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Storage of nitrogen and phosphorus in non-woody debris in alpine forest streams
in the upper reaches of the Minjiang River in rainy season
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Abstract: Nitrogen and phosphorus could be lost through the output and degradation of non-woody debris from headwater streams in alpine forest
ecosystems. In this study, the non-woody debris containing bark, leaf and <1 ¢m branch were collected in 18 headwater streams in an alpine forest in the
upper reaches of the Minjiang River in August 2013 ( the rainy season with the greatest rainfall ) . The storages of nitrogen and phosphorus in the non-woody
debris were analyzed. The results showed that the nitrogen storage in non-woody debris was 2684 mg-hm™ per unit area of watershed, and was 774
mg+m™2 per unit area of stream. Bark, leaf and <1 c¢m branch stored 112, 154 and 508 mg-m™2 per unit area of stream, which accounted for 14% , 20%
and 66% of total nitrogen storage, respectively, in these alpine forest streams. Moreover, the phosphorus storage in non-woody debris was 468 mg+hm™
per unit area of watershed, and was 135 mg-m™ per unit area of stream. Bark, leaf and <1 cm branch showed 11% (15 mg-m™), 23% (31 mg-m™2)
and 66% (89 mg+-m™) of the total phosphorus storage, respectively. Moreover, the storages of both nitrogen and phosphorus in non-woody debris
significantly increased with the increase of stream length and area, but exhibited an increase and then decrease tendency with the increasing flow of stream.

These results are useful in exploring the flux pathways of nitrogen and phosphorus in the alpine forests and the associated potential effects of nutrient losses
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on water environment in downstream of the Minjiang River.

Keywords: nitrogen; phosphorus; non-woody debris; alpine forest stream; the upper reaches of the Minjiang River

1 5| & (Introduction)

e L AR AR Ui R R AR AR AR S R G MUK A A
BRGEME LA (AL, 2002) A HEHIT,
XU 7K il 4 B AR T, R B B A e | 4 i AR
%5 4E K 5t 5% 7K ( Non-woody debris ) % A & i
( Christensen et al., 1996; Peterson et al.,2001).iX
BEAR AR BT AR M T R, AR A X R R
FREC R HL 2 BEAK AT 3l , 1R AR AR AE 25 R GE A
B B EIE A IF AT B8 M M T A S R S
FIoK 36 58 (9 3 22 3 (4 W 242 4%, 20085 Green
et al. ,2010; Lin et al. ,2014) SR, B8 BIBFZE 5 N
SRTE V78 W 33 Tt AR v %) 56 e 0 35 R ik ot A
(Danger et al. ,2013; Bruder et al. ,2014) ,¥JZ 0% T
JEA PR FRBE S5 55 4y TR W B R AE, (175
U NCEPE S S L BURE /TR | N4 N TR O W
AR 00 I W 1 SCHERT T Ui A A8 R G FUK IR 8%
YV TESZ M0 AN TE W, AR ABIESE.

URYT A VLI K it e R S0, 9 RV i
SRt 7R E K R, R iR T B R AR
T A A 77 1 EEK IR Z — (8 % ,2011 ; Zhang
et al. ,2012) 2 AR AT 1 J5t 9 F 520, A H 2L
IKUEIER 35 1 R A 25 e B ) DR VI 9 v Ll AR AR 1 )2
Wi EEA B ASE S (Yang et al.,2005; Z 5 il

Z5,2009) , T AR A BRI AR 28 R ge A 7 0 i O
FerICE (Agren et al. ,2012) , Hof g wb i Ll ARk I
O3B JR) ST i A 25 2R 58 K ot 22 4 5 W BRI
SO0 I A e IR T 2R K [ KO IR A8 D b 3R A
AR BTFRAAT NG, BN FRAR R 48 BB 55 57 51 T
KRR B AT I — Bk = 2.
W AR SC AR VL. i AR g 1L AR AR R AR & TR
2013 4ERMIE AR OR =T (8 H) A T 18 ZRRWMAEAR
JEFRR (B4 K R < 1 em BEBL) ORI BRIV 5 4
fiE, DA AR AR VT, - U 8 L A bR 20 il 2 57
I3 U IRAR S XS R i A 2 R G0 0 0 T 5 e 42 1
B

2 ## 57 % (Materials and methods)

2.1 FFRE KM

B9 X3 AE T DU 1] 4 T 400 58 1 9 T A 3 ) HE
SORWE A SRR X BRI XUSE IX (31°14” ~31°19”
N,102°53' ~102°57" E, 33k 2458 ~4619 m) , #iib 75
S 1o DA 2 % 1) DU )1 23 b ol 98 19 R L e 2 by ([
1) GZX AR50 2~ 4 °C L i SR 23 C (7
) AR -18 C (1 ), 4ERF W 2 850 mm. &
ERESAE 11 A 2R 4 1,89 11 A TAH
FFGFES 12 H AR 3 AVIIE R SE &5 i
o, HLZ 4 QAR (RS, 2011) . DXCHR py s Ay

°50'E 103°00'E

103°10'E

103°20'E

3191334 44N 43607 m 102°5'5878'E

31°13'44.17"N 43667 m
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Fig.1 18 alpine streams in the studied region of the upper reaches of the Minjiang River ( A ~L are the sampling streams and M ~ R are the non-

sampling streams)
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AT AR N LI ME ( Betula albo-sinensis ) MK VL% 2
(Abies faxoniana) AN R ( Cerasus serrula) 55 | A
PHEEZ 0.7 ; EA R B E M ( Salix paraplesia) | & LA
A% ( Rhododendron lapponicum ) . %8 & % % ( Rosa
sericea ) %, T FE 2] 0.4 B B A P S H
( Cacalia tangutica) & % ( Carex tristachya ) | B 55 Bk
(Athyrium filix-femina) 55 , 35 J& 2 0.6 ( Yang et al.
2005; RIKDEAE, 2013) . ST U 75 ) J2 5 2 O
(7.00+0.75) em(Ni et al.,2014) . L LR, N EF
THARY) R REFRIE(Wu et al. ,2010).
22 HEXEL M

BT A 5 2R AR A S8 M R AY: T HRAE RN
BAIVVERAZS & 10 I, 255 25 JEZ X BT | A
FVRE B IS A0 1 SR Pk Je A TR SR I &R DL 4K

3600 m Zc A7 1 130 4F BRI A2 IR dh AR IN 1Y 18
SR I (F 1), T 2013 4F 8 H (M &
R TE 12 ZKICA W RE T (H 56 6 KRR
ANESRAE AR A 0T 5% AR R I 5 h 4805 7 [l 5
TR ) WISk B 5 K A (B B 10 m 3B —
AR m TE IR SR T R (DX P O T
<1 m) PRETT, WA Fir A B A7 i AR R BB A4 4 o]
S E I R R RI<] em BERGHEAT 402K

KT 65 CHEZFEEE , i, 1 0.25 mm i 3E
AR R AN B 1 il 4% AR N R AL E AL
FlARifE LY-T 1228) Fi¢ shag A R AL A E Mol 7l
FRUE LY-T 1232) #4700 , 373 5l DL 5 T B (1)
T RURAFI i

F1 KT LS LR 18 RERBEARFFE

Table 1 ~ Characteristics of the 18 alpine streams in the upper reaches of the Minjiang River
B 7 R R/ m KJE/m T/ m? W/ (em®s™h)
A 102°52" E 31°14' N 3607 27.60 11.49 82.15
B 102°52" E 31°14' N 3607 11.28 6.32 211.54
C 102°52" E 31°14" N 3607 36.00 24.00 6630.55
D 102°52' E 31°14’' N 3620 18.00 19.62 4743.80
E 102°52" E 31°14' N 3634 255.60 221.48 13480.46
F 102°52" E 31°14' N 3634 108.00 92.52 79.46
G 102°52" E 31°14' N 3621 186.00 123.00 7064.98
H 102°52" E 31°13' N 3620 92.40 83.46 1775.51
I 102°52" E 31°13' N 3625 13.20 5.15 69.31
J 102°52" E 31°14' N 3658 66.00 33.90 20287.85
K 102°51" E 31°13" N 3667 68.40 40.56 3476.27
L 102°52" E 31°13' N 3667 16.80 5.21 56.05
M 102°52" E 31°14' N 3613 146.40 71.37 4360.67
N 102°52" E 31°13' N 3679 15.36 6.14 101.54
0 102°52" E 31°13' N 3692 84.00 37.80 15902.08
P 102°52" E 31°13' N 3685 174.00 191.40 15978.04
Q 102°52" E 31°13' N 3677 333.60 358.62 42526.96
R 102°52" E 31°13' N 3663 288.00 162.72 15716.30

23 BAEAE LG

HI SPSS 20.0 X2 R AR 12 A T HE AR
BRI i 5 R A B | B R R AT ]
ST, S AR (K1) ~ (6)), I ITFRR
KFER) 6 58 AR AR TR A A MBI i F Origin
Pro9.0 #1742 B X AL BRI SR A B | AR
R TS B MK p=0.05. 8UE DL -1
{H +FRHEIR 25 ( mean+SD ) TR,
Y,=0.297X,-0.262X,-0.951 (R*=0.536) (1)

Y,=0.107X,-0.021X,+2.964 (R*=0.420) (2)
Y,=0.215X,+0.208X,-614.787X,+6.918

(R*=0.875) (3)
Y, =0.038X,-0. 030X,-29. 982X, -0. 084
(R*=0.722) (4)
Y,=0. 068X,-0. 047X,—-100. 288X,-0. 048
(R*=0.772) (5)

Y,=-0.008X,+0. 088X,-40. 256X, +1. 266
(R*=0.890) (6)
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Ko, Y, R A (), Y, IR () L, Y o
<l em PIRZEIN & (g) , Y, NP BE BRI & (), Y AR
M@ (g) , Y, i<l em WIEBE & (g) , X, AR
KB (em) X, MR (m®) X, R (m*s ™).

3 ZRE5%5H(Results and discussion)

30 BLAARRERAAKE L E

W YT 1 i e Ly AR AR i A A 0 5 A A BT
T FRAE 7K X Y4 g 2684 mg - hm ™2, B4 T AR I
B R 774 mg-m ™, Hodp B2 BEIFRI<T em B
KRB 2 3k 112 154 11508 mg-m™, 435
I A 14% \20% Fil 66% ; B 7 A7 T FRAE K DX I

itk 468 mg - hm™, B0 BRI N
135 mg-m ™, Hort B R BEERT<T em BRI R
G50 15 .31 1 89 mg-m™?, 35 i S B9 1%
23% 1 66% (% 2) .3k 3 B iy Ll AR it 9F A BT 5%
AR it b A 785 2R G0 R0 RN B A o ) B 2 R ), R
TR SRS A T R W REXT T UK AR PR R AR
FE. 5L X AE Y 495 me-m 2 1Y T A A
(/RS 2014) A EL, L ARACR I AR KR
Jo B AR BN T R O 1 R 2 (774 mg - m ™) S BR
A7 AR AR R 1.56 1% (£ 2) , X 785K
T2 DI A A A S5 8% A T B R R v AE 1Y
BAKAEAES RGN EE IR

®2 IRILEFESURNEREARRGERNBENER A GEARME

Table 2 Nitrogen and phosphorus storages of non-woody debris per unit area of stream and watershed in the 18 alpine streams in the upper reaches of the

Minjiang River

B T RVE R/ (mgem™2)

BA7 T AR K X R/ (mg - hm ™2 )

TR
KL Ly <1 om MR ENT ) 1 1 it <lem AL ENT )
£ 112 154 508 774 389 534 1761 2684
W 15 31 89 135 53 107 308 468

32 FEERERARAEKEAT E
WRYT. F e L AR AR 18 451 i AR AR T sk A Al

I EREE AN 2 s SR B SR BRI AR L
TE 15 KB <1 om R 20135 5 oR HL 4]
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Fig.2  Nitrogens storage of non-woody debris in the 18 alpine forest streams in the upper reaches of the Minjiang River
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35 50% VA b X BRI < 1 em AR L ZRARIR AR
KR A R s TR . — M, B I AT BN SR
X LA (T IEE2013) ; ARG 45 S22 1, 4
I R A EA TS A U 32 1) SRR X e 2D, ik T
SR PR R BR) Pt figp A bR 45 A7 S a2 R BT ok
A 5 R K B (R® = 0.873) FITH AL (R =
0.773) W B 3 (p<0.001) Ltk X R i S5 E R R
AR LR M ¢ R LB I = A0 4 K e 1 i S R AR
(R*=0.473, p=0.0044, & 3) . 764 J3 1 Ak

200 oN op

¥ /g

(W E.G.P.QFR)MZEFH, <1 em FHAL A TR
BRI R BT B 2 (An DT LA
N B 57 T RRUER O 1 R 3 T o L 481 R g X
T AR PR T A BRUE £ <1 em B, M
<1 e A BAA T R G R0 AR A R B A
RICHHY 66% , X B R G HX TH/N BT, BR
RIS AR AR 28 2R G A/ e SOH R i K A o i
A2 AT BETE K ( Gomi et al., 2004).
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3 FEARKRAR BIESERKE @RMREMNAZE(" " p<0.01, ** *p <0.001)

Fig.3 Relationships between nitrogen and phosphorus storages of non-woody debris and the length, area and flow of streams
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Fig.4 Phosphorus storage of non-woody debris in the 18 alpine streams in the upper reaches of the Minjiang River
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A 3 HRBIMATRAE BN KR A X ] RE 2 T AN A
BRI AT R O SR i B A 9% 19 K [A] ( Kominoski
et al.,2011) & TR A B2 A 25 5. 55 b AR
PURAABEY 5 5EARE (R? =0.907) ML (R® =
0.813) M I LM R (p<0.001) , T Bifi I I Ui F:
B 1 T S 386 0 I AR ( R* = 0.430, p=0.0077, &
3) X UEITE T A B R | TR AR AT A i A
FIAEA STAR MAER 22 | Ho i (R i I 2 K ( 1 458
S, 2008) ; [AIA, 2R U B Ak B — S B, K
BACKAEAR BaR AR A TR, (1 5% A7 A AR B sk Ik
I AR

40 I I

EBELLE

A B C D E F G H

R LLAE

NN
AN

I
B 5
Mt

3.4 A EERAEARMAEN:PIAE

ME 5 AT LA Y, 18 AR IIN P ILEAN T
4.34~7.25 /N F 16, L, N 7] G821 X I8 R AR
BRI A 7 7 0y BR ] R (T 55 22 45, 2006) .9
AKFBFRIEN P A K 5.61, BB IEN P H AR 351K
TR FI<1 em BB ARXTF N, YR P A
EAXARTRE, ZkE ik (TIhEE,2013) , H i T
TR | TR R AN [ S0 R A A B AR
B B I FIAR A AN TR 5 [R) R, AN TR) 08 3B A B 3% A4 (B
B R FIAR A ) 3 e RN — A A e A A
RIAE £ &8 43 B9 N =P L ) £ #E 25 5% (Gomi et al. ,
2004).
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Fig.5 Nitrogen to phosphorus ratios of non-woody debris in the 18 alpine forest streams in the upper reaches of the Minjiang River

4 258 ( Conclusions)

1) IRV 30 /55 LU AR AR IR A =l AR 3 B 4K B
AT FRAR 7K DX A ThT AR I O 1) 8 £ 43 531 oy 2684
mg-hm > Hl 774 mg-m . HHF | <1 em WA AR &
% R ANTE I 66% , B B Rz, Al
BRI 20% F1 14% 5 FEEFI< em AR
A A & i g i O 112, 154 F 508
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mg-m .
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TR 7K DX B T R AL B B O 2 ) R 468
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w2, 5 EA K 66% ; Wit Bk 2z, 45
MARE 23% 1 11%. 8 B2 B FI<] em AR
AL AR BRI 143500 15 31 F1 89 mg-m ™.

3) FERERT 150 m HAKT 120 m* Al &
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Wi AR, HA B2 R FI< 1 em AR A 260
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