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Responses of soil and plant stoichiometric characteristics along rainfall gradients

in Mongolian pine plantations in native and introduced regions
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Abstract; Rainfall is one of most important environmental factors influencing ecosystem structures and processes, and
changes in rainfall can alter plant growth in arid/semi-arid regions. Currently, the impacts of rainfall patterns on the
biogeochemical cycles of C, N, and P in terrestrial ecosystems have been well studied. However, a knowledge gap exists
with regard to the changes in soil and plant stoichiometric characteristics along rainfall gradients in Mongolian pine ( Pinus
sylvestris var. mongolica) plantations. We selected one native Mongolian pine plantation and four plantations along a rainfall
gradient in the Horqin Sandy Land. We measured stoichiometric characteristics in the soil (0—10,10—20, and 20—40

cm) and leaves (1- and 2-year old). Our results showed that; (1) Soil C, N, and P concentrations in Mongolian pine
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plantations in the Horgin Sandy Land were significantly lower than those in native Mongolian pine plantation; (2) Soil C,
N, and P concentrations and soil C :P and N :P increased with increasing rainfall in the Horqin Sandy Land, but soil C :N
decreased along the rainfall gradient; (3) Leaf C concentration decreased, and leaf N concentration and N :P increased
with increasing rainfall, but there was no clear trend for leaf P concentration along a rainfall gradient; (4) there were
significant positive relationships between leaf P concentration and soil C, N, and P concentrations, but not for leaf C and
N. Our results implied that soil nutrients limit the growth of Mongolian pines in the Horqin Sandy Land compared with
growth in native land. Furthermore, the soil N limitation decreased with increasing rainfall, but soil P limitation increased.

Our results could improve the management of Mongolian pine plantations following introduction into the Horqin Sandy Land.

Key Words: Horgin Sandy Land; rainfall gradient; stoichiometric ratio; soil nutrient concentration; Mongolian

pine plantation
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Fig.1 Geographical location of the studied sites
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Table 1 Characteristics of climate and soil types in the studied stands

s LT . , KR L
ioehd L itk R AL AR e
Study site o Altitude/m MAT/C MAP/mm . Soil type
longitude evaporation/mm
ix M 43°25'N, 123°84'E 130—142 6.2 600 1800 Kb+
EAURS) 42°43'N, 122°22'E 212—230 6.2 475 1550 Kb+
i 42°58'N, 120°43'F 360—369 6.3 366 1935 b+
122 R 43°02'N, 119°39'E 484—3505 6.2 284 2250 LR
RS+ |
EAW V€2 48°08'N, 120°02'F 730—860 -1.5 344 1174 %ﬁ%{ii

MAT : 4E3J3 mean annual temperature ; MAP ; 5% 7K mean annual precipitation

1.2.2 HESHT

+IEFMEY 4 C M4 N & EHICZE 8711 ( Vario CUBE, Elementar, f2[E ) M & ; TR MY 2 P & &%
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Table 2 Two-ways ANOVA of rainfall gradient and soil depth on soil C, N, P concentrations and C :N, C :P and N :P in Mongolian

pine plantations

] A5 F] C/(g/kg) N/ (g/kg) P/(g/kg) C:N C:P N:P

Variable df F p F P F P F P F p F P

[#7K & Rainfall 4 438.8 <0.01 3587 <0.01 179.1 <0.01 40.26 <0.01 61.79 <0.01  70.1 <0.01

+ 2 IRE Soil depth 2 120.6  <0.01 89.04 <0.01 1992 <0.01 27.81 <0.01 159.6 <0.01 7328 <0.01
7] Hx =AY

B R R 2R 11.15 <0.01 6.59 <0.01 1.07 04 2.22 0.04 6.21  <0.01 3.39  <0.01

RainfallxSoil depth
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Fig.2 Soil stoichiometric characteristics along the rainfall gradient
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Fig.3 Changes of 1 and 2 year-old leaf stoichiometric characteristics across rainfall gradient
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Table 3 Comparison of leaf stoichiometric characteristics of different leaf-age along rainfall gradient
- C/(g/kg) N/(g/kg) P/(g/kg) C:N C:P N:P
Study site LI S L =S = S U - SO R D e e SO O K A X S L = 3

1 year-old 2 year-old 1 year-old 2 year-old 1 year-old 2 year-old 1 year-old 2 year-old 1 year-old 2 year-old 1 year-old 2 year-old
L2 500.67ab  517.53a  15.70b 13.26b 0.57b 0.43b 32.45a 39.78a  888.44b  1229.45a  27.58¢ 30.87¢
(5.24) (5.55) (2.46) (2.09) (0.06) (0.07) (4.68) (6.22)  (88.52) (219.36)  (2.30) (1.37)

Pyl 508.15a  517.49a 18.67ab  17.00a  0.60h  0.44b  27.25h  30.63b  854.82h 1189.80a  31.40b  38.90ab
(5.03)  (5.15)  (0.63)  (150)  (0.06)  (0.05)  (1.16)  (2.66)  (79.42) (155.00) (2.97)  (4.18)
whA 493.62b 516482  1625h  1548a  046b  038b  3040ab  33.55h  1071.11a 1383.13a 3522a 4135
(878)  (5.6)  (0.59)  (1.28)  (0.03)  (0.02)  (0.98)  (2.81)  (9538) (77.35) (278)  (247)
xR 487.53b  499.63b  20.37a  15.19b  0.63b  0.43b  2437h  33.02b  778.42b 1190.50a 32.10ab  35.94b
(400)  (411)  (330)  (0.99)  (0.08)  (0.05)  (3.64)  (220) (9425) (1653)  (2.07)  (2.73)
IR 491.32b  502.12b  16.80ab  16.04a  0.79a  0.62a  29.29ab  31.38b  620.53c  807.94b  21.20d  25.80d

(7.36)  (207)  (0.70)  (0.74)  (0.03)  (0.01)  (1.60)  (L63)  (29.48) (14.22)  (0.32)  (L.10)
Bl XM, 155 B bR RS NG T ROR R AR #5003 S MOHAL R L 2% 5 3 (P<0.05)

23 LEESEYH A C NP S EARE
VARAEIEF 2 AR A0 P& B SRR )2 8 € N P & R R R 3 IEAHOCOC R (P<0.01) , T 1 AFAE A
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QAEAEM NESESHEC NP SELEEMEHE, 1 F40 Cc 5ES5+HE C NP SEICEFMEME, M2
M CEHEES L C NP EEEBENHIE(P<0.05)(F£4),

&4 1ECNPEEHHE CNPIEAXESN

Table 4 The correlations between soil C, N, P concentration and leaf C, N, P concentration

+ R L 1 4E4: M 1year-old leaf 2 SEA I 2year-old leaf

Soil depth Elements C N P C N P

0—10 cm C -0.43 -0.09 0.76 " -0.61"" 0.1 0.81""
N -0.44 -0.06 0.75"" -0.63"" 0.11 0.79 "
P -0.33 -0.19 0.72*" -0.56" 0.06 0.81*"

10—20 cm C -0.33 -0.16 0.74"" -0.53" 0.12 0.84""
N -0.38 -0.14 0.73*" -0.57"" 0.12 0.82*"
P -0.34 -0.16 0.73"" -0.56" 0.09 0.81""

20—40 cm C -0.33 -0.16 0.71*" -0.52" 0.13 0.81""
N -0.38 -0.15 0.69 " -0.55" 0.13 0.78 "
P -0.33 -0.16 0.70** -0.53" 0.09 0.79 "

* TRk KT P<0.05; * + FamikEH 5K, P<0.01

3 e
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