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Abstract . The ecological stoichiometric characteristics of silicon (Si) and calcium (Ca) play crucial roles in plant nutrient
absorption, and thus impact the global biogeochemical cycle of Si and Ca. However, few were known about the
stoichiometric characteristics of Si and Ca in the woody plant. In this study, using the collected data of Si and Ca of 803
woody plants in the world from the Plant Trait Database and published literature, the stoichiometric characteristics of Si and

Ca in leaves of different woody plant life forms ( evergreen plants, deciduous plants, coniferous plants and broad-leaved
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plants) and their relationships with latitude and climatic factors ( mean annual temperature and mean annual precipitation)
were investigated using the covariance analysis method. The results showed that: (1) the contents of Si and Ca in leaves of
woody plants were highly variable at a global scale, and their contents were lower than those in China. In detail, the global
geometric mean content of Si and Ca was 0.28 and 1.73 mg/g, respectively. (2) The contents of Si and Ca are varied
among different life forms. The Si content and Ca/Si ratio of coniferous trees were significantly higher than those of broad-
leaved trees, and the contents of Si, Ca in leaves of deciduous trees were significantly higher than those of evergreen trees;
(3) With the increase of latitude and the decrease of mean annual temperature and precipitation, the contents of Si, Ca and
Ca/Si in leaves of woody plants at the global scale increased significantly, while Ca/Si decreased significantly; (4) The
responses of Si and Ca contents in leaves of different life forms to climate factors were varied. Except for Ca content of
coniferous and deciduous trees, Si, Ca content in the life forms of evergreen plants and broad-leaved plants were
significantly related to latitude and climate factors, and increased with the increase of latitude and decreased with the
increase of mean annual temperature and precipitation. With the decrease of mean annual temperature, the decrease rate of
Si content in leaves of evergreen and broad-leaved trees was significantly higher than that of deciduous and coniferous trees.
From the perspective of ecostoichiometric characteristics, this study provides data basis for the development of ecological
stoichiometric models at a global scale, and helps to better understand and simulate the effects of latitude and climate

factors on the content of Si and Ca in plant leaves at regional and global scales.

Key Words: global scale; woody plant leaves; nutrients; ecological stoichiometry
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BHE R ERRNEE EAARHYIM Fr Si Ca AR AT RS2 RFAE o A B FIAE AN [R) AR 0% 2 [ (4 22 5, DU O 4
SRR 4 A= 1l o p = AR AR 2 U A 2 A5 AR B AR S B AR 2l

1 #RFnFE
1.1 Fdakii

ARG A RS 2ok B (1) BRI PMEIREPEE (TRY , Plant Trait Database, https ://www. try-db. org/
TryWeb/Home.php ) HHABRAAAE Y 11 Si Ca i (2) FAHAL T R Iy SClk b Buis 2 . W RIS T
0Tk SCHR P BB AR S ROk B AR R R AR R DA R AR I AR 4 D) ik
HERY)Fh A B2 M (http . //www.eol.org) X the plant list ( http://www.theplantlist.org/ ) #f & . IR A1 K %L
5 (1980—2010) FIJH WorldClim 1.4 5% (http ://www.worldelim.org/ ) I, ABF5E AL 8T 1402 W
DK | PR 55 803 FARAHEYY , % 1 18 1 AR R F R

F1 FAREABEHMESAREERASEER

Table 1 Geographical distribution for the data and the corresponding climatic characters in this study

B7S R R R PRI FERTFE
Environment variable Range of sampling points || Environment variable Range of sampling points
Z:J% Longitude longitude 157.79°—117.9°E ARSI Mean annual temperature/ °C -9.5—27.3
25 Latitude latitude 14.5°—68.4°N AP /K B Mean annual precipitation/mm 3.4—4284.0
4% Altitude/m 0—1300

1.2 Hdlaobr

IR AL % R R R Si R Ca (94 254k
SRR, ADFSO R A SR B AR AL sonl -
T ARAEY Feb i AR AR R B A A4 7
X, HARMMSLREA R AA BB AR AT L
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I i 9590 26 J R L5 TR 3 5 WA K 1 [0 U % ) B1 #WifEAREsFEER

Fig.1 Distribution of the dataset in this study
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FTA BEAE S T BT R AT I AS PR AG 58, 2 s AN i i R S A G, DX L AT R, AR 5 08
SPSS 20.0 #4741 A T Ak

2 FERE5S

2.1 AEATERAAREY B Si Ca & A

GORRM RERRAAEY M F Si L Ca & i RIS Sk, Hobiy Jy Si & s 2816 L 0.01—12.81
mg/ g, JLAF-4{EH 0.28 mg/g(SD=4.02) ; Ca & A8k I 0.11—100.46 mg/g, JUAF-3{E N 7.13 mg/g
(SD=2.07) ;M A Ca/Si ZEALTEHE K 0.17—463.35, LI FH4(E K 19.82(SD=4.34) ,

LB Rl A 16 BUORASRE Yy w45 EE bR b Si & M CasSi i 2 TR (% 2,P<0.01) , =&
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Ca FTHRZEFARE(F2,P=0.565) ; J5 MM Si | Ca 8 M Ca/Si Y& & TR WP (% 2,P<0.01)
ARAKEY R H ) Si|Ca W S B B35 19 IEAISEE R (P<0.01) (K 2)

x2 AEEFBREYH R Sifl Ca LFTTERFELR
Table 2 Stoichiometry of leaf Si, Ca of different functional groups

Si i Content/ (mg/g) Ca &1 Content/(mg/g) Ca/Si
HE T JURTF341H S JURTF341H S JURTF341H S
Functional group n Geometric o cv n Geometric o Ccv n Geometric o Cv
mean(S.D.) e mean(S.D.) e mean(S.D.) e
AR
512 0.23(3.15)a P<0.05 179.74 598  6.54(2.05)a P<0.05 79.7 369 23.46(3.71)a P<0.05 122.66
Evergreen woody
Ak
. 134 0.51(6.97)b P<0.05 149.98 154 10.00(2.39)b P<0.05 73.21 102 10.89(6.15)b P<0.05 116.62
Deciduous woody
A
. f/MS 558  0.21(3.56)a P<0.05 237.78 661 7.17(2.11)a P<0.05 79.68 374 26.96(3.76)a P<0.05 119.21
Broadleaf woody
B A
. 89 1.34(2.75)b P<0.05 119.67 91  7.42(236)a P<0.05 97.62 96  5.98(4.01)b P<0.05 157.97
Coniferous woody
AR

647 0.28(4.02) P<0.05 212.12 752 7.13(2.07) P<0.05 83.01 470 19.82(4.34) P<0.05 132.02
All woody plants

TR ALY G R e IR — SRR AR NG FREFOR PIETE 0.05 K BRI 225 0 (AEMFEL, OV REERRB(%)

22 N Si Ca (b2 RESRHAE 5 R SREH T R
ﬁ:}’*ﬁ 50 .
25 RL ] AR ARAAEY AT Si L Ca Fr asl y
SERIE AT ERE AR T MK BEADC (I 3)
I Si\Ca B BESE EFF BT | BHAE TR e 2 00T
SR K A B T T AR ( P<0.01) 5 17 Ca/Si il 45 1 35|

wdoete
{7 TR BT PSR AR K 0 71 57 cOGERT L e
RS (P<0.01) . AHFPRIVETRRH S i O eyt L, roe
TR (% 3, 16 4—5)  BaE ST 4R T8 o et e

T B A ) [ K B B AR, BRET I R AR Bl Ca i o _

PR T 2T A R AR (32 3) B A PRI ient (Ca) in leaves of woody plants

REAR, o SRR B b i S R R B T

TR KR Rl 2R ARV TR RN AR SRR K X R ST i Y BTERR A3 R 54.8% ,48.8% 1 26.9%
P F Ca & BB ST R 500 1.6% . 1.6% 1 1.4% , % Ca/Si BITTHRE Hy 49.6% ,39.1% ,39.1%

3 e

3.1 AFAEEBRAFEYIM R SiLCa &2 50T

EERRE EARARIYH R S Ca S 8AERE K (K 2) , JUAFEE S0 0.28 mg/g F1 7.13 mg/g, T
Han %5110 Z2if5 5 5 5 op 85 UG 2 A A BT 450 (36 4) o LR PR A AFF 9% 76w B 5% P9 T B A0F 9 A
Y2 TR A RN AR T, BARC S KA RIS A O & R A Si | Ca JTCREAFS, AE AL
S FNRRI b DX (R I TR R AR A D | [R]IpAS SCH g AT ke F AR Ry b XA AE ) (36 4) | 3X AT B S 304 S & ik rh
M H Si Ca AR, KL, 75 ZAE LUS BIRF5E ih A ek — 2 IRt o8 B0 A 434 T4

ARSCEE B RAAEYI - Si | Ca & B 6 TG B AAAE 25 5 T nE B AD ST it B 38 ) TR A 7%
AR Si | Ca & i 38 5 T8 S R Ca & it AEAT IH R A Rl I A 3 22 5 (3R 2) o HHEDAR TR
A TE TR AP R T R VR 25 T R S i R A 2S5 R 0B TR 1 25 5 LA KO [RIARL 0 R 7 3 ) R B PR AT
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SN EL I B A AR PR R 8 o O e AR TR K A M TR X
f Si K Ca T E ARG 5 T 5 25 PRI A8
3 BELSTESHESTESRET RN LS4 (ANOCOVA) £ R

Table 3  Covariance analysis of the relationship between the stoichiometric characteristics of silicon and calcium and environmental

climate factors

MR TR S R AU AR 1 VIS P P
Leaf element content life forms Source
RS AR TEN/ H L R MAT 66.505 341.290 <0.01**
Si content of leaves MAP 2.605 13.370 <0.01**
DE 4.687 24.054 <0.01**
MATXDE 6.494 33.324 <0.01"**
MAPXDE 0.744 3.816 0.051
[ i/ A A A MAT 24.142 132.131 <0.01**
MAP 1.108 6.065 <0.05"
BC 7.230 39.570 <0.01**
MATxXBC 12.228 66.924 <0.01**
MAPXBC 0.625 3.421 0.065
A Ca & i PN VE S S iE MAT 0.013 0.108 0.743
Ca content of leaves MAP 0.186 1.600 0.206
DE 0.150 1.294 0.256
MATXDE 0.873 7.507 0.060
MAPXDE 0.319 2.740 0.098
[ea o A A MAT 0.174 1.510 0.220
MAP 0.114 0.990 0.320
BC 1.652 14.331 <0.01**
MATXBC 0.698 6.057 <0.05*
MAPXBC 0.105 0.910 0.340
K Ca/Si TE I/ 5 R Fb MAT 9.021 41.425 <0.01""
Ca/Si of leaves MAP 9.037 41.498 <0.01**
DE 3.626 16.651 <0.01**
MATXDE 0.76 3.49 0.062
MAPxDE 0.511 2.348 0.126
o) I/ A A MAT 7.732 33.766 <0.01"**
MAP 0.638 2.787 0.096
BC 0.296 1.291 0.257
MATXBC 0.01 0.042 0.837
MAPXBC 0.091 0.4 0.528

* FORIEAE W HE 22 (P<0.05) , s FTRIEAEM B3 25 (P<0.01) ; MAT . - B Mean annual tcmpemture;MAP;ﬁzqzﬂflﬁ%7k% Mean
annual precipitation ; DE ; 78 /% £ B # Deciduous woody/Evergreen woody ; BC ; [ /4t -4 # Broad-leaved woody/Coniferous woody; MS: 3] J7

Mean squared

*4 FTREAWREXEE Si,Ca EEXTLL

Table 4 Comparison of Si and Ca contents in different study areas

Si ¥ Content/ (mg/g) Ca #i Content/ (mg/g)

HEFTIX Bk IGE2S) TUT 4y i SR IEA | 275 3CHik
. FEE FIVRIE ep i b
Study area Geometric i . Geometric | ) Latitude range References
Arithmetic mean Arithmetic mean

mean mean
*H[E China 3.73 7.63 9.8 15.38 20°—50°N (25
fFE China 16.13 — — — 26°—44°N [26]
*H[E China 3.05 6.7 9.64 15.5 18°—52°N (17]
*[E China 2.11 4.61 13.73 19.46 18.6°—52.3°N (16]
2FRIE Global scale 0.28 0.84 7.17 9.53 14.5°—68.4°N AW
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Fig.3 The relationship of Si and Ca contents and Ca/Si in woody plant leaves with latitude, mean annual temperature and mean annual

precipitation on a global scale
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28 DONEEESIbpEA U
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R Hp Ca 5 J i 443 B2 9 1 g 100 o o S 87 2 R A - P4 3 K B % T s TR ARG (181 3) , 3X 5 Han
AR RS IS B0, AT Si L Ca R BEPREE DN S AL S B AR AR AL R A FT RE i — 25
YT T A TEARAAEY) TP AR ARV AT, FRRE D B AR AR, T AR . (H Ca MMM IR NS 05
i, AEAS A 8 1 A Tk 5 A DGR R R A, HLRES S A0 I A 25 252 24k A I A R P AL AL B T 41
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Fig.4 The relationship of Si and Ca contents and Ca/Si in coniferous and broad-leaved woody species leaves with latitude, mean annual

temperature and mean annual precipitation on a global scale
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Fig.5 The relationship of Si and Ca contents and Ca/Si in evergreen and deciduous woody species leaves with latitude, mean annual

temperature and mean annual precipitation on a global scale
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