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Variations in Carbon., Nitrogen and Phosphorus Stoichiometry
of Caragana liouana Originated from Nine Provenances

in a Common Garden
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Abstract: To understand the response and adaptation of carbon(C), nitrogen(N)and phosphorus(P) sto-
ichimetry to environmental changes, we conducted a provenance experiment on C. liouana,the dominant
shrub species in the Mu Us Sandland of Northern China. We collected seeds from nine provenances and
seedlings were cultivated under uniform condition, measuring the concentrations of C, N and P of different
organs of C. liouana originated from nine provenances. The results showed that: (1) there were significant
differences in C, N and P concentrations among provenances for different organs, with C concentrations of
roots, stems and leaves ranging from 361. 12 to 426.30 mg *+ g ', from 412. 32 to 463.13 mg * g~ ', from
419.21 to 478.94 mg *» g ', respectively, with N concentrations ranging from 20. 52 to 33. 67 mg « g ',
from 15.77 t0 23.92 mg » g ', from 27. 60 to 36. 44 mg * g ' and with P concentrations from 1. 52 to 3. 73

mge+*g ', from1.24t02. 14 mge+g ', from1.44 to 2.38 mg* g ', respectively. The C/N, C/P and N/P
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were also significantly differed among provenances for different organs. (2) GLM analysis revealed that

relative to the strong effect of organs on C, N and C/N, the provenances appeared to have greater effects
on P, C/P and N/P. (3) There were also significant correlations between N and C/N, P and C/P. The N/
P was significantly correlated with both N and P. Overall, these results suggest that adaptation of C. /i-

ouana to different environments has led to its genetic differentiation in stoichiometric traits, and differences

in C, N and P stoichiometry among different organs probably suggest that C. liouana has evolved a series

of strategies in nutrient utilization.
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Table 1 Environmental characteristics of nine sampling sites collecting seeds of C. liouana

Fh A i Code | EEE) HEON) 8 THEKR AR

Provenance Longitude/ Latitude/ Altitude/m MAP/mm MAT/°C
T 5 b B Yanchi, Ningxia YC 107. 45 37.81 1431 258.6 8.2
SP4E 7 B i Etuokeqian Qi EQ 107. 66 38. 68 1344 225.2 7.2
B 75 35#% 1 B Jingbian. Shaanxi 1B 108. 21 37.48 1372 353.7 7.3
B V4 5 1L B Hengshan, Shaanxi HS 109. 25 37.86 1057 370. 1 8.1
B P AR T Yulin, Shaanxi YL 109. 36 38. 15 1152 341.5 8.4
% 75 #fi A B Shenmu., Shaanxi SM1 110. 15 39.21 1257 379.9 7.2
B P 4 K £ Shenmu, Shaanxi SM2 110.23 38.76 1220 385.8 6.5
NS4 #E % HE Yijinhuoluo Qi YQ 110. 28 39. 33 1285 382.4 7.3
L P63 it B Hequ, Shanxi HQ 111.18 39. 35 893 393.6 7.9
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Fig.1 Concentrations of C, N, P and their ratios (C/N, C/P and N/P) for different organs of C. liouana

originated from nine provenances
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Table 2 Correlations of C, N, P and their ratios (C/N, C/P and N/P) with environmental factors for different

organs of C. liouana
(?iin Envir(fﬁrjij factor ¢ N P C/N c/p N/P
Wk ALT 0. 089 0.513 —0.210 —0.533 0.143 0.326
#R Root SRR B MAR 0.438 —0.097 0.037 0. 317 0.125 —0.025
AEHE MAT —0.850* —0. 363 0.677" —0. 055 —0.793" —0.772"%
Wk ALT —0.407 0.265 —0.222 —0.335 0.164 0.262
2% Stem AR R MAR 0.683" —0.025 0.401 0. 157 —0. 349 —0.322
EHE MAT 0.174 —0.382 0.476 0. 385 —0.463 —0.469
Wk ALT 0.755 —0.094 —0. 247 —0.294 0. 049 0.193
- Leaf AR B MAR 0.437 0.233 0. 437 —0.026 —0. 448 —0. 236
AEYIR MAT 0. 409 —0.531 0.283 0.510 —0.137 —0.409
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Table 3 Effect of provenances, organs and their interaction on concentrations of C, N, P and their ratios
[ERS (A 7% 7 M 1 H B Y97 F
Independent variable Dependent variable SS df MS
C/(mg+g b 8 724.74 8 1 090. 59 96. 62" * *
N/(mg -+ g~ 1) 911. 81 8 113.98 51.04% >
FiE Provenance P/(mg+g ") 10. 98 8 1.37 27,21~
® C/N 551. 26 8 68.91 28,98 **
C/P 107 013.02 8 13 376.63 13,77~
N/P 989. 27 8 123. 66 28,97
C/(mg+g ") 59 959. 83 2 29 979.92 2 656.00" * *
N/(mg+g ) 2 037.51 2 1018.75 456, 15% * *
R %
B Organ P/(mgesg b 3.79 2 1. 90 37. 60
O C/N 1 385.79 2 692. 90 291,40 * *
C/P 70 693. 50 2 35 346. 75 36,38
N/P 467.91 2 233.96 54,81 %~
C/(mg- g 14 744. 30 16 921.52 81647 % *
N/(mg+g ") 95.73 16 5.98 2.68"*
/ . 1 3 -
RO X 2Ry P/(mg-+g V) 4.51 16 0.28 5.59
PO C/N 134. 02 16 8. 38 3,52+
C/P 49 242.15 16 3 077,64 3,17
N/P 106. 06 16 6.63 1.55
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Fig. 3 Relationships among C, N, P and their ratios of C. liouana originated from nine provenances
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