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Abstract

Aims Little is known about the stoichiometric characteristics of carbon (C), nitrogen (N) and phosphorus (P) in
plateau shrubs across China. Sibiraea angustata is a typical and representative shrub species on the eastern Qinghai-
Xizang Plateau, and exploring its C, N and P distribution patterns and stoichiometric properties in different organs
(including root, shoot, leaf, twig and fruit) would help us better understand the mechanisms of C, N and P cycling
and balance in the S. angustata dominated shrub ecosystem.

Methods Sixteen sampling sites were selected on the eastern Qinghai-Xizang Plateau by the stratified sampling
method. The height and coverage of the dominant shrubs, latitude, longitude and altitude of the sites were
recorded. Three 5 m x 5 m plots were selected at each site. At least 128 biological samples of plant organs of S.
angustata were collected and measured, respectively. The C and N concentrations of plant samples were analyzed
using an elemental analyzer (2400 Il CHNS). The P concentration was analyzed using the molydate/ascorbic acid
method after H,SO4-H,0; digestion.

Important findings The C, N and P concentrations of different organs followed the order of: shoot (495.07
g-kg™) > twig (483.37 g-kg™) > fruit (480.35 g-kg™) > root (468.47 g-kg™) > leaf (466.33 g-kg™); leaf (22.27
g-kg™) > fruit (19.74 g-kg™) > twig (7.98 g-kg™) > shoot (4.54 g-kg™) > root (4.00 g-kg™) and fruit (2.85 g-kg™)
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> leaf (1.92 g-kg™) > twig (0.96 g-kg™) > root (0.52 g-kg™) > shoot (0.45 g-kg™), respectively. The ranges of the
coefficient of variation (CV) for C, N and P concentrations were 1.71%-4.44%, 14.49%-25.50% and
11.46%-46.15%, respectively. Specifically, the C concentration was relatively high and stable, and the maximum
CV values for N and P were found in roots. The N:P value of different organs varied from 7.12-12.41 and the
minimum CV for N:P was found in twig, which indicated that N:P in twig had higher internal stability. In addition,
correlation analysis indicated that the C concentration was significantly negatively correlated with N and P
concentrations and correlation coefficients were —0.407 and —0.342, respectively. However, N concentration had
dramatically positive correlation with P concentration and the correlation coefficient was 0.814. These results also
could indicate that the C, N and P stoichiometric characteristics in the S. angustata shrub accorded with the ho-
meostatic mechanism and growth rate hypothesis to some extent, the distributions of C, N and P concentrations
were closely related to the function of the organs and it should be prudent to use ecological stoichiometric ratios to
judge the condition of nutrient limitation at the species level.

Key words Sibiraea angustata; ecological stoichiometry; plant organs; Qinghai-Xizang Plateau

Citation: He HL, Yang XC, Li DD, Yin CY, Li YX, Zhou GY, Zhang L, Liu Q (2017). Stoichiometric characteristics of carbon,
nitrogen and phosphorus of Sibiraea angustata shrub on the eastern Qinghai-Xizang Plateau. Chinese Journal of Plant Ecology, 41,
126-135. doi: 10.17521/cjpe.2016.0031

e Ny @ : :
; P ;
( , 2014) C N P
, C NP
; , CN C NP
P ( , 2012) ,
, (Sibiraea angustata)
( C N P ( , :
2005)
: ( :
, 2010), ( , 2011, ( , 1998) ,
, 2014; Song et al., 2014) ( , 2.0-2.5 m, , , ,
2012; Zhang et al., 2013; Qu et al., 2014) ( , , ,
, 2010; Moore et al., 2011; Huang et al., 2012) 3-5 mm, , 6 , 8-9
: ( , 1974) :
( , 2010; , 2011; , 2013;
, 2014; Xiaet al., 2014) , ( , 2009; , 2014),
) , (2014)
(2014) N P N
, N P , (1998)
N P
; (2013) 6
6 , ,
C NP ,
; (2015) C N P :

doi: 10.17521/cjpe.2016.0031



128 Chinese Journal of Plant Ecology 2017, 41 (1): 126-135
C N P (Spiraea alpina) (Potentilla fruticosa)
, (Lonicera rupicola) (Rhododen-
dron violaceum) (Spiraea schneideri-
ana) (Salix atopantha)
1 , (Festuca ovina)
(Gentiana striata) (Polygonum viviparum)
11 (Stipa purpurea)
(96.08°-102.95° E, 1.2
29.88°-33.27° N, 3332-4 212 m),
: (D, ,
' 16 ,
( , 1978) GPS
, , 8-9 :
5.0 : : 3 5
650.0 mm , 510 ; 11 mx5m ,
, 5m, 50m ,
, 59 , Imx1m ,
1850-2 700 h ( ,
: : ), 100 g,
( , 2008) 1.3
: 65
, (Salix oritrepha) , >1 g
1
Table 1 Basic information of Sibiraea angustata dominated shrub sites
Plot ID Location Latitude Longitude Altitude Height of shrub  Coverage of shrub Slope Slope position
(N) (E) (m) layer (m) layer (%) aspect (°)
1 Litang, Sichuan 29.88° 100.33° 3980 1.10 80 10 Middle part
2 Litang, Sichuan 30.08° 100.35° 4064 0.80 60 10 Lower part
3 Sértar, Sichuan 31.85° 100.73° 3535 0.40 70 21 Mid-lower part
4 Luhuo, Sichuan 31.62° 100.23° 3847 0.70 70 20 Middle part
5 Garzé, Sichuan 31.45° 99.97° 4212 0.85 75 19 Mid-lower part
6 Dawu, Sichuan 30.88° 101.23° 3332 1.20 40 14 Mid-lower part
7 Xiaojin, Sichuan 31.70° 102.32° 4034 2.20 70 15 Mid-upper part
8 Barkam, Sichuan ~ 31.90° 102.65° 3709 3.10 70 20 Middle part
9 Aba, Sichuan 32.72° 102.01° 3813 120 60 15 Middle part
10 Xiangtang, Sichuan ~ 32.30° 101.07° 3909 110 70 15 Middle part
1 Jinchuan, Sichuan 31.53° 101.68° 3748 2.20 50 5 Lower part
12 Songpan, Sichuan 33.02°  10295° 3344 105 80 0 Mid-upper part
13 Jiuzhi, Qinghai 33.27° 100.62° 3738 0.90 70 28 Lower part
14 Yushu, Qinghai 33.03° 96.87° 4053 1.20 65 39 Mid-lower part
15 Nanggén, Qinghai 31.88° 96.88° 4034 1.05 45 35 Mid-lower part
16 Lhorong, Xizang 30.73° 96.08° 4198 0.70 32 10 Lower part
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Table 2 Content of carbon (C), nitrogen (N) and phosphorus (P) of Sibiraea angustata shrub in different organs
Element Different organ n MIN (g-kg™) MAX (g-kg™) M (g-kg™) SD (g-kg™) CV (%)
c Leaf 31 451.16 487.92 466.33° 9.58 2.05
Fruit 16 443.82 494.54 480.35% 21.33 4.44
Twig 22 47158 496.38 483.37° 8.28 171
Shoot 30 475.34 520.68 495.07° 10.29 2.08
Root 29 407.51 500.62 468.47° 19.46 4.15
N Leaf 31 14.14 32.84 22.27° 4.65 20.88
Fruit 16 17.08 23.25 19.74° 2.86 14.49
Twig 22 5.16 11.02 7.98"° 2.03 25.44
Shoot 30 2.95 6.77 4.54° 0.97 21.37
Root 29 2.69 6.91 4.00° 1.02 25.50
P Leaf 31 1.07 4.10 1.92° 0.65 33.85
Fruit 16 2.37 3.33 2.85° 0.40 15.09
Twig 22 0.83 1.16 0.96 0.11 11.46
Shoot 30 0.22 0.78 0.45° 0.16 35.56
Root 29 0.23 1.14 0.52° 0.24 46.15
Cv, i M, i MAX, ; MIN, on, ; SD,
(p <0.05)

CV, coefficient of variation; M, mean; MAX, maximum; MIN, minimum; n, subsample number; SD, standard deviation. Different small letters in the same
element and mean column indicate the significant difference in the different organs (p < 0.05).
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3 © N @™
Table 3 The ratio of carbon (C), nitrogen (N) and phosphorus (P) of Sibiraea angustata shrub in different organs
Element ratio Different organ n MIN MAX M SD CV (%)
C:N Leaf 31 13.74 32.99 21.89° 4.90 22.38
Fruit 16 19.84 28.75 24.82° 4.26 17.16
Twig 22 44.14 96.18 64.16° 16.83 26.23
Shoot 30 71.70 167.96 113.72° 23.02 20.24
Root 29 63.72 174.63 123.92° 28.78 23.22
N:P Leaf 31 4.15 16.91 12.41° 311 25.06
Fruit 16 5.28 9.42 7.12¢ 1.93 27.11
Twig 22 5.87 9.88 8.21° 1.42 17.30
Shoot 30 5.96 17.32 10.80° 2.80 25.93
Root 29 2.86 14.97 8.74% 3.11 35.58
cP Leaf 31 112.11 45422 266.18" 82.09 30.84
Fruit 16 147.97 186.92 170.30° 17.54 10.30
Twig 22 418.12 570.63 507.29° 51.77 10.21
Shoot 30 629.05 221958  1235.46° 437.02 35.37
Root 29 421.11 2089.60 1070.28° 439.16 41.03
v, M, ; MAX, ; MIN, in, ; SD, (p<
0.05)

CV, coefficient of variation; M, mean; MAX, maximum; MIN, minimum; n, subsample number; SD, standard deviation. Different small letters in the mean

column indicate the significant difference in the different organs (p < 0.05).
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Table 4 The correlation coefficient among carbon (C), nitrogen (N),
phosphorus (P) content and their ratios (Pearson test)

Item Cc N P C:N C:P N:P
C 1
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1% (p < 0.01)

*, correlation is significant at the 0.05 level (0.01 < p < 0.05), **, correlation
is significant at the 0.01 level (p < 0.01).
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