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Abstract: Understanding variation of carbon ( C) nitrogen ( N) and phosphorus ( P) stoichiometry
in common plant species across islands along a latitude gradient is insightful to reveal the adaptation
strategies of plant species to environmental changes. Five common herbaceous species including
Artemisia argyi Setaira viridis Humulus japonicus Ophiopog onjaponicus and Oxalis corniculata
were sampled in 125 plots across nine islands in Eastern China. C N and P contents in leaves

stems and roots of five plant species were measured and their relationships with soil C N and P
contents as well as mean annual air temperature ( MAT) and mean annual precipitation ( MAP)

were investigated. The results showed that the range of C N and P contents in aboveground parts of

five species across nine islands was 352.16-518.16 10.81-34.43 0.58-2.38 mg * g~ while the
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range of C: N N: P and C: P was 11.98-38.99 4.67-27.47 133.39-748.54 respectively. In
terms of roots the range of C N and P contents of five species was 312.28-493.34 9.26-23.27
0.40-2.10 mg * g”' while the range of C: N N: P and C: P was 18.18-46.79 8.53-37.38
174.45-1120.40 respectively. With the increases of latitude contents of N and P in aboveground
parts increased but N: P decreased. Relative to N content P content showed higher variation and
was largely dependent on environment. Climate factors explained 60% of the variation of N and P
contents and N: P across nine islands. In contrast N and P contents and N: P of roots were inde—
pendent of latitude with climatic factors only explained 6% —10% of their variations. The contribu—
tion of climatic factors and soil nutrients contributed to the variations of N and P contents differed
between above ground parts and roots of five species. Soil N and P had significant effects on P
content in roots. Soil P content was positively correlated to aboveground P content. Soil properties
explained 37% of the variation in N and P contents of plant roots. Our results suggested that
latitude-associated environment shifts were the main drivers of variation in N and P contents and
N: P in aboveground parts and soil nutrients especially affected variation in P in roots of five
common plant species when the effects of plant phylogeny was controlled.

Key words: latitude gradient; common herbaceous plant; ecological stoichiometry; precipitation;
soil.
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Table 1 Environmental conditions across 9 islands in the Yellow Sea and East Sea of China
/
Province/ Tem-zone Island Latitude Longitude MAT MAP
City (°C) ( mm)
37.59 120.42 12.0 544.6
Shandong Warm temperate area Beichangshan Island
37.55 120.44 12.0 544.6
Shandong Warm temperate area Nanchangshan Island
37.56 120.40 12.0 544.6
Shandong Warm temperate area Miao Island
34.52 119.16 14.5 883.8
Jiangsu North subtropical area Qinshan Island
30.40 122.28 16.4 1106.0
Zhejiang Mid-subtropical area Waimalang Island
30.41 121.25 16.6 1181.9
Shanghai Mid-subtropical areas Dajinshan Island
30.00 122.23 16.6 1290.0
Zhejiang Mid-subtropical area Putuo Island
26.55 120.15 19.8 1367.7
Fujian South subtropical area Fenghuo Island
25.45 119.67 20.7 1299.8
Fujian South subtropical area Dayu Island
MAT: Mean annual air temperature; MAP: Mean annual precipitation.
( MAT) 544.6 mm (a=0.05) . C.N.P
( MAP) 1367.68 mm.
12 C 20.7 C.N.P
ol 1). 9 5 C.N.
( Artemisia argyt) p C.N.
( Setaira viridis) . ( Humulusj aponicus) . P
( Ophiopog onjaponicus) ( Oxalis corniculata) . C.N.P
1.2 5
2016 8 ( MAT) C.N.P
5 5
N C.N.P
125(5 x5 x5 MAT C.N.P
) 0~ C.N.P "
10 em 5 R3.4.0 Origin 8.1.
2
2.1 C.N.P
75 C 48 h. 2 5 C
60 N
N 100 P
Elementar ; ('TN) . C N.P
(TP) Smartchem 200 C
.N P
1.3 C.N.P
C.N.P C N, N:P.
( two-way ANOVA) C:P ; C: N.
N C.N.P N:P, C:P 9
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Table 2 C N and P contents of five common herbaceous species across nine islands
C content N content P content
Ttem Species
Mean Range cv Mean Range cv Mean Range cv
(mgeg™) (mgeg™) (%) (mgeg™) (mgeg™) (%) (mgeg™) (mgeg™) (%)
432.76  405.82~ 3.6 19.44 14.03~ 21.8 1.27 0.78 ~ 39.3
Aboveground Artemisia argyi 454.43 26.89 2.09
part 410.68  364.47~ 9.4 20.13 10.81~ 38.3 1.73 0.61~ 37.5
Humulus japonicus 472.68 34.43 2.73
444,11 392.11~ 8.3 16.62 11.66~ 17.6 1.66 0.90~ 42.1
Oxalis corniculata 518.16 22.83 2.83
42479 363.07~ 7.5 16.71 12.55~ 14.1 1.23 0.59~ 45.5
Ophiopogon japonicus 462.62 21.21 2.29
424.00  352.16~ 10.7 20.37 13.06~ 324 1.49 0.58~ 55.0
Setaira viridis 484.01 29.39 2.47
52727 352.16~ 8.3 18.68 10.81~ 28.0 1.48 0.58~ 44.5
Mean 518.16 34.43 2.83
402.67  312.28~ 13.3 15.76 10.67~ 24.8 1.02 0.41~ 31.3
Root Artemisia argyi 462.23 23.27 1.65
41297  328.27~ 10.2 14.91 12.51~ 16.0 1.00 0.40~ 46.0
Humulus japonicus 458.65 19.25 1.63
42723 37597~ 7.2 12.94 9.26~ 13.6 0.90 0.54~ 30.0
Oxalis corniculata 475.43 14.76 1.48
397.26  333.07~ 8.2 14.20 10.48 ~ 17.0 0.84 0.52~ 33.3
Ophiopogon japonicus 450.66 18.22 1.51
431.18  319.16~ 13.5 15.41 12.18~ 19.9 1.04 0.48~ 51.9
Setaira viridis 493.34 20.16 2.10
414.26  312.28~ 10.8 14.65 9.26~ 19.5 0.96 0.40~ 39.5
Mean 493.34 23.27 2.10
39 5 C.N.P
Table 3 C N and P stoichiometry of five common herbaceous species across nine islands
CN N:P CP
Ttem Species
Mean Range CV (%) Mean Range CV (%) Mean Range CV (%)
23.15 16.13~ 20.6 16.90 9.30~ 33.7 389.00 205.28~ 36.6
Aboveground Artemisia argyt 28.92 27.47 579.51
part 23.23 12.90~ 39.3 12.31 741~ 39.3 279.84 133.39~ 514
Humulus japonicus 38.99 18.20 629.93
27.50 20.75~ 20.2 11.46 4.67~ 36.7 313.13 163.98 ~ 43.9
Oxalis corniculata 36.90 16.16 573.56
25.80 19.38~ 13.7 15.63 9.25~ 34.5 412.10 179.33~ 43.1
Ophiopogon japonicus 32.72 24.22 696.75
23.39 11.98~ 39.9 16.10 10.79~ 36.0 406.61 143.84~ 63.6
Setaira viridis 36.85 25.34 748.54
24.61 11.98~ 27.6 14.48 4.67~ 36.6 360.14 133.39~ 494
Mean 38.99 2747 748.54
26.99 18.71~ 30.1 16.46 9.03~ 31.1 454.98 198.98 ~ 571.5
Root Artemisia argyi 43.34 25.85 1120.40
28.33 21.07~ 18.7 18.60 8.56~ 53.2 524.49 258.51~ 56.6
Humulus japonicus 35.16 37.38 1083.19
33.63 28.53~ 17.2 15.54 8.53~ 323 512.68 254.61~ 26.9
Oxalis corniculata 46.79 25.71 740.39
28.67 21.48~ 18.3 17.93 10.57~ 26.4 504.57 266.28 ~ 24.2
Ophiopogon japonicus 36.55 24.54 657.49
28.75 18.18~ 194 17.78 9.28~ 43.9 519.55 174.45~ 49.1
Setaira viridis 36.66 34.23 986.49
29.28 18.18~ 214 17.26 8.53~ 38.2 503.25 173.45~ 43.1

Mean 46.79 37.38 1120.40
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Fig.1 Regression relationship between mean annual temperature ( MAT) and each of C N and P contents and C: N: P stoichiometry in
aboveground part of five herbaceous species.
* P<0.05; * % P<0.01. The same below.
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Table 4 Variance decomposition for the factors influencing C N and P contents and their stoichiometry of five common
herbaceous species across 9 islands ( %)

Plant Soil P Soil N Soil C MAT MAP Residual
P 0.1 0.1 29.5 29.5 40.8
Aboveground 0.2 0.7 0.7 18.2 18.2 61.9
part C 0.7 0.7 3.3 95.2
C:N 0.2 0.4 99.4
N:P 0.9 8.9 39.2 39.2 11.8
C:p 3.4 3.4 3.4 89.7
15.7 17.7 5.7 5.7 5.7 49.4
Root 3.8 3.8 3.8 3.8 3.8 81.0
0.5 99.5
C:N 0.5 0.5 98.9
N: P 14.0 16.0 1.0 1.0 1.0 66.9
C:P 0.7 0.7 98.7
3
2 5 P
P N 3.1 C.N.P
( 4 9 5
C.N.P 10 18
C.N.P 753
; N.P N.P e
C.N.P C.N.P
221 °
=0.15x+0.78
1.8 R*=0.11*
e 9
14t 1 i
° °
Lo /,,.3/./’/
e [
— ° s . (]
7, 0.6
& . 32 . R N.P
2 02 . . . . . . .
a 0 0.5 1.0 1.5 2.0 2.5 3.0 35
E 48k Soil P (mg - g') ® C(411.78 mg + g™') \N(11.55
221 - -
% ° y==031x+125 mg*g ') P(1.47 mg=*g™) C.N
% sl R=0.18%*
’ P
1.4 r
10} P
06t . N.P X3
02 SR N(11.14 mg=g') \P(0.82mg+¢g")
02 04 06 08 10 12 14 16 18 20 22
4% Soil N (mg - g)
2 P N 5 P
Fig.2 Regression relationship of soil P and N contents with P C:N.C:P C
content in roots of five herbaceous species. N.P C C:N.C:P
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