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1 ARkl K==, M RTE 150040
2 LMl K2 M AE S R G IS 2 B HH R AR E, M/RE 150040

WE . B8 2o m T FMAES KRG S HESRGERE: D ER LG A E B HEIEM . LIRS IR AR X 73 A
(1 P TR 25 66 . IR 2585 ( Plewrozium spp.) FIJEHEE (Sphagnum spp.) HBWFFEXT G 5@ 73 #r A K32 5 HR—9 HRIIBEH &
#2538 K BB R HEAT HLBR (DOC, Dissolved Organic Carbon ) FA R MEAT HLE( DON, Dissolved Organic Nitrogen ) B9 ¥R & FIiE i |
7R T IR LRI SRR S B K RV R A MUBR R RO 2T S A EAE X 2035 I R B S HAB IR B N F RO IR B, 25 SRR, R E s
# 7K H DOC FI DON [4-F- 349 BE 43 A 73.47 . 1.45 mg/L, F- kA 43 3147 3.981,0.083 kg/hm’ , Y& 7537 7K H DOC HI DON
BISER M B S 154,39 .1.05 mg/L, FH kit 9 12.820 .0.050 kg/hm?® . I FAKZEHREI(7 A8 H) MR, A KFERWY
(9 A) R/, BT DL 5T BRI 5K, BRI 0 3% 4 &, BRI 2R 25 8878 3% 7K b DOC A DON ¥ & i 3%
m T ARSI AR RN (P<0.01) K01 5 A 6 A JRREEE B /KT DOC il DON ¥ B i 8 T A K Z rp i Ak
KZRWI(P<0.01) , TEZBNHE KT 0.77 mm/h J57 , Ve HCEE A 0] 15 M A HURR UM Bk It 25 375 T 98 8F %) 8 A TG 48 K ) e 34
B HEAHRE M (P<0.001) LPEAHICIC R, ARZEEE AT IR HLAR 1) I 7 2 B 28 33 T o 5 1) 35 K B s ole 3 AR
F(P<0.05) MR K TR, ARZEEEB FK il IE PR ML RUR BT 5 1R T 22 03 (P<0.01) IEAHIESE & AR R A Bk 3 T
0.71 F10.72, 5 B TR [T el 1% 18 8 Ry 28 K, 350 40V e i e, AT B4 T 1 Bk 5 0 7 85 8 S22 i /K b R M L 2Rk
FERAMIRR,

SR TRIEEE PR R EE ; DOC; DON ; 2535 T 1 ; T

Leaching characteristics of dissolved organic carbon and dissolved organic

nitrogen from understory moss layer in the northern Da Hinggan mountains
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1 School of Forestry, Northeast Forestry University, Harbin 150040, China

2 Key Laboratory of Sustationable Forest Ecosystem Management-Ministry of Education, Northeast Forestry University, Harbin 150040, China

Abstract: Mosses, extensively found in boreal forest ecosystems, significantly contribute to the biogeochemical cycling of
carbon and nitrogen with these systems. This study focused on two common mosses found in the Da Hinggan Range's boreal
forests, Pleurozium spp. and Sphagnum spp., to evaluate the concentrations and fluxes of dissolved organic carbon ( DOC)
and dissolved organic nitrogen (DON) in water that percolated through the moss layer during the growing season, spanning
from late May to late September. The seasonal variations in dissolved organic carbon ( DOC) and dissolved organic nitrogen
(DON) within moss throughfall, along with their responses to throughfall intensity and the impacts of various environmental
factors, were examined. The findings indicated that the average concentrations of DOC and DON in Pleurozium spp.

throughfall were 73.47 and 1.45 mg/L, with average leaching amounts of 3.98 and 0.083 kg/hm’, respectively. For
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Sphagnum spp. throughfall , the average concentrations were 154.39 and 1.05 mg/L, with corresponding leaching amounts of
12.82 and 0.05 kg/hm’. Due to the high temperature in the middle of the growing season (July and August) and the low
rainfall in the end of the growing season ( September) , the accumulation time of dissolved organic matter is longer, and the
nutrient concentrations of rainfall eluting is high. Therefore, the concentrations of DOC and DON in Pleurozium spp.
throughfall in the middle of the growing season (July and August) were significantly ( P<0.01) higher than those in the
early and the end of the growing season. The concentrations of DOC and DON in Sphagnum spp. throughfall in the early of
growing season ( May and June) were significantly ( P<0.01) lower than those in the middle and the end of growing season.
When the throughfall intensity was greater than 0.77 mm/h, DOC and DON leaching amount of Sphagnum spp. increased
with the increase of throughfall intensity, and there was a significant ( P<0.001) linear correlation between the leaching
amount of DOC and DON of Sphagnum spp. and the throughfall intensity. DOC leaching amount of Pleurozium spp.
increased with the increase of throughfall intensity, and there was a significant (P<0.05) linear correlation between the
leaching amount of DOC of Pleurozium spp. and the throughfall intensity. A highly significant ( P<0.01) positive correlation
existed between the concentrations of DOC and DON in Pleurozium spp. throughfall and the temperature, and the correlation
coefficients reached 0.71 and 0.72, respectively. With the increase of rainfall duration, the rainfall amount becomes larger,
resulting in the dilution of nutrient concentration. Therefore, a negative correlation existed between the rainfall duration and

the concentration of DOC and DON in the two types of moss throughfall.

Key Words: Pleurozium spp.; Sphagnum spp.; DOC; DON; throughfall intensity; leaching

B EER SR TR B SR I AR I S SR I T A T AU T MRS R G, B L E BV W Y 3F
B ARAEAEAR A BE R B SO BARAEA GF BRRAE S R MO T URIE M B 882 . HaE)Zmin 24 BRI
TR RIS TV 408 1) 58 K S O 285 R R AIE, 1T DARE AR A3 B I 2 i ok W K 1 o T s J Py 7K R 3 2 A
LR RS M RAR T IR 5T K 0 %5 38 T AT AR 5 8 R 32.34% 1 [l B ER AT ) HL
AR FRREE T AT 7 o 20 B B i VA A 2 FR 0 v 5 A U2 1 T R P T b A v )
7273 ( (Net Primary Production, NPP)) ] 30% LA £ B#EA KT S RYIREL K H T RAUUE | X2
HI T & BEAEY) K ER 53 I8 TAMBAK A, AR HOA R (0 B BRI AR G AR, AN AR I A B2 1 B e
WSO Vi T K T T 03, BRBEK AN, ok A REAC BRTRE (14 TRV 5% A3t S &5 A T 5 95 40 O SRR IR
A W5 3 I e i B AT A B R A e T ARE R ORI R v A AR T | 2 05 TR Ak 6 0 5 40 4
fift SRR C N F240 AR 48 ok +HEA HUT ARG/, Slate & IR TRV SE. | SRURASTHIL 5 #E T4
PRI 7 A A e 2R e RSO X4 TG ARMORINR v I PR SE  T ( AE R R A SRR i A AR AR AR
R RGRKIERIE " BERER ) FRAESH S R GE Y Reh R A AR

WA LEK ( Dissolved Organic Carbon, DOC) FH 4G HLA ( Dissolved Organic Nitrogen, DON ) Jz fili 1t
A2 S FR G B B Y BR AL 206 R ) T SR S T B A 2 A B A )2 Y e AR ep AR DOC
1 DON 23 Fifi i 7K 32 H it 2 2] 3 v | s - e v i 3303 28R, s ik A 0 R0 P s At A A W g, A 25 3 ok
P Ik b A 25 R 8 PR R A K AR AR 2SR, O - HE AR A AR 28 R G R = AR e A
GEFRMWRF LI I 757 6 R TR P 25 6 19837 K 5 25 100t RO LG, #0410 35 i afF 03 CO, Rl NO, I HEIE, 31X
AR AR R AR EF O E IR H R oh, BEEE BBk N2 MY A Y=
DIRERNGERY , PTI98 7 K U W A A A R B 2 2 IR Carleton Al
Read % BT 1R 19 85 BE 23 B 1R B 0K AL G 4, O HiX 808 5 koK A6 & 90 102 DB M RE A8 S HF T AR LA 1Y
AT AT DA R A R ANETEE R IR ) DOC A DON 32 235 W50 TR Rl &5 s 1+
T R S A G BRU A TR 2R B RS ) Jenmifer F 9T & B iR o A T 35 R 2 5 80 B (Hylocomium
splendens (Hedw.) Schimp.) ¥ B2 TOC A1 K", PR T 50k BT L) S B0 #1100 IR TOC 353
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1544 mg/m* ) EEEEYE Y ik IR Gk it A0 IRV RS 46 77 T 44 2 LA Y i 20 3 DX <
AT R, AFERIT ST 22 G T 7 B /K P BE M S 6 28 PR I5E b 1 00 00 o B 97 0 A2 A, 3 B RS
MR PN 20 RN R UM T ST A A L A R 2 R R L S B IR S 5 e A Y B
RIRFAE

FOLBWACHB AR I I AT JC i (i 8 L B RS IE i ity IR B s A s 3 e SR B —Fih
HEARAE KR B TR PR L X R M g AR BESISA ) , 2 AR R R I 2B AR PR /DN, 5 T IO T B . —
HORAETE . VOB AR b ERARSE A I TR FRIB WA TS, th TAET AR A T SRR, AN T WA TR O3
DR MG 23 W e A, e BT LU ¢, U8 ¢ 36 1) 4 7 T R UG TATOR 22 0 2 3 0 5 i e T A o R 9 KR
AP AT RAE AL AR AE S R AU ALY 50% , 10 AR IS R GEAN FE AU 1Y ARBI TSI TR
RRARHDC 32 0 A1 14 19 o L Y 25 8 (5 2R BE MR 52 86 ) 92 157K T DOC A1 DON Y9 5 Ml &, 60T 1 5 862
DOC FI DON ¥ =15 A | B JHxt 55185 R 56 5 RIHAB PR EE K 5 (9 R 7, Ry 485 78 3 B8 2 A SRR AR S R G
BR BB BV S it E e s

1 ARMWREHARTGZE

1.1 WS IX A

BT AN, TR 2 e b X AU 5 T T AU AR A 358 PN ) 28 49 0 T 4k ( 53°23753"—53°2730"N, 122°14'27"—
122°21'2"E) , 1% X8 FEIR AT R Rt AU B A ZRK , Z4EF-HRE K i 460 mm, 24ETCFEHIRZ) 86 d,
RN 302—696 m AFEE A -4.9°C , H i v H O A GBI bR - ST R S 10—30 e T
OIA KRR O BRIE IXAEAE AR+ AT PR A LS VE A ( Larix gmelinii ) A3 AL FERR (1 B 22
B, 1% F-FA ( Pinus sylvestris var. mongolic ) WA — & TAREY 5345 , FAHME (Betula platyphylla ) PR 12 XI55 N AR AR
BEVE TR ) e B A W BETR , T R 4%k BY ( Rhododendron dauricum) ¥t 5 ( Ledum palustre) | #1
( Vaccinium vitis—idaea ) 55 , F B & & 45 Je % & ( Sphagnum palustre L.) | 7% 228 ( Pleurozium schreberi ( Brid.)
Mitt. ) .4 & %% ( Polytrichum commune Hedw.) I MIlIES#E ( Atrichum undulatum ) 55 | 28 5256 3k BUJR 25 #% R e 7%
BEVE TSN G2 A I 20 AT AT R 5 B TR AR BB 00 WLIRT 1 FIER 1,

®1 BEEMERER

Tablel Basic information of moss sample plots

TORE wamx

- TEERE  ERE oo A TAME RS RR
Sample plots type Mean moss Mean m(')ss W,/ Forest type Tr'ee Mean Cano‘p) TR Slope//(°)

thickness/cm  accumulation/ ) height/m DBH/¢m density LAI

(Vi) (VI

TR HHEM
Pleurozium spp. 4.6+1.0 28.0+8.6 89.5+33.4 Betula platyphylla 8.2+2.7 6.3+3.1 0.80 2.39 30
sample plots forest
Je s EEREHD LAURINI
Sphagnum spp. 29.8+4.5 195.7£61.1 333.5+27.5  Larix gmelini 10.2+2.5 8.5+2.2 0.65 1.46 30
sample plots forest

W, B BEECK K i Maximum water holding capasity of bryophyte; Mean DBH ; “F-3Jfij4% Mean diameter at breast height; LAT #RA N T ARFEEL Leaf area index

1.2 5k
121 ZEBEWREE.

FE AW L35 SF 35 Ab 14 ¥ R 25 A R R A BEAE LS 3 (20 mx30 m) , FEREANEEHL PN 20 i B ML A 152 3
ADRAIRHE KR (K 1.2 m, 5.0.2 m, PR 0.1 m) WAL 233 T, ZKORS 4 st (o FH S8 A Al 3t PAT (R 4 1 pve 45
2R BB b T G 5 50—100 em, IS5 TR FE 2 5o—15° BUMIA , SRAIMR T S 37t 7K 100 8 SRR A AR
PEHE I R, [ P AR A 22 2 g0 Se P, Bk T M B SR 2R B R KA
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Fig.1 Distribution of moss sample plots

BT S 5 W B B A 1 TR I e — D AR A — Ry AR 2

1.2.2  HEERKHRRI

BRPAEHBENLAT 1 5 4> 0.2 mx0.2 m BY/INETT 647 & B85 B R A JF0RE D7 N BT BT T bR
Kz, FH R B AR E SRS N R AR5 % A Y A1 R SR 1 B B 24 IS0 28 1230 24 h SRR
HRKEE & FRERTE 65°C AT e T8, i oK Rk i,

Wmax :Ma_Ml

A W, HERKFEAEL (Vhm®) s M, SR 24 h S IELRE (o) s MO 8E T (g) .
1.2.3 HEEBBEKREE.

FERFHRE P 43 S BEAILAG 152 6 ASFR 1 H AT, 2 28 2 42 HRbR ol W et F 0 AR R /INRIDE AR FE ) T D01
B R R HEBOR 5 | 56T MR AT B N, O AE e e M st DR 2, T BRI, A AT R I T AT
JBCEAEARPJFAL AL, T S AR M S bR P D e 2 R TR AR T AR S R A R 2 A i AR A L TR AR KRR S
HAAR—9 AARWIN, 2l 5 A6 AR, 7 A8 A/ A KZEmhi, o A A KZEARM  Hik
R KT, B EH ISR AR PN 2 35 T A 3 B 8 2 1T R B B4R /KL B 3K
1.2.4  SEE5HT

TEZ AW IR AR I /KAE (3 T | B 82802 K ) i [l S0 2 404, DOC RIS A S AL ( TDN) ¥k B {1
Multi N/C 21008 £ HLIRSHT (I5E , 225 20 (NHG-N) RIHZS U (NO; -N) SR AA3 SELE3 B4 BT (SEAL,
) I E , DON Bl TDN 5 3% f# 4 JE L& ( Dissolved Inorganic Nitrogen, DIN, DIN = NH]-N+NO;-N) Z %
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(DON=TDN-DIN) %' | DOC #I DON i f& 5 DOC Fl DON ¥ fif 5 & %% 28 % /K & Fef, B8 )2 DOC i
DON i B #8235 K H DOC F1 DON il &5 55 i H DOC Al DON il 22 75,

n

1
TF = —Y TF/ FA,
n

i=1

Kb, n RN GEBENBEESREZ R n=3;TF, W EREENE i DARNEESS BN & (mm) s FACRES § DI
LA (em?)
HEZBIEKE .

1 n
MTF = — Y MTF,/ FA,
n =1

K, n RN & &2 B KIS E S E n =6 MTF N BRRFE RIS @ DRI & & 8828 5K i (mm) 5
FACRS i MRS (em®) .

GBI - BT | SRR Bk B B A R AR E R 2

I (5—10 A ) BT 9 BRI/ AR ST G, R & a0 3 JbE i 28 178 i B BOT- 408, AR BT
PERIILEE 2, FH Excel 1 SPSS 27.0 #EAT4E 43 158, X B a2 A7 IE A A 56, i FH SR PR 2y 22 40 B A 56 25 e
JRB B KSR 53 R () 25740 ) 22 5, T PH e/ Wl 350k 22 Sk (LSD ) A7 22 S 10 35 R A 30, (] Origin 2021 A
2181 R Pearson AHICH: 73BT K B0 25 855205 175 7K 37 43 A VA B FIGE et 5 A58 R 2 (B A AR G 25 B UL 1
FIHAE RS

F2 PEWYHE
Table 2 Rainfall characteristics
IRZEHE Pleurozium spp. IR EE Sphagnum spp.
H ST g I r 34 55 375 T ——— S35 25 375 T
’ B tensity/ (mm/h) ean throughfall/mm intensity/ ( mm/h)
2023-05-27 57.00 23.80 0.41 22.50 0.39
2023-06-09 21.05 9.06 0.43 4.16 0.19
2023-06-22 26.50 16.60 0.62 19.50 0.73
2023-07-26 13.58 15.38 0.61 15.79 1.16
2023-07-31 14.88 11.10 0.46 11.40 0.77
2023-08-15 10.35 10.43 0.40 10.70 1.03
2023-09-08 14.88 16.95 0.42 18.31 1.23
2023-09-21 21.73 8.33 0.38 10.85 0.50
2023-09-30 37.60 10.40 0.28 9.27 0.25
2 HR

2.1 HHEEJRBIEK DOC DON ¥ ¥ Z= 5 A8 (LR

TEA K ZE 5—10 H AR, A & EE2 B K 19 DOC Fl DON e AR AL I 2 Bz | o7 258838 B /K h i
DOC Fl1 DON V¢ BEAE A K ZE A AR, A K B P R B i i, AR K R B SO BT R R, 1 2 e 38 i /K
DOC VR FETEAE K WA, A=A Z v 020 T v, A SO BT B R, 181 2 YR & 237 7K v DON R B2t 2 7
A R BHHEA, 2E KR PRI B T & a3, R854 K DOC 1 8 H s B K 116.34
mg/L,9 A A A% 40.55 mg/L, AEXIUEJE K 73.47 mg/L, DON B9 JELE 7 A KB R K 2.49 mg/L, [FIFELE 9
A AR A% 0.77 mg/L, AR EE R 1.45 mg/L, JesEEB &K+ DOC B EETE 9 H V)5 5 i = 282.10 mg/
L, 766 HWIHRAK 16.49 mg/L AEHEE N 154.39 mg/L, DON ¥ EEAE 9 H AR K RN K 1.60 mg/L, 1E 5 H RKEAK
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0.30 mg/L, SRR 1.05 mg/ L, JAENS KT RIAEY DOC W EEW] 5 TR 2548 GA3) T 2.1 £, MR =E
BB E K TP AR DON WK & TIe R &E

[ Jeam HRETEBIEK C ] wzw [ ensssisk
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B2 FEMREHSBKBRESEKEXEMPTREFIE(DOC) FIAEBFHE(DON) RENEE
Fig.2 The dynamic changes of dissolved organic carbon ( DOC) and dissolved organic nitrogen ( DON) concentrations in throughfall,

Pleurozium spp. throughfall and Sphagnum spp. throughfall in a single rainfall

mE 3 s EAERZEGI(S .6 ) ERKFETI(7.8 7)) MAERKZERII(9 A) X IR ZEEERIR R &5 5
7K DOC \DON i B #EA T 2547 22 57t kA, 1] 3 R B K Zrh AR 2R 25881235 7K h DOC Fl1 DON e R il 2%
i TAE R RR I (P<0.01) , A1, B 3 AR K ZEPIIY DOC MR BE 1 2% & TAE K R (P<0.05) . 13
AR ZEWII U8 R E 123 7K H DOC A DON Y BE#AR 8 I8 AR K Z TR AI ( P<0.01)

2.2 FFBEWHREE X FEE)ZE DOC DON s 5 Y 52 i

WIS 1] 19 28 375 W9 Fe 5 B D/ INBIRHES ], 4317 2R 2588 RS Sk &£ 1) DOC R DON I X5 AN [7] 27 325 T iR
FERIMARL , Q] 4 B 2R Z58E DOC IR fa: Bl A 28 375 TR 8 32 04 398 in 22 300 0L s 34 i &1 4 e 2k & 11 DOC
RIS F Bl A 2 375 T 9 B A I B el 8 R R R 3, IR ZEEE R A B 1Y) DOC KA Tt 7EAS [R] 28 35 ISR B2 T~ A
[, P-4tk i 0 51 A 3.981,12.820 kg/hm?, fie KK 173 514 8.060,41.183 kg/hm®, S /NR I & 43 51 4
-1.305,-3.400 kg/hm*, 4N S PR, dRZEEEFIYEACEE Y DOC IR 2 55 28 37 W 3 B A0 A B 35 IEAH G E R,
MRS T RE S 3 . DOC = 16.164T1-3.225 ( R* = 0.231,P<0.05) . DOC = 30.2077-8.156 (R* = 0.744 , P<
0.001) .

5] 4 JRZ56% DON Ak & Bl 28 1 RN SR B 3 N5 DOC 22 A [] iy XUIe i #4551 4 Je i &£ 19 DON ik
Vs Bt 28 5 MR FE (30, 5 DOC — Bt 2 B BF S 39 K (a8, RZEREFN YR IR AL 1Y) DON i 2 7 AN W)
ZE 5 MR BT Y 4300 0.083,0.050 kg/hm? , e AR B 43538 0.144 .0.160 kg/hm® , /N i
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350
140 +
a 300 - a
5120 F %
& 250 a
% 100
= S 200 +
XE s0f b b
335 = . 150 £
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S E 100 -
S 40
a @ E 50 |- B
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0F E= =
0 1 1 1 1 1 1
32 20 -
28 b a 1.8 F a
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a
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Eoo0r 12 r !
.2 b b 1.0 F
XE 16¢F
gt 0.8 |
RE 12t 0.6 |
° b
§ 08 | U = == @
== 02 r
04 0k
1 1 1

HRT BRI EKRFERY ARZTRIY ERETRH KSR
A2 434 Growing season stage

3 FEM FREENMRRESEKAREZHAIFEEEVE(DOC) AIAEENE(DON) REEL
Fig.3 The changes of dissolved organic carbon (DOC) and dissolved organic nitrogen ( DON) concentrations in throughfall, Pleurozium
spp. throughfall and Sphagnum spp. throughfall in different seasons
PR AN R /NG S B R [ — Tl B AN ] 22775 () 8 TR B 22 e

439 -0.003 F11-0.031 kg/hm*, HAh, JesREERY DOC FI DON ki & X 2557 R 58 5 A Wi B 7E 0.77 mm/h 2
JE AN, AN S BTN U A EE DON IR it 55 28 325 W 3 B8 A A 0 5 1IEAH G OG R (P<0.001) R PHEULA T5 2
43902 : DON =0.12T1-0.033 (R* =0.714) , ZRZ58E DON WRIA -5 205 M o 3 WA 38 A G

2.3 EH#EB %K T DOC DON B RS0 8 &

Hi ] 6 W], 2 2568257 7K i DOC i DON Y Ji 55 UL 5 10 35 TE AR OG , ZR 2580835 7K Hh DOC F1 DON 3 i
Hed i B RS A KRS A DON MR 2 B EFEAE, MK 7 arm, R Es s K
DOC ¥R B 55 25385 M o 4 Bk 25 TEAH DG, 55 B RN D B 22 30 28 (AORH OC , W e 98 i 7K mh DOC T DON 3 £ 5 28 i W
o 5 I 2 ARG, Hod YR A EEIB B K FR DOC A DON ¥ SR 5B M 5% I DOC I DON ¥ & DL &
ARG HEARAS W35, X T B2 TR R BRI IR R

3 e

3.1 BEEJRBIEK DOC DON ¥ JE Z= 5 A8 (LR fE

Rof TR 280 MRORE J2 I T B 25 375 T 95 CEAR DN () 5 6 23 TR B B A P R /K R i, — 090 2 08 T B 5 B A T
Ty i RS Y R B 2B B KR B R KA G i B RE R A KA 3R AT I WS kg, R
OYUREE R AL, AR BEEE B A KT DOC F DON e B HA 3 10 2515 A5 AL BRAE | BIFSY & B IR 25 4%
BiE7KH DOC A1 DON ¥k BE7E A= K Z b il i 28 5 T AE K R AN A KR (P<0.01) , Y s 838 i K rh
DOC 1 DON ¥ BEAE A= 4 ZA AR 241K T AR K F b TR AR KRN (P<0.01) |, 3k BTN [R] A 2 25 4 1) ik
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Fig.4 Dissolved organic carbon ( DOC) and dissolved organic nitrogen ( DON) leaching amount of Pleurozium spp. throughfall and

Sphagnum spp. throughfall under different throughfall intensities
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Fig.5 Correlation of dissolved organic carbon (DOC) and dissolved organic nitrogen ( DON) leaching amounts with throughfall intensity
(TI) in Pleurozium spp. (square) and Sphagnum spp. ( circle)
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