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Effects of precipitation and nitrogen addition on photosynthetically eco-
physiological characteristics and biomass of four tree seedlings in

Gutian Mountain, Zhejiang Province, China
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Abstract; Nitrogen deposition and uncertainty of precipitation are currently two of the most important ecological issues of
global climate change in subtropical areas. To study the effects of nitrogen and precipitation on the eco-physiological traits

and growth of subtropical trees, we set up a two-factorial experiment controlling the factors of precipitation and soil
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fertilization for the seedlings of Elaeocarpus glabripetalus, Liquidambar formosana, Schima superba and Cyclobalanopsis
glauca for three years on Gutian Mountain in Zhejiang Province, China. Precipitation was set at three levels: natural
precipitation ( CK) , increase of 30% natural precipitation and decrease of 30% natural precipitation. Soil fertilization was
set at two levels: natural nitrogen and nitrogen addition of 10 g-m™a™'NH,NO,. In general, the pH values in subtropical
soil are low and the growth of most subtropical tree species may be limited by phosphorus deficiency in the soil not nitrogen
availability, so we need to test if addition of nitrogen in soil will promote the eco-physiological traits and growth of the
subtropical tree species. We also want to test how the interactive soil fertilization and precipitation changes affect the growth
and photosynthetic traits in the four subtropical tree species. We periodically measured the seedlings’ photosynthetic eco-
physiological traits and their environmental growth factors for three years. The results showed that precipitation variation and
nitrogen addition did have some effects on eco-physiological characteristics and total biomass across four tree species. We

2

found that 10 g+m™-a”" NH,NO, nitrogen addition significantly improved the leaf chlorophyll synthesis ( P<0.05) and
photosynthesis rate ( P<0.05) across the four subtropical tree seedlings. The addition of nitrogen also positively stimulated
PST photochemical efficiency ( Fv/Fm, PI, ) (P<0.01) in the four subtropical tree seedlings. Addition of nitrogen
significantly increased total biomass formation by more than 30% ( P<0.01). Hence, nitrogen addition would increase tree
seedling photosynthesis ability and promote their growth in subtropical evergreen forest of Gutian Mountain. In contrast, we
found that the effects of precipitation changes were less significant on the eco-physiological traits and total biomass for the
four subtropical tree seedlings, Nevertheless, precipitation variations significantly influenced photosynthetic rate ( P<0.05) ,
stomatal conduction and transpiration ( P <0. 001 ) for some tree seedlings during the dry season of Gutian Mountain.
Meanwhile, stomatal conduction was more sensitive to precipitation variations. The interactive effects of precipitation and
nitrogen addition on the eco-physiological characteristics ( excluding PI,;,) and total biomass among the four tree species
were not significant ( P>0. 05). The differences in eco-physiological characteristics among the four tree species should
attribute to their natural biological properties, while the difference in biomass among different tree species was due to the

variations in precipitation change and nitrogen addition( P<0.01)from this experiment.

Key Words: nitrogen addition ; precipitation ; photosynthesis ; chlorophyll fluorescence ; biomass
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Fie B Hb SR BERE, 2007 4E—2009 4552 55 A (1] ) 4F [ /K i T 1E 5 Y ], 2008 47 AE 4 225 1 B K i
=T 2007 412009 A A, ARSI UL 1, 78 B3R PIHSC R T 2007 45 7 H IFGaxt Bk gh i kAT
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FoK AR R AL B E PR SE G L | 58 e —FE VE MR SE R
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BT SR REAR AR, B LB REPLE R 10 B fTEE I E
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FIHI =R (BEK, RR BRI ) J7 220007 UACRRAERR K VRUR 5 B K ER WSS AR IR & DR 4 B A=
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PR (AR R ) I 2250 Hr LU 3a SANGESS R IFEK (R S H AL B AR X WA & 2 AR SRR AE S S
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Sigmaplotl1.0,
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2.1 DEEUERSSHARHE
2.1.1 HOLHEE(Pn)

3a Il E 45 R WRFEK R 4 R L) OGS RN R B B2 K (P<0.05) (R 1) HFBIKS
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30% FEKREMS—E L HE 4R i A B K & (B RER ol & R B 7™ AR B OS2 . BT S8 2R
AR ZRS A G A0 K i D A8 A B O UK
ANFIRRRZ B DL AR 22 Tt 2 (18] 2) A Mot E AR 28 TR AT R e
F1 A BEBEERLEN 4 HRIAL S ERIEROHIE

Table 1 Effects of precipitation and nitrogen addition on different physiology indexes in four tree species

7/ 8

B Index Precipitation AEN MRk xR 2% Lo 38 AR Mk xm %
HOEA % P # # ns SIS Gs o ns ns
FEME A Tr *ox * ns K53 FIHZE WUE ns ns ns
MR S A Chl ns # ns RIS Fo/Fm ns o ns
HAb 2 PEREFR L Pl s ns ok * HeAE AR PNUE ns ns ns
S Total ns % ns

# % % P<0.001, * *P<0.0l,*P <0.05, ns:P >0.05

2.1.2 SALSFEE(Gs)

RS i AL BE S MR A B 03K (P<0. 01) (£ 1) 18040 30% Rk il & 3 1 i i <AL
SR, AHRRR XN SAL R WS A A B KT BEK 5 R R A HAE A AL S B RS AN 3

2008 4F WA LR o AR R K e B0 20 B AT 0 (T 1), 2008 AF A AR A= K 22 i R K B A L
2007 41 2009 AEHEZ  AHYI Fr A0 R BK SRS R SKRE M 2206 (VPD) AT RESSFEAIL, M i SAL - B
TR 5 R 1 7K 433 e g A X8 D | AL R B 1 R/ IR A 1 S5 28 1 22 (AU i 25 51

AR Fh 2 [A] A AL B 25 R B 3 (181 2) , S A SRR 2 AR — 3 e i AL 3 B 10 35 R TR
T A S EF R ALTEE
2.1.3 ZEBBHFE(Tr)

oK VR RN 3 (P<0.01) 52N | Z8 1638 (R 1) (HIZ K 5 R R 28 TAE X 78 8 3 5 1 52 i A
IRE KT, BEAKALE 380 30% FEoK AT HE S AR 28 1 R ( P<0. 01) s R AL # v RS g &5 7+
ARIZEE R (P<0.01) , KALFEMLER B, IR, LT FRE, LR CO, § a5 A i £k
/D ARG R R T 52 B A N AR B A A e RO 2 T, BUE AT CO, A R B RN (P<
0.05) , BLHF, it 5 IR I AN CO, R B4 8 14 G T BB XL 5 BE I R ™= 2 I VR, 3 T BE R A0 it e T
2 A S5 R N K R UL T BRI, AFURR A 114 28 1 1o 3 S i o ) SR A

2008 A RS FL TR R, th T2 B EH 55U 5 B E A 3¢, I L 2008 47 UL FI 44 A (1 7%
i R (B 2) .

ANTRI B Tt 2 [ (10 288 1 T30 25 S Ml B 3, L0 AU 1) 28 1 R A (8 8 K KA L 75 X I 28 B R
2.1.4 KOFIHE(WUE)

FEK 5 /R AT AK A FIFH R 52 M Y AR B B K (£ 1) . B TSEshidosf doR 5 2 1
BN REIK ZRUER M o AR — 3 (R 2 I SR X B K R0 3R e o B A 5 0 3438 3 A Bk 2 K F (P< 0. 01,
P< 0.001) , I LA XA B 7K 20 R 23R 7= AR BRI s i, BV 30% R 7K -5 A0 Infe o T 0ol A iR 528
i % (H IR 7R 0 R4 o IR K, S BUK A R R AR 5 18D 30% [ 7K ¥l G 38 5 2 1l R i 23 A1
XN, (RS2 s SR AR R B R, S BUK R R4 =

2008 47K 53 F B AR, B K 7E T 2008 AR AR 7 SAL S BE de K, 78 I 3 % s e, AEDOGA 4R A9 38 it
AN R ZE AR O3S N S | BT LA, 2K 20 R R TE 2008 AE A, 2009 4R A K 43 F1] FH #6413 35 K T 2007 4F
K 2008 AER A B K A FI R (HJRFEK AR KA BAE X 2009 457K 43 1] FH 45 i AR T AT L 21 B 3 1 52
Wi, X AT BESE T T 2009 4EAE K ZR [ ARFE K (1 1) 50 AR TR N K 43, o | B 5 BT ] 1K
PR N R T KRR AR R Z 7K FI R R AR E (K 2) .

http ; //www. ecologica. cn



14 4 EE % ARRREK R R L 4 FR ARG A A BA S ERIE S A Y i f TR 4231
mCK =m+H w=m-H+N
=-H =+N =m+H+N
25} 8
20074 20074F
20} . 6l
M_T‘(’ a T’; 2 b
e 15 ° b e, ¢ d
o= Bl [
gﬁ % 10} g g
< WE
lf < 2t
S5t I~
0 0
16 |
ol 20084E
ol b
g o
NS = =
22 £:
g ®E
= S
20094
5.0 E
2 g Is
3 &3 4t
RENS e
£ e
s =
L = 2t
0
6 20074
~ . 2 a
Tw M‘} 4 b b a
i £%
£ ®
I o
Wé ~5 2
% =
0
08l 200845 20084
= a = 3t
m;‘n 0.6 | %é a a a a
=2 04 b b ®E
rg" =
= = K |
S o2l 2 !
0
20094
~ 04| . 3 o
m(‘f’ a b b %‘E a a a a
BE O3} Et 4l
=2 RE
r§ o2} 2o
3 = 2t
0.1}

I ME RS

#Ah Species

#HK

3 BE R EN
Fh Species

2 FRMEMEKLEI 4 MBRDEXSSELZIHRFERRM(a, b, ¢ RRWFNEZ E LE2EF P<0.05)
Fig.2 Effects of nitrogen addition and precipitation on photosynthetic gas exchange characteristics in four tree species (a, b, ¢ showed the

differences in tree species P < 0.05)

http ; //www. ecologica. cn



4232 H

&t
i

Eild 33 %

2.2 MEREE

WK AR AR XTI A I 2835 S ) RO MRS 0.5, T 2 3 X B A I A - 320 ) 532 M) 81 48 25 /K- ( P<
0.05) (& 1) , BIMA L F A BE 70t R -2 8945 1L P<0.01)

2009 AERIACH: J IS 3R i, K 5 AR S EAE IR AR 2 R i m R B W (1 3)

mCK =m+H w=m-H+N
=-H =+N =m+H+N

60
20074
. S0t
;;T =
= =
4 =
5 a‘»
0% <2
i R
'S N
» g
% =
3 P
ﬁ qm
= =
2 i
N S
R
= m‘%
X 3
N R
% | 20084 %0 | . 20094
= =
ﬂﬂLﬂfﬂ mﬁﬂ 60 b
40 |
20 t
M E Afi HNW R WE At EHW
WA Species MFh Species

B3 @&HNIMEREKLER 4 FHRAYEHERSERMHERRAERBFNE (a, b, o RRRIFH L HE L X R P<0.05)
Fig.3 Effects of nitrogen addition and precipitation on chlorophyll characteristics in four tree species (a, b, c showed the differences in tree

species P < 0.05)

PR TE] ISR 3R P i 22 Sk BB W 2 KOF, Fh e 3 5 R T AR 3 ARl 7 XU v TR
LA B2 5 0 W ARG 2 (B9 35 25 5 (181 3) o B I i R AL B 2 35 v T R
3R I B SEAY T R AR A R B TR 3 RN, R AR S G R B . AR
LRI BORAE 4 DRIR AR R, LA I SAL TR, CO, il LAY BRI AN, Br Lot &
R TR A K

http ; //www. ecologica. cn



14 ] FUE S R RIRE K S RSO Tl B L 4 RS AR 4 0 5 2 1A SRR IE S A i A 52 ) 4233

2.3 MEREREVOLFHE
2.3.1 ERAFEHCR(Fo/Fm)

3a BEINE LS R BoR B EXT Fo/Fm B520 8 4 35 K (38 1), BRK AL BRK 5 R/ 58 HAE X
Fo/Fm (2B B R 85K RIINC+N) AAFE R B 5 KOG Ak 253003 0 38 R LA A P %) 00 5 {1 ( [
3) UEBHAEB ISR i R G 1Bk n 5t & .

AFERFIEDE RS | S RO RCR 22 R 2 . AR A R R R i BB R W 2w
THA 3 PR (R ARG 0 B OB RBOR AR T A 3 SRR (1 3) , BT BRI A A 3O & AR
AR S 4 28 i IR B R KT BRI EME MR G & RE LK TR A S X
2.3.2 OUfbEETEREFR AL (PL L)

RELXEK AERSEHAEFAR I B0 K S B F K (32 1), 2008 4EH A 19064 24 1 RE 15 Ko
15, K 5 B R B A8 EAE IO A 5 e ik 3 10 25 K7 RSN S 0 30% K AT IR #EREAR P 19T

AR R E) e Ak 2R T REFE B 22 P B 3, 5 Fo/Fm W25 — 30, MRS P, (A 5K T oAl 3 R
Tl RFT Y Pl By (B 55 X AR U AIA B 55 K UEBIFE SO R GE 1Y PL g X PR B30 04 i S
A A, 3 AR R0 i AgUER
2.4 SUHEAFHMBE(PNUE)

R /K A8 AL 5 BB I B X 4 FPA ARG H B9 PNUE 7242 B2 0, It ah, 38 1 A e PR 43 il 0, PNUE
Bt R BE AR OGP IR B 2 25 (P<0. 001 ) 7KF- 1T 5L G R SALFEE KR IR Z [R1A 2 1 AR
Kk, PNUE 4FFrla) 22 54 2 2 (P<0.001) ,2009 4EH AR PNUE L 2008 4F38 11 1 120. 48% (&l 4) , Al fig
Y JE PR 2 2009 4EEHGA 3 R A% 1 3% KT 2008 4F 2000 4 B AU (o/kg) H 2008 R0 Z 13.73% , iF A
2009 A A PNUE Eb 2008 434111 120.48%

mCKk =m+tH wm-H+N
=-H =@9+N =m+H+N

20084F 25 +
= 10 + . _
"o ab z 20
%:"’ 8 b T - T!?D b
§ I%: gtﬁ; 15 - r T
® 8 6 c E &
¥ =9 d
g = 3 10
RI 4 & g
N R
=] m
Z 2 sl
= 2L zZ
0 0
Mz WE AR HX piR 3 WE AR HX
WA Species WA Species

B4 FRMEREKGES 4 HEARDELSRARBENZM(a, b, ¢ FRWFIEZEILEZES P<0.05)
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