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Nitrogen deposition is much heavier in the north of China, which exerts a great influence on forest
ecological system dynamics. To improve our understanding about the effects of elevating N deposition on
the growth and the biomass allocation pattern of Pinus tabuliformis seedlings, a nitrogen addition
experiment with three provenances of P. tabuliformis seedlings was carried out on Lingkong Mountain in
Shanxi Province, northern China. Three-year-old P. tabuliformis seedlings of three different
provenances, Beijing (BJ), Shanxi (SX) and Neimenggu (NMG) , were planted in a common garden,
and five nitrogen treatments with three replications were designed, including: control (NO, 0 kg/(hm’ -

a), in N, similarly hereinafter) , low nitrogen level (N1, 15 kg/(hm*-a) ), middle nitrogen level (N2,
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25 kg/(hm®-a) ), high nitrogen level (N3, 50 kg/(hm’-a)) and the supersaturated nitrogen level
(N4, 150 kg/(hm*-a) ). The base diameter, plant height, monthly growth amount, biomass and the
biomass allocation pattern of P. tabuliformis seedlings under different nitrogen addition levels were
measured. The results showed that; 1) Adding nitrogen had remarkable effect on plant height for BJ
provenance seedlings (P <0.05), but there was no significant impact on the average base diameter. The
base diameters of SX and NMG provenance seedlings were influenced by nitrogen addition treatments, but
these effects were not significant. 2) The height growth of BJ provenance seedlings increased under
adding nitrogen treatments, while their base diameter growth decreased , but these effects were not
significant ; The month base diameter growth of NMG provenance seedling decreased significantly under
the N4 treatments (P <0.05). 3) The growth of BJ provenance was affected by nitrogen addition, with
dry biomass, dry biomass of the whole plant, the aboveground part and stem increasing significantly
under the N1 nitrogen treatment (P <0.05). Leaf dry biomass of SX provenance seedlings decreased
significantly under different nitrogen addition treatments, while there was no significant changes of the
whole plant biomass of NMG provenance seedling. 4) Leaf mass ratio of SX provenance seedlings
increased significantly under the N3 level nitrogen addition treatments (P <0.05) ; The root mass ratio of
NMG provenance seedlings reduced significantly with the incensement of concentration of nitrogen
addition. while stem mass ratio showed inversed trend; 5) The analysis of sources of variation showed
that the variation of base diameter was related closely with both nitrogen treatment and provenance, but
those of month growth of base diameter, leaf mass ratio and root-leaf ratio were only associated with the

provenance. In conclusion, continuous nitrogen added has affected the internal stability of Pinus

tabuliformis populations.
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(H/m) AR, R0 7 A0 Akl gh
WA A ¥ A K& (AD) fikk e A 54 K&
(AH) .

PR A AR AH =7 AOMRIRKR -6 A0tk
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(AB, Above ground biomass) , Jf:[F B #E4 740 115

MFiE . (Root mass ratio) = RB/TB

ZLJE Y (Stem mass ratio) = SB/TB

M B & k. (Leaf mass ratio) = LB/TB

ZE Y (Stem leaf ratio) = SB/LB

MR EL (Root leaf ratio) = RB/LB

MRIEEL (Root shoot ratio) = RB/AB
1.4 HiRALE

FIFHELPN R J5 225301 (ANOVA) K LSD £ Lt
BORG 5 AS [m) A B[] 45 46 bR B9 22 5 R, O
Univariate two-way SR 2 77 25 73 BTk 43 B 48 45 A8 57
SRV BHE 43T i SPSS 18. 0 B 58 Al ; 181 3 4 v
SPSS 18. 0 41 Sigma Plot 12. 0 SEAL.,
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Average base diameter/mm
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BEAAKE
Monthly growth of base diameter/mm
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ENO EN1I BN2 EN3 ON4

BJ .SX NMG 73 #IZ/R4LET LvE M5k, NO N1 N2 N3 N4 43514 0,15 .25 .50 ,150 kg/ (hm? «a) HA MK, RE/NGFEERRA
[RIALBRIA A7 e B3 255 (P <0.05), FIAl, BJ,SX,NMG represent Beijing, Shanxi and Inner Mongolia, respectively. NO,N1,N2,N3,N4

mean 0, 15, 25, 50, 150 kg/(ha-a) nitrogen addition level, respectively. Different lowercase letters indicate significant difference among

nitrogen treatments at P <0. 05 level. Same as below.

B 1 RS AS [ R P A S B AR ki M AR R R

Fig. 1  Effects of nitrogen addition on the tree height, base diameter and monthly growth of Pinus tabuliformis seedlings
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N2 N3 7K1 i A Y s i B S A2, R
ASIIOF SX IR Ay v A= W R AR T — S BRI A%
B M AR R 2R AR W AR IR B O NT Ak
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Tab.1 Effects of nitrogen addition on P. tabuliformis seedling biomass

Qb2 |y 1L7g P e P
Treatment BJ SX NMG

NO 261.02 +3.39° 199. 47 £0. 60a 176.23 £8. 67a

NI 342,10 = 14. 94" 201.51 +1. 854 167. 36 £9. 76a
SRR N2 260.41£23.86°  0.042°  150.95 +3.99a 0.558  158.86+5.05a  0.99
Total biomass/g N3 235. 46 £23. 54° 176. 11 £ 14. 78a 172.03 £21. 4a

N4 238.92 £ 17. 32° 168.81 £26.71a 161.93 £56. 7a

NO 139. 57 £2.79° 130.95 £8.91a 102. 42 £ 4. 50a

NI 229,84 £0. 85" 125.93 £5. 10a 107.39 9. 79
Ho E2E N2 161.07 £38.92*  0.077  94.00 £6.91a 0.438  106.53£3.54a  0.887
Aboveground biomass/g N3 147.16 +12 27° 110.27 £17. 12a 123.38 £20. 5a

N4 143. 89 +6. 14° 105. 97 £ 13. 00a 99.31 £32. 61a

NO 121. 45 £0. 60a 68.52 £8.32a 73.81 £3.97a

NI 112,26 +15.79a 75.60 +3. 04a 59.97 +0.03a
A N2 99.35 = 15. 06a 56.95 £2.92a 0.907  52.341.52a 0.574
Root biomass/g N3 88.31 £ 11.28a 65.84 £3.32a 48.65 +0. 89a

N4 95.03 +23. 45a 62.83 = 14. 84a 62.62 £24. 11a

NO 112.44 £6.31° 102. 10 £ 10. 67a 73.85 £6.01a

NI 197.71 £5. 37" 100. 72 £ 10. 20a 87.56 £6.75a
L N2 128.31 £37.36"  0.047°  75.44 +5.32a 0.617  79.50 +0. 63a 0. 839
Stem biomass/g N3 115.21 £9. 44° 87.39 £15.73a 97.21 £17. 18a

N4 114,94 £7. 58° 83.01 £12. 14a 77.22 £30. 07a

NO 27.14 £3.52a 28.86 £ 1.76" 28.57 £ 1.51a

NI 32. 14 £6.22a 25.21 1. 65° 19. 83 +3. 04a
MR N2 32.76 1. 56a 18.56 + 1. 59" 0.034° 27.03 +4.16a 0.347
Leaf biomass/g N3 31.95 2. 83a 22.89 +1.40° 26.17 £3. 34a

N4 28.95 + 1. 44a 22.96 £1.07° 22.00 +2. 54a

FoARE/NEG FEFR R AR LB AL EER (P <0.05), Note: Different lowercase letters indicate significant difference among nitrogen

treatments at P <0. 05 level.
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g

RIS FI R AA D AR 25 M40 1Y
YR ECRE AT B (E 2) . RSN
SR BY IS S B AOAR T L b ZE R L T
e 25 L AR H AR AR AN B3 SX AR
N R L ERBIN N RAET BELF (P <
0.05) ,N1 N2 £ T iy i o o bt 25 BRI, N3 4%
PR AT L R, IR AE N4 ST A Bl iR
KKl 2¢), NMG AL AR T i b ZE i L
MR LA T RE R (P <0.05) , & Z SN

W EE B, NMG il b 40 v A AR B 5 bEAE NT N2
N3 JKF TRy B 2 BRI N3 4544 T a5 2
AR (K 2a) ;2505 FUAE N1 N2 N3 K g 1
I, IFFE N3 S50 TR R (F 2b) s BRI AR jet
Lo & R S RRAR , IRAE N3 25 T Ih B Al (141 2f)
2.4 HEKIBHRTERRBESH

TSI A By B AR R AR AR A AR SR TR
G o TP B A7 Ak BHRT IR B4 XLDR 2 T 22 40
GEIRAG I VANl bR bR A A K R B
L R E T A A7 B A NS R 25 S 58
H AWM 3 (P <0.01) , 2h AR e L 52 1) Z A in
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P2 FESIxE 3 AR EIAL 4l v A 4 0T

Fig.2 Effects of nitrogen addition on biomass allocation of P. tabuliformis seedlings ( mean + SE)

SRR 25 5 A S AN 25 (P <0.05) o Al R4S
HARAE B L LA AR I P B S 351 22 S R Y
KT, MeOh, 2 Ay3ie A A L

R ZEmt HOMAR I L -5 208 T A B b 5 114 28 1
VERTEA 35 BOAR S, [R) I 4% A 4 20 PE LU A5
RUCRAEFTA KR (R 2) .

R2 EARINAL IR A0 IR X AL 4 £ KRR IR AL B T E AT

Tab.2  Variance analysis in growth index effect of nitrogen addition treatment and provenance on P. tabuliformis seedlings

. s P WEAAKR  BREAERRE R
i df Base Tree Monthly growth of ~ Monthly growth of Root mass
Sources of variation
diameter/mm height/m base diameter/mm tree height/m ratio
ZININ Nitrogen addition 4 0.954 0.223 0.176 0.671 0.451
FhiE Provenance 2 0. 040 0. 000 ** 0.014 " 0. 202 0.438
NN x FYR Nitrogen addition x provenance 8 8.552 0.007 ** 1. 447 0. 002 ** 0. 002 ™
ZEH i L 2t R MRt g
Stem mass Leaf mass Stem leaf Root shoot Root leaf
ratio ratio ratio ratio ratio
ZININ Nitrogen addition 4 0.219 0. 147 0. 085 0.384 0.433
i Provenance 2 0. 958 0.016 " 0.084 0.327 0. 046 *
IR x B Nitrogen addition x provenance 8 0. 002 0. 000 ** 0.381 0.011* 0.296
WP FREFEBE,P<0.05; ¥ FRZEFWEE,P<0.01, Notes; ™ means significant difference at P <0. 05 level; **means extremely significant

difference at P <0. 01 level.
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PERRIUCA MR UEA K MiFE N4 S F R 2%
(R X B o 85 SR 1 D PR L R N 5y 2 A
WX AR DR A B 22 5, 6 M X A R DL i L
PR 5% oy b DX R R e, i 2 SR TR R Tl A R
AR R R S EANEY ) Santiago ZEPM AE
P ARG R A R AR AT S AR K S
HAS S AR MRAEA S, Bt REail
FEEAAS O 2000 N 2 A& B BRI A T A 4 v
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