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A comparative study on foliar stoichiometry traits of three trees in north and

south mountains of Lanzhou City
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Abstract; Foliar stoichiometry is a window to understand the biogeochemical cycle, as well as understand plant growth and
ecological adaptability. Studying the foliar stoichiometry of artificial forests is of great significance for further optimizing
ecological projects. In order to reveal the similarities and differences of the main greening species ( Sabina chinensis,

platycladus orientalis, Picea asperata) to environmental adaptability in the north and south mountains of Lanzhou City, the

HEWB . HEARESTH (41461109) 5 EFF2BE P )7 8L 257K SCH 5 500 28 TP 8L 4 (KLEIRB-ZS- 16-01) ; Hili & AR 4 B ST H

We#s B #1:2019-09-06; W45 tH R B 3 :2021-01- 15
# WIAMEH Corresponding author. E-mail ; zxp296@ 163.com

http ://www.ecologica.cn



6 1) PR AF ZINATR ALl 3 TR R A S A s IR A U 2461

foliar stoichiometry traits of three trees were compared. The results showed that the foliar C contents of Picea asperata and
Sabina chinensis (497.64 g/kg, and 496.02 g/kg, respectively) was significantly higher than that of platycladus orientalis
(484.12 ¢/kg). The foliar N content of platycladus orientalis (17.70 g/kg) was significantly higher than that of Sabina
chinensis and Picea asperata (14.04 g/kg,15.62 g/kg, respectively) , and this trend was also found for foliar P content,
with the former being 1.66 g/kg, and the latter two being 1.42 g/kg and 1.40 g/kg, respectively. The order of variation
coefficients of C, N, and P were Sabina chinensis<platycladus orientalis<Picea asperata. The foliar C :N and C :P of Sabina
chinensis (35.42 and 360.52, respectively) and Picea asperata (33.32 and 389.57, respectively) were both significantly
higher than the C :N (28.17) and C:P (306.07) of platycladus orientalis. The foliar N :P (11.88) of Picea asperata was
significantly higher than that of Sabina chinensis (10.20) and platycladus orientalis (10.98). The order of variation
coefficients of C:N, C:P, and N:P were Sabina chinensis<platycladus orientalis<Picea asperata. The foliar N contents of
platycladus orientalis and Picea asperata were positively related to the foliar P content, but were negatively related to the
foliar C:N and C :P. The foliar P contents of the three trees were negatively related to the foliar C :P and N :P, with being
positive correlation with each other. The foliar C content of Sabina chinensis was positively related to the foliar N content,
yet for platycladus orientalis it was negatively related to the foliar N content, but positively related to the foliar C : N and
C :P. The redundant analysis showed that foliar stoichiometry traits were mainly influenced by soil organic carbon (SOC) :
soil total nitrogen (STN) , with the foliar C content of Sabina chinensis being positively correlated with SOC, SOC :STN,
and soil pH; the foliar N content of the three trees were all positively correlated with SOC, SOC :STN, and SOC :STP. The
foliar N content of Picea asperata, and the foliar P content of platycladus orientalis and Picea asperata were negatively
correlated with soil total phosphorus ( STP), while the STP was positively correlated with the foliar C :P and N : P of
platycladus orientalis and foliar C :N of Picea asperata, respectively. The foliar C :N values of the three trees were negatively
correlated with SOC :STN and SOC :STP. The results suggest that three major trees have different adaptation strategies under
poor nutrient habitat, with a defensive strategy for Sabina chinensis and Picea asperata, and a competitive strategy for
platycladus orientalis. Though Picea asperata may be the most suitable species that were planted in north and south

mountains of Lanzhou City, the growth of the three trees were all limited by STN.

Key Words: Sabina chinensis; Platycladus orientalis; Picea asperata; foliar stoichiometry traits; arid regions
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FA( Sabina chinensis) F1z 4% ( Picea asperata) VAHGE N PESE H™9E i+ 50048 55 8O0 FRE PO 0 25 1 & 5 e rp
T R R X A AR B T R 7R B RO R AR B A AR A e 3 MR AR
A3 NP KA R R 2 R S b RS A B B OB S AR R A S E A K
PP, (HEE BT, =E M AAS AT R R TSRS LR B = DABOC IR AT T i L PR L SR e
ARG G ra AU L AR BE A B TR

H BT 2% (Ecological stoichiometry) Z56G 1A 2E AL A W 3EA G, B R A S RS &
MEZEAFICR (FEIE C N P)FHEAYEE Y H 1958 4F Redfield " i A b 2A T EME S LUK A 56
A A EE TR R AR B A 5T AR B N A IR O R NS S AR R R A 2R (AR VR GE ) HORUEE R
KU AR AR B R E, MR A A KR A < BUREE T R R R S W A s
i U0 Ak AT A AN R R S HE S (integrative nutrient framework ) | 3X —HEZLAERS M AR AR A AL
PRF] R RUEE T 0 A= Py M BR AL 2408 PRI 2R ke, DT S B 40 7 3 1) 303 RS i A AR o A K AR A5 DRI 1Y
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PAZZ T N TEAR (CEZA AR B DA =42 ) ], 385 3 R AR R fl s i B AR AR 22 8] 9 53 7], LA
48 7 AN R T A R PRI I I SR, DT R = 5 DA A R Al i IS, LA Rz g JE e L AR &
H 2B S PR DR AR I

1 #MRERFE

L1 5 XA

2N T R AL L MR AR DX b b B e D P S Y P B VA AR X 5 ik A ) e b, TR AR 1560—
171 m™ J@ IR TR R M T WU, B RO 28 K, 4 SR 5—9°C, THR DT, 4E R /K i 250—360
mm, HEZERE 66— A HHEE R B RE RIS+, +25RE, AU & AL, SRR EEE
Jitk . M RA)E TR {;E’; 5 R b A, IR KA M ( Platycladus orientalis ) | [E ¥ ( Sophora
japonica) \ K2 ( Picea asperata) \[FFA ( Sabina chinensis) MM (Amygdalus persica) R4 ( Ginkgo biloba L.) Fffi
B (Ulmus pumila L.) %5, Horp EZHRFEFOR R MFFT S
1.2 LRSIk

2018 4F 10 H, T2 M pg LM il % A TAR BT DR S 2209 i e S 3 AT R A B Lk e 1 4>
REER GRS M PAR AR (36.03°N, 103.81°F) ,iEAN 1754.6 m; JLILBEHL 2 ASRAE S (SF BRI B
P —A>)  HUHARFR 72594 (36.08°N,103.78°E ) F1(36.07°N,103.81°E) , ik 43 7~ 1674.1 m F11630.7 m,
JIT R 0 S b AR R AR — B (TE 22 N T B I, SRR SRR P2 2 b ), 05 3 AR R IR A (A
BEXSIORE) | BARFHA 5%

HF KA s R R A 3 R (10 mx 10 m) |, BEHCI B RLAF A9 SREE SRR PR 7 BH P 3 fk
FRERCGAR I R GRS, SUETFBE S A B THAO R,

THERAE AR DREHN WA B E 3 AT (WS AT ) T EARSY 35 mm (9 8552 (0—10 10—
20.20—40 cm) WURE FERDR A A EHAS S 5 )5 A M SC e g A B
1.3 KRNI E

SRFHRR BE TIN5 35 pH , BE T 2000 5 1 15 K A8 HE B R B R b I Bk T S i e R S LBk
(SOC) , WILEC TR E M i A4 U (STN) |, FHER BT b sk 5 v 1 A - 48 4 (STP) 7 SR i fb vk
T K HA 2 RFIE AN SR 1 s
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Table 1 The physical and chemical properties of the soil and its stoichiometry traits at different soil depth

= Ak &
e R S0C/ STN/ STP/ o -
Soil Water pH (/kg) (/kg) (/kg) SOC :STN SOC :STP STN :STP
depth/cm content/ % &/ks & &
0—10 4xla 8.09+0.09a 8.03+1.8a 0.79£0.1a 0.43£0.2a 10.37£2.4a 20.66+13.2a 2.07£1.35a
10—20 6+la 8.03+0.19a 9.87+3.0a 0.91+0.2a 0.27+0.1a 8.03+0.19h 55.29+37.9b 5.62+4.46h
20—40 10£1.1a 7.75£0.09b 9.47+3.4a 0.75£0.1a 0.34£0.2a 7.75£0.09b 42.93+38.6ab 3.66£3.21ab
0—40 7£6.7 8.0+0.20 9.12+2.84 0.82+0.18 0.37+0.23 11.19+2.56 39.63+34.2 3.79+3.47

FIFIAF /NG F AR SRR 12 0 AR R AL 2 A7 AE B 25 57 (P<0.05) 5S0C : 30K & i, Soil organic carbon; STN : £ 7 i, Soil total nitrogen;
STP : -3k &, Soil total phosphorus

1.4 Zit 550

K H SPSS 22.0 (SPSS Inc.Chicago, USA) it 3 17408 b, SRRV Ty 2250 0 T LR [R] 122
FHEE KR pH SOC  STN, STP 75 1 K HAk 2= 1T i L AR R A Ah it 5 ¢ NP & i R HGT R 22 5,
Pearson 5T 43010 A C N P & Kb LA SeE . T0A i TRt B C N P &
HAb2 R B LN T UK NS A S BER TR X R, 5RO REZE/ FHEX100% ., $E
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Y8 b 22 e, B KR P<0.05, 351 CANOCO 4.5 34T 704 i R AEIE
2 H#R

2.1 3R R C NP i M CH R AR AR

=2 BRI C & (497.64,496.02 g/kg) b 2 TOUAAAT - (484.12 g/kg) (3R 2) ;MAART A NP
HH (17.70.1.66 g/kg) BEE T =AM (15.62.,1.40 g/kg) FEMIM A (14.04 .1.42 ¢/kg) (#£2), 3 FifF
AKMFC AR ST R B30 0 2.07% .2.25% 2.26% M N #1554 5.64% 16.05% ,23.04% , M A P #9435
H14.79% 31.33% 35%., W C N P &85 RN B << 12,

=2 BN A C N (33.32.35.42) .C P (389.57.360.52) #B .3 = Tt A (28.17.306.07) ; =420t A N
P (11.88) W& TIRIAIMF (10.20) FUATN: - (10.98) , HJGPIZ M N:P LR EER (£2), 3 FiFrAM
FC N 2SS 2B 91K 4.98% 17.68% 20.29% M C <P (43518 3.56% 3.65% 5.84% , I Fi' N P75 S %
B3I 19.22% 26.96% 33.83% . M C:N . C:P N :P 285 RE RN R B <M <=4

x2 EHMB.ZEHRAFHERIRERZEY

Table 2 Foliar stoichiometry traits and coefficients of variation of Sabina przewalskii, platycladus orientalis, Picea asperata

NI St e Wb A e FR S AR5 B
Foliar stoichiometry traits Species Mean+Standard error Variable coefficient/ %

C/(g/'kg) [ 496.02+10.29a 2.07
EE] 484.12+10.89h 2.25
=iz 497.64+11.27a 2.26

N/ (g/kg) [5 A1 14.04:£0.80a 5.64
M 17.70+2.84h 16.05
=Fz 15.62+3.60¢ 23.04

P/(g/'kg) A1 1.42£0.21a 14.79
KE] 1.6620.52h 31.33
=Fz 1.40£0.49a 35

C:N 541 35.42+1.77a 4.98
EE] 28.17+4.98b 17.68
=t 33.32+6.76a 20.29

C:P B 360.52+12.84a 3.56
JLKE 306.07+11.16h 3.65
=Fz 389.57+22.74a 5.84

N:P ig| 10.20+1.96a 19.22
EE] 10.98+2.96ab 26.96
=iz 11.88+4.02b 33.83

RIS R/ING TR R m Pyl Z At 22 5 Bk (P<0.05) 5 C I Foi &t s N I R0 5 P o I i s €N s I R AR L
CoP o BB L N 2P I R R L

2.2 3 AR RAEET R OCR

AR C &S N SEIEAE MR C &85 N SEAME 5 C:N C:P IEMAX; M, =2
A N &5 P SRIEAXS C:N C:P HAHX, Bt N &5 C:N A3 MIrARH F P & 5C:P,
N:P FAHIE(C P F NP IEAHR) MAA A2 C:N 5 C:P IEAHK (R 3),
2.3 52N 3 FPIRORR: BAkAedtE n FEEE  E

DCA S3Hra5 SRz, = A2 Mk BT R Ao it 0 de RoBs BE A BE 43510 0.328 .0.306,0.140( #1<3) , i
KM RDA #HATHET 708, =2 C NP Akt s 1 RAnss 1t i e 12 20 30l R 329% #10.6%
TPl ) i R B 2 RN 32.6% , %I - € ON L P AR 2E T Fsg g 7 OC 2R 19 BT e it 51 38 98% ; A i
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C N P b=t 1A Fnss Tl B4k 41.8% F1 0.3% , T W6 il (1 i B 4 2 RNk 42.1% , %t C
N P b2t Fs g IR 156 2R 1 B Hi Rl 99.1% ; BAAM A C N P Ab2EiHa 58 T flAn s 11 4h i e e
531K 5.6% F1 3.9% , Fil WS i B 2 R 9.9% , X € NP A2 A 156 2 1 Rt
56.3% (K 4) , XU 3 FpTRAM R C N P fbfit i 5 K 110 56 22 0T B i el e g AELR USRS T ok &
(%£4),

R3 3WMPFAMATESEREAFHELHNAXEY

Table 3 The correlations of foliar element contents and their stoichiometries of Sabina chinensis ,platycladus orientalis, Picea asperata

Yk Species C N P C:N C:P N:P
[F#1 Sabina chinensis N 0.457 " 1
p 0.026 -0.025 1
C:N  -0.098 -0.929 ** 0.040 1
C:P -0.027 -0.044 -0.967 ** 0.059 1
N:P 0.056 0.199 -0.961 ** -0.200 0.966** 1
MIHI Platycladus orientalis N -0.296 " 1
p -0.215 0.440** 1
C:N 0.407 ** -0.987 ** -0.481"" 1
C:p 0.329* -0.403 ** -0.876** 0.463 ** 1
N:P 0.118 -0.107 -0.768 ** 0.050 0.848** 1
ZAZ Picea asperata N 0.221 1
0.097 0.560 ** 1
C:N  -0.121 -0.986** -0.594 ** 1
C:P -0.102 -0.477 ** -0.903 ** 0.510** 1
N:P 0.037 -0.084 -0.696 ** -0.057 0.819** 1

* 7 P<0.05, ** FR P<0.01

#x4 ETRDAHHHHE CNPUEHESTERFHER
Table 4 The relationships between stoichiometry of foliar C,N.P content and soil factors in terms of RDA

g {2t e — S

. N iR IR AR
; AR R L R B R R : -
ok Hevmh (A I I SRt
Species Axi Ei ol Correlation efficient of Cumulative percentage Cumulati Ny
pecies s teenvalue influencing factors of of the leaf/% umuative pereentage

f the soil-leaf/ %
stoichiometry of foliar ot the sotl-leal/%

k% Picea asperata I 0.320 0.577 32.0 98
I 0.006 0.412 32.6 99.8
I 0.001 0.526 32.6 100.0
\Y 0.000 0.265 32.6 100.0

WA Platycladus orientalis I 0.418 0.656 41.8 99.1
I 0.003 0.356 42.1 99.9
Il 0.000 0.572 2.2 100.0
\% 0.000 0.258 2.2 100.0

[FI#A Sabina chinensis I 0.056 0.259 5.6 56.3
Il 0.039 0.490 9.5 95.9
i} 0.004 0.648 9.9 100.0
\Y 0.000 0.265 9.9 100.0

3 FFRAR SOC :STN L 4 K, Uil SOC :STN X HM: A ikt it T EH . 3 Fhfe AR A N 485
SOC ,SOC :STN .SOC :STP iFAHE, B F C 55 SOC SOC :STN . pH 1A, ZAZHH N kT = AZ0HF P FI
STP HiAH{H 5 SOC :STP STN :STP 1EAE ;3 FiFe AN H C:N 5 SOC :STN ,SOC :STP A&, A A C :P
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Mk C:P N:P 5 STP IEASC(nE 1) .

A o M
SOC:STN SWC

N

SOC:STP

STN:STP
SOC

0.8 A
SOC:STN A
N
STP
S(')C:S'Fl"lJ SWC N:-P
C:P
STN:STP
C:N
C:N
A -0.6
-0.4 0.8 -1.0 1.0

E1 =iz A E#HEtAE C NP ULETESTBERFXRNTRS T _4HRE
Fig.1 Redundant analysis of the relationships between foliar C, N, P stoichiometry of three major trees and soil factors

SOC i%ﬁﬁ/ﬁ’\ﬁ, Soil organic carbon; STN B i, Soil total nitr()gen;STP;i@@%ﬁ%, Soil total phosphorus

3 iTFig

3.1 3R R C NP &t YRR

C N P M AR IEAR b e R, ik B ¢ R4 YA N T8 ik EZ TR, N EHA
T IR s IR BTG A, SOG A E R B A G T P O R Y 7 AR B OCE )2 RNA \DNA |
ATP AL MR XN AR =20 C &R E T akma A my i F
FRTT AGE INHER AR A A C AR ARt E L HAR L TR R C R i R T
XIEAM A CHFRPI(FRS) , U =EM A AL S Y& s, SN ASF B 5E /G HE A0 fE 1 s >
PRIy 22 T i Ak 85+ 5 B PG, R FE |, A R LS SRS, AR T AL A SR . =
RN R C S E R m T A (£ 2) , P2 AR R RE A8 T 00Aa , e 2 M g d6 1 ol ik
BN A2 R B REACR: . X S R 14 7K S AR BURTE S AR FH R 1A 5%, 55 Yang 2600 (9 53 45 21
— 3 (H SRR AR AR (AR 4 T N TR ) Ak I R AN BN T3 3 TR AR ) OB FE 4 SR A — 30, 1
b HTE R IR B AR R AL BE L T 2 A2 A i e 2 & BRIB R ) A e AR BAIK, UL, AEBE 22 S 2 W Fh
[ B3¢ [l Ak i 7 AR TR B B B IR 2 — )

3FIRARI A N SR T 2R SEMEY R N &8, X 0] i 3 E0ME DL A R A T B OOR
R 3 s /A Y BRI A T — s, =& R P SR Tkt p e
(%5, 5FAMF P SEBARIEE S | NSRS A0 & BAFIFEAAL Y RN, P
AR AR R O R R NP AR R T AL AR B N P i (3R 2) DB B R
T IR 3K T SO IR AR (R G AT 5T 45 SRR I, DR I A AT A A [RRE T R AR R 1 R Ak
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R 3 L5525 5 0 TGP, S5 0 1 S0 038 4 B BB 20 S 643 5247 2617
5L HURIRIR) M FUTEH) M AR SRR P R, I BEMT NP B, I EEHLI A i
L.

3 TR C N P 255 RE <A< 2 (3 2) 0 C S RIVESRUN (AT 3%) P #
S ST N B 5 505 VM) R RS IS A B RS 5 15 85 D7 0 S
GEAE R, BN RAR MEARVTRAN H T & B ESIEA B, DFH C % & RSB MO I AE T C
SR AP S HR B PR HEA I T, AL I SR O, AR Rk, L3R A
BN P I H P RS RRT N & S SRR T 5 P & BOHTEL R PRI N ik 0 B 9
— BN

®5 MHACNPISERENFTELSHEMHRMMEIT L

Table 5 Comparison of concentrations C, N, P and stoichiometric ratios with those in other regions

L o T AR5 AR K
RSB e PR I
The foliar stoichiometry of different i C N p C:N C:P N:P no
temperature and Data source

study area S
precipitation

2 M AL L A 5o

Sabina chinensis of south and north 496.02 14.04 1.42 35.42 360.52 10.20 VNI
. . 250—360 mm
mountains of lanzhou city
£ AL o
Platycladus orientalis of south and 484.12 17.7 1.72 28.12 314.99 10.98 AW
. . 250—360 mm
north mountains of lanzhou city
AL L1 2 o
Picea asperata of south and north 497.64 15.61 1.43 33.37 389.57 11.88 ENIE
. . 250—360 mm
mountains of lanzhou city
ERR AR
Global land plants 461.6 20.1 1.99 225 232 [18]
L
SR 18.6 1.21 [17]
Land plants throughout the country
= H AR 17.7°C
Eﬁ@a/ﬁﬁ\ﬂr . 480.03 11.51 1.06 41.98 581.59 13.77 [27]
Pu’er Pinaceae of yunnan 1543 mm
AR I HERR VA i s 42 0.6—2.0°C
Picea asperata of pailugou river 436 ’ 432.4 14.83 0.67 29.79 655.7 22.48 [25]
basin in gilian mountains mm
At A T L A A bR 11.8%C
Artifical Platycladus orientalis of 62.3 446.68 14.28 1.28 31.76 369.93 11.5 [26]
mm

stony hillside in North China

3.2 3 FRFRARM AT SR Y

P C N C P ARRAEY WL N P JUER I REF AL C JUERIIREST , e TR i A R AR R 3R 0 1]
B AERHECRRUIA A C N (C P BUIE A AR KR 2 AR S b B R A S A2 R
C:N Al C:P HE¥ S TRERUZM AR A N C:PU™ (3 5) Bl efTt v ¢ TR FfLae e,
NP JCRWIOR FIRCREBAR, HAE KNS BORMEYIIE RS- 53 PR AR BT (3R 1) 1 — b e M N e ms
MR Z A0 B N P &Rkt 5 S8 C:N A C P B R i (£ 2) . Zgs R 55kohiE
SRS A —EC AT TR IR B CN & T o A2, a2 CoP g TIRIAT, X n] aE I X dl 22 5
TEPIFS IR R REA TR G AL, FM S Z2M 7 C:N C:P R ERES, SH3CHE " s )
— B0 U A A A RO 22 SN DO R AR [ 0 A P B TR IR T [l SRR DI Ah kT
EE R T e S L HE R N RRAS A OC, B AR R IR A A v B SN R IR i A2 4L FE Y RE TR AL
L AR E
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5T, R C N C <P BEA RS B 55 4+ R A SR s =22 8] () -, NP &, 1M € :N L C P B AIK
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