 AR ) R AR R 1) 32 BB A
T2, KW PR S B 7K AR Ak 1) 3 N7 5 g A7
1EZ F 7, Chen S5 FE 4R 358 386 FlARAAEY) 1)
I U B AT R I, BRI AU A R S AR
B /K B 2 AH O OR R, HAN AR I 4 7 A
Ao RS & EE Y EKIESIRE 4 R
(AR BT P g I P i R S Bk A A A A

KIEAILFE g . HREWEZEN AT, AL
R BINUCSCHENE T, & BA K5 3757 i A7 I
DIRet, A PR P 55 A8 A4 ey )37 L 422 5% i AELA) (1)
T 1 DA R SE 4 R 01 o /INEE (AR S BRI B B
Bi AR AFAE — € S (A M [y o Yao SR BN (1)
BB R LI R B3, (A
TR SRR FE A AR A B R E S R
FAEAHP SR IR IR K I EE S T, AR
7 2 AR AE R A A R R I D RE AN R IR
MRFF AR DL SR S 3, )RS5, T2 2RI
IKGFRIFE S (DI RE, i AR AR 93, N
RAEGE K, BRI T pas i A A, &
e M) Ty e 28 Y ST A YD AR AR 1 R A3 1A) A% S 1) 3K 5
PRI 2R, e A fie AR ) T fE 2R 0] T A ) A AR 1R
(T e A B E . SR RROKEAELL, FERR S
AR TR 5 & B AH PR B = Pt Rl L, R
B AR PRI AR A B A AN [R] (1 e B SR o HH AT K
IR S S A WA R (73" S A DB AC
W, AR A MEPROGE S fige A A ey 87 (1) B 92 5 9 i 55, HL
R Z AEIAN [ 35 B 1 [ 0 7 B 35 A8 A R 6 LA 5
KA (Pinus tabuliformis WE 938 E R A HFp, B
AHFE PUA X LI BT IE v R SRR, AR
Bl R iy M X T3z oA BY o N AR e i 1)
RE PR B AL 22 T BRI N U AR 26 LS A



46 b mw # kK % R

546 4

BRI L 52 B8 2 1) ORER Y, B AU g AR AE
JUEE b AR - S5 TR 2 YA Aol Py A2 57 ) 2K
PR 0520, (B A AT TR IR SR b kb s B A
B (1 B YA FH 8 DL R A B IE 8 5 5] SR
X RORUBE Y0 ] P R Rt R A A IE A bt s o A 3=
SRR R D REVEIRBE 26 B 20 % (AR A0 AT 1
FC o (RSO FEL ) — 8 B A AT B R AR AT
FC» AR ME 2 T 455 735 REL ) IS0 A 58 2 A0 ) 3 7 s, T
LA 6 BT R i AN [ 25 B AL B X A AR AL
FO I REALA RIIETE o AR TE AR SR FA AR P9 R
NEEWFNR, LRGN 478 o MR 1 2 AL Al
b KRR L R AR B SO AL S T B R AR EE AT AT
JC, PRI DUR B A COAE R IR 70 A X P it
FAW: A AR RURE & B2 5 A7 A S A% JR 2 (2Ol 2
ANTE G B BB A T R AR AL R B R 1 — B
GO HELE M 52 FAEMN . HEEN S ZHEE
B WSO AN 0 A AR ) SRR AL o T B R AE B A S5 A
PRI 34 75 A7 7E 22 S 255 B i) R 7 ] A4
B E R YRR AR I B MRS B R KA
AR AN R i LRI A, 5 SR B T R S I R O
b DX AR XA AR A PR i 2 SR F) A o

1 B KI5 #F 58 7 ik

1.1 HREER
2 AR R AR T B A X I 7 MR
PERE B 1, 23 AL T P 52k T8 BL [ 5K B SR fR

PIXL I TE T L E AR X ILPEE K LR A
HARRI X L Bevtss T BB K AR BRIE A B e
BRI, BB ErEEGTE X EE, 75
BRI 2210 E AR X o RS ARE SAL T 101° ~
124°E, 33° ~ 40°N 2 [a], i 3 4% 4k 30 Fl /£ 260 ~
2804 m 2 [d] . i L Worldclim M % Chttps://www.
worldclim.org/) 3 B 4= [E 1T 40 555 0 4 1 i B
BULR 2013 A5 S IR . FIIH ArcGis10.7
PRI BURE ST 40 AR B FEK B SR I EAE N
ERFKREAELREE, FINHRE 2013 4E 15 . 4%
IR AE R FE AT — I K & R . B
FE AR 6.40 ~ 10.48 °C, £E %7K 184 ~ 872 mm,
2013 £E4E B iR 6.50 ~ 12.45 °C, 2013 4F4F [F K &
142 ~1 092 mm(FE 1), H3EPIEHE L E T,
1.2 HigESHRARE
AW A TAET 2014 £ 7—9 A k7.
FEAGAN A A R 06 R4 B 09 T 9% 1Y) BE 33k B PR 48
(I RAR A ARBENL L E 3 4 30 m x 20 m #F 5 #E4T
RERITER SR E . 7E 3 RN 2 )k 8 3 Bk
LR, K RIFH IO RE AN, REMFE
WL 2R MR 2R AN R G ARRE
s FUC AN AR A —RENA INES.
mi BRI, RN ARIE AN R Z N T A7, H i By
BN A 1) 77 i R A st v A AR e v A 4 A7
] B /NEE 4, FERRAN R 2% R IOTG i U 1 2 4F
AR 50 B, MAELERAER 30 SR, AN T AL (i

100°00'00"E 110°00'00"E 120°00'00"E
T T T
AL
@)Senyal g
*
)" 4 40°00'00"N
40°00'00"N
]
© Jinan
an’
‘ | o FER
v Sampling point 30°00'00"N
b 0 129 500 km  Owuhal{ © HIIT
Q¢hengdu A 1 Provincial capital city
30°00'00"N A N R .

110°00'00"E

120°00'00"E

LQ.T 5T tls TH.P 5% 77 28 Byl s SHLBK VG 3% 425 STl 76 K s SHH.BR PG K 3th 3 ; QG353 5% 7 ; NH. 7 B 282 1li. F @, LQ, Liaoning
Qianshan; IH, Inner Mongolia Heili Rever; SH, Shaanxi Huanglong; ST, Shanxi Taiyue Mountains; SHH, Shaanxi Huoditang; QG, Qinghai Guide;

NH, Ningxia Helan Mountains. The same below.

1 RERMHR BRI 20 A X B A i 2 ] 3 A

Fig. 1 Distribution area and spatial distribution of natural P. tabullformis forests
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Tab. 1 Natural situation of study region
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Tab.2 Comparison of stoichiometric characteristics of nitrogen and phosphorus in leaves, branches and

roots of P. tabuliformis from different regions
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Leaf %4 *x
Annual 9.02+1.10a 870+£129a 11.37+156b 11.76+2.93b 835+0.98a 8.07+2.05a 11.77+3.57b 9.86+2.56 26.03 5.61 597 18.18
H Pgerfn%ial 850+124ab 9.17+1.17b  930+1.12b 693+ 1.16a 745+1.58ab 7.90+1.51ab 8.71+£4.03ab 8.28+2.02 2449 1.85 4.84 15.48
ZBEL Branch 44
Nﬂf ane fnﬁuﬁ 893+2.10bc 7.46+1.42abc 9.17+1.26b 6.98+2.17ab 7.63+2.80abc 6.44+1.41a 8.93+146bc 7.93+2.05 2585 2.94* 313 13.46
MRICR
Absorbing  10.23+2.07ab 12.65+ 1.45abc 14.06 1.99bed 18.20+5.92d 11.63+1.57ab 9.26£2.41a 16.70£9.51cd 13.25£5.29 39.99 4.73** 692 36.75
i} root
Root  {EMR
Secondary  11.50 £ 1.85ab 11.27£2.96ab 23.64+3.46d 12.73£3.06bc 9.02+2.16a 9.79+3.02ab 15.59£6.07c 13.36£5.72 42.80 18.70** 585 2795

root

A AT ARG FRER R AR IX 2 7] 2 5 235 (P < 0.05). *FIRIEP < 0.05/KF BB EFMK: **FIRIEP < 0.01/KF ERFEHHK . Notes:
different lowercase letters in the same line indicate significant differences among different regions (P < 0.05). * means significant correlation at P < 0.05

level; ** means significant correlation at P < 0.01 level.
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A KIRRERRSY SN C RSApRERR Y D AfRES
Unexplained part: 76.76% Unexplained part: 88.70% Unexplained part: 52.76% Unexplained part: 74.72%
b
26.849
E RAfRERS S F KA BB 53 G AR H R AR
Unexplained part: 70.62% Unexplained part: 77.34% Unexplained part: 76.76% Unexplained part: 66.60%

a a
26.09%** 9.01%**

LARfERE J ARSRERR Sy KRR L AR
Unexplained part: 89.62% Unexplained part: 92.63% Unexplained part: 94.91% Unexplained part: 74.32%

a b
0.20%** 6.69%

ARG BAAFEAEMRE; CE AR DSEAERRE: EZFAEMN A F2EAMNBE: G2 EARE: H2FEA R LIBBOR A 1%k
HRE s KARAMR A LIRAEARBE . a A1 e 20 500 0 B oRN L358 1) SR g, o I U RIPE SR F RSSO X a. o I8 35 P kAT R 0 .
*RF IR P < 0.001; **F I8 P <0.01; K78 P<0.05. FIA. A, annual leaf N; B, annual leaf P; C, annual branch N; D, annual branch P; E,
perennial leaf N; F, perennial leaf P; G, perennial branch N; H, perennial branch P; I, absorbing root N; J, absorbing root P; K, secondary root N; L,
secondary root P. a and c are the pure effects of climate and soil, respectively; b is their synergistic effects. The significances of ¢ and ¢ are evaluated
with F test. *** means P < 0.001; ** means P < 0.01; * means P < 0.05. The same below.

B2 AT R A i e MR AR B RS A )y 22 2 ik 1]
Fig. 2 Variation partitioning analysis of the effects of climate and soil factors on nitrogen and phosphorus content in leaves,

branches, and roots of P. tabuliformis

A KBB4 Unexplained part: 93.63% B Kf#FSH 4> Unexplained part: 85.14%  C KB4 Unexplained part: 80.98%

a c
8.83% 18.83%**

D Kf#ERBE ) Unexplained part: 92.70%  E AffE B4 Unexplained part: 83.65%  F Af#EBE 4> Unexplained part: 49.61%

a c a b
0.79%* 4.83%* 46.86% —18.03%

AMEAM; BEEAR; CEZEEM; D.EZEAR; EMUHR; FIXAEMR . A, annual leaf; B, annual branch; C, perennial leaf ; D, perennial

branch; E, absorbing root; F, secondary root.

3 BN PR T JHRA L A AR U EL AR A B O 22 03 R
Fig. 3 Variation partitioning analysis of the effects of climate and soil factors on the ratio of nitrogen and phosphorus in leaves,
branches, and roots of P. tabuliformis
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Fig. 4 Changes of nitrogen and phosphorus contents in leaves and branches of P. tabuliformis with precipitation
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Fig. 5 Changes of nitrogen and phosphorus contents in leaves and branches of P. tabuliformis with temperature



51

JHAI T2 48 TR AR TR I — B — A R 5 ki e R AT 2 AR A R 51

R3 OHRRERR. BUEITTERES KR ENEXES R

Tab.3 Correlation analysis of nitrogen and phosphorus stoichiometry characteristics of P. tabuliformis

root system with precipitation and temperature

AER T MR WSO 18 TERE AR MR b AR BELL
Climatic factor Absorbing root N Absorbing root P Secondary root N Secondary root P Absorb root NP Absorb root N:P
Q7 =
CEROKRE 0.052 ~0.008 ~0.013 0.166 0.124 ~0.120
Annual precipitation/mm
BIRE - -
IR —0.086 0.220 —0.006 0.565 —0.184 —0.559

Annual mean temperature/°C

1 "RIRTEP < 0.01KF _F &2 AH 5% . Note: ™ means significant correlation at P < 0.01 level.
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