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Effect of Simulated Nitrogen Deposition on the Fine Root Decomposition

and Related Nutrient Release of Picea schrenkiana var. tianshanica
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Abstract: A field simulated experiment was conducted to study the effects of nitrogen deposition on the fine root
decomposition and related nutrient release of Picea schrenkiana var. tianshanica. Four treatments were designed as
CK (control, Non-addition nitrogen) , LN(Low nitrogen,5 kg « hm™* « a='), MN(Mid nitrogen, 10 kg « hm™*
a ') and HN(High nitrogen, 15 kg « hm™? « a~'). The results showed that: (1) After two years decomposi-
tion, the fine root remaining percentage of P. schrenkiana var. tianshanica ranked as HN(74. 044 %), MN
(71.967%) ,CK(68. 156 %) ,LN(61.933%) ,and the difference was significant in four treatments. (2) The
rule of monthly decomposition rate in former stage was not obvious under four treatments, while it was CK
>>MN>LN>HN in final stage. (3) The required time to fine root decomposition 50% ranked as LN(3. 31
a),CK(3.67a) ,MN (4. 28a) , HN (4. 64a) ,while it was 14. 39a(LLN),15. 93a(CK),18. 58a(MN) and 20. 17a
(HN) for decomposition 95%. (4) The transfer model for C in fine root was direct releasing, while it was
riching-releasing model for N. (5) The relationships between fine root decomposition rate and C concentra-

tion in fine root were negative linear correlation in four treatments;the relationships between fine root de-
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composition rate and N concentration were negative linear correlation in CK and LLN. The decomposition

rate was increased first and decreased then as the N concentration increasing in MN and HN.

Key words: nitrogen decomposition;fine root decomposition;nutrient release; Picea schrenkiana var. tians-

hanica;arid mountain forest
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Remaining percentage of P. schrenkiana var.
tianshanica fine root decomposition with

time under four nitrogen treatments

CK. Non-addition nitrogen(control) ; LN. Low nitrogen;
MN. Mid nitrogen; HN. High nitrogen; The same as below;
Different letters denote significant difference

between treatments at 0. 05 level
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Table 2 P. schrenkiana var. tianshanica fine root decomposition remains

in different times and its equations under four nitrogen treatments

2 . 2 S0/ b S0/

Pl mes L e i 5 D potion Detbmmotion
coefficient time for 50% /year time for 95 % /year

X} CK 97.53 0.19240. 020b 0.955 3.67 15.93

R4 LN 83.71 0.21840. 035a 0.931 3.31 14. 39

Fr % MN 101. 37 0.16240.008b 0.930 4.28 18.58

B4 HN 94. 29 0.15140.012b 0. 898 4. 64 20. 17

HE FSNG PR R AR FAL B[] 0. 05 /K- 225 P2 57

Note: The different letters indicate significant differnce among treatments at 0. 05 level.



186

[ A N7

F

i

R BRI ER R I B LB, 5. B R R
AT BRI B AT IR A B C TR TR
B, 0 1A IE . o A AR ORI B R 4 AR
CIERBRSMGE 84.91%.75. 76 % .81. 89%
7799 % 3 43 il 24 ) 43 A B 2257, 64 %6 .54. 62 % .
48.49% M 34.77% . 5 C LR IT BN, 4 4
RALFRAHAR o N o R BB X R Il & - A
AR R W s T REH . 2012 48 5 J1 1 2013

A5 H I RS AR RE A P N JT R B B RAR L B

o

o i A

MG, PRARELB IR N 5% 8 R ALE 2012 4F
5 Hibs i m i, Z )5 TP LG FEAK, 3 2013 4 5 ] X
EINERE R, ZJE OB REAR . & A A B
EAE 2011 4F 9 H ~2012 4 7 ] N JCZR5R B R AW
B, Z )5 FE UG B, B 2013 4F 5 H A B (E .
2013 4 5 J ~9 HAWIREAR. 40 2 )5 m A
A RA R BN RIS 24 g N TR 5% 3 %57
IR Z 43.41% .72, 34% .91, 23 % F193. 40% ,

35 7R 4 AR C/ N B SRt 2 3% 25 R R 1Y

Cik J&£ C concentration/%

e 90T y=—0.541 8x+37.546 50 y=—0.272 81x+29.578 94
S W, =—0.60404 r=—0.505 65
540T P=0.007 94<0.01 101 g 003229005
5830t 30} .
gz - " ma
S 2207 20} . " .
S10f 10} LN - ¥ -
L
S R | A
<5 10 15 20 25 30 35 40 45 50 =0 10 20 30 40 50
BN 30T M HN
2 m_m = ., 301 " .
= | ]
n
% 520 . " \t‘\"\-\i\
ngjg u - 20 n
"; g - [ | ] n | |
K&
g 10 [ y=—0.19792x+2526529 = 1of !——0s52125 m
S =—0.487 21 P=0.026 44<<0.05
2 . P-004029<005 v y=—.OA4296I8x+36.4T4373 | |
10 20 30 40 50 20 25 30 35 40 45

CH % C concentration/%

B4 4FELAETRIIEZREA CHEL S5 R KR

Fig. 4 Relaitonships between C concentration and P. schrenkiana var. tianshanica

fine root decomposition rate under four nitrogen treatments

50 ¢ 50 ¢
y=—17.985 66x+36.691 32 y=—11.376 11x+33.686 74
BN CK . r=—0.415 10 LN r=—0.447 82
2 40 P=0.046 65<0.05 40 P=0.04237<0.05
g30¢ "y 30 . ]
Bt | |
‘@ .l * ] u "
§_20 r w5 20 F . S -
S 10l u - 10k o um
j
o)
0 1 1 1 1 1 \\\‘ 0 1 1 1 1 1 1 1 1 1 J
i 00 0.3 0.6 0.9 1.2 1.5 _9 02040608101.2141.61.82.0
30 MN
N
B 25t
E o o
=20 b "
.E L | -
Z 15+ wmg
3 [y
g 0 3535 = 10r y=—29.634 53+78.499 24x-28.285 25x°
g sl P=0.03225<0.05 sl 03362
a y=—27.645 16+79.032 85X-32.137 04x° 0 P=0.04267<0.05
0 1 1 1 1 1 A\ 1 1 1 1 1 1 )
06 08 1.0 12 14 16 1.8 08 10 12 14 16 18 2.0
N J& N concentration/% N £ N concentration/%
5 4FAEMAETRILEEMRAE NIKESHEN LR
Fig. 5 Relaitonships between N concentration and P. schrenkiana var. tianshanica

fine root decomposition rate under four nitrogen treatments



13 2T B A AR TR X R 1l A2 A AR 2 i S HE SR 23 R R 2 T 187

B, 2011 4F 9 H~2012 4F 5 H4IAR C/N L H A
PRFR IR o /> X I ARA > = A 2012 4 5 ) ~
2013 4F 9 HEAE I EH A>T A > KA > X,
X5 RIL A AZ IR T 5% B R0 A% —8.

Hi P 4 FOIE 5 AT AL 7E 4 AL EL R RIL & #2
AR il % 5 C J0 28 W BE [R] 1 8 4R 1 1A o6 (&
D BAMREALBE T RKIls R0 MES N
TG 2 Wk B () 359 O 2k f A G, TR RN = UL BT L 41
MRy B A N JC K vk BE 1 58 2 3056 58 )5 B
ka3 (B 5) . 3k T2 iy T Bl % it 20 () 11 4E
Ko GAR R R ORI R IR B TR e R il
SR TRV 45 A DA L TR 2 1) A2 B Oy 2 BRAR T
P& 0 oy R

31 ®

Knorr %5 5F 58 & BLAE T 5t R DU <5 kg -
hm ? « a "Bl A SR DR R, A AR T
P . AT R 2 4R 5 & A [F] ik B R AL
PN K L 25 A2 20 AR 53 % 1% 52 ) AN [R] 240 AR 5k R 58I
J¥ 20 1 1 > R R R IR AR R o3 il R BRI A
B, DL b gl SR 3 B vl 8RN v 8 AL B AT RE ) )
TR A2 AR R o3 ik 5 A B AU AR 2 U A2
TR UHOR AR T . o S e AR
AL B A 240 AR S i 1) 3 D TR AT R H T A i R
Jo s AR R R B T AN IR SRR Bl A0 AR rh Uk
Rt T A AR S A BT EE KT IR B TR R R
B U TR W 2 R T T R A W B R S A
PNEL T B 1) LUAR T o L BEAR T 0 Y W 1 o) i
AR TR UL 3 it UG AR T B AR AR AN
PRAFAERAR Y AT S A I8 300 1B 8 V% 90 0 1
MR N B IEA G, WA 2235 78 )1 v I J@ i
2o i) P PR U Y 400 4 e ok R TTC R 1 e 87 O 9 PR A S 1Y
S5 AR AT 2 X 7 ) A3 e 1) 0 ) AR
PR LA o i 0. W AT R A AR AT
Brzgazza & WA TR EE L. X 54 CH
WL R EEAR — 5, AR WA = HF WL R KW
R VA V5 0 00 43 e vh 2 W) AR R AR T L In 2= %

SE Mk

SRR [ L e T R DR 2 b 3R A
Fofr 8 35 9 gk (09 52 i L &% Kuperman™™ 76 95 [ %t K
WAL T [ R DU BR BE T 19 Qurecus alba W 4 #%
Yoy i I W S ER e W B DT R I 1 0 A
Sy RN . AR I I P 43 i TG e A i H RO
FE AR 0 25 16, 3 T RE R T U U A sl O T
Ab IR A B N Gk N ECE i TR %) C & K
ZULE T f# A aext s m N A/EH R B, 40 Liao
SEUSE R AE I VE o0 R B 5T 2 N A AT A
FAPE IR A 0 — 5 42 F L 43 fiff . B VT BH 452 7
W LU AIF 5 U % P 4 i R 80T B 1 i o2 BE R B, 6 A4
B R OTRE R A A I B i 9 ) JC 3 5 e T ) A
SbBREGE T T AN BT IR TE W o . 1 A
AN TR S5 6 1 JE R AT R 5 A0 R R A& L o i b B
J AR R AR

YA G & 19 A8 A N UL R (1 i 1o R A
(AN [F] 4 % B B 1 AS [ R0 A0 in 287K SF- B AN [R) T 5
ABIESE 2 A YA P W) 4y gk AR R N TR WL
B & A -RRTI. C o0 R 6y 3 Bk, 10 W] 4 AR
H B SR 0T I I B A 2O A TR Sy A U 2RI i A T
FIE . (ERAME A AR CON B 528k 1Y iR
FEARTE KT T 77 A T [A) A8 B 1 5% ), 28 30K it
AEFMAR D CON FREAME FX], X5
WA DY RS A58 AR — B, X PTREJE N
AN N 5K T 2K 43 i ad B2 AP P A G R R R A (n £
Ty 56 25 B g 5 Bk 5 ZE VR b i — A Bl
EW YU R RN O RBCE 2K CON BT
PTEZ . SRl B 5 7 56 1 i o AR AR N 3T
B g P B . Rl s 2R it e,
C LR R 50 R aHIr A8 42—, X )
fE A 5 T 5 43 i %o 20170 ok %) e g AH 1L C T8 R X
UL B 13 A — 2 B IS R . T EE AR BR SR B (]
AR AL RS C i N 5 C/N T4 fift i 72 o 10 A2
LA E R B E LR A AL T,
RINBZHR I RFEY S C HERBOAEE, 5N
HHLRIFA =, X EES N ICELEYIHR 53 #
RS AR A

[1] ZHANG L,JACOB D J,KNIPPING E M,et al. Nitrogen deposition to the United States:distribution,sources,and processes| J |. Atmos-

pheric Chemistry and Physics Discussions ,2012,12(10) 241 —282.

[2] NADELHOFFER K J,EMMETT B A.GTMDERSEN P. Nitrogen deposition makes a minor contribution to carbon sequestration in tem-

perate forests[J]. Nature,1999,398:145—148.

[3] XIAO H L(H ##M). Atmospheric nitrogen deposition and nitrogen dynamics of forest ecosystems[]]. Acta Ecology Sinica (25240 »

1996,16(1):91—96(in Chinese).



188 [ | - S 7/ B 35 %
[4] LIUX]J,DUAN L,MO J M,etal. Nitrogen deposition and its ecological impact in China: An overview[ ]J]. Environmental Pollution ,2011,

(6]

[7]

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]

159(10) .2 251—2 264.
ZHANG Y L,ZHENG L X,LIU X ]. Evidence for organic N deposition and its anthropogenic sources in Chinal J]. Atmospheric Environ-
ment ,2008,42(5) ;1 035—1 041.
ZHOU X BJEBELEE) ,ZHANG Y M3k JGHI). Review on the ecological effects of N deposition in arid and semi-arid areas[ J]. Acta Ecolo-
gy Sinica (EZ%4R) .2009,29(7) ;3 835—3 845(in Chinese).
SU J SH(H 22 ) ,CHENG ] M(FRE),GAO Y(& BH) .et al. Fine root biomass of four main vegetation types in Daluo Mountain of
Ningxia, Northwest Chinal J]. Chinese Journal of Applied Ecology (W F 2% 4%) ,2013,24(3) :626—632(in Chinese).
WEI'Y Y(BLE =), WU ZH CH(R E#H) . YANG W Q) T ) , et al. Fine root decomposition dynamics during freeze-thaw season in the
Subalpine/ Alpine forests[J]. Scientia Silvae Sinicae (B FF2#) ,2013,49(8) :21—28(in Chinese).
LIN CH F(M LT . GUO J F(E61725) ,CHEN G SH(JE 7K s et al. Research progress in fine root decomposition in forest ecosystem
[J1. Chinese Journal of Ecology ((EZ52£%%7%),2008,27(6):1 029—1 036(in Chinese).
WANG R L(EZFiu) .CHENG R M(F£Hi#§) s et al. Fine root production and turnover in Pinus massoniana plantation in Three Gorges
Reservoir area of Chinal[ J]. Chinese Journal of Applied Ecology (% FIAEZS24R%) ,2012,23(9) :2 346—2 352(in Chinese).
LIU G ZHE &) ,LIU G HGRJE) , HE X3 58) ,et al. Anatomical characteristics of roots with different orders and fine root of
Salix gordejevii]J]. Acta Bot. Boreal. -Occident. Sin. (P§ LAY 2% ) 2014 ,34(5) :932—937(in Chinese).
ZHANG NGk ), YANG X Q% E 5).CAO D CH(HE f# B ) , et al. Soil water and fertilizer factors in the trade-off of growth and lig-
nification of Populus euphratica seedling[ J]. Acta Bot. Boreal. -Occident. Sin. (PGILAEY) 9K ,2013,33(4) ;771 —779(in Chinese).
WANG H T(E44).ZENG F J(¥ JLVL) set al. Effects of irrigation on root growth and distribution of the seedling of Tamarix ramo-
sissima in oasis-desert ecotone[ J . Acta Bot. Boreal. -Occident. Sin. (PGILAEY)FHR) .2013,33(12):2 521 —2 528(in Chinese).
CHNE X([%  #§).ZHANG N L3KJ5#]) ,ZHOU X MJE M) et al. The research progress of fine roots decomposition and its prob-
lems[ J]. Journal of Jilin Normal University(Nat. Sci. Edi. ) (35 FRITTE K F %4 « AARBIF /R .2012,(2) :36—40(in Chinese).
SANG W G(Z TP E) ., WANG Y X(¥ =) .SU H X(IZEH) et al. Tree ring-width response of Picea schrenkiana to climate change
[J]. Chinese Science Bulletin (Bl*#38 %) ,2007,52(19) :2 292—2 298(in Chinese).
WANG Y(F #),ZHANG SH DG 1. Biomass and net productivity of Picea schrenkiana var tianshanica forest[ J]. Chinese Jour-
nal of Applied Ecology (W A 2524 .1999,10(4) : 6 —8(in Chinese).
WANG Y(F ) ,ZHANG SH DG# 7). Productivity pattern of Picea schrenkiana var tianshanica forest[ ]J]. Chinese Journal of
Plant Ecology (Fi¥) 4 25244 . 2000,24(2) : 186 —190(in Chinese).
ZHANG Y T3Kf %) . HU SH SHEA 5 L LT ] M(ZE35 H) . Characteristic of root biomass of three main forest types in Xinjiang[ J].
Arid Land Geography (T 5 X #i3#) ,2013,36(2) :269—276(in Chinese).
ZHANG Y TR , LT ] M(Z23E ¥ ,CHANG SH L AF]) set al. Spatial distribution pattern of the Picea schrenkiana var. tians-
hanica and its relationship with topographical factors in the middle part of Tianshan Mountain[]]. Chinese Journal of Applied Ecology
R R A2 41%) .2011,22(11) ;2 799—2 806(in Chinese).
YUE P(E - F).SONG WCR ), L1 K H(ZEHL#E) ,et al. Inorganic N deposition in bayinbuluke alpin grassland of the central tians-
han Mountains[ J]. Chinese Journal of Applied Ecology (N A 2524 ,2014,25(6) :1 592—1 598(in Chinese).
WANG SH J(EX72),ZHANG M J(5kBH %) , WANG F T(F+ &), et al. Atmospheric nitrogen deposition in the glacier regions of
Northwest China:a case study of Glacier No. 1 at the headwaters of Urumqi River, Tianshan Mountains[ J]. Acta Ecology Sinica (%355
%) ,2012,32(3):777—785(in Chinese).
AL 2R 0 VL bR A e o i B G RAEL R 1 e 13 (D] 22 0 < 22 1 K2, 2009,
KNORR M,FREY S D,CURTIS P S. Nitrogen additions and litter decomposition:a meta-analysis[J]. Ecology,2005,86(10):3 252—3 257.
TU L HOEFHE) . HU T X EEM) . ZHANG J(3k  f#) set al. Effect of simulated nitrogen deposition on nutrient release in decomposi-
tion of several litter fractions of two bamboo species| J]. Acta Ecology Sinica (4 752%4) .2011,31(6) :1 547—1 557(in Chinese).
BRAGAZZA L,BUTTLER A,HABERMACHER J,et al. High nitrogen deposition alters the decomposition of bog plant litter and re-
duces carbon accumulation[ ] ]. Global Change Biology,2012,18:1 163—1 172.
LI K X(Z=# ). Effects of nitrogen deposition on litter decomposition of two main coniferous tree species in Changbai Mountain[]].
Journal of Northeast Forestry Univeristy (ZdbAOl K224 ,2007,35(2) ;17— 19(in Chinese).
KUPERMAN R G. Litter decomposition and nutrient dynamics in oak-hickory forests along a historic gradient of nitrogen and sulfur dep-
osition[ ] ]. Soil Biology and Biochemistry,1999,31(2):237—244.
LIAO L P,GAO H,WANG S. The effect of nitrogen addition of Chinese fir leaf litter[ ] ]. Acta Phytoecologica Sinica ,2000,24 ;34— 39.
MO ] M(ZJTH]) . XUE J H(EEBAE) .FANG Y T(Ji8 %) set al. Litter decomposition and its responses to simulated N deposition for
the major plants of Dinghushan forests in subtropical Chinal[ J]. Chinese Journal of Applied Ecology ()% F 4 252 4%) . 2004,24(7) ;
1 413—1 420(in Chinese).
FANG H(J}  #),MO ] M(BT.H) . Effects of nitrogen deposition on forest litter decomposition[ ] ]. Acta Ecology Sinica (H: 25223 »
2006,29(9):3 217—3 136(in Chinese).
TU L HOEF4E) . HU H L(§I£13%) . HU T XHEE %) s et al. Response of Betula lumini fera leaf litter decomposition to simulated nitrogen
deposition in the Rainy Area of West Chinal J]. Chinese Journal of Plant Ecology (Fi¥)H= 25244 ,2012,36(2) :99—108(in Chinese).
MELILLO J M,ABER J D,M ] F,Nitrogen and lignin control of hardwood leaf litter decomposition dynamics[J]. Ecology,1982,63(1) ;
621—626.
HE F(a] ), WANG D X(FE5+6),LEI R DCE Hif) . Decomposition rate of four dominant tree species leaf litters in Qingling Huodi-
tang forests[ J]. Chinese Journal of Ecology (M 252 2%3),2011,30(3) :521—526(in Chinese).

(%% % . & #T4L)



