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Effects of simulated nitrogen deposition on stoichiometry of fine roots of Chinese

fir ( Cunninghamia lanceolata) seedlings
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Abstract: Atmospheric nitrogen deposition is thought to have profound effects on terrestrial ecosystems. There have been
many studies on the effects of nitrogen deposition on the aboveground parts of plants in the past few decades. However, the
effects of nitrogen deposition on the belowground parts of plants are unclear. A simulated nitrogen deposition experiment was
conducted to investigate the impact of nitrogen deposition on fine root stoichiometry of Chinese fir ( Cunninghamia
lanceolata) seedlings in Chenda State —owned Forestry Farm, Sanming, Fujian Province. Including ambient nitrogen
deposition , three nitrogen addition levels were set: control ( CK, ambient + 0 k¢ N hm™ a™") | low nitrogen (LN, ambient
+40 kg N hm™a™"), and high nitrogen (HN, ambient + 80 kg N hm™ a™") , with 5 replicates per treatment. The ingrowth

donut method was applied to measure the stoichiometry of fine roots, including concentrations of C, N, and P, and the C :N
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and N :P ratios. The results showed that; (1) Nitrogen addition decreased the fine root C concentration in 2015 ; after that,
LN treatment had no effect, but HN treatment increased the fine root C concentration. HN treatment increased the fine root
(especially 0—1 mm root) N concentration, but LN treatment had no significant effect or significantly decreased fine root N
concentration in July 2016. Nitrogen addition had no significant effect on fine root P concentration in 2015, but resulted in a
decrease of fine root (especially 0—1 mm root) P concentration in 2016. (2) HN treatment significantly reduced the C :N
ratio of fine roots in January 2015 and January 2016, while LN treatment significantly increased the C :N ratio of fine roots
in July 2016. LN treatment had no significant effect on fine root N :P ratio, whereas HN treatment significantly increased
fine root N :P ratio at most sampling times.(3) The C concentration and the C :N ratio of fine roots showed an increasing
trend, but the concentration of fine root N and the N :P ratio showed a decreasing trend with time. This study showed that
the effects of nitrogen addition on the stoichiometry of fine roots varied with different nitrogen addition levels and were

regulated by the dilution effect of seedling growth.

Key Words: nitrogen deposition; fine root; carbon, nitrogen, phosphorus; carbon: nitrogen ratio; nitrogen:

phosphorus ratio
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1 #MREFE

1.1 RS IXHEAL

T XA FAR A = B FR A B R G 5 S BRASALIF 5T Sl A UL 45, (26°197 N, 117°36 E) . 1ZIX I Ry il
P2 XS, ARS8 19.1°C AR 1749 mm H 24 R 7E4E 3—8 A 4EXZE & 2 1585 mm , 1
XTHREE 81% , TIEVIB A BRI A AT WLIEM BN 3 P44 300 m,
1.2 Smiit

FRAEAIR IS X N K TR 5HH M 36 kg N hm ™2 a2 AR IG IR T 3 AMALFE. (1) AR N 1% g
(CK) . (2)fik N %/ (LN,40 kg N hm ™ a™") ((3) & N %/ (HN, 80 kg N hm™ a™") | S4Mb B 5 A EE 3L 15
ASSERG/NX N 2 mx2 m, /NX AR BT AZ AR, BB 0—10,10—20 ,20—70 em 43)2 R A%
WG Fe o IR TR AT IE bR 3 5 Bt AR5 0 B E A /N X IR R T, S I AMEEAAH R, /)
X PUJER 4 B PVC #i2(200 emx70 em) #R422M0 A, 5 J6 Bl 38R 0T, B 1k /NI CZ AR B4, 2013 4F 11 A
FERA/NXAIAE 4 BR 1 AFAERZ AL, 95T 2014 48 3 A0 HF4A7E N JE(NH,NO, , 044l , & 3 A 91 LIE IR
AR/ INX I , A AF 2L 12 Yk, $ HRARBHKSF-ZE5R A/ N R I s 2 i NH,NO, 5 7E 800 mL
CFHPYAERE RN 3G N2 2 mm) F 87K, T4 CmE 25 25 7/ DX 00 Ja) A&l i MOes b %o /N X 381 51 I,
HE/INX I 4 1 2 B K, 4P dE 12 0k
1.3 BRSO RE AT

2015 4 1 A R AR R/ NXBEHLI 4 A 4 H 8B 3.5 om, WE 0—10 em 1 10—20 em +
IR (£ 1),

F1 @K/ T EE AR
Table 1 Soil physical and chemical properties in CK, LN and HN plots ( means + SD)

BT + 2 FeHb Plot

Soil property Soil layer/cm %F#8 CK Control X% LN Low nitrogen =% HN High nitrogen
AIEPEAR LR DOC/ (mg/ke) 0—10 6.71+1.55a 6.00+0.93ab 4.82+0.68b
Dissolved organic carbon 10—20 5.30+0.55a 5.96+0.96a 5.69+1.22a
A MEA HLA DON/ (mg/kg) 0—10 3.82+0.80¢ 7.66+2.25h 17.10+5.38a
Dissolved organic nitrogen 10—20 4.49+0.65b 6.50+2.80b 16.19+2.48a
AR /(mg/kg) 0—10 3.65+1.05h 4.33+0.91b 14.00£2.34a
Ammonium nitrogen 10—20 3.100.55b 3.52+0.37b 12.23+4.89a
AR /(mg/kg) 0—10 3.28+1.43¢ 9.98+0.68b 19.08+4.10a
Nitrate nitrogen 10—20 2.70+0.98b 4.25+2.30b 17.37+2.80a
41 TP /(mg/kg) 0—10 211.33£12.93a 203.24+15.52a 221.08+12.33a
Total phosphorus 10—20 217.29£16.6a 207.54+10.81a 201.89+4.10a
HRHE AP /(mg/kg) 0—10 2.09+0.40a 2.20+0.27a 1.8620.17a
Available phosphorus 10—20 1.96+0.15¢ 2.24+0.21b 2.60£0.22a

[FIATANIR] R B AN ) b 3 22 53K 51 0.05 357K 8, 181 gl - 35 B b i 2

+3E DOC MSE , JHEE AR S g B+ KL 41 -G EOJF, 4 0.45 wm JEIHIIE , F B A HLIR
53 BT (TOC-VCPH/CPN, Shimadzu, HZS) I 6 H A HLEK & 5, 1+ DON Ml5E , FRE S ¢ & A 20
mL 0.5 mol/L K,S0,,¥%3% 0.5 h J& 4000 r/min B5.0> 10 min, 285 S U848 UE , % SL 7 8170 M1 X ( Skalar san+
+, Skalar, fif %) M P& Y TN NH;-N Fl NOS-N, H1H55 A58 . DON=TN-NH;-N-NO;-N, +3E5" i A
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W7, FRELS ¢ B+ /A 20 mL 2 mol/L KCl #1724, JR3% 2.0 )5 , LI R Z e i ig a0 g , HE 2L sl 73 A
% (Skalar san++, Skalar, fif >%) Il %€ &I H A NH;-N FI NO3-N, 3B , FREL 800 mg i3 100 H +1EkE
i HCL0,-H, S0, 114 # 1 i ik 2 45 %) 100 mL, 35 24 h, SRE W5 W, FH % 220 35 70 B % ( skalar san++,
Skalar, faf 22) M2, A 3FHBEN 2, FREL3 ¢ X1, A 30 mL M3 32423, #%3% 5 min 5 8000 r/min 5.
5 min, FiHRATOBEIELC g 220 sh M1 ( skalar san++, Skalar, faf >%) %€
1.4 AR EEEEE AT

2014 457 B FEEEAS /N KR e B A T N AR 20
em 5 20 cm BN K IR MR R 2 mmx2 mm 1FE 5 TE
FLARBEA, R BCE — AR 10 em 19 PVC B IEH Y
ASTUIE, NI PVC B REH MM FHEAE (R 1), B
R BGEVM SIS, AT DL s oy W PVC 45, SR 5 H
INTIXF AR R I N ) AT BRURE , 4 0—10,10—20
em B A PR G 88 Bk T A AR &R A8 32
HENARKIR, JFF 2015 41 H (2014 457 AfHik) |

2015 47 H (2015 4F 1 AAiik) 2016 41 H (2015 4 H1 WEKSFE
7 A jﬁ&) 12016 ﬁz 7 A (2016 ﬁz 1 H }ﬁwft) Mp’qﬁzﬁ Fig.1 Root in-growth donut

IR AR, 7 RV 7R BT AT AIAR P | SR 5 15
B IEUE T RRUIRE A 2 AARIR A B — R 5 AR AR (Y B MBS X o TG SEAR , 14% 0—1 . 1—
2 mm 4G, FEEL 100°C R E 3 min J5, T 65°C LT,

ELHE AT BET 00 40 AR A A R 6 5 A sk (L85 i, BRI 10 mg T R 43 71X (vario EL 111 Element
Analyzer, T8 JEFZ AR C N W FREL 250 mg 0AREE M HCLO,-H, S0, 74 & B B it @ 2% 100 mL,
FE 24 h RICEIE W, LR 81 0 BT (skalar san++, Skalar, faf %) M2 A2 ARG P ¥R,
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Fig.2 The tree height and ground diameter of Chinese fir seedlings under different times
CK, %t AL BE control; LN, {781 low nitrogen treatment; HN | 5 Z A8 high nitrogen treatment ; /S [7] K 5 45 3 1% [ — BURE R 6] AN [ &b 31 ]
5 WE NG FREFIR ] — A B [R) BURE A ] 8] 22 53 1235 (P<0.05) |, P P i S P 349 s hiofe 22

1.6  HHEaHr
FIFH SPSS 20.0 B AT EE A TG o34, KB E S P=0.05, R AT Z & 7 20 0T A

http ; //www.ecologica.cn



17 34 AR A AR DR AL W AR 22 Rk B 52 5

TN ARG BORERT ] X 404 C N P ¥ BEE Sz C:N [ N <P HLAS S0 ; SR T BA R K05 2200 M1 N 2 & L3 Tukey
HSD 656 [7] — HURE B ) AN [R] A #R ] | A [R]— A BRAS [R] HORE B ) 40 AR C NP ¥ &% C =N Eb N =P Ho B & Al
HiA2Ry 225, FIH Origin 9.0 #AEAER

2 HR

2.1 N IR C N P R A RZ R

N X AHRS C VR EE MRS T H B 2 K (N : P<0.001) , H 5% 0 PR [5) BURE B ] ( TXN < P<O.
001) FIARTRIFEGE (NXD; P<0.05) M5+ ($2), LN AbFFE 2015 4E 1 A .7 A B MK 0—1 mm 404R C #
162015 4F 7 A WAL 1—2 mm 4048 C W, HN ALBRTE 2015 4F 1 H .7 H WK 0—1.1—2 mm 4048 C
W (HAE 2016 4E 1 A 7 H R EHEM 0—1 .1—2 mm 40H C W EE ; BEE A2 AL A A2 K A0AR € ¥ 2 8 i
(E3),

N G 4R N MBS B9S2 A 3 T 4% 5835 /K- (N 1 P<0.01) , AR PIBCRER ] (TN : P =0.137) Fli2 4%
(NxD:P=0.629) M5 (£ 2) , LN ZFTE 2016 4F 7 12 ZFEAL 0—1 mm AR N HREE, 7F 2016 4F 1 A W& R
i 1—2 mm 404 N ¥ S8 HN ALBRAE 2015 4F 1 A ,2016 4E 1 H 7 H W3RN 0—1 mm 40 A N ¥ 1
2015 4F 1 F WM 1—2 mm 404 N e (18 3) .

N IR0 P e B8 i 50 DR AS [ BRORERRHE] ( TSN @ P<0.01) M5 (36 2) . LN 4bHiYE 2016 451 H .7 A
T EFEAR 0—1 mm 40 P ¥RJE 7E 2016 4F 1 H MK 1—2 mm 4048 P 3%, HN 4bBRYE 2016 4 1 A .7 A %
FAAR 0—1 mm 40 P e, XF 1—2 mm 404 P B TR0 (18] 3) .

2 BUEFRE N FNAZEENARUZERIBRENNESENEFENTH P ER

Table 2 P-value of repeated measures ANOVA on the effects of time, nitrogen addition and diameters on fine root stoichiometry index

e A8 5EAR Sources of variation

Index T N D TXN TxD NxD TXNXD
C < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.034 0.059
N < 0.001 0.006 < 0.001 0.137 0.060 0.629 0.978
P 0.341 0.138 < 0.001 0.001 0.001 0.402 0.206

C/N < 0.001 0.017 < 0.001 0.033 0.004 0.622 0.788

N/P < 0.001 0.004 0.157 0.036 0.004 0.141 0.726

T, HUEERFE], Time; N: /ﬁﬁ?ﬁﬂﬂ‘fﬂ, Nitrogen addition; D 129, Diameter class

2.2 N UIAENAR C:N L N 2P L5200

N AANXT AR C 2N FERsZma ik 2 7 2K (N 2 P<0.05) , RS [RBUREIRHE] (TN : P<0.05) 11 5%, H
AHAZF(NXD: P=0.622) M5 (£2) ., LN ZLBTE 2016 4E 7 H B 0—1 mm 404 C :N b, 75 2016 4E 1
A7 A BERM 1—2 mm 4048 C:N [; HN ZFETE 2015 4E 1 A 2016 4F 1 H B E K 0—1 mm 4048 C:N
Fb,7E 2015 4F 1 H B E AR 1—2 mm 4048 C:N H(K 4)

N AR AR N <P HE B2k 3] 1 8 2K (N P<0.01) , HHS 0 PUAS [R] BORE I [] (TN = P<0.05) 1]
SEAEAHEARG(NXD: P=0.141) M5 (% 2) . 4 WHUEE LN ZbFX 0—1.1—2 mm 4048 N :P 30 8 55
M s HN ARBAE 2015 4F 7 7 ,2016 4F 1 .7 A BEHEHN 0—1 mm 4048 N:P Lk, 7£ 2015 45 1 H 2016 451 H &
FHEAN 1—2 mm Z0H8 N :P L,

3 Wit

3.1 N ZMAARR C N P R JE R0
AWFFELE R BN N ISITE 2015 4EFRAR T 40MR 10 C W BE, 38900 T 4048 N ¥ B (5002 HN 4b3) | X 5
Ostertag Fll Zhu ZERF5E45 50— 272 WBER N N IR T 3% N A5, S B8R Wk N ik & 1%
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Fig.3 C.N.P concentrations in fine roots of different diameter classes under different times

INE20 el AR N R B DA TATAR G MR T ABAR A 2N € YREE ; 55 A1, AR A 4L N ¥ JiE 15 AR AR G ¢
R BEEASCRY DR R RCRIR R T C A 75% FF CRLSRTRARTE I Y ) ZRARREIZ Y )BT AAIAR N i i
P T ANARNE IR, THHE T AR Th R AR S M PERR K f & (NSC) B2 NI 3 BUA AR C ok BERRAIR, 3X 7E HN
AL FR R I TS SR D N BRI C M ECHS R R AU B2 C T T Yffib i A K
BORAA MR (K 2) BT C 73 BC FEBIAR X FEAR , T B AR C R EERRAR

ARSI K, HN DS I 2 4 s AR C MR X 5 2 AT RS 45 SRR — 85, TREZ By HIN
S R SRR AL | 2 SBURAM 2 A0 h I R B S RDTTE , i A2 40 A TR AL sk R AR
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Fig.4 C:N ratios, N :P ratios in fine roots of different diameter classes under different times

AR CVREETHE . 5 HN AHLE,2016 4F 1 F17 J LN AbFEXTZHAR C e BE 152 M AS 2 AT B2 Ak LN &b
B - e B N WA A I RN T RS N(ER 1) o HWERI A N BRI £
[y U S EUIAR P C MR BRI B E RN, B AR ST A R, 2016 AFAIAR N MR EEAR 2015 4RAIK, AT BE
A 2016 ARRZ AR A Kot AR RES R AR IS A N B 22 TR A b 0 2 DL R AR A K B A
FABIRATY W 3 A BRANMR C v B 49 bt 25 Aok 1] F 388 o it S48 Tt 3 3 mT g5 Bl A2 AR A A B 4R
N Ve BERRAR  HLA ¢ B AT IR KRR R LA R AR R LA 51

N I AIAR T Z A A TR A A S I R B AR T AEXT AR C N A5 b | TRIXT AR Py R ) 52 i 4F
FE, AW, 2016 FEPTRBEEF N B EREIR T 0—1 mm 414R P ¥R, iX 5 Sardans 55 A fFFE 45
R KRS N RGN T AR X N A IR, (H AR T AR P AR, N AR R A B A K
T 72 A WO A F A AR rf PO BE AR AR ok, AR XS P oG 28 A IR 22 1 75 SRR A 5 B
Bl 1A A0 N B R R, R N R A AR B A, X AML T G A AR P S 23 U5, i TR AR AR G R
R ARBFFE A LN HN AbHER )2 3RS N 2080 T 3 45 5.8 £%5, HN AbFE R 2 348 N #n T 3.8
T, N IR ING 48 N A RO 5, T RE (R 4R B AR B2 e R BRI 33t ] 122 5 B AR XT P T 2 A9 I I
AN
3.2 N USINXTIR C =N N :P FLAYRZ R

FIFFERI] AR C N Lat K, 3E 2 o R e, 75 20N AE H 3P A 80 N, TAHAR C N LU BRI
FI T e AMARBET 5 B e W o e AR ESR ARER ) AT SR 25 S 36 W LN AR B 2016 4F- 7 AT 0—1 mm
YR C:N Eb,2016 41 AR HBEIN T 1—2 mm ARG C :N B ;X 25 LN B PR A A K A BERU 5
AR N R BT XA 56, HN AbEE HAE 2015 4F 1 H A1 2016 4F 1 H MK 0—1 mm 4048 C :N 2015
AE 1 ABEIR 1—2 mm 4048 C:N b, iX 25 HN A B S EMR N A RAC, XL U0 LN T HN Ab3g
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13—18 2] ; B EBRA @ v rp EAE 404 © N P AL2F R A O BFSE A5 4R N <P L2k 14.3 MR
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5 NP HREIFRA S ARFSEH,0—1 mm 404 NP IL7E 3.8—10.8 Z[H]; 1—2 mm 4R N :P L 7E 4.8—12.3
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ININAE 2015 AEXTANAR P BE A S35 200, {HAE 2016 4F SFEANH (45912 0—1 mm Z0AR ) P I 8 A%, X n]
AE S ARE KX P IR RERON A 6, % N ALFRAE 2016 4F B Z I E 40 C =N [, i N AR BRI 7E 2015 4E
B ERRARAIAR Y C N L, BEBHASRIKSE N BRI AE S R GE C RIFRAMIAER ™ A5 1A sE Ml AN SR ], 58 28 7 A AH
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