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Abstract

Aims The shrublands of northern China have poor soil and nitrogen (N) deposition has greatly increased the
local soil available N for decades. Shrub growth is one of important components of C sequestration in shrublands
and litterfall acts as a vital link between plants and soil. Both are key factors in nutrient and energy cycling of ter-
restrial ecosystems, which greatly affected by nitrogen (N) addition (adding N fertilizer to the surface soil di-
rectly). However, the effects and significance of N addition on C sequestration and litterfall in shrublands remain
unclear. Thus, a study was designed to investigate how N deposition and related treatments affected shrublands
growth related to C sequestration and litterfall production of Vitex negundo var. heterophylla and Spiraea salicifo-
lia in Mt. Dongling region of China.

Methods A N enrichment experiment has been conducted for V. negundo var. heterophylla and S. salicifolia
shrublands in Mt. Dongling, Beijing, including four N addition treatment levels (control (No, O kg N- hm™. ‘1)
low N (N3, 20 kg N-hm™-a™*), medium N (N5, 50 kg N-hmZ-a™*) and high N (N3, 100 kg N-hm™?-a™)). Basal di-
ameter and plant height of shrub were measured from 2012-2013 within all treatments, and allometric models for
different species of shrub’s live branch, leaf and root biomass were developed based on independent variables of
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basal diameter and plant height, which will be used to calculate biomass increment of shrub layer. Litterfall (lit-
terfall sometimes is named litter, referring to the collective name for all organic matter produced by the above-
ground part of plants and returned to the surface, and mainly includes leaves, bark, dead twigs, flowers and fruits.)
also was investigated from 2012—-2013 within all treatments.

Important findings The results showed 1) mean basal diameter of shrubs in the V. negundo var. heterophylla and
S. salicifolia shrublands were increased by 1.69%, 2.78%, 2.51%, 1.80% and 1.38%, 1.37%, 1.59%, 2.05% every
year; 2) The height growth rate (the shrub height relative growth rate is defined with the percentage increase of
plant height) of shrubs in the V. negundo var. heterophylla and S. salicifolia shrublands were 8.36%, 8.48%,
9.49%, 9.83% and 2.12%, 2.86%, 2.36%, 2.52% every year, respectively. Thee results indicated that N deposition
stimulated growth of shrub layer both in V. negundo var. heterophylla and S. salicifolia shrublands, but did not
reach statistical significance among all nitrogen treatments. The above-ground biomass increment of shrub layer
in the V. negundo var. heterophylla and S. salicifolia shrublands were 0.19, 0.23, 0.14, 0.15 and 0.027, 0.025,
0.032, 0.041 t C-hm™-a™* respectively, which demonstrated that short-term N addition had no significant ef-
fects on the accumulation of C storage of the two shrublands. The litter production of the V. negundo var. hetero-
phylla and S. salicifolia communities in 2013 were 135.7 and 129.6 g-m > under natural conditions, respectively.
Nitrogen addition promoted annual production of total litterfall and different components of litterfall to a certain
extent, but did not reach statistical significance among all nitrogen treatments. Above results indicated that
short-term fertilization, together with extremely low soil moisture content and other related factors, lead
to inefficient use of soil available nitrogen and slow response of shrublands to N addition treatments.

Key words nitrogen deposition; carbon cycle; temperate shrublands; growth rate; litterfall; seasonal dynamics
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Table 1 Topography, soil and vegetation characteristics of the experimental sites (mean * SE, n = 3)

TiH ESHALN FLATHEN
Iltem Vitex negundo var. heterophylla shrubland Spiraea salicifolia shrubland
HIFEMSME Topography and climate
4 Elevation (m) 791 1170
Y Aspect S S
i RE Slope (°) 28 25
PSR Mean annual temperature (°C) 12.3 9.2
RETITISME Topsoil property
+3pH  Soil pH 8.7 8.9
SRS Total carbon (mg-g %) 28.88 +2.10 39.50 + 5.03
JME & Total nitrogen (mg-g ™) 2.72+0.32 2.29+0.36
M & & Total phosphorous (mg-g ™) 0.47 +0.04 0.48 +0.03
FTHUE A& Inorganic nitrogen (mg-kg ™) 6.01+2.38 251+288
B & & Available phosphorous (mg-kg ™) 1.03+0.09 1.38+0.77
IS Community character
HEA T Shrub height (cm) 78.1+12.37 79.8+7.43
#5642 Average base diameter (cm) 0.77+1.77 0.56 +0.04
WEABSE Shrub density (stems-hm ) 1.6 x 10° 3.6x10°
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Table 2 Biomass allometric models for eight common shrub species in Mt.
Dongling

L WE A R® J5FE Equation
Species Organ Variable
s & Root  DH 081 y=1.26x""
Armeniaca sibirica  # Branch D?H 094y =100x07
M- Leaf  D%H 087 y=161x°%
Ml Total D?H 095  y=3530™
AN i Root  DH 088 y=0.2°%
Fraxinus bungeana 4% Branch D’H 050 y=54750%
" Leaf D%H 0.77 y =0.13x°8
#it Total D?H 072 y= 44709
B ZE # Root  D?H 095 y=07x0%
Rhamnus ¥ Branch D’H 096 y=0.74x0%"
parvifolia M Leaf  D%H 088  y=0.80x°%
3t Total D°H 096 y=195¢%
AL & Root  DH 083 y=0.81x°%
Wikstroemia ¥ Branch D?H 095  y=0.92x07
chamedaphne M Leaf  D%H 048  y=1320%
#if Total D°H 092 y=p3150%
FERH i Root  DH 077 y=o0.18¢"
Spiraea salicifolia 4% Branch D?H 078  y=023xM18
n Leaf  D?H 062 y=p07xt®
#it Total D?H 079 y=0.48xM1°
FiilES # Root  D?H 084 =02t
Vitex negundo var. £ Branch D’H 082 y=054x°%
heterophylla M Leaf  D%H 066 y=086x"%
3t Total D°H 090 y=107x°%
W T i Root ~ DH 0.95  y=o07x®
Myripnois dioica &7 Branch D?H 091y =042
M- Leaf  D%H 079 y=031x°"
i Total D’H 095  y=o064x®
kT i Root ~ D*H 041 y=0.19¢%
Lespedeza bicolor £ Branch D’H 087  y=0p15x°
m Leaf  D?H 084 y=020x%
#it Total D?H 084  y-p61x®

D’ HAN B, B RN,
D?H is regarded as independent variables and organ biomass as dependent
variables.

HOTRE(R2). HHEARYMET HABRD HI A&
BRI FRRMRY, HAER., 2%, W, BAEmE
F) 2 B R TR R ) A V0 R 20,41 (AR T) &
0.95 (/I B 2%). 0.50 (“INI 1) 220.96 (/N ERZE).
0.48 (I 3i381£)220.88 (/IMH L ZE) . 0.72 (I )
£0.96 (/M RZ)FTE KK RN AEE, p <
0.001)(F2), 4 K50 4 155 284 mp DA R DR A & o
80%IHI 7 72, R HHBANVE A ¥ & 41 43 1) AR 4 & [l
VAR B A BRI R
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2.3 RRMFATEREEYERF N 20134E )77 & 70 I N135.7. 148.4. 155.9. 153.441

TEAE24E 5, % Ab P Jp) & ME M MEA L -2 129.6. 191.5. 156.4. 182.2g-m 2. A[FEINALFL R
H(AGB)I &4 5)°50.19. 0.23. 0.14. 0.15tC-hm™>-  FREN LA P B R B N20134E ™ B s T
a”, MR ALHE PSR LR 4G HE E AR AR By 20124F . FEVEVEMIINAL T, 5 KRSy, £180% LA
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3 ANFV I AL FAE HOVEE A 1) FEAT R i (P S A b v O 72)
Table 3 Shrub diameter (D, cm) and height (H, cm) of shrubland under different nitrogen addition treatments (mean + SD)

YFh Species AR X} iR RA EREA) A
Variable Control (No) Low-N (Nj) Medium-N (N,) High-N (N3)
JHIZHEN Vitex negundo D 0.70+0.10 0.90 +0.20 0.70 £+ 0.00 0.70+0.10
var. heterophylla shrubland H 7830 +7.80 84.20 + 10.10 74.60 + 3.00 75.40 + 9.00
LN D 0.53 +0.00 0.57 +0.00 0.57 +0.00 0.54 + 0.00
Spiraea salicifolia shrubland H 76.40 + 0.60 78.80 + 4.00 81.40 +7.10 82.80 + 4.70

No, 0 kg N-hm™2-a7%; Ny, 20 kg N-hm2-a™%; N, 50 kg N-hm™2-a%; N3, 100 kg N-hm™2-a%,

4 14
A B B
a

. 12
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< 3t a =

S 210f 5, &
] . @
i a b b o=
L4 = T sl =
¢ g b “f g ol IL
= oo E:oug
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T o T o
= E =g 6
Qg = S

2 K L b

2ar s 4 b b b

Q =

2t
0 — 0
S PN o £ % |l A IR 5 HE A o 2 5 7
Vitex negundo var. Spiraea salicifolia shrubland Vitex negundo var. Spiraea salicifolia shrubland
heterophylla shrubland heterophylla shrubland

ON ON BN =N,

B BASIIN EARSEAR (D) AIRR i (H) A A A A A S (1 K B AR v Z2) . A 9] - BRailb 73 il s 25 AL BE ) G 85 25 22 5
(p>0.05). Nov Niv Npv NZUIRINE S 5140. 20, 50, 100 kg N-hm2.a™.

Fig. 1 Influence of nitrogen addition treatments on the relative growth rates of shrub diameter (D) and height (H) (mean + SD). The
same letters indicates no significant difference (p > 0.05) among treatments. No, N3, N, and N; denote 0, 20, 50 and 100 kg
N-hm=-a™ nitrogen addition, respectively.
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Vitex negundo var. Spiraea salicifolia shrubland Vitex negundo var. Spiraea salicifolia shrubland
heterophylla shrubland heterophylla shrubland

ON CIN B N B N,

B2 RIS EA 2 b b A ) (AGB) R AP0 8 (TB) R4 18 B P S ) (1 S5 (B W v MR 22) o AR [R] - BFao 73 il 4 7s %- Ab 242 ]
TBEZER(P>0.05). Nov Niv Noo Nl 1.

Fig. 2 Influence of nitrogen addition treatments on above ground biomass (AGB) and total biomass (TB) (mean + SD). The same
letter indicates no significant difference (p > 0.05) among treatments. No, N1, N, N3 see Fig. 1.

180 250
2012 2013
50 F St St
130 200 }
a va E V.n 'I‘ ;
E_ |20 B ;
Z _ E 150 r = [ F s
£ o .- = -
b (} L —
2 P I'm =
3 100 |
¥ o0t
50 F
30 ¢
0 0
N, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N,
fbE Treatment 43 Treatment

O #: Twigs O * Leaves M &4 Flowers/Fruits

E3  sSLIGHAN2012 (A2)F12013 (A7 )4F 20 st 30 26 A (Van) R G5 264 HE DA (St TR T4 40 o i 2 4% 4R 43 B el (P B4 (B A
fZ)s Nov Niv Nov NslE/E1.

Fig. 3  Influence of nitrogen addition treatments on gross litterfall and different components of litterfall of Vitex negundo var. het-
erophylla (V.n) and Spiraea salicifolia (S.t) shrublands in 2012 (left) and 2013 (right) (mean * SD). Ng, N1, N,, N3 see Fig. 1.

S V5 40 & 40 7y R LSDAG 36 45 SR 2 B, 72012 120135 N AL ER R VE R = s (e i E ), HoAth
120134, 25 NALHEHE N T I 2% E AL SR AV H- ) ROFEAMHIE Y, AP 8 ZE R AN EE (p > 0.05).
PR, WHETE R R gE AR —3, 2012fFN1. N 52 M, FEGHLAEN, BT 20124 (K Ng4b # %t

N
B4 FAI R S8 R LA R AR R CP A AR R ZE) . MRS, NS Ze5G . i B 5 N FINGAL
50 HENZE il B E 7K. Nov Niv Nav Naf] K1

Fig. 4 Influence of nitrogen addition treatments on seasonal variation of gross litterfall and its component (mean = SD). Left for

Vitex negundo var. heterophylla and right for Spiraea salicifolia shrublands, respectively. N,and N3 marked with an asterisk have a
very significant difference (p < 0.05) compared to the control. Ng, N, N5, N3 see Fig. 1.
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TR M mE A AN, HARNAIE XS &4 75 7 &
BRINEHIER], 2R AL (p > 0.05).
25 CEEYIFENETIE

4TSN, TESRISERERD, Y5 &0 A shE 2
FHIE STRTEY S B AR GEA YA . BIREEDR
I AES A 10 H R B WG )& %%, 1E10 H ik
FNEAE, FPRIAAAERE S . 65 T 5 1 W {h 72
20124 F120134F 43 A BLAE8 H AIT H ;T HL 1A
AR A%, 20124E s Fi AN &, 7E20134F5
H I —ANEE (EI4A-AD) . TESS L 4G HE MR 1L, 55
JHTE AN TE 2= A th B A A, ey 35 Hh B
10H . TERVR % BT B AE20124F A A R A B
o 20134F Py ) KAE 7wl 7 H AIS F (K
4E-4H). No. Ni. NoAINgAEHE 78 B % EAETH
ffIF= &4 74 5.61. 9.06. 6.26F110.07 g-m™; i
b FR IR TR AE R AR5 H 1) 7 8430 N 416 6.18.
2.99/12.95 g-m™. HERMIE T ZE YT RY], Nabr
SE G T IR HE R R R VA B, N AR R
N TR RENAE R TS . N PRI N 155
25 e N 7 5 (K4)
3 i

DIAE I FER B, NYTREa N e 1 A6 T7
FIR S AR ARG AE K (Tamm, 1991; Spiecker, 1999), J¢;
HRAETH SN EBAR AT HLIX o NUTRE AR A K
FR) 52 ] DRI AR 73 R 8 L NN B S SIG R 4 1) ] A S
RIS A [ 1 5% (Kira & Shidei, 1967; Murty et al.,
1996). SFRMAHLL, EEMNAE RGLENETS, XIE
SRR R, B By SZ ISR AL 1) 20 (Gorissen et
al., 2004; Wessel et al., 2004) . i 72 2 1, J&E HINR N
FEAR M B B 3 B A B A R R, G R
A7 IR A R (B S R4, 2007, B FSE
2013). AT IL, F 3T L3 A 0 VR A
B HRE . EENBREERS IS, AR AR,
X5 AN BRI 5T 45 R (3 5 R 55, 2007; 2 4R,
2013) 5. BbAh, B8R, S5xFHE N AL E AR LT
N Ab F 5T 3] 2% VB A J2 1y b % s A 0 o (1 388 Jn A 440
Hilia %, X 0] et AT (AR . S5 HA A B Y 2
8 5 R 3 B0 5w R N R R AR o8, A
A e A0 VB AR VR T+ 20 s e 5 — ANl g
MR R, A F I E NS ED R, &
AN &AL FAE TS N AR VA &, TR )
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VEARAERKMES 7. AEIBRTAN, NIIA B IRy
FrEREY, mHEERREKER RS2, ]
NI IR 3E T 3R 26 BEAR Z AR M . AR
BB, 6 AN I K R e DA R V8 ) B U S
2 (1), X5 Smaill%5(2008). £ WF45(2013) 1
5K 055 (2014) B L 45 SR — 3. VR =M s
A SR B A P40 o it B RS S R M AR A T
B 5% 55 B B 2% B 1 AR 7 = B IS b A (B O A
2013), [Al¥EHgZmA &Y A= R A AR N
DUBETE— EFREE b n LG SINKCF, RN
DU 1) 3G I AE — € I 18] N AR e A A 77 ), 38
INYE Y7 B (Liu & Greaver, 2010; Lu et al., 2011).
AT RO 2 E E 2 H @ N AE Sk A2
HEMOARAE K (Tamm, 1991). 33830 5o+ 358 35 < 1k
IKAFARIL FRITARI Bl A v ) 5t 2= R e R 9
¥)p= & (Dray & Gorham, 1964; Kikuzawa et al.,
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BT T AR, X TR S BURA 4 R % R
ARENEERFZ—.

AR RN, AR 24F 8 T & e L
SERIE R BRI . XA 8 KA it AR VE 4
AR ) S A RN B IR T 0 4 RS 4 R I R
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FOWLIE R — DK AR AN U 5T

FEARFINKFALBL R, a2 AR S
UL U BTN, TELE N B ) g,
1K 5 7 Ay A b X0 2t i bR H R K 2R Bl
SR ERUETIAF (E A, 1989). & IFTE DI
W R B A H AR, POATE I SR ) 1 4
Koy, WAE— BT b3 S R R 75
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LM KB (B #1545, 2004).

A Sz B v A SRR A 1R R B R A A T A B
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