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Decomposition and its nutrients dynamic of Qinghai spruce leaf litter with

elevation gradient in Qilian Mountains
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Abstract: In order to explore the effects of different altitudes and canopy closures on the decomposition of leaf litter of
Qinghai spruce ( Picea crassifolia) , four altitudes (i.e. 2850 m, 3050 m, 3250 m, and 3450 m) and three kinds of canopy
closure (high, medium, and low) were selected in this study. Field decomposition net bags were used to study the litter
decomposition rate (K), nitrogen (N), and phosphorus ( P) content changes of leaf litter during decomposition. The
results showed that the rate of mass loss increased with time. The decomposition rate decreased first and then increased with
time. The sequence of decomposition rate at different altitudes was K,,;;> K,5,> Kyy50> Kygso , and the order of decomposition
> K

rate at different canopy closure was K, > K Qinghai spruce leaf litter decomposition time needed for 50% and

low medium high *

95% mass loss was about 5.3 year and 22.7 year. During the decomposition of the leaf litter, the changes of N and P content
and accumulation coefficient at different altitudes and canopy closure were different, and were related to seasonal changes.

Results obtained in the study would lay the foundation for geochemical cycle in the forest ecosystem of Qilian Mountains.
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BEEWAFEEAARR ¥ ES T W A (31901130, 41571051) ; o1 F 1+ )5 Bl 5 & W BH I B (2020M673532) ; HlF 4 A AR 44
(20JR5RA277)

W fa B #1.2019-06-17; ¥ £& tH ki B 88 :2021- 04- 06

# JIAMEH Corresponding author. E-mail ; nanzhr@ lzb.ac.cn

http ://www.ecologica.cn



4494 JAE = 41 %

MR RGOR BRI E R TRGAE P R A Wi YR e S R G B 2 %
YIRS AR A BE B S A R AR MW R R BB R i W B AR R R
Hiis W o I E AL ARG TS WA 5 i ME I SR 3 (B A E W) 45 % TR N 28 S 2 5
FZ0 XTAMNER , L Esh YR B REAG TS, AR R SR AR A Y W o i I 30 X 4 ik ) I
AR R BB T4 T AR5 W0 0 i OB S8 A 2 4R TP AE RS R LN ToAK TR SRR 5 R A 25
VT X T T 25 AL R RV ) 40 i I 3R 4y RO T PR 984820 o

A3 LA Ry T [ 7 Jb Hb X A L 2R, 6 M X K R At 4 BRI siEk, H I A2 (Picea
crassifolia) JEARE LI HIARAR FBIRARRIHAY TR 1 B AZ MG YD o0 e A0 1L AR S R TG
MEZ R, T A 18 Haz 2R 24 R R i, dhizx s 2 i b, il RBOK A &
AN (A V5 0 5 i aok R VR AN TR BR A B 52 ) 25 G 05 0 o gt s i PR 3R VB4R T o, AR IR A1 VB
REARS , e S I3 | o BRI PR R AR [l B 6 B AV W o0 A5 25 5700 TG W B8 1 AR [ 5% T 25 4
Yoy 0 PR R Wik i 358 pH, pH SO FE M AR YIRS R T, RIS TR I 2 RE v
VAR e PR B I s/ N O D B A VA A A0 . ARAAHR P B B RIS AR SO B A8 DA B I AR PR A B R
GEAL AR S WAATRE A IS AT R EE 12 B R 2 KR K SR AR, IS A 19 i AR B i b G R s AR B
ORI A RK A ) AR P R, 3 R AR /N AR BRI MR B N, R A K E R,

SN TR o e AR T ERT, AR AR LU TR VIS AT J3E b Al 7 40 At 5 i) 4 0F 5 4

T 2 A ARAE AR 3 LU 0 A R TSRS BE 4K (2500—3600 m) |, H1 T3k 15 B K, 35 18 =~ A TR IR 13K 2 /K
Syt 7 R VAR A7 IR a0 AR B 22 5 S R PA BERTR] O AR FE R BT AN Y5 0 AR e, B [
TR TR A FE T 1 = A2 AR TR 0 00 el B2 R 90 RV W) o0 e 38 LA S N P T R S W sh 87284k, %
T 2 A2 W 5 40 4 gt 3R B T A P 728 A an e, AN ) OIS A 8 I 08 9 40 - e i A8 £k J2 LA A o L DX R AR
A= S R G MR AL 2 A B 25 [ S P 2 128 () 2 (R, 8 7S A R % 08 V400 - ik s T = 6 AP DX A
YWY R B S | MW R I A I 5T BRI R S P A B

1 #R57FE

1.1 W5 IXHENL

ST XA T8 32 L BT b e A TR ol i ( 38°207—38°307 N, 99°44’—99°59" E) | ¥F#k 2600—4450 m,
R IR-0.6—2.0 °C, FFF/KHE 400—500 mm , J& T 3HY (1) K fili M v FE 0B LI L S, B I AR RN
BERHI AN TN R B E, B82 5HE DA R BRI Y2 AR I B s R ES RS
(SRR TS
1.2 FEHBBEREFURE S il 2 5 R 4R

FEEHR 25 R 2850 m 3050 m 3250 m 1 3450 m AT I 2 A2 MR 50 B 1 22 AR L, 7E 4 2850 m (1) [ 1
FEH A ARE A SR fe 5, ) AR B PE L DU 5 ) a3 i S B AR A B SRy = L RIAER (80% 73% 11 67 % ) BIFE ki
2015 4F 8 I, FE B3 181 B i i 75 0 WO S HE P ISUER 758 = A2 MR T4 40, R BRB AR FNER AL 1 0 T it 7
BeN BB ML = AP B RAE VR I B T OK VR 65°C LT B VIR TE W R iR ik 2
BT (NP BN E , KERRE A4S . A AR/ R 10 emx8 em, ARFLAR R 1 mm , B0 il [ 48 v e
A5 g PR W e AR 10 43 At X A8 C7E VO A6 A0 52 1% 11 2 A L K 2850 m AN [RIAR A BE A 4 B i
B HNER LR, P TE A% S T e T o4k ICE S TE] Sl 2015 4F 9 1 30 H, 2015 4F 12 ] 25 H (2016 4F
4 730 H .6 18 H.8J116 HAI11 H 18 HHUF, B R S 3 4%, R L HURE 48 48 (B PO/ g4k b 2L e
BE 12 4% AR PE AL DU D7 1 b PR AR P B R SR HORE 36 4%)  FREL 5 UORE, BURE B3 T 240 48 7R BRI ERE
A1 A 3505 (HOBO U30 Station, USA) , IR EE PRI S22, 45 30 min ig 5480 — 1K
1.3 SLRESr

FRRIBURE IS , M AT (O RG T5 0 ] 25 55 K ke, 65 CHE T ZREE, K7 (&4l 0.001 ¢) FREE, iC 7%,

http ; //www.ecologica.cn



1134 IR A HERORIR DA BT 083 L1 75 ¥ 2 AZ PRI O 7 490 20 O 2 ) 4495

SRIE ¥ R et 100 B, T N P JTRME S04, B S6TH &, RS IR MIAE il 0.100 ¢ THHALE AN
R (BRI PR R IR = 10:1)1.65 g, FHA1 5 mL MRBR IR , K I A4 12 W] SCHRCFe i AL (TRUEE S 420 °C) BIH
b RO 22 2t IR 2238 30 min, T AL TS LS R H B R, AR5 # B E 50 mL, i 5 FH U 8 i 54 A A
(FlAstar5000 Analyzer, FOSS, Denmark) Jll%€ N P,
1.4 FARb 550

MG SEBRE M, TR AR B (D, %) " AT

W, W,
D= x 100% (1)
WO
. W, ohiHE] ¢ BURER R (), W, ARIERISTRRE SRR (5 ¢) o PRI FAREH A MER (K,g/d) ™
_ W() - Wr 2
= (2)

b W, W & RAL) T B S R B i (e A1 R 8 v D0 i — > s &S 72, AT Olson 45 %K
WAL LA I T A R R T SIS AR T

1(ij-_K 3
HWO_ t ()

K. w,, W, & LRAR (1) 0 R EYREERT] K RAR(2) , AEYESES RS AEYNN P S
W K AR, B BRI, H B RLRBL(NAT) P 3R

(W, xX,)
T (W, x X,)
Kb w,, Wy & LRIARK(L), X, 8 ¢ BFRIEEE A7) N 505 P OTR IR EE (g/ke) , X, ARG TEORE IS TH] Y
itk N 835 P TR MR (g/kg) o FRAIMIFE 3 N 803 P A B A R 5 8. 4 NAI>100%,
Fr i BRL 2 NAT<100% , 55504 B s NAT=100% , BEAS BEL AR, 38 Excel XF8EEATER 12 H
SPSS 23 FAEXSAN [ AER A B R i it 8 R N A1 P & i 3R RBLAR AT L 3 ANOVA
T3 2245307, 91 H PR 23 3 ( Duncan 3) #4753 700 (17K a=0.05) , K5 7 BEF IR AH [F] 43 i 1 1]
ALK (AR PR BE ) ) 1) J 25k | /NG PR3 (] — 4R (B P B ) AN () ik sl i) 22 i) 7 k2

HF 30 min BB EFE (IR R SF4 o AR A /N ROBE b i858 | RIREIR A B RUEE I A% , gk

3 A R EBAE, FIFH Excel XEGRIEAT 0 H-VER

2 HRE5HS

2.1 AhVE W53 fif A 1) AT R R R A AR Ak

SRR A2 AR I 1 B s, DL 2015 4E 11 A 3 2016 4E 2 A SR Sl , SR B ] 28 F 5
b, 78 1 A BERN F AR, AS [l T A R B ORI 4K 2850 m 3450 m 3050 m Fl 3450 m, 2016 4 4
H—10 H AR IEE, SR BER )58 LS TR 78 7 H R8s, AR SO B e 2R = i
£ 2850 m 3050 m 3450 m #3250 m,

A2 (2015 4F 12 H—2 H) B &/, ) 2016 43 A—11 A | B & ek KIg 0N, 76 7 AR 8 A%
WiRZ , F2(3 H—5 1) ,#k 3050 m 3250 m TR SRR, ZE(6 H—8 J) , A T FER & i
FIMAK YO AR 3050 m 3450 m 2850 m F1 3250 m, #kZE (9 H—11 H) ,#4K 3050 m 3250 m F MR A,
2.2 HilEIEHTEY R R
2.2.1 RRNVER T o 2 AE Y BRI R i 22 ik

Bt 3 s TR 79 A2 G ) AN [R]TE $ T Al 9% 40 0 o s 0 R SRR3R (1B 2) o 7EB 415 K, 4K 2850 m
3050 m 3250 m 1 3450 m T BYAGTE YT R 4> IR T 14.89% . 16.18% 13.42% F1 19.67%, 43t Je i 321—

NAI x 100% (4)

http ; //www.ecologica.cn



Eild 41 %

e

4496 VST

415 d WG TR Pt 2 3 25 5 T o0 AT I 86—262 d(P<0.05)

O #2850 B 43050 W #3250 B8 #3450

— = N

S wn O

—T
—_
[
(=}

¥ Temperature/°C

-15 }

| |
a5 h ow
[% i & Rainfall/mm
o 8 &
5 =
s B
6 B
=
16—
6 —
===

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
HH#¥ Date (H-H)

E1 #HEYSBHENAEESRTREMERENATLE

Fig.1 Monthly changes of temperature and rainfall at different altitudes during the decomposition period of litter
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Fig.2 Variation of mass loss rate of leaf litter with time at different altitude
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Fig.4 Variation of litter decomposition rate with time at different altitude
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Table 1 The model of leaf litter decomposition at the different altitude
i ) R (R) IMIREER (K) . /a v e
Altitude/m Regression equation Correlation coefficient Decomposing rate 03 093
2850 y = 1.0057¢ 1" 0.8916 0.127 5.5 23.6
3050 y = 1.0173¢ 70145 0.7878 0.146 4.8 20.5
3250 y = 1.0082¢ 13 0.8584 0.132 5.3 22.7
3450 y = 1.0164e 17" 0.8092 0.171 4.1 17.5
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Fig.5 Variation of litter decomposition rate under different

canopy closure
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Table 2 The model of leaf litter decomposition at the different canopy closure

ABFA B2 1y 5 HRRE(RY) SR EL(K)

. . Lo tys/a lygs/a
Canopy closure Regression equation Correlation coefficient Decomposing index
# High y = 1.0046¢ 101 0.8358 0.101 6.9 29.7
f Mdeium y = 1.0115¢ 0134 0.9341 0.134 5.2 22.4
1% Low y = 1.0129¢ %141 0.8506 0.141 4.9 21.2
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Fig.6 Changes of N and P contents during litter decomposition at different altitude
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Table 3 Nutrient accumulation coefficient (NAI) of N at different altitude

S fif i) 4K 2850 m WA 3050 m TE 3250 m TR 3450 m
Decomposition time/d Altitude 2850 m Altitude 3050 m Altitude 3250 m Altitude 3450 m
213 111.4£6.8 a 127.422.0 a 107.7+4.4 a 97.4+3.3 a
262 135.2+1.7 ab 121.0+4.3 ab 122.6+3.8 a 114.4%2.6 ab
321 136.6+4.2 ab 97.2+0.6 ab 108.5+3.2 a 83.8£1.9 b
415 149.2+5.1 b 115.4£6.1 b 133.7+£3.0 a 107.7+1.7 b

NG FRE IR ] — RO R 53 A i [ 22 6] 84 2. 257 (P<0.05)

F4 FREBETPHFSRVREB(NAD/ (mean + SE) %
Table 4 Nutrient accumulation coefficient ( NAI) of P at different altitude

i i) 4K 2850 m AR 3050 m R 3250 m R 3450 m
Decomposition time/d Altitude 2850 m Altitude 3050 m Altitude 3250 m Altitude 3450 m

213 77.4£9.2 a 25.9+4.2 a 90.8+1.3 a 95.5+2.0 b

262 83.8x11.5 a 68.1+5.2 b 88.4x1.7 a 76.6+3.4 ab

321 98.7£7.6 a 189.6+£19.4 ¢ 99.1£2.9 b 179.7£10.5 ¢

415 182.9+25.4 b 73.7£3.5b 192.8x1.3 ¢ 67.7£1.7 a

NG TR [ — AN [8) 53 i I 8] 2 ] #4958 354 ( P<0.05)
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Fig.7 Changes of N and P contents under different canopy closure degrees with time
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Table 5 Nutrient accumulation coefficient ( NAI) of N and P under different canopy closure

, ) TR A AT R PR P B A1 R
Iy fig il High canopy closure Medium canopy closure Low canopy closure
Decomposition time/d
N p N P N p

213 101.7£4.3 a 29.7+16.6 a 112.4x12.4 a 90.8+9.9 a 90.2+3.3 a 76.4+13.8 a
262 110.0+0.6 ab 86.9+2.7 b 114.2+5.0 a 80.7£2.3 a 112.7£6.0 a 88.0+4.9 a
321 105.9+8.8 ab 120.2+10.4 b 97.4+6.9 a 122.1£26.5 a 107.5+10.1 a 87.9+3.5 a
415 124.7+7.2 b 132.6+20.9 b 119.5+11.0 a 86.4+£3.5 a 113.4£7.8 a 99.2+18.6 a

NG SO [ — 8 P BE AN R] 43+t s i) =2 1) 1) $t 25 14 ( P<0.05)
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7 R T e AN RN A3, SR T VSN, 38 KA v P 0 o s R, AE 415 d (11 A)  ANE Fad P E)
BT TRREAR, BCE VIR PRS2 B0, 2 s R I 22t

AT T A 78 90 53 8% K AEHHR 3450 m SR K ARV Kygsy Kaps Fl Kygsgo 550 EFE XK P 1L
AR URVE P 53 A R T B AR 20  Z AN L I U Y8 4 23 ORI T 45 SRAS AR ), A AT #6945 2R 2 B A 4 1 T
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R R AR AT ST TP A IR ) AR f R, 22 1 0 ik DO 48 JOT R0 P R (IR S
B GRS SR S R AR 2R 6 TR 3R ) XA AT — e R s ), i 55 % B0, P 0 35 18 i T R 95 0 4y
i 7 TR S R A R AR Y R AR FH RE A A T T IR AR B R, S R R Ay R Y
BEIFIR T, PRG3R, bR B S e AR Ak XA R Y MR R TR, BRI R B AR [ BR
B SR sh W R A o0 A R IR T R T oy i TR 2 R AR A ) IR R A I R S 2R i AR
FRIRE I, RIS 43 A I A8 AT ey B | IR 2 Bl 30 91 BT PR AR 7% 400 18 4 ik R

ANV P BT i 2 400 43 fif S SR AR AR P 32 e, AU A v TS A 3 R s 1S A 2 TS A B2 v A1 e 2 ke
R, T SRR A RS , O TS AR TS R A Y 1 e 1 X2 AR N R R R A 7 o R X R
W5 & N5k 2 7 5 R K, Rl P8 A O R IR e 23 7 25 R/ N DX, G 5 ) 2 R T R BHAR S LR 22
S HO SR T T 2 7 o X (R 55 R A R X i R R TR A Y A A A
3.2 N[EERFARI BER] N P & A8 fk

TR IRl A0 A gt R R R V5 0 40 ot AR R 5 4 AR AR ) SR B R IR SR AR K G S B
Ak R, SR, AKRZUEA BRI, NS AR5 R K a5 il Y ek
T TR A W A W BN, K A BRARG SR s Pt S AR 500 AR 3 e ) B A A AR W 3 40
AR AR E 0—213 d(4 H) N S ERBEK MK 2850 m 3050 m ARAY N 5 — P TEFK 3250 m,
3450 m, 47 T 42 R T BRI DR, AR IR AR XoF s Vi AR IR R Al W R R | e ko e
e e 262—321—415 d(6 A—8 H—11 A) N S e/ NG 8K SRR 207 T 2 W M E 7, 5 FkE
FIARCEAE I N R R, HAEEA 2850 m Abd K, 7E 3450 m f/), 4K 3250 m 3050 m J& i, 5%
DIFHSE, N B RBRECKE N KEZHUE LT A T35 BRURE  AE O, a0 213 d, 184K 3450 m &b N
b TR, Z AR, A iR D AR, 0 321 d, MR 3050 m 3450 m Ab N FEF R, IE(H I 2,
R BSR40 0—321d, MEHK 3050 m 3450 m 4k A RALFE M & i K, 43510 295.8 mm Al 231.6 mm
(£6),

ARSI EE T N & AR 2827 R W FOEIR AR, ARPAT ARG, JERETE 2, HIR e, A i
PEGR Y FE 213 d F415 d, B)—AER g4 A1 A, PEASHE N N & s TACESH R, TR L2
TR IR B HAIG AR A B2 R BRI S b, S B pdi > N 4 i s /b o 7 262 d F 321 d, IE R —4F
HEZE B 6 A8 H KK Z ARESHE T IRER R, K2 e Eis 2 i ARABHE ™ N & &
TR, RREESAE T N RZHAER R (HTE 213 d,N 7EARARH B g B, 76 321 d, N 78 P Ak
JEE T R, 33X 5 TR R KA G

®6 FEGHTHENRES RN E0ERR

Table 6 Rainfall during different decomposition tie at different altitude

S3- i e/ d Ryg50/mm Ri3050/mm R3350/mm Ri3450/mm
0—86 13.6 20.0 19.4 15.2
0—213 34.2 59.2 64.8 30.8
0—262 86.6 126.0 142.2 84.6
0—321 226.0 295.8 210 231.6
0—415 327.2 433.2 272.2 336.2

R Wt ,0—d SRt & 10 AR I 18] , BT BA S A7 T e B JBURE 3K B e 1]

MidE ) a0, P ARV VETE S AEAE e oy Kbk e it LATE ) 3 213—262 d, A [R] Vi34 RS
FIER P AR R, 7E 213 d, 1K 2850 m 3050 m AbE) P &5 TR 3250 m 3450 m, FRARMAIE T P
R T RS S YT O R WA R R B0 (1L 4 BRI A o R T R B st S B
T TR AR R A P T R B AR AR, G2 W i/ i T LA W R T 2 R S R, AE 321 d, P iR
TEWEHR 3250 m 2850 m ik FAEMEHK 3050 m 3450 m, HLAG& G R, 5 & e R, P S e b SR
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f TARARPA B, HAE v Rl B R v R AERAR I B N e, SR KA G, 70 fi 321 d(8 H) , Z W ZETY,
4R 3050 m 3450 m 19 BRRE K R %, i s AR I BT B8 BE AT BOR AR s PR, S E X P R
T AN B, SHBLRF, 7 415 d, BD—4E9 i 11 7, P FEAS [ AR A BE R A IE 455 0 321 d (1)
FHEC, 2105 T B TR 2 2R BRI A

4 ZEig

SGIEUR A E D o

(1) o g 2 356 i 3 i o) ) ) S S B R R A | o ol TR | Jot i 0 R B 1] 119 25 S ek 3%

(2) AN TR AR FAR A B A V5 40 93 M R B AR L B2 SR/ N E B R34, 7518 = A2 AR & i 2k 3
WM 5 a, 53 95%F s isHE] by 22.5 a,,

(3) AR AR FAR A EE T AR N P & e o ad e v (AR AU AN ], s AR BRI, 5 20 (R 2 (N
TR ) B 2 VIAH
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