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Analysis of Root and leaf functional traits and C, N, P stoichiometry of

Cunninghamia lanceolate from different provenances
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Abstract; The relationship between leaf and root functional traits, carbon (C), nitrogen ( N) and phosphorus (P)
stoichiometry and environmental factors of 3-year-old ancient Chinese fir seedlings collected from 7 different geographical
provenances and sown in a homogenous orchard was analyzed to reveal the influence of geographical environment factors on
different provenances of the Chinese fir and their response and adaptation characteristics. The results showed that the
coefficient of variation of functional traits was 7.3% to 18.9%, and the coefficient of variation of stoichiometry provenances
was 1.6% to 18.9%. The coefficient of variation of C content in leaves and roots were relatively small, indicating that C is
the most stable element in the Chinese fir. There were significant differences in leaf thickness, specific leaf area, leaf tissue

density, specific leaf weight, and leaf dry matter content of Chinese fir from different geographical provenances, indicating
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that Chinese fir leaf morphology had strong plasticity to adapt to the geographical environment variety of different
provenances. The differences in root N content, root C :N and root C :P were extremely significant, reflecting the potential
effects of climate and soil nutrients of different provenances on root stoichiometry. The provenance of Wengongshan Mountain
in Jiangxi Province had the largest specific leaf area, but the specific root length and root dry matter content was the
smallest. The contents of C and C :P in leaves and the C :N and N :P in roots of the Chinese fir from Xiuning, Anhui
provenance were the smallest, and the contents of N and P in fine roots was the highest. The C :N of the fine roots from
Anfushan, Jiangxi provenance was the largest, while the content of N :P in leaves, and the contents of C, N, P, C:N and
C:P in fine roots were the smallest. The longitude of the different geographical provenance was significantly positively
correlated with the leaf tissue density and leaf C :P. Following the precipitation gradient increases, the N :P of leaf root,
specific leaf area, and leaf mass per area increased. With altitude increasing and temperature decreasing, leaf thickness
increased , leaf tissue density decreased, leaf dry matter content decreased, and specific leaf area decreased. The analysis of
the trade-off relationship between the functional traits of the Chinese fir from different provenances shows that the root
specific surface area of different provenances is significantly negatively correlated with the specific leaf area, and extremely
significantly positively correlated with the specific leaf weight. The N and P concentrations of leaf and root are extremely
significant positive correlation, so there is a correlation between the leaf area and root area of Chinese fir, the growth of root
length and root area have the same trend, and the corresponding N and P element contents of roots and leaves are also the

same.

Key Words: provenances; Cunninghamia lanceolata; functional traits; C, N, P stoichiometry
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S Wz i R AU XY 19 DNy, T B AT TR 130-2900m 1Y Fr e 1L, HC T AR 2 AR R 2 o 4 N
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A2 AR REVEAR A 22 57, FLSL AT BE N 3 st b oA B Ry )32 BIAZ AR AR [] A A 35 B4 A S0 3 1 P i 7 T 7 £
AL . DATEXTAS [ 3t BEAEAZ AR RBIE T 38 80 h S T G5 | iR i 110 T A MR 22 5, T 228 W 17 A [ ol
DRIEIAR D RETEIR S AL~ R A 25 57 | i = Xk SE MR AR IE S PR BE IR 1o R AGHRTT . IR AR5 E 1k
BORAE A B F AR R L P B o W 04 A2 A S0 A () St Del 1 46 1 D TS X R, %68 7 AN [l s B AR IR AY 3
ELERZ ARG BEATAR I REMEAR & C N P ARZE T 0 A, B D AR 3 AN B (1) R s 5 T 2
FEREA AR S AR I EZ IR S C N P IR 2257 (2) FZIREVEAR B A7 FE AU 5 R 7
(3) EEIIBEMOIRS C NP IR Z P RIS R 7 2R EAC % T 4 e3R8 I 7 2814k,
T T T 0 2 PR A AR D BE VIR AL~ R, Xk SRR A5 U IAEE (A 1 AR SR A 20 A BE
EHERFTA R P AZ A 1838 IO P Ak R0 ) R PAOIR AU O 27, AT Bl T A TR S i A2 A i 293 A A% JR3 19 T2
JEAE

1 MERFE

1.1 FEdh S S

IS T PR 2016 4FREEH 7 A [FHLEA IR 2K T ,2016 45 BUAS [R] M2 A A2 R T T 7
TOUZEMY 2-3 T VR A 7 [l A MR 2 ) o el 813204 74, B A R AR R VR B ) 100me/ L 1) ABT ZEAR M
Hedn AR AE IR LB BT, S SR 40em J5 A TARAE . %) T B [ TFAZ Rt 7R I g Ol B 2
WA IR Rk sl S 2 EEBRE S ETEALE K, RFREI ALK S50 A HEE
Wi Y e s 2 5 B VR R | R K S A5 TR 7 204 T T R A DR o U e LA 858 PR B AE S AT,
i AR b 25 25 B FNEHRGE 1 TR GPS Bl A%, KR BRI TR XA R 885 0 (hip . // data.
ema.cn/ ) RFE ARG EAEBYIT 30 4AF-EEMERISF (£ 1),

F1 FAEZAERMIFEHBIFE

Table 1 Stand characteristics of C. lanceolata from different provenances

He K Z5HhE HK 7
S10°C AR AR ZER Ak ZE

ek e i AmE 0T e kit
Fiii st 14/ m i 72 Mean annual Mean annual ~ January July sccumulated temperature Precipitation
Provenance Altitude Latitude Longitude  precipitation/ temperature/ temperature/ temperature/ acemuiaie during the during the
C C C temperature TOWIN, ToWin
o of >100/c e growing
season/C season/ mm
Pu e 1866 29°35'18"'N  102°05'29"E 815.6 17.1 6.7 22.7 4517.5 17.63 541.1
TR 256 29°18'00"N  117°55'07"E 1748 16.5 4.2 27.9 5335.1 19.21 1378.6
LA AL 168 28°39'25"N  117°47'60"E 1947 17.1 5.3 28.0 5571.5 19.73 1571.4
T 186 27°37'13'N 111°29'ST'E - 1365.9 174 5.0 28.0 5665.0 20.16 1032.35
LT 272 27°30'48"'N  119°03'25"E 1746.9 18.0 7.6 27.3 5968.8 20.17 1436.1
TLPYZAR L 564 23°52'25'N 114°30'56'E  1573.2 17.9 6.2 28.6 5890.8 20.39 1222.55
IR 658 29°36'24"N  110°10'12"E 1722 17.6 9.2 24.3 6056.9 19.60 1357.6

1.2 FEfREE

2019 4F 11 H7E 3 44 B9 [RI A IR AZ A [R] 5 el [ v 43 30 B 5 BRAR MR , SR B T[] T 59 265 2 740
|20 A AR/ MR R I S REMIR AT C N P DR S N E SR IR R AR AR AN T
2mm AR TR DI REHARI = & € NP TR & &=E
1.3 Thfe R ey &

AT 50 Z— R AL AR AR A 8 PR Imagel 4347 i 43480 B DASRAS i RTRR . i 48 80°C 4t
T 2fEEFE T, FE A U A et Hop ) R T AR (Specific leaf area, SLA) = i
U8 U (Leaf tissue density, LTD) = M-8/ (M- AL ) )| U M5 ( Leaf mass per area,
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LMA )= M+ H8/M R, 9 5 & 2 ( Leaf dry matter content, LDMC) = M- /M- ff &> i T0 2
— RAFFREAZ AL A B ] WINRHIZO MR ZR 5307 R B R AR, A2 80°C LT R H /5
M TE PR REK R R ARRE T & &, Hp, AR K (specific root length, SRL) = # /R T
Y MR LR TR (root specific surface area, RSA) = #3326 [ B/ AR T4 i ., AR T4 % & & (Root dry matter
content, RDMC ) = 3+ 5 /ARt ffef i >
1.4 CN.P &EE

HET 2 H F T AL AR R S R O K, S5 3 0. 15mm i, T Vario Max fif 2 70 2 40 H1 A% (18
Elementar) Wl C N & &, JRiFS o A L. By 08 06 5 A9 AR A 5 (55 F ETHOS UP B0 A4 (36 [
Milestone ) L AR SmlL 30% i A AL ImL SEATI MR , B S BADT L (ORR I 15 Wl & &, OF 7+ il L A
AW,
1.5 Bt

K SPSS 22.0 Fil Canoco 5 3 4F X &4 17483t 73 Br . R TR 3R 7 22 53 BT (one-way ANOVA) il
Duncan AT 2 5 U (0= 0.05) XA [R] 0 BEAFR P52 AR E 244 D RE MR 31T B 2 704, ] Pearson #5347
S DIRe MR ] A e 32 B3 2 AT (PCA) B 326 1 X5 AZ K T G 52 e 58 K B ARER PR R B IR+, HTTU AR 43
B (RDA) Z3 A & FREE R XS A2 AR E LR DI REHEAR A 5200 . 1 SPSS 22.0 F1 Canoco 5 AKPHVEIR, Bl L
i A VA E bR i 22
2 HBRE55H
2.1 AR IR AR EL R DIEHAR S C N P AL AT 4RIE 22 5

XA [7) h BRA I AZ AR E A DI REMER B Al it i AT 5 220007, G558 Wom & A a) it J5 | b T AR 20
ZURTE et E MY RS N SR OGN R N E R R C N C P A B 22 R IR AR T AR
P EaE i CiP R P AR R (R 2),

R2 FARMBEMIEMAKESHIIEERE C.NPLETHEFTESN

Table 2 Variance analysis on and C,N,P stoichiometry of C. lanceolata from different provenances

IHREMEIR functional traits df SS Y175 MS F P
)5 Leaf thickness 6 0.091 0.015 10.151 0.000 **
TR Leaf area 6 0.448 0.075 2.32 0.061
Luit TR Specific leaf area 6 12048.494 2008.082 5.164 0.001 **
MU Leaf tissue density 6 0.140 0.023 4.806 0.002 "
HeE Leaf mass per area 6 0.000 0.000 8.254 0.000 **
¥ Jfi & & Leaf dry matter content 6 0.048 0.008 4.348 0.003 **
AR K Specific root length 6 38154.334 6359.056 2.364 0.057
HR LM Root specific surface area 6 2597.798 432.966 3.344 0.013 "
MW 55 Root dry matter content 6 0.032 0.005 1.878 0.120
i C Leaf C 6 1871.322 311.887 1.259 0.308
Mt N Leaf N 6 83.861 13.977 6.515 0.000**
M P Leaf P 6 0.776 0.129 3.136 0.018"
i C:N Leaf C:N 6 202.875 33.813 9.305 0.000 "~
it C:P Leaf C:P 6 210041.397 35006.9 3.177 0.017*
M N:P Leaf N :P 6 88.03 14.672 1.106 0.384
#2 C Root C 6 10192.96 1698.827 0.847 0.545
#2 N Root N 6 143.928 23.988 4.535 0.002 **
#2 P Root P 6 0.356 0.059 3.138 0.018*
# C:N Root C:N 6 1916.764 319.461 7.480 0.000 **
# C:P Root C:P 6 328510.382 54751.73 4.943 0.001**
HE N :P Root N :P 6 72.840 12.140 0.683 0.665

#* TR BPELR(P<0.05) ; =« LR EFE LR (P<0.01)
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AN ] s R R AZ AR IR [ 25 5 R KR 7.3%—18.9% , Horp FE B AR 5 R KU K (18.9% ) , RS2 M4 41
WHE(17.9%) MR (17.7%) T (17.4%) | LGAR K (15.6% ) AR LR TR (11.5%) i T4 it & &
(92%) MTEF(7.5%) , e/ NERTY &8 (7.3%) . AFEHOERFEAZ AR | e AL 22U | b
M YR AR N SR M CN RN SE BCNRC:P 2R EE BeRmi p &8 Hc:p,
WP EHEEFRE(ERI),

XA [ B R FR IR AZ A T D RE MR IEA T 04T , 25 SR W/R VEPE SCA LI AR AR & S dne/ s B
PR AR A AU | R AR R TR R | I TR /0N 5 VP e A L AR R B O Wi T T
Fr o R, MR AR R AR AR/ IS ;)G 4 75 8 I TE AR L TE AR A K, 2 2% B | LG R R0 5 U1
FENM TS ER/NFR3)

XA [FIHBERFPJEAZ AR ELIRE C N P AL R RS T 24T, 25 R R Al il ) 28 53 R BCN 1.6%—18.9%,
HAPRN S ERK(18.9%) , K AR C:N(18.3%) M C:P(17.3%) MR C:P(15.9%) M P &H(15.5%) .
WP E&E(15.2%) " N:P(11.4%) MR N:P(10.2%) . N %5 (9.8%) M C:N(8.0%) M C FH(4.3%),
M C & i/N(1.6%) o YLPESCA LN C & MR NP S K ZRUR T C & & C:P M C:N NP /N MR N
P i PO E R NP AR C P & idiem, i C N SR/ e 5 18 C P i K WiV R ITh C:N i
KNP E AL L LARILAR C N SR, i NP AR C NP &g C:N C:P /by PHEFHR C s
(F4.5K5),

2.2 A[FEHBFEFNEAZ AR Y SRR S bt i 5 P - TR

XFIEIBC 10 AR5 PR A 73647 058 (PCA) 4307 (3 6) | i B H rp B — 2 B i BE T > 109% 11 5 35T
R, RPAR 2S00 4k AR AR R K R AR REK L, T I0R (RDA) 4007, 45 R /R AR 34 S0l
5 C:P i CN R TP & i 2 2 ARG, SR C & it S 35 TUpF O MK 5 AR S W I 35 TE AR G
PE, SR P E R RE EAE, ST RS & NP B RAEDC S 5 LU i C P
RN IR, 50N Fra AR E R A R A OC AR K FR K AR ROK B S e R
e 2 IEAR G, T A i AR NP i NP R IR SR K R B E A (E 1),

2.3 R[RIH IR EAZ AR E LI T REPRIR B Ak A S S b

XS ) b R FR A2 A T Sl oy REH IR A Rl fh 2 i (AL S M HEA T 40 AT, 465 SR s i S 5 4 4 2%
BE A N A NG S M AR €N B E G, S H M N S R IE A e
THIFR 5 2 2% B S A 0 3 BRAH DG, 5 L T B e A e AR OG5 L TR R T TR O e
A S - 2H 2V T | e B S A 0 3 A OG , SR IR AR MR N S 2 B HAHDC, 5 C:N M C:N C:P
R E LA O A SR S e T R R R IEAROG, SR C P B E M OC; et EE S AR
FMAEN D EAE, SR NP SEEDEFEMHAE, 5 C:N C:P 2H 0 EFAHE; it T & &5
NP Fi it BETASC, 5t C:N C:P 2 W IEADC; R SR b 3R i AR 2 A 8 28 (A G AR e 3R T AR
M C i MR C:N C:P 2R BEAME, SR N FE2EEEFEMHSR TR ESE C &2 R E A
Ky N 5 P BN E IR S50 C:N L C:P 2HBEAME; A P &5 C:N.C:P N:P
B R FE AL CP 50 NP 2R EF AR C HFES NP 2R EFEMHGRNFES5R C.P
Frig NP 2R E EASC 5 C:N C:P BB ERHC R P FE5H C:N.C:P 2B ERMHIE R C
N 54R C:P N:P EW W EFEML(ET),

3 Wit

31 AFEHEA AN ARDIRETER KA 22 5
Kb TR A A ER I 1 [RI RN | 23Rl 2 b AR B A3 R, 6 A i BIA S  JE RS ] £ ot A 2 {EL
YRR A — 2 135 RS R, I REHEIR A8 57 B — e M BREE " AR50 25 21 s | AT b S J5AZ
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Table 4 Differences of leaf stoichiometry of C. lanceolata from different provenances
it
FhiRL o/ (e/ke) N/ (k/kg) P/ (k/kg) CiN P NP
Provenance
s 466.58+6.70ab 18.95+1.46¢ 1.87+0.38¢ 24.75+1.55a 257.69+43.47a 10.54£2.31a
Py sE
(1.4%) (7.7%) (20.2%) (6.3%) (16.9%) (21.9%)
e b 450.18+5.32a 15.97+0.70b 1.56+0.30abc 28.23+1.17b 236.33+59.62a 11.17£2.11a
BRIRT
(1.1%) (3.9%) (17.2%) (3.7%) (9.2%) (17.8%)
R 474.16+38.73¢ 15.37+1.65ab 1.37+0.20ab 30.95+1.21cd 352.53+56.75ab 11.36+1.52a
LGS
(7.3%) (9.6%) (13.3%) (3.5%) (14.4%) (12.0%)
e 468.11+6.50ab 14.96x1.3ab 1.33+0.16ab 31.55+2.94cd 367.3+41.08ab 8.97+5.27a
W)
(1.2%) (7.8%) (10.5%) (8.3%) (10.8%) (10.5%)
N 465.39+4.07ab 13.42+1.98a 1.23+0.25a 32.36+1.05d 345.46+49.48b 11.36+2.99a
WK IT
(0.8%) (14.8%) (20.7%) (2.9%) (21.2%) (26.3%)
N 473.1+8.29ab 15.32+1.26ab 1.81+0.25bc 29.8+2.4bed 247.48+35.78a 8.33+0.83a
TP LA L
(1.6%) (7.4%) (12.5%) (7.4%) (12.8%) (8.9%)
464.63+4.24ab 16.09+0.86b 1.8+0.44bc 28.97+1.74bc 275.48+71.96a 9.43+£2.07a
L
(0.9%) (5.4%) (24.4%) (6.0%) (26.1%) (21.9%)
R 466.06+7.32 15.73£1.55 1.57+£0.24 29.52+2.36 297.47+51.43 10.17£1.16
ST Total
(1.6%) (9.8%) (15.5%) (8.0%) (17.3%) (11.4%)
[RIBIAS ) 512 7m 22 53 W35 (P<0.05) ; 455 WAL HAR AL 5+ R EL
x5 AEMEBMHELAIHHMRUZTEES
Table 5 Differences of root stoichiometry of C. lanceolata from different provenances
S
PRI ¢/ (k/kg) N/ (k/kg) P/(k/ke) C:N C:P N:P
Provenance
s 419.15+5.31a 9.73+1.13ab 0.96+0.10ab 42.56+5.74¢ 460.31+10.02b 10.7£1.77a
Py sE
(1.1%) (11.7%) (9.3%) (12.1%) (2.3%) (17.8%)
U 393.55+72.84a 14.31+3.81c 1.37+0.33¢ 28.12+2.85a 261.25+£59.77a 14.3+£2.54
LRIRT
(18.5%) (26.6%) (23.7%) (10.1%) (20.5%) (17.7%)
NN 420.99+22.62a 11.3+£2.32bc 1.00+0.15ab 39.47+10.79b 399.11+50.85b 11.29+1.56a
[N /NI
(5.4%) (20.6%) (14.8%) (27.3%) (19.1%) (13.8%)
e 426.59+7.75a 11.61£0.52bc 1.18+0.30bc 36.79+1.32b 384.69+91.42b 10.42+2.25a
IR AL
(1.8%) (4.5%) (25.7%) (3.6%) (23.8%) (21.6%)
N 397.01+£52.23a 9.76+2.5ab 0.96+0.16ab 42.96+7.20b 423.26+36.51b 8.99+1.44a
WHTRIT
(11.8%) (22.9%) (14.6%) (16.8%) (7.7%) (23.3%)
N 384.72+56.5a 7.18+1.58a 0.85+0.14a 54.78+7.02b 455.81+62.85b 8.34+0.64a
TLVE 2 AR L
(13.1%) (19.6%) (14.8%) (11.5%) (12.3%) (6.9%)
[ 431.97+24.43a 11.29+1.09bc 1.13+0.09abc 38.74+4.29b 368.74+10.59b 9.61+0.86a
(5.7%) (9.7%) (7.8%) (11.1%) (2.9%) (8.9%)
R 410.57£17.07 10.74£2.03 1.06+0.16 40.49+7.42 393.31+62.61 9.76+1
STt Total
(4.2%) (18.9%) (15.2%) (18.3%) (15.9%) (10.2%)

[FIFAN IR FRE R 22 5 8.3 (P<0.05) 5 #5655 WEUE R R 5 R EL
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Table 6 Explanation of environmental factors on functional traits and stoichiometry of C. lanceolata from different provenances

W7 fif e e p
Environmental factor Explains/ %
4ESEHS 3R Mean annual temperature/°C 26.7 1.8 0.186
K Altitude/m 20.5 1.3 0.262
Z8% Longitude/°E 17.7 1.1 0.384
H K =P /K B Growing season precipitation/mm 12 0.7 0.566
AESF-HJ 7K Mean annual precipitation/mm 11.8 0.7 0.614
M K ZE I Growing season mean temperature/°C 9.1 0.5 0.666
7 A A July temperature/C 8.6 0.5 0.74
1 A5 January temperature/°C 8 0.4 0.724
>10°CAFEFUR Annual accumulated temperature of>10°C/°C 6.2 0.3 0.814
4 Latitude/°N 1.2 <0.1 0.998
1.0
LC:P LDMC

-1.0

-1.0

1.0

1 FREMEFHEZA TSR EUZITESHIBRIEEF RDA 17

Fig.1 Redundancy analysis functional traits andstoichiometryof C. lanceolata from different provenances

LT: = leaf thickness; LA : M T FY leaf area; SLA ; LTI specific leaf area; LTD M 2H 2% Leaf tissue density; LMA ; FIH H Leaf mass per
area; LDMC :MF#)Jfi % & leaf dry matter content; SRL: FLAR K specific root length; RSA : AR LR TR root specific surface area; PDMC 4214

Ji{ E Root dry matter content; LC :I C 3 leaf C correlationson; LN :I N 75 i leaf N correlationson; LP ;M P £ & leaf P correlationson; LC :N :
I C:N leaf C:N; LC P C:P leaf C:P; LN:P . N:P leaf N :P; RC 4 C 1% root C correlationson; RN:#8 N 7% root N correlationson ;
RP: 4R P & root P correlationson; RC :N #R C :N root C :N; RC:P 4R C :P root C:P; RN :P:# N :P root N :P; MAT: 4E5F- 45 Jf Mean annual
temperature; ALT ¥ 4% Altitude; LNG: £t & Longitude; GSP: A= & 2 [ 7K & Growing season precipitation; MAP 4F ¥ ¥ [ 7K Mean

annual precipitation
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