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Effects of simulated nitrogen deposition on growth and photosynthesis of Schima

superba, Castanopsis chinensis and Cryptocarya concinna seedlings

LI De-Jun, MO Jiang-Ming" , FANG Yun-Ting,CAIl Xi-An, XUE Jing-Hua, XU Guo-Liang  (Sewth China
Institute vf Botany, Chinese Academy of Sciences, Dinghu, Lhaoqing , Guanpgdong 526070). Acta Ecolagica Sinica .2004.24(5) 876 ~K82.

Abstract: To evaluate the responses of subtropical forest trees in China to elevated nitrogen (N) deposition, we sprayed
dissolved NH,NQ; on seedlings of Schima superbu, Castanopsis chinensis and Cryptocarya concinng twice every month. The
simulated elevated N depositions were equivalent to ¢ (A), 5 (B), 10 (C3, 15 (D) and 30 (E) g N/(m? *» a) and began in
January, 2003. The results indicated that stem base diameter, height and hranch number of seedlings for these three species
increased significantly with N loads, whereas they decreased in the high N treatment (E). Medium N treatment enhanced
growth significantly, e. g. , stem base diameter, height and branch number of all species were highest in C treatment. High N
load also had great impact on seedling mortality, e. g. , the highest N treatment resulted in the highest mortality in all species.
After treatment for 7 month, net photosynthetic rate (Pn) increased in treatments B and C, however decreased in ). Water
use efficiency (WUE) of both 8. superba and C. chinensis, and stomatal conductance of C. chinensis seedlings seemed to change
with N treatment in the same way as Pn. However, the WUE and stomatal conductance of C. concinna and stomatal
conductance of 5. superba seedlings were not affected significantly. The chlorophyl! and carotenoid content of S. superba and
C. concinna increased with N load. For C. chinensis scedling, the content of Chl a2 and Chl (a4b) was highest in B treatment,

and then seemed to decrease in the higher treatments, however, the content of carotenoid increased load up to the highest N

load.
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ERAEILTFED AR RE R EFEMERAERLEACEESAREIMASERT ABHELY, B2 L
Py e RS BB ) i b A KR AR S R GE T RR T A0 R KO B 0 D b & 5k A b (X IR AR I 25 kg N/ (hm? « )V FE =
BRAMXME =, FHRFETHHE T BELL 50 kg N/(hm® « 2) FHEBREFH T 100 kg N/ (hm? - IFL X BRI,
YA REREEAEKERM T 10~20F, A EELFREA2SRL . BEE N ERE RAEBE™. EREW -
EwR AV ERTFEMBNASESERERRO . BETHREFRTENFHD . K . BREKEDE K, "EES
FHEHAER ERUEREDHRNEEE HERARBE AT RFREERE MRS HERN N.O #im, AR X
R, BT AEEENES¥ERE 200 FR BB S BAESERANHEDHOREMET T ENEANDLE.

FLERECHIMREZAEANBREZ - FEHRAERETIERS . M d 25 5 E0%IT = AW I0E 5%
i 5 SR 4R 3P X 1989~ 1990 £ 1 1998~ 1999 4 AP K T2 920 35.57 1 38. 4 kg N/(hm? « a)/® B4y g JL 1L 2%
HEC G K BEILER 12.9 kg N/(hm® « )", AUFFHETERTHETEMRELE KRBT HENERE (A 5~8
kg N/Chm? « adU BB R B FENEEMREES, A TR ERE TR A % LAERBARFNHE, FREE
LR R Iy A K-S ReEm, B H A R &1 M TR 5 W AH FEAED R R A, LR A R TSI &4 T
7 S A PR A A ol A L A B T AR B TR Eh AR p
1 #RMA*X
1.1 ELEHMHE

2002 4 10 A 25 H ¥ K (Schima superba) 4k 5 (Castanopsis chinensis) ¥ #& B JBE 75 8 (Cryptocarya concinna ) i) 1
EHERTHAMLUMAENSERY. THLHNEBRYEZHEIEDIRS. ZBD 5 MEME, 54905 AGHEB) B
g N/(m®+a)),C{10 g N/(m® + a)).D(15 g N/(m® » a))HM E(30 g N/(m* « )V (ARBHEAKTBRNER), S MCHES R 3
TEE.BTEESAHEBER 0 6. TRLHEZESH EBFEAEN . BFIFHE X AER T, M 20034 1 AFFE. 48 H
PR KA 2 WE S8 WM NHNO;, 2 F U0, B LRYE. A8 ESRAGFER AN T SRNF T, 4
ABE 1K, |

it a (DBGEETHABREGTARK . RABRPANTHR., Hei/LPA S WENERET O ER Y
HMEHRELEER TR AWM PHTHAR TR, AA YA T REER. BOEERANSE RS TEAEFHEW. (D
SN AT 2B NHNO L F A NHAXTRABER AR ERREAT RS TR Y T HBE  WER E AR
HREMETAERTHEED EHES M, B AT LUR T 8 5 S BRABAE.
1.2 LRFTHE

ERAENAREAE RS T ABNE I EE T . BEIEE 10 B RIC. A 20031 ARFKB. R 3 MANE X
WD MER BB Q AR ENHEED.

GETEREE 2003F 6 A 11 HeEAFEESHHNFEEN AENHEET LRAFNR ST,

A SEZBRNE 2003 F 7 A 28 H (B AXECID A F4E =8 C1-301 @RS EANESCETNE. BRAKRES
il Eﬁﬁﬁ%%ﬁ?@fﬁﬁﬁ$(Fﬂ; (molCO,/(m*® « s)), BB HER(E, mmol/(m? » s . KB F(C, mmol/{m? « s))FH H[F
CO MEC:, m/m*)F, M7:00~17:. 00 BB 2h ME—X. NENREZBFRBWAET A . 8/ 48N ES~6 M EH.
HTELBANYEHRARGERR, BERIATEHH BHEFNERH HSETHE, U Po/E B KD H R &
(WUE),

KEARSRIUE XEERMES RHENMNEHYHAET,AMNNELEAESR. LSCENAR.MNENHES
# Lichtenthaler F#F1£ . X ¥ Chl,Chl a.Chl b,Chl (a+b)fi Car F B E RN FEE HEBEa. HEEDL B Mg EMEHEY
ME. |
1.3 Zitair

KA ANOVA JTe o T AL BN 3 # E A K AR SfE OB . A B E A0 2 5 B E 1M AT SPSS $k £ 1) Duncan £ E #
WL
2 ERESH
2.1 HE4EK
2-1.1 ER RBUMEE 237 1PANER, RAEX 3 M ENERS B AMAERY 4w, (B AR R .25
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BEOA—#HF, HE 1R HEE A AHEAB.C.DREMNERGHEMWERE T HipWEEN L 1 AREKT 70. 1%,
82.0%.99. 7% .70. 1% A1 61. 0% , I B EL B QI T 76.9%6.98.3%.,138.9%.105. 7% FI 68. 4% TR C HPYLH
EREFEEFBMDAP<C05) . WEEEFALHP<OLO), MEAMNMEERN B FHMELE(P<0.05), FHC
HMGHARKBERF MEANSEELCEZB THRNNE, SRETES LI AEHRM SRR T 40.7%.47. 5%,
61.6%.49. 8% F 36. 7% . S AMBELHH T —8, CHABERERA LW E 4IFH N Lkt BRE .

B2 .7 AHRAEN EA AMEASEBCDREREMNMASENHEESSIL | HEHME T 64.0%.83. 4%,
90.2%.76. 7T HM 66. 7Y . HREFTESE R ERBSIEK T 32.650.46-9%.55.2%5.58. 90 9.8% ., 2 - MM B.CH D 3
HBEBETAMEHP<T0.05), FHSEYHOHEFETHEKT 61.8% .81.8%.118.5%.86. 2% f1 42. 0% . HiF C 4
W MR BT H & 0 (P<T0.05), 1 E AN BA B A F H AR 28 (P<C0. 05),

SR NEERBRERBITH AL RRAEN — P EEEIT. 1 MAbTE R £h B
M#FEI1ITUEH ML MR ER .7 HHAE Table 1 Effects of nitrogen load on seedling branches
B3 R S RSO C AR A BRI R Tmtﬁffimps 4 A April 7 A July
FELNE C A ML HOS B XTI T 98596, 65.8%5H o A L7106, 37O 2. 3800, 10)C
31.3%.. X FE AN MAMERSHH SHEMAYN.E 5. wperta B 2.23(0. 23)B 3.13(0. 15)BC
REXESEM A AT 48. 4%, C 2. 36¢0. 1B 4.73(0. 84>A

AR it 7 AT 3 Rl G B bR AT R A o e 2;;;;3;;;
HIELC S KRR TR B A BA E MM EHRERNS g A om0 1m ) 140 5 1om
MEEY EELNHEEK BHERLARTEGEERE €. chinensis B 1. 46(0. 67)b 3. 58(0. 52)A
HRHAEH EMeBBMHEER. L. BB EE ¢ 2-35(0. 08)a 3. 83(1L. 0DA
KEmpfERE « A ABENRESHFREW. 0.4 A 58 L e e
ENHALBEOME EAKMTAYEERABDITE  gomen 4 5. 97(0. 307b 6. 80C0. 625h
fi 2 b HH (P<C0. O1) AN BR4E A(P<C0.05), XU, E4M  C. concinna B 6. 3(0. 21)ab 8. 33(D. 38)ah
ERBEHESENRBELEE DTFHML I MLHH (P ¢ 7-43(0. 84Jab 9. 05(0. 67)a
0.05) KBl A E 8. HERAH R (E 1 FE 2, o RN o jj;b

2.1.2 4EAfFERE  MFR 2 H, %R A& bR 4
MEFRRAABSHER. ERBZLBN SFHAE EFERHE
LK. M ASE.EBFEESHEKE T EELD
22. 700 N ANSETE LW D M E TS p0 4h B S B 4 ) th ot e
W 20. 2 M2 6 VL EHINKRREREATEN S B HEL
Xf ARk 2D 58. 7697,

« InBENFHE.BSANEESE . BHXNETELIIE
AL E B E P=C0. 01 M P=0.05 KFE FEZREXE Mean valnc
is given,S. E in the parenthesis,and the capital and small letters mean
significantly different among the N treatment at P=0.0] and P=

0. 05 level (Duncan’s multiple range test);the same helow

x2 RABXOEETRAEWE)

Table 2 Effects of nitrogen load on seedling survival rate { %)

A B C D E
HAK S, superba 87, 50(2.50%a 80. 00(1. 44)a 85. B3{8.51)a 91. 67(0. B3)= 67.5(10.415h
B C. chinensis B4. 16{3. 00)a 73, 33(4. 41)a 85. 06(7. 6411 66. 67(3. 003L 22.50C1. 44)¢
BHRE®H: C. concinna 95. 1(1.44>A 94.17(3. 63)A 95. 83(0. 8DA 89. 17(3. 63)A 38.17(¢3. 00OR

2.2 HEEH

2-2.1 MWASHEZE RIVEEZWN FEEFNELEMN SHAEMLSHERAMN . BERLRNASE T ESHEER
M. SHRENHFUSRESCEEYUCHARS A SEMEREREYEMN Pr B A B4 & 22.7% .83, 354 F1
14.5%. 3ANRMDABAMNSENH PR RS EEYE C A EAME ERESEMS TN EE b B €, BERF
BF.

R ARG WUE MR 534 Pn IR WA LCR 3),.C A L3 B R 46. 6% D AR B TRAE HADE . 34
HHWUE,ABHCZABARELR B=4HVBH T DAE(P<0.01), ERESELYN WUE & H 2 82 B R
2.ELEHH BARFS. M KB/ DRIHE,

ALHBERUMERANAREREGH RIS AN R, B E RS TEEY W OSILEE (P<0. 01,3 3).
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Effects of nitrogen load on stem base diameler (SBD)during the growth period
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Fig. 1

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 five groups (Duncan’s multiple range test: p<Z0. 05); The same below
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Fig. 2 Effccts of nitrogen load on height during the growth period
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of nitrogen load on Prn, WUE and C

Table 3 Effecis

2. 84(0. 317AB
1. 64(0. 25)ab

3. 14(0. Z4)A
2.17(0.41)a
61. 16(8. 462

2. 68(0. 27)AB
1. 680(0. 31)ab

* %)) 2.56(0. 188
61- 65(8. 28}

Pn(pmol CO,/(m?

superba

ik S,

150k

81. 55(17. 63)
2. 40(6. OB

1. 48(0.

W7 E (mmol CO,/maol H.(O)

C (mmol/(m?

£0. 90(13. 90)

*s5))

1. 87(0. 24)B
1.18¢0. 16)13

4. 40¢(0. 23)A

3. 74C0. 33)A

PnCumol COp/(m? + 8))

HHE C. chinensis

1. 58(0. 27OA

2. 1200. 40)A
105. 61(9.100A

2. 58(0. 536)
2. 35(1. 107

2. 08(0. 1DOA

WU E(mmol COs/mol H.()

C(mmol/ {m?

82.33(16.913A

2. 24 (0. 506)
1.54(0. 568)

121. 47(5. 18)A

2. 6(0. 564)

61. 71(0. 22)B
2,27¢0.39%)
1. 81(0. 615)

*5))

Pr{pmolCOz/(m? + 8))

W RMAH: C. concinna

1. 78¢0. 8021

WU E({mmol COy/mel HyO)

C(mmol/{m?

53.-45(11. 823> 42, 57(12.922) 41. 03(16. 541)

50. 37(11. 851)

=5))

2.2.2 XEEXSTE HALHMHH Ch HHL AR LS EE R LA S E T 2 B R AL T K T 59 T

MEyEHE K+ CMDAMN Chl SR 53R G EM M (P<0. 05,/ 3a,b), Dz /) Chl a.Chl b,Chl (a+b)FT Car &

BLABAMEIRITE 5B b3t BT 52.8%.82. 4% . 55. 2% 40 6.6 LABNEEHE SN LM BHEMT 52.3%.81%.
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58. 6% 64.9% . 3 A A AR EHM KA Car SEHHMBEHAB . AFBS5AEREEFEP<0.05,DHAEZRKREEWP
<0.01), BEFHEUSBEITAENASGTTR Car & &, B8R AL T K% 0 3, B4 4 7 2 73R8 3% (P<C0. 01D,

OB ELAE A Chl e fIChl G+, ERUAMEHARDAMMETE. YU B AR <0.01),C HEMKA
(P<0.0) ED SAHERAHE.Chlb WS EFEREHEEZR . Co MR . ERAMBUEHHEL R AUHEITH . 1Y
HBETFD>B>A>C,DHBANREE T CP<0.01),HH =422 RHE (B 3c.d).

HEESESHT H A Chl f Car &, G2 B mBE R L RN S EITE 258 0F 4 b 8 2L 3K P38 bn i 8 i a9 8
P DHEREZTESEH A Chla,Chlb.Chl a+b)H Car FHLBAVERHE S XM T 61.5%.74. 3%0.65. 6%
a2 1%, A S E RS LA I T 58.7%.71. 1% .61. 7% M 30. 7% . Chia SBUBNMNEHHE DAHHER T B
HAMAHP<LOD . UANHETBEDAHAS L AHBEEHRNM(P<0.05). Chlb FBDAESBMAHZAFEREEER
(P<<0.01), BHBZEFTBDSBMALZEFEHREZERP<0.05), Car FE/ABMZEERFHE (& 3e,).

o A A Chl a/b B FREZCEKFRMMED, AMBHAHEE TDHP<0.05),BABMCIHZHERS
AR, WTFEESHE.CHa/b{EMCHEEK . BHEKTDHP<LINFABHP<0.01),. B AHERAHE, BREBETE
“1# Chla/b (HBLBAIZERAHD,

TR, GAMERERESENACEARMAEAKPEMmEMN. HEEHEHNASERET EHERA LB KRN E B AR
s FReMks . EATSNESEHHE Chla.Chl b M Car SEHLU CHBE. HERTRSHEELE KPS WEBE NS
X, AR CHMERESHERNEAEAREIMMEPIREXN.

2bF A Treatment groups (g N/(m2-2)) OA0 @BS5S EC10
20 & superba b
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Fig.3 Effects of nitrogen load on content of photosynthetic pigments
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AT G R GE R R 3 TR 2 1 4 1K I I b T R O A T R 8 ) T 06 PR A R T T R 0 AL B )
GEERAMN. RSHMPRALERRE . WesHRN LR Nakaji B0 B MR (Cryptomeria japonica) ¥ H &
¥y (Pinus densiflora) S AT BB LR, AAENS A KAEGREAEA XEBRN. SEATAR XS HAEAY
ARMERRHE T A AR R (SEAAGSHFERONENTRSEHEYER EEVE. E RO FREMLZ2E
B AN AR R A ARE R, X0, H AN BRTERIN ML R AN E KR 20 B R MEW, Kb RS BB
EFHEREEN - TRE" S BEENBMEREEEAIHAEKEE., 7 Nakaji BV RP 5 AABHEHE
BALEEC113 A 340kg N/hm) )W H A KRR RERK BB TR . M 4EEKEYTE LM BBETFTE(P<0.001), B ETE
XERBERBEEYERTRNREEEL FEAS.
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BN E R LB EMYIE T R s E S CAH R, B/ MR Dueck™ M BE S ER M T IR, RAL
(151 pl/m*) B B AE (Calluna vulgaris)8 T AIGHE R HETRE 7 20% 3% 2 EABEDHTHHBIRENEA K LR.16
AR HEERSPITET 30%H 50% 0 MceNulty ZP R EHGE T REMGRE B L H S B R B2 (Picea rubens Sarg. )
WA KT FE RPE T2 RN :Gotelli FI Ellison™ M 318 T+ 81 36 00 p9 R OTRERE I T 46 3E MR F B (Sarracenia purpurea) B K12
BB .

MTESKEEAHRAEUXAR WIFHFESREWT FPRASERSBEMZRNE 1,5- B RILE (Rubisco) ¥ BT
EH AN B REELERXEENSEARSHAXNSERHEIR. SHREM LB LEK PR inRA L
SN G RR Y C AR Pr ZBRXE. AR TR, X 5HMOFRE RN . 0 Brown F-52134 3 Fa s, IR n =
¥2 (Picea sitchensis) FE M (Thuja plicata) HITFREERE (Tsuga heterophyila )BT ELAE . EHMH R RS BAE 21 mg/g
RATES B A R RS BN R EREN DA A RSB 21ime/g B A EE R T M. Nakaji 215194
MELAARGRALHENAL SRR AGERER NS RKENFHAHETHE MERBKELEKFETHESEBER
WARBBNTRN, BEFEHET . RARLARRFIELXSEBEA ™, FHREA D . JENELEIEBHAD LS
EATHREHTEFRAGRESTRENEBRASBEEN FEERZ —) . 8 H R BRI (Sell-shading) Frgt's 143,

ABRPNABARSEWTAAEGERS R - ATARAEREY NS FANEESSE HEBRHUAERSEWAEHE
F#HR R EMATREESHEREGASIETF AEAEESEEM, E Warren SIS & B S H A EH Chl
HEEEMI 4465 5F Hchl FRGRAVERNE T HEIEMK . L Perez-Solba M %235 B M i i (Pinus sylvestris) &l #E 4T
A 14 MREASER . HGRM P chla,chl b flcar SRV HEE 20%,38% M 1Y% . AS5EAARWERE L. BF
BHTEIE 8 T A KSR, 40 Schaberg R AM AR A IEENAFELLHEE chl BT B T4 . XEH LR &K
MHEITERESLE G- TLXBERH P chl a WETEEM M chl b Mear WEBARZATA,. JENASTALGEE
ERTHUTRSEYERAGR XY,

AW Xt ROTRERI R AEZ 7 . AN, o %K P00 B AL BT TSN W A 12 FE B3 L 40 B SR R 5 1 A % 1 A
MBS RAEERIENER KRS ESRESHBHALYERA. MEAREZEMNSE/ . BEENESBETHE BT
BRI, T F AL O FEREE AR AR ESERNNBREARTREASN BRESERENBE DS
AN, CHEETREFTZHEH AP, W Catovsky 558 1 % % 4L 22 T 4h 8 o B v 49 51 35, T0OM0 3 4k 49k 2 3B P 41 99 1R
TR UL — 5 0% L A B R A0 MR (Betula alleghaniensis) R F BB HR MK - EHBEEHNBHEEREE. ETH
UUREN T E A R E S A AR, B ER.

EERMIUAE IR K TFELES EEESHA AR ENBENEY EL FRHEINERNRATRAEA.
BE, M TRUIKEMATEN RABRELSHAREEEm. B, METRAEFEAMEEEENESEFTH—LTR. #
B AMgumFRFBHNERESENTARAMOLERTEA SRR,
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