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Variation in stem mineral elements among Cunninghamia lanceolata
provenances and its impact on growth and carbon sequestration

He Ping', Wang Shengmin®, Li Yuegiao', Sun Jianjun', Yu Longhua', Liu Ren', Song Yunxia', Nie Linya'
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Conservation and Resource Utilization, Experimental Center of Subtropical Forestry, Chinese Academy of Forestry, Xinyu 336600,
Jiangxi, China; 2.Fengshushan Forest Farm, Jingdezhen 333000, Jiangxi, China)

Abstract: [Objective] To clarify the patterns of provenance variation in mineral elements in the stems of Cunninghamia lanceolata,
analyze their driving effects on growth and carbon sequestration function, and to provide a theoretical basis for breeding high-carbon-
sink germplasm and implementing precise nutrient management. [Method] In 2017, a provenance trial plantation of 36-year-old
C. lanceolata at Dagang mountain, Jiangxi Province, was studied. Fifteen geographical provenances were selected to determine the
contents of ten elements in stem wood, including carbon (C), nitrogen (N), phosphorus (P), sulfur (S), potassium (K), calcium (Ca),
magnesium (Mg), iron (Fe), manganese (Mn), and zinc (Zn), and the stoichiometric ratios of C, N, and P were calculated. By integrating
geographic and climatic factors from the provenance origins, as well as growth and carbon sequestration traits, analysis of variance
(ANOVA), redundancy analysis (RDA), and structural equation modeling (SEM) were employed to elucidate the associations and
driving pathways among these variables. [Result] Obvious provenance variations were observed in stem growth, biomass, carbon
storage, and mineral element content. Carbon storage showed the highest variation ( the coefficient of variation is 50.73%), indicating
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substantial differences in carbon sink potential among provenances. Stem P and K contents were the core drivers of increases in DBH,

volume, biomass, and carbon storage (For example, the direct path coefficient from biomass to carbon storage was 0.916, indicating

an extremely strong positive effect).), while Mn content significantly inhibited biomass accumulation. Geographic and climatic factors

of the provenance origin (July mean temperature, annual mean precipitation) indirectly influence growth and carbon sequestration

function primarily by regulating the stoichiometric balance of C, N, and P, rather than through the absolute contents of P and K. Cluster

analysis identified four superior provenances, including Shunchang (Fujian) and Zhijiang (Hunan), characterized by high P, high K, and

high carbon sink potential. [ Conclusion] Phosphorus and potassium are the core nutrient elements driving biomass accumulation and

carbon sequestration enhancement. Provenance selection and plantation management should prioritize stem P and K contents and their

utilization efficiency.

Keywords: Cunninghamia lanceolata; stem mineral elements; provenance variation; ecological stoichiometry; carbon sequestration
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Table 1 Basic physicochemical properties of forest soils

P52 Indicator type  fRFR 44K Indicator name 224 Parameter EFRJSMY Indicator type  FRAR A FK Indicator name  Z:4{ Parameter
b5 Ind FEFR AR Ind ZH b5 Ind b5 A K Ind ZH
PEBT T A B 5.5 umol/g EEp Ny 25100 pg/g
BEEOE 2.98 umol/g EREE 1 600 pg/g
BB 3.25 pmol/g el ata 490 pg/g
N e o 4.28 umol/g JETEE Sk 9 470 ugle
SCPRTE 5y oo A Macronutrient HER S E
Exchangeable ion %—'%‘jr R 42.35 pmol/g R AR 64.13 pg/g
ARTEE 4.36 pmol/g A R 3.66 pg/g
B 47.39 umol/g A 69.40 ug/g
FH 2573 e i 89.94 umol/g I 42.07 pg/g
ko 92.9 umol/g B 22.04 ug/g
_ i 11.87 pg/
Fidts E B ree
£ 0.11 pg/g
. fgr B S S
‘ Kk 20.79% PR IR A S
%@ tE Available micro-nutrient W 067 ng/e
Physical property g 1.23 glem’® =n 2.55 uglg
B 0.55 pgl/g
pH {i 5 i
T 568.23 uglg

T2 MAMBMEREMBAERFTESRET

Table 2 Geographical locations and main meteorological factors of the sampled C. lanceolata provenances

FRA S gy 1 L TAME 7 AMR AR EEM
Provenance Provenances Latitude Longitude Annual ) January ) July ) ‘A'nnpal Frogt-free Sunshine
code (N) (E) temperature /°C temperature /°C temperature /°C  precipitation /mm  period /d hours /h

1 PUNIATT 28°46'12"  106°0824” 17.40 10.40 32.00 1184.20 357.00 1348.90

2 WILIFL  29°07'48”  118°32'60” 15.30 11.00 35.00 1 814.00 252.00 1712.50

3 RIS 26°45'00"  117°54'00" 18.20 15.00 36.00 1756.00 305.00 1.740.70

4 MR 26°16'48”  117°27'00” 16.70 13.00 34.00 1 857.60 262.00 1 740.40

5 R R 26°16'48"  117°53"24" 17.90 10.00 27.00 1511.00 255.00 1 887.00

6 VLVG 224 27°22'12"  114°09'36" 15.60 5.90 28.90 1553.00 279.00 1 649.00

7 I 23 [ 26°42'36"  110°01'48" 15.20 4.90 27.30 1.340.20 280.00 1317.00

8 AR IRV 27°34'12"  109°47724" 16.40 10.00 34.00 1156.40 279.00 1527.70

9 I AR 23°25'48"  115°20'60" 20.80 11.90 28.10 1 665.00 355.00 1733.90

10 JTHREEN  24°51'00"  116°22'48" 20.10 10.70 28.90 1484.70 315.00 1780.90

11 JUARED 24°13'48"  112°01'12" 18.00 10.00 27.50 1753.30 354.70 1382.00

12 JUPRERK 25°1236”7  109°12/00” 18.90 10.00 33.00 2 194.60 322.00 1616.90

13 JUTREM 24°4724"  105°06'36" 16.50 6.00 28.00 1 157.90 290.00 1763.90

14 NEEME  27°37'48”  105°1724" 11.80 3.50 22.00 914.60 218.60 1341.00

15 AT 26°28'48"  108°46'48" 15.40 5.00 26.10 1325.90 277.00 1317.90




46 3%

A2 S A s AN e O 25

Vo) KHAKEN 2, BT ARSRIER
1HE &G, FIREE 0.001 g (T KF (Mettler
Toledo JE1002) Ft& ¥ /IR &AL I s 7K v ot &2
THERE A . KM EAREE (p) #I ORBEE
AN E 7Y (GB/T 1933—2009) JI5E, U
AR (D FiR, ERFEHE 0.001 gem’s ZETAK
OREZ 65 CHET 12 h Bl ERE)E, HTEL
Tk S TR T

=MV o (1

2) BHMR ST EYEITE

MR 22 SCHR [14] THE R ), At
Wrp:

1=0.000 058 774 02D'°® 7 08646157 (2
X DoAMtE, H AW E .

HBHRTMAED R (G NERMLSAMEE
T )R

1.3 ZEFTHRTESERN

ETAREH MW EBIGRA KRG, K
LR L 0.15 mm FLAR TR . K FH LB 002
8N i U, SR HRS R B AR A S A R
GRS R, RAMBEHEMG - DR AEET
& &% 3k i v (ICP-OES) | % Fe. Mn. Ca.
Mg. B. P. S RIK & e frfy il Bk A7 747

PRI DA R B P v 1k
1.4 RS

J5 46 % 4% 4 Excel 2019 3K % 71 f5, R A
SPSS 26.0 ¥t A7 )5 2 73 #r. Duncan % 5 HE &
BT KRB TTERE T ARG R RS R,
FFHFIH Origin 2022 3 {1 44 A% & AT bR BRI AR OC 1
W BT RIESTFE (RA42.D , @EIUR
43 M1 (Redundancy analysis, RDA) Fl 4% 4 J7 F2 45
1 (Structural equation modeling, SEM) fi# #t J&i 7=
M AR RIAAR TR AR 2 &
THFERHERI SR TUR TN Jexd Bl B AT Ah A%
B 5 T R 20 M o SEM ZRAR0KS 16 AR = UL A )
SRRk 2T 22 B S EOH AT . AT
1, C. N, P EIRHABREN]RRR.

2 HR50H

2.1 AEMFEZAREK. HHERBNBREEMERK
EE3s

M3 0 A, BRIME, BAZETAK. &
W AT WA At B2 DR AE A (R 30 ) R B HH A TR
BEMNZEZR. ZRMEEREREE, BRAK
1E 9.58% ~ 50.74% 5. Hrp, ARbHAR i

£3 TRAMBEAZTEK. HUERBIBEMEER'

Table 3 Variations in stem growth, wood properties and organic carbon storage among C. lanceolata provenances

code Provenance DBH /cm Tree height /m  Volume per tree /m density /(g-om”) Biomass /(kg Pk ™) stock /(kg-# )

1 PUIEIT 26.15+£4.84de 21.5321.88bed  0.555+£0.219efg  0.317£0.011 bedef  175.32467.61d  68.07+25.69 f
2 WHLITHE  31.954+2.94 abe 23.65+1.81 abed 0.87140.192 abede  0.329+0.022 abc  285.14+57.68 abc  126.90426.02 def
3 MRS 35.424326a 23.90F236abc  1.074+0.223a 0.298+0.023 fg  318.91+64.45ab 207.35+42.44 ab
4 FEHEARES 30.40+3.23 abed 24.44+4.83ab  0.8231+0.275 abedef  0.2824+0.024 g  232.14£79.78 bed  129.67+42.99 def
5 fEEVbE 33.88+3.77ab  24.00£2.31abc  1.001£0.282ab  0.30720.003 def  306.76+£86.21 ab 161.85445.09 bed
6 TPZAR  26.09+3.57de  2092+2.81cd  0.5374£0.178 fg  0.3072£0.017 def  164.62+£55.63d  83.79429.75 ef
7 WFE4E  31.98+£7.54abc 24.12422.99abc  0.950£0.463 abc  0.29840.018 fg  286.75+150.42 abc 196.69+105.46 abe
8 WIFFIEIT  32.49+4.56 abc 23.31£2.55abed  0.903+£0.306 abed  0.328+0.023 abed  293.88+£91.14 abc  236.25+73.89 a
9 JUHREYE 29.45+14.25 bede 22.49+4.30 bed 0.736+£0.254 abedefg 0.31240.027 bedef 225.78£70.19 bed  136.58 £42.39 de
10 JTAREEN 24.65£296e  21.15+£220cd 0.481+0.149 ¢ 0.331+0.035ab  159.07+53.91d  92.15+31.78 ef
11 JUAED 27.8%£554cde 21.34+2.95bed  0.636+0.282 cdefg  0.30410.016ef  194.15+90.96 cd  120.731+56.81 def
12 JUPEREIK 33.45424.93ab  26.05£229a  1.05420.352ab  0.320+0.004 bede  337.09£111.17a  142.17£51.72 cde
13 JUPEEEAR 30.4545.11 abed 23.55+2.11 abed 0.809+0.277 abedef  0.348+0.012a  281.41+95.78 abc  219.22+74.55 ab
14 S 26021693 de  20.6714.29d  0.57720.344 defg  0.309£0.009 cdef 179.21£108.86d  125.9677.76 def

15 BEMIE 33324946ab 24.49+4.11 ab 1.088+0.619 a 0.281+0.029g  307.07£174.82ab 165.86+91.53 bed
¥J{E Mean 30.14+£5.93%%  22.9543.23%* 0.799 £0.360%* 0.31340.030%*  248.651-109.54**  147.01 £=74.59**
5 A 19.67 14.07 9.58 44.05 50.74

Coefficient of variation /%

TR CPEME & bR S o FSIARRNG FREORSARFEREZR (P <005 . “7 REFWEE (P <00 . TH.

Data are presented as (mean + standard error). Different lowercase letters in the same column indicate significant differences (P << 0.05) among groups.

“**” indicates highly significant differences (P << 0.01). The same below.
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Fig. 2 RDA of stem growth traits of C. lanceolata and
geographic and climatic factors
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Fig.3 RDA of stem nutrient elements of C. lanceolata and
geographic and climatic factors
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organic carbon stock with geo-climatic factors
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