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Photosynthetic characteristics, biomass allocation, C,N and P distribution of

Schima superba seedlings in response to simulated nitrogen deposition
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Abstract: Human activities have caused increased nitrogen (N) input to forest ecosystems through fertilizer production and
fossil fuel combustion in recent decades and this input is likely to continue in the near future. Therefore, studying the
effects of N deposition on morphological and physiological characteristics of plants increasingly becomes a major focus in the
field of ecological and environmental sciences. To explore physiological response of sub-tropical forest to N deposition,

Schima superba was selected as an important constructive species of sub-tropical forest. Four treatments including Control

(CK, 0 kg Nhm™a™), Low N (LN, 50 kg N hm™a™"), Medium N (MN, 100 kg N hm™a™") and High N (HN, 150
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kg N hm™a™") were conducted in the present study. At the beginning and in the middle of each month, N-treated plots
were sprayed with NH,NO, solution with concentrations of 0 mol N/L (CK), 0.12 mol N/L (LN), 0.24 mol N/L (MN)
and 0.36 mol N/L (HM) respectively. The photosynthetic characteristics, biomass allocation, C, N and P distribution in
response to different N deposition were investigated in one-year-old S. superba seedlings after nine months. The results
showed that: (1) The trend of maximum net photosynthetic rate ( Pn,, ) of S. superba was increased firstly, and then
increased by 21.1% (P<0.01)
- LN and MN
caused the increase of LSP by 10.6% (P<0.01) and 13.1% (P<0.01), respectively. But the LSP in the HN was
significantly lower than that in the CK (P<0.01). The LCP reduced significantly in LN ( P<0.05), and Rd reduced
significantly under different N treatments ( P<0.01 for LN and MN; P<0.05 for HN). The apparent quantum yield (AQY)

decreased with the increase of nitrogen supply. With the treatment of MN and HN, Pn

max

and 16% (P<0.01), respectively. The change of light saturation point ( LSP) was similar as the Pn

were of no significant difference under the different N treatments. (2) N deposition enhanced total biomass, leaf biomass,
stem biomass and root biomass of S. superba seedlings significantly. The treatments of MN and HN induced the increase of
total hiomass by 168. 5% (MN, P<0.01) and 130. 5% (HN, P<0.05), respectively. Root biomass increased by
145. 6% with MN treatments ( P<0.01). N treatments caused significant increase of leaf biomass by 247.4% (MN, P<
0.01) and 228.5% (HN, P<0.01). Leaf weight ratio increased while root weight ratio and root to shoot ratio reduced
with different concentration of N treatments. (3) N concentrations increased, but P concentrations decreased in soil upon N
deposition. Under HN, the N concentrations increased by 44.65% (P<0.01), 35.06% (P<0.01) and 24.78% (P<
0.05) in roots, stems and leaves respectively. The C concentrations inclined firstly, and then declined with the increase of
nitrogen supply in the roots, stems and leaves. Furthermore, C concentrations of different organs increased significantly
under MN in comparison with CK ( P<0. 01 for roots and stems, P<0.05 for leaves). The change of P concentrations in the
roots appeared positively to LN and MN, but negatively to HN. However, P concentrations in the stems and leaves appeared
negatively to N deposition ( P<0.01). To a certain extent, N deposition induced the decrease of C/N ratio and the increase

of N/P ratio in the roots, stem and leave of S. superba seedlings.
Key Words: nitrogen deposition; Schima superba; photosynthetic characteristics; biomass allocation; CNP distribution
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e XoF LT 93 11 37 5 W v TG — B0 AT X 5 S A AR 3500 & AR AR B UIAHOC H TR A

AA0f (Schima superba) 2 ILIZEFL( Teaceae ) I H 4R Tr A, J2 T ] WE IS H 2% ) AR %) 32 BE A E Al [R]B ik
SER UL R I AT AR R, B BB O HOC RE 5 B 2R AR e, LA B ORI BT, S A
HAE KB, FERETE T 5 S DRI A S BRG] A A2 3 ) it AR T i R R R IPERT . A
3 o) A ME LIRSS S AT BT TRERT AT G DA FRRE AW B T SN FZRE C N P S = A, PR R TR
50T AT LI PR SR, SR A A0 R TR X A fr 40 1 B4 52 i 4 (AL AR AR Al , A 7 TR 384 i )
5 50 T WA AR WA BRAR S AR S LR i e 55
1 #R5FHE
1.1 WFFEHL A SR MENL

ARSI A T A LU A X SEBGFEHE (26°27 N, 119°127 E) ¥E4T, 1ZRE M b 35730 ) 8 [l 3 A KRt
K SR 1ZH X OB ZE XU, AP AR 19,5 °C L AR H BRIFECH 1959 h 45 F-BR%
KR 2152, 6 mm, K EELEFLE 3—6 A, LI 5—6 A A £, 2012 448 MR UT 2 R D0 B
91. 06 kg N+hm™ a™ (TZEHE H A LR S~ I S 340 L AE 25 ) R A S = 1 B 3 b fit ) |
1.2 SCEARHRISE R T

1 AEA H RNV — 20 (BRE7(25.98+2. 12) em, HEZE(2.86+0. 12) em) FYARFT &N i A i v B4 F AR
FRRAFISEAE, FEh GO 2UHE kb - RSN 1 Z R 2t e 40 IR ST TR EE 0.35m, B4R ET 498 Je 4l
MR 2K e RS R LR 1,

FEHE BT AR 33.5 mx10.5 m, #EAEHL ST 8 8 MRS, B FE DT T A 8mx5 m, 14043 4 AEFE, 4351
7 CK(0 kg N hm™a™") LN(50 kg N hm>a™") MN(100 kg N hm™a™") HN(150 kg N hm™>a™") (LI ¥R
AFERAUREM A L), B 2 FETT AL, B kA B2 B3 B T4, BT i1 2 PVC Al (K 8
m 5 m 5 0.6 m, ANEK AHR) Bk T LR (REHN 0.35m) I BT ZEEA 0.5 m SEAYLiE,
2011 4£3 H 25 B K4l e i T 5050, BREE 30 em , A7HE 35 em, BEFE B AR D110 300 ¥k, FIAER R 7.5
Fk/m®, 2011 4E 7 A AR g sG ke e, A St BT BIRE . 85 AR 7 BRI 75 19 NH,NO, 3% T
SLKH (AR M A K EEAY TG B K B 3 mm) , LUR W A TE 2 1) AR A 4 i pR et , N R B2 0,012
0.24.0.36 mol/L, B H AWIFIH 45 1 I, 24E 318 24 S50 -0, Xof B b PRSI [R] AR 4 i i K, A4S
SCHGHAIE] , DA AAR A T A (B TS A R4 T, B H PR 2 Wk, iESE N VIR FR 9 M H G, T
2012 4 4 A GRS T 4 L B I A

F1 HIATERYEBBRNNTESE

Table 1 Element contents in tested soils and seedlings before test

Ab¥ 2%/ (g/kg) 2%/ (g/kg) 20/ (g/kg)
Treatment Total carbon Total nitrogen Total phosphorus
R 433.12+3.45 3.49+0.21 1.69+0.03
e 458.78+6. 89 3.23+0.34 1.20+0.02
iy 480.33+8.89 10. 68+0. 87 1.12+0.04
+3% 5.55+0.76 0.56=+0.01 0.67+0.02

R NER N E L FRIEDR =6

1.3 Tk
1.3.1 SGEAED G 2 it il e

F2012 44 A2 HE4 A5 H9:00—11:30 ] Li-6400 fH #6418 H £ 48 (LI-COR, Lincoln , Nebraska,,
USA) P& T sm-Sama i th £k, RENRE 7 e B 2 AR OR o7 , B R IS i AR AR b0 i v ig B il i X, 2
AL 4 BR 4 A FRA T 16 ARUR, BN 1 Yk, A 4d, SEIESY LI-6400 £13 LED SGE,
CO, %N 380 wmol-m s, 25 HH A 500 wmol - s~ IEFEHIAE 25 °C, FEA[EDEA ARG S %
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( PPFD 435124 :2000 ,1500 ,1000 800 .500 ,300 150 ,100 .50 .20 F1 0 pwmol - ms™") T 5 A Fif (1 ¥ 64 i 3%
(Pn) SB35, JEm R i AR R A3 R AR SO R LA i 2k > Feak R F .

_1-Bl
P(I)—a1+y[(1 Ic)

K, a By J 3 AN EIERICCMREG P(D) HELE R T A ARG (pmol -m™s™) | fe SAEHME AT
(pmol-m™s™) , XA RIATIA TR IR KRGO G H R (Pn,,, ) FRWEFROE (AQY) SGIEA A
(LSP) JEAMZEL (LCP) B EFIGHE % (Rd) 6550,
1.3.2 AEYEE

TR I 2 MR, B AE 3T 4 8K 4 ARSI REI 16 SRIRIEAT 2 MRICGIR . SR AR 7K o
Ve, 105°C T2 /N 76 80 C AP FHLT 2 aE AR FMIER 25 A etk T8, AR E (IR T
s/ v TE) EEI(ETE/2WTE) HE(FTE/2TE) FE (R T 5/ E3 s TE)
1.3.3 fHfRS 14 C N P SEAE

W AR RN E 58 5 W 4 AR 25 BT RS i Imm fLAR AT . F CN JC K 43 74X ( Elementar
Vario EL Il , #8[%) RKiE C N &8, P AN E R ISR I 24 (VR AH PR ANV & SR ) - SRR b b (i

SRR BEARE DT B ATREE N 15em 19 AR L — MR A B4, BB PR T 3 6 MRA L FE
M WP 3 1mm FLARAGIE , £33 CN (9002 TR T ( Elemeter MAX, 8 ) 2 , +38 P (90 5 J7 ik
SRR
1.4 B 5t

HAESE AW CNP S Re8di R IGE A0 SPSS 17.0 43#T,

| | | |
500 1000 1500 2000
AR PAR, / (umol-m2s7)

FEWE | O CHESR IR DGR A S P PR R ZE2 T

FEREHE, BRE 1 BT LIE 1, 65K T 300 pwmol -

m~ -7 B AR X R AR B & R AL B Pn 35K R R Bl A AR S R

Ry b RN B Pr KRR Fig. 1 Photosynthesis light response curves of Schima superba
£ 2 MEANTF R T ARMYE A FHE, TTLL seedlings under different N treatments

K B AU 38, P, BT & G REAR

pEaS AEH AU R IS B R KAE, SRR L, o S AR I I T 21, 1% (16% , 25 5k W 3 (P<

0.01), SR, AFEEAEFEELE T AQY 227 A W35 (P<0.05) , SXFHEAH L K B AL B LSP 4338 m T

2 ERSW
2.1 AU ARG A A B 5 , —a A o (R —a— R —— B
P 1 S AT &)y e e AN ) B A B Slam iy th 28, G A 6 //%Zi:‘—*\\g
AL I A B, SRS
0—200 pmol-m™s™ JLHPIHT 4 FpEALIE T HoAR L RE 3
B Pn JUF- 22 BEE DGR AR, Pr A3 §\§ ?
.
2

R2 FRBALETAEGHELEGHESE

Table 2 Comparison of photosynthetic parameters of Schima superba seedlings under different N treatments

b3 FWHIA TR0 RO SN £ DM R I O A
Treatment AQY/(pmol-umol™) P/ (pmol-m™+s™") LSP/(pumol-m™+s™") LCP/(pmol-m™+s™")  Rd/(mmol-m~2-s7")
CK 0.03120.002a 5.250.06¢ 982.12+12.11b 16.56+3.00a 1.3120.04a
LN 0.03=0.004a 5.420.04c 1087.03+5.98a 8.68x1.34b 0.8120.08¢
MN 0.03220.0003a 6.36=0.05a 1111.09%9.01a 11.45+1.78ab 0.8520. 04hc
HN 0.03420.0004a 6.09=0.08b 915.64+7.81c 12.42+1.00ab 1.0420.04b

F VB R Y AR AR n =4, R FREF R LSD Kb 4s 4 (P<0.05)

http ; //www. ecologica. cn



53 FA AR DIER T ARG S E R BT C N P MBS SR 1573

10.6% 13.1% , 22530 B35 (P<0.01) ; i@ A ST LSP 17 354 T Uk 31 % b A 381, o b St 3541 T
HEARFE (P<0.01) , LCP BYZR LS YEAR A fi AR (b SR ], FE R [R) AL B A5 AE T 1 LCP #IK T % iK
L FEMREAN LT LCP WE TR (P<0.05) . ARIEAFE T Rd #AK T X5 B8, 72K P RALFE TR Rd 53 31 R
X7 38.2% 35.1% , 22 5 3% (P<0.01) s TE R AU T Rd FER T 20.6% , 227 3 (P<0.05) .
2.2 FUTREX] Ay i B K oy e i 52 )

3 GEREW  EARFE AT, A MY B B A RFE RN RAE . 5% IEA E, TP A B R
A EIEINT 168. 5% , 22 5 B 3% (P<0.01) ; m 2B T B4 E N T 130. 5% , 227 8% (P<0.05)
AR E KA, AU TR 25 AP i, b 23T R A A ) & Lo BRI T 145. 6% , %
SR (P<0.01) . EUIRERAE— @B L IF T 254 Py it (G, A2 AN ) 0 A 280 1) 25 A ) o 2 S oK ik B
WEKF-(P<0.05) , [RIFE, RUTKEARAEUE T kA= Wy 0 38, 7 L AR BE R b A= 4 L X BESE 17
247.4% 228.5% , 2 533 (P<0.01)

R3 TRABRLETAEHEENERRRESEELE

Table 3 Comparison of biomass accumulation and allocation of Schima superba seedlings under different N treatments

LS e i

Ab B o RE L o Exilaa o i M b BAYRE/ g

Treatments ﬁi%m/g Root weight i%m/g Stem weight ﬁi%m/g Leaf weight ~ Root shoot ratio Total biomass
Biomass . Biomass . Biomass .
ratio ratio ratio

CK 2.81+0.54h 0.32+0.03a 2.55+0.64a 0.29+0.04a 3.40+0. 12b 0.39+0.05b 0.47+0.06a  8.76x1.25¢

LN 4.45+0.69b 0.31+0.01a 3.31+0.68a 0.23+0.02a 6.45+0.51b 0.45+0.03ab  0.46+0.02a 14.21+1.88bc

MN 6.90+0.48a 0.29+0.03a 4.81+0.93a 0.20+0.02a 11.81%1.8a 0.50+0.02ab  0.42+0.07a 23.52+2.84a

HN 4.28+1.01b 0.21+0.01b 4.74+1.25a 0.23+0.03a 11.17+1.82a 0.55+0.04a 0.27+0.02b 20.19+3.84ab

TN N T HE L FR AR n =4 R F R LSD #3645 (P<0.05)

M 3 G5 IRAT LU, RUCREXS A Yy W 43 Be L 7= A 152, BEE RO A3 m AR E il 1T
R Fa A, P e B VIR K R MR L 5 R (P<0.05) , AR RUALBE R A9 25 5 FL AR T X B8 (H 2 R[]
b PR 25 I AR B KT, B EUTRE S A 3G, 0 B R BT RGN A R A A T R R A B R
HHHEINT 41.0% , 25 0% (P<0.05) . Rl R DT ARG 0, AR 5e L 30 5 A1 iy e 24, JHG vl vy ZRUA 3 A AR
7o L 820G 0 BRI R B AR EE (P<0.05)

2.3 AHUIFEX LI RAEYIARFEZRE C NP &85

T 4 T LUF Bl R DT KRB, B3 C & it S5 5 AR 5 7 P RAL BT A R
B, 7E AT, C & B EH N (P<0.01) . BTG T L N S miFEl 1« e ny p &
AT R AL N E Ak W (P<0.01) 1 13 P SR T AL R B FRR(P<0.05) , A
AR BRI SRR (P<0.01)

x4 FRRLEXNTEATESENHIE

Table 4 Effects of different N treatments on element contents in soil

SbFE 2/ (g/kg) LA/ (¢/kg) LW/ (g/kg)
Treatment Total carbon Total nitrogen Total phosphorus
CK 5.70£0.04b 0.53%0.0lc 0.65+0.05¢
LN 5.82+0.07h 0.64+0.02¢ 0.570.02bc
MN 6.92+0.07a 0.83+0.03b 0.50+0. 03ab
HN 6.82+0.10a 1.09+0.06a 0.420.02a

R NEAR N A LARHERR =6, AR THREFR LSD A ER4E5H (P<0.05)

B2 A DR BRI AR 25 i rh s RS A C/N NP HfEsZm . AT DUE Y BR TR T Y
ZE R N SR ESAR T IRAN, RS AR E R N S RIS A BT X LSD KSR A R AR, T A AL
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Fig.2 Effects of different N treatments on element contents and ratio of C/N N/P in leaves, stems and roots of Schima superba seedlings
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