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Ecological stoichiometry characteristics of leafditter-soil interactions in different

forest types in the Loess hilly-gully region of China
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Abstract: This study measured the C N and P concentrations in the leaves litter and soil of plantations ( Robinia
pseudoacacia  Populus simonii  and Pinus tabuliformis) and natural secondary forests ( Quercus wutaishanica Quercus
acutissima and Betula platyphylla) in the hilly—gully region of the Loess Plateau by combining field investigations with
laboratory analyses. We explored the ecological stoichiometry characteristics of leafitter—soil interactions in different forest
types in order to understand the nutrient supply-demand status of different forest ecosystems. The results showed that 1) for
leaves and litter the C concentration was higher in plantations than in natural secondary forests whereas the concentrations
of N and P were higher in natural secondary forests than in plantations. The C :N and C :P ratios of the leaves and litter

were higher in plantations than in natural secondary forests. 2) The significant differences between C N and P regarding
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the stoichiometric ratios of soil were mainly concentrated at the soil surface (0—10 c¢m) in plantations while in natural
secondary forests these differences were found deeper in the soil layer ( 10—50 ¢m) . With an increase in soil depth the C

N and P concentrations gradually decreased. 3) The N concentration in the leaves showed significant positive correlation
with the litter in the plantations; the N concentration of litter showed significant positive correlation with the soil in the
natural secondary forests and the C :P ratio in the leaves showed significant negative correlation with that of the soil ( P<
0.05) ; and there were no significant differences in the remaining indicators. These results revealed that the growths of R.
pseudoacacia and Q. wutaishanica were limited by P other trees were restricted by N the decomposition rate of litter was
higher in plantations than in natural secondary forests and the soil P was higher in plantations than in natural secondary
forests. The results of this study could provide a theoretical basis for vegetation restoration and reconstruction in the Loess

hilly-gully region of China.

Key Words: Loess hilly—gully region; plantation; natural secondary forest; nutrient concentration; ecological stoichiometry
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1
1.1
(35°27-—38°2"N 108°50—110°27°E)
8—9C 550—650 mm
o 500—1600 m N
o ( Robinia pseudoacacia) . ( Populus
simonii) ( Pinus tabuliformis) ( Stipa bungeana) . ( Hippophae rhamnoides) .
( Thalictrum petaloideum) . ( Rosa xanthina) . ( Carex lanceolata)
( Quercus wutaishanica) . ( Quercus acutissima) ( Betula platyphylla) ( Acer ginnala)
( Syzygium aromaticum) . N N ( Spiraea cantoniensis) o
2009 6
o 1100—
1300 m 20—35 °, 0 3
20 m X30 m 18 L.
1
Table 1 Basic status of sampling sites
Mean
. Slope . Crown diameter at Mean
Origin of stand Forest type Aspect position Slope/( °) Altitude /m density /% breast he;iiir:; )
height /cm
Plantation R pseudoacacia 30 1209.0 45 14.0+0.32 9.4+0.24
P, simonii 32 1157.2 62 12.8+0.40 8.3£0.17
P. tabuliformis 25 1069.2 80 8.1+0.21 7.2+0.19
Natural secondary 0. wutaishanica 34 1207.3 70 12.6+0.42 8.1+£0.17
forest . 35 1117.2 30 9.9+0.33 7.1£0.18
Q. acutissima
B. platyphylla 20 1330.6 50 12.7+0.60 7.2+0.23
1.2
2012 8 3 .
( N ) 300 ¢g
3 100 cmx 100 c¢m
300 ¢ I 100 em ( 0—10.10—
20.20—30.30—50 cm  50—100 cm ) o N
85 C 0.25 mm
- N - - ( GB 7852-87) N
N.P o
1.3
( one-way ANOVA) N
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. C:N.C:P N:P ' + (n=3)
P=0.05. Pearson - -
o SPSS 23.0 o
2
2.1 C.N.P
C.N.P 481.76.17.07 g/kg  1.14 g/kg C
> > ( P<0.01) N.P > >
N.P ( P<0.01) . C:N.C:P.N:P 44.18.
452.72.13.86 C:N ( P<0.05) C:p (P<
0.01) N:P > > . ( P<0.05) .
C.N.P 474.95.18.88 g/kg  1.33 g/kg C
> > C ( P<0.05) - N.P > >
N P . ( P<0.05) .
C:N.C:P.N:P 25.65.372.99 14.49 C:P (P<
0.05) C:N.N:P o C.N.P
( 2,
2 C.N.P
Table2 C N and P concentration and stoichiometric ratio of leaf in different forest types
Origin of stand Forest type ( g%g) ( g]j]:g) ( gF/)lig) C:N cip NP
Plantation R peudoacacia 103029368 3086+4T54  151x0.14A 154082628 302.73427.578 201551444
- 476.26+18.19AB 12.00£0.64B  0.96+0.04B  39.77+0.80AB 499.34+33.45A  12.57+0.89B
P, rabaliformis 518.73+6.17A  8.33+2.28B  0.95:0.088  77.36+27.79A 556.08+39.99A  8.87+2.60B
Mean+SE 481.76+19.95a 17.07£6.98a  1.14x0.19a  44.18+18.02a 452.72+76.76a  13.86+3.32a
Natural secondary Q. wuaishanica V0SB IFISAB 164650.60A 104012 28.6550.76A  467.83557.69A 16254156
forest 0. acutisima 460.21£5.55B  19.12+1.81A  1.39+0.09A  24.52+2.44A 334.74x24.05B  13.81=1.23A
B, latsphylla 494.06+7.79A 21.05:1.90A  1.56x0.06A  23.77+1.69A 316.42+8.51B  13.40£0.65A
eansSE 474.95x10.01a 18.88x1.33a  1.33:0.16a  25.65%1.52a 372.99+47.71a  14.49:0.89a
( P<0.05)
2.2 C.N.P
C 339.53 g/kg C (433.02 g/kg)
( P<0.01) N.P 11.33.0.71 g/kg
N.P ( P<0.05) o C:N.C:P 35.10.
533.89 > > C:N.C:P N
( P<0.01) .
C.N 319.23.12.02 g/kg C
> > N > > C.N o p
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0.82 g/kg (0.97 g/kg) ( P<0.05) .
C:N.C:P N:P 27.23.398.56.14.72 o
C.N.P
3) .
3 C.N.P
Table3 C N and P concentration and stoichiometric ratio of litter in different forest types
Origin of stand Forest type I g(;kg) I g]jkg) I ;/)kg) CiN Cip NP
Plantation R peudoncacia | OFIBE2ITE 14965210 086s0.11A 20974178 33916218858 17.4821.624
P 281.37£17.07B  11.59+1.85AB  0.77+0.07A  25.29+3.35B 370.39+18.05B  14.94+1.12A
P, rabaliformis 433.02422.93A  7.45:0.69B  0.50x0.01B  59.22+6.72A 872.11x34.96A  15.03x1.43A
MeansSE 339.53:47.21a  11.33:2.17a  0.71x0.11a  35.10+12.13a 533.89+169.14a  15.82+0.83a
Notural secondary Q. wutaishanica  JVIASEZBOTA ILI0SIAON 07750038 293655794 406.87+43.674 143421424
forest 0. acutisim 331.16£5.41A  11.36£0.35A  0.74x0.08B  29.19+0.52A 459.18+43.38A  15.69+1.26A
B, slatsphylla 315.08+32.31A  13.6140.88A  0.97+0.05A  23.14x1.79A 329.63+49.95A  14.13x1.27A
MeansSE 319.23£6.06a  12.02+0.80a  0.82+0.07a  27.23+2.05a 398.56+37.63a  14.72+0.49
( P<0.05)
2.3 C.N.P
C.N 4.98.0.46 g/kg C.N ( 5.25 ¢/
ke  0.52 g/ke) ; P 0.53 ¢/ke
> > o C:N.C N:P 11.20.6.86  0.63 C:N
C:P N:P o
C 7.54 glkg > >
( P<0.05) ( P<0.01) ; N 0.71
e/kg ( P<0.05) P 0.53 g/kg > >
. ( P<0.05) . C:N 10.51
> > ( P<0.05)
C:P.N:P 14.14.1.34 C:P (P<0.05) N:P
o C.N C:P.N:P
(P<0.05)( 4) .
C.N.P 0—10 c¢m
C (23.68 g/kg) > (17.30 g/kg) > (15.45 ¢/kg) N
C ( P<0.05) (P<0.01) ( 1) C:P > >
(P<0.05)( 1) C.N.P C:N.C:P.N:P
( 1. C.N p

(0.56—0.61 g/kg) .
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4 C.N.P

Table 4 C N and P concentration and stoichiometric ratio of soil in different forest types

C/ N/ P/ , _ _
Origin of stand Forest type (g/kg) (g/kg) (g/kg) €N Cip NP
Plantation . poeudoacacia 4.46x0.37A  0.39£0.01A  0.56:0.00A  11.3720.92A  7.95+0.66A 0.70+0.02A
- 525¢0.59A  0.52+0.11A  0.55x0.02A  10.74x1.36A  9.48+0.94A 0.92+0.17A
P, sabuliformis 5.24+0.34A  0.46:0.06A  0.52x0.08A  11.48+0.74A  10.41+1.01A 0.90+0.05A
MeansSE 4.98+0.26b  0.46+0.04b  0.53+0.0la  11.20:0.23a  6.86+3.10b 0.63+0.28b
Natural secondary 0. sutaishanica 597+1.00B  0.59+0.09B  0.55x0.03A  10.12+0.33B  11.10+2.32B 1.09+0.20A
forest 0. acutissime 6.88+0.40B  0.69+0.04AB  0.48+0.01B  9.92+0.36B  14.29+1.02AB  1.44:0.11A
B, Platsphylla 9.77£0.56A  0.85:0.04A  0.580.01A  11.49+0.14A  17.04%1.30A 1.48+0.10A
MeansSE 7541152 0.71%0.08a  0.53:0.03a  10.51£0.49a  14.14%1.72a 1.3420.13a
R ( P<0.05)
0—10 cm C.N.P ; 10—20 cm
C ( P<0.05) p ( P<0.05) N:P
(P<0.05); 20—30 cm C.N > >
. ( P<0.05) ( P<0.01) p (P<
0.05) C:P > > (P<0.01) N:P
> > N ( P<0.05)
(P<0.01); 30—50 ¢m C.N (P<0.05)  C:N
(P<0.05); 50—100 cm P > >
. ( P<0.05)
( 2
2.4 N
_ _ Pearson
C:N ( P<0.05) C:P ( P<0.05)
N:P ( P<0.05) C.N.P .
N o N
( 5.
C.N.P N N
P ( P<0.05) N:P
( P<0.05) . N
(P<0.01)  C:P (P<0.05)( 5).
3
3.1 - - C.N.P
C 1.6%—3.4% " Thomas
C ( 50.8%+0.7% 47.7%=+0.3%) o
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Fig.1 Concentrations of C N P and stoichiometric ratio in different soil layers of plantation
( P<0.05)
C (518.73 g/kg) (450.30.476.26 g/kg) ( 2)
21 N
N & (494.06 g/kg) (470.58 g/kg)

(460.21 g/kg) ( 2)

C
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o
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HE C.N.P C-
N.P N.P %
N.P (16.59.1 g/kg) o
C.N.P C.N
(7.54.0.71 g/kg) C.N (4.98.0.46 g/kg) ( P<0.05) p
( 4 p p
. C.N.P
C.N P .
C.N.P (0—10 em) (1)
. C.N.
P 0—10 cm 10—50 cm ( 2
N ( P<0.05) 7
C.N.P .
p ( P<0.05) %
6 p
» o
32 - - C.N.P
C:N.C:P 0 C:N.C:P
; C:N C:P
- Koerselan Meuleman > N:P N.P
N:P<14 N N:P>16 p 14<N:P<16
N P . N »
N N P »
N M p
N P N
;Z:N C:N B3
C:N .
. C:N
36 ) 37 .
C:N 11.20 C:N 10.51 C:N
(10—12) o, C:N ’
. C:N .
C:P C:P )
C:P 6.86 C:P 14.14(  4) .
C:N JC:P
( P<0.05) N:P ( P<0.05)
1 C:N.C:P N:P
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N o
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(References) :

1 Vitousek P M Porder S Houlton B Z Chadwick O A. Terrestrial phosphorus limitation: mechanisms implications and nitrogen-phosphorus
interactions. Ecological Applications 2010 20( 1) : 5-15.

2 C.N.P

2014 37(5): 996-1004.

3 2008 28( 8): 3937-3947.

4 Elser ] ] Bracken M E S Cleland E E  Gruner D S Harpole W S Hillebrand H Ngai J T Seabloom E W  Shurin J B Smith J E. Global
analysis of nitrogen and phosphorus limitation of primary producers in freshwater marine and terrestrial ecosystems. Ecology Letters 2007 10
(12): 1135-1142.

5 Agren G 1. Stoichiometry and nutrition of plant growth in natural communities. Annual Review of Ecology Evolution and Systematic 2008 39
(1): 153-170.

6 Elser J J Fagan W F' Denno R F' Dobberfuhl D R Folarin A Huberty A Interlandi S Kilham S S McCauley E  Schulz K L Siemann E H
Sterner R W. Nutritional constraints in terrestrial and freshwater food webs. Nature 2000 408( 6812) : 578-580.

7 Sterner R W Elser J J. Ecological stoichiometry: the biology of elements from molecules to the biosphere. Princeton: Princeton University
Press 2002.

8 2005 29(6): 1007-1019.

9 2010 34 (1): 2-6.

10 McGroddy M E  Daufresne T Hedin L O. Scaling of C :N :P stoichiometry in forests worldwide: implications of terrestrial redfield-type ratios.
Ecology 2008 85(9): 2390-2401.

11~ Reich P B Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America 2004 101( 30) : 11001-11006.

12 2015 39(12): 1146-1155.

13 - - . 2016 27(12):
3823-3830.

14 2014 51(1):

http: //www.ecologica.cn



5098 38

19

20
21
22
23
24
25

26

27

28

29

30
31

32

33

34

35

36

37
38

39

40

133-142.
Cao Y Chen Y M. Coupling of plant and soil C :N :Pstoichiometry in black locust ( Robinia pseudoacacia) plantations on the Loess Plateau China.
Trees 2017 31(5) :1559-1570.

2010 34(1): 64-71.
Cao Y Chen Y M. Ecosystem C :N :P stoichiometry and carbon storage in plantations and a secondary forest on the Loess Plateau China.
Ecological Engineering 2017 105: 125-132.
N C:N:P . 2010 34
(1): 48-57.
2002
24('5) : 96-100.
Thomas S C Martin A R. Carbon content of tree tissues: a synthesis. Forests 2012 3(2): 332-352.
2006 25(9): 1095-1103.
2006 16( 8) : 965-973.
Redfield AC. The biological control of chemical factors in the environment. American Scientist 1958 46( 3) : 205-211.
2000.
( Betula platyphlla) ( Populus davidiana)
2007 27(5): 1782-1790.
2015 36
(3): 1084-1091.
C.N.P . 2016 27(2): 365-372.
- - . 2016 36(7): 1898-1906.
Vitousek P M. Stoichiometry and flexibility in the Hawaiian model system//Melillo J M Field C B Moldan B eds. SCOPE 61: Interactions of the
Major Biogeochemical Cycles: Global Change and Human Impacts. Washington DC : Island Press 2003: 117-134.
Agren G 1. The C:N :P stoichiometry of autotrophs—heory and observations. Ecology Letters 2004 7(3): 185-191.
Koerselman W Meuleman A F M. The vegetation N :P ratio. a new tool to detect the nature of nutrient limitation. Journal of Applied Ecology

1996 33(6): 1441-1450.

2017 37(16) : 5461-5473.
2015 29(3): 196-201.
2017 37(16) 1 5451-5460.
Arshad A ) C:N:P
2014 38(8): 833-842.
C:N:P ) 2011 31
(2): 335-343.
2007 18(2) : 261-266.
C.N.P
2014 25(4): 947-954.
- - . 2011 31(23):
7119-7124.
2007 27(6): 68-79.

http: //www.ecologica.cn



