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Abstract; Exploring the stoichiometric characteristics of understory plants’ leaves and soils in different forest types in
Mao’ershan can reveal the adaptation strategies of understory plants in Mao’ershan, and provide data support for forest

management. In this paper, coniferous and broad-leaved mixed forest (ZK), evergreen broad-leaved secondary forest
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(CLC) and evergreen broad-leaved forest (CL) in Mao’ershan were selected as three forest types, the leaf stoichiometry
of main plants in herb layer and shrub layer, and the soil stoichiometry under three forest types were measured and
analyzed. The results were as follows: (1) There was no significant difference in leaf C and N contents between herb
layer and shrub layer, but P and K contents in herb layer were extremely significantly higher than that in shrub layer,
and N : P was significantly lower than that in shrub layer. Plants in herb layer was more likely to be restricted by N,
plants in shrub layer was more likely to be restricted by P and the utilization efficiency of N and P were higher. There
was no significant difference in leaf stoichiometry of plants in shrub layer among different forest types, but there were
significant differences in leaf N content, C : N, C : P of plants in herb layer among different forest types. Plants in herb
layer of ZK had higher nutrient use efficiency. (2) The soil C and N contents of the three forest types showed that CL >
CLC > ZK, and there were extremely significant differences among the three forest types. The soil P content of ZK were
the highest, while that of C : P and N : P were the lowest. (3) Soil in ZK significantly affected some leaf stoichiometry
of plants in herb layer and shrub layer, while the other two forest types had no significant effect on underforest plants. To
sum up, there are significant or extremely significant differences in soil stoichiometry among different forest types in
Mao’ershan. The nutrient requirements and environmental adaptation strategies of plants in herb layer and shrub layer are
different. The soil of ZK has a strong influence on the leaf stoichiometry of understory plants, and the soil with low

decomposition efficiency of organic matter in this forest type, and the soil is limited by N due to the low decomposition

44 ¥

efficiency of organic matter, so the management of N in the mixed forest should be strengthened.

Key words: Mao’ershan, forest type, soil, herb layer, shrub layer, stoichiometric characteristics
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Table 1  Basic condition of plots
TR & i %73 35 AR A
Forest type Longitude Latitude Altitude (m) Slope (°) Canopy density
B FETR Ak ZK 110°29'37" E 25°51'46" N 865 30 0.80
Lk R AE AR CLC 110°29'16" E 25°53'06" N 1125 25 0.70
Bk AR CL 110°29'11" E 25°52'50" N 1113 28 0.85
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Table 2 Dominant plants under the forest of different forest types
FEHL G5 TR FEAYFIL
Plot No. Understory Dominant plant species
ZKH B AR S PR B A2 AT, I %
Herb layer of coniferous and  Lophatherum gracil, Miscanthus sinensis, Alpinia japonica
broad-leaved mixed forest
AS B e T SR HE AR 2 BB A TR T BT Rk RE BT RN, A, R, H B R
Shrub layer of coniferous and ¥, RS
broad-leaved mixed forest Castanopsis fargesii, Dalbergia hupeana, Adinandra millettii, Litsea pseudoelongata, Viburnum
fordiae, Clerodendrum cyrtophyllum, Glochidion puberum, Ardisia crenata, Melastoma
dodecandrum , Sarcandra glabra, Rubus amphidasys, Kadsura longipedunculata
CLCH LR A R A R AR SR B4, FVRE R, HARE S, AR
Herb layer of evergreen broad- — Notoseris macilenta, Artemisia lactiflora, Smilax riparia, Dioscorea japonica, Impatiens siculifer
leaved secondary forest
CLCS AR AR KRR B, ARG, A s DU IR AL, AR BS , R AG SRR )P R T
Shrub layer of evergreen broad-  Phoebe bournei, Eurya loquaiana, Cornus hongkongensis, Rhododendron orbiculare, R. fortunei,
leaved secondary forest Oreocnide frutescens, Rubus kwangsiensis, Hedera nepalensis
CLH AR A IR A 2 FEAE AR 7 U
Herb layer of evergreen broad-  Fordiophyton faberi, Pellionia radicans, Tripterospermum chinense
leaved forest
CLS AR R R R BPEPARZET W B, iR, ZAE B, S ps 1L, JEAE

Shrub layer of evergreen broad-

leaved forest

Litsea elongata, Symplocos anomala, S. sumuntia, S. ramosissima, Ficus heteromorpha,
Dichroa febrifuga, Rubus buergeri
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Table 3 Variation in leaf stoichiometry of forest understory plants
Jeki BEEARRE  RAREARE
IEId Total herb Total shrub CLH CLS CLCH CLCS ZKH ZKS
ndex layer layer
LN (g - kg") 24.597+ 20.703+ 23.720+ 22.576% 28.049+ 21.110+ 19.721+ 19.215+
4.600 5.702 1.193ab 5.687 2.990* a 5.025* 4.458b 6.259
LP (g - kg") 1.881+ 1.100+ 1.489+ 1.100+ 2.423+ 1.205+ 1.371+ 1.024+
0.732%%* 0.369%#%* 0.173 0.511 0.794 % 0.361 %** 0.178 0.279
LK (g~ kg") 20.219+ 10.466+ 10.532+ 11.750+ 30.199+ 12.271+ 13.273+ 8.335+
15.676** 4.853 %% 5.418 6.421 17.492* 4.595%* 11.194 3.257
LC (g - kg") 404.317+ 417.817+ 403.110+ 393.937+ 395.716% 424.620+ 419.858+ 428.066+
18.552 39.225 20.119 37.496 12.816 46.684 20.934 30.424
LC : LN 17.106+ 21.800% 17.010+ 18.373+ 14.255+ 21.341+ 21.953+ 24.314+
4.068* 6.609 * 0.869b 4.463 1.772* b 6.237* 4.488a 7.394
LC:LP 240.019+ 419.338+ 272.509+ 418.449+ 179.359+ 381.564+ 308.629+ 447.376+
74.651 ** 130.071 ** 25.281a 157.011 65.237 %% b 116.968 ** 29.486a
126.177
LN : LP 13.909+ 19.451+ 16.017+ 22.164+ 12.347+ 17.997+ 14.405+ 18.781+
2.923 %% 3.784 %% 1.142 4.517 3.229* 3.202* 2.728%* 3.005*
LK : LP 10.281+ 9.896+ 6.999+ 11.107= 12.089+ 10.786+ 10.552+ 8.477+
5.705 4.507 3.098 5.278 3.447 4.780 10.244 3.767
LN : LK 1.855+ 2.394+ 2.698+ 2.399+ 1.092+ 1.910+ 2.283+ 2.743+
1.198 1.227 1.400 1.313 0.386* 0.681* 1.456 1.443

e * FORF— TR BRI JZ RIEARZ 25 W8 (P<0.05) 5 % R [Al— R EAR ZRHEAR R ZZ 7 B (P<0.01) . A

[Rl/ING B R A — A2 AN R AR AR Y A] 22 37 B3 (P<0.05) .

Note ; * indicates significant differences between herb layer and shrub layer in the same forest type ( P<0.05); ** indicates extremely

significant differences between herb layer and shrub layer in the same forest type (P<0.01). Different lowercase letters indicate significant

differences between different forest types of the same layer ( P<0.05).

T4 AEAHFMEBITENFTEFMENTHHE
Table 4  Variation of soil stoichiometric characteristics
of different forest types

2 T
_ FRMZET Forest type
st ~ "
Index
7K CLC CL
SN (g - kg") 2.693+ 3.758+ 5.163+
0.892C 0.437B 0.747A
SP (g kg'l) 0.358+ 0.131+ 0.185+
0.089A 0.031B 0.041B
SC(g-kg') 73112+ 99.671+ 126.545+
15.193B 19.955AB 18.006A
SC : SN 29.888+ 26.659+ 24.890+
14.276 5.350 4.778
SC : SP 212.702+ 779.617+ 711.858+
65.655B 148.603A 176.914A
SN : SP 7.489+ 29.427+ 28.332+
1.270B 3.733A 2.109A

U AT ARRIRE 5 R 2R A 6 RS B 2 ) 22 S A 3%
(P<0.01),

Note: In the same row, different uppercase letters in the table
indicate extremely significant differences in different forest types (P<
0.01).

ST R R AR Y AR 7 R AR T Y B R
HZE (AT H X5, 2014; %5 %,2019), AR5
ORI R R C S 411.067 ¢ - ke IR
TR YH 12K (464 mg - g') LK =
B ZERUHE S [ nE AR B C P i (470.3
g - kg") (He et al.,2000; X|J3 {45 2010) , X 7]
RE T AW 58 O BIF 55 00 42 bR T M0, 25 bk
PR AE Y B A v g S, BRI T AR AR
P GEIR SR BONA T, AT 8 C fEAFRE 155 .
AT R 2 AE R Z MY 2 0 B Kl R R
MR, A5 AR R R A N & & (22.650
g - kg ) BIME S T BRI E Y N FH 58 (20.10
mg - ¢ . AEBANEE(2007) BF5E 2= W h E 9 AE )
AP E R TR, ARt P&
HHAER -, MY C: N5 C: P#EHRE

BB AR N PR ROR o] A — R A
W BRBE XA AR K B NP SR IE BRI ( F 5
T 5250 ,2008) AW C 0 N LT 2 3k0K
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Table 5 Results of correlation analysis between leaf and soil stoichiometric characteristics in herb layer

FEAR Index LN LP LK LC LC : LN LC : LP LN : LP LK : LP LN : LK
ZK SN -0.841 -0.886 0.927 -0.578 0.699 0.975 -0.336 0.924 -0.986
SP -0.449 -0.999* 0.989 -0.913 0.237 0.952 0.190 0.990 -0.934

SC 0.949 0.195 -0.290 -0.273 -0.995 -0.439 0.944 -0.283 0.487

SC : SN 0.976 0.671 -0.741 0.260 -0.903 -0.838 0.641 -0.735 0.867

SC : SP 0.881 0.847 -0.895 0.512 -0.753 -0.954 0.409 -0.891 0.969

SN : SP -0.959 -0.229 0.324 0.239 0.998* 0.470 -0.932 0.316 -0.518

CLC SN 0.184 0.564 0.650 -0.569 -0.296 -0.546 -0.618 0.479 -0.703
SP 0.382 0.661 0.760 -0.594 -0.469 -0.634 -0.656 0.558 -0.768

SC -0.361 0.163 -0.174 -0.489 0.178 -0.226 -0.412 -0.524 0.059

SC : SN -0.293 -0.197 -0.504 -0.008 0.240 0.141 0.073 -0.675 0.471

SC : SP -0.349 -0.305 -0.569 0.115 0.318 0.253 0.192 -0.659 0.531

SN : Sp -0.586 -0.702 -0.809 0.553 0.631 0.666 0.621 -0.596 0.754

CL SN 0.805 0.950 0.666 0.899 0.061 -0.749 -0.993 0.484 -0.543
SP 0.816 0.956 0.651 0.891 0.042 -0.762 -0.995 0.467 -0.527

SC -0.352 -0.044 0.899 0.665 0.977 0.434 -0.158 0.974 -0.956

SC : SN -0.856 -0.653 0.434 0.059 0.898 0.899 0.488 0.623 -0.567

SC : SP -0.914 -0.742 0.318 -0.066 0.837 0.947 0.593 0.520 -0.46

SN : SP -0.917 -0.996 -0.482 -0.779 0.163 0.878 0.994 -0.276 0.342

e * FoRTE 0.05 20 (XMUR) MXMREE . T,

Note: * indicates the correlation is significant at 0.05 level (double tails). The same below.

S 22,5 AR T W VTR 36 1L H S R AR (39.9)
FH SREF AR (48.1) s 1 F C 0 P g T 28k
K (232), (H K F #7 1T K 28 1 % £k ok Ak
(758.0) FUH LR EF AR (677.9) , 136 B A BF 58 X Ak
THYIE NP FlFHECRBAK (Elser et al., 20005
B B4 2010), TP N: PIRAESHRAESR
GiRA AP R AL R R [ = A 25 5% IR
e iZ A — N P BEACAFRESRED
BRAICE , (R, N« P H(EBAK— B ik 4
BEVE T 5% N BRI, )2 N = P HC (R v U] Sz e
5% P BRI B4 2019) , Ik, AWFFE R,
ARZEY N = PALTHEARZ Y, Ui B A2 )
W55 N R A2 Y WTE S 52 P BRI,
FERT ] — BRI () AS [R] AR )2 8] 9 B 53
Breb, BT A 4 8 A R % ) i Ok A RO B ot R
fb2zit i i A AR Bl AR R A R C & e
ANFERZ R 22 RABE, R P OK & i i ali ik
S TR XA RE 2 T R AR ) 7 4y i
AR HIETREEZN NP T AERKME
B (KT EAE 2019 XI/NAE4E,2020) . FEAAY

MR 2 Z 18], 5 2 ] - AROR T TR 28 AR LR B
AA2ETT i 25 S A I 3 T S B i Ok A AR b 4
REFA T2 7 B EEN D E, X w2
Yk N R T30S 538 A SO R IR A BESE .
THYHNPR C LR FEAL SR/, HIL P TR
ARSI C 2 P RS AR A AR REAS 22 R K2 (]
W O 2 2 R, X 5T AR 4

210l ( Reich et al., 2004 ; Hedin, 2004 ) , & K # %
RUEIA A C - N C = P i, HoA Kl e
(SRFEHSE,2016) , AWFFE C - N.C: PHRIAN
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TR I 2 e W 25 S ULV R Z A
N R P A HRCR A (A A K G218 3 i B[R]
— AR gE AN ) AR JE A 2R BT A TR B 3% 4 A
g1 o L o o o R o N R N 7 P
B AR AE ) i R Ak 2 0 A 7R 25 R H R 8 1B 350K
S T g ) AR ARAR T AR ) K 2 B Ak
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Table 6  Results of correlation analysis between leaf and soil stoichiometric characteristics in shrub layer

87 Index LN LP LK LC LC : LN LC : LP LN : LP LK : LP LN : LK
ZK SN -0.452 -0.325 0.406 0.180 0.407 0.265 -0.403 0.922 —0.998*
SP 0.064 0.202 0.815 -0.345 -0.115 -0.263 -0.812 0.597 -0.825
SC 0.978 0.940 0.457 -0.879 -0.967 -0.917 -0.461 -0.880 0.677
SC : SN 0.733 0.632 -0.065 -0.510 -0.698 -0.582 0.061 —-0.999* 0.959
SC : SP 0.522 0.398 -0.333 -0.258 -0.478 -0.340 0.329 -0.950 1.000 **
SN : Sp -0.971 -0.928 -0.426 0.862 0.957 0.903 0.429 0.896 -0.703
CLC SN 0.674 0.091 -0.480 -0.556 -0.696 -0.228 0.510 -0.453 0.611
SP 0.787 0.265 -0.480 -0.505 -0.768 -0.393 0.398 -0.563 0.655
SC -0.158 -0.168 -0.064 -0.337 0.012 0.082 0.085 0.045 -0.018
SC : SN -0.538 -0.074 0.322 0.181 0.471 0.115 -0.388 0.306 -0.445
SC : SP -0.629 -0.129 0.390 0.266 0.568 0.194 -0.404 0.400 -0.527
SN : Sp -0.878 -0.422 0.489 0.434 0.816 0.539 -0.281 0.673 -0.694
CL SN -0.463 -0.504 0.336 -0.504 0.421 0.478 0.474 0.892* -0.675
SP -0.641 -0.629 0.182 -0.652 0.590 0.605 0.532 0.834 -0.584
SC 0.677 0.456 0.707 0.327 -0.684 -0.444 -0.094 0.409 -0.449
SC : SN 0.814 0.687 0.258 0.593 -0.788 -0.66 -0.409 -0.355 0.170
SC : SP 0.845 0.730 0.208 0.664 -0.810 -0.703 -0.471 -0.460 0.241
SN : SP 0.830 0.758 0.062 0.764 -0.778 -0.738 -0.580 -0.670 0.390

e o+ RARTE 0.01 Kl (BB ) M,

Note: ** indicates the correlation is significant at 0.01 level ( double tails).
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