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Effects of simulated nitrogen deposition on nutrient balance of Chinese fir

( Cunninghamia lanceolata ) seedlings
FAN Houbao* , LIAO Yingchun, LIU Wenfei, YUAN Yinghong, LI Yanyan, HUANG Rongzhen

Research Institute of Ecology & Environmental Sciences,Nanchang Institute of Technology, Nanchang 330099, China

Abstract: Human activities such as fossil fuel combustion, production and use of chemical fertilizers, and livestock
ranching have dramatically altered the global nitrogen cycle. A potential concern of chronic anthropogenic N emitted to
atmosphere is altered nutrient cycling in forest ecosystems. Most studies reporting effects of N additions on forest ecosystems
have been primarily carried out in temperate regions of Europe and North America. Importantly, however, there is a strong
need to understand how nitrogen interacts with forests in the tropical and subtropical regions because rates of nitrogen
deposition in these areas are projected to increase rapidly in upcoming decades. To assess the impact of simulated nitrogen
deposition on plant nutrient balance, one-year-old Chinese fir seedlings ( Cunninghamia lanceolata ( Lamb. ) Hook. ) from
a nursery were transplanted at the beginning of March 2007 before budbreak to plastic pots containing 17.5 kg of forest soil
(red earth). The seedlings were kept in natural daylight in a greenhouse and irrigated by hand with distilled water before
treatment. The experiment started in April 2007 and lasted for 12 months. Ammonium nitrate solutions were sprayed on the
seedlings every three days at four doses, N1(6 gNm™a™), N2(12 gNm™a™'), N3(24 gNm™a™') and N4(g Nm™
ca”), with NO (0 g N m™a™") as the control and six replicates in each treatment. Totally 30 Chinese fir seedlings were
available for destructive sampling to monitor biomass and nutrient concentration at the end of experiment. The amount of
water solution sprayed to the seedlings each month was equivalent to the average monthly precipitation recorded over the last
30 years. The results indicated that nitrogen addition increased N, K and Mg contents in leaves, shoots (including
branches and stems) , coarse roots and fine roots of the seedlings, but reduced Ca concentration. Phosphorus contents in the

seedlings responded positively to low-to-medium N treatments (N1, N2), but negatively to high N treatments (N3, N4).
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Nitrogen loads generally resulted in increased ratios of N relative to other elements in the seedlings, but decreased N/K and
N/Mg in coarse roots. Linear regression correlations between nitrogen contents in leaves or fine roots ( independent
variables) and other element contents in leaves or fine roots ( dependent variables) were developed for varying N levels.
The N contents in leaves were positively correlated with K and Mg contents, but negatively with P and Ca contents. For fine
roots, correlation between N contents and P and Mg contents was positive, while correlation between N contents and P and
Mg was negative. The apparent N-use efficiency by the seedlings was estimated at 60.7% , 57.9% , 43.3% and 27.9% in
the N1, N2, N3 and N4 treatments, respectively. Nitrogen addition increased N allocation to leaves and fine roots, but
lowered N to shoots and coarse roots. Fine roots are more sensitive to N addition than any other seedling component. In
general , the present simulated N deposition in greenhouse has been found to change the nutrient balance due to significant

enhanced N concentration in the seedlings.

Key Words: simulated nitrogen deposition; Chinese fir seedling; nutrient balance

NI BTE A BRI AR R i b A8 2 R 3 R i b A 285 3R e i A 7 R38R [ AR IE
FEARWIFL B IS RS AT Re = B ' KR VIS o R A K i e XOs 7
Y5 BE Y B SR REAE T, 0 T AR S R GG PR Ak & BUS R . Bl 20 & R 2 EkAb , R TR
W EE BRI EAT, T R AR R FA6 36 2 )5 thE LA = R AR X, V7 25 i X A7 78 8 R DT
P TP EE B X RS BRI R 75 kg hm > a™" ) BRVT = A LS A0 S L AR AR H IR, 1989—
1990 4F JE F 1998—1999 4FJi 14 [ K A UTIE A Bh 35.57 H138.4 kg hm>a™ 170 B dh B BB ITIE K 75 ke
hm a3 B VTR L LI MR E 73 B K BTN 12,9 kg hm™a™ 7,

FERRFEEZ, M\ 20 120 80 AR AR UEAT T R UIRE XS ZR A S R Gesg ma i i o, E B AE AT
ok bl A B AR AR R AR 52, AT ORISR 25 SR 3R B, AT 1 B IR bk A 25 R e iy 4544 i
IHAREFIRE T ™ A, A T AR A A BRAS , S ECHERL R G AT A BOAE T R RN SE S Bl 2
BN T R AR RN AE K R R A 055 TR A BRBE A A B0 AR, R 2
FEURHEAT R UTRE AR IS AT 5%, BF A0 L9 32 B4 v A S I8 L B W2 ARG M E S R FAR P i A2 AR N
TS R G R SE b, JEBUS T — ZR 503 [ AT b X A 2 g i 0 22t

A RIR I mE 7 EZ A MR 2 —, A SR AN TARREARAR ), 2 o [ A i SR R A S R 4
2003 4E I 4f, A UL T BR T B AR B 56, AR 5T A2 R N TTORK X LT A 58 i A% g 7 AL BE 5 o
Rl 20 S B R AZ R BRSO 25 5 SR ANEFAMAEE A0 T IR AR — B0 A 1 iR
5 AR SCHE AR 3 25 B 1 AR AE A ARG B A TR L TR | DA TR X A2 AR S5 431 (1) 5 i)

1 #E#rE
1.1 SRR

R R E AR KR HARAE Y | AR AR ARG AR B AU 30 L Akt A A 17.5
kg 88 FAE | MRTER . AR EHER AVLVE AR B T RBIXAZ AR, b 362 18, 5 U 20 21 + ) i &k &5 1M
B, TR LR 1,

1.2 Skt

J R E S FhEDIREALEE, 435 NO(0 g Nm™a™') N1(6 g Nm™a™') N2(12 gNm™a™') N3(24 g N
ma” )FIN4(48 g Nm™a™) BALBRE R 6 Ik, MRIEET BT 1976—2006 4F A MK 2 A-F I, TH5E 1 1—
12 ABKE 943,97 .7.17 10.67 .15.85 .17.88 .19.93 8.65.7.30.5.32 4.06 3.85 F12.86L., M 2007 4
4 HHF4h B0 3d AZAR L) ik M+ HEmEiE NH,NO, Y, BRUCK: NH,NO, W il e 268K v, IS 35 gk £ 7
% it , W% 1t 14 £ 4 0 mol/L(NO) .0. 011 mol/L(N1) .0.022 mol/L(N2) .0.044 mol/L(N3) .0.088mol/L(N4),
Za A AL 1a J5 ,N1,N2,N3 HI N4 9554t 1 7371 4 0.42 .0.85.1.70 F13.39 ¢,
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F1 il TENEREBLER
Table 1 Physical and chemical properties of the tested soils
AR FE B T/ (emol/kg)

pH AL C/ (g/kg) Exchangeable base cations TRIERAEL /%
Soil organic carbon Percent base saturation
K* Na* Ca® Mg?*
4.25 27.35 24.87 45.22 5.56 5.37 37.24

1.3 FEACRAE 5F00E

2008 4F 4 J KB R DTRE AL 1a 5 B2 AR &) i HEA TR S R HBAR DU 22 5 A MR ISR, TR I D 45 28
FOEEER 7 I SC R S AE 80C T A& ML T = E R, A% i 25 DHAR (AR =2 mm) FIAIAR ( £ <2 mm)
e A, A s BEHUS AR AR i A 22 o0 . A /I SR T EIL IR, | A Wil 7 >R TSR B T L ok
(%[ PE /A #]-Lambda25 RIS K Ca F Mg 190 5% % FH R 7 W 020 66 vk ( 36 PE 2 -
AA700 B |
1.4 ZitIrik

FIHH SPSS BAF#ATEE 530, 985 LA LSD 22 A ik A 9 B A1 181 3% 4015 B AR AN [R) A0 B 1) 11 22 S ik
EME AR E R 25 AR AR T B AH N A B A S AR, AR A O AR B A = A,
2 BER55H
2.1 FOEHE

FHE% 2 AT AAG B e & T ARG N &t S5 IR(NO) #H E, N1 N2 N3 il N4 Al ik N
Frm RN RS S E PR —, Hd .52, 8% ,66. 3% ,203. 0% 1 177. 3% ; 2%£:10. 5% ,
28. 6% ,48.9% F189.5% ,HIH2:40.8% ,61.0% ,79.4% F175.5% ; MR :48. 6% ,85.0% ,83. 4% F1206.3% ,

R2 BAYEH EZRFHFSEE

Table 2 Nutrient contents in leaves, shoots and roots of the treated seedlings ( means+SE, n=6)

D 4143 Seedling component N/(mg/g) P/(mg/g) K/ (mg/g) Ca/(mg/g) Mg/ (mg/g)
M Leaves
NO 6.82+1.00d 5.29+0.81 2.60+0.18 3.58+0.29a 0.42+0.08
NI 8.16+0.56¢ 5.35+0.81 2.75+0.19 2.92+0.37b 0.47+0.07
N2 8.91+0. 19be 5.42+0.66 2.80+0.26 2.87+0.84b 0.53+0.06
N3 11.11x1.31a 5.06+0.39 2.85+0.25 2.80+0.27b 0.48+0.10
N4 9.81+0.77b 4.83+0.34 2.80+0.59 2.50+0. 13b 0.51+0.09
Z£ Shoots
NO 3.69+0.11c 3.36+0.24 2.36+0. 16b 3.73+0.45a 0.18+0.02a
N1 4.08+0.23¢ 3.57+0.38 2.57+0.20b 3.16+0.59b 0.21+0.02a
N2 4.75+0.90bc 3.60=+0.34 3.42+0.36a 3.23+0.32b 0.22+0.03a
N3 5.50+0.82b 3.30+0.36 3.02+0.26a 3.52+0.40ab 0.21+0.06a
N4 7.00+1.28a 3.03+0.21 3.3420.39a 3.01+0.44b 0.29+0.02b
MR Coarse roots
NO 2.64+0.49¢ 2.41+0.28b 1.27+0. 14c 3.25+0.51a 0.13+0.03b
N1 3.15+0.57b 2.84+0.13a 1.58+0.46¢ 2.80+0. 10ab 0.15+0.04b
N2 3.92+0. 66ab 3.08+0.35a 2.21+0.34b 2.74+0.70ab 0.24+0.02a
N3 4.42+0.80a 2.88+0.40a 3.05+0. 18a 2.72+0.26ab 0.22+0.01a
N4 4.17+0.85ab 2.08+0.30b 2.95+0.17a 1.93+0.34b 0.23+0.03a
2R Fine roots
NO 3.67+0. 18¢ 3.54+0.15 2.61+0.23 1.96+0.32a 0.92+0. 11be
NI 5.45+0.43d 3.70+0.26 2.68+0.13 1.57+0.08ab 0.89+0.06¢
N2 6.78+0.80b 3.73+0.24 3.08+0.18 1.62+0.12¢ 1.11+0.15a
N3 6.72+0.59a 3.74+0.18 2.45+0.28 1.27+0. 17be 0.99+0.09ab
N4 11.23+0.65¢ 3.96+0.31 2.38+0.31 1.00+0. 29bc 0.93+0. 13be
Bl 5 /NS PR TR AR A AL P=0.05 K [ 5 B3
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P e ZEFURAR R i) 7 it B U SRS 35 I 2 30k Se T AR R ) IR BE(NT, N2, N3 ) >
XTHE(NO) > 20 (N4 ) Jb3E 5 T 78 AHAR Hh i) 5 o SR B0 e AL 3 (N4 ) S 2800 T ORI R IR U AR B (N, N2
N3,N4) (P<0.05) .

K 7Ert 25 R AR AR b i) i B B AU BKOF 3G i &2 Bk, X AR SRR ot o 2,
T A ALFE (N2, N3, N4 ) I 3 5 T B AR AL B (NT) (P<0.05) . i@t N1 N2 N3 il N4 4bH K 7¢
2L AR I FE R RN T 9. 1% ,45. 0% ,22. 9% F159. 5% ,AEFAR 3G T 21. 1% ,50.9% ,70. 2% Fl
60.4% .

Ca FEAS A% B H A & 1 Bl Ak BRI 38 I i B, i 808 Ca ISR VE R R B b . 48 N1 N2 N3 Al
N4 KbFE | Ca 7EM- &0 9 H NO FEAK T 18.5% ,19.7% ,21.9% 1 30. 2% ; {E2E R K T 15.3% ,13.3% ,
5.6% M119. 4% ; TEHARHREAL T 14.0% ,15.6% ,16.2% F1 40. 8% ; TEAME FFEAL T 19.9% ,17.3% ,35.3%
F148.9% |

Mg FE M RHAR T2 AR % 5 o Bl it 220 2t A9 385 MR BR Je T i Je BRI, LB i DA N2 A BN ey, TR 2R
T B i AR RIS B it 2R P T Y | = AL P (N4 ) 3 T AR B (P<0.01) . N1,N2,N3 Fil N4
AEHER Mg &40 NO #8115, 1% ,23.6% ,15.2% 1 63.6% |

-5 A0AR S B EAR P (A b R T R B A E IR AR E L AR EATH N 5 HA TR & A G A 1)
F TR A K R X 224y B9 R R A A4S DL, DLAZ KR Gy i 4R AR TR i N S B 28 & (Independent
variables) , Hith 773 T EAE A4S & ( dependent variables ) #E47 [RIH 4347 45 R W3 3,

F3 EAHEHMMERD N(ALE) SHMTRSE(HLRE) HEEXR
Table 3 Linear regression analyses with nitrogen contents of leaves or fine roots as independent variables ( mg/g) and other elements as

dependant variables

A5 (y) Dependent variables (y) Z )72 Linear equation R P
%0 S Nitrogen (leaves)

- Phosphorus (leaves) y=5.631-0.411x 0. 790 0.112
A A Potassium (leaves) y=2.578+0. 170x 0. 824 0. 086
A4S Calcium (leaves) y=3.664-0. 677x 0. 800 0. 104
Y8 Magnesium (leaves) y=0.438+0. 041x 0. 488 0. 404
AR Y &L i Nitrogen (fine roots)

YR H 8% Phosphorus ( fine roots) y=3.373+0. 050x 0. 990 0. 001
AR P AYER Potassium ( fine roots) y=3.264-0. 049x 0.497 0.394
YR HAYES Calcium ( fine roots) y=2.440-0. 136x 0.945 0.015
M P AYEE Magnesium (fine roots) y=0.936-0. 005x 0. 143 0.819

I3 ATLAF th, Wi N S5 K T Mg SIEAICOCR TS P A Ca REAIXSCR, ARSI N 5 P
Mg SIEAXECR, 5 KAl Ca RHOAHSCOCHR, B N & 3% ixd 4R iy P22 30k 8 25 W42 7 (P<
0.05),
2.2 N 5HAbFRTEE

AR AL N 5HAFRS TR IEM 2 2R A (E 1) 25 AR N/P A REE Z AL HE
ARG A, 28 N1 N2 (N3 Fl N4 Rb 3RS ZE R i N/P 43500 L X B3 1 3.9% ,20. 0% ,51. 5% Fil
110. 0% KR i N/P 0 B3I T 9.3% ,11. 0% ,52. 8% 1 82.3% , AR () N/P 43 I3 T 41. 6%
74.8% ,72.8% F1172.7% . W) N/P BERALBIKF R3S IR B0 56 LIS TR, AME1.5—2.2 2
[i], 38778 X0 BEON3 t 2 e T A A Ab 3 (P<0.05)

N/K i N/Mg FER:  ZEFNANAR Hh 1 2R 30y B it 280 385 it b iy a8 v v Z8AR 38 (N3, N4 ) 19 N/K B ik
F TR (NO) F IR AL B (N1, N2) ( P<0.01,P<0.05) , 1fij 76 LR r Fifi 040 35K S it 184 i 2 B0 R BARR 1Y)
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B4 4} Seedling component

B1 \iFEXZALEMN (L) ZE(S) MR (CR) MR (FR) # N/P.N/K N/Mg N/ Ca B0
Fig. 1 Effect of enhanced nitrogen deposition on N/P, N/K, N/Mg and N/Ca of leaves (L), shoots (S), coarse roots (CR) and fine
roots (FR)
P RN RS IR OR AR AL BEAE P=0.01 Fil P=0.05 /K F 225 3%

FEE N

N/ Ca 7 R 20 AR o fifi AL K P A 35 0 26 IR T e B R 3 e R (B R AE i BV B (N3, N4 ) [ TR ZE v
AFAASHE S| AE AR v it S0 5 1 i 2 T NT N2 N3 ORI N4 43 ) L X BR (NO) B8 i T 85. 6% ,123. 8%
183.0% #1500.5% ,
2.3 AoTERWE KSR

MAZAR Y 25 B P Y Bk T LB Y (3R 4) |, B2 it & i3 AN [R] A 2R o A 25 DHLAR &
AR T R 4 R A ) et B it 2R (R B I SRR ST R R A, DL N2 b Bk, i N2 A Y X R
SRR 2 T AL B (P<0.05) o #F— 03It R it 25 MR S AR T E R iR AR B R AR
(N3,N4) , FHorr N4 A3 i 8 FDRLAR 55 A X) iR

®4 BEHRTEXNEAYEEHEREY SN

Table 4 The average per-seedling biomass under N0—N4 treatments( means+SE ,n=6)

o
Per_i:ifﬂfmm NO NI N2 N3 N4

I Leaves/g 37.445.0 35.0+3.3 38.9+1.3 38.0+7.4 35.2+6.8

2% Shoots/g 30.8+1.2b 35.413.5a 36.9+2. 1a 30.5:0.8b 31.6+4.2b

AR Coarse roots/g 26.5+4.5 22.8+0.5 29.5+3.6 27.11.1 22.6+1.3

Z11H3 Fine roots/g 55.9+6.4 60.7+7.8 63.9+6.0 60.6+8. 1 60.9+4.2

4Hk Whole plant /g 150.5+12.9b 153.9+7.2b 169.1+18.3a 156.2+2. 3ab 150.3+5. 6

Bl J5 /NS F R TR AR A AR P=0.05 K B2 5 w3

P 2 7 it SR BB AZ AR 4 i BRR SR R R AR I 25 CHUIR MR Z R 0 BE . v AR S 46 T
RPN LS B KRRV A% K, AR SO HEAZ AR 4 i R SR o5 Bt U ) e 9], TR 2 T LA
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283 1 AR AL B, NT N2 (N3 R N4 &b 38 BRORR 40 8 6 A0 R 1 3R OUR] 2 R R 2l
60. 7% ,57.9% ,43.3% F127.9% , AL 35 [ AZ AL B4 P 19 28043 B 0 et R 20 AR v 7 L0 ) 185, 1 4 Tic 3] 25
FIURLAR H () LB R R, SRARAZ AR D U i DL N4 S5k, NT N2 N3 R N4 A B %) B ik 4 1 U 43931 b NO
HINT 43.6% ,83.2% ,124.4% F1160.3% .,

oL #s B CR B FrR
100 -

‘ 0
NO N1 N2 N3 N4 NO N1 N2 N3 N4
FAEPEKF N treatment level

1.8

g
- =
=

1 T T T 1T T 11

R
N partitioning/%
5 o ®
S 3 &
T T T

L8y atae
N storage per seedling
o
S
T

oo o=
SN RO o

B2 |mAEMNEZAGEEKAPEMAEN(L) (ZE(S) FER(CR) FI4HMR(FR) Z 85> BRI N
Fig. 2 Effects of N addition on total N per seedling and N partitioning among leaves (L), shoots (S), coarse roots (CR) and fine roots
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