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Variation in leaf C :N :P stoichiometry of Quercus species along the altitudinal

gradient in Taibai Mountain, China
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Abstract: The carbon (C), nitrogen (N) and phosphorus (P) stoichiometry of plant leaves could reflect the adaptive
strategies of plants to environmental changes, which is one of the hot issues in ecological stoichiometry study. Research on
the variation in leaf stoichiometry of related species along environmental gradients is significant for in-depth understanding of

plants’ nutrient strategies. However, the resulis of changes in leaf stoichiometry along altitude gradients are not consistent in
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previous studies. In this study, we collected leaves of four Quercus species, including Q. aliena, Q. variabilis, (. aliena
var. acuteserrata, and (). wutaishansea in Taibai Mountain from 1100 m to 2200 m. Leaf C, N, P concentrations were
measured and analyzed to explore the variations along the altitudinal gradient. Meanwhile, we quantified the influences of
climate , soil and topographic factors (i.e. the slope of land) on the variations of leaf C, N, P and C :N :P ratio. The results
showed that 1) overall, leaf C of the four species increased first and decreased then with the elevation, leaf N and N :P
decreased and leaf C :N increased with the elevation. 2) Variations of leaf stoichiometry were different among the four
species. Similar to ). aliena var. acuteserrata, leaf N and P of Q. aliena decreased but C :N increased with the elevation.
However, leaf N and C :N of Q. variabilis showed opposite trends. Leaf C of Q. wutaishansea decreased with the elevation,
but the variation in leaf P and N :P showed nonlinear trend. Specifically, leaf P of Q. wutaishansea increased first and
decreased then along the altitudinal gradient, while the trend of leaf N :P was opposite. 3) The main impact factors for the
variations of leaf stoichiometry were different. Leaf N and C :N in leaves were mainly influenced by climatic factors, with
39.91%—36.59% variation explained. Leaf P, N :P and C :P were mainly affected by soil and landform factor (explaining
23.70% —39.83% variation ) , and influenced by the interaction between them was significant ( explaining 16.24% —
24.72% variation) . The results indicate that: 1) when facing and dealing with environmental change, even closely related
species could exhibit different spatial patterns and nutrient strategies, which could explain their zonal distribution to some
extent. 2) The topographic factor could affect stoichiometry of plants together with soil factors, and the slope of land is also

an important factor which should be considered in leaf stoichiometry studies of mountain forest ecosystem.
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MAT =- 0.0049ALT + 17.9 (R* =0.99,P < 0.001)
RH = 0.4 x 107° ALT?> - 0.0153ALT + 83.7 (R*=0.95, P < 0.001)
MAP =P, +a[ (2H - ALT) - ALT = (2H - h) - h]
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Table 2 Environmental factor data of sampling sites in Taibai Mountain

YR AEHFRIK + A PR TR T sk
273 Wi Mean annual Mean annual Soil organic Soil total Soil total
Altitude/m pH Slope/ (°) temperature precipitation carbon/ nitrogen/ phosphorus/
MAT/C MAP/mm (w/kg) (w/kg) (w/kg)
1093 5.33 22.67 17.79 532.01 87.22 7.05 0.88
1128 5.59 30.44 17.75 533.70 73.54 5.20 0.60
1243 6.44 30.44 17.75 533.70 86.05 6.29 0.65
1311 7.00 28.50 17.76 533.28 61.76 4.58 0.78
1330 5.26 37.33 17.72 535.20 55.86 4.09 0.62
1333 6.40 28.83 17.76 533.35 78.67 5.46 0.54
1423 5.95 27.33 17.77 533.02 33.16 2.47 0.69
1473 5.55 15.11 17.83 530.35 136.51 9.36 0.66
1516 5.80 32.67 17.74 534.19 60.57 6.07 0.53
1612 4.69 28.22 17.76 533.22 46.90 3.17 0.61
1692 5.45 28.00 17.76 533.17 79.31 5.31 0.53
1798 4.89 19.78 17.80 531.38 56.41 3.61 0.45
1872 5.14 33.00 17.74 534.26 60.83 432 0.54
1872 5.24 25.67 17.77 532.66 70.95 4.98 0.58
2010 5.76 29.33 17.76 533.46 95.28 6.69 0.66
2104 5.79 34.00 17.73 534.48 52.18 3.91 0.63
218 5.35 26.22 17.77 532.78 63.42 3.98 0.46

1.5 Hdsiban

AWFFE Y B 5 R C:N L C:P Hl NP LIt R TA 7 & i ko . SRR ZR J7 2250 i
(one-way ANOVA) 3 Hr UM ERZEAEYIM i C N P & & S HG R i 22 5, TR R R %t - € ONLP
Ot MO R T SR HT, TS X R A2 R R 5 25 R e R 22 )4 78 40 (8] L Pearson AH SG 1%
I3 AT, T R PR AR AR IR AR R K 1 C E e R C N pH RN, B SR R Y
hier.part £, %} H.i# 1743 /2 ( Hierarchical Partitioning, HP) " SCZ AR ( General Liner Model, GLM) 734734 |
TETHEL IR0 18 H 052 000 R 3R 43 VA 28y e (AR SR AN AE YRRk ) (3 (- 3EA L C & i 3% C:N At
5 pH) AL 3 JER -, 0 = 2N ] BRI = Ak 57 800 A — S R [R5 LR A TR

ARG T SPSS 22. 0,R 3. 4. 3 X8R #4750, 1 H Origin Pro 8 il Visio 2016 /£,

2 #R

2.1 KRHEWARER R R A ST R

M 4 PR R B R SR 2R T AR AERT, C NP S A 0 524.94 mg/g,20.72 mg/g, 1.45
mg/g, P SRS R K, N 0.18,C H R REUR/D, H0.04(FK2), iR C:NN:P C:P
B30 25.61,14.63,373.13, Horft C:N 728 55 R85/, 4 0.10,C P AR S RBUR AR, 0 0.18(F% 2)

b3 4 FRERJE BRI 22 S0, R Bt R C it P & N 2P R C P X DU AR S A = A i 22 5
PR (3 2,P<0.05) , %M N C.P &t NP Hl C:P il ; 1 AR5 8015 BRI B0 AU, 6 TH 46 bR
HR2ERABA A (R 2,P>0.05) o ILARBRAYM I N & i SR A B (R 2,P>0.05) , H B E TR
BRRBEG AR (3R 2,P < 0.05) ; ILARBRAY I C N I 35 5 TR = AhRZEnt i H 22 5 W2 (3R 2,P<0.05) .
2.2 KEIWARERF A2 T R B 4k 28 f i 4

¥ 4 FARIE W B BAARIEAT AT KB, A N AR N P Rl E TR E PR (E 1,P<0.05) A C:N
RifiveR AR TR 2 BT (B 1, P<0.05) , HARTE PR EA R E (P > 0.05)
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Table 2 Leaf C,N,P stoichiometry for four Quercus species in Taibai Mountain

MR B R AR IR A R B R IR B L
. Leaf C/(mg/g) Leaf N/(mg/g) Leaf P/(mg/g) Leaf C:N Leaf N:P Leaf C:P
Yok A% ,
Species n T AN
Veuy | Cocfficentof P AERAMC PHE RAK CPME RRREC OPHE ERREC CPHME - ARAN
Variation

KR Q. variabilis 6 533.73b 0.02 20.76be 0.05 1.42h 0.07 25.78a 0.06 14.62a 0.05 376.81a 0.08
15 Q. aliena 6 495.16a 0.03 19.71ab 0.06 1.09a 0.17 25.23a 0.09 18.45h 0.13 468.22b 0.19
Bttt

. 27 533.3% 0.04 21.98¢ 0.10 1.55b 0.14 24.50a 0.10 14.3% 0.13 350.56a 0.13
(. aliena var. acuteserrata
K Q. wutaishansea 12 516.43b 0.03 18.36a 0.06 1.42b 0.18 28.21b 0.06 13.25a 0.16 374.54a 0.19
BT Total 51 524.94 0.04 20.72 0.11 1.45 0.18 25.61 0.10 14.63 0.16 373.13 0.18

L AR s AR 25 1, P<0.05

¥ 4 FARIE WD BIHEAT 208 K B, 4 FRREFR G CNP Ak 243 RRE BE T 3 S AL SRR, X F A C
i A8 B RN AR AR AR B T 4K T e S BTG, M AR D) 8 3 T o5, B A AR 2 I 3 i R AR B Bl TR S T
JEBEMR (L 1,P<0.05) o X Tt N B f , ibAR B 140 A Bl 1 4 v Bl 2 IR AU, R B AR D) i 2 v (11 1, P<
0.05) . XF Tt P &k MR A S AR BRI T i 0 2 BRI , 1 AR A 2 0 3 it 2 A b ke 34 BV 4R SE T )
FEAR (1 1,P<0.05) o XTI R C N AR R A O R 40 I Vi 4 P vy o 3 T s, e AR ) 40 28 B AR (1D 1, P<
0.05) o X Tt NP, A MR BE TR 3K - 102 T i AR BR 2 3 i 2 s A i 3 B VR e PR AR S T
(B 1,P<0.05) , XFT0 5 C:P, Btk 25 i 228 fh ka3 ) Bl 44 56 T 50 5 BTG, MRSk D) ol vl 4 v b 5
FhEs 1 B AR BE SR T o o AR (K 1, P<0.05) .

2.3 REWEREM A Rt R R s i R R

Pearson AT R, A C &5 1 C N R E USSR 3,P<0.01) ;1 A N & 5 4 pH |
AERIIRI B IEAR S, AR MoK L S (36 3,P<0.01) ;1 5 P &5 +8 ¢ SR B EAME, 5
PR R B IR AR (36 3,P<0.01) ;1 H C:N 543 pH AEIIEM B3 T ¢ , 54 ok b 3 1IEAH G (%
3,P<0.01) ;0 F N:P 5413 C S B B (£ 3,P<0.01) , 54 B E IEAHDE (% 3,P<0.05) , 54
FEME B3 FAHDE (3 3,P<0.01) ;0 7 C:P 513 C & B 3 G (36 3,P<0.01) ,

£3 HEMEESUETHRSESHERT 2 AMEEYE

Table 3 Pearson corrections between leaf stoichiometry for Quercus species and environmental factors

T 5P B4 Soil properties

R AR AR SR AEHREK Yo
Leaf Stoichiometry L HEAT Bl + 5% o MAT MAP Slope
SOC C:N
M it Leaf C -0.009 -0.384** -0.237 0.163 -0.095 0.110
M A & i Leaf N 0.170 -0.277" 0.405** 0.632** -0.615"" 0.240
MR R i Leaf P -0.364** -0.226 0.232 0.104 -0.128 0.520**
MR A Leaf C:N -0.165 0.166 -0.507 ** -0.604 ** 0.605 ** -0.207
i AL Leaf N P 0.565 ** 0.069 0.060 0.326" -0.274 -0.523"*
M5B L Leaf C:P 0.433 ** 0.160 -0.272 -0.045 0.096 -0.631**

FHENGE, EHEP &, £ NP, 18 C:P UESM R CON,P LA HRAFIE A S EARS B3 R A B 1 ; + .P<0.05; = * . P<0.01

GYIRTT SRR SE S WM | 4 5 0 B — R AR B - S [ R T R Ak T R 26.16%—
48.73% 0 722 (E 2) , N &M C N Z 2SBS0 (a) Fe ok, ST AN B 4351 R 29.28% Fil 20.99%
(F2), CEHaZ3) A 80N (a) B K, M RN E N 24.03% (K 2) . P & N:P HlC:P 23| 15
FII (1928 AW (be ) e K, ST AN B Ay SR 17.25% 16.24% K1 15.17% (& 2) o 4 HEY SRR N (b+ab+
be+abe ) %t 6 AME 2R AR O RE K 16.38%—33.14% . A5 SRR (a+ab+ac+abe) ¥ C P & &
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1 KAWEMFEERNEESEFITEHETERNTL
Fig.1 Variations of leaf stoichiometry for four Quercus species along elevation gradients in Taibai Mountain

L: T&RH;R: $EiE4R;H: #%;S: BEHF;T: BE; «,P<0.05

H1C P REEEML /N, 235000 0.91% 1.63%F1 0.92% , %F N S H1 C =N FP i B BEA K, N 39.91% Fil 36.59% .,
I B ) SRR (c+ac+betabe) XF P & NP Fl C:P fERER K, 709K 27.05% ,27.37%F1 39.83% , %} C .
N E 5 CN BRI, 38 1.21%,5.76% F1 4.29%

3.1 KA ERERRT A2 SRR S AR A
311 ERERE

KA 4 R ER A C S EIAE K 524.94 me/g, N S H{H N 20.72 me/g, P & EHE N 1.45 mg/
g, SAREREEHAEY) (C 146.4% ,N :20.09 mg/g,P: 1.77 mg/g) ML ™ KREAILBRB YN C &SRB P &
HEALN FRIVTFEER 5P EARTm IO SRR ES R (C :480.1 mg/g'N:18.3 mg/g,P: 2.0 mg/
) AT C SR, P SR N SEEREZSEAL, WA S5HA C N SRMK, P SREAK
KAAESVE (AE S R E=0.18) , X 5 Z AT IF 27T 45 RAR—20T |
3.2.2  BVARKEAE BEE R 0 AR LR B R i R 2

MR YR, R C SR BEE R AR A ROR B3 R E TR B C SRS R U, BN
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MH CAr B SRR 26.16% R NE B SMREEE: 48.54% MR PE B MR 3541%
B 091 3%:2522 BfE:39.91  13%:16.38 B 163 13%:23.70

BERE: 1.21 BEPE: 5.76 B RE: 27.05
- H CoN SRR i - 48.07% - F NP SRR 46.92% B C:P A ARREBE: 48.73%
Bg:36.59 3% 25.69 B3 10.60  139:31.97 B 092 13:33.14

Y pE: 27.37 Y BE: 39.83

B2 K&, TEMEERFHEETR C,N,PEEREITEIMNTRMBERE(R, %)
Fig.2 Variation partitioning (R?, %) of climate, soil and slope in accounting for the variations in leaf C, N, P and C :N :P
a,b I ¢ G5 FRR A% T FIBERE R SUSL KV s ab , ac Fl be S 0FRRSMGEFN 138, - SERNIEE | 3¢ BE RSB (¥ 52 LA 5 abe S =F A F 2
[ 4 52 EL 2800

FE , HIR ek m i i C & s i 7 208 B3, i N & & SRR & AT a2 R, 5
Zhao F "V ER FILMIIIR SR —B0, 1Y 2T MR S X i e N B i 248 SRR R R,
X W R A TR T, AR 1 - S E rTE B) B S DL A 20 ik AR BT, T AR R X N
FEOTHINRA 1 2 R P A R R AR N 2 TR T R R R TR P o R A
BR (55120 23.70% 1 27.05% ) , T T YL SRR /N (1.63% ), A RIS Hh A S M1 A0 B vl $A 0 A
BB AR R S (M RIEZE R P>0.05, FREE T B8 L3k 1) |

MR NP 5t N & i AR AR, RoR i NP R E TR N A E R,
M P A L N S R BV T R NR > SIRATA LS R, AE R 22 55307 LL Bk o W5 o [ 2% 3
MR N <P BT R AR SR I AWBI 7 o ) B S AR A ST AR S (R 34122 A i A C e N B R
FHE 3 EFE R T A N SRR AR R B3 1T, 5 Zhao Y B,

AWEFEH YRR X P A e NP ORGP IR SRR (27.05%—39.83% ) . VL P JTFR W,
T+ P SRS P &S a3 PRI B AT BB 2 38 o 38 S e 8 P TR AR RS
MR PSRN, AEPRES A PLR S EE R E I EMACCR, MTIEAI C S8 5Hh P o ERE
A, BT R  BRISA AR RE 1 13 #ME AR ( Ectomycorrhiza , ECM) fig AR (R 35 43 W A+ , HLAME AR
M FLPE B 2 TR AU S R s m R BRI IRATTIAA | Bt B AL, 894 W B 3R e 1 o i
JE G E 3O 3K A3 i SR AL C S B S MR O T 5 o SRR ) B R LR (AR SRR R P TR
RILRE T BRAR 2z m Bt 5 P & i,
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32 A FMBRER R AT R 2 A AR Y A ) 22 S5
321 A FMRIFR I A E TR A ] 22 5

4 FhERIEA T b R e BRS B MR TR A5 25 S YR B3 B0 2 SR IR o IR BL B AR RL ., HRER Y
Fr P B EC/ME N P R, UG BEBIMER Y P OC 2R A8, N ST AR 9 2R 1 B R 2 ) o & s A e
TEAR P & BIROUT O T ROV IERE R . I RAR T A A i ot , i e N & 5 A Rl oA e 18 %
WEAEG, Al REJE: T vk A MR 26 P S 808 N BRI BT AL AR AR B €N I35 T A 3 N, WL R
BRI N JCR IR R AECRE R H C [FLRE IR SZ 5 m , R I 5 03 7 o o B A5
3.2.2 4 PR BRI IR ER AR AR b 1) 22 57

ANE YR I R A2 R RO BE AP AR AN TR A8 A i 33X e e 1 e A1 Tl ek SR BBOCAS [m] Y 57 4 S s
KDL REEA AL, 5, T N & RATR I AU 7o A N & 280 i 5 N 7, 2
TS U BT T N TR P 8 BRI ARARI 7 N & B BE AR T i s i 722 Ak
FABATT L) P A BB SRt A T R B 2 R TR B R AIC, 1o sl B o N %k, SRR KT Wl R BRI
I B AE AR T R, MRS B AR DU S R A S | A S AR R B B RO R TR SRR A2
3] it Ve A T 2 S AR AR P B i), FCAR R N R0 (A W SR BRI 2

FEMFHAR LR ST > 2 0 C a0 AR Ak R A R B T A A ) Al 25 4 1 Bk K K A 4 (Non-
structural Carbohydrate , NSC ) [} 35838 L/ 5 s —— U i K Ak A 0 vk 1 vl DAHEAIR IR D D v T AR ANt
WARTEHE R IE B2 1100—1700 m Z AR C & i Bk T mmi Ik eI E A1 & 1 AR S5 M rEmoK b &4
PR DR I e Y AR A IR PR, 1700 m DA BRI C S i A BT N R, AT REJZ RO AL T & BAE Ry 4
X%k, 828 1 S HABR R A5, S5 G HTSC, 4 BRI T R e 0 R S A B R BT PR
AR TR I3RS A AR AL AR MRS 1R N &5, bR S B BRI & T € & i S3dh, BRI 1
SrFT AU X 4 BRI SR C S RN (H 4 PR I R C & RTS8 AL
K, B AT A6 B A [) 42 A A T X PR AR AU, T 32 380 A9 P 458 52 il R R SR 552 70 SR MG AR LG 25 5%, 4 PR
MR C N B AR A S 0 W] B EIRIE | B IR IS R S BRI AR AR R C N BEHESR T TR A
AR S5 B0 A BRI 5 2 AR B, UEWA BR8] TS N JC R S R (ER B ) | TS
W e T3 C TR o ERP T (RSP EROK LG ) .

KT NP I C:P, T 52 S IEFNIEEE RS2 IR EBOR AN v L eI B A B4k AT 25 72 At 3
(EHZER P > 0.05, G EE WK 1), BAS BRI BRI 7 N <P BRSO B 3% R BORPE bt
F NP FLC P TR Ja Ml LAAAS BRRR 2K X6 T A A8 A %) SOy Bl e mes , ELAA it PR e i — 2D R

Yang 55 NG R B, B 26 BB BE ARG, 5 IR (Artemisia ) S RGAIFN I J A2 T ERFAE 2 BT
TA[E AR AR S T HL RS Rl 0 A2 ke 35 5 8 SR AL ) B AR ARG FOAN R] . ASIF 5% 0 A g 45 6 B i e
M4 FPERIE R TR B T AR LG, BAWE ST — D IR AR T AN 6] 1k AR A A i AR B 32 4 s . 5%
25 K F I BRI TN PR AR A 48 75 R [R) O 37 70 SR, RESTE — R b R L ey oA R, 0 R
KRG KT RN f FEF AR A 2t a2y P it — e pF oy A

4 ZEig

T R L 4 PR R R R R AL E i R TS R B, BRI 4 FRERZERE ARt N &8 NP B
MR T MR, MR C N BEIRSOTT R TR, 4 FARERI A Z (8], 5 A2 R Rk B T3k A e S A7 1
ZEST L DR 22 Sl R MU BR S AL RS B A MR ZZ A Sl ), e NP S AR T35 T g T A1
C =N HRBE TR T 0 T 4 BAR AL ZR AR B AR A S A ], L i C &2 F0 C 2N AR BE I 4T v T e A1, N
FEBEERT R R TR AR E TR AR AR A B R R R € R D T
Wi, N & B R C N EEES2 AU 7520, P & NP OFC <P I 52 ORI [N 750, X SEEE SRR
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