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Effects of forest gaps on microelement concentrations of mosses and soil in an
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Abstract: Moss is an essential component in most forest ecosystems, and plays critical roles in material cycling and water
retention. It is also an indicator of environmental change. An increasing numbers of studies have demonstrated that the
growth and reproduction of mosses can be determined by light regime, substrate, and hydro-thermal dynamics.
Theoretically, a forest gap might improve the growth and element uptakes by mosses on different growth substrates by
altering the light regimes and the temperature and moisture dynamics on the forest floor through the redistribution of light
and precipitation. As yet, the effects of forest gap position on microelement uptakes by mosses on different growth substrates

remain unclear. To understand the effect of gap regeneration on microelement uptakes by mosses, the concentrations of

E€WA : EHKHARAREAETH (No. 31570445, 31500509)
s B H#A:2017-03-02; ™ £& tH R B 3 :2017-00-00
* MIVEH Corresponding author.E-mail : scyangwq@ 163.com

http ://www.ecologica.cn



2 S % 38 &

sodium (Na), zinc (Zn) , magnesium ( Mg) , manganese (Mn) , calcium (Ca), and iron (Fe) in epilithic and epigeic
mosses, and in the soil organic and mineral soil layers were investigated in open areas, the gap center, the gap edge, and
the closed canopy in an alpine fir ( Abies faxoniana) forest in western Sichuan during October 2016. No significant
differences for the concentrations Na, Zn, Mg, Fe, and Ca were recorded between epilithic mosses and epigeic mosses,
while the Mn concentration in epigeic mosses were significantly higher than those in epilithic mosses. The Zn, Mg, Mn, and
Ca concentrations in the soil organic layer were significantly higher than the mineral soil layer, but the Fe concentrations in
the mineral soil layer were significantly higher than the soil organic layer. However, no significant difference was observed
in Na concentrations between the soil organic layer and the mineral soil layer. Gap positions had similar effects on the
concentrations of Na, Zn, Ca, and Fe in epilithic mosses and epigeic mosses, and the mosses in the gap center and open
areas had higher Na, Zn, Ca, and Fe concentrations. In contrast, different responses to gap positions were found in Mn
concentrations between epilithic and epigeic mosses. Higher Mn concentrations in epilithic moss were found in the
microenvironment under the closed canopy, whereas higher Mn concentrations in epigeic moss were observed in the gap
center microenvironment. However, gap positions had only slight effects on Mg concentrations in moss plants. Forest gap
positions had similar effects on microelement concentrations in the soil organic layer and mineral soil layer. Higher Na
concentrations in the soil organic and mineral soil layers were found in the open area, while higher Zn, Mn, Ca, and Fe
concentrations in the soils were found at the gap center. The lowest concentrations of the measured microelements in the soil
organic and the mineral soil layers were found at the gap edge. In addition, the Na, Zn, Mn, and Ca concentrations in
epigeic mosses were significantly higher than those in the corresponding soils, while the Fe concentrations showed an
opposite trend. Furthermore, the Ca and Mn concentrations in moss plants correlated positively and significantly with the Ca
and Mn concentrations in the corresponding soils. In conclusion, gap regeneration affects microelement sequestration by
mosses and soils in an alpine forest, which provides new insights into the roles of forest gap regeneration and mosses on

bioelement cycles in the alpine forest ecosystem.
Key Words: forest gap; microelements; epiphytic moss; soil; alpine forest
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®1 FRAEMFEREREKE
Table 1 The annual precipitation of study sites
MRAE L E Gap positions 1" # Opening area B Gap center MG Gap edge T Closed canopy
[%7K & Annual precipitation /mm 802.07 738.32 658.61 541.05

®2 WRHEMEKD Na,Zn Mg . Mn,Ca #1 Fe &8
Table 2 The concentrations of Na, Zn, Mg, Mn, Ca and Fe in precipitation in study sites

JLZ Element Na Zn Mg Mn Ca Fe

1 Concentration/ (mg/L) 2.32+0.38 0.41+0.11 1.56+0.84 0.54+0.08 32.93+11.82 1.24+0.85

1.3 H AR B RSB

iz ] SPSS 20.0 X B #EAT S8 /0 Al SigmaPlot2.5 #AFFEATVERE . SR SEREAR T #6556 43 B L 2 Fn
T PRI ST AR BB TR S 22 e R PR R R 22508 (one-way ANOVA) Flldge/IN g 35 22 59 (1L.SD) 43
BT BRI AN R ARG 2540 T 5 SEAE YRR R 1382 oo R & 1 22 5 FUE 2 75501 (two-way ANOVA) £
BT (37 R A 1822 P 5 28 BAE R 3 i oo 2R A ) 5 A OG4BT (Pearson 1% ) 43 AT L 3% 5 &
TCE SR TAENZ TR S ' Z M,

2 ERE5S

2.1 MRFEEAG A B IR PR O R S R ARRE

J1 G 8 L BR AR P M 6 B BE R 7 2 B 8E Na Zn Mg Fe fll Ca SEZEFANE (£ 3) ,(HibHKEHE Mn LR
TR TAAEHHER B, @ LB RE )2 HIEAYIUZ M HIEZ 08 S| AN, Zn Mg, Mn
1 Ca TCFR Pl b 33 75 8 51+ 490 02 5238 DU RRAIE , MR 25 8% Ca M F Zn & i & KT HHEAHLUZ Fe it +
B2, Na GRVLIEAVZ &SRB, i Fe LR B R & 8% 2 + 380 B2 B3I FFIE . Pearson #H X5
I RBEIH (£ 4) , HE Mn Al Ca i 5 HHEAE V20 EHEZ 0 Mg A Ca (A7 B IEAE KR,
(B HA LR TR A AR B

RI MREBENAESH/IMNTRLIEMIHEL T RGN

Table 3 The independent-samples T-test of concentrations of microelements between epilithic mosses and epigeic moss

JEE Element Na Zn Mg Mn Ca Fe
df 22 22 22 22 22 22
F 3.573 0.311 0.638 6.182 0.113 6.868
P 0.072 0.303 0.052 < 0.001* 0.328 0.619

* ,P<0.05; *,P<0.0l sn=22

x4 BURMBREETRSESTIEANE T RIEENHEXRY
Table 4 Correlation coefficients of element concentrations in epigenic mosses with those in soil organic layer and mineral soil layer in the

alpine forest

JLE Element Na Zn Mg Mn Ca Fe
+HEAHLZE Organic layer 0.335 0.163 -0.058 0.954 " 0.947 -0.132
B i £3)2 Mineral layer 0.371 0.371 0.400 0.894* 0.717* -0.306

* P<0.05; % * P<0.01.

2.2 ARTIOLE X MR BRI A B B Y R TC R R

AT 7 B X i LU AR AR A L AR i e R e 2 (ER TR T R AR B i ma o A7 AE 25 5 (& 1) o BRIT
Z Mn 4b, HEAEYIN Na Zn Mg Ca Fl Fe it 32 A KLU W 3% 25 5 (R 3) . MR B 81 Na Zn,
Mn il Ca 5 IMRE £ i, 23 50 (180.57 £6.27 ) mg/kg. (93.46+1.82) mg/kg. (1150.68+2.89) mg/kg I
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Fig.1 The concentrations of Na, Zn, Mg, Mn, Ca and Fe in epilithic mosses and epigeic mosses in different gap positions (mean+SE, n=3)

P PR Rl ING TR R AN R ARG O 8 & SR O TR 5 i 325 5 (P<0.05) ; P AP B E AR iR 22 (n=3)

(13240.51£119.42) mg/kg, B3 = TARG AT ;W i s 2 & 6% Na Zn Mn A1 Ca & HEBSAR T ARE , (00 B &
225, AEBEHEN Na fil Ca T FHIE S HLR B EEAHRL, 0 Zn &5 DA HdR &, 0 (118.57+6.16 ) mg/kg, H 5
HAWRGE 7 B FAE6E Zn SEEF BE, AAEBEEE Mo S RN FEME O 5 N FEEH T 25 51k 5 6
Mn & i RAE RN —8, ASFRIARE 7 B - R A A B Mg & i R B0 (258.12—269.98) me/kg, {H 22
SAWE, HREEENAAEEEE Fe &8 LID M &, 705127 (1306.67+379.56 ) mg/kg F1(2383.31+116.53)
me/ kg, Hp OREIBRE O 8 B4 A B RER) Fe 22 57 B3 (AR ARE AL & LR S B D) Fe FTH2ZRA
ETEN
2.3 MBI EX A VLZ IR R MR TR A R AR

M 5 AT LUE H MRE O B 2 A BAR B T e R A&, R, MRE 17 8 Xt 135
TLR GRS ITRIBAA R (L 6), HHEAVIZM Ma F1 Ca & MG e, 20 510 (819.87+2.66)
mg/kg F1(5148.55+822.56 ) mg/ kg, AMKGR i I ; LA HLZ R Fe & 1 LIME fe iy, DIAKT B fik, (H 5 bk 22
AR Zn W E R DO 5w, AW M (I, HMRER RIS 25 5508 W 25 5 R (o7 B - S8 HL)= Mg % i
HISZ AN 2

R5 ARAHBMENTEENTEPHETRSEN F ENERFESN

Table 5 F values for Two-way ANOVA results for the effects of gap positions and soil layers on the concentrations of microelements in soils

JGZE FElement df Na Zn Mg Mn Ca Fe
MV B Gap positions 3 29.073** 92.968 ** 2.729 42.987 " 49.674*" 35.106 "
+IEZ Soil layer 1 4.839" 135.385** 1.097 321.884 %" 30.371 " 66.018**
WA Ex + 32 Gap positionsxSoil layer 3 4.288* 2.239 3.979* 6.412** 58.057 ** 6.181"*

% P<0.05; *,P<0.01;n=36

R Na RLAM, 5" 5t 382 A Al LR RO 028 & AR AMKET (2 B s, JL Zn Mn Ca FI Fe &4 LA™ b
SR 7 BT 432 Na &5 i AW MU, O 5 AR (3 1 Na 75 1 22 5 28 (ARG, ARGRIARTT 2 1|) 22 5 A8
ﬁ%o
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*6 BUHFMKTESHEMLIENRE NaZn Mg Mn,Ca 1 Fe S EMMELENTWL
Table 6 Variations of the concentrations of Na, Zn, Mg, Mn, Ca and Fe in soil organic layer and mineral soil layer with gap positions in the

alpine forest ( mean+SD, n=3)

i)z JLHR i N ek M
Soils layers Element/ (mg/kg) Opening area Gap center Gap edge Closed canopy
THENLZ Na 283.22+70.66a 169.27+13.25b 210.83+43.72ab 144.34£10.33b
Soil organic layer Zn 36.13+2.59a 59.54+4.57b 46.03+0.97¢ 47.47+2.38¢
Mg 256.79+1.93a 254.62+19.98a 256.73+3.62a 259.32+2.71a
Mn 470.75+17.48a 819.87+2.66b 428.04+14.28¢ 553.20+2.19d
Ca - 5148.55+822.56a 1427.17+287.49b 1963.66+173.14b
Fe 1710.91+235.58a 2168.56+107.66a 2141.01+218.81a 2088.67+91.30a
W Na 307.14+3.56a 144.69+29.60b 103.45+24.21b 134.01+4.926b
Mineral soil layer Zn 24.60+0.93a 50.91+£4.37b 29.88+0.89¢ 33.53+1.02¢
Mg 258.03+1.14a 265.85+0.82b 240.54+2.18c 250.51+0.38d
Mn 103.92+7.79a 254.54+3.31b 118.69+4.15¢ 149.27+12.01d
Ca 827.71+101.08a 1800.00+580.72b - -
Fe 1886.29+139.88a 2983.80+16.56b 2467.85+45.07¢ 2558.59+0.71¢

[T 875 A NG B m TR R AN R AR B R) 22 57 1 25 (P<0.05)

3 e

FEACEARMAE S R ICEOR IR T 2RAR 22 ERERIY h TR 1 A SR 5 1 D M D R DR
LR A I EER R Y X G R e R ARG IR R i A R U SRR K T e R
Zn WSE AR Ca WL Iy (R 2) , MATFEE R P B L1 Zn SRR Ca SRS, Bk Mn JUR, 142
HEEFIH R HGE Na Zn Mg Ca Fl Fe JTURFEAMELACFHEARML, A PIFERM], KT & SEHY) & &R
TER M FEAR, JCHAZ AT Sh5Em 2 ABFFESS R W A TR @ R b X, KT 2
HEERY) 0 FOR YR TR AL 5 1T AR S Tt 1 A ) AR U A W A A A B AR AR
GHITMCT (2538 AR R K R TR (3R 1) o Boquete"” 38 3BT KA DTRE X B #EA ) AL 220 3 & R0 5Y
Wit S B, 5 AR T 50T 3R e T AR AR R R 32 LR IR A FH B9 82 W) s PR RURK T AR ) o
JK BT A AT RE 23 B A7 Sk RT3 2 25 S AL A0S R DL Hh A 2 e 3R A MORIR T, M S B e 4 2R P o T
ANEIRR A B E A B Na Zn Ca I Fe 5 SRR AE DLW M Bl B0 R T ARG AR . ASBESEH Mg J0
KB AL AR B2 A AR, MO e AR 3, B AR X AN [ T R WM T 5 a7 A 22
St & EEALPIXT Mg TCR WCRE 1855, J8 T sh Mol . 2/l 0 e Xl p Al B rh o RS RIS P &
BL, Mg Mn I Fe JURAE & B P EMERAS , H MR & 6Eh & idmm, PR IR AR T Rk b 88 R 5%
A RE PR LJRBTEE T EE R Mg Mn I Fe JUR & UK, MIARKET FI0™ &5 6F SR B0, Mg Mn Ml Fe JTLRILIEH
B T Ca F1 Zn STCRTEHEE S EEp i m ' . X AT R B0 A0 rh & 88 AHY) Ca A Zn 5 4

WA B, w5 LI ARAK - Na Zn Mg Al Ca JURARBT AL ALAFIE 5 B BEAEYARMLL . U] 3 rp— 2B 50305
AR R AT N (B RIS BRI R3O0 R & R K T, v RESZ JRVE W o s Y Ak
T VRIS (1 AR R S T L o3 7 0 43 i T 62 R T R R U VR A0 S I XS T8 KA A — s 1 I B
U Wb D W B2 B R 2 A R 2 B A R ECE RO PR A T R R AT
FIRZ +IOT R A B EARTT AR T IR FIEAAE Y X T R BA — 7 WO AR Ak MR A
M AL W LT AR B, FEAFIRE NG | PRk rh B AR ) A W B e T AR AR N AF 2
ARTFRA A TR AR B A AR 0 TE TR b 9 7T 3R A WA 7 T, AR AT B BOPK T Rk b 3% 35
S LiPIvE g el i
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Tamminen" " TA A 58 )2 0+ 8 25 W 250 B #EpOn R &, ARBHIEH, IR B 850 Ca M1 Mn JTGE &
w5+ Ca Fl Mn TR & EAMCYER E (3£ 4) , HATREMRYEARTR, Zn Mg Mn Fll Ca STTERMM R SEEE
I R SR A S W B SR X TR Y TR A BRI R VR s Fe JUR Bl R 7 6E 2 14
52 S R ) PG & 1L R REBT Fe TR HRGE . PN LIS SUEMIR W R IZMIX Fe TR
AR DRI A A AT RA A AR S R G R OC R A REE , T MR 1 v VAR X X
VAR FR AR
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