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Effects of simulated nitrogen deposition on elemental concentrations of Schima

superba and Cryptocarya concinna seedlings in subtropical China
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Abstract :Effects of nitrogen deposition on forest ecosystems and plants are of global concern because nitrogen deposition is an
important aspect of global change. To clarify the effects of elevated nitrogen deposition on subtropical tree seedlings of Schima
superba and Cryptocarya concinna, which are dominant in subtropical monsoon evergreen broadleaf forests in China, a
simulated study was carried out. The experiment included five randomly chosen treatment plots, each of which was divided into
three subplots. In every subplot, we transplanted 40 seedlings of each of the two species. From January of 2003, we sprayed
five levels of NH,NOQ; solution: 0 (control), 0.12 (T;), 0.24 (Ty;,)» 0.36 (Ty5), and 0.72 (T3) mol » .7} to the five plots
respectively twice every month, equivalent to the nitrogen deposition rates of 0, 5, 10, 15and 30 g * m % « a "'. Soil nitrogen
availability increased greatly with increasing nitrogen additions, however, soil pH values decreased. Nitrogen addition
significantly increased the nitrogen contents in leaves, shoots (including branches and stems) and roots, but decreased the

contents of P, K, Ca and Mg in leaves, shoots and roots. Nitrogen storage per seedling of Schima superba in all plots except

E4TA-BEXRARKMEES WD H (30270283): 7 A E AR EE S WHIW H (021524): FEH ¥R AR H TRERKRTE . pEA ¥
BREFEYHRFTAKESRHTE

R B #: 2004-03-06 ; #1T B 1§ - 2005-03-20

EERN . FEFEAI~) . B.MEEEAIAN ELE  TENFRRAEHR.

* @IRFE#E Author for correspondence. E-mail :mojm(@ scib. ac. cn

Foundation item: National Natural Science Foundation of China (No. 30270283), Provincial Natural Science Foundation of Guangdong (No.
021524), Field Frontiers Project of CAS Knowledge Innovation Program and Director Foundation of South China Institute of Botany, CAS
Received date: 2004-03-06 ; Accepted date;: 2005-03-20

Biography:LI De-Jun, Ph. D. candidate, mainly engaged in environment science.


http://www.cqvip.com

£ 000 http://www.cqvip.com|

2166 £ F % 25 #%

for T; plots was higher than that in control plots, with the highest in Ty, plots. Nitrogen storage per seedling of Cryprocarya
concinna increased with increasing nitrogen addition for the dose levels from control to Tjs, followed by a decline in the higher
treatment levels. Nitrogen treatment also caused increased ratios of N / other elements in leaves, shoots and roots of the two
seedlings.

Key words:subtropics; nitrogen deposition; seedlings; nutritional status

ERELTES AARHRE LEAFEANFERARERVEAREESFARES A SHR T XENELY, SRR
Y TE RS R B e MK IR AE S R G TURE L INTERR B & HOW A Tolk &3k 69 K BT ABiT 25 kg « hm™2 » a7 '), fE =5
RN MAE AR FEN RS BB 50kg - hm™? ca” ' VHSM K FEFHT 100 kg « hm™? « 2B E X BRI,
LR RTIRER LA AKFEHEM T 10~20 5 . RAMELSFLZBRHEHRMA, AUIRE MBS E SRABBE, EREMN—&
WK, B C &R FERAKSRAESRERBEN AESHERRT™EORED, bl . BWEAHEDEK . “EESHK
FEAER B SR YA R L B R ZRARBR IR R 51 R AR TS B G 1 KASHERAY NO 30, M i B iR = e,
BT REFEMNESEFIL 200 RRATENBERERESRENBEYWERAT THR BT ERTRRES RS
MR RERD . B THRFFAOERE SBEEENLEEFRSSBEERTEZRD, 0. XS HREHFHEY
ARFARZERE, MEZHMEFRNBE SR, ARSI EMETEAENTRERSESRAFEAEYER £ ELE:35
2+ R AR (k FIBE K £ B BH B T A0 T A P RE K o X A A KR FE

BL L RECENEAZKRERAABRRZ """ SR FESANERS, L 2F KR NKIL =AML g R
W B RBRIE 1989~1990 4E B M 1998~ 1999 4F BF iy FE /K RUTFE S H1 %9 35. 57kg « hm™2 « a7 '#1 38. 4 kg » hm ™7 » a 71013141,
BRITE LR E SIS KRR 12.9kghm ™2 » a1, SR FHETHACEETEREEREYNENE R E
(#95~8kg+hm 2 +a ™", BHABME . BERXTEMNRTERRS . EIRUENEYDEEARN - AMMRET 3
HMETAFEATEAENMOYELERK (BEREESMEAERAMERR AR MmE AR RESEME
B A SOk R E A R R R S N RETREENI NIRRT AR ER A MNERTE
THERNRGERLRPARTERRBSF,

1 #HEFAEE
1.1 HHER

AFRESZBILEYERP XH#T., RPEEFTRKEF KL 112°33, 405 23°10' , B TR EXESIE. FLEH
BRI 927mm, K4 750 EFE3IHFISH 12 ABIRE2 AN L 6%, FEHHENBERN 80%. FFHREN21.4C &
WHAABMEHRHA T AR MFESBESHN 12.6 CH 28.0C, £ K AHEH 294 655M) » m™° - a” L AEE B H BATH
M1 433h?, HEHRALEZERD S DR EREER . TE L AN A RO TIELE--,

BTIRVHER, EEMRARSIGRES™E AAREREHAMNERE M EMX . G 1985 F 1990 4., K E Mk
KpHEZETR . FNERPEZRE LT, SHLFTEMERBRYET AEBHERABE I TENHK Z —,1991~1997 4£
(@K pH MEMEHRTEEFHKE" . AEMTH EEHSL 1989~ 1990 4 F F 1998~ 1999 4F HF (I K E LIS B %
35.57 M1 38.4 kg *hm™* ~a L, b FL&EBAKRE M,

1.2 ETRRIT

TERHEBCTEL— LA BT UERRAE AW B M EA 22X 23 m?, LEETH T ERE SRS FEE 30cm,
R4 55 B s AR BMEFEMR 3. 5X23m’ B2 EEAEHEAHEAKE. 2002 4 10 A 25 B M ERRL K
BHBE LR NE BT RMBERIESEN | FEYEBHEARE S, BREE 30cm, 1T 40cm . M TR B R ERHE 120
B3 ANEEENEFD. 5 DREF BN 5 MEHEKF,BD Control (3 BE) (T3 Ty T Ml Taoo U FABEMEE W NFEHLIR
B. A2003F 1 ARK . BMHAMHARMA RSB KE 5 DT 48 KB NHNO; 8% . K E 5510 0.0.12,0. 24,
0.36mol « L™ 0. 72mol « L', G K S AL IF M 7E 10L 8 % /K o A3 =X it 55 2% M08 it . %o BRURE 7 W e S 0 ) 18 O /K, 3 [B1 B i &2
KRUEHD ST EFENEARITRAIEESJHY T 0.5.10.15g *m 2 »a 'M30g - m % »a ' GE . AEFEXNRE
HERS ., BMLRHE . SHEEREFTERK . BRTLRAMA#T.BARE K.

AFRRITFS (OB YSEE TEHIBRARKETAR RTERLS AN TR HRTLFEMERRTIRES S HE RN
M RBEERER R FTHARTE HALETIRMESR BHOFERKAER. DEL T HMOEFAZWE, D
X 4 AT 2 B B NH,NO;s, JLF i MM AR EH RS EE + XN TS L SR A . MLk £ KRS RIMEST 4
WHEmEERERTHEE L3060, N AR LUR TR 5 LR,
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1.3 TRFH®%
+HEESRE 20034 11 AL.EENMEFPREEFEEN Sem MAEAR—MRELH. SMEF L 3 MRS LR,
DB EERE.ZERT . B8, 3 2mm LEKMR, AXRE pH MEH P. EEAMERAKCIRE— R E LA,
WMARWMERAKCIBE.ERBLF - ERALBA AR, ZX P NERAQSN LAY ; A pH 3H0IE pH EP,
MRS FELIAE +TERESREGE . BEXEPRES. EEMLHEETN3MERECOMESF BEUEE 3R, 21K
g, M ESHKS ER . IRKENBGAABRKEZGOCHTEER . ek FTEURYT K THRTE. 25,4
BB EIREEYRES BB . MENBETOCHTEEE. 2ANERAYRE 2RI ERAHSAL AR,
K.Ca.Mg 1 Mn Ml E R ABETFRE S EHEXET], SIHEPERRSRAS X AXRELERYENTESTERA.
1.4 BUEBGH S
HEMATEHY B THRTEXHESENEASESI AR ANENSHEALEZAN S EYERELS
X, AEHMER TERENTEZY., £BAESEEHSH R A Duncan REE W . it X SPSS10.0,
2 EREaW
2.1 TEHR
HEITH AR ERAETIRMNERASE B4 KRNt RER A SR GARN AR, T To Tl Tk @
HAMTHRNASES NN EXN BN 1.85,2.84,3. 95 f5H 4. 18 %, K& ,NH-N 4 S &3 B 1. 46.1.55.2. 12 & fn
2.95 1%, NO; -N 3§ R 5T FE#Y 2. 0.4.2.3. 84 151 4. 67 5, 1R, 8 pH HAELA B K FHME FREBE HF T TomE
FHEMBEEREE(H<0.05, + WA PEARERTHIZAREHEER.
2.2 HYFRSTRRA £ 1 HGEZM . EK P pH
2.2.1 3%5}@% Eﬁxﬁpﬁ#ﬁg@ﬁ%&ﬁﬁﬁﬁ:ﬁ N 4t Table 1 Available nitrogen, available phosphorus and pH in soils
HMUEESEEA-—TBELRBRTARRETHER. (means with S. E. in parenthesis, n=3)
Mg 2 THL HER RS AR TESREA K. Ty NHIN NO; -N P

. _ N Samples  (mg/kg) (mg/kg) (mg/kg)
ERMAEMETRMR HEARTBYRAATS>HT> T 6400 250c 1.08(0. 910 14.22(1. 60) 5. 16(0. 03ra

5
L Ts 2.40.06)  8.2(1.88)bc  15.94(2.16) 4.88(0. 14)ab
MO S ENES R R R Tw 2.54(0.24)c 17.15(3.96)ab 15.84(5.21) 4.88(0.09)ab

3. 4

4. 4

pH

AL KR SRR MR R R RIS 1T L RO e e o
MR T BETYENHASHENESEHRIA L

HEEZHTXWHEOGPp<.05, AU ERENE S BIBEL
HKFRMEMmAS. TA ALHHARENTHAYEREN
RESE.

RN EEAFRNAHANBEBEOLAR SHEHRENESERSLB S BARLL AR KRR X B mT
138.88% » HIK AU (58. 36 %), &% FEP A M K B /N (54. 30 % ) s MR IEE LN IR T KB K. L X EB I 123. 21 %, Kk
AMC117.96%) , At B/ (36.72%) .

SREBTA.AMASIEFHSGERNMPK.Ca Mg SEBERTHRAREH BELEMLNBELRR,  WHNEES
RED.PHKTESBAERMNYEES TP LB RN ALK MK Mg & 8. BRE A A SRS E YL
BKFHEMMTRE. Ca SBNAEREREPEEATRAD MHEREXETAAMAASET . Mn SR UNEEREEER b E
TR ER (p<<0.05),

2.2.2 REAMEFRTEILE BRI . ALHSIEFHYET BAIRPRASHEMEFR TEMERMWE D, BTHA
BT+ N/K.N/Mg.N/Mn #ift ¥ N/Ca.N/Mg.N/Mn R EREZERPH N/Ca b 5xt B MMM K TELER RS
HENERNS FAYER EREREY BT AR TN SHAES TR EELHEF SMBEFHNERY K REEK
SFE(p<0.05),

2.2.3 AVEERSR MNE2WLUES BSHOGEAVE AU T ISR EREEEYEU T HEFRA AENEY
BT X BT, f Tkt H (p<<0.05),

FARISBERECER . FIAT R BB A/DAFEH Tw>T:>Control >T; >Tw JEFR T Z AN AHENER B TEE
KR A Tio>Tis>Ty>Control >T, Bk T B F BEEB T T, B H(p<0.05) B5 T, M T HEFHUERAEE;
BB R K/PFEFHN T1o>Ts>Control>Ts>Ts, B Ty '5 Control \Ts il ToZ M1 B8 F (p<<0. 05), R EZ N 4
MR BB B K DIRF K Tis>Tio>Ts>Tw>Control it T REFH A AT BRBER FXE. T, M Tk (p<<0. 05) ;8

Values followed by different letters are significantly different

among the treatments (Duncan’s multiple range test; p<C0.05)
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?ﬁﬂi%ﬂ‘]ﬁd\ﬂ[ﬂ?ﬁ T1s>T1o>Ts>T;>Control , T; BEBH T T; M. 5] L. AT HARFHRACEHU T, HHFR
Ko Bt BB L 93.26%,97. 01 % F 178. 20%, T 1A Ts 2k Tt /AN BREREM BEAMRFHEALEHU TR &
KL AR EL X B R R 101, 38%,164. 07 % #01 71. 83% , Wi LAXT R EE T & /1N,

2 HEH . EARFLSAR(mg- gD

Table 2 Nutrient contents in leaves, shoots and roots of seedlings (mg * g~!, means with S. E. in parenthesis, n=3)

¥ J5 Samples N P K Ca Mg Mn

TR M H Leaves of Schima superba
Control 8.79(0.66)b 1.04(0. 06)a 3.81(0.17)a 7.22(0. 36) 2.38(0.14) 0. 48(0. 06)
Ts 10. 23(1. 82)ab 0.70(0.06)b 3.39(0. 31)ab 6.98(0.10) 2.32(0.14) 0.35(0.07)
Tho 9.83(1.93)ab 0. 85(0. 08)ab 2.85(0.12)be 6. 08(1.03) 2.05(0.17) 0. 29(0. 06)
Tis 11.22(1. 57)ab 0. 88(0. 07)ab 2.47(0.08)c 7.25(1.01) 2. 48(0. 24) 0.44(0.03)
Tso 13.92(1.39)a 0. 91(0. 08)ab 2.34(0.31)c 7.09(0.57) 2.49(0. 21) 0. 47(0.06)
HREFTHEN K Leaves of Cryptocarya concinna
Control 11.33(1.63)b 2.87(0.92)a 4.67(0. 60)a 7.49(0. 54)ab 2.71(0.16)a 0. 25(0. 05)
Ts 9.72(0.048)b 2.00(0. 37)ab 3.66(0.57)ab 7.71(0.65)a 2.57(0.10)a 0. 17(0.03)
Tho 15.16(1.02)a 1. 71(0. 12)ab 3.10(0. 58)ab 6. 22(0. 60)ab 2.10€0. 10O0b 0.23(0.03)
Ts 15.30(0.91)a 1.13¢0. 11)b 2.73(0.32)b 5.90(0. 38)b 1.99¢0. 11)b 0.16(0.02)
T30 15.49(0.76)a 1.41¢0. 100b 3.94(0. 61)ab 6.17(0.62)ab 1. 82(0.27)b 0.15¢0.01)
B AT shoots of Schimu superbu
Control 6. 74(0. 35)bc 1. 41(0. 15)a 2.62(0.07)a 14.64(0. 48)ab 1.67(0.07)a 0.13(0.01)
Ts 6.46(0.42)c 1. 15(0. 08)ab 2.34(0.01)a 16.16(0.67)a 1. 52(0.05)ab 0.11¢0.02)
T 7.12(0.76)be 0. 84(0. 05)b 1.92(0. 16)ab 13.71(1. 29)ab 1. 15(0. 02)¢c 0.10€0.03)
Tis 9. 23(1. 60)ab 0.96(0. 21)b 1. 94(0. 20)0b 14. 41(0. 86)ab 1. 30€0. 19)be 0.11¢0.02)
T30 10. 40(0. 55)a 0.92(0.12)b 2.27(0.071)b 12. 85(0- 46)b 1. 45(0. 05)abc 0.15(0. 02)
HREFHEHKE T Shoots of Cryprocuryu concinnu
Control 5.3000.52)c 2.53(0.55)a 3.45(0.19)a 4.64(0.79) 0. 86(0.05)a 0.05(0.02)
T; 7.14(0.56)bc 2.05(0. 20)ab 2.32(0.16)b 4.54(0. 28) 0.74(0. 19)ab 0.02(0.002)
Tio 8.99(0.59)b 1. 67(0. 34)abc 1. 80(0. 11)¢ 4. 81(0. 16) 0. 53(0. 04)be 0. 03(0. 004)
Tis 8.93(1.39)b 1.13(0. 12)bc 1.35(0. 12)d 3.95(0.31) 0.56(0. 08)abce 0. 05(0.01)
Ts0 11.83(1.78)a 0.94(0. 14)c 1. 99(0. 08)bc 3.71(0.03) 0.4200.05)c 0.04(0.004)
B A4 Roots of Schimu superbu
Control 4.09(0.91)c 1. 82(0.08)a 4. 69(0. 24) 1. 58(0.42) 1. 78(0. 05)a 0. 07(0. 003)
T; 6.04(1. 46)bc 1.41€0.07)ab 4.57(0.41) 1. 66(0. 44) 1. 29(0.01)b 0. 08(0.01)
Tia 7.93(1. 21)ab 1.24(0.17)b 4.64(0.28) 1. 34(0. 34) 1. 57(0. 07)ab 0.06(0.01)
Tis 8. 70(1.27)ab 1. 29(0. 23)b 4.41(0.53) 1.52(0.67) 1. 33(0. 17)b 0.07(0.01)
Tso 9.77(0.33)a 1.19(0. 08)b 3.81(0.33) 0. 87(0.08) 1. 79(0. 09)a 0.09(0.01)
HREBFEHEHR Roots of Cryprocuryu concinnu
Control 4.90(0. 78)b 2.24(0.45) 5.76(0. 36)a 0.77(0.29) 1. 29(0. 13)a 0. 08(0.01)a
Ts 6. 33(0. 70)ab 2.12(0. 36) 4.05(0.19)be 0.39(0. 24) 0. 64(0.33)b 0.04(0.02)b
Tio 7.59(2.84)ab 1.84(0.18) 5.12(0. 64)ab 0.65¢0.16) 0. 82(0. 04)b 0.06(0.0Db
Ts 7.24(1.89)ab 1. 49¢0. 17) 3.37(0.33)c 0. 55(0. 06) 0.69(0.05)b 0.06(0.01)b
Tso 10. 68(3. 30)a 1. 40(0.18) 3.23(0. 30)c 0.70(0.13) 0.67(0.17)b 0.05(0.01)b

Values followed by different letters are significantly different among the treatments. (Duncan’s multiple range test; p<(0.05)

HEREALE S HRA BB EKADE B ARG F 7 Control >T;>T 1 >T s> T B H : Toa>T i > T >T >
Control iR : T, >T3>T:>T,;; >Control JEENIZAIME S R EB EKE; BEEEEHE T A H . Control >T . >T, >
T:>To 8 3 MEFTHBE T Taw(p<<0.05) A& FH:Tow>T> T >T: >Control , T3 B & B F X B8 (p<C0.05) 4B K . Ts>
Control>Ts>T1w>Tis. 81 WL, RN E T B E7E& 255 5140 B b 5] L 5l 25 2 40 3B 7K T (5 188 n 86 b 40 15 14 79 /9 0 40 B2 3
BT 89 b A5 o 388 i, 107 43 e B0 A AY B R RE
3 itig
3.1 HEMR

FHREREN . FHAEMEL IR L EERASTEANE M. A AR A LSS ERL X 5TANTREE—
B AMASBEEMAMIUHTRARA A L HFEZRUAEELUNO; WHERM LW RME M TR+ R,
HECARKUENBRES BB SEM T ERARE. RBATEORMH EEER NHF f1NO; M ,80E X LML E#ER
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EE-21, HA 1mol NO; S ¥R R RIS AN =4 1mol M H B F,MEMALE P, 1mol NH #E N NO; B 0]
R 2mol H* BT, B 1mol NH; B RS & AR Imol HYEFM, ZHAF, T BHERR S pH EZHEBER
K, H e NHY -N & &5 pH AR RO —0. 914(p<<0. 05),NO; -N & B 5 pH {HHHH K F HHN —0. 938(»<<0.05) .
SR FRARESHERE N L8 oH HH TRATMEL NO -NB A BHEARE.

O Control TS Tio B Ti5 B T30

N/P
=
AN

=
© \..
=

N/Ca N/K

N/Mg

500 [~
400 -

300

N/Mn

200

100

#i K Schima mpérba H B E5HE Cryptocarya concinna

1 F#RGEM L. B ARERF N 5 P.K,Ca,Mg fl Mn § K.
Fig.1 Ratio of N/other elements in leaves(L), shoots($) and roots (R). Each value is the mean of three determinations.and the standard
error is given by a vertical bar. Different letters above the columns indicate significant differences among the treatments (Duncan’s multiple

range test; p<C0. 05)


http://www.cqvip.com

£ 000 http://www.cqvip.com|

2170 £ & % 25 ¥

O ™ Leaves B0 #{ Shoots M # Roots

—
0 o N
(=T — T

1

-
(=}

BHRER
N storage per seedling (mg)
N N
S S

[}

100%

w 80%
8
B8 60%
RE
40%
®E o
Z 20%
Control TS5 T10 T15 Control TS5 T10 T15 T30
A Schima superba HRE i Cryptocarya concinna

B2 R Ak 3R % PR AR R B T B R TR o B AR 2 () B4 43 IS i B

Fig.2 Effects of N treatment on total N per seedling and N partitioning among leaves,shoot(aboveground part without leaves) and roots

BERUEMBIELS AR T EEPTERENAR L. M RTBRARRERRES MEBR - LXK RIFEKEH
BE.EUEN T ERAEENSELXESEZANEMERRE.
3.2 HEYHELSLERL

EHRER, ALE - TR RAEEYENER XSHMEMRERE M, B—FH.A4Bb0E&5EHYE
AP.K.CafiMg SBBEMERAN SHMEFR TCEMLES N, RKIEEMMEEUT I FE: (DEAVEREMHBX Y8 TR
FAMAENSENRETRKEREAMSIBEEERER., 0. AR/ AVREAHTL BB REIREHEABYIER
B UEHAPHBES TRERA Y QOSBNATEERL LEFERMARAIUNO, RN LEF ML, 58 Mg? K™
M Ca® fERNO; MHBFEERFHEM PR " LEEFE AR T READ ORISR 59 005 % F 18, i i
ZHEY X B KRR IR S F I ESME R Ca? Mg®™ K™ R R -,

HELESIEASHMTRMENEREERENEL (@A D). MASHURANER AN TELERR. . MEREEESY
) LA o R P 28 B

HHEAEHRH AN SHEERTEZEAMEOXE SHYOERMRBEDHEEL. YEE —EEE R, &
Y KB RIF X — V8 E AT, B F2 B0 55 % 4 (nutritional imbalance) WA K RH X HARBIANESEHOETBRE
BAE 7= ST B M EBEFRFE S, Mohren -5 ZE 8 53 B A X L HEAL (Pseudotsuga menziesiO) B MET R B, 24 N/P ik F| 20~
0GB ETHTFTHET 10%. f£5 — A3 H 4 (Pinus densiflora) #7840 T2 49 32 % 9 . Nakaji % 22° % B0 K & Rubisco F10f
BRESBNBEMK SR N/P HEMEFEHRX(p<0.001), LAWK KM BMELMEHTHSE N/Ca #1 N/ Mg B it %
(p<<0.05), IR tEF £ EAH5 . Schulze ™ {AN \N/Mg THLGHAFERE X, A BEHRAEHSBRRSELEER ASHER
FUR A B0 R A 3t L E AR 10 AT MR BR AR TS 7 B AR AR SE T K

EANE T URBRESHNEYRERVETRYEERNNER TEMNLACRET  BAE ST BT ER A,
i KM A N/Ca/K/Mg/P/Mn B9 8 i& W {E K 33.90/20.97/9.83/7.07/1, 8 T 2H 71.2/137.1/19.2/11.5/8. 4/1, 48 % 132.17/
22.33/77.33/26.17/ 20.67/1, HRBEFEMN HF N/Ca/K/Mg/P/Mn B 5iE LL{H M 95. 63/36.88/17. 06/12.44/7- 06/1 . 8T H
178.6/79/27/11. 2/22. 6/1, 48 120. 67/9.17/56.17/11.5/24.83/1, AT W MM HFhHES EEXRE R EZELSE
AT RBUFRGE K XU LURGHERE .28 11 A MAIER R E R ZIWHER, &R EFRHR T4 &

WM HRTAEE T DB ERPARRIEER .
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